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APPENDIX G 
QUALITY ASSURANCE/QUALITY CONTROL SUMMARY 

(ORGANICS AND INORGANICS) 
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Location 
Sample Date 
Units 

SEMIVOLATILES 
Phenol 
bis(Z-Chlorcethyl)ether 
2-chlorophenol 
1,3Dichlorbenzene 
1,4Dichlorobenzene 
1,2-Dichlorobenzene 
2-Methytphenol 
2,2’-oxybis( 1 -chloropropene) 
4-Methylphenol 
N-Nitrosodi-n-propylamine 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,QDimethyiphenol 
Bis(2-chloroethoxy)-methane 
2,rlDichlorophenol 
1,2,4Trichlorobenzene 
Naphthalene 
4-chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methyinaphthalene 
Hexachlorocyclopentadiene 
2,4,6TrichlorophenoI 
2,4&TrichlorophenoI 
2-chloronapthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenapthene 
2,4Dinitrophenol 

MINIMUM 
NONDETECTED 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
IO u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION 
RINSATE BLANKS 

SITE SCREENING AREA 1 
SEMIVOLATILE COMPOUNDS 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 

110 u 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

Ol3 
Ol3 
Ol3 
O/3 
O/3 
O/3 
Ol3 
Ol3 
Ol3 
Ol3 
Ol3 
Ol3 
O/3 
O/3 
Ol3 
O/3 
o/3 
O/3 
Ol3 
Ol3 
Ol3 
Ol3 
Ol3 
Ol3 
Ol3 
O/3 
013 
o/3 
Ol3 
Ol3 
O/3 
o/3 
013 
o/3 

07lO6l95 1 RBQCSV.WK4 3 



Location 
Sample Date 
Units 

4Nitrophenol 
SEMIVOLATILES 
Dibenzofuran 
2,QDinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4Nitroaniline 
4,6-Dinitro-2-methylphenol 
Qbromophenyl-phenylether 
N-Nitrosodiphenylamine 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
Bis(2+thylhexyl)-phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2&cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g.h,i)per-ylene 

MINIMUM 
NONDETECTED 

50 u 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION 
RINSATE BLANKS 

SITE SCREENING AREA 1 
SEMIVOLATILE COMPOUNDS 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

110 u 

50U 
21 u 
21 u 
21 u 
21 u 
21 u 
53 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 
21 u 

MINIMUM 
DETECTED 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

9J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

9J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

OHMRIN-06 

FREQUENCY 
OF 

DETECTION 

o/3 

013 
Ol3 
013 
o/3 
013 
o/3 
OM 
O/3 
o/3 
o/3 
o/3 
Ol3 
o/3 
013 
013 
o/3 
o/3 
013 
013 
013 
O/3 
II3 
OK3 
013 
013 
013 
013 
o/3 
013 

07/06/95 1 RBQCSV.WK4 



Location 
Sample Date 
Units 

VOLATILES 
Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methyiene chloride 
Acetone 
Carbon Disulfide 
1 ,I-Dichloroethene 
1 ,I-Dichloroethane 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 ,I ,I -Trichloroethane 
Carbon Tetrachloride 
Bromodibromomethane 
1,2-Dichloropropane 
cis-1 ,3-Dichloropropylene 
Trichlroethylene 
Dichlorobromomethane 
1 ,I ,2-Trichloroethane 
Benzene 
trans-1 $Dichloropropylene 
Bromoform 
Methyl-iso-butyl ketone 
2-Hexanone 
Tetrachloroethene 
1 ,I ,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (Total) 
1,2-Trans-dichloroethylene 

07106195 1 RBQCV.WK4 

OHMRIN-02 
11103/94 

ug/L 

OHMRIN-3 
11 lO4l94 

uglL 

5U 25 U 
5U 25 U 
5U 25 U 
5u 25 U 
4 BJ 12 BJ 

160 270 D 
SU 25 U 
5U 25 U 
5U 25 U 
5U 25 U 
5U 25 U 

10 J 50 R 
5u 25 U 
5u 25 U 
5u 25 U 
5u 25 U 
5U 25 U 
5u 25 U 
5u 25 U 
5u 25 U 
5u 25 U 
5U 25 U 
5u 25 U 

10 u 5OU 
5u 25 U 
5u 25 U 
5u 25 U 
5u 25 U 
5u 25 U 
5u 25 U 
5u 25 U 
5u 6J 
5u 25 U 

FREQUENCY OF DETECTION 
RINSATE BLANKS 

SITE SCREENING AREA 1 
VOLATILE COMPOUNDS 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

OHMRIN-08 
12/06/94 

ug/L 

OHMRIN-07 
11112i94 

uglL 

OHMRIN-04 

uglL 

2500 U 5u 5u 
2500 U 5u 5u 
2500 U 5u 5u 
2500 u 5u 5u 

890 BJ 2 BJ 3 BJ 
27000 4OOU 71 

2500 U 5u 5u 
2500 U 5u 5u 
2500 U 5u 5u 
2500 U 2J 5u 
2500 U IJ 5u 
2500 U 5R 10 R 
25OOu 5u 5u 
25OOu 5u 5u 
25OOu 5u 5u 
2500 U 5u 5U 
25OOu 5u 5u 
2500 U 5u 5u 
25OOu 5u 5u 
2500 U 5u 5u 
25OOu 5u 5U 
25000 5u 5u 
25OOu 5u 5u 
5000u 10 u 10 u 
25OOu 5u 5u 
25OOu 5u 5u 
2500 U 5u 5u 
25OQu 5u 5u 
25OOu 5u 5U 
25cOu 5u 5U 
25OOu 5u 5u 
2500 U 5u 5u 
2500 U 5u 5u 

1 



Location 
Sample Date 
Units 

VOLATILES 
Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon Disulfide 
1 ,I-Dichloroethene 
1 ,l-Dichloroethane 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 ,I ,I -Trichloroethane 
Carbon Tetrachloride 
Bromodibromomethane 
1.2-Dichloropropane 
cis-1 ,3-Dichloropropylene 
Trtchlroethylene 
Dichlorobromomethane 
1 ,I ,2-Trichlorcethane 
Benzene 
trans-1 ,3-Dichloropropylene 
Bromoform 
Methyl-iso-butyl ketone 
2-Hexanone 
Tetrachloroethene 
1 ,I ,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (Total) 
1,2-Trans-dichloroethylene 

MINIMUM 
NONDETECTED 

MAXIMUM 
NONDETECTED 

5u 25OOu 
5u 25OOu 
5u 25OOu 
5u 25OOu 
2 BJ 890 BJ 

400U 400U 
5u 25OOu 
5u 2sOOu 
5u 25OOu 
5u 25OOu 
5u 2mu 

2500 u 2500 U 
5u 25oOu 
5u 25OOu 
5u 25OOu 
5u 25OOu 
5u 25OOu 
5u 2500u 
5u 25OOu 
5u 25OOu 
5u 25OOu 
5u 25OOl.l 
5u 25OOu 

10 u 5OOOu 
5u 2600 u 
5u 25OOu 
5u 25OOu 
5u 25OOu 
5u 25OOu 
5u 25OOu 
5u 25OOu 
5u 2500 U 
5u 2500 U 

FREQUENCY OF DETECTION 
RINSATE BLANKS 

SITE SCREENING AREA 1 
VOLATILE COMPOUNDS 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
71 
ND 
ND 
ND 

2J 
1 J 

10 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

6J 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 

27000 
ND 
ND 
ND 

25 
1J 

10 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

6J 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

OHMRIN-08 

OHMRIN-07 
OHMRIN-07 
OHMRIN-04 

OHMRIN-3 

FREQUENCY 
OF 

DETECTION 

015 
015 
o/5 
o/5 
o/5 
415 
Ol5 
o/5 
015 
II5 
II5 
It2 
o/5 
o/5 
015 
015 
o/5 
015 
o/5 
o/5 
015 
o/5 
o/5 
o/5 
o/5 
Ol5 
o/5 
O/S 
O/5 
o/5 
015 
II5 
o/5 

07106195 1 RBQCV.WK4 2 



Location 
Sample Date 
VOLATILES 
Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon Disulfide 
1 ,I -Dichloroethene 
1 ,l-Dichloroethane 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
I,1 (1 -Trichloroethane 
Carbon Tetrachloride 
Bromodibromomethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropylene 
Trichlroethylene 
Dichlorobromomethane 
1 ,I ,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropylene 
Bromoform 
Methyl-iso-butyl ketone 
2-Hexanone 
Tetrachloroethene 
1 ,I ,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (Total) 
1,2-Trans-dichloroethylene 

OHMTB-06 
12lO8l94 

OHMTB-05 
12lo3194 

OHMTB-04 
12/l 2l94 

5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
2 BJ 100 BJ 3 BJ 

10 u 6900 4500 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5R 500 u 5R 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5u 5OOU 5u 
5u 500 u 5u 
5u 5OOU 5u 
5u 5OOU 5u 
5u 500 u 5u 
5u 500 u 5u 

10 u 1000 u 10 u 
5u 500 u SU 
5U 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 
5U 500 u 5u 
5u 500 u 5u 
5u 500 u 5u 

FREQUENCY OF DETECTION 
TRIP BLANKS 

SITE SCREENING AREA 1 
VOLATILE COMPOUNDS 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

OHMTB-OJB 
12/08/94 

OHMTB03A 
lZO9l94 

OHMTB-02 

5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
3 BJ 5 BJ 25 U 

66 75 42 J 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
2J 5u 25 U 
5R 5R 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 

10 u 10 u 50 u 
5u 5u 25 U 
5u 5u 25 U 
5u 5u 25 U 
5U 5u 25 U 
5u 5u 25 U 
5u IJ 25 U 
5u IJ 25 U 
5u 3J 25 U 
5u 5u 25 U 

07106195 lTBQCWK4 
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Location 
Sample Date 
VOLATILES 
Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon Disulfide 
1 ,l -Dichloroethene 
1 ,I -Dichloroethane 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 ,I ,I -Trichloroethane 
Carbon Tetrachloride 
Bromodibromomethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropylene 
Trichlroethylene 
Dichlorobromomethane 
1 ,I ,2-Trichloroethane 
Benzene 
bans-l ,3-Dichloropropylene 
Bromoform 
Methyl-iso-butyl ketone 
2-Hexanone 
Tetrachloroethene 
1 ,I .2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (Total) 
1,2-Trans-dichloroethylene 

MINIMUM 

5U 500 u 
5U SOOU 
5U 500 u 
5U 500 u 
2 BJ 100 BJ 

10 u 10 u 
5U 500 u 
5u 5OOU 
5u 500 u 
5u 500 u 
5u 500 u 
5u SOOU 
5u 500 u 
5u 500 u 
5u 500 u 
SU 500 u 
5U SOOU 
5U 500 u 
5u SOOU 
5u 500 u 
5u 5OOU 
5u 500 u 
5u 500 u 

10 u 1ooou 
5u 500 u 
5u 500 u 
5u 500 u 
5u SOOU 
5U 500 u 
5U 500 u 
5U 500 u 
1 BJ 500 u 
5u 500 u 

FREQUENCY OF DETECTION 
TRIP BLANKS 

SITE SCREENING AREA 1 
VOLATILE COMPOUNDS 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

MAXIMUM MINIMUM 

ND 
ND 
ND 
ND 
ND 

3J 
ND 
ND 
ND 
ND 

2J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1 J 
1 J 
3J 

ND 

MAXIMUM 

ND 
ND 
ND 
ND 
ND 

6900 
ND 
ND 
ND 
ND 

2J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1 J 
1 J 
3J 

ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

OHMTB-OB 

OHMTB-03B 

OHMTB03A 
OHMTB03A 
OHMTB03A 

O/8 
018 
018 
018 
018 
718 
018 
O/8 
O/8 
018 
118 
Ol3 
o/a 
018 
O/8 
O/8 
o/a 
O/8 
018 
O/8 
o/a 
O/8 
o/a 
O/8 
o/a 
O/8 
O/8 
018 
O/8 
116 
118 
II8 
O/8 

07106195 lTBQC.WK4 3 



Location 
Sample Date 
Units 

PESTlClDESlPCBs 
Alpha-BHC 
Beta-BHC 
Delta-BHC 
Gamma-BHC 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4,4-DDE 
Endrin 
Endosulfan II 
4,4-DDD 
Endosulfan sulfate 
4,4-DDT 
Methoxychlor 
Endrin ketone 
Endrin aldehyde 
alpha-chlordane 
gamma-chlordane 
Toxaphene 
Arochlor 1016 
Arochlor 1221 
Arochlor 1232 
Arochlor 1242 
Arochlor 1248 
Arochlor 1254 
Arochlor 1260 
Chlordane 

OHMRIN-08 
12lO6l94 

uglL 

0.052 U 
0.052 u 
0.052 u 
0.052 u 
0.052 U 
0.052 U 
0.052 U 
0.052 U 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 

0.52 U 
0.1 u 
0.1 u 

0.052 U 
0.052 U 

5.2 U 
IU 

2.1 u 
IU 
IU 
1 u 
IU 
1 u 

U 

FREQUENCY OF DETECTION 
RINSATE BLANKS 

SITE SCREENING AREA 1 
PESTlCiDElPCB COMPOUNDS 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VIRGINIA 

OHMRIN-07 
11/12/94 

ug/L 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
NA 
NA 

2u 
IU 
IU 
IU 
IU 
IU 
IU 
IU 
1U 

07106195 IRBQCP.WK4 







Location 
Sample Date 
Units 

CNitrophenol 
SEMIVOLATILES cont. 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-bromophenyl-phenylether 
N-Nitrosodiphenylamine 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Butytbenzyiphthalate 
3,3-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)-phthalate 
Di-n-octyiphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

FREQUENCY OF DETECTION 
FIELD BLANKS 

SITE SCREENING AREA 1 
SEMIVOLATILE COMPOUNDS 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

OHMFB-01 

ug/L 

53 R 

11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
26 R 
11 u 
11 u 
11 u 
11 R 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 u 
11 UJ 
11 UJ 
11 UJ 
11 UJ 
11 UJ 
11 UJ 
11 UJ 

07/06/95 IFBQCS” WK4 



Location OHMRIN-02 OHMRIN-3 OHMRIN-08 OHMRIN-07 
Sample Date 11103/94 11 I04194 1203194 11/12/94 
Units ug/L uglL uglL ug/L 

Aluminum 59.9 u 59.9 u 1350 59.9 u 59 u 
Antimony 29.8 u 29.8 u 29.8 u 29.8 u 30 u 
Arsenic 2u 2u 2u 2u 2 UL 
Barium 1.3 u 1.3 u 11.5 0.8 L 1u 
Beryllium 0.5 u 0.5 u 0.5 u 0.5 u 3 
Cadmium 1.1 u 1.1 u 1.1 u 1.1 u 4 
Calcium 48.1 40.6 509 39 92 
Chromium 5.9 u 5.9 u 8.48 5.9 u 17 
Cobalt 3.7 u 3.7 u 3.7 u 3.7 u 4u 

Copper 5.5 u 5.5 u 12.1 5.5 u 17 
Iron 13.9 u 13.9 u 2450 ia 19 
Lead 2u 2u 2u 1.1 u 3u 
Magnesium 33.5 u 33.5 u 235 20 34U 
Manganese 1.2 u 1.2 u 35.7 1.2 u 12 
Mercury 0.14 u 0.14 u 0.14 u 0.2 u 0.2 u 
Nickel 9.5 u 9.5 u 39.6 9.5 u 13 
Potassium 1490 u 1490 u 1490 u 1490 u 1490 u 
Selenium 1.3 u 1.3 u 9.75 1.1 u 1.3 u 
Silver 5.8 u 5.8 u 5.8 u 5.8 u 6U 
Sodium 97.3 97.3 53.6 63 131 
Thallium 2u 2u 2u 1.1 u 2u 
Vanadium 4.2 U 4.2 U 4.2 U 4.2 U 4u 
Zinc 6 6.44 33 4.1 u 20 
TAL Cyanide 10 10 1.16 10 u 10 u 

FREQUENCY OF DETECTION 
RINSATE BLANKS 

SITE SCREENING AREA 1 
INORGANICS AND CYANIDE 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

OHMRIN-04 

uglL 

07106195 1 RBQCM.WK4 



Location 
Sample Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
TAL Cyanide 

MINIMUM 
NONDETECTED 

59 u 
29.8 U 

2u 
1 u 

0.5 u 
1.1 u 

NA 
5.9 u 
3.7 u 
5.5 u 

13.9 u 
1.1 u 

33.5 u 
1.2 u 

0.14 u 
9.5 u 

1490 u 
1.1 u 
5.8 u 
NA 
1.1 u 

4u 
4.1 u 
10 u 

FREQUENCY OF DETECTION 
RINSATE BLANKS 

SITE SCREENING AREA 1 
INORGANICS AND CYANIDE 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM MINIMUM MAXIMUM 
NONDETECTED DETECTED DETECTED 

59.9 u 
30 u 

2u 
1.3 u 
0.5 u 
1.1 u 

NA 
5.9 u 

4u 
5.5 u 

13.9 u 
3u 

34 u 
1.2 u 
0.2 u 
9.5 u 

1490 u 
1.3 u 

6U 
NA 

2u 
4.2 U 
4.1 u 
10 u 

1350 1350 
ND ND 
ND ND 
0.8 L 11.5 

3 3 
4 4 

39 509 
8.46 17 
ND ND 

12.1 17 
ia 2450 

ND ND 
20 235 
12 35.7 

ND ND 
13 39.6 

ND ND 
9.75 9.75 
ND ND 

53.6 131 
ND ND 
ND ND 

6 33 
1.16 10 

LOCATION OF 
MAXIMUM 

DETECTED 

OHMRIN-08 

OHMRIN-08 
OHMRIN-04 
OHMRIN-04 
OHMRIN-08 
OHMRIN-04 

OHMRIN-04 
OHMRIN-08 

OHMRIN-08 
OHMRIN-08 

OHMRIN-08 

OHMRIN-08 

OHMRIN-04 

OHMRIN-08 
OHMRIN-3 

FREQUENCY 
OF 

DETECTION 

115 
o/5 
015 
2/5 
II5 
II5 
515 
2l5 
o/5 
2l5 
315 
015 
2i5 
2/5 
015 
z5 
o/5 
115 
015 
515 
015 
015 
4/5 
315 

07lO6l95 1 RBQCM.WK4 



Location 
Sampling Date 
Units 

HMX 
RDX 
1,3,5Trinitrobenzene 
1,3-Dinitrobenzene 
Tertyl 
Nitrobenzene 
2,4,6-Trinitrotoluene 
4Amino-2,6-Dinitrotoluene 
2,6-Dinitrotoluene 
2,CDinitrotoluene 
2-Nitrotoluene 
3-Nitrotoluene 

A15RB-01 
11 to1 194 

UGlL 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1 u 

0.73 u 
0.84 

1u 
1u 
1 u 

0.75 u 
0.91 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Al 5RB-02 A15RB-03 A15101 RB-23 
11102l94 11104/94 12/03/94 

UGIL UGIL UGlL 

0.61 U 
0.94 u 
0.66 u 

1.1 u 
1 u 

0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1 u 

0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

07106195 15ERBF.WK4 



Location 
Sampling Date 
Units 

HMX 
RDX 
1,3,5-Trinitrobentene 
1 ,3-Dinitrobenzene 
Terlyl 
Nitrobenzene 
2,4,6-Trinitrotoluene 
4Amino-2.6-Dinitrotoluene 
2,6-Dinitrotoluene 
2,QDinitrotoluene 
2-Nitrotoluene 
3-Nitrotoluene 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED. DETECTED 

0.61 U 
0.59 U 
0.66 u 

1.1 u 
1 u 

0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

0.61 U 
0.94 u 
0.66 u 

1.1 u 
1 u 

0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

ND 
ND 
ND 
ND 
ND 
ND 

0.84 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

0.84 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

Al 5RB-01 

o/4 
o/4 
014 
014 
014 
014 
114 
014 
014 
o/4 
o/4 
o/4 

07106195 lSERBF.WK4 



Location 
Sampling Date 
Units 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4,4-DDE 
Endrin 
Endosulfan II 
4,4’-DDD 
Endosulfan Sulfate 
4,4-DDT 
Methoxychlor 
Endrin Ketone 
Endrin Aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor-1246 
Aroclor-1254 
Aroclor-1260 

Al SRB-01 
1 l/01/94 

UGlL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1 u 
2u 
1 u 
1 u 
1 u 
1 u 
1 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

PESTlClDElPCB COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A15RB-02 
11102l94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

A15RB-03 
11 I04194 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

Al 5101 RB-23 
12103194 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1 u 
2u 
1 u 
1 u 
1u 
1 u 
1 u 

07106195 lSPRBF.WK4 



Location 
Sampling Date 
Units 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4,4-DDE 
Endrin 
Endosulfan II 
4,4’-DOD 
Endosulfan Sulfate 
4,4’-DDT 
Methoxychlor 
Endrin Ketone 
Endrin Aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor-1246 
Aroclor-1254 
Aroclor-1260 

MINIMUM 
NONDETECTED 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1 u 
2u 
1 u 
1 u 
1u 
1u 
1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

PESTlClDElPCB COMPOUNDS 
SITE SCREENING AREA 16 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1 u 
2u 
1 u 
1 u 
1 u 
1 u 
1 u 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

014 
o/4 
o/4 
014 
014 
o/4 
o/4 
014 
o/4 
014 
o/4 
014 
o/4 
o/4 
o/4 
o/4 
o/4 
o/4 
014 
o/4 
o/4 
o/4 
o/4 
o/4 
014 
o/4 
o/4 
o/4 

07106195 15PRBF.WK4 



Location 
Sampling Date 
Units 

Phenol 
bis(ZChloroethyl) Ether 
2-Chlorophenol 
1 ,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-ChloroisopropyI)Ether 
4Methylphenol 
N-Nitrosodipropylamine 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
bis(2-Chloroethoxy)Methane 
2,CDichlorophenol 
1 ,Z,QTrichlorobenzene 
Naphthalene 
CChloroaniline 
Hexachlorobutadiene 
4Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2.4Dinitrophenol 

07lO6l95 lSSVRBF.WK4 

AlSRB-01 
11101/94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Al 5RB-02 
11 lO2l94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 u 

A15RB-03 
11 I04194 

UG/L 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

1 

Al 5101 RB-23 
12lo3194 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
1ou - 
10 u 
25 U 
10 u 
25 U 



Location 
Sampling Date 
Units 

CNitrophenol 
Dibenzofuran 
2,rlDinitrotoluene 
Diethylphthalate 
QChlorophenylphenyl Ether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-Methylphenol 
N-nitrosodiphenylamine 
CBromophenylphenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-Butyi Phthalate 
Fluoranthene 
Pyrene 
Butyl Benzyl Phthalate 
3,3’-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)Phthalate 
Di-n-Octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)Pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)Perylene 

AlSRB-01 
11101194 

UGlL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

8J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

2J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Al 5RB-02 
lllO2l94 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

QJ 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

A15RB-03 
11 I04194 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
11 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

A15101 RB-23 
12lo3194 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

QJ 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

07106195 15SVRBF.WK4 2 



Location 
Sampling Date 
Units 

Phenol 
bis(2-Chloroethyl) Ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1 ,QDichlorobenzene 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-ChloroisopropyI)Ether 
CMethylphenol 
N-Nitrosodipropylamine 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,4Dimethylphenol 
bis(2-Chloroethoxy)Methane 
2,CDichlorophenol 
1 ,Z,QTrichlorobenzene 
Naphthalene 
CChloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,CDinitrophenol 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

FREQUENCY 
OF 

DETECTION 

o/4 
o/4 
014 
014 
014 
014 
014 
o/4 
o/4 
o/4 
o/4 
o/4 
014 
o/4 
o/4 
o/4 
o/4 
o/4 
o/4 
o/4 
o/4 
o/4 
014 
o/4 
o/4 
o/4 
014 
o/4 
o/4 
o/4 
o/4 
014 
o/4 
o/4 

07106195 15SVRBF.WK4 3 



Location 
Sampling Date 
Units 

QNitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
QChlorophenylphenyl Ether 
Fluorene 
QNitroaniline 
4,6-Dinitro-2-Methylphenol 
N-nitrosodiphenylamine 
CBromophenylphenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-Butyl Phthalate 
Fluoranthene 
Pyrene 
Butyl Benzyl Phthalate 
3,3’-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyt)Phthalate 
Di-n-Octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)Pyrene 
Indeno(l,2,3cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h.i)Perylene 

MINIMUM 
NONDETECTED 

25 U 
IO u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
NA 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
NA 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

8J 
ND 
ND 
ND 
ND 
ND 
ND 

2J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
11 
ND 
ND 
ND 
ND 
ND 
ND 

2J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

Al 5RB-03 

A15RB-01 

FREQUENCY 
OF 

DETECTION 

014 
o/4 
o/4 
o/4 
o/4 
o/4 
014 
Q/4 
Q/4 
Q/4 
Q/4 
Q/4 
014 
Q/4 
014 
4l4 
014 
Q/4 
Q/4 
Q/4 
Q/4 
Q/4 
114 
014 
Q/4 
Q/4 
Q/4 
014 
Q/4 
014 

07/06/95 lSSVRBF.WK4 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1 ,I -0ichloroethene 
I, 1-Dichloroethane 
Chloroform 
1,2-Dichloroethane 
Bromochloromethane 
2-Butanone 
1 ,I ,I -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,I ,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
Bromofoml 
4-Methyl-Zpentanone 
2-Hexanone 
Tetrachloroethene 
1 ,I ,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1.2-Dichlorobenzene 

07lQ6l95 lSVRBF.WK4 

AlSRB-Ql 
11101 I94 

UGIL 

1 UJ 
1 u 
1 u 
1 u 
3 
5R 
1 u 
1 u 
1 u 
3 
1 u 
1 u 
5R 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5u 
5R 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Al SRB-02 
lllQ2l94 

UGIL 

1 UJ 
1u 
1 u 
1u 
2 
5R 
1 u 
1 u 
1 u 
3 
1 u 
1 u 
5R 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1u 
IV 
1u 
1u 
1u 
5u 
5R 
1u 
IU 
IU 
IU 
IU 
1 u 
1u 
IV 

A15RB-03 
lllQ4l94 

UG/L 

Al 5101 RB23 
12lo3194 

UGIL 

1 UJ 1u 
1u 1u 
1u IU 
1 u 1u 
2 3 
5R 5R 
1 u 1u 
1 u 1u 
1 u 1u 
3 6 
1 u IU 
1u 1u 
5R 5R 
1u 1u 
1u 1u 
1u IU 
1 u IU 
IU 1u 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
5U 5U 
5R 5u 
1 u 1u 
1 u IU 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1 u 
1 u 1 u 

1 



Location 
Sampling Date 
Units 

1 ,CDichlorobenzene 
1,3-Dichloroberuene 
1,2-Dibromo-3xhloropropane 
1,2-Dibromoethane 
TRANS 1,2-Dichloroethene 
CIS 1,2-Dichloroethene 
1,2-Dichloroethene (total) 

Al SRB-01 
1 l/O1194 

UGIL 

1 u 
1 u 
1R 

1 u 
1 u 
1 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Al SRB-02 Al SRB-03 AlSlQl RB23 
11 lQ2l94 11 IQ4194 12lQ3i94 

UGIL UGIL UGIL 

1 u 1 u 1u 
1 u 1u 1 u 
IR 1R 1R 
1 u 1 u 1u 
1 u 1u 1u 
1u 1 u 1u 

07lQ6l95 lSVRBF.WK4 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,l -Dichloroethene 
1 ,l-Dichloroethane 
Chloroform 
1,2-Dichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,1,2-Trichloroethane 
Benzene 
trawl ,3-Dichloropropene 
Bromoform 
4-Methyl-Zpentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1.2-Dichlorobenzene 

MINIMUM 
NONDETECTED 

1 UJ 1 UJ 
1u 1u 
1u 1 u 
1u 1 u 

NA NA 
NA NA 

IU 1u 
1u 1u 
1u 1 u 

NA NA 
1u 1 u 
1u 1u 

NA NA 
1u 1 u 
1u 1u 
1u 1u 
1u 1u 
1u 1 u 
1u 1u 
1u 1u 
1u 1u 
1u 1u 
1u 1u 
1u 1u 
5U SU 
5U 5U 
1u 1u 
1u 1u 
1U 1u 
1u 1u 
1u 1u 
1 u 1 u 
1 u 1 u 
1u 1 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

LOCATION OF FREQUENCY 
MAXIMUM MINIMUM MAXIMUM MAXIMUM OF 

NONDETECTED DETECTED DETECTED DETECTED DETECTION 

ND 
ND 
ND 
ND 

2 
ND 
ND 
ND 
ND 

3 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

3 
ND 
ND 
ND 
ND 

6 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

AlSlRB23 

A151RB23 

014 
014 
Q/4 
014 
4i4 
o/o 
Q/4 
Q/4 
Q/4 
414 
014 
o/4 
Q/O 
o/4 
014 
o/4 
014 
Q/4 
014 
014 
o/4 
o/4 
o/4 
014 
Q/4 
WI 
o/4 
014 
Q/4 
014 
o/4 
Q/4 
Q/4 
014 

Oi’lO6l95 lSVRBF.WK4 3 



Location 
Sampling Date 
Units 

1 ,CDichlorobenzene 
1,3-Dichlorobenzene 
1.2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
TRANS 1,2-Dichloroethene 
CIS 1,2-Dichloroethene 
1,2-Dichloroethene (total) 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

1 u 1 u ND ND 
1 u 1 u ND ND 

NA NA ND ND 
1 u 1 u ND ND 
1 u 1 u ND ND 
1 u 1 u ND ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

014 
014 
o/o 
o/4 
o/4 
o/4 

07106195 15VRBF.WK4 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methytene chloride 
Acetone 
Carbon disulfide 
1 .l -Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1 ,2-Dichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1 ,ZDichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,1,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
Bromoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1,2-Dichlorobenzene 

07/06/95 15VTBF.WK4 

15TB-01 
11/01/94 

UGlL 

1 UJ 
1u 
1u 
1u 
2u 
5R 
1u 
1 u 
1u 
1 u 
1 u 
1 u 
5R ’ 
1 u 
1 u 
1 u 
1 u 
1 u 
1u 
1 u 
1 u 
1 u 
1 u 
1 u 
5u 
5R 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

15TB-02 
11 lO2l94 

UGlL 

15TB-05 
11 I04194 

UGlL 

15TB-33 
12ml94 

UGIL 

Al 5101 TB-35 
12m3l94 

UGIL 

1 UJ 1 UJ 1u 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
2u 2u 2u 2u 
5R 5R 5R 5R 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
5R 5R 5R 5R 
1 u 1u 1u 1u 
1 u 1 u 1u 1u 
1 u 1u IU 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
1u 1u IU 1u 
1 u 1u 1u IU 
1u 1u IU 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1 u 1u 1u 1u 
5u 5u 5u 5u 
5R 5R 5u 5u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u IU 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 
1 u 1u 1u 1u 

1 
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Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,l -Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1 ,ZDichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l-Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1 &Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,1,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
Bromoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1,2-Dichlorobenzene 

MINIMUM 
NONDETECTED 

1 UJ 1 UJ ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
2u 2u ND 

NA NA ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1 u 1u ND 

NA NA ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1 u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
5u 5u ND 
5u 5u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM MINIMUM MAXIMUM 
NONDETECTED DETECTED DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

o/5 
O/5 
015 
o/5 
015 
O/O 
O/5 
o/5 
O/5 
O/5 
O/5 
O/5 
O/O 
O/5 
015 
o/5 
015 
o/5 
O/5 
O/5 
ols 
O/5 
O/S 
o/5 
ols 
o/2 
o/5 
015 
o/5 
O/5 
o/5 
O/5 
015 
o/5 

07106195 15VTBF.WK4 3 



Location 
Sampling Date 
Units 

1,4Dichlorobenzene 
1,3-Dichlorobenzene 
1.2-Dibromo-3chloropropane 
1,2-Dibromoethane 
TRANS 1,2-Dichloroethene 
CIS 1,2-Dichloroethene 
1,2-Dichloroethene (total) 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

1 u 1 u ND ND 
1 u 1 u ND ND 

NA NA ND ND 
1 u 1 u ND ND 
1 u 1 u ND ND 
1 u 1 u ND ND 
1 u 1 u ND ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

o/5 
o/5 
o/o 
015 
o/5 
o/5 
o/5 

07106195 15VlBF.WK4 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1 ,l -Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1,2-Dichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l-Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1 $Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,1,2-Trichloroethane 
Benzene 
trans-l ,J-Dichloropropene 
Bromoform 
QMethyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1,2-Dichlorobenzene 

07106195 1 VTBF.WK4 

1 l7TB-16 
11 I1 8194 

UGIL 

1 u 
1 u 
1 u 
1 u 
2u 
5R 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5R 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1u 
1 u 
1 u 
1 u 
1 u 
5u 
5R 
1 u 
1 u 
1u 
1 u 
1 u 
1 u 
1 u 
1 u 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

1 TB20 
11119194 

UGIL 

1u 
1 u 
1u 
1 u 
2u 
5R 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5R 
1 u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1 u 
1 u 
1 u 
5U 
5R 
1 u 
1 u 
1u 
1 u 
1 u 
1 u 
1 u 
1 u 

lTB21 
lll2Ol94 

UGIL 

01 TB26 
lllO2l94 

UGIL 

1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
2u 2u 
5R 5R 
1 u 1U 
1 u 1u 
1u 1u 
1 u 1u 
1 u 0.5 J 
1 u 1u 
5R SR 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
1u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
1 u 1u 
5u 5U 
5R 5R 
1u 1u 
1 u 1u 
1u 1u 
1u 1u 
1 u 1u 
1 u 1u 
1u 1u 
1 u 1u 

1 

01 TB34 
12lO3l94 

UGIL 

1u 1 u 
1u 1 u 
1u 1 u 
IU 1 u 
2u 2u 
5R 5R 
1U 1 u 
IU 1 u 
1u 1 u 
1u 1 u 
1u 1u 
IU 1 u 
5R 5R 
1U 1 u 
1u 1 u 
1u 1 u 
1u 1u 
1u 1u 
IU 1 u 
1u 1 IJ 
1u 1U 
1U 1u 
1u 1u 
1u 1 u 
5u 5tJ 
5u 5u 
1u 1u 
1u 1u 
1u 1u 
1U 1u 
1u 1 u 
1u 1 u 
1u 1 u 
1u 1 u 

A07101 TB-36 
12lO4l94 

UGIL 



Location 
Sampling Date 
Units 

1 ,QDichlorobenzene 
1 .3-Dichlorobenzene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
TRANS 1,2-Dichloroethene 
CIS 1,2-Dichloroethene 
1 ,ZDichloroethene (total) 

ll7TB-16 
ii ii al94 

UGIL 

1u 1 u 1 u 
1u 1 u 1 u 
1R 1R 1R 
1u 1 u 1 u 
1u 1 u 1 u 
1u 1 u 1 u 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

lTB20 1 TB21 
11119194 11120l94 

UGIL UGIL 

OlTB26 
11 lO2/94 

UGIL 

1 u 
1 u 
1R 
1u 
1u 
1 u 

OlTB34 
12lo3194 

UGIL 

1 u 
1 u 
1R 
1u 
1 u 
1 u 

A07101 TB-36 
12/04/94 

UGIL 

1 u 
1 u 
1R 

1 u 
1 u 
1 u 

07lO6l95 lvTBF.WK4 
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Location 
Sampling Date 
Units 

1 ,QDichlorobenzene 
1,3-Dichlorobenzene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromcethane 
TRANS 1,2-Dichlorcethene 
CIS 1 ,ZDichloroethene 
1,2-Dichloroethene (total) 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Al 5/l TB-35 
12103194 

UGIL 

1 u 
1 u 
1R 
1 u 
1 u 
1 u 

07106195 1 VTBF WK4 



Location 
Samplrng Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1 ,l-Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1,2-Dichloroethane 
Bromochloromethane 
2Butanone 
1 ,l ,l -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,1,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
Bromoform 
4Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,ZTetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1,2-Dichlorobenzene 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMFDUNDS 
SITE SCREENING AREA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

1 u 
1 u 
1 u 
1 u 
2u 

NA 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

NA 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
5U 
5U 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

1 u 
1u 
1 u 
1 u 
2u 

NA 
1 u 
1 u 
1 u 
1 u 
1u 
1 u 

NA 
1u 
1 u 
IU 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
1u 
5u 
5u 
1 u 
IU 
1u 
1U 
1 u 
IV 
1u 
1 u 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0.5 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0.5 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

01 TB26 

Oi7 
Oi-7 
Ol7 
Ol-7 
O/7 
010 
Ol7 
Ol7 
Ol7 
Oi7 
II-7 
Ol7 
010 
Oi7 
Ol7 
Oi7 
Ol7 
Ol7 
Ol7 
Ol7 
Ol7 
Ol7 
Ol7 
Ol7 
Oi7 
013 
O/7 
Off 
Ol7 
Of7 
On 
Ol7 
Ol7 
Ol7 

07/06/95 lVTBF.WK4 5 



Location 
Sampling Date 
Units 

1,4-Dichlorobenzene 
1,3-Dichlorobenzene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
TRANS 1 ,ZDichloroethene 
CIS 1,2-Dichloroethene 
1,2-Dichloroethene (total) 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

1u 1u ND ND 
1u 1 u ND ND 

NA NA ND ND 
1u 1 u ND ND 
1 u 1 u ND ND 
1u 1 u ND ND 

LOCATION OF 
MAXIMUM 

DETECTED 

FREQUENCY 
OF 

DETECTION 

Ol7 
Ol7 
O/O 
Ol7 
Off 
Ol7 

07106195 lVfBF.WK4 



Location 
Sample Date 
Units 

HMX 
RDX 
1.3,5-Trinitrobenzene 
1,3-Dinitrobenzene 
Tertyl 
Nitrobenzene 
2,4,6-Trinitrotoluene 
4Amino-2,6-Dinitrotoluene 
2,6-Dinitrotoluene 
2,4Dinitrotoluene 
2-Nitrotoluene 
3-Nitrotoluene 

AO6RB-05 
11/05/94 

UG/L 

0.61 U 
0.59 u 
0.66 u 

11 u 
1 u 

0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A06RB-06 AO6RB-07 A06RB-08 
11106194 11107l94 lllO8l94 

UG/L UGIL UGIL 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1 u 

0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

0.61 U 
12 u 

0.66 u 
7.2 U 
1.7 u 

0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

0.61 U 
11 u 

0.66 u 
11 u 

1.5 u 
0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

AO6RB-09 
11115194 

UGIL 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

AOGRB-10 
11116194 

UG/L 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1 u 

0.73 u 
0.62 U 

1 u 
1 u 
1 u 

0.75 u 
0.91 u 

07106195 GERBF.WK4 





Location 
Sample Date 
Units 

HMX 
RDX 
1,3,5-Trinitrobenzene 
1 ,3-Dinitrobenzene 
Tertyl 
Nitrobenzene 
2,4,6-Trinitrotoluene 
CAmino-2,6-Dinitrotoluene 
2,6-Dinitrotoluene 
2,CDinitrotoluene 
2-Nitrotoluene 
3-Nitrotoluene 

MINIMUM 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1 u 

0.75 u 
0.91 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM MINIMUM MAXIMUM 
NONDETECTED DETECTED DETECTED 

0.61 U 
12 u 

0.66 u 
11 u 

1.7 u 
0.73 u 
0.62 U 

1u 
1u 
1U 

0.75 u 
0.91 u 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND O/8 
ND O/8 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

07106195 GERBF.WK4 3 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

AO6RB-CEF 
11 lOw94 

UGIL 

11 u 
14.2 J 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

42.5 J 
1.8 U 
1.9 u 
1.4 u 
5.6 J 
1.4 u 

11.1 u 
1.2 J 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
57.7 J 

4u 
1.4 u 

45 

RINSATE BLANKS 
DISSOLVED INORGANICS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AO6RB-09F AOGRB-1OF 
11115194 11 I1 6194 

UGlL UGlL 

11 u 
12.2 u 

2.3 U 
0.5 u 

0.11 J 
1.5 u 

58.4 J 
1.8 U 
1.9 u 
2.4 J 
1.5 u 
1.4 u 
17 J 

1.7 J 
0.2 u 
4.3 u 

381 u 
2.6 u 

2u 
55.5 J 

4u 
1.4 u 
4.6 J 

11 u 
12.2 u 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

76.5 J 
1.8 U 
1.9 u 
6.8 J 

29.8 J 
1.4 u 

18.5 J 
1.2 J 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2u 
52.8 J 

4u 
1.4 u 
8.7 J 

07106195 6MDRBF.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Potassium 

Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

RINSATE BLANKS 
DISSOLVED INORGANICS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

11 u 
12.2 u 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
NA 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
NA 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4u 
1.4 u 
NA 

11 u 
12.2 u 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
NA 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
NA 

0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4u 
1.4 u 
NA 

ND 
14.2 J 

ND 
ND 

0.11 J 
ND 

42.5 J 
ND 
ND 
2.4 J 
5.6 J 
ND 
17 J 

1.2 J 
ND 
ND 
ND 
ND 
ND 

52.8 J 
ND 
ND 

4J 

ND 
14.2 J 

ND 
ND 

0.11 J 
ND 

76.5 J 
ND 
ND 
6.8 J 

29.8 J 
ND 

18.5 J 
1.7 J 
ND 
ND 
ND 
ND 
ND 

57.7 J 
ND 
ND 
8.7 J 

LOCATION OF 
MAXIMUM 

DETECTED 

AO6RB-06F 

AO6RB-09F 

AOGRB-1OF 

AOGRB-1 OF 
AO6RB-1 OF 

AOGRB-1 OF 
AO6RBaF 

AO6RB-06F 

AOGRB-1 OF 

FREQUENCY 
OF 

DETECTION 

O/3 
113 
O/3 
013 
It3 
OIL3 
3/3 
OK3 
o/3 
33 
2l3 
013 
x3 
3l3 
O/3 
o/3 
013 
013 
Ol3 
3l3 
O/3 
013 
313 

07/06/95 6MDRBF.WK4 
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Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

AC%RB-05 
11 m/94 

UGIL 

11.3 J 
12.2 UL 

2.3 U 
0.5 u 
0.1 J 
1.5 u 

25.5 J 
1.8 U 
1.9 u 
1.4 u 

18.7 J 
1.4 u 

11.1 u 
1.1 J 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
31.8 J 

4.2 J 
1.4 u 
4.6 J 

5U 

RINSATE BLANKS 
TOTAL INORGANICS AND CYANIDE 

SITE SCREENING AREA 6 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

AO6RB-06 AO6RB-07 AO6RB-08 
11 m/94 lllO7l94 11 IO8194 

UGIL UGlL UGIL 

12.7 J 
12.2 UL 

2.3 U 
0.5 u 
0.1 J 
1.5 u 

18.8 J 
1.8 U 
1.9 u 
1.4 u 

132 J 
1.4 u 

11.1 u 
0.4 J 
0.2 u 
4.3 u 

361 u 
2.6 U 

2u 
32.1 J 

4u 
1.4 u 
5.4 J 

5u 

11 u 
12.2 UL 

2.3 U 
1u 
1u 

1.5 u 
14.8 J 

1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
1u 

0.2 UL 
4.3 u 

381 u 
2.6 U 

2u 
14.1 J 

4 UL 
1.4 u 
4.7 JJ 

5u 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

16.9 J 
1.8 U 
1.9 u 
1.4 u 
3.4 J 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
257 J 

4u 
1.4 u 
4.6 J 

5u 

AO6RBO9 
11115i94 

UGlL 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

27.9 J 
1.6 U 
1.9 U 
1.4 u 

10.8 J 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

361 u 
2.6 U 

2u 
18.6 J 

4.4 J 
1.4 u 
6.1 J 

5u 

AOGRB-10 
11116iQ4 

UGlL 

11 u 
12.2 R 
2.3 U 
0.5 u 

0.32 J 
1.5 u 

11.6 J 
1.8 U 
1.9 u 
1.5 J 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
33.4 J 

4u 
1.4 UL 

75 
5u 

07106195 GMRBF.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

/ 
07/06l95 6MRBF.WK4 

AOGRB-11 
11117l94 

UGIL 

14 J 
12.2R 
2.3 U 
0.5 u 

0.23 J 
1.5 u 

13.7 J 
1.8 U 
1.9 u 
1.5 J 
2.3 J 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
26.7 J 

4u 
1.4 UL 
3.8 J 

5u 

RINSATE BLANKS 
TOTAL INORGANICS AND CYANIDE 

SITE SCREENING AREA 6 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

AO6RB-14 
lll18l94 

UGIL 

20.4 J 
12.2 R 
2.3 U 
0.5 u 

0.29 J 
1.5 u 
9.7 J 
1.8 U 
1.9 U 
1.4 u 
5.3 J 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 U 
2.6 UL 

2 UL 
34.4 J 

4u 
1.4 UL 

5J 
5u 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 

Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

RINSATE BLANKS 
TOTAL INORGANICS AND CYANIDE 

SITE SCREENING AREA 6 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
NA 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4u 
1.4 u 
NA 

5u 

11 u 
12.2 UL 

2.3 U 
1u 
1u 

1.5 u 
NA 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
1u 

0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4u 
1.4 u 
NA 

5u 

11.3 J 
ND 
ND 
ND 
0.1 J 
ND 
9.7 J 
ND 
ND 
1.5 J 
2.3 J 
ND 
ND 
0.4 J 
ND 
ND 
ND 
ND 
ND 

14.1 J 
4.2 J 
ND 
3.8 J 
ND 

20.4 J 
ND 
ND 
ND 

0.32 J 
ND 

27.9 J 
ND 
ND 
1.5 J 

132 J 
ND 
ND 
1.1 J 
ND 
ND 
ND 
ND 
ND 

257 J 
4.4 J 
ND 

7J 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

AO6RB-14 4l8 
o/5 
018 
O/8 

AOGRB-10 518 
018 

AO6RB09 818 
018 
018 

AOGRB-11 2l8 
AO6RB-06 6l8 

018 
018 

AO8RB-05 2l8 
018 
018 
018 
018 
O/8 
818 
2l8 
018 
818 
O/8 

AO6RB-08 
AO6RB09 

AOGRB-10 

07lO6l95 GMRBF.WK4 



Location 
Sampling Date 
Units 

alpha-BHC 
beta-BHC 
detta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxfde 
Endosulfan I 
Dieldrin 
4,4-DDE 
Endrin 
Endosulfan II 
4,+-DDD 
Endosulfan Sulfate 
4,4-DDT 
Methoxychlor 
Endrtn Ketone 
Endrfn Aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

AO6RB-05 
11 lO5l94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

PESTICIDEIPCB COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VIRGINIA 

AO6RB-06 AO6RB-07 A06RB-08 
11 m/94 11 I07194 11 IO8194 

UGIL UGIL UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.022 J 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

AO6RBO9 
11115l94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.06 u 

5u 
IU 
2u 
1u 
1u 
1u 
1u 
1u 

AOGRB-10 
1 l/16/94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

07/06/95 6PRBF.WK4 



Location 
Sampling Date 
Units 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4$-DDE 
Endrin 
Endosulfan II 
4,4’-DDD 
Endosulfan Sulfate 
4,+-DDT 
Methoxychlor 
Endrtn Ketone 
Endrtn Aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Arcrclor-1246 
Aroclor-1264 
Aroclor-1260 

AO6RB-11 
11117l94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

PESTlClDElPCB COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AO6RB-14 
11118/94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

07lO6/95 6PRBF.WK4 2 



Location 
Sampling Date 
Units 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4,4-DDE 
Endrin 
Endosulfan II 
4,4’-DDD 
Endosulfan Sulfate 
4,4-DDT 
Methoxychlor 
Endrtn Ketone 
Endrtn Aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor-1248 
Arcclor-1254 
Aroclor-1260 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

PESTICIDEIPCB COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1 u 
1 u 
1 u 
1 u 
1 u 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1 u 
2u 
1 u 
1 u 
1u 
1u 
1u 

ND 
ND 
ND 
ND 
ND 

0.022 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

0.022 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

AO6RB-08 

018 
018 
018 
O/8 
O/8 
l/8 
O/8 
O/8 
O/8 
O/8 
O/8 
018 
018 
018 
018 
O/8 
018 
018 
018 
O/8 
018 
016 
018 
O/6 
018 
018 
018 
018 

07106195 6PRBF.WK4 



Location 
Sampling Date 
Units 

Phend 
bis(2-Chloroethyl) Ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1 +Dichlorobenzene 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-ChloroisopropyhEther 
4-Methytphenol 
N-Nitrosodipropylamine 
Hexachkroethane 
Nitrobenzene 
lsophorone 
2-Nttrophend 
2,4Dimethytphenol 
bis(2-Chloroethoxy)Methane 
2+Dichlorophenol 
1,2,QTrtchlorobenzene 
Naphthalene 
4Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiine 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nttroaniline 
Dimethytphthalate 
Acenaphthytene 
2.6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

07lO6l95 6SVRBF.WK4 

AO6R B-05 
11 I05194 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AC%RB-06 
11 m/94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

AO6RB-07 
11 I07194 

UGlL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 UJ 

1 

AO6RB-08 
11 lO8l94 

UGIL 

10 u 
10 u 
10 u 
10 u 
1 0 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

AO6RB09 
11/15/94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

AOGRB-10 
1 l/16/94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 



Location 
Sampling Date 
Units 

QNitrophenol 
Dibenzofuran 
2,QDinitrotoluene 
Diethytphthalate 
4Chlorophenytphenyi Ether 
Fluorene 
QNitroaniline 
4,6Dinttro-2-Methytphenol 
N-nitrosodiphenylamine 
4-Bromophenytphenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-But-$ Phthalate 
Fluoranthene 
Pyrene 
Butyt Benzyt Phthalate 
3,3’-Diihlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)Phthalate 
Di-n-Octyfphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)Pyrene 
Indeno(l,2,3cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)Perytene 

ADBRB-05 
11 lO5lQ4 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
75 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AO8RB-08 
11 m/94 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

6J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

AO8RB-07 
11107/94 

UGlL 

25 U 
10 u 
10 u 

9J 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

AO6RB-08 
11 IO8194 

UGIL 

25 U 
10 u 
10 u 
8J 

10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

1J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

AOBRB09 
11/15/94 

UGIL 

25U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25U 
10 u 
10 u 
10 u 
25U 
10 u 
10 u 
10 u 

75 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

AO8RB-10 
11/16/94 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

07/06/95 GSVRBF.WK4 

I 
2 

i 



Location 
Sampling Date 
Units 

Phenol 
bis(2-Chloroethyl) Ether 
2-Chtorophenol 
1 $Dichlorobenzene 
1 ,QDichloroberuene 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-ChloroisopropyhEther 
4Methytphenol 
N-Nitrosodipropylamine 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,4Dimethytphenol 
bis(2-Chlorcethoxy)Methane 
2,QDichlorophenol 
1,2,4-Trichlorobenzene 
NapMhalena 
4Chloroaniline 
Hexachlorobutadiene 
QChloro-3-methyiphenol 
2-Methytnaphthalene 
Hexachlorocyclopentadiene 
2,4,6Trichlorophenol 
2,4$TrichlorophenoI 
2Chloronaphthalene 
2-Nitroaniline 
Dimethyiphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
BNitroaniline 
Acenaphthene 
2,4Dinitrophenol 

AOGRB-11 
11 I1 ?I94 

UGlL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 u 
10 u 
25 u 
10 u 
10 u 
10 u 
25 u 
10 u 
25 U 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VIRGINIA 

AOGRB-14 
11/16/94 

UGlL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

07/96/95 6SVRBF.WK4 3 



Location 
Sampling Date 
Units 

QNitrophenol 
Dibenzofuran 
2+Dinitrotoluene 
Diethylphthalate 
4Chlorophenytphenyl Ether 
Fluorene 
CNitroaniline 
4,6-Dinitro-2-Methylphenol 
N-nitrosodiphenylamine 
QBromophenyfphenyi Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazde 
Di-n-Butyi Phthalate 
Fluoranthene 
Pyrene 
Butyl Benzyi Phthalate 
3,3’-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethythexyi)Phthalate 
Di-n-Octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)Pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)Perytene 

AOGRB-11 
11 I1 7194 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 u 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AOGRB-14 
11116l94 

UGlL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 u 
25 u 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

1 J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

07106195 GSVRBF.WK4 4 

I 



Location 
Sampling Date 
Units 

Phenol 
bis(2-Chloroethyt) Ether 
2-Chlorophenol 
1 ,bDichlorobenzene 
1 ,CDichlorobenzene 
1 ,2-Dichlorobenzene 
Z-Methytphenol 
bis(2-ChloroisopropyhEther 
CMethytphenol 
N-Nitrosodipropylamine 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
bis(2Chloroethoxy)Methane 
2.4Diihlorophenol 
1,2,4Trichlorobenzene 
Naphthalene 
QChloroaniline 
Hexachlorobutadiene 
4-Chlorc-3methylphenol 
2Methytnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 

I 2,CDinitrophenol 

I 07/06/95 6SVRBF.WK4 

MINIMUM 
NONDETECTED 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 u 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

5 

MAXIMUM 
DETECTED 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

ND 018 
ND 018 
ND 018 
ND O/8 
ND 018 
ND 018 
ND 018 
ND 018 
ND O/8 
ND 018 
ND O/8 
ND 018 
ND 018 
ND 018 
ND Ol8 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND Ol8 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 
ND 018 



Location 
Sampling Date 
Units 

4-Nitrophenol 
Dibenzofuran 
2,4Dinitrotoluene 
Diethytphthalate 
QChlorophenylphenyl Ether 
Fluorene 
4Nitroaniline 
4,6Dinitro-2-Methytphenol 
N-nitrosodiphenylamine 
4-Bromophenylphenyi Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-Butyi Phthalate 
Fluoranthene 
Pyrene 
Bulyl Benzyl Phthalate 
3,J-Dichlotobenzidine 
Beruo(a)anthracene 
Chrysene 
bis(2-Ethylhexyi)Phthalate 
Di-n-Octylphthalate 
Benzo(b)fluoranthene 
Beruo(k)fluoranthene 
Benzo(a)Pyrene 
Indeno(l,2,3cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)Perylene 

MINIMUM 
NONDETECTED 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
IO u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

MAXIMUM 
NONDETECTED 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
26U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOlATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM 
DETECTED 

ND 
ND 
ND 

8J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1 J 
ND 
ND 
ND 
ND 
ND 
ND 

1 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 

9J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

7J 
ND 
ND 
ND 
ND 
ND 
ND 

1 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

AOSRB-07 

AO6RBO9 

AOSRB-08 

018 
018 
018 
2l8 
018 
018 
018 
018 
018 
018 
018 
018 
018 
018 
Ol8 
4l8 
O/8 
O/8 
W8 
018 
018 
018 
118 
018 
018 
018 
018 
018 
018 
018 

07lO6/95 GSVRBF.WK4 6 

I 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1 ,l -Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1 ,ZDichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichtoropropane 
cis-1,3-Dichloropropene 
Trichtoroethene 
Dibrornochloromethane 
1 .l ,ZTrichlorwthane 
Benzene 
trans-1 &Dichloropropene 
Bromoform 
4Methyk’Lpentanone 
ZHexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1 ,ZDichlorobenzene 

07lO6l95 GVRBF.WK4 

AC%RB-05 
11 I05194 

UGlL 

AO6RB-06 
11 IO6194 

UGlL 

AO6RB-07 
11 I07194 

UGlL 

AG6RB-08 
1 l/08/94 

UGIL 

A06RB-69 
11115194 

UGIL 

A06RB-10 
11116194 

UGIL 

1 UJ 1 UJ 1 UJ 1 UJ 1 UJ 1u 
1u 1 u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
2U 2 2u 2u 3 35 D 
5R 5R 9J 9J 5R 5R 
1 u 1 u 1 u 1u 1u 1u 
1u 1 u 1 u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
4 3 1u 1u 7 4 
1u 1 u 1u 1u 1u 1u 
1 u 1 u 1u 1u 1u 1u 
5R 5R 5R 5R 5R 5R 
1u 1 u 17 18 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1 u 1u 1u IU 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1U 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
5u 5u 5u 5u 5u 5u 
5R 5R 5R 5R 5R 5R 
1u 1 u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
1 u 1u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
1u 1u 1 u 1u 1u 1u 
IU 1u 1 u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

1 



Location 
Sampling Date 
Units 

1 ,QDichlorobenzene 
1 ,3-Dichlorobenzene 
1,2-Dibromo&chloropropane 
1 ,ZDibromoethane 
TRANS 1 ,ZDichloroethene 
CIS 1,2-Dichloroethene 
1,2-Dichloroethene (total) 

AO6RB-05 
11 IO5194 

UGIL 

1u 1u 1 u 1u 1u 1u 
1u 1 u 1 u 1 u 1u 1u 
1R 1R 1R 1R 1R 1R 
1u 1 u 1 u 1 u 1u 1u 
1u 1u 1 u 1u 1u 1u 
1u 1u 1 u 1 u 1u 1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AO6RB-06 AO6RB-07 AO6RB-08 
11 IO6194 11 I07194 11 IO8194 

UGlL UGIL UGlL 

07lO6M 6VRBF.WK4 2 

I . 

AO6RB-09 
11115l94 

UGIL 

AOGRB-10 
11116l94 

UGIL 



Location 
Sampling Date 
Units 

Chloromethane 1u 2u 
Bromomethane 1u 2u 
Vinyl chloride 1u 2u 
Chloroethane 1u 2u 
Methytene chloride 380 33 
Acetone 5R 10R 
Carbon disulfrde 1u 2u 
1 ,l-Dichloroethene 1u 2u 
1 ,l-Dichloroethane 1u 2u 
Chloroform 4 4 
1 ,ZDichloroethane 1u 2u 
Bromochloromethane 1u 2u 
2-Butanone 5R 10R 
1 ,l ,l-Trichloroethane 1u 2u 
Carbon Tetrachlortde 1u 2u 
Bromodichlorornethane 1u 2u 
1 ,ZDichloropropane 1u 2u 
cis-1,3-Dichloropropene 1u 2u 
Trichloroethene 1u 2u 
Dibromochloromethane 1u 2u 
1 ,1,2-Trichloroethane 1u 2u 
Benzene 1u 2u 
trans-1 ,3-Dichloropropene 1u 2u 
Bromoform 1u 2u 
4-Methyl-2-pentanone 5u 10 u 
2-Hexanone 5R 10 u 
Tetrachloroethene 1u 2u 
1 ,1,2,2-Tetrachloroethane 1u 2u 
Toluene 1u 2u 
Chlorobenzene 1u 2u 
Ethylbenzene 1u 2u 
Styrene 1u 2u 
Total Xylenes 1u 2u 
1 ,ZDichlorobenzene 1u 2u 

AOGRB-11 
11117l94 

UGIL 

t 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AO6RB-14 
11 I1 8194 

UGIL 

07lO6/95 GVRBF.WK4 3 



Location AOGRB-11 AOGRB-14 
Sampling Date 11/17/94 11118l94 
Units UGlL UGlL 

1 ,QDichlorobenzene 
1 ,3-Dichlorobenzene 
1,2-Dibromo-3-chloropropane 
1 ,P-Dibromoethane 
TRANS 1,2-Dichloroethene 
CIS 1 ,ZDichloroethene 
1 ,ZDichloroethene (total) 

1u 2u 
1u 2u 
1R 2R 
1u 2u 
1u 2u 
1u 2u 

07lO6l95 6VRBF.WK4 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

4 

i 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1 ,l -Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1,2-Dichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,I -Trichloroethane 
Carbon Tetrachloride 

1,2-Dichloropropane 
cis-1 ,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 .1,2-Trichloroethane 
Benzene 
trans-1 ,SDichloropropene 
Bromoform 
4-Methyl-Zpentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1,2-Dichlorobenzene 

MINIMUM 
NONDETECTED 

1 UJ 2u 
1u 2u 
1u 2u 
1u 2u 
2u 2u 

NA NA 
1u 2u 
1u 2u 
1u 2u 
1u 1u 
1 u 2u 
1 u 2u 

NA NA 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
5u 10 u 

10 u 10 u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 
1u 2u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS. 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 

2 
9J 

ND 
ND 
ND 

3 
ND 
ND 
ND 
17 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
36D 

9J 
ND 
ND 
ND 

7 
ND 
ND 
ND 
18 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

AOGRB-11 
AO6RB-06 

AO6RB-09 

AO6RB-06 

018 
018 
018 
018 
518 
2l2 
O/8 
018 
018 
618 
018 
O/8 
o/o 
28 
018 
018 
018 
018 
018 
018 
018 
Ol8 
018 
018 
018 
O/l 
018 
018 
018 
Ol8 
018 
018 
018 
018 

07/06/9S 6VRBF.WK4 5 



Location 
Sampling Date 
Units 

1 +Diihlorobenzene 
1,3-Diihlorobenzene 
1,2-Dibromo&chloropropane 
1 ,ZDibromoethane 
TRANS 1 ,ZDichloroethene 
CIS 1 ,ZDichloroethene 
1,2-Dichloroethene (total) 

07lO6l95 GVRBF.WK4 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM 
NONDETECTED NONDETECTED DETECTED 

1u 2u ND 
1u 2u ND 

NA NA ND 
1u 2u ND 
1u 2u ND 
1u 2u ND 

6 

MAXIMUM 
DETECTED 

ND 018 
ND 018 
ND o/o 
ND 018 
ND 018 
ND 018 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methyiene chloride 
Acetone 
Carbon disulfide 
1,l -Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1,2-Dichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3Diihloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,1,2-Trichloroethane 
Benzene 
bans-1 $Dichloropropene 
Bromoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
TotaLXyienes 
1,2-Dichlorobenzene 

06TB-07 
11 m/94 

UGlL 

1 UJ 1 UJ 1 UJ 1 UJ 1u 1 UJ 
1u 1u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
2u 2u 2u 2u 2u 2u 
5R 5R 5R 5R 5R 5R 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 0.6 J 
1u 1 u 1u 1u 1u 1u 
5R 5R 5R 5R 5R 5R 
1u 1 u 1 u 1u 1u 1u 
1u 1u 1 u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u ’ 1u 
1u 1 u 1u 1u 1u 1u 
1u 1 u 1u 1u 1u 1u 
5u 5u 5u 5u 5u 5u 
5R 5R 5R 5R 5u 5R 
1u 1 u 1u 1u 1u IV 
1u 1 u 1 u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 
1u 1u 1u 1u 1u 1u 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

06TB-08 
lllO6l94 

UGIL 

06TB-09 
11 m/94 

UGIL 

AOGTBlO 
11 I07194 

UGIL 

06TB-11 6TB-13 
11/08/94 11/15/94 

UGIL UGIL 

07lO6l95 6VTBF.WK4 



Location 
Sampling Date 
Units 

1 ,CDichlorobenzene 1u 1u 1u 1u 1u 1u 
1,bDichloroberuene 1u 1u 1u 1u 1u 1u 
1,2-Dibromo+chloropropane 1R 1R 1R 1R 1u 1R 
1 ,ZDibromoethane 1u 1u 1u 1u 1u 1u 
TRANS 1,2-Dichloroethene 1u 1u 1u 1u 1u 1u 
CIS 1.2-Dichloroethene 1u 1u 1 u 1u 1u 1u 

07lO6l95 6VTBF.WK4 

06TB-07 
11 IO5194 

UGlL 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN,VlRGlNlA 

06TB-08 06TB-09 AO6TBlO 08TB-11 6TB-13 
11 I06194 11 I06194 11 I07194 11 ml94 11115194 

UGlL UGIL UG/L UGIL UGIL 

2 

1 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methyfene chloride 
Acetone 
Carbon disulfide 
1 ,l-Dichlorcethene 
1 ,l -Dichloroethane 
Chloroform 
1,2-Dichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l -Trichloroethane 
Carbon Tetrachlortde 
Bromodichlorornethane 
1,2-Dichloropropane 
cis-1 ,3-Dichloropropene 
Trichtoroethene 
Dibromochlorornethane 
1 ,I ,ZTrichtoroethane 
Benzene 
trams-1,SDichloropropene 
Bromoform 
4-Methyl-Zpentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1,2-Dichlorobenzene 

07lO6l95 6VTBF.WK4 

6TB-14 
11 I1 5194 

UGlL 

1u 
1 u 
1 u 
1 u 
2u 
5u 
1 u 
1 u 
1u 
1u 
1u 
1u 
5u 
1u 
1 u 
1 u 
1 u 
1 u 
1u 
1u 
1u 
1u 
1u 
1u 
5u 
5u 
1u 
1u 
1 u 
1 u 
1 u 
1u 
1 u 
1 u 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

6TB-15 6TB-16 
11116/94 llll7l94 

UG/L UGlL 

A6/7TB-17 
11117/94 

UGlL 

6l7 TB-19 
11118194 

UGIL 

1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
2u 2u 2u 2u 
5R 5R 5R 5R 
1 u 1u 1u 1u 
1 u 1 u 1u 1u 
1 u 1 u 1u 1u 
1 u 1u 1u 1 u 
1 u 1 u 1u 1u 
1 u 1u 1u 1u 
5R 5R 5R 5R 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1 u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1 u 1 u 1u 1u 
1 u 1u 1u 1u 
1u 1u 1u 1u 
5u 5u 5U 5u 
5R 5R 5R 5R 
1 u 1u 1u 1u 
1u 1u 1u 1u 
1 u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 
1u 1u 1u 1u 

3 



Location 
Sampling Date 
Units 

1 ,CDichlorobenzene 1u 1u 1u 1u 1u 
1 ,bDichlorobenzene 1 u 1u 1u 1u 1u 
1,2-Dibromo-3-chloropropane 1u 1R 1R 1R 1R 
1,2-Dibromoethane 1u 1u 1u 1u 1u 
TRANS 1,2-Dichloroethene 1u 1u 1u 1u 1u 
CIS 1 ,ZDichloroethene 1u 1u 1u 1u 1u 

07lO6M 6vTBF.WK4 

t 

6TB-14 6TB-15 6TB-16 A6/7TB-17 
11 I1 5194 11 I1 6194 11117194 11 I1 7194 

UGlL UGIL UGlL UGIL 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

4 

I 

W TB-19 
llll8l94 

UGIL 



t 

Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methytene chloride 
Acetone 
Carbon disulfide 
1 ,l-Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1,2-Dichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l-Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1 ,bDichloropropene 
Trichlorcethene 
Dibromochloromethane 
1 ,1,2-Trichloroethane 
Benzene 
trams-1 &Dichloropropene 
Bromoform 
4-MethyiZ-pentanone 
2-Hexanone 
Tetrachloroethene 
1 ,I .2.2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 
1,2-Dichlorobenzene 

i 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

1 UJ 1 UJ ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
2u 2u ND 
5u 5u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1 u 0.6 J 
1u 1 u ND 
5u 5u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1 u ND 
1u 1u ND 
5u 5u ND 
5u 5u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 
1u 1u ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0.8 J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

6TB-13 

011 1 
0111 
0111 
011 1 
0111 
O/l 

O/l 1 
O/l 1 
O/l 1 
O/l 1 
ill1 
O/l 1 
011 

O/l 1 
O/l 1 
O/l 1 
O/l 1 
011 1 
0111 
011 1 
O/l 1 
O/l 1 
011 1 
O/l 1 
O/l 1 
Ol2 

O/l 1 
O/l 1 
0111 
011 1 
O/l 1 
O/l 1 
O/l 1 
O/l 1 

07lO6l95 GVTBF.WK4 5 



Location 
Sampling Date 
Units 

1 ,QDichlorobenzene 
1 ,3-Dichlorobenzene 
1,2-Dibromo-3chloropropane 
1,2-Dibromoethane 
TRANS 1 ,2-Dichloroethene 
CIS 1 .ZDichloroethene 

07/06/95 6VTBF.WK4 

FREQUENCY OF DETECTION SUMMARY 
TRIP BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

1u 1 u ND ND 
1u 1 u ND ND 
1u 1 u ND ND 
1u 1u ND ND 
1u 1 u ND ND 
1u 1 u ND ND 

6 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

Wll 
0111 
012 

0111 
OH 1 
0111 



Location 
Sampling date 
Units 

HMX 
RDX 
1,3,5-TRINITROBENZENE 
1,3-DINITROBENZENE 
TERTYL 
NITROBENZENE 
2,4,6-TRINITROTOLUENE 
QAMINO-2,6-DINITROTOLUEN 
2,6-DINITROTOLUENE 
2+DINITROTOLUENE 
2-NITROTOLUENE 
3-NITROTOLUENE 

A07RB-04 
11104l94 

UGlL 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1 u 

0.73 u 
0.62 U 

1u 
1u 
1 u 

0.75 u 
0.91 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-12 A07RB-17 A07RB-18A 
11117194 11/21/94 11 l28l94 

UG/L UGIL UGlL 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1 u 
1 u 

0.75 u 
0.91 u 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.82 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

A07RB-20 
lll29l94 

UGIL 

0.61 U 
0.59 u 
0.68 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

A07RB-21 
11 l3ol94 

UGIL 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

I 07/06/95 7ERBF.WK4 



Location 
Sampling date 
Units 

HMX 
RDX 
1 ,J,!%TRINITROBENZENE 
1,3-DINITROBENZENE 
TERTYL 
NITROBENZENE 
2.4,6-TRINITROTOLUENE 
CAMINO-2,BDINlTROTOLUEN 
2,SDINITROTOLUENE 
2,4DINITROTOLUENE 
2-NITROTOLUENE 
INITROTOLUENE 

07lQ6l95 7ERBF.WK4 

1 

AO7RB-22 
12101 I94 

UGIL 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A01 /07RB-24 
12lO4l94 

UGIL 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
IU 

0.75 u 
0.91 u 



Location 
Sampling date 
Units 

HMX 
RDX 
1,3+TRINITROBENZENE 
1,3-DINITROBENZENE 
TERTYL 
NITROBENZENE 
2,4,6-TRINITROTOLUENE 
4-AMINO-2,6-DINITROTOLUEN 
2,6DINITROTOLUENE 
2,4DINITROTOLUENE 
2-NITROTOLUENE 
3-NITROTOLUENE 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

0.61 U 
0.59 u 
0.66 u 

1.1 u 
1u 

0.73 u 
0.62 U 

1u 
1u 
1u 

0.75 u 
0.91 u 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

O/8 
O/8 
018 
018 
O/8 
O/8 
018 
018 
O/8 
O/8 
O/8 
018 

07lO6l95 7ERBF.WK4 



Location 
Sampling date 
Units 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4,4-DDE 
Endrin 
Endosulfan II 
4,4’-DDD 
Endosulfan Sulfate 
4,4-DDT 
Methoxychlor 
Endrfn Ketone 
Endrin Afdehyde 
alpha-Chfordane 
gamma-Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Arc&r 1242 
Aroclor-1248 
Arcclor-1254 
Aroclor-1260 

A07RB-04 
11 lO4l94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

PESTlClDElPCB COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VIRGINIA 

A07RB-12 
11 I1 7194 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5U 
1u 
2u 
IU 
1u 
1u 
1u 
1u 

A07RB-17 
11121194 

UGlL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

A07RB-18 1122 
11 l22l94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5U 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

A07RB-18 1128 
1 l/28/94 

UGlL 

0.05 u 
0.05 u 
0.06 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
IV 
1u 
1U 
1U 
1U 

A07RB-20 
lll29l94 

UGlL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.06 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2U 
1u 
1u 
1u 
1 u 
1u 

I 07lO6l95 7PRBF.WK4 



Location 
Sampling date 
Units 

alpha-BHC 
beta-BHC 
defta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4,4-DDE 
Endrin 
Endosulfan II 
4,4-DDD 
Endosulfan Sulfate 
4,4’-DDT 
Methoxychlor 
Endrin Ketone 
Endrin Aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor-1246 
Aroclor-1254 
A&or-l 260 

07lO6l95 7PRBF.WK4 

A07RB-21 
1113Ol94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1 u 
2u 
1u 
1u 
1u 
1 u 
1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

PESTICIDEIPCB COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-22 
12lOll94 

UG/L 

0.05 UL 
0.05 UL 
0.05 UL 
0.05 UL 
0.05 UL 
0.05 UL 
0.05 UL 
0.05 UL 

0.1 UL 
0.1 UL 
0.1 UL 
0.1 UL 
0.1 UL 
0.1 UL 
0.1 UL 
0.5 UL 
0.1 UL 
0.1 UL 

0.05 UL 
0.05 UL 

5 UL 
1 UL 
2 UL 
1 UL 
1 UL 
1 UL 
1 UL 
1 UL 

A01 107RB-24 
12lo4l94 

UGIL 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

2 



Location 
Sampling date 
Units 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4,4-DDE 
Endrin 
Endosulfan II 
4,+-DDD 
Endosulfan Sulfate 
4,4-DDT 
Methoxychlor 
Endrin Ketone 
Endrin Aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor-1246 
Aroclor-1254 
Aroclor-1260 

MINIMUM 
NONDETECTED 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5U 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

PESTlClDElPCB COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 
0.05 u 

0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.1 u 
0.5 u 
0.1 u 
0.1 u 

0.05 u 
0.05 u 

5u 
1u 
2u 
1u 
1u 
1u 
1u 
1u 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

OIQ 
019 
019 
019 
Ol9 
019 
019 
Ol9 
019 
Ol9 
019 
019 
019 
019 
Ol9 
ol9 
O/9 
O/9 
ol9 
O/9 
O/9 
019 
019 
019 
O/9 
019 
019 
019 

07/06/95 7PRBF.WK4 3 



Location 
Sampling date 
Units 

Phenol 
bis(2Ghloroethyl) Ether 
2-Chlorophend 
1 ,3-Dichlorobenzene 
1 ,QDichlorobenzene 
1,2Diihlorobenzene 
2-Methylphenol 
bis(2-ChloroisopropyhEther 
4Methylphenol 
N-Nitroscdipropylamine 
Hexachloroethane 
Nitroberuene 
lsophorone 
2-Nitrophenol 
Z+Dimethytphenol 
bis(Z-Chloroethoxy)Methane 
2,CDichlorophenol 
1,2+Trichlorobenzene 
Naphthalene 
QChloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,8-Trichlorophenol 
2,4,5-Trichlorophenol 
2Chloronaphthalene 
2-Nitroaniline 
Dimethyiphthalate 
Acenaphthylene 
2,8-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2+Dinitrophenol 

I 07lO6l95 PSVRBF.WK4 

A07RB-04 
11 I04194 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-12 
11117194 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

A07RB-17 
lll21l94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

1 

A07RB-18 1122 
1 l/22/94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

A07RB-18 1128 
11/30/94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

A07RB-20 
11129l94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 



Location 
Sampling date 
Units 

4Nitrophenol 
Dibenzofuran 
2.4Dinitrotoluene 
Diethyiphthalate 
4Chlorophenylphenyl Ether 
Fluorene 
4Nitroaniline 
4.6-Dinitro-2-Methylphenol 
N-nitrosodiphenylamine 
4Bromophenylphenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Din-Butyl Phthalate 
Fluoranthene 
Pyrene 
Butyf Benzyf Phthalate 
3,J-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(Z-EthyfhexyQPhthalate 
Di-n-Octyfphthalate 
Benzo(b)ffuoranthene 
Benzo(k)fluoranthene 
Benzo(a)Pyrene 
Indeno(l,2,3cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)Peryfene 

A07RB-04 
11 lO4l94 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 u 
10 u 
10 u 
10 u 

9J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-12 
11117194 

UGIL 

25U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25U 
10 u 
10 u 
10 u 
25U 
10 u 
10 u 
10 u 

5J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

A07RB-17 
11121l94 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

1 J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

A07RB-18 1122 
11122l94 

UGlL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25U 
10 u 
10 u 
10 u 

1J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

A07RB-18 1128 
11 I30194 

UGIL 

25U 
10 u 
10 u 
10 u 
10 u 
10 u 
25U 
25 U 
10 u 
10 u 
10 u 
25U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 B 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

A07RB-20 
11/29/94 

UGIL 

25U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25U 
10 u 
10 u 
10 u 

28 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
48 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

I 07lO6l95 7SVRBF.WK4 2 
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Location 
Sampling date 
Units 

Phenol 
bis(2Ghloroethyi) Ether 
2-Chtorophend 
1 ,3-Dichlorobenzene 
1,4Diihlorobenzene 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2Chloroisopropyi)Ether 
4-Methylphenol 
N-Nitrosodipropyiamine 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophend 
2,4Dimethyiphenol 
bis(Z-Chloroethoxy)Methane 
2,4Dichlorophenol 
1,2,4Trichloroberuene 
Naphthalene 
CChloroaniline 
Hexachlorobutadiene 
QChloro-3-methytphenol 
2-Methytnaphthalene 
Hexachlorocyclopentadiene 
2,4,6TrichlorophenoI 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethyiphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

A07RB-21 
1113Ol94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

07lO6l95 7SVRBF.WK4 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-22 
12lOll94 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

AOll07RB-24 
lzlO4194 

UGIL 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

3 



Location 
Sampling date 
Units 

4-Nitrophenol 
Dibenzofuran 
2,QDinftrotoluene 
Diethyfphthalate 
4Xhforophenyfphenyi Ether 
Fluorene 
CNitroaniline 
4,6-Dinitro-2-Methylphenol 
N-nitrosodiphenylamine 
4-Bromophenyfphenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-Butyi Phthalate 
Fluoranthene 
Pyrene 
Butyl Benzyf Phthalate 
3,3-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(Z-Ethyfhexyf)Phthalate 
Di-n-Octyfphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)Pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)Peryfene 

A07RB-21 
11 I30194 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

28 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

1B 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-22 
12lOll94 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

28 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
9B 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

AOll07RB-24 
12/04/94 

UGIL 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

9J 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

1B 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

07lO6l95 7SVRBF.WK4 4 
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Location 
Sampling date 
Units 

Phenol 
bis(2Chloroethyt) Ether 
2-Chlorcphenol 
1,bDichlorobenzene 
1 +Dichlorobenzene 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropyt)Ether 
CMethytphenol 
N-Nitrosodipropyiamine 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,CDimethylphenol 
bis(2Chloroethoxy)Methane 
2+Dichlorophenol 
1,2,4-Trichioroberuene 
Naphthalene 
4Chloroaniline 
Hexachlorobutadiene 
4-Chloro-S-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,6-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,CDinitrophenol 

MINIMUM 
NONDETECTED 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
2SU 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

Ol9 
019 
019 
019 
019 
019 
ol9 
019 
ol9 
019 
019 
Ol9 
OIQ 
O/9 
O/9 
o/9 
Ol9 
O/9 
O/9 
O/9 
Ol9 
Ol9 
019 
OKI 
Ol9 
OKI 
O/9 
Ol9 
Ol9 
OKI 
019 
019 
Ol9 
O/9 

I 07lO6l95 7SVRBF.WK4 5 



Location 
Sampling date 
Units 

4-Nitrophenol 
Dibenzofuran 
2+Dinitrotoluene 
Diethytphthalate 
QChlorophenyfphenyl Ether 
Fluorene 
4-Nitroaniline 
4,S-Dinitro-2-Methylphenol 
N-nitrosodiphenyfamine 
QBromophenylphenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazofe 
Di-n-But+ Phthalate 
Fluoranthene 
Pyrene 
Butyl Benzyi Phthalate 
3,3’-Dichloroberuidine 
Beruo(a)anthracene 
Chrysene 
bis(Z-Ethythexyl)Phthalate 
Di-n-Octytphthalate 
Benzo(b)ffuoranthene 
Benzo(k)ffuoranthene 
Benzo(a)Pyrene 
Indeno(l,2$cd)pyrene 
Dibenzo(a,h)anthracene 
Beruo(g,h,i)Peryfene 

MINIMUM 
NONDETECTED 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 

28 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

1 B 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 B 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

9J 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

Al 7RB-24 

FREQUENCY 
OF 

DETECTION 

o/9 
ol9 
019 
019 
o/9 
Ol9 
o/9 
o/9 
Ol9 
019 
019 
019 
O/9 
019 
019 
39 
Ol9 
Ol9 
Ol9 
o/9 
019 
Ol9 
019 
Ol9 
019 
OKI 
019 
Ol9 
o/9 
Ol9 

07lO6l95 7SVRBF.WK4 



t 

Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1 ,l -Dichloroethene 
1 ,l -Dichloroethane 
Chloroform 
1 ,ZDichloroethane 
Bromochloromethane 
2-Butanone 
1 ,I ,l -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1 ,bDichloropropene 
Trfchloroethene 
Dibromochforornethane 
1 ,I ,ZTrichloroethane 
Benzene 
Vans-1 ,bDichloropropene 
Bromoform 
QMethyf-2-pentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethyfbenzene 
Styrene 
Total Xyfenes 

A07RB-04 
11104l94 

UGIL 

A07RB-12 
11117194 

UGIL 

A07RB-17 
11121194 

UGIL 

1 UJ 1u 1u 
1u 1u 1u 
1u 1u 1u 
1u 1u 1u 
2 4 27 R 
5R 5R 5R 
1u 1u 1u 
1u 1 u 1u 
1u 1 u 1u 
3 4 3 
1u 1u 1u 
1u 1u IU 
5R 5R 5R 
1u 1u 1u 
1u 1 u 1u 
1u 1u 1u 
1u 1u 1u 
1u 1u 1u 
1u 1u 1u 
1u 1u 1u 
1u 1u 1u 
1u 1 u 1u 
1u 1 u 1u 
1u 1 u 1u 
5u 5u 5u 
5R 5R 5u 
1u 1u 1u 
1u 1u 1u 
1u 1u 1 
1u 1u 1u 
1u 1 u 1u 
1u 1u 1u 
1u 1u 1u 

I 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-18 
11 i22l94 

UGIL 

1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 

32R 20 30 
5R 5u 10R 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
4 2 4 
1u IV 2u 
1u 1u 2u 
5R 5U 10R 
1u 1u 2u 
1u 1u 2u 
1u IV 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
5u 5u 10 u 
5R 5u 10 u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 
1u 1u 2u 

A07RB-18A 
11128l94 

UGIL 

A07RB-20 
11 I29194 

UGlL 

07lO6l95 NRBF.WK4 



Location 
Sampling Date 
Units 

1,2-Dichlorobenzene 
1 +Dichlorobenzene 
13Dichlorobenzene 
1,2-Dibromo&chloropropa 
1,2-Dibromoethane 
TRANS 1 ,ZDichloroethene 
CIS 1 ,ZDichloroethene 

07lO6i95 7VRBF.WK4 

i 

A07RB-04 
11 lO4l94 

UGIL 

1 u 1u 1u 1u IV 2u 
1u 1u 1u 1u 1u 2u 
1u 1u 1u 1u 1u 2u 
1R 1R 1R 1R 1u 2R 
1u 1u 1u 1u 1u 2u 
1 u 1u 1u 1u 1u 2u 
1u 1u 1u 1u 1u 2u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07Rti-12 A07RB-17 
ill1 7194 lll21/94 

UGIL UGIL 

2 

A07RB-18 
11122l94 

UGIL 

A07RB-18A A07RB-20 
11126l94 1112w34 

UGlL UGlL 

i 



Location A07RB-21 A07RB-22 A01 /07RB-24 
Sampling Date 11 Em/94 1210 1 I94 12!04/94 
Units UGIL UGIL UGIL 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Chloroform 
1 ,ZDichloroethane 
Bromochloromethane 
2-Butanone 
1 ,l ,l-Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,l ,2-Trichloroethane 
Benzene 
harts-1 ,3-Dichloropropene 
Bromoform 
4-fvlethyf-Zpentanone 
2-Hexanone 
Tetrachloroethene 
1 ,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 

28 7 4 
10R 5R 5R 
2u 1u 1 u 
2u 1u 1u 
2u 1u 1u 
2u 6 6 
2u 1u 1u 
2u IU 1u 

10R 5R 5R 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u IV 1u 
2u IV 1u 
2u 1u 1u 
2u 1u 1u 

10 u 5u 5u 
10R 5R 5u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 
2u 1u 1u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

07/06l95 7VRBF.WK4 



Location 
Sampling Date 
Units 

1,2-Dichlorobenzene 
1 ,QDichlorobenzene 
1 ,3-Dichlorobenzene 
1,2-Dibromo-3-chloropropa 
1,2-Dibromoethane 
TRANS 1,2-Dichloroethene 
CIS 1,2-Dichloroethene 

07lO6l95 7VRBF.WK4 

A07RB-21 
1113Ol94 

UG/L 

2u 1 u 1u 
2u 1u 1u 
2u 1 u 1u 
2R 1R 1R 
2u 1 u 1u 
2u 1u 1u 
2u 1u IU 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-22 AOll07RB-24 
12/01194 12/04/94 

UGIL UGIL 

4 

! 



Location 
Sampling Date 
Units 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methyiene chloride 
Acetone 
Carbon disulfide 
1 ,I Dichloroethene 
1 ,I Dichloroethane 
Chloroform 
1 ,ZDichloroethane 
Bromochloromethane 
2-Butanone 
1 ,I ,I -Trichloroethane 
Carbon Tetrachtoride 
Bromodiihloromethane 
1,2Dichloropropane 
cis-1 ,S-Dichloropropene 
Trichloroethene 
Dibrorncchloromethane 
I, 1,2-Trichloroethane 
Benzene 
trawl ,S-Dichloropropene 
Bromoform 
CMethyl-Zpentanone 
2-Hexanone 
Tetrachloroethene 
1 ,I ,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xyienes 

MINIMUM 
NONDETECTED 

1 UJ 2u 
IU 2u 
IU 2u 
IU 2u 

NA NA 
5u 5u 
IU 2u 
IU 2u 
IU 2u 
2u 2u 
IU 2u 
IV 2u 
5u 5u 
IU 2u 
IU 2u 
1u 2u 
IU 2u 
IU 2u 
IU 2u 
1u 2u 
IU 2u 
IU 2u 
IU 2u 
IU 2u 
5u 10 u 
5u 10 u 
IU 2u 
IU 2u 
IU 2u 
IU 2u 
IU 2u 
IU 2u 
IU 2u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 

2 
ND 
ND 
ND 
ND 

2 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
30 
ND 
ND 
ND 
ND 

6 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

A07RB-26 

Al 7RB-24 

A07RB-17 

Ol9 
O/9 
019 
019 
7l7 
O/l 
O/9 
OKI 
019 
8l9 
OKI 
o/9 
O/l 
Ol9 
O/9 
Ol9 
Ol9 
O/9 
019 
Ol9 
019 
019 
Ol9 
019 
Ol9 
014 
Ol9 
019 
II9 
019 
Ol9 
019 
019 

07/06/95 7VRBF.WK4 



Location 
Sampling Date 
Units 

1.2-Dichlorobenzene 
1 +Dichloroberuene 
1 ,3-Dichlorobenzene 
1,2-Dibromc-3chloropropa 
1,2-Dibromcethane 
TRANS 1 ,ZDichlorcethene 
CIS 1 .Z-Dichloroethene 

07lO6l95 7VRBF.WK4 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

IU 2u ND ND 
IU 2u ND ND 
1u 2u ND ND 
IU IU ND ND 
IU 2u ND ND 
IU 2u ND ND 
IU 2u ND ND 

6 

! 

LOCATION OF 
MAXIMUM 

DETECTED 

FREQUENCY 
OF 

DETECTION 

O/9 
019 
O/9 
O/l 
019 
O&l 
O&l 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

07/05/95 lSMDRBF.WK4 

11 u 
12.2 u 

2.3 U 
1u 
IU 

1.5 u 
50.7 

1.8 U 
1.9 u 
2.4 
1.5 u 
1.4 u 
13 

IU 
0.2 UL 
4.3 u 

381 U 
2.6 U 

2u 
47.7 

4u 
1.4 u 
5.7 B 
NA 

RINSATE BLANKS 
DISSOLVED INORGANICS 

SITE SCREENING AREA 15 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Al SRB-02F 
111o2l94 

UG/L 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

A01 RB-15F 
1 Ill 9l94 

UGIL 

11 u 
12.2 u 
2.3 U 
0.5 u 
0.1 u 
1.5 u 

26.8 
1.8 UL 
1.9 u 
1.4 u 

55.6 B 
1.4 u 

11.1 u 
1 

0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
42.9 B 

4u 
1.4 u 
4.7 B 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

DISSOLVED INORGANICS AND CYANIDE 
SITE SCREENING AREA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A01 RB-19F 
11129l94 

UGlL 

11 u 
12.2 u 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

23.4 
1.8 UL 
1.9 u 
1.4 u 
4.6 B 
1.4 u 

11.1 u 
0.88 J 

0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
54.3 B 

4u 
1.4 u 
3.4 B 

07/05/95 lMDRBF.WK4 



Location 
Sampling date 
Units 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

A07RB-12F 
11 II 7194 

UGIL 

11 u 
12.2 u 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

34.6 B 
1.8 U 
1.9 u 
1.4 u 

10.2 B 
1.4 u 

11.1 u 
1.2 B 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2u 
59.1 B 

4u 
1.4 u 
7.1 B 
NA 

FREQUENCY OF DETECTION SUMMARY . . . . _ . . - 
RINSATE BLANKS 

DISSOLVED INORGANICS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VIRGINIA 

A07RB-22F 
12/01/94 

UGlL 

11 u 
12.4 

2.3 UL 
0.5 u 
0.1 u 
1.5 u 

63.7 
1.8 U 
1.9 u 
1.4 u 

18.5 B 
1.4 u 

11.1 u 
1.1 
0.2 UL 
4.3 u 

381 u 
2.6 U 

2u 
275 

4u 
1.4 u 
3.4 B 
NA 

07/05/95 7MDRBF.WK4 1 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sitver 
Sodium 
Thallium 
Vanadium 
Zinc 

AO6RB-06F 
11 I06194 

UG/L 

11 u 
14.2 J 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

42.5 J 
1.8 U 
1.9 u 
1.4 u 
5.6 J 
1.4 u 

11.1 u 
1.2 J 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
57.7 J 

4u 
1.4 u 

4J 

I 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

DISSOLVED INORGANICS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A06RB-09F AOGRB-I OF 
11115/94 11 II 6194 

UG/L UGlL 

11 u 
12.2 u 

2.3 U 
0.5 u 

0.11 J 
1.5 u 

58.4 J 
1.8 U 
1.9 u 
2.4 J 
1.5 u 
1.4 u 
17 J 

1.7 J 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
55.5 J 

4u 
1.4 u 
4.6 J 

11 u 
12.2 u 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

76.5 J 
1.8 U 
1.9 u 
6.8 J 

29.8 J 
1.4 u 

18.5 J 
1.2 J 
0.2 u 
4.3 u 

361 u 
2.6 UL 

2u 
52.8 J 

4u 
1.4 u 
8.7 J 

07lOSl95 6MDRBF.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

07/05/95 6MDRBF.WK4 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

DISSOLVED INORGANICS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM 
NONDETECTED NONDETECTED DETECTED 

11 u 
12.2 u 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
NA 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
NA 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4u 
1.4 u 
NA 

11 u 
12.2 u 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
NA 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
NA 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4u 
1.4 u 
NA 

2 

ND 
14.2 J 

ND 
ND 

0.11 J 
ND 

42.5 J 
ND 
ND 
2.4 J 
5.6 J 
ND 
17 J 

1.2 J 
ND 
ND 
ND 
ND 
ND 

52.8 J 
ND 
ND 

4J 

MAXIMUM 
DETECTED 

ND 
14.2 J 

ND 
ND 

0.11 J 
ND 

76.5 J 
ND 
ND 
6.8 J 

29.8 J 
ND 

18.5 J 
1.7 J 
ND 
ND 
ND 
ND 
ND 

57.7 J 
ND 
ND 
8.7 J 

LOCATION OF 
MAXIMUM 

DETECTED 

A96RB-66F 

A66RB-09F 

AOGRB-1 OF 

AOGRB-1 OF 
A96RB-1 OF 

AOGRB-1 OF 
A96RB-99F 

A96RB-06F 

AOGRB-1 OF 

FREQUENCY 
OF 

DETECTION 

O/3 
II3 
Ol3 
Ol3 
II3 
013 
3l3 
013 
O/3 
23 
213 
013 
2l3 
3l3 
O/3 
O/3 
O/3 
O/3 
013 
3l3 
013 
O/3 
3l3 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sihrer 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

AOIRB-13 
Ill1 8194 

UGIL 

25.4 B 
12.2 R 
2.3 U 
0.5 u 

0.27 B 
1.5 u 

15.6 B 
1.8 U 
1.9 u 
1.4 u 

88 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
42.9 B 

4u 
1.4 UL 
3.8 B 

5U 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A01 RB-15 A01 RB-16 A01 RB-19 
Ill1 9194 11120/94 11129l94 

UGIL UGIL UGIL 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
17 B 

1.8 U 
1.9 u 
1.4 u 

14.7 B 
1.4 u 
1.1 u 
0.4 B 
0.2 u 
4.3 u 

381 U 
2.6 U 

2u 
41.8 B 

4u 
1.4 u 
8.9 J 

5u 

18.7 B 
12.2 R 
2.3 U 
0.5 u 
0.2 B 
1.5 u 

67.2 B 
1.8 U 
1.9 u 
1.4 u 

32.1 B 
1.4 u 

11.1 u 
IB 

0.2 u 
4.3 u 

381 U 
2.6 UL 

2 UL 
37 B 

4u 
1.4 UL 
4.7 B 

5u 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

15.2 B 
1.8 U 
1.9 u 
1.4 u 

13.9 B 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

361 u 
2.6 U 

2u 
24.6 B 

4u 
1.4 u 

10.9 J 
5u 

Al/7RB-24 
12lo4l94 

UGlL 

11 u 
12.2 u 
2.3 U 
0.5 u 
0.1 u 
1.5 u 
6.3 U 
1.8 UL 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 U 

2 UL 
9.2 u 
4.1 K 
1.4 u 

1u 
5u 

07iO5l95 lMRBF.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

MINIMUM 
NONDETECTED 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
6.3 U 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 
1.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
9.2 u 

4u 
1.4 UL 

IU 
5u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

25.4 B 
12.2 UL 

2.3 U 
0.5 u 

0.27 B 
1.5 u 

67.2 B 
1.8 U 
1.9 u 
1.4 u 

32.1 B 
1.4 u 

11.1 u 
IB 

0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
42.9 B 

4u 
1.4 UL 
4.7 B 

5u 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
4.1 K 
ND 
8.9 J 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
4.1 K 
ND 

10.9 J 
ND 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

AII~RB-24 

A01 RB-19 

O/S 
O/3 
Ol5 
o/5 
o/5 
o/5 
o/5 
O/5 
o/5 
015 
o/5 
o/5 
o/5 
o/5 
O/5 
o/5 
o/5 
o/5 
015 
o/5 
II5 
O/5 
2l5 
o/5 

07lOSl95 1 MRBF.WK4 2 



Location 
Sampling Date 
Units 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sihrer 

Thallium 
Vanadium 
Zinc 
CN 

AISRB-01 
11/01/94 

UGIL 

11 u 
12.2 UL 

2.3 U 
IU 
IU 

1.5 u 
39.5 

1.8 U 
1.9 u 
1.4 u 

36.2 
1.4 u 

11.1 u 
1u 

0.2 UL 
4.3 u 

381 u 
2.6 U 

2u 
27.3 

4 UL 
1.4 u 

6 BJ 
5u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Al SRB-02 Al 5RB-03 
11 lO2l94 11 lO4l94 

UGIL UGlL 

11 u 11 u 
12.2 UL 12.2 UL 

2.3 U 2.3 U 
IU IU 
IU 1u 

1.5 u 1.5 u 
30.5 30.1 

1.6 U 1.8 U 
1.9 u 1.9 u 
1.4 u 1.4 u 
1.7 16.5 
1.4 u 1.4 u 

12.6 11.1 u 
IU IU 

0.2 UL 0.2 UL 
4.3 u 4.3 u 

381 u 381 U 
2.6 U 2.6 U 

2u 2u 
45.8 35.1 

4 UL 4 UL 
1.4 u 1.4 u 
5.7 BJ 4.4 BJ 

5u 5u 

Al 5101 RB-23 
12lO3l94 

UGlL 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
6.3 U 
1.8 UL 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 U 

2 UL 
191 

4u 
1.4 u 

1u 
5u 

07/05/95 ISMRBF.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

MINIMUM 
NONDETECTED 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
6.3 U 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 UL 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4 UL 
1.4 u 

IU 
5u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 16 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

11 u 
12.2 UL 
2.3 U 

1 u 
IU 

1.5 u 
6.3 U 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
IU 

0.2 UL 
4.3 u 

381 U 
2.6 U 

2u 
NA 

4 UL 
1.4 u 

6 BJ 
5u 

MINIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 

30.1 
ND 
ND 
ND 
1.7 
ND 

12.8 
ND 
ND 
ND 
ND 
ND 
ND 

27.3 
ND 
ND 
ND 
ND 

MAXIMUM 
DETECTED 

ND 
ND 
ND 
ND 
ND 
ND 

39.5 
ND 
ND 
ND 

36.2 
ND 

12.8 
ND 
ND 
ND 
ND 
ND 
ND 

191 
ND 
ND 
ND 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

AlSRB-01 

Al 5RB-01 

AlSRB-92 

Al S/O1 RB-23 

FREQUENCY 
OF 

DETECTION 

014 
o/4 
014 
014 
014 
o/4 
314 
014 
o/4 
014 
3l4 
o/4 
114 
o/4 
o/4 
o/4 
014 
o/4 
o/4 
4i4 
o/4 
014 
o/4 
o/4 

07/05/95 15MRBF.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

AC@RB-05 
11 /OS/94 

UGIL 

11.3 J 
12.2 UL 

2.3 U 
0.5 u 
0.1 J 
1.5 u 

25.5 J 
1.8 U 
1.9 u 
1.4 u 

18.7 J 
1.4 u 

11.1 u 
1.1 J 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
31.8 J 

4.2 J 
1.4 u 
4.6 J 

5u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AO6RB-06 AO6RB-07 AO6RB-08 
11 I06194 11 I07194 11 lW94 

UGlL UGIL UGIL 

12.7 J 
12.2 UL 

2.3 U 
0.5 u 
0.1 J 
1.5 u 

18.8 J 
1.8 U 
1.9 u 
1.4 u 

132 J 
1.4 u 

11.1 u 
0.4 J 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
32.1 J 

4u 
1.4 u 
5.4 J 

5u 

11 u 
12.2 UL 

2.3 U 
IU 
1 u 

1.5 u 
14.8 J 

1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
IU 

0.2 UL 
4.3 u 

381 u 
2.6 U 

2u 
14.1 J 

4 UL 
1.4 u 
4.7 JJ 

5u 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

16.9 J 
1.8 U 
1.9 u 
1.4 u 
3.4 J 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
257 J 

4u 
1.4 u 
4.6 J 

5u 

AO6RBO9 
11/15/94 

UGIL 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

27.9 J 
1.8 U 
1.9 u 
1.4 u 

10.8 J 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 U 
2.6 U 

2u 
18.6 J 

4.4 J 
1.4 u 
6.1 J 

5u 

AO6RB-10 
11/16/94 

UGIL 

11 u 
12.2 R 
2.3 U 
0.5 u 

0.32 J 
1.5 u 

11.6 J 
1.8 U 
1.9 u 
1.5 J 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
33.4 J 

4u 
1.4 UL 

7J 
su 

07/05l95 GMRBF.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

07/05/95 GMRBF.WK4 
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AO6RB-11 
11 II 7194 

UGIL 

14 J 
12.2 R 
2.3 U 
0.5 u 

0.23 J 
1.5 u 

13.7 J 
1.8 U 
1.9 u 
1.5 J 
2.3 J 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
25.7 J 

4u 
1.4 UL 
3.8 J 

5u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

AOGRB-14 
11 II 8194 

UGlL 

20.4 J 
12.2 R 
2.3 U 
0.5 u 

0.29 J 
1.5 u 
9.7 J 
1.8 U 
1.9 u 
1.4 u 
5.3 J 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
34.4 J 

4u 
1.4 UL 

5J 
5u 

2 

1 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 

Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

MINIMUM 
NONDETECTED 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
NA 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4u 
1.4 u 
NA 

5u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

11 u 
12.2 UL 

2.3 U 
1 u 
IU 

1.5 u 
NA 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
IU 

0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
NA 

4u 
1.4 u 
NA 

5u 

MINIMUM 
DETECTED 

11.3 J 
ND 
ND 
ND 
0.1 J 
ND 
9.7 J 
ND 
ND 
1.5 J 
2.3 J 
ND 
ND 
0.4 J 
ND 
ND 
ND 
ND 
ND 

14.1 J 
4.2 J 
ND 
3.8 J 
ND 

MAXIMUM 
DETECTED 

20.4 J 
ND 
ND 
ND 

0.32 J 
ND 

27.9 J 
ND 
ND 
1.5 J 

132 J 
ND 
ND 
1.1 J 
ND 
ND 
ND 
ND 
ND 

257 J 
4.4 J 
ND 

7J 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

AC%RB-14 

AOGRB-10 

A66RB09 

AOGRB-11 
AO6RB-86 

AO6RB-05 

AO8RB-08 
A66RB09 

AOGRB-10 

FREQUENCY 
OF 

DETECTION 

4l8 
015 
O/8 
018 
St8 
O/8 
818 
018 
O/8 
2l8 
618 
O/8 
018 
2l8 
O/8 
O/8 
018 
018 
O/8 
8i8 
2l8 
O/8 
818 
O/8 

07/05/95 GMRBF.WK4 



Location 
Sampling date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 

Calcium 
Chromium 
cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sitver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

A07RB-04 
11104l94 

UGlL 

11.00 u 
12.20 UL 

2.30 u 
1.00 u 
1.06 u 
1.50 u 

17.30 J 
1.80 U 
1.90 u 
1.40 u 
1.50 u 
1.40 u 

11.10 u 
1.00 u 
0.20 UL 
4.36 u 

361.00 u 
2.60 U 
2.00 u 

27.50 J 
4.00 UL 
1.40 u 
5.96 JJ 
5.00 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VIRGINIA 

A07RB-12 A07RB-17 A07RB-18 
11/17/94 11/21/94 11 l22l94 

UGIL UGIL UGIL 

14 J 
12.2 R 
2.3 U 
0.5 u 

0.16 J 
1.5 u 

21.3 J 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 U 
2.6 UL 

2 UL 
29.7 J 

5.6 J 
1.4 UL 
5.9 J 

5u 

16.4 B 
12.2 R 
2.3 U 
0.5 u 

0.25 B 
1.5 u 

10.8 B 
1.8 U 
1.9 u 
1.4 u 
4.4 B 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2 UL 
19.5 B 

4u 
1.4 UL 
5.6 B 

su 

11 u 
12.2 UL 
2.3 U 
0.5 u 
0.1 u 
1.5 u 

11.5 B 
1.8 U 
1.9 u 
1.4 u 
6.9 B 
1.4 u 

11.1 u 
0.53 B 

0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
18.7 B 

4u 
1.4 u 
8.3 J 

5u 

A07RB-18A 
11128l94 

UGIL 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

10.4 B 
1.8 U 
1.9 u 
1.4 u 
4.3 B 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 U 
2.6 U 

2u 
28.6 B 

4u 
1.4 u 
9.6 J 

su 

A07RB-20 
11129&l 

UGIL 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 

54.5 B 
1.8 U 
1.9 u 
1.7 J 

16.7 B 
1.4 u 

25.1 
0.67 B 

0.2 u 
4.3 u 

381 u 
2.6 U 

2u 
86.2 B 

4u 
1.4 u 

15.1 J 
5u 

07lOSl95 7MRBF.WK4 



Location 
Sampling date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

A07RB-21 
11 I30194 

UGlL 

11.00 u 
12.20 UL 

2.30 u 
0.50 u 
0.10 u 
1.50 u 

18.00 B 
1.80 U 
1.90 u 
1.40 u 

21.30 B 
1.40 u 

11.10 u 
0.40 B 
0.20 u 
4.30 u 

381.00 u 
2.60 u 
2.00 u 

26.10 B 
4.00 u 
1.40 u 

10.10 J 
5.00 u 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

A07RB-22 
12/01 I94 

UGIL 

15.10 B 
12.20 R 
2.30 u 
0.50 UL 
0.10 UL 
1.50 u 

12.20 B 
1.80 u 
1.90 u 
1.40 u 
3.90 L 
1.40 u 

11.10 u 
0.47 B 
0.20 UL 
5.40 L 

381.00 u 
2.60 u 
2.00 UL 

343.00 B 
6.00 K 
1.40 UL 
1.00 u 

5R 

AOli07RB-24 
12l14l94 

UGIL 

11.00 u 
12.20 u 

2.30 u 
0.50 u 
0.10 u 
1.50 u 
6.30 U 
1.80 UL 
1.90 u 
1.40 u 
1.50 u 
1.40 u 

11.10 u 
0.40 u 
0.20 u 
4.30 u 

381.00 u 
2.60 u 
2.00 UL 
9.20 u 
4.10 K 
1.40 u 
1.00 u 
5.00 u 

07lO5l95 7MRBF.WK4 2 
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Location 
Sampling date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 

Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

MINIMUM 
NONDETECTED 

11 u 
12.2 UL 

2.3 U 
0.5 u 
0.1 u 
1.5 u 
6.3 U 
1.8 U 
1.9 u 
1.4 u 
1.5 u 
1.4 u 

11.1 u 
0.4 u 
0.2 u 
4.3 u 

381 u 
2.6 UL 

2u 
9.2 u 

4 UL 
1.4 u 

IU 
5u 

! 

FREQUENCY OF DETECTION SUMMARY 
RINSATE BLANKS 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

16.4 B 
12.2 UL 

2.3 U 
IV 
IU 

1.5 u 
54.5 B 

1.8 U 
1.9 u 
1.4 u 

21.3 B 
1.4 u 

11.1 u 
IU 

0.2 UL 
4.3 u 

381 u 
2.6 U 

2u 
3438 

4 UL 
1.4 UL 
5.6 B 

5u 

MINIMUM 
DETECTED 

14 J 
ND 
ND 
ND 

0.16 J 
ND 

17.3 J 
ND 
ND 
1.7 J 
3.9 L 
ND 

25.1 
ND 
ND 
5.4 L 
ND 
ND 
ND 

27.5 J 
4.1 K 
ND 
5.9 J 
ND 

MAXIMUM 
DETECTED 

14 J 
ND 
ND 
ND 

0.18 J 
ND 

21.3 J 
ND 
ND 
1.7 J 
3.9 L 
ND 

25.1 
ND 
ND 
5.4 L 
ND 
ND 
ND 

29.7 J 
6K 

ND 
15.1 J 

ND 

LOCATION OF 
MAXIMUM 

DETECTED 

A07RB-12 

A07RB-12 

A07RB-12 

A07RB-20 
A07RB-22 

A07RB-20 

A07RB-22 

A07RB-12 
A07RB-22 

A07RB-20 

FREQUENCY 
OF 

DETECTION 

II9 
016 
OKI 
019 
II9 
Ol9 
2l9 
Ol9 
Ol9 
l/9 
l/9 
O/9 
II9 
Ol9 
Ol9 
It9 
019 
O/9 
019 
2l9 
3l9 
o/9 
6i9 
Ol8 

07lOSl95 7MRBF.WK4 3 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

FB-R16F 
1 l/22/94 

UGlL 

15.7 B 
12.2 u 

2.3 U 
12.80 

0.11 B 
1.5 u 

21300 
1.8 U 
1.9 u 
7.0 

21.4 B 
1.4 u 

1330 
25.2 
0.20 u 

4.3 u 
1550 

2.6 UL 
2.0 u 

7220 
4.0 u 
1.4 u 

89.5 

FREQUENCY OF DETECTION SUMMARY 
FIELD BLANKS 

DISSOLVED INORGANICS 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

FB-DSF FB-DIF 
11 l22l94 11 l22l94 

UGIL UGlL 

11 u 
12.2 u 

2.3 U 
0.50 u 
0.10 u 

1.5 u 
54.5 B 

1.8 U 
1.9 u 
2.1 

14.1 B 
1.4 u 

25.2 
1.4 B 

0.20 u 
4.3 u 

381 U 
2.6 U 
2.0 u 

57.8 B 
4.0 u 
1.4 u 
6.3 B 

11 u 
12.2 u 

2.3 U 
0.50 u 
0.10 u 

1.5 u 
50.1 B 

1.8 U 
1.9 u 
2.3 
6.9 B 
1.4 u 

11.8 B 
1.4 B 

0.20 u 
4.3 u 

381 u 
2.6 UL 
2.0 u 

59.5 B 
4.0 u 
1.4 u 

10.3 B 

07/05/95 MDFB.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

FREQUENCY OF DETECTION SUMMARY 
FIELD BLANKS 

DISSOLVED INORGANICS 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

11 u 
12.2 u 
2.3 U 

0.50 u 
0.10 u 

1.5 u 
50.1 B 

1.8 U 
1.9 u 
NA 

6.9 B 
1.4 u 

11.8 B 
1.4 B 

0.20 u 
4.3 u 

381 u 
2.6 UL 
2.0 u 

57.8 B 
4.0 u 
1.4 u 
6.3 B 

15.7 B 
12.2 u 

2.3 U 
0.50 u 
0.11 B 

1.5 u 
54.5 B 

1.8 U 
1.9 u 
NA 

21.4 B 
1.4 u 

11.8 B 
1.4 B 

0.20 u 
4.3 u 

381 u 
2.6 UL 
2.0 u 

59.5 B 
4.0 u 
1.4 u 

10.3 B 

ND 
ND 
ND 

12.80 
ND 
ND 

21300 
ND 
ND 
2.1 
ND 
ND 

25.2 
25.2 

ND 
ND 

1550 
ND 
ND 

7220 
ND 
ND 

89.5 

ND 
ND 
ND 

12.80 
ND 
ND 

21300 
ND 
ND 
7.0 
ND 
ND 

1330 
25.2 

ND 
ND 

1550 
ND 
ND 

7220 
ND 
ND 

89.5 

LOCATION OF 
MAXIMUM 

DETECTED 

FB-RIGF 

FB-RIGF 

FB-R16F 

FB-RIGF 
FB-R16F 

FB-RIGF 

FB-R16F 

FB-RIGF 

FREQUENCY 
OF 

DETECTION 

O/3 
Ol3 
Ol3 
113 
Ol3 
O/3 
113 
O/3 
Ol3 
3l3 
o/3 
O/3 
a3 
ll3 
013 
013 
l/3 
O/3 
o/3 
II3 
013 
O/3 
II3 

07/05/95 MDFB.WK4 

t 

2 

J 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide 

FB-B16 
11/22/94 

UGIL 

41.8 B 
12.2 R 

2.3 U 
14.8 
0.29 B 

1.5 u 
21409 

1.8 U 
1.9 u 
7.4 

1180 
1.4 u 

1330 
28.5 
0.20 u 

4.3 u 
1610 

2.6 UL 
2.0 UL 

7240 
4.0 
1.4 UL 

153 
5.0 u 

FREQUENCY OF DETECTION SUMMARY 
FIELD BLANKS 

TOTAL INORGANICS AND CYANIDE 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

FB-DS 
11/22/94 

UGlL 

17.7 B 
12.2 R 

2.3 U 
0.5 u 

0.m B 
1.5 u 
32 B 
1.8 U 
1.9 u 
1.7 

12.8 B 
1.4 u 

11.1 u 
0.4 u 

0.20 u 
4.3 u 

381 u 
2.6 UL 
2.0 UL 

29.9 
4.0 u 
1.4 UL 
6.1 B 
5.0 u 

FB-DI 
1 ll22i94 

UGIL 

21.0 B 
12.2 R 

2.3 U 
0.5 u 

0.23 B 
1.5 u 

32.9 B 
1.8 U 
1.9 u 
1.4 u 
4.3 B 
1.4 u 

11.1 u 
1.0 B 

0.20 u 
4.3 u 

381 u 
2.6 UL 
2.0 UL 
51 B 

4.0 u 
1.4 UL 
7.2 B 
5.0 u 

07iO5195 MFB.WK4 



Location 
Sampling Date 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 

Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 

Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide 

07105195 MFB.WK4 

MINIMUM 
NONDETECTED 

17.7 B 
NA 

2.3 U 
0.5 u 

0.20 B 
1.5 u 
32 B 

1.8 U 
1.9 u 
1.4 u 
4.3 B 
1.4 u 

11.1 u 
0.4 u 

0.20 u 
4.3 u 

381 u 
2.6 UL 
2.0 UL 
51 B 

4.0 u 
1.4 UL 
6.1 B 
5.0 u 

FREQUENCY OF DETECTION SUMMARY 
FIELD BLANKS 

TOTAL INORGANICS AND CYANIDE 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN. VIRGINIA 

MAXIMUM MINIMUM MAXIMUM 
NONDETECTED DETECTED DETECTED 

41.8 B 
NA 

2.3 U 
0.5 u 

0.29 B 
1.5 u 

32.9 B 
1.8 U 
1.9 u 
1.4 u 

12.8 B 
1.4 u 

11.1 u 
1.0 B 

0.20 u 
4.3 u 

381 u 
2.6 UL 
2.0 UL 
51 B 

4.0 u 
1.4 UL 
7.2 B 
5.0 u 

ND 
ND 
ND 

14.8 
ND 
ND 

21400 
ND 
ND 
1.7 

1180 
ND 

1330 
28.5 

ND 
ND 

1610 
ND 
ND 

29.9 
4.0 
ND 

153 
ND 

ND 
ND 
ND 

14.8 
ND 
ND 

21400 
ND 
ND 
7.4 

1180 
ND 

1330 
28.5 

ND 
ND 

1810 
ND 
ND 

7240 
4.0 
ND 

153 
ND 

LOCATION OF 
MAXIMUM 

DETECTED 

FB-B16 

FB-B16 

FB-BIG 
FB-Bl6 

FB-B16 
FB-BIG 

FB-B16 

FB-B16 
FB-B16 

FB-B16 

FREQUENCY 
OF 

DETECTION 

O/3 
o/o 
013 
ll3 
013 
013 
1M 
Ol3 
Ol3 
2i3 
II3 
O/3 
l/3 
l/3 
Oi3 
013 
113 
013 
O/3 
2l3 
Ii3 
O/3 
II3 
O/3 



APPENDIX H 
BACKGROUND ANALYTICAL RESULTS AND STATISTICS 



TABLE 5 - 4 
FREQUENCY OF DETECTION SUMMARY 

SOIL ASSOCIATION 2 
SURFACE SOIL 

TOTAL INORGANICS AND CYANIDE 
BACKGROUND INVESTIGATION 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Sample ID 
Date sampled 
Depth 
Units 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 
Zinc 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

NA 
NA 
NA 

0.22 u 
1.1 UL 
NA 
NA 
NA 
1.1 u 
NA 
NA 
NA 
NA 

3.7 u 
338 u 

0.22 UL 
NA 
NA 
NA 

NA 
NA 
NA 

0.22 u 
1.3 u 
NA 
NA 
NA 
1.1 u 
NA 
NA 
NA 
NA 

4u 
409t.J 

0.25 u 
NA 
NA 
NA 

2650 
0.68 J 
11.8 J 
0.27 J 

1.3 K 
135J 
2.6 
1.1 J 
1.5 J 

1910 
6.8 L 
161 J 

20.3 
3.8 J 

42QJ 
0.26 L 
17.4 J 
6.1 J 
5.9 J 

8446 
4.2 

76.3 
0.93 J 

1.3 K 
1746 
18.3 

6.7 J 
5J 

17200 
16.5 

1610 
413 
8.8 K 

164OJ 
0.27 L 
69.3 J 
M.8 
24.1 

LOCATION OF 
MAXIMUM 

DETECTED 

BGS33 
BGSl9 
BGS38 
BGS36 
BGS36 
BGS34D 
BGS34D 
BGS18D 
BGS38 
BGS19 
80536 
BGS34D 
BGS38 
BGS33 
BGS34D 
BGS39D 
BGS39 
BGSl9 
BGS34D 

FREQUENCY 
OF 

DETECTION 

12ll2 
12l12 
12112 
11112 
1112 

12l12 
1z12 
12l12 
11112 
12l12 
1202 
12l12 
12l12 
10112 
7112 
3112 
12l12 
1z12 
12l12 

04/18/95 SAZMSBHF.WK4 



Sample ID 
Date sampled 
Depth 
Units 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Copper 
Iron 
Lead 
Magneslum 
Manganese 
Nickel 

Selenium 
Silver 
Sodium 
Vanadium 
Zinc 

TABLE 6 - 6 
FREQUENCY OF DETECTlON SUMMARY 

SOIL ASSOCIATION 4 
SURFACE SOIL 

TOTAL INORGANICS AND CYANIDE 
BACKGROUND INVESTIGATION 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

NA 
NA 
NA 

0.23 U 
1.2 u 
NA 
NA 
NA 
1.2 UL 
NA 
NA 
NA 
NA 

4u 
367 u 

0.23 u 
0.92 u 

NA 
NA 
NA 

NA 
NA 
NA 

0.25 U 
1.4 u 
NA 
NA 
NA 
1.2 UL 
NA 
NA 
NA 
NA 
4.1 u 

449 U 
0.25 U 

1.1 u 
NA 
NA 
NA 

4370 
0.75 L 
15.8 J 
0.32 J 

15 
97 J 

5.3 
1J 

1.5 J 
3580 
10.4 L 
229J 
9.5 
4.6 J 

416 J 
0.27 J 

1J 
24 J 

10.7 J 
8.2 

19200 
63.9 
80.2 
0.63 J 

1.5 
1610 J 
17.5 

6J 
5.3 J 

19900 
38.7 L 
1070 J 

491 
10.7 
515 J 

0.55 L 
2.1 J 
51 J 

34.7 
48.4 

LOCATION OF 
MAXIMUM 

DETECTED 

BGS28 
BGS21 
BGS28 
BGS28 
BGS30 
BGSI 1 
BGS28 
BGSIO 
BGS28 
BGS27 
BGS28 
BGS28 
BGS03 
BGS28 
BGSll 
BGS08 
BGSPI 
BGSZI 
BGS28 
BGS28 

FREQUENCY 
OF 

DETECTION 

11111 
11111 
11111 
6/11 
II11 

11111 
11111 
lllll 
10/11 
IlHl 
11111 
11111 
IlHl 
Q/11 
3tll 
8lll 
2lll 

11111 
11Rl 
llH1 

04/18/9!i SA4MSBHF.WK4 

f 



TABLE 6 - 8 
FREQUENCY OF DEiECTlON SUMMARY 

SUBSURFACE SOIL 
TOTAL INORGANICS AND CYANIDE 

BACKGROUND INVESTIGATION 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

t 

Sample ID 
Date sampled 
Depth 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED. DETECTED DETECTED 

NA 
8.2 UL 
NA 
NA 

0.22 UL 
NA 
NA 

0.91 U 
NA 
NA 
NA 
NA 
NA 
3.6 U 

344 u 
0.22 UL 
0.87 U 
10.8 U 
0.22 u 

1.2 u 
NA 

NA 
9.6 UL 
NA 
NA 

0.24 U 
NA 
NA 

IU 
NA 
NA 
NA 
NA 
NA 
3.8 U 

356 u 
0.26 UL 

1.1 u 
10.8 U 

2.8 UL 
1.2 u 
NA 

2710 
8.5 L 

0.23 J 
10.6 J 
0.3 J 

28.9 J 
5.2 L 

0.97 J 
2J 
0 

3.6 L 
138 J 
36 J 
4.2 J 

392 J 
0.26 L 

1.1 J 
17.2 J 
0.44 K 

7.8 J 
3.6 J 

28200 BGSBO6-050 16116 
31.3 L BGSBO’I-11 2l13 
42.7 BGSBOf-1 I 16l16 
66.9 BGSBO6-05D 16l16 

9.8 805807-l 1 13/16 
2aooo BGSBO7-16 lW16 

33.5 BGSB04-09 16/16 
156 BGSBO’I-11 12l16 

15 BGSBtI6-95D 16/16 
51100 J BGSBO4-09 16116 

25.5 L BGSBO8-05 16/16 
2870 BGSBO4-09 16i16 
2940 BGSBOir-11 16/16 

145 BGSBO7-11 13l16 
2560 BGSBOG-11 1306 
0.75 L BGSBOSM 10/16 

2.4 J BGSBO7-11 5116 
2180 BGSBO7-16 15l16 
0.44 K BGSBO6-650 1116 
70.3 L BGSBO6-07 lYl6 
330 BGSBO7-11 1606 

LOCATION OF 
MAXIMUM 

DETECTED 

FREQUENCY 
OF 

DETECTION 

04/18185 BSUMHF.WK4 



Sample ID 
Date sampled 
Units 

Antimony 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
cobalt 

Copptr 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 
Zinc 

MINIMUM 
NONDETECTED 

NA 
12.4 u 

2.3 U 
NA 
0.2 u 
2.3 U 
1.5 UL 
2.1 u 
1.1 u 
NA 
1.5 u 
NA 
NA 

5.2 U 
NA 
2.4 UL 
NA 
1.8 U 
NA 

TABLE 5 - 10 
FREQUENCY OF DETECTION SUMMARY 

GROUNDWATER 
TOTAL INORGANICS AND CYANIDE 

BACKGROUND INVESTIGATION 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

NA 
12.4 U 

2.6 UL 
NA 
0.2 u 
2.3 U 
1.5 UL 
2.1 u 
1.1 u 
NA 
1.5 u 
NA 
NA 

5.2 U 
NA 

2.4 UL 
NA 
1.8 U 
NA 

MINIMUM 
DETECTED 

44.9 J 
16.4 K 
3.5 J 
13 J 

0.22 J 
768 J 
1.6 J 
2.5 J 
1.3 J 

483 
1.8 L 

489 J 
4.5 J 
7.9 J 

557 J 
2.9 J 

3670 J 
2.9 J 
5.9 J 

MAXIMUM 
DETECTED 

146wL 
16.4 K 
36.4 
97.5 J 

1.5 J 

49.6 
22.4 J 
14.6 J 

46200 
12.8 

9770 
413 

27.6 J 
17uoo 

2.9 J 
27200 

66.6 
99.1 J 

LOCATION OF 
MAXIMUM 

DETECTED 

BGGWO8AXIl 
BGGW08A-01 
BGGWOSAdX 
BGGWO6A-01 
BGGWO8A-61 
BGGWtXA-01 
BGGW68A-61 
BGGWY3A61 
BGGWO8AOl 
BGGwoBA-01 
BGGWO8A-01 
BGGW64-61 

BGGWCDA-gl 
BGGWoBA-01 
BGGW67A-61 
BGGWOI A-01 
BGGW67A-61 
BGGW68A-61 
BGGWOBA-61 

FREQUENCY 
OF 

DETECTION 

lWl8 
1118 
Y18 
1808 
Y18 
17118 
1418 
8l18 
17118 
l&r18 
Y18 
18f18 
1808 
208 
lY18 
1118 

lY18 
Ii/l8 
lYl8 

04/18&?5 Bc’“‘MHF.WK4 



Sample ID 
Date sampled 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Calcium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Potassium 
Selenium 
Sodium 
Vanadium 
Zinc 

TABLE 5 - 10 
FREQUENCY OF DETECTION SUMMARY 

GROUNDWATER 
DISSOLVED INORGANICS 

BACKGROUND INVESTIGATION 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

11.5 u 
12.4 U 

2.3 UL 
NA 
NA 

2.1 u 
1.1 u 
1.9 u 
NA 

0.8 U 
NA 

2.4 U 
NA 
1.8 U 
NA 

11.5 u 
12.4 U 
2.6 UL 
NA 
NA 
2.1 u 
1.5 u 
1.9 u 
NA 
0.6 U 
NA 
2.6 U 
NA 
1.8 U 
NA 

12.9 J 
16.7 J 

3L 
5.9 J 

611 J 
3.2 J 
1.1 J 
2.4 J 

70.2 J 
1.1 J 

430J 
3.3 K 

36QOJ 
1.8 J 
2.9 J 

212 
21.1 J 

5.5 L 
73.4 J 

12QOO0 
4.6 J 

45 
347 

9810 
54.4 

17900 
3.9 K 

27800 
10.2 J 
15.6 J 

LOCATION OF 
MAXIMUM 

DETECTED 

BGGWO6ADS-01 6l18 
BGGWO6ADS-01 5118 
BGGWO4DS-01 2f18 

BGGW07ADS-01 18l18 
BGGW07DS-01 18l18 
BGGWOBDS-01 2H8 

BGGWOlADS-01 1208 
BGGW03ADSal 15118 
BGGWO4DS-01 18l18 
BGGWO4DS-01 15ll8 

BGGWO7ADS-01 18118 
BGGW024DS-01 2/18 
BGGW07ADS-01 18118 
BGGWO6ADS-01 lOI 
BGGW07DS-01 1808 

FREQUENCY 
OF 

DETECTION 

04/l 8/95 BGWMDHF.WK4 



Sample ID 
Date sampled 
Units 

Aluminum 
Antimony 
Barium 
Calcium 
Chromium 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Sodium 
Vanadium 
Zinc 

MINIMUM 
NONDETECTED 

NA 
37 UL 
NA 
NA 

3u 
5U 

NA 
1 UL 

NA 
NA 

1570 u 
NA 

4u 
3u 

TABLE 5 - 15 
FREQUENCY OF DETECTION SUMMARY 

FRESHWATER STREAMS 
SURFACE WATER 

TOTAL INORGANICS AND CYANIDE 
BACKGROUND INVESTIGATION 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MAXIMUM 
NONDETECTED 

NA 
37 UL 
NA 
NA 

3u 
SU 

NA 
1 UL 

NA 
NA 

1570 u 
NA 

4u 
3u 

MINIMUM 
DETECTED 

94.4 J 
37.2 L 
30.4 J 

13000J 
9.8 J 

5J 
630 
1.6 J 

136OJ 
15.4 

1740 J 
5230 

4.5 J 
11.9 J 

MAXIMUM 
DETECTED 

1050 
45.7 L 
41.5 J 

97300 
9.8 J 

5J 
25OOJ 
15.9 

246OJ 
85.9 J 

3210 J 
9390 

4.5 J 
59.3 

LOCATION OF 
MAXIMUM 

DETECTED 

BGCPSW03-01 D 
BGCPSW02-01 

BGCPSW03-01 D 
BGCPSW05-61 
BGCPSW02-01 
BGCPSWO4-01 
BGTNSWO6-61 
BGCPSW01-01 
BGCPSW01-01 
BGTNSWO6-01 
BGCPSWO3-01 

BGCPSWO3-01 D 
BGCPSWO3-01 
BGCPSWOSOI 

FREQUENCY 
OF 

DETECTION 

7ff 
3l7 
7ff 
7l7 
Ii7 
II7 
7l7 
47 
717 
7i7 
6l7 
7l7 
Ii7 
6l7 

04/16/Q5 FPYSWHF.WK4 



Sample ID 
Date’sampled 
Units 

Aluminum 
Arsenic 
Barium 
Cadmium 
Calcium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 

Vanadium 
Zinc 
Cyanide 

TABLE 6 - 16 
FREQUENCY OF DETECTION SUMMARY 

TIDAL FRESHWATER STREAMS 
SURFACE WATER 

TOTAL INORGANICS AND CYANIDE 
BACKGROUND INVESTIGATION 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

MINIMUM MAXIMUM * MINIMUM MAXIMUM 
NONDETECTED NONDETECTED DETECTED DETECTED 

NA NA 
1 UL 1 UL 

NA NA 
5U 5U 

NA NA 
4u 4u 
5U SU 

NA NA 
1u 5 UL 

NA NA 
NA NA 
16 U 16 u 
NA NA 

IU 10 UL 
45U 45lJ 

4u 4u 
3u 3u 

10 u 10 u 

171 J 
1.2 L 

26.6 J 
5.1 K 

29200 J 
5.3 J 
5.6 J 

289 J 
1.2 L 

33.1 
19.8 K 

8210 
1.8 L 

160000 
5J 

7.9 J 
16.9 

5800 BGTCSW02-01 17117 
3.5 L BGTNSWO1-01 14l17 

49.9 J ESGTNSWO4-010 17117 
7.8 K BGTNSWO2-02 417 

196000 J BGTNSWOl-02 17117 
8.5 J BGTCSW03-02 407 
6.7 J BGTCSW03-02 4ll7 

6850 BGTCSW03-02 17117 
5.4 L ElGTCSWOl-01 7/l 7 

656000 J BGTNSWO1-02 17117 
379 BGTCSWO3-02 17117 

55.5 K BGTNSW03-01 10117 
220000J BGTNSWOI -02 17117 

1.8 L ‘8~Tk3~044i 13 1117 
5766000 J BGTNSWOIM 16/17 

14.4 J BGTNSW04-Ol D 11117 
20.2 BGTCSWO3-02 9/l 7 
16.9 BGTCSWO3-01 1117 

LOCATION OF FREQUENCY 
MAXIMUM OF 

DETECTED DETECTION 

04!18/95 ESMSWHF.WK4 



TABLE 6 - 19 
FREQUENCY OF DETECTION SUMMARY 

FRESHWATER STREAMS 
SEDIMENT 

TOTAL INORGANICS AND CYANIDE 
BACKGROUND INVESTIGATION 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Sample ID 
Date sampled 
Depth 
Units 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 
Zinc 

MINIMUM 
NONDETECTED 

NA 
9.4 UL 

0.24 UL 
NA 

0.25 U 
NA 
NA 

1u 
1u 

NA 
NA 
NA 
NA 

0.06 UL 
4.1 u 

370 u 
0.24 UL 

NA 
NA 
NA 

MAXIMUM 
NONDETECTED 

NA 
22 UL 

0.3 UL 
NA 

0.3 u 
NA 
NA 
1.1 u 
1.3 u 
NA 
NA 
NA 
NA 

0.14 UL 
4.7 u 

933 u 
0.44 UL 

NA 
NA 
NA 

MINIMUM 
DETECTED 

482 K 
14.4 L 
0.27 L 

2.3 J 
0.28 J 
74.9 J 

2.8 
1.1 J 

1J 
329 
1.8 L 

37.8 J 
8.7 

0.08 L 
4.6 K 

503J 
0.68 L 
12.2 J 

1.9 J 
3.2 J 

MAXIMUM 
DETECTED 

17700 J 
29.1 L 

5.4 L 
84.8 
0.99 J 

44OOOJ 
32.8 

7.9 J 
6.3 J 

27700 J 
381 L 

2080 
93.1 
0.09 L 
17.5 K 

1910 
0.66 L 
323 J 

38.9 
143 

LOCATION OF 
MAXIMUM 

DETECTED 

BGCPSDOl-02 
BGCPSDOI -01 
BGCPSDO1-02 
BGCPSD03-02 
BGCPSD01-02 
BGCPSDOl-01 
BGCPSDOl-02 
BGTNSDO6-01 
BGCPSDO1-01 
BGCPSDO1-02 
BGCPSDOl-01 
BGCPSDO1-02 
BGTNSDO6-01 
BGCPSD03-02 
BGTNSDO6-01 
BGCPSD01-02 
BGTNSDO6-01 
BGCPSDO4-01 
BGCPSDOl-02 
BGCPSDOl-01 

FREQUENCY 
OF 

DETECTION 

1303 
214 

6ll3 
13l13 
5113 
1303 
1303 
11113 
5l13 
13113 
13113 
13113 
13113 
2l13 
7/l 3 
3l13 
1113 

13l13 
13l13 
13113 

04tlSl95 FSMSDHF.WK4 
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TABLE 6 - 20 
FREQUENCY OF DETECTION SUMMARY 

TIDAL FRESHWATER STREAMS 
SEDIMENT 

TOTAL INORGANICS AND CYANtDE 
BACKGROUND INVESTIGATION 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Sample ID 
Date sampled 
Depth 
Units 

Antimony 
Arsenic 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
Zinc 

MINIMUM MAXIMUM MINIMUM 
NONDETECTED NONDETECTED DETECTED 

NA 
8.6 U 
NA 
NA 

0.23 u 
NA 
NA 

0.93 U 
1.2 u 
NA 
NA 
NA 
NA 

0.05 u 
3.7 u 

366 u 
0.23 u 
0.93 u 

NA 
NA 
NA 

NA 
35.2 UL 

NA 
NA 

0.5 u 
NA 
NA 

0.93 u 
1.2 u 
NA 
NA 
NA 
NA 

0.23 u 
6U 

780 u 
0.88 u 

3.8 U 
NA 
NA 
NA 

1510 
18.9 L 

1.4 J 
3.6 J 

0.55 J 
217 J 
3.8 
3.8 J 
3.7 J 

3080 
3.4 

292 J 
7.4 

0.18 L 
9.3 K 

12OOJ 
0.46 L 

2.2 J 
177J 
4.8 J 

4J 

MAXIMUM 
DETECTED 

18.9 L 
13.1 
93.2 J 

1.6 J 
4220 
66.1 

15 J 
43.1 

51.6 
9720 K 
1980 
0.29 L 
55.2 

8080 
1.5 L 
2.2 J 

16700 
67.8 
202J 

LOCATION OF 
MAXIMUM 

DETECTED 

BGTNSDO3-01 
BGTCSDO5-01 
BGTCSDCS-02 
BGTCSDO6-O2 
BGTNSDO3-01 
BGTCSDO5-01 
BGTNSDO3-01 
BGTNSD0301 
BGTNSDCU-01 
BGTCSDO6-02 
BGTNSDO3-01 
BGTNSDO3-01 
BGTCS DO1 -01 
BGTNSDO3-01 
BGTNSDO3-01 
BGTCSDOl-01 
BGTCSw4M 
BGTCSDOS-02 
BGTCSDO1-01 
BGTNSDOXII 
BGTNSD03-01 

FREQUENCY 
OF 

DETECTION 

04/l 8195 ESMSDHF.WK4 



BafhJlll 
Beryllium 
Cadmium 
Caldum 
Chromium 

CoPI= 
Iron 
Lead 
Magnesium 
Manganese 
Nidcel 
Potassium 
Selenium 
Sodium 
Vanadium 
zhlc 

04l17195 SAZMSBHSSNK4 

TABLE6-3 
STATISTICAL SUMMARY 

SOIL ASSOCIATION 2 
SURFACE SOIL SAMPLES 

INORGANICS AND CYANIDE 
BACKGROUND INVESTlGATlON 

NAVAL WEAPONS STATION YORKTOWN 
YORKKIWN, VIRGINIA 

NORMAL NORMAL UPPER 95% 
ARITHMETIC STANDARD CONFIDENCE 

MEAN DEVIATION INTERVAL 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

5689.17 1651.14 8525.22 6889.55 
223 1.34 292 3.71 

29.53 16.64 38.15 40.30 
0.44 0.21 0.55 0.65 
0.65 0.21 0.76 0.74 

858.00 580.81 1159.13 1845.33 
8.74 4.06 10.85 1226 
3.28 1.83 423 4.99 
245 1.22 3.08 3.72 

7124.17 4290.22 9348.48 11728.17 
10.28 2% 11.81 1209 

540.92 377.51 738.84 800.48 
144.94 12235 208.38 323.66 

5.41 223 6.57 7.83 
497.71 415.59 713.18 898.91 

0.15 0.07 0.19 0.19 
41.56 IS.55 49.62 54.!58 
14.05 4.44 16.35 17.74 
15.72 5.08 18.35 19.99 



Aluminum 

Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

Wper 
lion 
Lead 

bGganese 
NileI 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
Zinc 

f&l/l 7/95 SA4MSBHSWK4 

TABLE6-6 
STATISTICAL SUMMARY 

solLAssoclATIoN4 
SURFACE SOIL SAMPLES 

INORGANICS AND CYANIDE 
BACKGROUND INVESTIGATION 

NAVAL WEAPONS STATKIN YORKTOtMN : 
YORKTOWN, VIRGINIA 

NORMAL NORMAL 
ARITHMETIC STANDARD 

MEAN DEVlATlON 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

8611.62 4939.40 11310.40 12486.33 
7.42 18.75 17.66 17.% 

31.11 19.42 41.72 43.48 
0.29 0.19 0.39 0.52 
0.70 0.27 0.85 0.83 

517.64 465.12 771.75 1288.36 
9.05 4.19 11.35 1227 
240 1.47 3.20 3.57 
250 1.31 3.21 3.94 

7450.91 4695.81 10125.66 10866.15 
15.86 7.72 20.08 19.60 

409.64 234.50 537.75 546.57 
113.35 141.26 190.53 660.55 
5.83 242 8.96 8.40 

267.95 127.51 337.62 354.97 
0.31 0.14 0.39 0.48 
0.89 0.49 0.96 ‘0.93 

38.44 7.76 4267 43.95 
16.99 8.42 2289 24,35 
16.25 11.14 22.33 2228 



TABLE6 -8 

Aluminum 

mm 

Barium 
Beryllium 
Caldum 
chromklm 

ii? 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
SilVtX 
Sodium 
Thallium 
Vanadium 
zhc 

04/17/95 BSUMHS.WK4 

STATISTICAL SUMMARY 
SUBSURFACE SOIL SAMPLES 

INORGANICS 
BACKGROUND INVESTIGATION 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, WRGINIA 

NORMAL NORMAL 
ARITHMETIC STANDARD 

MEAN DEVIATION 

10195.63 
8.90 
8.36 

31.15 
1.05 

16905.16 
17.51 
1233 
5.98 

17064.67 
1244 

894.89 
268.34 
15.75 

1163.00 
0.32 

2zz4 
0.22 

27.31 
37.71 

8772% 
7.42 
11.52 
15.93 

57Zi-7 
10.40 
38.45 
3.82 

14083.QEl 
7.35 

783.98 
721.45 
34.93 

770.84 
0.20 
0.63 

529.67 
0.30 

21.19 
79.07 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

13163.88 14673.48 
10.56 9.18 
13.41 48.92 
3a.13 4212 
208 1.82 

42290.91 22674Q.41 
22.07 27.75 
29.18 24.26 
7.66 8.69 

23468.49 35244.98 
15.66 18.24 

1238.27 1595.44 
582.61 1687.15 
31.08 n:w 

1500.73 2483.43 
0.41 0.48 
1.12 1.14 

434.67 446.86 
0.35 026 

38.59 86.12 
72.38 85.38 



TABLE 6 
FREQUENCY OF POSlTlVE DETECTIONS SUMMARY 

GROUNDWATER (us/l) 
DISSOLVED INORGANICS 

BACKGROUND INVESTIGATION 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Sample ID 
Date sampled 
Units 

Antimony 
Arsenic 
Barium 
Calcium 
Cobalt 

Copper 
Iron 
Magnesium 
Manganese 
Potassium 
Selenium 
Sodium 
Vanadlum 
Zinc 

06/07/95 BGWMDHF.WK4 

MINIMUM 
NONDETECTED 

11.5 u 
12.4 U 

2.3 UL 
NA 
NA 
2.1 u 
1.1 u 
1.9 u 
NA 
0.6 U 
NA 
2.4 U 
NA 
1.8 U 
NA 

MAXIMUM MINIMUM MAXIMUM 
NONDETECTED DETECTED DETECTED 

11.5 u 
12.4 U 

2.6 UL 
NA 
NA 
2.1 u 
1.5 u 
1.9 u 
NA 
0.6 U 
NA 
2.6 U 
NA 
1.8 U 
NA 

12.9 J 
16.7 J 

3L 
5.9 J 

611 J 
3.2 J 
1.1 J 
2.4 J 

70.2 J 
1.1 J 

430 J 
3.3 K 

36QOJ 
1.8 J 
2.9 J 

212 
21.1 J 

5.5 L 
73.4 J 

12gOW 
4.6 J 

45 
347 

9810 
54.4 

17900 
3.9 K 

‘27800 
10.2 J 
15.6 J 

LOCATION OF 
MAXIMUM 

DETECTED 

BGGWO6ADS-01 
BGGWO6ADS-01 
BGGWO4DS-01 

BGGWO7ADS-01 
BGGW07DS-01 
BGGW08DS-01 

BGGWOlADS-01 
BGGW03ADS-01 
BGGWO4DS01 
BGGW04DS-01 

BGGW07ADS-01 
BGGWO2ADS-01 
BGGWO7ADS-01 
BGGWO6ADS-01 
BGGWO7DS-01 

FREQUENCY 
OF 

DETECTION 

6/l 8 
5il8 
2l18 
18l18 
18l18 
2/ia 
12l18 
15ll8 
1#16 
15l18 
18l18 
Zl8 
18118 
IO/l8 
18118 



APPENDIX I 
STATISTICAL SUMMARY 



VOIATILES (uglkg) 
Methyiene chloride 
2-Butanone 
Trichloroethene 
Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylenes 

07/06/95 lVSBHS.WK4 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG LOG 
ARITHMETIC STANDARD 

MEAN DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

6.05 2.96 6.87 1.69 0.50 7.18 
5.71 1.65 6.17 1.69 0.33 6.36 
5.32 1.58 5.75 1.61 0.41 6.18 
5.93 2.61 6.65 1.71 0.38 6.68 
6.16 4.78 7.47 1.67 0.54 7.31 
5.26 1.59 5.70 1.60 0.41 6.11 
5.61 2.80 6.36 1.60 0.57 7.01 

STATISTICAL SUMMARY 
SUBSURFACE SOIL -SOIL BORINGS 
VOLATILE ORGANIC COMPOUNDS 

SSA 1 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 



PESTlClOElPCBS fug/kg) 
Heptachlor Epoxide 
4,4-DDE 
Endosulfan Sulfate 
4,4’-DDT 
Methoxychlor 
Endrin Ketone 
Aroclor-1260 

NORMAL NORMAL 
ARITHMETIC STANDARD 

MEAN DEVIATION 

3.43 4.17 4.56 0.61 1.03 4.97 
4.13 3.77 5.15 1.10 0.75 5.16 
4.14 3.75 5.16 1.11 0.74 5.17 
4.24 3.71 5.25 1.15 0.73 5.31 

10.92 3.38 11.84 2.36 0.23 11.63 
4.44 3.79 5.47 1.18 0.76 5.66 

41.37 37.59 51.59 3.46 0.75 51.83 

STATISTICAL SUMMARY 
SUBSURFACE SOIL - SOIL BORINGS 

PESTlClDElPCB COMPOUNDS 
SSA 1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG 
ARITHMETIC 

MEAN 

LOG 
LOG UPPER 95% 

STANDARD CONFIDENCE 
DEVIATION INTERVAL 

07/06/95 1 PS’=YS.WK4 



ANALYTES (mglkg) 
Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG LOG 
ARITHMETIC STANDARD 

MEAN DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

4730.05 1864.98 5236.84 8.35 0.60 6120.58 
5.53 5.33 6.98 1.22 1.13 10.55 

22.80 11.59 25.95 2.97 0.69 31.23 
0.50 0.62 0.67 -1.16 1.06 0.89 
0.24 0.13 0.27 -1.55 0.42 0.27 

24006.89 46373.56 36608.32 8.16 2.07 146601.26 
13.01 8.28 15.26 2.25 0.96 21.89 

3.49 2.54 4.18 0.97 0.84 5.14 
3.40 2.63 4.12 0.99 0.76 4.71 

11735.21 7438.54 13756.54 9.10 0.88 18359.96 
7.54 6.69 9.36 1.80 0.66 9.49 

1040.18 750.03 1243.99 6.56 1.08 2029.39 
82.74 66.84 190.85 4.09 0.93 133.61 

0.06 0.04 0.07 -2.90 0.50 0.07 
5.22 3.46 6.14 1.39 0.83 7.72 

1023.03 753.82 1227.87 6.45 1.20 2235.16 
164.76 277.81 240.26 4.04 1.42 313.96 

0.49 0.36 0.59 -0.98 0.78 0.67 
11.59 5.04 12.96 2.30 0.70 16.13 
32.63 49.02 45.95 3.05 0.90 44.32 

1.12 0.61 1.31 -0.13 0.80 1.74 

STATISTICAL SUMMARY 
SUBSURFACE SOIL - SOIL BORINGS 
TOTAL INORGANICS AND CYANIDE 

SSA 1 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

07106195 lMSBHS.WK4 



SEMIVOLATILES (uglkg) 
Phenol 
1,4-Dichlorobenzene 
2-Methylphenol 
2,2-oxybis(l-chloropropene) 
CMethylphenol 
Naphthalene 
2-Methyfnaphthalene 
Acenaphthylene 
Acenapthene 
Dibenzofuran 
2.4-Dinitrotoluene 
Fluorene 
Phenanthrene 
Anthracene 
Carbazole 
Fluoranthene 
Pyrene 
3,3-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)-phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)peryiene 

NORMAL NORMAL 
ARITHMETIC STANDARD 

MEAN DEVIATION 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG LOG 
ARITHMETIC STANDARD 

MEAN DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

562.63 972.26 765.71 5.62 0.97 587.88 
525.00 927.61 718.76 5.62 0.89 529.3a 
544.25 947.93 742.25 5.62 0.95 568.75 
505.16 813.08 674.99 5.63 0.89 527.11 
566.31 951.87 765.13 5.65 0.99 618.59 
484.17 801.67 651.62 5.58 0.89 505.80 
497.66 803.43 665.47 5.62 0.88 520.14 
512.53 92677 706.11 5.53 0.98 541.97 
472.27 814.56 642.41 5.58 0.85 483.97 
489.03 818.00 659.89 5.57 0.91 515.12 
548.27 946.83 746.03 5.64 0.94 572.35 
482.59 899.41 670.46 5.56 0.86 478.06 

1448.86 5674.48 2632.12 5.67 1.33 1132.96 
2490.44 16214.64 5877.27 5.47 1.38 1015.74 

479.41 1304.02 751.78 5.43 0.90 438.58 
3271.55 11672.51 5709.64 6.10 1.71 3810.65 
4634.47 12839.11 7316.24 6.35 1.88 7745.95 

544.28 947.93 742.28 5.62 0.95 569.69 
1728.03 4530.03 2674.24 5.97 1.44 1849.44 
3292.59 9414.52 5259.05 6.18 1.69 3960.28 

628.47 1648.04 972.70 5.36 1.26 748.30 
3798.67 9209.88 5722.39 6.24 1.85 6508.23 
2586.66 6771.45 4001.04 6.13 1.64 3393.16 
2061.14 5040.99 3114.08 6.05 1.53 2561.90 
2308.14 13721.37 5174.19 5.76 1.21 973.92 
1250.31 6609.93 2630.96 5.62 1.04 665.08 
2909.06 13994.33 5832.13 5.81 1.33 1299.85 

STATISTICAL SUMMARY 
SURFACE SOILS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SSA-1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

07/06/95 AlSSSVHS.WK4 



NITRAMINE (uglkg) 
1,3,5-Trinitrobenzene 
1.3,5-Trinitrobenzene 
1,3-Dinitrobewene 
2,4,6-Trinitrotoluene 
2,QDinitrotoluene 

NORMAL 
ARITHMETIC 

MEAN 

145.08 123.96 170.97 4.89 0.32 149.47 
145.08 123.96 170.97 4.89 0.32 149.47 
154.30 21.29 158.74 5.03 0.13 158.76 
349.89 788.77 514.44 5.37 0.67 316.59 
139.38 91.92 158.57 4.87 0.27 144.14 

STATISTICAL SUMMARY 
SURFACE SOILS 

NITRAMINE COMPOUNDS 
SSA-1 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
NORMAL UPPER 95% LOG 

STANDARD CONFIDENCE ARITHMETIC 
DEVIATION INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

07106195 AOlSSEHSWK4 



Chloromethane 5.63 0.34 5.73 1.73 0.06 5.74 
Bromomethane 5.63 0.34 5.73 1.73 0.08 5.74 
Vinyl chloride 5.63 0.34 5.73 1.73 0.06 5.74 
Chloroethane 5.63 0.34 5.73 1.73 0.06 5.74 
Methytene chloride 5.19 1.11 5.53 1.62 0.28 5.74 
Acetone 4.94 1.51 5.40 1.50 0.54 6.38 
Carbon disultide 5.63 0.34 5.73 1.73 0.08 5.74 
1 ,l-Dichloroethene 5.63 0.34 5.73 1.73 0.06 5.74 
1 ,l-Dichloroethane 5.63 0.34 5.73 1.73 0.06 5.74 
1,2-Dichloroethene (total 5.63 0.34 5.73 1.73 0.06 5.74 
Chloroform 5.63 0.34 5.73 1.73 0.06 5.74 
1,2-Dichloroethane 5.63 0.34 5.73 1.73 0.08 5.74 
2-Butanone 5.73 1.32 6.21 1.73 0.19 6.17 
1 ,I ,l-Trichloroethane 5.63 0.34 5.73 1.73 0.06 5.74 
Carbon Tetrachloride 5.63 0.34 5.73 1.73 0.06 5.74 
Bromodlchloromethane 5.63 0.34 5.73 1.73 0.06 5.74 
1,2-Dlchloropropane 5.63 0.34 5.73 1.73 0.06 5.74 
cls-1 ,bDlchloropropene 5.63 0.34 5.73 1.73 0.06 5.74 
Trlchloroethene 5.63 0.34 5.73 1.73 0.08 5.74 
Dibromochloromethane 5.63 0.34 5.73 1.73 0.06 5.74 
1 ,1,2-Trichloroethane 5.63 0.34 5.73 1.73 0.06 5.74 
Benzene 5.63 0.34 5.73 1.73 0.06 5.74 
trans-1 $Dichloropropene 5.63 0.34 5.73 1.73 0.06 5.74 
Bromoform 5.63 0.34 5.73 1.73 0.06 5.74 
CMethyt-2-pentanone 7.81 2.81 8.66 1.99 0.35 8.82 
2-Hexanone 7.81 2.81 8.66 1.99 0.35 8.82 
Tetrachloroethene 5.50 0.73 5.72 1.69 0.19 5.89 
1 ,1,2,2-Tetrachloroethane 5.63 0.34 5.73 1.73 0.06 5.74 
Toluene 5.32 1.20 5.69 1.61 0.43 6.46 
Chloroberuene 5.48 0.90 5.76 1.67 0.32 6.24 
Ethylbenzene 5.63 0.34 5.73 1.73 0.06 5.74 
Styrene 5.63 0.34 5.73 1.73 0.06 5.74 
Total Xyienes 5.63 0.34 5.73 1.73 0.06 5.74 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SURFACE SOILS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

03l14i ’ SS.WK4 
F 



i 

2,CDlnitrophenol 448.39 13.13 452.39 6.11 0.03 452.50 
CNitrophenol 448.39 13.13 452.39 6.11 0.03 452.50 
Diberuofuran 164.19 5.79 185.96 5.22 0.03 186.00 
2,CDinltrotoluene 184.19 5.79 185.96 5.22 0.03 186.00 
Diethytphthalate 184.19 5.79 185.96 5.22 0.03 166.00 
CChlorophenylphenyl Ethe 184.19 5.79 185.96 5.22 0.03 166.00 
Fluorene 184.19 5.79 185.96 5.22 0.03 186.00 
4-Nttroanlline 448.39 13.13 452.39 6.11 0.03 452.56 
4,6;Dlnitr+2-Methytpheno 448.39 13.13 452.39 8.11 0.03 452.50 
N-nitrosodlphenyiamlne 184.19 5.79 185.96 5.22 0.03 186.00 
QBromophenytphenyt Ether 184.19 5.79 185.96 5.22 0.03 186.00 
Hexachlorobenzene 184.19 5.79 185.96 5.22 0.03 186.00 
Pentachlorophenol 448.39 13.13 452.39 6.11 0.03 452.56 
Phenanthrene 172.97 32.84 18298 5.13 0.27 191.10 
Anthracene 164.19 5.79 185.96 5.22 0.03 186.00 
Carbazole 184.19 5.79 185.96 5.22 0.03 186.00 
Dl-n-Butyi Phthalate 836.84 1644.43 1155.17 6.02 1.27 1985.52 
Fluoranthene 180.10 25.36 187.83 5.18 0.18 191.42 
Pyrene 173.94 34.02 184.30 5.13 0.27 191.91 
Butyi Beruyi Phthalate 203.71 108.66 236.83 5.28 0.28 219.39 
33’.Dichloroberuidine 225.00 75.14 247.90 5.37 0.29 246.79 
Benzo(a)anthracene 167.55 43.38 180.77 5.06 0.43 201.74 
Chrysene 172.84 32.48 182.73 5.12 0.27 191.10 
bis(bEthythexyl)Phthalat 304.16 627.17 495.32 5.19 0.82 361.28 
Di-n-Octyiphthalate 181.23 16.46 186.24 5.19 0.12 188.46 
Beruo(b)tluoranthene 182.29 31.37 191.85 5.18 0.27 201.48 
Benzo(k)ftuoranthene 174.35 29.06 183.21 5.14 0.26 191.89 
Benzo(a)Pyrene 171.29 32.89 181.31 5.11 0.31 193.33 
Indeno(l,2$cd)pyrene 174.16 30.80 183.55 5.14 0.25 190.97 
Dibenzo(a,h)anthracene 184.19 5.79 185.96 5.22 0.03 186.00 
Beruo(g,h,i)Per-yiene 187.03 133.49 227.72 5.10 0.48 220.04 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SURFACE SOILS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING.AREA 8 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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HMX 0.25 0.00 0.25 -1.39 0.00 0.25 
RDX 0.25 0.00 0.25 -1.39 0.00 0.25 
1,3,~Trinitrobenzene 0.13 0.00 0.13 -2.08 0.00 0.13 
1,3-Dinitrobenzene 0.13 0.00 0.13 -2.08 0.00 0.13 

Tertyl 0.32 0.00 0.33 -1.12 0.00 0.33 
Nitrobenzene 0.13 0.00 0.13 -2.04 0.00 0.13 
2,4,6Trinttrotoluene 0.13 0.00 0.13 -2.08 0.00 0.13 
4-Amino-2&Dinitrotoluen 0.13 0.00 0.13 -2.08 0.00 0.13 
2,6-Dinitrotoluene 0.13 0.00 0.13 -2.08 0.00 0.13 
2&Dinitrotoluene 0.13 0.00 0.13 -2.04 0.00 0.13 
2-Nitrotoluene 0.13 0.00 0.13 -2.08 0.00 0.13 
3-Nitrotoluene 0.11 0.00 0.11 -2.21 0.00 0.11 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SURFACE SOILS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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Chloromethane 8.11 0.72 6.29 1.80 0.11 6.30 

Bromomethane 6.11 0.72 6.29 1.80 0.11 6.30 

Vlnyl chloride 6.11 0.72 8.29 1.80 0.11 6.30 

Chloroethane 8.11 0.72 6.29 1.80 0.11 8.30 

Methytene chloride 13.11 23.88 19.31 2.01 0.87 14.93 

Acetone 7.26 4.14 8.34 1.86 0.50 8.47 
Carbon dtaultide 5.86 1.09 6.14 1.74 0.26 8.35 
1 ,l -Dlchloroathene .6.11 0.72 6.29 1.80 0.11 6.30 
1 ,l -Dfchloroethane 6.11 0.72 8.29 1.80 0.11 8.30 
1,2-Dlchloroethene (total 6.08 0.75 6.29 1.60 0.12 6.29 
Chloroform 6.11 0.72 8.29 1.60 0.11 6.30 
1,2-Dichloroethane 6.11 0.72 6.29 1.80 0.11 6.30 
2-Butanone 6.32 1.44 6.74 1.82 0.21 6.75 
1 ,l ,I-Trichloroethane 6.11 0.72 6.29 1.80 0.11 6.30 
Carbon Tetrachloride 6.11 0.72 6.29 1.80 0.11 6.30 
Bromodichloromethane 6.11 0.72 6.29 1.80 0.11 6.30 
1,2-Dichloropropane 6.11 0.72 6.29 1.80 0.11 6.30 
cis-1 ,bDlchloropropene 6.11 0.72 6.29 1.80 0.11 6.30 
Trichloroethene 6.11 0.72 6.29 1.80 0.11 6.30 
Dibromochloromethane 6.11 0.72 6.29 1.80 0.11 6.30 
1 ,1,2-Trichloroethane 6.11 0.72 6.29 1.80 0.11 6.30 
Benzene 6.11 0.72 6.29 1.80 0.11 6.30 
trans-1,sDichloropropene 6.11 0.72 6.29 1.80 0.11 6.30 
Bromoform 6.11 0.72 6.29 1.80 0.11 6.30 
CMethyt-2pentanone 6.51 1.53 6.91 1.85 0.20 6.85 
2.Hexanone 6.26 1.77 6.72 1.79 0.31 6.91 
Tetrachloroethene 6.11 0.72 6.29 1.86 0.11 6.30 
1 ,1,2,2-Tetrachloroethane 5.96 0.91 6.20 1.77 0.20 6.32 
Toluene 6.11 0.72 6.29 1.60 0.11 6.30 
Chlorobemene 6.11 0.72 6.29 1.80 0.11 6.30 
Ethylbenzene 6.11 0.72 6.29 1.80 0.11 6.30 
Styene 6.11 0.72 6.29 1.80 0.11 6.30 
Total Xyienes 5.96 0.91 6.20 1.77 0.20 6.32 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 96% 

CONFIDENCE 
INTERVAL 

LOG LOG 
ARITHMETIC STANDARD 

MEAN DEVIATION 

LOG 
UPPER 96% 

CONFIDENCE 
INTERVAL 
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Acenaphthene 202.74 21.36 208.29 5.31 0.10 208.16 
2,4-Dlnitrophenol 492.74 52.08 506.27 6.19 0.10 505.96 
CNitrophenol 492.74 52.08 506.27 6.19 0.10 505.96 
Diberuofuran 202.74 21.36 208.29 5.31 0.10 208.16 
2,4-Dlnitrotoluene 197.74 28.95 205.26 5.28 0.16 206.98 
Diethylphthalate 202.74 21.36 208.29 5.31 0.10 208.16 
CChlorophenyiphenyI Ethe 202.74 21.36 208.29 5.31 0.10 208.16 
Fluorene 202.74 21.36 208.29 5.31 0.10 208.16 
QNitroaniline 492.74 52.08 506.27 6.19 0.10 505.96 
4,6-Dinitro-2-Methylpheno 492.74 52.08 506.27 6.19 0.10 505.96 
N-nitrosodiphenylamine 202.74 21.36 208.29 5.31 0.10 208.16 
4-Bromophenylphenyi Ether 202.74 21.36 2oB.29 5.31 0.10 208.16 
Hexachlorobenzene 202.74 21.36 208.29 5.31 0.10 208.16 
Pentachlorophenol 492.74 52.08 506.27 6.19 0.10 505.96 
Phenanthrene 202.74 21.36 208.29 5.31 0.10 208.16 
Anthracene 202.74 21.36 208.29 5.31 0.10 208.16 
Carbazole 202.74 21.36 208.29 5.31 0.10 208.16 
Di-n-B&$ Phthalate 928.79 1670.77 1362.93 5.54 1.55 1959.97 
Fluoranthene 202.74 21.36 208.29 5.31 0.10 208.16 
Pyrene 202.74 21.36 208.29 5.31 0.10 208.16 
Butyi Benzyl Phthalate 238.21 167.53 281.75 5.38 0.35 254.97 
3,3’-Dichlorobenzidine 265.83 99.86 291.78 5.52 0.34 293.01 
Beruo(a)anthracene 202.74 21.36 208.29 5.31 0.10 208.16 
Chrysene 202.74 21.36 208.29 5.31 0.10 208.16 
bis(2-Ethyihexyl)Phthalat 152.83 94.09 177.28 4.83 0.65 192.79 
Di-n-Octylphthalate 202.74 21.36 208.29 5.31 0.10 208.16 
Beruo(b)fluoranthene 202.74 21.36 208.29 5.31 0.10 208.16 
Benzo(k)lluoranthene 202.74 21.36 208.29 5.31 0.10 208.16 
Beruo(a)Pyrene 202.74 21.36 208.29 5.31 0.10 208.16 
Indeno(l,2$cd)pyrene 202.74 21.36 208.29 5.31 0.10 208.16 
Dibenzo(a,h)anthracene 202.74 21.36 208.29 5.31 0.10 208.16 
Beruo(g,h,i)Perylene 202.74 21.36 208.29 5.31 0.10 208.16 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG 
ARITHMETIC 

MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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HMX 
RDX 
1,3,5-Trinltrobenzene 
l$Dinitrobenzene 

Tertyl 
Nitroberuene 
2,4,6-Trintirotoluene 
4-Amino-2,6-Dinitrotoluen 
2,6-Dinitrotoluene 
2,QDinitrotoluene 
2-Nitrotoluene 
3-Nitrotoluene 

NORMAL NORMAL 
ARITHMETIC STANDARD 

MEAN DEVIATION 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG LOG 
ARITHMETIC STANDARD 

MEAN DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

0.25 0.00 0.25 -1.39 0.00 0.25 
0.25 0.00 0.25 -1.39 0.00 0.25 
0.16 0.18 0.21 -1.99 0.43 0.17 
0.13 0.00 0.13 -2.08 0.00 0.13 
0.32 0.00 0.32 -1.12 0.00 0.32 
0.13 0.00 0.13 -2.04 0.00 0.13 
0.26 0.56 0.41 -1.89 0.71 0.25 
0.13 0.01 0.13 -2.07 0.06 0.13 
0.14 0.07 0.16 -2.02 0.27 0.15 
0.15 0.06 0.16 -1.96 0.27 0.16 
0.13 0.00 0.13 -2.08 0.00 0.13 
0.11 0.00 0.11 -2.21 0.00 0.11 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 
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Chloromethane 0.82 0.25 0.96 -0.25 0.35 1.04 

Bromomethane 0.50 0.00 0.50 -0.69 0.00 0.50 

Vinyl chloride 0.50 0.00 0.50 -0.69 0.00 0.50 

Chloroethane 0.50 0.00 0.50 -0.69 0.00 0.50 
Methyiene chloride 0.95 0.15 1.04 -0.06 0.21 1.09 

Acetone 11.17 11.26 18.15 1.89 1.16 63.99 
Carbon disulfide 0.50 0.00 0.50 -0.69 0.00 0.50 

1 ,l-Dlchloroethene 0.50 .o.w 0.50 -0.69 0.00 0.50 
1 ,l-Dichloroethane 0.50 0.00 0.50 -0.69 0.00 0.50 
Chloroform 0.50 0.00 0.50 -0.69 0.00 0.50 
1,2-Dlchloroethane 0.50 0.00 0.50 0.69 0.00 0.50 
Bromochloromethane 0.50 0.00 0.50 0.69 0.00 0.50 
2-Butanone 2.56 NA NA 0.92 NA NA 
l!l ,l-Trlchloroethane 0.50 0.00 0.50 -0.69 0.00 0.50 
Carbon Tetmchloride 0.50 0.00 0.50 -0.69 0.00 0.50 
Bromodlchloromethane 0.50 0.00 0.50 -0.69 0.00 0.50 
1 ,ZDichloropropane 0.50 0.00 0.50 6.69 0.00 0.50 
cis-1 ,SDlchloropropene 0.50 0.00 0.50 -0.69 0.00 0.50 
Trichloroethene 0.55 0.15 0.63 -0.63 0.21 0.62 
Dibromochloromethane 0.50 0.00 0.50 -0.69 0.00 0.50 
1 ,l ,ZTrfchloroethane 0.50 0.00 0.50 -0.69 0.00 0.50 
Benzene 0.50 0.00 0.50 -0.69 0.00 0.50 
trans-1 ,bDichloropropene 0.50 0.00 0.50 -0.69 0.00 0.50 
Bromoform 0.50 0.w 0.50 -0.69 0.00 0.50 
4-Methyl-Zpentanone 2.50 0.00 2.56 0.92 0.00 2.50 
2-Hexanone 2.50 NA NA 0.92 NA NA 
Tetrachloroethene 0.50 0.00 0.50 -0.69 0.00 0.50 
1 ,I ,2,2-Tetrachloroethane 0.50 0.00 0.50 -0.69 0.00 0.50 
Toluene 0.50 0.00 0.50 -0.69 0.00 0.50 
Chlorobenzene 0.50 0.00 0.50 -0.69 0.00 0.50 
Ethylbenzene 0.53 0.09 0.58 -0.65 0.14 0.57 
Styrene 0.50 0.00 0.50 -0.69 0.00 0.50 
Total Xyfenes 0.50 0.00 0.50 -0.69 0.00 0.50 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
GROUNDWATER-TEMPORARY PIEZOMETER 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG 
ARITHMETIC 

MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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Phenol 5.00 0.00 5.00 1.61 0.00 5.00 

‘bls(2-Chloroethyl) Ether 5.00 0.00 5.00 1.61 0.00 5.00 

2-Chlorophenol 5.00 0.00 5.00 1.61 0.00 5.00 

1,3-Dlchlombenzene 5.00 0.00 5.00 1.61 0.00 5.00 

1 &Dlchloroberuene 5.00 0.00 5.00 1.61 0.00 5.00 

1,2-Dichlorobenzene 5.00 0.00 5.00 1.61 0.00 5.00 

2-Methylphenol 5.00 0.00 5.00 1.61 0.00 5.00 

bls(2-ChlorolsopropyQEth 5.00 0.00 5.00 1.61 0.00 5.00 

Chlethylphenol 5.00 0.00 5.00 1.61 0.00 5.00 

N-Nltrosodipropyiamine 5.00 0.00 5.00 1.61 0.00 5.00 
Hexachloroethane 5.00 0.00 5.00 1.61 0.00 5.00 
Nitrobenzene 5.00 0.00 5.00 1.61 0.00 5.00 
lsophorone 5.00 0.00 5.00 1.61 0.00 5.w 

2-Nltrophenol 5.00 0.00 5.00 1.61 0.00 5.00 
2,QDimethylphenol 5.w 0.00 5.00 1.61 0.00 5.00 
bis(2Chloroethoxy)Methan 5.00 0.00 5.00 1.61 0.00 5.00 
2,4Dlchlorophenol 5.00 0.00 5.00 1.61 0.00 5.00 
1,2,4-Trlchloroberuene 5.00 0.00 5.00 1.61 0.00 5.00 
Naphthalene 5.00 0.00 5.00 1.61 0.00 5.00 
CChloroanlline 9.55 1.51 10.37 2.24 0.21 10.92 
Hexachlorobutadiene 5.00 0.00 5.00 1.61 0.00 5.00 
4-Chloro-Smethylphenol 5.00 0.00 5.00 1.61 0.00 5.00 
2-Methyinaphthalene 5.00 0.00 5.00 1.61 0.w 5.00 
Hexachlorocyclopentadiene 5.00 0.00 5.00 1.61 0.00 5.00 
2,4,6-Trichlorophenol 5.00 0.00 5.00 1.61 0.W 5.00 
2,4,5TrichlorophenoI 12.50 0.00 12.50 2.53 0.00 12.50 
2Chloronaphthalene 5.00 0.00 5.00 1.61 0.00 5.00 
2-Nitroaniline 12.50 0.00 12.50 2.53 0.00 12.50 
Dimethylphthalate 5.00 0.00 5.00 1.61 0.00 5.00 
Acenaphthylene 5.00 0.00 5.00 1.61 0.00 5.00 
2,6-Dinitrotoluene 5.00 0.00 5.00 1.61 0.00 5.00 
3-Nitroaniline 12.50 0.00 12.50 2.53 0.00 12.50 
Acenaphthene 5.00 0.00 5.00 1.61 0.00 5.00 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
GROUNDWATER-TEMPORARY PIEZOMETER 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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---- 

alpha-BHC 0.04 0.01 0.05 -3.18 0.32 0.05 
beta-BHC 0.04 0.01 0.05 -3.24 0.34 0.05 

delta-BHC 0.04 0.01 0.05 -3.28 0.33 0.05 
gamma-BHC (Lindane) 0.04 0.01 0.05 -3.18 0.32 0.05 
Heptachlor 0.04 0.01 0.05 -3.18 0.32 0.05 
Aldrln 0.04 0.01 0.05 -3.18 0.32 0.05 
Heptachlor Epoxide 0.04 0.01 0.05 -3.18 0.32 0.05 
Endosulfan I 0.04 0.01 0.05 -3.18 0.32 0.05 
Dieldrin 0.09 0.02 0.10 -2.49 0.32 0.11 
4,4-DDE 0.09 0.02 0.10 -2.49 0.32 0.11 
Endrln 0.09 0.02 0.10 -2.49 0.32 0.11 
Endosulfan II 0.09 0.02 0.10 -2.49 0.32 0.11 
4,4’-DDD 0.09 0.02 0.10 -2.49 0.32 0.11 
Endosulfan Sulfate 0.09 0.02 0.10 -2.49 0.32 0.11 
4,4-DDT 0.09 0.02 0.10 -2.49 0.32 O.ll 
Methoxychlor 0.43 0.12 0.50 -0.88 0.32 0.54 
Endrln Ketone 0.09 0.02 0.10 -2.49 0.32 0.11 
Endrin Aldehyde 0.09 0.02 0.10 -2.49 0.32 0.11 
alpha-Chlordane 0.04 0.01 0.05 -3.18 0.32 0.05 
gamma-Chlordane 0.04 0.01 0.05 -3.18 0.32 0.05 
Toxaphene 4.32 1.17 4.96 1.42 0.32 5.38 
Aroclor 1016 0.86 0.23 0.99 -0.19 0.32 1.08 
Aroclor 1221 1.73 0.47 1.98 0.50 0.32 2.15 
Aroclor 1232 0.86 0.23 0.99 -0.19 0.32 1.08 
Aroclor 1242 0.86 0.23 0.99 -0.19 0.32 1.08 
Aroclor-1248 0.86 0.23 0.99 -0.19 0.32 1.08 
Aroclor-1254 0.86 0.23 0.99 -0.19 0.32 1.08 
Aroclor-1260 0.86 0.23 0.99 -0.19 0.32 1.08 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
GROUNDWATER-TEMPORARY PIEZOMETER 

PESTICIDUPCB COMPOUNDS 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 

NORMAL 
UPPER 95% 

CONFIDENCE 
INTERVAL 

LOG 
ARITHMETIC 

MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
cobalt 

copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
‘Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
CN 

NORMAL NORMAL 
ARITHMETIC STANDARD 

MEAN DEVIATION 

34820.00 30332.33 51391.72 10.10 0.93 90403.38 
13.72 7.98 18.35 2.46 0.61 23.48 
87.61 124.28 135.51 3.46 1.19 228.37 

154.76 124.59 222.83 4.86 0.72 287.32 
2.54 2.14 3.71 0.65 0.79 5.00 
3.62 7.82 7.89 0.40 1.08 8.93 

943876.36 751747.18 1354584.83 13.19 1.56 17777508.92 
127.12 140.58 203.92 4.39 l.w 403.15 

27.26 23.44 40.07 3.94 0.74 SO.56 
35.75 30.03 52.15 3.27 0.82 77.30 

96281.82 80974.57 134521.35 11.95 0.91 225886.52 
34.32 31.87 51.73 3.15 0.96 92.11 

24722.73 22137.18 36817.12 9.81 0.82 52355.41 
551.91 480.94 814.66 6.W 0.82 1178.02 

0.10 0.00 0.10 -2.36 0.00 0.10 
58.07 66.23 94.26 3.61 0.96 145.98 

13972.73 11320.01 19257.29 9.21 0.73 24132.04 
4.84 7.99 9.20 0.96 0.99 10.85 
1-w 0.00 1.00 0.00 0.00 1.00 

9297.27 3796.38 11371.38 9.07 0.38 11957.26 
4.49 2.66 5.94 1.33 0.63 7.54 

129.68 167.83 221.37 4.33 1.05 427.71 
187.12 173.64 281.98 4.88 0.88 424.36 

4.76 3.01 6.41 1.46 0.59 7.38 

STATISTICAL SUMMARY 
GROUNDWATER-TEMPORARY PIEZOMETER 

TOTAL INORGANICS AND CYANIDE 
SITE SCREENING AREA 6 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL LOG 
UPPER 95% LOG LOG UPPER 95% 

CONFIDENCE ARITHMETIC STANDARD CONFIDENCE 
INTERVAL MEAN DEVIATION INTERVAL 
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Chloromethane 5.98 0.40 6.11 1.79 0.07 6.12 

Bromomethane 5.98 0.40 6.11 1.79 0.07 6.12 

Vinyl chloride 5.98 0.40 6.11 1.79 0.07 6.12 

Chlorpethane 5.98 0.40 6.11 1.79 0.07 6.12 

Methyiene chloride 6.98 4.51 8.48 1.80 0.53 8.66 

Acetone 7.91 2.68 8.79 2.02 0.31 8.89 

Carbon disulfide 5.98 0.40 6.11 1.79 0.07 6.12 

1 ,l -Dichloroethene 5.98 0.40 6.11 1.79 0.07 6.12 

1 ,I -Dichloroethane 5.98 0.40 6.11 1.79 0.07 6.12 

1,2-Dlchloroethene (total 5.98 0.40 6.11 1.79 0.07 6.12 

Chloroform 5.98 0.40 6.11 1.79 0.07 6.12 

1,2-Dichloroethane 5.98 0.40 6.11 1.79 0.07 6.12 
2-Butanone 7.91 2.68 8.79 2.02 0.31 8.89 
1 ,I ,l-Trichloroethane 5.98 0.40 6.11 1.79 0.07 6.12 
Carbon Tetrachloride 5.98 0.40 6.11 1.79 0.07 6.12 
Bromodichloromethane 5.98 0.40 6.11 1.79 0.07 6.12 
1,2-Dlchloropropane 5.98 0.40 6.11 1.79 0.07 6.12 
cis-1 ,3-Dichloropropene 5.98 0.40 6.11 1.79 0.07 6.12 
Trichloroethene 5.98 0.40 6.11 1.79 0.07 6.12 
Dlbromochloromethane 5.98 0.40 6.11 1.79 0.07 6.12 
1 ,1,2-Trlchloroethane 5.98 0.40 6.11 1.79 0.07 6.12 
Benzene 5.98 0.40 6.11 1.79 0.07 6.12 
trans-1,bDlchloropropene 5.98 0.40 6.11 1.79 0.07 6.12 
Bromoform 5.98 0.40 6.11 1.79 0.07 6.12 
CMethyi-P-pentanone 5.98 0.40 6.11 1.79 0.07 6.12 
2-Hexanone 6.65 1.97 7.29 1.86 0.23 7.21 
Tetrachloroethene 5.98 0.40 6.11 1.79 0.07 6.12 
1 ,I ,2,2-Tetrachloroethane 5.98 0.40 6.1 I 1.79 0.07 6.12 
Toluene 5.98 0.40 6.11 1.79 0.07 6.12 
Chlorobenzene 5.98 0.40 6.11 1.79 0.07 6.12 
Ethylbenzene 5.98 0.40 6.11 1.79 0.07 6.12 
Styrene 5.98 0.40 6.11 1.79 0.07 6.12 
Total Xylenes 5.98 0.40 6.11 1.79 0.07 6.12 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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Acenaphthene 195.00 9.61 198.15 5.27 0.05 198.27 
2+Dinttrophenol 471.85 20.81 478.68 6.16 0.04 478.99 
CNitrophenol 471.85 20.81 478.68 6.16 0.04 478.99 
Dibenzofuran 195.00 9.61 198.15 5.27 0.05 198.27 
2,4Dinitrotoluene 195.00 9.61 198.15 5.27 0.05 198.27 
Diethyiphthalate 195.00 9.61 198.15 5.27 0.05 198.27 
CChlorophenyiphenyi Ethe 195.00 9.61 198.15 5.27 0.05 198.27 
Fluorene 195.00 9.61 198.15 5.27 0.05 198.27 
CNitroaniline 471.85 20.81 478.68 6.16 0.04 478.99 
4,6-Dlnitro-2-Methylpheno 471.85 20.81 478.68 6.16 0.04 478.99 
N-nitrosodiphenyiamine 195.00 9.61 198.15 5.27 0.05 198.27 
CBromophenylphenyl Ether 195.00 9.61 198.15 5.27 0.05 198.27 
Hexachloroberuene 195.00 9.61 198.15 5.27 0.05 198.27 
Pentachlorophenol 471.85 20.81 478.68 6.16 0.04 478.99 
Phenanthrene 283.89 462.98 435.89 5.37 0.50 298.11 
Anthracene 195.00 9.61 198.15 5.27 0.05 198.27 
Carbazole 195.00 9.61 198.15 5.27 0.05 198.27 
Di-n-Butyi Phthalate 247.59 211.57 317.05 5.30 0.62 318.48 
Fluoranthene 195.00 9.61 198.15 5.27 0.05 198.27 
Pyrene 193.89 10.68 197.40 5.27 0.06 197.56 
Butyi Benzyi Phthalate 202.04 36.83 214.13 5.30 0.14 211.60 
3,J-Dichloroberuidine 195.00 9.61 198.15 5.27 0.05 198.27 
Beruo(a)anthracene 195.00 9.61 198.15 5.27 0.05 198.27 
Chrysene 195.00 9.61 198.15 5.27 0.05 198.27 
bis(2-Ethylhexyl)Phthalat 180.81 71.83 204.40 5.12 0.42 215.28 
Di-n-Octyiphthalate 193.15 14.29 197.84 5.26 0.08 198.52 
Beruo(b)fluoranthene 195.00 9.61 198.15 5.27 0.05 198.27 
Benzo(k)fluoranthene 195.00 9.61 198.15 5.27 0.05 198.27 
Benzo(a)Pyrene 195.00 9.61 198.15 5.27 0.05 198.27 
Indeno(l,2,3--cd)pyrene 195.00 9.61 198.15 5.27 0.05 198.27 
Dibenzo(a,h)anthracene 195.00 9.61 198.15 5.27 0.05 198.27 
Beruo(g,h,i)Petyiene 195.00 9.61 198.15 5.27 0.05 198.27 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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HMX 
RDX 
1,3,STrinitrobenzene 
1,SDlnltrobenzene 

Tertyl 
Nltroberuene 
2,4,6=Trlnitrotoluene 
4-Amino-2,6-Dinitrotoluen 
2,BDinitrotoluene 
2,CDlnitrotoluene 
2-Nitrotoluene 
3-Nitrotoluene 

03/l 4/c 
) 
BS.WK4 

NORMAL NORMAL 
ARITHMETIC STANDARD 

MEAN DEVIATION 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

1.38 5.72 3.26 -1.15 0.94 0.79 
0.26 0.06 0.28 -1.36 0.16 0.28 
0.13 0.00 0.13 -2.08 0.00 0.13 
0.13 0.00 0.13 -2.08 0.00 0.13 
0.34 0.05 0.36 -1.09 0.13 0.38 
0.13 0.00 0.13 -2.04 0.00 0.13 
0.13 0.W 0.13 -2.08 0.00 0.13 
0.13 0.00 0.13 -2.08 0.00 0.13 
0.13 0.00 0.13 -2.08 0.00 0.13 
0.13 0.00 0.13 -2.04 0.00 0.13 
0.13 0.00 0.13 -2.08 0.00 0.13 
0.11 0.00 0.11 -2.21 0.00 0.11 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 7 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 



Chloromethane 
Bromomethana 
vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disultide 
1 ,l -Dlchloroethene 
1 ,I-Dichloroethane 

. 1,2-Dichloroethene (total 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 ,l ,l -Trichloroethane 
Carbon Tetrachloride 
Bromodlchloromethane 
1.2.Dichloropropane 
cis-1 ,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,I ,2-Trichloroethane 
Benzene 
trans-1,SDichloropropene 
Bromoform 
4-Methyl-Zpentanone 
2-Hexanone 
Tetrqhloroethene 
1 ,I ,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

03/l 4l95 15VSBSWK4 

NORMAL NORMAL 
ARITHMETIC STANDARD 

MEAN DEVIATION 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 

6.04 0.69 6.36 1.79 0.11 6.39 

6.04 0.69 6.36 1.79 0.11 6.39 

6.04 0.69 6.36 1.79 0.11 6.39 

6.04 0.89 8.36 1.79 0.11 8.39 
5.32 1.51 6.04 1.60 0.48 7.36 
7.46 4.43 9.56 1.92 0.39 9.08 
6.04 0.69 6.36 1.79 0.11 6.39 

6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 8.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 8.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.43 1.48 7.13 1.84 0.19 7.09 
6.04 0.69 8.36 1.79 0.11 6.39 
6.04 0.69 8.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 
6.04 0.69 6.36 1.79 0.11 6.39 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

VOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 



2,4Dlnitrophenol 472.69 33.27 489.13 8.16 0.07 489.71 
CNitrophenol 472.69 33.27 489.13 8.16 0.07 489.71 
Diberuofuran 194.62 13.36 201.19 5.27 0.07 201.54 
2+Dinitrotoluene 194.62 13.36 201.19 5.27 0.07 201.54 
Diethytphthalate 194.62 13.36 201.19 5.27 0.07 201.54 
4Chlorophenylphenyt Ethe 194.62 13.36 291.19 5.27 0.07 201.54 
Fluorene 194.62 13.30 291.19 5.27 0.07 201.54 
CNitroantline 472.69 33.27 489.13 8.16 0.07 489.71 
4,6-Din&o-2-Methytpheno 472.69 33.27 489.13 6.16 0.07 489.71 
N-nitrosodiphenylamine 194.62 13.39 201.19 5.27 0.07 201.54 
CBromophenytphenyt Ether 194.62 13.39 201.19 5.27 0.07 201.54 
Hexachloroberuene 194.62 13.30 201.19 5.27 0.07 201.54 
Pentachlorophenol 472.69 33.27 489.13 6.16 0.07 489.71 
Phenanthrene 188.69 32.74 202.88 5.21 0.23 213.74 
Anthracene 194.62 13.30 201.19 5.27 0.07 201.54 
Carbazole 194.62 13.39 201.19 5.27 0.07 201.54 
Di-n-Butyi Phthalate 1851.83 2197.55 2791.18 6.26 1.74 23864.66 
Fluoranthene 187.31 30.73 202.49 5.22 0.21 211.36 
Pyrene 188.48 27.03 201.82 5.23 0.17 206.98 
Butyt Benzyi Phthalate 194.62 13.30 201.19 5.27 0.07 201.54 
3,3’-Dlchlorobenzidine 194.62 13.36 201.19 5.27 0.07 291.54 
Benzo(a)anthracene 183.31 44.18 205.15 5.15 0.42 245.59 
Chrysene 183.15 44.71 205.25 5.15 0.44 248.64 
bis(t-EthylhexyQPhthalat 130.15 68.58 164.05 4.68 0.70 222.57 
Di-n-Octytphthatate 194.62 13.36 201.19 5.27 0.07 201.54 
Beruo(b)fluoranthene 194.62 13.30 201.19 5.27 0.07 201.54 
Beruo(k)fluoranthene 194.62 13.30 291.19 5.27 0.07 201.54 
Beruo(a)Pyrene 194.62 13.39 201.19 5.27 0.07 201.54 
Indeno(l,2,3cd)pyrene 194.62 13.30 201.19 5.27 0.07 201.54 
Dibenzo(a,h)anthracene 194.62 13.30 201.19 5.27 0.07 201.54 
Beruo(g,h,i)Perytene 194.62 13.36 201.19 5.27 0.07 201.54 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

SEMIVOLATILE ORGANIC COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 

LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 
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HMX 0.25 0.00 0.25 -1.39 0.00 0.25 
RDX 0.25 0.00 0.25 -1.39 0.00 0.25 
1,3,5-Trlnitrobenzene 0.13 0.00 0.13 -2.08 0.00 0.13 
1 ,bDlnltrobenzene 0.13 0.00 0.13 -2.08 0.00 0.13 

Tertyl 0.33 0.00 0.33 -1.12 0.00 0.33 
Nitrobenzene 0.13 0.00 0.13 -2.04 0.00 0.13 
2,4,6-Trlnitrotoluene 0.13 0.00 0.13 -2.08 0.00 0.13 
4-Amino-2,5-Dlnltrotoluen 0.13 0.00 0.13 -2.08 0.00 0.13 
2,6Dlnttrotoluene 0.13 0.00 0.13 -2.08 0.00 0.13 
2,4-Dinitrotoluene 0.13 0.00 0.13 -2.04 0.00 0.13 
2-Nitrotoluene 0.13 0.00 0.13 -2.08 0.00 0.13 
3-Nitrotoluene 0.11 0.00 0.11 -2.21 0.00 0.11 

NORMAL 
ARITHMETIC 

MEAN 

NORMAL 
STANDARD 
DEVIATION 

STATISTICAL SUMMARY 
SUBSURFACE SOILS 

EXPLOSIVE COMPOUNDS 
SITE SCREENING AREA 15 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

NORMAL 
UPPER 95% LOG 

CONFIDENCE ARITHMETIC 
INTERVAL MEAN 
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LOG 
STANDARD 
DEVIATION 

LOG 
UPPER 95% 

CONFIDENCE 
INTERVAL 



APPENDIX J 
RISK-BASED CONCENTRATION TABLE 



March 7, 1995 ” 
- 

kUBJEGT:, Risk-Based Concentration Table, January, - June 1993 

- FROM: .I Roy L. Smith, Ph.D.; Senior Toxicologist 
Technical Support Section’(3BW13) *. ,.’ . I 

,TO: .’ RBC Table .Mailing List ., 
.- 

Attached is the EPA ,Region ICI Risk-Based Concentration (RBC) table, which we have 
distributed quarterly to all interested parties since 1991. Please see. below for some important: 
announcements concerning changes in the Table and admmistrative~issues .with our mailing list. ., 

; _ 
i\ 

,, &fajoi-khan&s .in this Issue-$ the kBC 
I 

.I ‘: _:. .,j.> . - .e \,. 
.., I’ 

. . 
j Yl:’ 

I.. ..:’ ; 

‘. :&IS and HEAST have matured, and EPA’has revised’them at a decreasingrmte.over the :; .:.;> .= 
.: -.... .’ 1, last few years. Lately; each quarterly -RBC,“update.has been v~uaily ‘the ‘same ,aslts’ .‘-.‘:‘, 

.- . . : ,predecessor. Meanwhile., the mailing Kst for the’RBC ‘table has expanded exponentially I’ :.-I: : 
..i ’ 

F 
. ..’ ’ and the ..quarferly mailings have become -a substantial :burdento’ the Region’,~, upon ,: 1::’ ,. . 

.-; 
: 

.I-reflection; we’ve decided to change to semi-annual- distributions \We think this change&ill ,. c ., I. ‘. .: 1 
-extend’ our ability to keep producing .the RBC.,tabie, ‘while ha;ing little effect on’ the.‘-. “5. j \ . . . . : ; :2 table’s usefulness (For example, there have been no changes to ‘toxicity constants in iRIS 5.; ‘I”‘: :-..G:$ 

.: ( or BEAST in the. three:mont.hs: since the 4th ~quartertable; was published.) ‘;. .. -1:~: .-.,:;.-.j; -,. 8 
.’ .: : 

:2. -1 I 
_ .-. ‘. 

‘The RBC.tabl e now includes~soil screening levels-(SSLs) for protection.ofIgroun / 
.* : . . ‘and a&\ Most of the new entries were takendirectly from EPA/OSWER’s-newly 

: 1 
. . . :. ., t 

, SSL ‘@idance d&m&t. We’ve a&d-so& additio~-SSLs~b&j &.t~e’&e.@~ 

_ . methodology. S.ources of SSLs me noted in -me. table. - ,,$SLs. iricb@r&. ai1 -the 

-< , . expo&rre&sumptions as RBds, plus many additional assumptions needed for, inter-media ;I ., ,..... : ; . extrapolation. _ SSLs are -therefore ‘distinct from, RBCs, and should..be’ used o \ .. _ ..:_‘- ( _ I- ,_ . ; ‘.. ,1 -.; . ::< .,;,,:framework prop&$ .i;i:ttii~:OS,~R..~6clislent~i~If.~~~’have not: yet &$&this, ..I... -. 
,I \_ : : ;.,: . ...;<:: 1; i.- I.... i_ . ;;<‘ :, ., : ,~ 

:yoi,“& obh:, i~~~~~~,~~S~~~((703’~~74650,-‘,~ :&&f&f ~*.&&$$& v?$t$ 
.- ..! .,. , 963538: or ~~~5~@~4/los);( ‘;. 
:a -’ I *. 

’ ; -:) :” .‘; .‘. “. ’ .I’? ,,’ ;‘;\‘” 

.. ’ .,:I, _ 
Administrative I&& 1 . . -: c ‘I’ 

if, there. are others who would like copies. .‘S . . 

. . 



i 3. Volatilization or leaching of that contaminant from soil is expected not to be 1: :~.‘a : $ 
sigilificant; ./ .. *; 

I . ::. 

2. ., J’he~exposure scenarios used .inin”the RBC table are appropriate for the site; : . 3’ 5 .+Y?. f: 
:j 

,, ..‘. r 
“. I ‘_ 

.I .5. The futed risk levels used in’ the RBC table are appropriate for the site;, and .: -I’: .iITi. 
. ” : 

Risk to, ecological receptors is expected not to be-significant; 6. 
\ _, , 

I the risk-based concentrations would probably be protective as no-action levels or cleanup goals. 
However;to the extent that a site deviates from this description, as most do, the RBCs would not. 
necessarily be appropriate. - 1. . 

% 
. , \ 

To summarize, the table should generaLly’ not bk Led, to ‘(I) set cleanrfp or no-action , -. 
levels at CERCU .or RCRtj Corrective Action sites;. ‘(2) ‘substitute- for EPA .guida& for 1.‘: - 

,-. - preparing b&s+ine risk assessments, or (3) detetiine if 6 lwastq is habrdous under XXA.. ‘ ,: : : r ,‘.’ : *.; : : x.. 
‘: > .’ ‘1 .‘. . .’ . ..‘__ -. 

. 
,I, ,_ ‘. , : e 

: ,, ‘. I.: .- , ‘., I ..I ‘. , . . ., _,. ’ . _. :_ 
Attachment , ,. 

(8 : ,, . ;’ ., / -. 
, I‘ _ , :_’ .- 

: : ,/’ . ,. / _ .:. 
: 8 - ‘; : ; ‘._ .- :.. t ‘.. .., ..,. . ,. .’ .’ . r -1 ., .. . : ,, ,.’ ; ,. ~ 

., ,- ,; ‘- * ..’ . . . .. . . ‘. . . . . ,. . . ,- ; I.- ._ ‘. - ., ., I’ . , , . :, .- 
.! ,&’ 

I’. :’ , 
’ . . - -: Y . . , : ., 

. \ + 
\ . . ..., ~1. 

j ~ .: . I I ’ .-. _ ,. 
.,-,- , ‘. ‘.>: .: ,_ ‘._ .- - : , .I ,. (, 



:. 
. 

Separate car&ogenic and non-qrcin6getic risk-based concen~atiq~ were calc&ted for .., 
each wmpqmd for each-pathway. ‘?Yhe, cxmcentrati& hi the ‘able is ,the lower of the tw&; - 
rounded to, two signifi,qant. figures. . . The following terns and values were us&d..in!the c$cuT. 
IationS: . _ 

.I \ 
‘. 

_. 

-. 

-. 

: 

. 

: 

- 

. . . 
GenemL- ‘: 1; .,. 

‘. * ;. : : _’ . . . 

.@r$inqgeni<~potency, slope. oral,(& p~.r$$lcg/d): “,... ., : : l CPScl 

Car&tog&k pothcy sldpc&haled (x-i& per’mgbgkl);‘~ ... : ’ ‘. .,‘;., . t @Si ,. 

:. -R~f&n@. d&.q+.i (m&jd):’ .\..“’ 
” .* 

I ‘, - RfDo: 8 
i’kiference.d~se~~~~d:.(m~~~): .; “. .~ ’ :‘.: I‘:- ’ 

Target +u$er risk: . ..‘. ’ :. ;’ . 
,; ‘. .,, .. l .R@. 1 

‘1~06 TR 
Targ+’ ha&d quotient: , .I ‘. _. . . 

’ Body,~eigh~,.ah;lt @g): : ! _ . . . ; ‘1 ‘; 
1 ‘r&K. 

-’ 70 Igtii~. 
Body w&ght,.;age l-6 (kg): 

.” 
: . ‘. 15 “BWc 

. A&g&g time ckinbgens ‘(A): - .. : ,:. 
. ., ‘. i, 

Averaging .ti& nod-carcinogens~.(d): . 
iUS ATc (’ 

-ED;365 ATn ’ 
tialatioii; adult @3/d):’ ‘..j..’ I ,.:’ 

.. ., I . ,. ;j.. 
. . . ’ : 20 IRAa ’ 

-.Itfhalati&; gild +3/d):, :. ‘.- : ,. :.- 12 IRAC 
Inhalation factof, age-adjust&d (m3~y/&&d): ;’ ‘. : . 11.66 : IF+adj 

. .’ ...’ 2 IRWa 
..‘:(c- _j \, :. 1 I&; 

:.Tap yater. inge.@n factor, ageadjusted py/kg-d): : 
;.Fish ingestion (dd): 

:: ., 
,: ,. ‘- .,-’ 

i.. 
, _ ,l.yi :F$dj: 

< 

Soil ingestidn; aduit (mg/d): :. 
..‘:, ,~ 

. 100 .IRSa ’ 

Soii ingestion, age l-6 (k&d): .“’ .’ ,200 IRSc 
.So? mgesti& f&or, age. adjust&l (mgly/kg-d): 

I. ._. .: 
. 1. , 114.29. ‘IFSadj 

&&&s&&.:,,’ -. ‘. . . , y. “.. : 
Exposuj;e eGuenw <sty>: . 

. .‘..: _. :,,, :, . ..” ,; a 
..j.. ;: \ , ~,, .. .I’ 

., 

1 I : -_’ ., 

‘Exposu&~dur&on, total(y): ‘*i .: ” / 
: . ,“. 350 :..EFc’ 
. 

. ” 30. EDtot 
Exposure ,duration, age 1” @)i ‘.’ ’ .*, 

._ . . 
6 &: 

Volatilizkion factor (LM):” .’ 
-, 

05 K 

.y. . 

. . ‘. ; 

;. 

.._ .- 



!EPA Rtzgion I!I Risk-Bad ‘~nccnfmtion Table: RL. Smith (Febnurry 9, 1995) . 

Occupationak‘ . . ‘.. 
Exposke frequency (-d/y): 

. 
\ 

‘250. EFo 

Expospre ?urhion (y): ;‘ . 25 EDo’ . 

Fraction of contaminatkd soil ingested (unitless) . 0.5. ’ FC . 

: : 

2 I 
A. 

_ ’ 
. . . 

. 
.I -. 1 

Because contact rates with tai water;. ambient air, &&esidenti~ soil are .di,fferent .for . -. 
children and adults, carcinogenic.ri&s during thefirst 30 years of life‘were calculated using. ._ 
age-adjusted factors. These factors al$roximated the integrated exposure from birth until * . . 
age 30 by combining contact rates, body weights; and exposure durations- for two age -groups : _ 
-’ small children and adults.. The ,ag&adjusted factor for soil was obtained from RAGS IB; _ . . ’ 
the others were developed.by”~~~~... Y : : . 

- 
.’ 

; . . ,: ; ,, ,, 
. . 

Airinhalation,. ..:,,. . . : : ,. 
*_ 
.: 

- : 
‘. 

_ E‘Dc. &c: 
&A@’ :‘A?& c, s I-k&t i&j. &a ::- _ 
*’ ’ ..BWc- .‘+.; ‘. BWa .. ‘. ;... 

. 
Residential watek . .’ -.. . .. 1 .  .’ 

s. - 

i Vol+l&ion terms Were calculated only for compounds with a mark in the “VOC’ column. 
Compounds, having’s Her&+ Law, Fnstant greater than’ ro” were considered,volatile The . -. 
list may’ be incomplete, but is unlikely ,to’m$ude false .positives. ‘The equations and the _ *. 
volatilization ‘factor (K, .above)’ ‘tie& Mjtahied from .R@S ‘,I&. Q&l -boten,q slop.& fang, -. 
reference -doses were ,used: for both oral and inhaled . . e~oshres ‘for :volatile. compounds 

‘Inhaled ‘potency slopes svere substituted for unavailable oral; 
’ 

lacking inhalation. values. 
potenj slopes only for vohitile‘compounds; inhaled .RfDs were substituted for unavailable 

x 



3 
. . 

o~a~-Rfl>s f& both’vol&le and nonkoktile compounds. RBCs for carcinogek were based. : 
on’ combined childhood and addt exposure; for ndqcarcinogens RBCs were based oq adult 
exposure.‘ , , ‘. ~ , I ‘0 . 

Ciircinogens. :, .: . , ‘. :i . ‘.. 
. ,.’ . . .‘., ;gf@$ ‘= .’ .. ‘:. 2-R: ..A;& - ~CHiO 

.*.-.( [ +* II?IZaq* 
. 

,.- CP$i]. + h?so]~)*~~ : :. 
.’ 

Ntin-dcino~ens , 
._ 

. ‘. 
: .&cp .‘. 

-Ambient air ‘- 
EFr ’ wtot * , 

- . : 

.” ^ coral .&ten& slopes a&l. references w&e u&d wht$e inh&tion values’ wefe iot available.. 
._ ‘. ,, .‘-‘RB.C+ for ‘carcikge&, ivere based ‘ori combined: $ildhood and adult exposurej for nbn- 

carcinogeti RJ3cS were b&ed on a+lt.exposure. : .’ : . c . . .; . 

; 

‘... 
” - . . . \ . . . - ,, . 

s.:.. ,.‘.?. 
:.:. I kc & =’ ZR- BWa. ATc.~.: . ._’ -. : ‘., 

. . . . .’ 
1;. . . . *, ..-:a 

. _ 
: -, ,., . ..- ,’ 

:. .‘ 
. . ., : ; . 

.q’ ,: pr +“t&. ‘m .’ 1 ,, .’ ., 

.: ., ‘. . 

:; . . .: . : ,. : ‘. ._ .* .,;. 

, ,. . 

. 

/. 
.:- ,/’ 

- 

. ; . 



L . 
‘: ,. S , .:. _’ _ . 
,*- .’ ., : . 

.’ . . _ 
; . . 

*\ . 

ERA Region III R&k-Based Chcen&i& Ttiiie: RL &nith (February 9, 1695) . ’ ;4 - 

: ; 

Commercial/industrial soil ingestion 

,BBCs w&e based .on adult -occupational exposure, including an assumption that only 50% 
of total soil ingestion is ‘work-related. . . . 

,-., ” . . - : 
Carcinogens ’ : . . . ‘.. I ‘. 

-.. ‘i m j3&ATc *, .’ 
,mqf= . . .. 1.: 

‘_ . . . ,‘j?3+ EUo- lRsa l FC.. CPSo -. ‘. . ‘* ’ 
: I ..i ,: 
.. . ’ 

106Z 

Non-huxidogens .; ‘. ” 

ZHQ‘RtVo l .BWa. A7h ’ RBc$==. . j&b- EDo- IRsa l ‘FC. 
\ lo6 z: 

‘.‘ . . ’ .Residentih sOi1 .ingestidn :“ ’ .. . . :. 
-. . ._ : , 

RBCs of- car&rogens were based :on &&red childhood and adult exposure;. RBCS for. 
non$arcinog,ens were ba$ed’on childhood exposure only. -;I . . 

c , _‘. \ 
. Carcinogens .: ’ . . . ,,‘: 

. . 

. j, 
‘_ _. ,. -- 

__ ,j&&=: : : ZR~ATc- 

.._ . I_ & ,. m.. ., F6tid&’ .. -Cpso .: ,. “. -, 
. ? -:- . 

.’ ;,‘Z ‘. 
.!i ; .-. 

g .:; . . :_ ” Nbn&&nogens-.~b ’ :: . . . . .-.’ ’ .. . ’ . . . 
\ ’ 2HQ &tDo - BWc- ATn RBC 3 ,G.’ .- . : ..-. -_ 

: ‘ : : . .._ , $-F”,- E-c.,’ msc. 
. . lqf 

“, . . . 
._ :_ 

\ -. : sbevelopbent. of’Soil S&&irig Lejels 
. 

: .(, .‘I ’ .* , ;. ; 
L ., 

,.,&ne~~. 
.*‘1 I 

_-- :. ;‘. y-i :.:-:I’ . . .,’ .. ._ . I . . . : 
,_ 

: ., 
h December l&34 the-EPA Of& of Solid Waste and Emergency Response proposed Soil .’ 

‘_ 
. .; 

. . : Screening Guidance, (Document9355.4-1, PB95-96353O,EPA!54O/R-94/101, available through ’ ‘. . 
. . . . NTIS at .703487-46!0). . This @aft document. provides (1) a framework &II’. which soil 

screening’ levels are to be used, (2) a de.tailed methodology for calculating .soil. screening ’ . 
levels! and (3) soil screer&rg Levels for 107 substances. . :. 1 :. 

.- 
,’ 

;,,, 
. . . . . . “. .t , ‘- ._. .:. . _.(, 

f Consistent’with this new gu.&&e,~the~ risk-based concentration table. now.&&des~two :, ,- . . - .‘...- ..’ 

- . columns of generic .soil s&eeag:levels (SSLs). OSWER’s ,107 proposed soil screening ... # .. 
levels have’ been added verbatim; In addition, the proposed SSL methodology has been ! ‘. : . 
used to~calculate soil screening ‘levels for. more substances, which are also included in the - 
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*- new table. The table clearly distinguishes the OS%@R SSLs-from the “unofficial” ones;. 

These SSLS provide reasonable maximum estimates of transfers of contaminants from soil 
to other media.: One column contains soil concentrations protective of groundwater,quality; 
the.other contains soil concentrations protective of air quality. “Protective” is defined in.the ‘. .‘ 

- : _. s&ne~terms as the risk-based concentrations for tap water and air -- that ~resideniial contact 
-. scenarios will yield a fIxed upper bound risk of .lOd or a fixed. ‘hazard quotient of 1’ ‘. 

. . (whichever occurs &the lower concentration). 
: ‘. .’ . 8 

: : 
_ .- OSWER’s S.!XT should be used Only @thiri the frameworkproposed in the guidance document.’ ‘. . 

The-additional #X.v included in the RBC table are intended for the same uses (although they .. 
obviously carry ‘less wei,t than the formally prOposed numbers). 

., ,. 

Thti SS& are based on the following assumptions: i 
. _- 

-. 

: 

‘.. 
- . 

. . . -. 

.- 

.a 

;. - :. 

: - 
.- 

. .. 

s 

_- 

i 
, 

r 

Surface soil tioisture.con!ent. (dg) I 
Vadose zone soilmoisture content (kg&i), 
Surface soa’bulk ciehy (g/cm’) ‘. : 

Vadose zone &I bu& density (k&/L) 

‘0.1 ‘W,. 
0.2 y, 

.15 p$ . 

: 15 pbv .’ 

Su@? soil particle density (g/an’) ‘_ .’ 

Y+dose,zone 66il particle density.(g/cm’) 

265 (p” 

. 
. . . 

‘2.65 p; 

T&al surface soil pofosity (L poie $, soil) . : - 0.43 _ N, 
Total 3dosd &one s&i por&y (L pqre/L soil) . 0.43 N;. ’ 
Air-filled furface soil &xosity (L air/L+l)~ .I . 0.28 e;, ’ 

Wader-filled surfa.= soilporosity (L wate+ soil) . I 
.o.is 8, . 

Air-filled tidose zone soil porosity (L air/L soil)’ . 

Water-filled vadose zone soil pofo&y (L water/L soil) 

0.13. 0, 

0.30 8,. .’ 

Organic Ffbi+n fraction of $ace’soil (g/g). 
$hgzhic carbon fraction of \ia&sc z&e s&l (&/g) 

.O.OO6 :FOcF 
.’ O.QO2. FOC, 

~ispersion:facXor for 0s. acr& (g/m2s per.&&+) 35.1 ,Q/C 
‘. . 

._ 

.._ .- 

: 

: 

: 
. . 

_ 
1 - 

: 
- 

.: 

. \ 

Pa+ulate emission fact& (nhg) ’ : : . . ; _. 6.78e+.08 PEP 
E;xposuii intend (0). : 950;+08 T.- . . 
Dilution-attenuation factor (unitle%s) ’ ~ .’ ., 

I, . . 
10 DAF 

. . 

‘vith two exceptions described in the ~follov&g section, SSL calculations were based on the.: I. 
same algorithms presented in the OSWER draft SSL guidance document. For details. of the 

’ ’ -:‘-+ 
- .’ 

~calculations (and’ for general background.‘information on SSLs), I strongly recommend .. 
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: 

:(5’.’ 

i=onsulting that. document. The “unoffici.al” SSLs were developed under the. following. ,. ., ._, 
conditions: 

Soil ‘Screening IGels, for Inlidation 
‘_ 

. . . ‘.. ‘_ . 

@haled reference doses and potency Slopes were used if available. If inhalation values were 
not available, oral FUDs and potency slopes were substituted.’ .SSLs were calculated only for j, ’ 
substances for which aqueous solubility, ~o~~~Herq’e Law constant, and diffusivity irr air . . b * 
were available. ’ SSLs were calculated only for substances for which a volatil@&on factor 
could.be calculated. ‘I’his was done. because .OSWER’s large proposed particulate emission 

._ .. 

factor -rendered it pointless to estimate SSLs for particulate emissions alone. :The- ,final a’ -. 
calculated SSL sh&n in the RBC table is the smaller of the riskibased SSL and the soil, I .m 
saturation concentration. qll calculated SSLS were rounded to 2 sighificant~ figures: . . 

‘. ” 
The OSW&R risk algorithms for inhalation &ere revised-in order to be consistent’&th.,@e 1. .-,Y 
rest of the RBC table. Only calculated ’ SSLs were .affected by this; SSLs proposed by : 

.. ,I 

OSYR are presented verbatim. CalCulated SSLs .for inhalation of carcinogens were based .‘, .. 
,’ 

. . 
on an integrated lifetime exposure rather than adult’ exposure. SSLs .for inhalation. of. . . \ noncarcinogens were based on adult exposure for 350 days per year-rather than 365 days per ,: : .’ 
year.; The following algorithms .were used to~calculate inhalation SSLS: I I : .‘I 1 

1’ Ca&ogens ’ : ‘- .‘.. 

SSL ff .= :. 
.- :.e.AT- _ 

_. ‘. EFj- F pAa@. 1 
: .’ .’ . . -. : /.’ .’ 

. 
I Non-Carcinogens ‘,.. b .:. 

:  I  

.  .  

: . . 

.. 
.’ 

-8 .._ . . .- 

Soil ,+keriing.Levels for-Groundwater Use ..I- “. .’ : 
.’ 

‘\ 1. . . .I ,‘-~---~.. .,i.-- ; _ 
:...; . ,’ . . . . . . , ,., > 

.All algorithms :vvere . as .&oposed by OS~R: MCLs were used &’ target ‘grourid&ater . ‘/ ‘,‘. .;\ 
concentrations ifavailab1.e.~ If ‘MCLs were unavailable. the’lrisk-based. concentration in ‘the ‘: . 
:“tap water” cohrmn of the RBC table &s used as the target groundwater concentration. All : * 
SSLS for groundtiater are based oxi a clilutionYattenuation factor (DAF’) of 10: Since, these 
SSLS scale linearly with DAF, the SSLs for Da= 1 would be ten times lower, They were 
omitted to conserve space.’ All groundwater SSLs were rounded to 2. significant figures and: . 
capped at Unity. ‘. 

: . . 
.: .‘.. 
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Acephate ; . . * 
Acctaldchyde. . 
Acctochlor . 
Acetone . . 

Acctonkyanoh!k-lrin ’ 
Acetonitrile ’ . 
Acetophenone 
Aciflusrfcn . . . 
Acrolein . , 

Acrylamide 
Acrylic acid ” 
Aliylonitrile’; I 
Alachlor *’ 
Alar 
Aldicarb .’ ..’ ,. ’ 
Aldicarbsulfone ‘.. * ‘- 

~Allyl chkride :’ 
fhlminum , . 

Aluminum phojphide * 
Amdro 
Aliletlyn 
m-Aminophenol ‘: 
4-Amllopyridiie .. 

Amitraz. :’ 
Ammonia 
Ammonim,sulfamate : ’ 
Aniline 
Antimony and compounds, 
Antiiony pcntoxidl 
Antimonypotassiullitartrat~ 
Antimony t&oxide 
&ntimonytrioxide ‘. 
Apollo . ‘.: .. 
Aramite ‘. 
mc.’ a . ., ;’ ‘, i t 
Arjenic @i&if&gin) 
Aralne . * . 
Assure ‘...,*. 
Aullam . ‘. .., .“’ ” 

. . . ..-. 
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no70 2.57E-h I ’ 7.7oE43 i ” “91 N 0.61 c 

U256621. 2Q&-O2 I ‘730” ,73” 274. 41000” 1600”’ .- . 
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159726Ql 1.wE-p I, 6.00&02 II 0.64 c' . 0.07k c “0.039 c ‘72 c SC 

.1599ad ld3-ol I . . SW Ii 550 II zoo” ~31kioo”~ 12OOO* 

116063 l.WB-03 I, -.:_ . 37 II -.: :3*7f.” a.4 I( 2oooli 76” 570 a 0.036 
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74223646 .2.5oit.G I ',. '. . _ 9100,‘” ” 916 w .340” MQOQ” hQoo”’ L 

107166, s.w&03 I : : j . 160” .‘- 16 ” 6.8 ‘n 3%” 

iO7iISr S.WE-02~ 2.66BM- I "' 

~ . ., 1OOp” 

( ,: ": . . 
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l~fob ” ,IlI( 66; i&o@ )(; .. 3900” < I 
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4?4652?4 3.WE-64 I 11”. 1,l I : 0.41 w ,610” 23” 

634126 9.WB-03 I 
. ‘. ‘. 330 I( 33 w i2 n. 16ooQ” . nn, ” .’ : 

591275 7.WE-02 II ; 2600” +mn. 95”’ 140000” 5500 ” 

_ ,5042i5 ‘2.WE-05 n 0.73 ” 0.093 I( 0.027 ” 41 ” 1.6.” 

3306%112.SOEo31 ’ . \’ ,911 9.1 ” 3.4 “. 5100 w 200” 

7664417 . 
I 

266EOz I - Moo n do” : 

7J73obo'.2wEoll ;, ~ : ijW" :: B&w 27o’.” 4loko’ ” i6ooo” 

62533 .‘\ 2.66B-04 I 5.7Oti I ION’ ;i” 0.55 c 1oooc hoc. 45”’ 0.031 

744o36o ,4.w&o4 I . 15 ” _ 1.5” - QJIr 620”. 31” 
13146tj9 S.WEQ4” . y., : ‘16 II 1.6 I( 0.66 II 

:3&Q 9.W&b4; ‘. 
loprc 39” , 

33 II ‘, 3.3 ” .lh ” 16Wic ‘70 “. 

133til6 i.O&i-W ti I’ . is N 1.5 I( 0.54 .I( 

1309644 ktiEQ4n’ .’ 

,62Q” ‘31” ,’ ., 
I - 1s ‘I( : 1;; J 0.54 ” 31 I :. 

74115245 L3oti I ‘, 
. ‘.. ‘1 ‘. 

62QJi 

” j 476” “, . ..’ 41 Ii it” 27Qm” looo” : z 

. . .14Oi76 S.WEO2 n . !’ 2.SOE-02, I 2?98-02.1 .. 27 c 0.25c 0.13 c 23oc-’ 26c ,’ 
,‘144Q3& 3;& l 

.744b3ti .’ : 

. ., I .’ 

i;758+od I i.&& i - 
11 tin, ‘$1 ” ‘OAl ” ,: 6lci; 

0ioi6 c 
23 ? 360”’ - .is 

o.ad L .cwi. c 3.3 ‘c od c ,36&t ..‘:lS 

77y421. ‘; :’ :‘.1;43Eo51 ” .., - ‘0.52 I( ,. Q.052 n .- I 
_’ ‘. 

76h6146 9.00&03 'I ,' : ::; : .', ._ c--. iso I(’ ,’ ;jj h ., . ” 12’” jj*ooQ i. . .,& ” :. , 
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tnztlon. . 4 
. 

AtGiZine 1912i49 3.50&02-I -2.i2e.01 n ,’ 0.3 i: 0.026 c 0.014 c 26 c .29 c 

Avcrmcctin~l *. 65195553 4:0+04 I 
i lk” 15”. 0.54 w 620 ,rc 3j ‘i . ,, - 

Azo&&e. ,. . i ,._ 
‘I’ 

163333 -, ‘, l.1OE-h I I’.OSJSO\ I. 0.6i .c 0.056 f ,’ 0329 c ’ ‘52 c ’ 5.6 t ’ ’ 
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e-. 
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Bcnz~ethiol~ . . .106965 l.tiE-05 n .I 0.37 il, 0.037 n 0.014 w ion 0.76 w . . 

B&dine . ‘.. .92675 3.dbE-O~ I ' 2&E+O? ! 2.ul+o2 f ‘; o.owp c o.oOOh 0.00001 c 0.025 c O.W26,.c ‘1.3 c l.lOO~66 c 

Bcnzoic acid 65650 4.008+00 'I rswoo ” ISOW Ii 5400 w lE+O6 n 310000 ” . 320 I 260 E 

Benzotrichloride ) 96b77 ,:; -, 1:’ l.~OEMl I o.w52. c O.OOtj46 c 0.00024 c O.U’c 0.049 c 0.012 c 0.000073 c 

Ben@ alcohol _ .’ , 
: 

.‘:100516 3.WE-O’” : .. ,‘,. 
I 

I 11000” llW:‘i( 3 416’” 610060 w ;’ 23000~~ 

@zyl&loride ,: 100447 , . -. 1.70&01 I 

.._ ' 

. . . lx1 0.062 c .: O.Oii ‘c n d.019 c‘ 34~. , 3.6~ . 0.5~ hWO36 b ’ 
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: 
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APPENDIX K 
HUMAN HEALTH TOXICOLOGICAL PROFILES 



INTRODUCTION 

Date of Last Revision: 11/10/94 
Revisor: Patrick B. Moroney 

ALDRIN/DIELDRIN 

Chemical Name: Aldrin 
Synonyms: Aldrex, Aldrite 
CAS Number: 309-00-2; 
Molecular Formula: C12JfW16 
Molecular Weight: 364.90 g/mole 
Chemical Structure: 

C12H8Cl6 

Chemical Name: Dieldrin 
Synonyms: Alvit, Dieldrix 
CAS Number: 60-57-l 
Molecular Formula: C &&%jC 
Molecular Weight: 308.93 g/mole 
Chemical Structure: 

Aldrin is an insecticide formerly used against termites and soil-dwelling pests such as ants, 
wireworms, whitegrubs, etc. It is a white cry&line powder in its pure form. The technical 
grade color is tan. Aldrin readily degrades to dieldrin upon entry into the environment or a 
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human receptor. Aldrin and dieldrin are structurally similar compounds. Hence, both 
compounds will be discussed simultaneously. Aldrin is not known to occur naturally (1,Z). 

- 

Initially in 1970, the U.S. Department of Aqriculture cancelled all uses of aldrin based on the 
potentially carcinogenic nature of the compounds and the concern that these chemicals could 
cause severe aquatic environmental change. Aldrin has not been produced or used in the U.S. 
since 1987. Any past releases have probably been converted to its degradation product, 
dieldrin, which has also been cancelled for use (1,2). 

FATE AND TRANSPORT 

Aldrin 

Log Koc: 4.69 (1) 
Log Kow: 3.01(l); 6.5 (2) 
Half-life: see text 
Henry’s Law Constant: 3.2x10-4 atm-ms/mole (1); 4.96 x 10-3 atm-mz/mole (2) 
BCF: 4,571 (molluscs) (2) 

3,890 (golden orfe) 
12,260 (algae) 

Degradation Products: Dieldrin (1,2,3) 
Solubility: 

Water: 0.20 mg/L @ 25oC (1); 0.02 mg/L @ 20% (2); 0.027 mg/L (3) 
Organic Solvents: Very soluble in most organic solvents (1) 

Vapor Pressure: 7.5x10-5 mm Hg @ 2OoC; 1.4x10-4 mm Hg @ 250C (1); 3.75x10-5 mm Hg @ 
2OoC (2); 6x10-s mm Hg @ 25oC (3) Density: 1.7 @ 2OoC (3) 

Dieldrin 

Log Koc: 3.87 (1); 3.87-4.08 (2) 
Log Kow: 4.55 (1) 
Half-life: 723 days (evaporation at 25@)(l) 
Henry’s Law Constant: 1.51x10-5 atm-ms/mole @ 250C (1) 
BCF: lOO-10,000 (various aqueous species) (2) 3-6,000 (fish) (2) 
Degradation Products: Photodieldrin (1) 
Solubility: 

Water: 0.18 mg/L @ 25% (1); 0.2 mg/L @ 25oC (4) 
Organic Solvents: Very soluble in benzene; slightly soluble in acetone, alcohol and 
ether (1) 

Vapor Pressure: 1.78x10-7 mm Hg @ 200C; 7.78x10-7 mm Hg @ 25oC (1); 2.8x10-6 
mm Hg @ 2OoC (4) 

Density: 1.7 @ 2ooc (1) 

As stated previously, aldrin quickly degrades to die&in upon entry into the environment. 
Aldrin undergoes photolysis to dieldrin, which further degrades by ultraviolet radiation or 
microbial action into the more persistent photodieldrin (1). 

Dieldrin is ubiquitous in the environment and very persistent. This is due to its higher 
resistance to biotransformation and abiotic degradation than aldrin. Consequently, dieldrin is 
found in low levels in all media. Dieldrin has a strong affmity for organic matter such as 
animal fat and plant waxes. Consequently, it bioconcentrates and biomagnifies through the 
terrestrial and aquatic food chains. This degradation product strongly adheres to soil and 
sediment, which minimizes mobility in this medium. However, aldrin and die&in can 
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volatilize from soil. Dieldrin is not water soluble. The presence of these compounds in surface 
water is attributed to runoff from contaminated soil (1). 

Aldrin can enter the environment from accidental spills or leaks from storage containers at 
waste sites. In the past, aldrin entered the environment as a result of pesticide use on crops 
and use as termite control. Due to use on crops, aldrin and die&in have persisted as residue 
in soil and resulted in crop uptake. Because of the persistence and bioaccumulation of 
die&in, exposure can occur through the ingestion of contaminated water or food. The 
potential for exposure also exists in homes treated for termites. In this case, exposure via 
inhalation is significant (1). 

PHARMACOKINETICS 

Exposure to aldrin and dieldrin can occur via ingestion, dermal contact and inhalation. 
Inhalation and dermal contact exposure in air is possible due to the volatilization of these 
aldrin from contaminated surfaces. Hence, these compounds can enter the bloodstream via 
the stomach, skin, and lungs. As stated previously, aldrin quickly breaks down to dieldrin 
upon entry into the body. The dieldrin is very persistent in the fatty tissue. It can take a 
period of weeks to years for the compound to leave the body (1). 

A study of the body burden of dieldrin showed that the bioconcentration and rate of 
elimination of dieldrin were related to the lipid content of the person. The highest levels of 
die&in in adipose tissue were found in the leanest individuals. These individuals also 
exhibited the lowest total body burden. However, the proportion of the total exposure dose 
retained in the adipose tissue was highest in those subjects with the greatest total body fat (1). 

Placental transfer of dieldrin occurs. A study showed that the level of this pesticide was 
higher in fetal blood than the mother’s blood (1). Aldrin and dieldrin are both toxic to the 
reproductive system and teratogenic. Reproductive effects include decreased fertility, 
increased fetal death and effects on gestation. Teratogenic effects include cleft palate, webbed 
foot and skeletal anomalies (4). 

HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

Aldrin and die&in cause similar adverse health effects. Short-term exposure to elevated 
levels of these compounds causes central nervous system excitation resulting in convulsions. 
Acute exposure can also damage the kidneys. Chronic exposure from an occupational setting 
also produces convulsions. Exposure to moderate levels of aldrin or die&in can cause 
headaches, dizziness or uncontrolled muscle movements. Animal studies support these health 
effect observations in humans (1). 

It is unlikely that sufficient quantities of these pesticides could be ingested by persons living 
within vicinity of a hazardous waste site to result in death. Additionally, low levels of these 
compounds likely to be in air near such a site are significantly lower than the levels necessary 
to cause death (1). 

The USEPA reference dose for chronic oral exposure to aldrin is 3x10-5 mg/kg/day. The 
reference concentration for chronic inhalation exposure is not available (2). The oral reference 
dose for chronic exposure to dieldrin is 5x10-5 mg/kg/day. The reference concentration for 
chronic inhalation exposure to dieldrin is not available (3). 
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Carcinogenic Effects 

Epidemiological studies have been inadequate to determine whether aldrin and dieldrin cause 
cancer in exposed populations because of small sample size and the exposure of subjects to 
other chemicals in addition to aldrin and dieldrin. However, several studies conducted on 
mice indicate that aldrin a&/or dieldrin may induce carcinoma in the liver. In addition, 
another study showed an increase in pulmonary, lymphoid and other tumors upon exposure to 
these pesticides. Most recent data indicates that aldrin and dieldrin may act primarily as 
tumor promoters (1). 

An upper bound cancer slope factor (CSF) of 17 (mg/kg/day)-1 for oral exposure to aldrin was 
estimated by USEPA. The inhalation CSF was 17 (mg/kg/day) (3). The oral CSF for die&in is 
16 (mg/kg/day)-1 . The inhalation CSF is 16.1 (mg/kg/day)-1 (3). The USEPA weight-of- 
evidence for aldrin and dieldrin is B2-Probable human carcinogen (2). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Aldrin and dieldrin are both acutely toxic to freshwater species at low concentrations. The 
LC50 values range from 1 to 46 yg/L for different fish species. Saltwater species are also 
sensitive to these pesticides. The range of LC50 values are similar to the freshwater range. 
The range for aldrin is 2 to 100 pg/L and 1 to 34 pgiL for dieldrin (4). 

Terrestrial and Avian 

These pesticides, particularly dieldrin, have been associated with large-scale bird and 
mammal kills in treated areas. Experimental feeding studies have shown that the chemicals 
are quite toxic to terrestrial wildlife and domestic animals at low levels (4). 

REGULATORY LEVELS AND CRITERIA 

National aldrin and dieldrin regulatory levels and criteria relative to a risk assessment are 
established under the Safe Drinking Water Act (SDWA), and the Ambient Water Quality 
Criteria (WQC). 

SUMMARY OF CRITERIA 

Chronic Oral RfD: 
Chronic Inhalation (RfC): 
USEPA Weight-of-Evidence: 
Oral Slope Factor: 
Inhalation Slope Factor: 
SDWA MCLG MCL: 

Ambient Water Quality Criteria 
Human Health 

Water and Fish Consumption 
Fish Consumption Only 

Aldrin 

3x10-5 mg/kg/day (2) 
Not Available (2) 
B2-Probable human carcinogen (2) 
17 (mg/kg/day)-1 
17.1 (mg/kg/day)-1 
Aldrin in an unregulated 
contaminant for which USEPA establishes a 
monitoring requirement., but which does not 
have an associated final MCLG or MCL (2) 

7.4x10-5 pg/L (2) 
7.9x10-5 l.Jg/L (2) 
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- Aquatic Organisms 
- Freshwater, Acute 
- Freshwater, Chronic 

Marine, Acute 
Marine, Chronic 

ACGIH TLV-TWA: 
OSHA PEL-TWA: 

Chronic Oral Exposure (RfD): 
Chronic Inhalation (RfD): 
USEPA Weight-of-Evidence: 
Oral Slope Factor: 
Inhalation Slope Factor: 
SDWA MCLG, MCL: 

Ambient Water Quality Criteria 
Human Health 

- Water and Fish Consumption 
- Fish Consumption Only 

Aquatic Organisms 
- Freshwater, Acute 
- Freshwater, Chronic 

Marine, Acute 
Marine, Chronic 

ACGIH TLV-TWA: 
OSHA PEL-TWA: 

REFERENCES 

3 pg/L (24) 
None 
1.3 p&a (2) 
None 
0.25 mg/m3 (4) 
0.25 mg/m3 (4) 

Dieldrin 

5x10-5 mg/kg/day (3) 
Not Available (3) 
B2-Probable human carcinogen (2) 
16 (mg/kg/day)-l(3) 
16.1 (mg/kg/day)-l(3) 
Dieldrin in an unregulated 
contaminant for which USEPA establishes a 
monitoring requirement, but which does not 
have an associated final MCLG or MCL (2) 

0.00014 pg/L (5) 
0.00014 pg/L (5) 

2.5 pg/L (4) 
0.0019 pg/L (4) 
0.71 pg/L (4) 
0.0019 pg/L (4) 
0.25 mg/m3 (4) 
0.25 mg/m3 (4) 

1 Toxicological Profile for AldrimDieldrin (Draft For Public Comment). U.S. Department 
of Human and Health Services. Public Health Service. Agency for Toxic Substances 
and Disease Registry. Atlanta, Georgia. February 18,1992. 

2. Integrated Risk Information System (IRIS). Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1994. 

3. Handbook of Environmental Fate and Exposure Data for Organic Chemicals, Volume II 
Pesticides Philip H. Howard. Lewis Publishers, Inc. 1991. 

4. Chemical, Physical and Biological Properties of Compounds Present at Hazardous 
Waste Sites. Office of Solid Waste and Emergency Response, U.S. Environmental 
Protection Agency, Washington, D.C. September 1985. 

5. + Federal Register. Rules and Regulation. Volume 57. Number 246. December 22,1992. 
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INTRODUCTION 

ALUMINUM 

Chemical Name: Aluminum 
Synonyms (1): Alaun; Alumina Fibre; Aluminum Dehydrated; Aluminium Flake 
CAS Number (1): 7429-90-5 
Molecular Formula (1): Al 
Molecular Weight (1): 26.98 g/mole 

Aluminum is a silvery white, crystalline solid which is the most abundant component of the 
earth’s crust. It is the third most abundant of all chemicals and does not occur free in nature. 
Fine powder forms of aluminum are flammable and form explosive mixtures in the air. 

HUMAN HEALTH EFFECTS 

Aluminum compounds can affect absorption of other elements in the gastrointestinal tract and 
thereby alter intestinal function. Aluminum inhibits fluoride absorption and may decrease 
the absorption of calcium and iron compounds and possibly the absorption of cholesterol. It 
may alter gastrointestinal tract motility through inhibition of acetylcholine-induced 
contractions which may explain why aluminum-containing antacids often produce 
constipation. 

A progressively fatal neurologic syndrome also has been reported in patients on long-term 
intermittent hemodialysis treatment for chronic renal failure. The disorder, which typically 
arises after three to seven years of dialysis treatment, may be due to aluminum intoxication. 
Sources of excess aluminum may be from oral aluminum hydroxide commonly given to these 
patients or from aluminum in dialysis fluid derived from tap water used to prepare the dialysis 
fluid. 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

The chemistry of aluminum in surface water is complex due to the following five properties: 

aluminum is amphoteric; it is more soluble in acidic solutions than basic solutions; 

ions such as chloride and sulfate form soluble complexes with aluminum; 

aluminum can form strong complexes with fulvic and humic acids; 

hydroxide ions can connect aluminum ions to form soluble and insoluble polymers; 
and, 

under some environmental conditions, aluminum solutions slowly reach equilibrium 
(4). 
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Acute tests have been conducted on aluminum at pH values ranging between 6.5 and 9.0 with 
freshwater species in fourteen genera. In many tests, less than 50% were affected at the 
highest concentration tested. Some studies found that the acute toxicity of aluminum 
increased with pH, whereas others found the opposite to be true. Three studies have been 
conducted on the chronic toxicity of aluminum to aquatic animals. The chronic values of 
Daphnia magna, Ceriodaphnia dubia, and the fathead minnow were 742.2, 1,908, and 3,288 
pg/L, respectively. The diatom, Cvclotella menephiniana, and the green alga, Selenastrum 
capricornutum were affected by concentrations of aluminum in the range of 400 to 900 pg/L. 
Bioconcentration factors from 50 to 231 were obtained in tests with young brook trout and 
striped bass. At a pH of 6.5 to 6.6, 169 pg/L caused a 24% reduction in the growth of young 
brook trout, and 174 pg/L killed 58% of the exposed striped bass. 

The Ambient Water Quality Criteria indicates that, except possibly where a locally important 
species is very sensitive, freshwater aquatic organisms and their uses should not be affected 
adversely, when pH is between 6.5 to 9.0 if the four-day average concentration of aluminum 
does not exceed 87 pg/L more than once every three years on the average, and if the one-hour 
average concentration does not exceed 750 pgiL more than once every three years on average. 

Terrestrial and Avian 

Information regarding the toxicity of aluminum to terrestrial and avian wildlife or domestic 
animals was not available. 

REGULATORY LEVELS AND CRITERIA 

ACGIH TLV-TWA (5): 

2 mg/m3 (soluble salts) 
2 mg/m3 (alkyls) 
5 mg/m3 (welding fumes) 

Chronic Oral RfD: 1.0 mg/kg/day (7) 

REFERENCES 

OSHA PEL-TWA (6): 

15 mg/m3 (total dust) 
5 mg/m3 (respirable fraction) 

1. Sax, Irving N. and Richard J. Lewis, Sr. Hazardous Chemicals Desk Reference. Van 
Nostrand Reinhold Company, Inc., New York, New York. 1987. 

2. Hawley, G.G. The Condensed Chemical Dictionarv-Eleventh Edition. Van Nostrand 
Reinhold Company, Inc., New York, New York. 1987. 

3. Klaasen? C.D., M.O. Andur, and J. Doull, Eds. Casarett and Doull’s Toxicology, The 
Basic Science of Poisons, Third Edition. Macmillian Publishing Company. New York, 
mew York. 1986. 

4. Environmental Protection Agency. Ambient Water Quality Criteria for Aluminum. 
Office of Water Regulations and Standards. Washington, D.C. September, 1988. 

5. American Conference of Governmental Industrial Hygienists (ACGIH). Threshold 
Limit Values and Biological Exposure Indices. 1993-1994. 

6. 

7. 

29 Code of Federal Regulations, Part 1910.1000, Table Z-l. 1993. 

United States Environmental Potection Agency. 1994. “Risk-Based Concentration 
Tables, Fourth Quarter 1994.” Region III, Philadelphia, Pennsylvania. 
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ANTIMONY 

INTRODUCTION 

Chemical Name: Antimony 
CAS Number (1): 7440-36-o 
Molecular Formula (1): Sb 
Molecular Weight (1): 151.18 g/mole 

Antimony is a silvery or gray lustrous metal that comes from the ores stibnite, dermasite, 
tetrahedrite, livingstonite, and jamisonite (1). Stibnite is the most common naturally occurring form 
of antimony. Antimony is used as a hardening alloy for lead, solder, sheet and pipe, semiconductor 
technology, production of fireproofing chemicals, ceramics, glassware, and pigments, and 
pyrotechnics (2,3). Antimony exists in four valence states (-3,0, ‘3, and +5) (4). Antimony is a 
common air pollutant from industrial emissions but exposure in the general population is largely 
from food (3). 

FATE AND TRANSPORT 

Antimony occurs as a soluble oxide or as antinomite (+3) salt in most natural water systems. It may 
change to volatile stibine in a reducing environment. Stibine is very soluble in water, but it is not 
stable in under aerobic conditions. Sediment beds offer a reducing environment allowing for 
remobilization of antimony previously removed from solution. Sorption to clays and minerals is the 
most important mechanism resulting in the removal of antimony from solution. Insoluble forms of 
antimony compounds may be formed when heavy metals in solution react with antimonite or 
antimonate. Bioaccumulation represents a minor fate process for antimony. (4) 

PHARMACOKINETICS 

Antimony is slowly absorbed from the gastrointestinal tract. The metal accumulates in lung tissue 
when humans are exposed to antimony dust in an occupational setting. Trivalent antimony is 
concentrated in red blood cells and the liver. Pentavalent antimony is mostly found in plasma. Both 
trivalent and pentavalent antimony are excreted in feces and urine. More trivalent antimony is 
excreted in the urine, where more pentavalent antimony is excreted in the feces (3). 

HUMAN HEALTH EFFECTS 

NoncarcinoPenic Effects 

Studies have reported that antimony trioxide, antimony trichloride, and antimony pentachloride may 
be mutagenic. Reproductive studies have indicated that female workers exposed to metallic 
antimony dust, antimony trioxide, and pentoxide had an increase in incident of gynecological 
disorders and late spontaneous abortions. Antimony was found in the breast milk, placental tissue, 



amniotic tissue, and blood of the umbilical cord in exposed workers. Intraperitoneal administration 
of antimony in rats supported the findings of the human reproductive effects (4). -’ 

Cardiovascular effects in humans consist of changes in electrocardiograms, cardiac edema, 
myocardial fibrosis, and other signs of myocardial structural damage when exposed to either 
trivalent or pentavalent antimonial compounds. Animal studies have supported these findings (4). 

Antimony and/or its compounds are known to cause pneumoconiosis upon inhalation exposure. 
Chronic exposure by inhalation causes rhinitis, pharyngitis, tracheitis, and bronchitis. Dermatitis 
may occur in humans dermally exposed to antimony (4). Also transient skin eruptions, termed 
“antimony spots”, may occur in workers with chronic exposure to antimony (3). An oral RfD of 
4.0x1 Oa has been established by EPA. 

Carcinogenic 

Antimony production workers have demonstrated higher incidences of lung cancer. Also, animal 
studies involving rats have indicated that antimony trioxide may produce lung and liver tumors (4). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Although criteria have not been established for antimony, the lowest values known to be toxic in 
aquatic organisms have been reported. These values are as follows (5): 

Freshwater: 
Acute toxicity: 
Chronic toxicity: 

88 pg/L (proposed criteria) 
30 ug/L (proposed criteria) 

Marine: 
Acute toxicity: 
Chronic toxicity: 

1,500 pg/L (proposed criteria) 
500 ug/L (proposed criteria) 

These values were established from a study involving the exposure of antimony potassium tartrate 
and antimony trichloride to J&l&& magna. The LCso and ECS, values for Daphnia magna and the 
fathead minnow ranged from 9,000 to 2 1,900 ug/L. The chronic value for the fathead minnow and 
Daphnia magna are 1,600 and 5,400 pg/L, respectively. No detectable bioconcentration of antimony 
by the bluegill was observed (4). 

Terrestrial and Avian 

- 

Studies regarding the toxicity of antimony to wildlife and domestic animals were not located in the 
available literature (4). 



REGULATORY LEVELS AND CRITERIA 

Oral RfD (7): 4x 1 o-4 mg/kg/day 
EPA Carcinogenic Classification (7): Group D - not classified as a carcinogen 

Ambient Water Quality Criteria (5): 
Water and Organisms 
Organisms Only 

MCL 
MCLG 
OSHA PEL-TWA: 
ACGIH TLV-TWA: 

SUMMARY OF CRITERIA 

146 jrg/L 
45,000 pgJL 
0.006 mg/L 
0.006 mg/L 
0.5 mg/m3 (antimony and its compounds as Sb) 
0.5 mg/m3 (antimony and its compounds as Sb) 

The Oral RID for antimony was reported as 4.0~10~ 04. The study supporting this value involved the 
exposure of 5 ppm of antimony potassium tartrate in drinking water to rats (7). 
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ARSENIC 

INTRODUCTION 

Chemical Name: Arsenic 
CAS Number: 7440-38-2 
Molecular Formula: As 
Molecular Weight: 74.92 g/mole 
Chemical Structure: As 

Arsenic (elemental) exists as a silvery to black, brittle, crystalline and amorphous metalloid. 
Arsenic is used in the production of glass, enamels, ceramics, oil, cloth, linoleum, electrical 
semiconductors, pigments, fireworks, pesticides, fungicides, veterinary pharmaceuticals and wood 
preservatives. Arsenic also has been shown to occur in municipal sewage (7). 

FATE AN-D TRANSPORT 

BCF (1): 
Degradation Products: 
Solubility: 

In Water (5): 
In Organics (6): 

Vapor Pressure (6): 
Specific Gravity (5): 

Accumulates to toxic levels in food chain organisms 
None 

Insoluble 
Unknown (5); soluble in nitric acid 
1 mm Hg @ 372” C (sublimes) 
5.727 

Arsenic can occur in soil, water, or air. Since it is an element, it cannot be degraded by 
environmental processes. However, transformation from one arsenic compound to another is 
possible. 

In the environment, arsenic can occur in four different oxidation states (-3, 0, +3, +5). The 
particular chemical speciation is important in determining mobility. Interconversions between the 
+3 and +5 states, as well as organic complexation, are most important (8). 

In the soil, the concentration and chemical form in which arsenic occurs is affected by pH, soil type 
and iron and aluminum content of the soil. Lowered pH and reducing conditions tend to favor the 
development of amine, a toxic gas comprised of arsenic and oxygen (7). 

In the aquatic environment, volatilization is an important mechanism when biological activity or 
highly reducing conditions favor the production of arsine or methylarsenics. Sorption of arsenic 
onto sediments is also an important process in aquatic transport processes. While arsenic may cycle 
considerably in the environment given its mobility, the deep ocean probably serves as a sink for 
most inorganic arsenic (7). 



PHARMACOKINETICS 

Human and animal studies have shown that gastrointestinal absorption of arsenic is very high (>90 
to 95 percent). Absorption of arsenic via the inhalation and dermal routes is limited in both animal 
and human studies. In terms of the developing fetus, inorganic arsenic has been shown to rapidly 
cross the transplacental barrier after oral administration to mice and rats (5). 

Most animals and humans tend to clear arsenic rapidly from the blood and other tissues (including 
the liver, kidneys, and lungs). Arsenic has been shown to be retained in the brain of experimental 
animals (5). Arsenic has a tendency to accumulate in the skin and desquamous tissues, such as hair 
and nails of animals (2). 

The main route of excretion for absorbed arsenic is via the urine. Studies demonstrate that only six 
to nine percent of ingested arsenic appears in the feces, indicating nearly complete gastrointestinal 
absorption of the metal. The biological half- life is on the order of ten hours, with 50 to 80 percent 
excreted in about three days (2). 

HUMAN HEALTH EFFECTS 

Noncarcinopenic Effects 

Trivalent compounds of arsenic are the principal toxic forms. Arsenic’s principal mode of toxic 
action is at the cellular level, where it affects mitochondrial enzymes that are critical in tissue 
respiration (2). 

Ingestion of large doses of arsenic can be acutely fatal. Symptoms include fever, anorexia, cardiac 
arrhythmia and eventual cardiovascular failure. Additionally, central nervous system (CNS) effects, 
including peripheral neuropathy and sensory loss, are usually noted (2). 

Chronic long- term exposure is characterized by liver injury. This is usually reflected as jaundice, 
and may progress to cirrhosis. Also, peripheral vascular disease has been observed in persons 
chronically exposed to arsenic (2). 

USEPA has established an oral RfD of 3 x low4 mg/kg/day for arsenic. This is based on keratosis 
and hyperpigmentation (1). 

Carcinogenic Effects 

Arsenic has been implicated as a carcinogen by the inhalation route in both animal and human 
studies. 

Studies of populations living near arsenic-using pesticide manufacturing plants were shown to have 
an increased incidence of lung cancer. Also, case reports of arsenical pesticide applicators have 
demonstrated an association between arsenic exposure and lung cancer (1). 
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Evidence for the carcinogenicity of arsenic via oral exposure comes from an epidemiological study 
where an arsenic-contaminated water supply was associated with a significant increase in cancer 
of the bladder, lung, liver, kidney, skin and colon (1). 

Because of arsenic’s carcinogenic potential in humans, the EPA has classified it as a Group A 
carcinogen- human carcinogen. The carcinogenic slope factor for arsenic by inhalation exposure 
is 15.1 (mg/kg/day)-‘. Also, a carcinogenic slope factor of 1.75 x 80 (mgjkg/da$) has been 
derived for ingestion exposure to this element (1,4). 

ENVIRONMENTAL HEALTH EFFECTS 

Aauatic 

While various forms of inorganic arsenic seem to have roughly similar toxicities in aquatic 
organi-sms, they all seem to be much more toxic than the organic forms. Acute toxicity of adult 
freshwater animals has been shown to occur at arsenic trioxide levels as low as 8 12 pgjL and as low 
as 40 uLg/L in early life stage organisms (8). 

Ambient Water Quality Criteria for the protection of aquatic organisms are as follows: (1) 

Freshwater: 
Acute Toxicity: 
Chronic Toxicity: 

3.6 x 10’ pg/L (Arsenic III) 
1.9 x 1 O* pg/L (Arsenic III) 

Marine: 
Acute Toxicity: 
Chronic Toxicity: 

6.9 x 10’ pg/L (Arsenic III) 
3.6 x 10’ ug/L (Arsenic III) 

Terrestrial and Avian 

Information on arsenic toxicity among terrestrial wildlife is very limited. However, arsenic 
poisoning has been known to occur on rare occasions in domestic animals. Arsenic poisoning in 
domestic animals leads to hyperemia and edema of the gastrointestinal tract, hemorrhage of the 
cardiac serosal surfaces and peritoneum, and pulmonary congestion and edema (8). 

REGULATORY LEVELS AND CRITERIA 

The following regulatory levels and criteria have been established for arsenic: 

OSHA PEL-TWA (9): 10 ug/m’ (inorganic) 
ACGIH TLV-TWA (10): 0.01 mg/m3 
MCL( 1): 0.05 mgllL 
EPA Ambient Water Quality Criteria (5): 

Ingestion of Water and Aquatic Organisms: 2.2 x lo+ mg/L 
Ingestion of Organisms Only: 1.75 x 1 Ow5 mg/L 

SUMMARY OF CRITERIA 



EPA Carcinogenic Classification (1): Group A- human carcinogen 
Cancer Slope Factor (Inhalation) (1): 15.1 (mg/kg/day)-’ 
Cancer Slope Factor (Oral) (4): 1.75 x 10’ (mg/kg/day)-’ 
Oral RfD (1): 3 x 10e4 mg/kg/day 
Inhalation RfD (4): Not Determined 
NOAEL (4): 0.009 mdL 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

IRIS. Integrated Risk Information Svstem. Office of Research and Development, 
U.S. Environmental Protection Agency, Washington, D.C. 1994. 

Klaassen, C.D., M.O. Amdur, and J. Doull, eds. Casarett and Doull’s Toxicolow - The 
Basic Science of Poisons. Third Edition. MacMillan Publishing Comany, New York, New 
York, 1987. 

Hawley, G.G., The Co de ed Chemical Dictionarv-Eleventh Edition. Van Nostrand n ns 
Reinhold Company, Inc., New York, New York. 1987. 

HEAST. Health Effects Assessment Summarv Tables. Office of Emergency and Remedial 
Response, US. Environmental Protection Agency. March 1994. 

ToxicoloeicalProfile U.S. Agency for Toxic Substances and Disease Registry, 
U.S. Public Health Service, and U.S. Environmental Protection Agency. Atlanta, Georgia. 
January 1988. 

Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand Reinhold 
Company, Inc. New York, New York. 1987. 

- 

Hazardous Waste Land Treatment. U.S. Environmental Protection Agency. April 1983. 

G emica Ph ic 1 and i 1 ical P 
Sites. Office of Solid Waste and Emergency Response, U.S. Environmental Protection 
Agency. Washington, D.C. September 1985. 

29 Code of Federal Regulations Part 1910.1018. 1993. 

American Conference of Governmental Industrial Hygienists (ACGIH). Threshold Limit 
cand 1993-1994. 



Date of Last Revision: 1 l/10/94 
Revisor: Rich Hoff 

BARIUM 

INTRODUCTION 

Chemical Name: Barium 
CAS Number: 7440-39-3 
Molecular Formula: Ba 
Molecular Weight: 137.3 g/mole 
Chemical Structure: Ba 

Barium is a silvery-white, slightly lustrous, somewhat malleable metal. It is used in various alloys, 
paints, soap, paper, and rubber, and in the manufacture of ceramics and glass. Barium compounds 
also are used in diagnostic radiology (3,4). 

FATE AND TRANSPORT 

BCF (1): Not Significant 
Solubility (1): 

In Water: Decomposes; combines with sulfate present in natural waters to form 
BaSO,, which has a solubility of 1.6 mg/L @ 20” C 

In Organics: Soluble in alcohol, insoluble in benzene 
Vapor Pressure: Not Reported 
Specific Gravity (1): 3.5 

Barium is extremely reactive, decomposes in water, and readily forms insoluble carbonate and 
sulfate salts. It is generally present in surface water and groundwater only in trace amounts. Barium 
is not soluble at more than a few parts per million in water that contains sulfate at more than a few 
parts per million. It is rare to find barium in drinking water at concentrations in excess of 1 mg/L 
(1). In terms of atmospheric transport, barium can adhere to particulates and be transported via the 
wind (1). 

PHARMACOKINETICS 

The absorption, metabolism and excretion of barium and its compounds depend upon the solubility 
of the specific barium compound. Insoluble forms, such as barium sulfate, are not toxic by either 
ingestion or inhalation. The soluble salts of barium are absorbed, and small amounts are 
accumulated in the skeleton (3). However, the biological half- life for barium is generally less than 
24 hours (1). 

The primary route of barium elimination is through the feces (3). Urinary excretion of barium 
occurs to a much lesser extent because it is reabsorbed by the renal tubules of the kidney. 



HUMAN HEALTH EFFECTS 

Noncarcinopenic Effects 

Soluble salts of barium, such as barium chloride and barium carbonate, are highly toxic by exposure 
via ingestion or inhalation (1). 

The most important effect of acute barium poisoning is a strong, prolonged stimulant action of 
muscle including smooth, cardiac, and skeletal muscles. This tends to lead to a transient increase 
in blood pressure due to vasoconstriction (1,3). 

Effects on the hematopoietic system and cerebral cortex have also been reported in humans. 
Accidental ingestion of soluble barium salts has resulted in gastroenteritis, muscular paralysis and 
ventricular fibrillation (1). 

Baritosis, a benign form of pneumoconiosis, is an occupational disease arising from the inhalation 
of barium sulfate, barium oxide, or barium carbonate dust ( 1,3). 

The EPA has established an oral RfO for barium of 7 x lo-* mg/kg/day, based on increased blood 
pressure. EPA has placed a confidence rating of “medium” on this RfD (2). This value is based on 
a study involving the administration of barium chloride in drinking water to 11 male volunteers. The 
volunteers were given 1.5 L/day of distilled and charcoal- filtered water containing 0 mg/L barium 
for the first two weeks, 5 mg/L for weeks 3 to 6, and 10 m&L for weeks 7 to 10. There were no 
changes in systolic or diastolic blood pressures or serum chemistry. There was an increase in serum 
calcium levels that was attributed to a decrease in serum albumin levels. However, these increases 
were not clinically significant (2). The RFDi was based on a four month inhalation study in rats that 
demonstrated fetotoxicity. A NOEL of 0.8 mg/cu m was identified in this study (5). 

Carcinopenic Effects 

Currently, there are no reports of carcinogenicity associated with exposure to barium (1). The EPA 
has not evaluated barium with respect to carcinogenic potential. 

ENVIRONMENTAL HEALTH EFFECTS 

Information regarding the aquatic impact potential of barium was not readily available (1). 

Terrestrial and Avian 

Adequate data for characterization of toxicity to wildlife and domestic animals are not available (1). 

REGULATORY LEVELS AND CRITERIA 

Maximum Contaminant Level (MCL) (2): 2.0 mg/L 
MCLG (2) 2m& 
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OSHA PEL-TWA (1): 0.5 mg/m3 (soluble compounds) 
ACGIH TLV-TWA (1): 0.5 mgjm3 (soluble compounds) 
EPA Carcinogenic Classification (2): Group D-not classified as a carcinogen 
Oral RfD (2): 7 x 1 O-* mg/kgJday 
Inhalation RfD(5): 1.43 x 1 Oa mg/kg/day 
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BERYLLIUM 

INTRODUCTION 

Chemical Name: Beryllium 
CAS Number: 7440-41-7 
Molecular Formula: Be 
Molecular Weight: 9.01 g/mole 

Beryllium is a dark gray metal from the alkaline earth family. Most of the beryllium ore that is 
mined is converted into metal alloys which are used in the fields of electronics and metal fabrication. 
Pure beryllium is used in nuclear weapons and reactors and x-ray transmission windows and mirrors 
(4). 

FATE AND TRANSPORT 

BCF: 
Solubility: 

In Water: 
In Organics (1): 

Specific Gravity (1): 

100 for freshwater and marine plants, invertebrates, and fish (4) 

Insoluble 
Soluble in dilute acid and alkali; insoluble in alcohol, ether, and 
ccl4 
1.85 @20” C 

Beryllium can be present in the air, water, and soil although it can not be degraded by environmental 
fate processes. However, it may transform from one beryllium compound to another. The major 
source of its emissions to the environment is the release of particulates and fly ash into the 
atmosphere through the combustion of coal and fuel oil. Other sources of emission are associated 
with ore processing, metal fabrication, and beryllium oxide production and use. Beryllium is most 
likely found in the environment in the particulate form rather than the dissolved form (4). 

There is no information regarding the aquatic or soil biotransformation of beryllium and its 
compounds (4). 

The removal of beryllium from the atmosphere occurs through wet and dry deposition. Because 
beryllium displaces divalent cations which share common sorption sites, in most types of soil, it is 
expected to be tightly adsorbed. Since the BCF is reported at <lOOO, beryllium will not significantly 
bioaccumulate (4). 

PIWRMACOKJNETICS 

Beryllium enters the body through inhalation of air, consumption of food, and contact with water. 
The primary route of exposure is by inhalation. Based on animal studies, pulmonary absorption does 
not appear to be extensive, and absorption through the gastrointestinal tract and the skin appears to 



be minimal. Dermal exposure to soluble beryllium compounds can cause contact dermatitis in 
humans (4). 

Animal studies indicate that once beryllium enters the body via inhalation, it is circulated in the 
blood as an orthophosphate colloid and then distributed to the bone, liver, and kidneys in both 
humans and animals. Oral exposure of soluble beryllium in animal studies showed that distribution 
of the compound was mainly to the liver and intestine whereas insoluble beryllium was found 
mainly in the intestine. 

Although beryllium is not biotransformed, soluble beryllium compounds are partially converted to 
more insoluble forms in the lungs (4). 

Due to the poor absorption of beryllium compounds through the gastrointestinal tract, excretion of 
beryllium after oral administration of the compound is primarily in the feces, as demonstrated in 
animal studies. Following oral exposure to animals, only a very small amount appears in the urine; 
however, if beryllium is inhaled, a large portion of the absorbed beryllium is excreted in the urine 
(4). 

HUMAN HEALTH EFFECTS 

Noncarcinopenic Effects 

The most profound effect from inhalation appears in the lungs. Exposure to beryllium oxide or to 
soluble beryllium compounds may lead to the development of acute chemical pneumonitis. 
Beryllium and chemical pneumonitis in humans may result from exposures ranging from < 2 to 
1000 ug/m3. Chronic exposure to insoluble forms may lead to berylliosis. The most common 
clinical symptom of berylliosis is a granulomatous lung inflammation. Additional respiratory effects 
are rhinitis, pharyngitis, and tracheobronchitis. Besides the lung, beryllium also accumulates in the 
bone, liver and kidneys (1,4). No studies were identified describing the toxicity of beryllium when 
administered to humans by the oral route (4). 

Beryllium can be absorbed through the skin; however, this route is minor. Exposure levels 
producing skin lesions associated with acute dermal exposure were not available (4). Also, direct 
contact with the eyes may cause inflammation to the conjunctiva (1). 

No human data were available concerning decreased longevity. One study involving mice reported 
acute oral LD,,s of 18 to 20 mg/kg. The EPA has verified an oral RfD of 0.005 mg/kg/day. This 
figure was based on a study where rats were exposed to beryllium sulfate in drinking water at a 
concentration of 5 mg/L. A NOAEL was calculated at 5 mg/L (3). 

Carcinopenic Effects 

This chemical is among the substances classifed as a probable human carcinogen. This classification 
is based on limited evidence of carcinogenicity in humans from epidemiologic studies (3). Studies 
indicating increased lung cancer in individuals who have been exposed to beryllium failed to account 
for confounding factors such as lung cancer associated with smoking, and did not include employees 
of the beryllium industry who were not exposed to the beryllium (control groups) (4). 
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There has been sufficient information to link beryllium to lung cancer via inhalation in animals; 
osteosarcomas have been observed in rabbits via intravenous or intramedullary injection (3). Also, 
there has been sufficient information to link beryllium to an induction of tumors via inhalation and 
intratracheal instillation in rats and monkeys, and the induction of osteosarcomas in rabbits by 
intravenous or intramedullary injection in multiple studies. 

Slight increases in cancer incidence were reported in Long- Evans rats that were administered 5 ppm 
beryllium sulfate in drinking water for a lifetime. An increase in reticulum cell carcomas of the 
lungs was seen in male Wistar-derived rats administered beryllium sulfate in the diet at 5 and 
50 ppm, but not at 500 ppm. 

Osteogenic sarcomas were induced in rabbits by intravenous injection of beryllium compounds. 
Bone tumors were induced by beryllium oxide, zinc beryllium silicate, beryllium phosphate, 
beryllium silicate, and beryllium metal. 

Lung tumors (adenomas and adenocarcinomas) have been induced via the inhalation route in both 
male and female Sprague-Dawley rats during exposure periods of up to 72 weeks by beryllium 
sulfate, in Sherman and Wistar rats by beryllium phosphate, beryllium fluoride, and zinc beryllium 
silicate, in male Charles River CR-CD rats by beryl ore, and in both male and female rhesus 
monkeys by beryllium sulfate. Positive results were seen in rats exposed to beryllium sulfate at 
concentrations as low as 2 pg/m’ (3). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Available data are not adequate to develop ambient water quality criteria for aquatic life protection. 
However, the EPA has reported the lowest concentration of beryllium known to cause toxic effects. 
The criterion for acute beryllium exposure to freshwater organisms is 130 pg/L. The chronic 
exposure for freshwater organisms is 5.3 pg/L. No saltwater acute or chronic studies are available 
(4). 

Terrestrial and Avian 

No data are available for terrestrial and avian life forms (4). 

REGULATORY LEVELS AND CRITERIA 

OSHA Ceiling Limit (4): 
OSHA PEL-TWA (4): 
ACGIH TLV-TWA (4): 
Ingestion of water and fish (3): 
Ingestion of organisms only (3): 
Reportable quantity (3): 
MCL (3): 
MCLG (3): 

5 w/m3 
2 P&m’ 
2 M/m3 
6.8 x lo-3 ug/L 
1.17 x 10-l pg./L 
10 lbs 
0.004 mg/L 
0.004 mg/L 
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SUMMARY OF CRITERIA 

EPA Carcinogenic Classification (3): Group B2- Probable human carcinogen 
Cancer Slope Factor (Oral) (3): 4.3 (mg/kg/day)-’ 

. Cancer Slope Factory (Inhalation) (3): 
8.4 (mdkg/day)-’ 

Oral RfD (3): 0.005 mg/kg/day 
Inhalation RfD (3): Not available 
NOAEL (7): 50 mg/kg/day 
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CADMIUM 

INTRODUCTION 

Chemical Name: Cadmium 
CAS Number: 7440-43-9 
Molecular Formula: Cd 
Molecular Weight: 112.4 g/mole 

Cadmium is a soft, blue-white, malleable metal or grayish-white powder. It is obtained as a 
by-product from the treatment of copper, lead, and iron (1). Its primary uses are as a pigment, and 
in batteries, specialized metal alloys, and photography (2). 

FATE AND TRANSPORT 

BCF: 81 (4) 
Solubility (4) : Salts are water soluble; metal is insoluble 
Specific Gravity (1): 8.642 

Cadmium can be present in the air, water, and soil. Most often, cadmium exists in small particles 
which tend to be more persistent. Photochemical reactions are not involved in the atmospheric fate 
of cadmium. The largest source of atmospheric cadmium occurs as a result of fossil fuel combustion 
(4). 

In water, cadmium is relatively mobile and may exist as a hydrated ion or as metal inorganic 
complexes. Many inorganic cadmium compounds are soluble in water; however, cadmium oxide 
and sulfide have very low solubilities (4). 

Cadmium exists in soil as free cadmium compounds. It is strongly accumulated by organisms 
through food and water. The bioaccumulation capabilities of cadmium allow for elevated cadmium 
concentrations in mollusks, crustaceans, fish, and aquatic plants. Elevated cadmium levels in beef 
and poultry are often a result of cadmium-containing fertilizers (4). 

PHARMACOKINETICS 

Cadmium readily enters the body through ingestion of water or food and the inhalation of ambient 
air. Increased cadmium levels are largely attributed to plumbing, municipal incinerators, coal 
combustion, food grown in phosphate fertilizers, and smoking. Dermal exposure to cadmium is not 
considered a significant pathway (4). 

Absorption of inhaled cadmium through the lung is dependent on particle size and whether or not 
the particles are respirable. It has been estimated that roughly 30 to 60 percent of inhaled cadmium 
is absorbed. Cadmium ingested in food or water is poorly absorbed (one to six percent) from the 
gastrointestinal tract of humans (4). 
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Cadmium is distributed to most organs in the body; however, the areas of greatest accumulation are 
the kidneys and liver. The primary route of excretion is through the urine. However, since only a 
small amount of cadmium is excreted per day, there is a strong tendency for cadmium to accumulate 
in the body over time. The half- life in humans ranges from 17 to 38 years (4). 

Cadmium is not known to undergo any direct metabolic conversions in vivo such as oxidation, 
reduction, or alkylation. However, the cadmium ion does bind to protein and nonprotein sulfhydryl 
groups and to anionic groups in proteins and other molecules (4). 

HSJMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

The primary adverse health effect in humans associated with long- term cadmium exposure is renal 
dysfunction. Manifestation, associated with abnormal renal function include the formation of renal 
stones, formation, disturbances in mineral metabolism, and renal functional lesions (4). 

In the industrial environment, acute pulmonary exposure may lead to pneumonitis and severe 
pulmonary edema. Also, bone disorders, such as, osteomalacia, osteoporosis, and spontaneous bone 
fracture, have been observed in humans who are chronically exposed to cadmium (4). In recent 
studies, it has been found that relatively low doses of cadmium can alter the immune response in 
experimental animals; however, there is little evidence for suppression of the immune response in 
chronically exposed human populations (4). Other systemic effects include immunosuppression in 
animals, anemia, possible effects on the endocrine system, and defects in sensory function in 
humans. The LD,, in rats is 225 mg/kg (4). Cadmium is also an animal teratogen and reproductive 
toxin in laboratory animals. 

The EPA has established an oral RfD values of 5.0 x 10e4 mg/kg/day (water) and 1.0 x 10 
mg/kg/day (food). A concentration of 200 ug cadmium/gm wet human renal cortex is the highest 
renal level not associated with significant proteinuria. The toxicokinetic model assumes that 0.0 1% 
day of the cadmium body burden is eliminated per day. Assuming 2.5% of absorption of cadmium 
from food or 5% from water, the toxicokinetic model predicts that the NOAEL for chronic cadmium 
exposure is 0.005 and 0.0 1 mg cadmium/k@day from water and food, respectively. 

Carcinopenic Effects 

Cadmium is classified as an EPA Group B 1 carcinogen, a probable human carcinogen by inhalation. 
An Inhalation Cancer Slope Factor of 6.3 has been established by EPA (3). 

There is a significant association between cadmium and bronchogenic carcinomas and total 
malignant neoplasms in animals (4). Also, there is limited evidence which links cadmium inhalation 
exposure to an increased incidence of prostate cancer in exposed workers. 

Studies with experimental animals have shown cadmium to produce significant increases in lung 
tumors. Also, administration of cadmium by injection has led to tumor formation at the injection 
site (4). Based on a large number of studies, it has been hypothesized that cadmium is not directly 
mutagenic, but impedes genetic repair (4). 
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- *Hardness dependent criteria 

It should be noted that carcinogenic effects have not been reported in either humans or laboratory 
animals exposed orally or dermally to cadmium (4). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Laboratory experiments suggest that cadmium may have adverse effects on reproduction in fish at 
levels present in lightly to moderately polluted water (1). 

Freshwater fish and invertebrates exhibit an acute LCsO ranging from 100 to 1000 ug/L. Saltwater 
species were lo-fold more tolerant to cadmium. The bioconcentration factors are generally less 
than 1000, but as high as 10,000 for some freshwater fish (1). 

Ambient Water Quality Criteria have been established for cadmium and are as follows (3): 

Freshwater: 
Acute toxicity: 
Chronic toxicity: 

Marine: 
Acute toxicity: 
Chronic toxicity: 

3.9 ug/L (1-hr)* 
I. 1 ug/L (4-day)* 

4.3 x lo+’ ug/L (l-hr) 
9.3 ug/L (4-day) 

Terrestrial and Avian 

No data characterizing adverse effects on domestic or wild animals are available (1). 

SUMMARY OF REGULATORY LEVELS AND CRITERIA 

EPA Carcinogenic Classification (3): B 1 -Probable human carcinogen via inhalation 
Cancer Potency Factor (inhalation) (3): 6.3 x 10’ (mg/kg/day)-’ 
Oral RfD (3): 5 x 10m4 mg/kg/day (water) 

1 x 10m3 mg/kgJday (food) 
Ingestion of water and organisms (3): 1.0 x 10’ ug/L 
Reportable quantity (3): 10 lbs 
OSI-IA PEL-TWA (7): 5 kv31m3 
MCL: 5.0 M/L 
MCLG (6): 5 Pi3P 
WHO (drinking water) (4): 0.005 mg/L 
ACGIH TLV-TWA (8): 0.01 mg/m’ (total dust/particulate) 

0.002 mg/m3 (respirable fraction) 
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CARFMZOLE 

INTRODUCTION 

Chemical Name: Carbazole 
Synonyms (1): 9H-carbazole; 9-azofluorene; dibenzopyrrole; dibenzo(b,d)pyrrole; diphenylenimine 
CAS Number (1): 86-74-8 
Molecular Formula (1): C,,I-&,N 
Molecular Weight (1): 167.2 g/mole 
Chemical Structure (1): 

Carbazole is a white crystalline solid with a characteristic odor. It is a PAH produced in the U.S. as a 
constituent of coal tar. Refined carbazole is used in the synthesis of dyes and other chemicals, as an 
odor inhibitor in detergents and to make photographic plates sensitive to UV light. Coal tar is used in 
creosote wood preservatives and anticorrosion coatings, as a feedstock for carbon-black manufacture, 
and as a binder for road surfacings and electrodes. 

Carbazole is emitted to the aquatic and atmospheric environments primarily by emissions and releases 
from the coal tar and coal tar use industries. Carbazole also occurs as a product of incomplete 
combustion of nitrogen-containing organic matter and has been found in stack emissions from waste 
incineration. 

FATE AND TRANSPORT 

Log K,,: NA 
Log K,, (1): 3.72 
t,, (1): -3 hours near water’s surface in winter 
Henry’s Law Constant (1): 2.07 x lOa atm-m3/mole @24” 
Solubilit-y (1): 1.03 mg/L in water @2O”C; 1.2 mg/L in water @20-25°C 

It is soluble in most organic solvents, including quinoline, pyridine, acetone, ether, 
benzene and absolute alcohol. It is slightly soluble in petroleum ether, chlorinated 
hydrocarbons and acetic acid. 

Vapor Pressure: 60mm Hg @25”C (1); 7 x lOa mm Hg @2O”C (1) 
Density (1): NA 
Specific Gravity (2): 1.1 g/mL (18/4”C) 
BCF (1): 44-125 

..- 

Experimental studies have shown that photolysis and biodegradation are the dominant fate processes in 
the removal of carbazole from the aquatic environment. Aquatic hydrolysis, oxidation, volatilization, 
and bioaccumulation are not environmentally significant. Carbazole is expected to rapidly photolyze 
in sunlit atmospheres based on its strong UV light absorption. It has been shown to degrade by 
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biodegradation in soil. Studies have shown that carbazole has medium soil mobility. The presence of 
carbazole in groundwater suggests that leaching occurs. 

PHARMACOKINETICS 

Limited pharmacokinetic data from rats indicate that this PAH is incompletely absorbed by the 
gastrointestinal (GI) tract, distributed throughout the body, metabolized primarily to 3- 
hydroxycarbazole and conjugated with glucuronic acid, and almost completely excreted in the urine 
within one day. This process is considered to be rapid absorption and excretion in the rat. 

HUMAN HEALTH EFFECTS 

Noncarcinopenic Effects 

Information regarding chronic toxic effects unrelated to carcinogenesis, subchronic toxicity, 
teratogenicity or other reproductive effects were not located. 

Carcinopenic Effects 

USEPA classifies carbazole as a B2 carcinogen. Administration of carbazole in the diet of mice at 
concentrations of 0.15, 0.3 and 0.6 percent for 96 weeks produced significantly increased incidences of 
hepatocellular carcinomas, squamous cells carcinomas of the forestomach and related proliferative 
lesions in the liver and stomach. Inadequately designed or reported subcutaneous injection and 
dermal application studies with mice did not show local tumorigenic effects of carbazole. Supporting 
carcinogenesis evidence of carbazole derivatives has been reported in the past. 

ENVIRONMENTAL EFFECTS 

Aquatic, Terrestrial and Avian 

Concentrations of carbazole in water at greater than or equal to 1 mg/L were acutely lethal to the 
saltwater fish, Mugil cephalus. Concentrations less than or equal to 0.1 mg/L were tolera’ted for one 
week. A concentration of 5 mg/L was lethal to freshwater fish, Salmo gairdneri and Lepomis 
macrochirus. 

REGULATORY LEVELS AND CRITERIA 

No criteria were located from the reference report. 

SUMMARY OF TOXICOLOGICAL INDICES 

- 

Inhalation Cancer Slope Factor (2): 2 x lo-O2 (mg/kg/dayy’ 
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CHLORDANE 

INTRODUCTION 

Chemical Name: 
Synonyms: 

CAS Number: 

Molecular Formula: 
Molecular Weight: 
Chemical Structure: 

1 2 4 5 6 7 8 8-0ctachloro-2,3,3a,4,7,7a-hexahydro-4,7-methamoindene ,,,s,,* 
cis- Chlordane: alpha- Chlordane 
tram - Chlordane: gamma- Chlordane 
ChIordane (mixture): 5 7- 74 - 9 
cis-Chlordane: 5103-74-2 
tram - Chlordane: 5103-71-9 
GowAl 
409.8 

Cl Cl 

Cl 

P 

1 cc12 
1 

Cl 

Cl 

Chlordane is an organochlorine pesticide that was formerly used on field crops and is presently used 
to control structural pests in homes. Technical chlordane is a complex mixture that includes two 
isomers of chlordane, heptachlor, and two isomers of nonachlor. It is very persistent in the 
environment and is strongly bioaccumulated in fish and other aquatic organisms. Chlordane causes 
liver tumors in mice, and the results of a mutagenicity assay were positive. It also has adverse 
reproductive effects in mice, and chronic exposure causes liver changes and adversely affects the 
central nervous system. Chlordane is very toxic to aquatic organisms (1). 

Technical chlordane is a complex mixture, the major components of which are cis-Chlordane and 
trans-Chlordane. The technical product also contains a variety of other chlorinated hydrocarbons, 
including heptacblor. It is a viscous amber-colored liquid. Much of the available literature does not 
distinguish between the chlordane isomers and appears to discuss mixtures of these compounds (1). 

FATE AND TRANSPORT 

Boiling Point: 
Melting Point: 

Specific Gravity: 
Solubility: 

In Water: 
In Organics: 

Log Octanol/Water Partition Coefficient: 

175”Cat2mmHg 
cis - Chlordane 107- 109°C 
trans- Chlordane 103-105°C 
1.59 - 1.635 at 16°C (technical chlordane) 

From 0.056 to 1.85 mg/liter at 25°C 
Miscible in aliphatic and aromatic solvents 
(technical chlordane) 
2.78 
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- Vapor Pressure: 1 x 10e5 mm Hg at 20°C (refined product) 
Flash Point: Minimum 81 “C (technical chlordane) 

Chlordane is very persistent in the environment, resisting chemical and biological degradation into 
harmless substances. Chlordane in water is somewhat volatile, which is an important loss process. 
Loss of chlordane from aquatic systems occurs when organics are present, and when residue 
concentrations in sediment are higher than in water. Therefore, sorption to sediments is an in 
removing the chemical from the aquatic environment. Chlordane binds tightly to soil particles and 
persists for years in soil after surface application. However, chlordane applied as an emulsifiable 
concentrate is more readily volatilized than when it is applied as a granular formulation. Certain 
food and feed crops accumulate residues by absorption from the soil. Atmospheric transport of 
vapors and contaminated dust particles from soil application sites can occur (1). 

HUMAN HEALTH EFFECTS 

Mixtures of cis-Chlordane and trans-Chlordane produce liver cancer in mice. Chlordane also has 
mutagenic effects in at least one test system. Reproductive effects, including developmental defects 
and neonatal metabolic and biochemical disorders, are observed in the offspring of mice exposed to 
chlordane. Tests with laboratory animals, primarily rodents, demonstrate acute and chronic toxic 
effects. Either isomer alone, or a mixture of the two, appears to exhibit approximately equal toxicity. 
Acute effects include anorexia, weight loss, tremors, convulsions, and death. Chronic exposure to 
chlordane causes liver changes and induces or suppresses a variety of enzyme systems. In addition, 
chlordane may act as a cumulative neurotoxin. The oral LD,, in the rate is 283 mg/kg. 
Oxychlordane, an epoxide metabolite formed from either chlordane isomer, is significantly more 
acutely toxic than chlordane. The oral LD,, of oxychlordane administered to rats in corn oil is 
19 mg/kg and 43 mg/kg when administered in an aqueous suspension (1). 

Acute oral or skin exposure to chlordane can cause vomiting, seizures, electroencephalographic 
dysrhythmia, convulsions, and death in humans. However, most reports of human toxicity are 
inconclusive. Oxychlordane has been found in a high percentage of human adipose tissue samples 
and also in human milk samples (1). 

ENVIRONMENTAL HEALTH EFFECTS 

The toxic effects of chlordane are seen at relatively low concentrations in some fish and invertebrate 
species. Chlordane also shows strong tendencies for bioaccumulation in some aquatic and terrestrial 
organisms. It can concentrate at levels thousands of times greater than the surrounding water 
medium in a variety of aquatic organisms, including bacteria, algae, daphnids, and fish. The EPA 
criteria for acute exposure to freshwater species is 2.4 pug/L, and it is 4.3E-3 yg/L for chronic 
exposure. The corresponding acute and chronic values for saltwater species are 0.09 ,ug/L and 
0.0040 p&L. Very little information exists concerning the biotransformation of chlordane. 
Although biotransformations may be important for the ultimate degradation of chlordane, these 
processes are likely to be very slow (1). 

Chlordane or oxychlordane residues have been found in a wide variety of wildlife and domestic 
animal species, but usually at relatively low levels. Chlordane does not appear to be extensively 
concentrated in the higher members of the terrestrial food chain. Studies indicate that chlordane may 
produce toxic effects in certain soil invertebrates after surface application. Although little 
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information concerning bioaccumulation in these organisms is available, the potential 
bioconcentration of chlordane or oxychlordane by terrestrial insectivores is of concern. Little 
information on the toxic effects of chlordane to mammalian wildlife and domestic animal species is 
available. Chlordane or oxychlordane residues have been found in crops, meat, fish, and poultry, 
dairy products, and eggs. Oral LD,, values for chlordane ranging from 33 1 to 858 ppm in the diet 
(approximately 25 to 50 mg/kg) are reported for a variety of wild bird species. Oral LD ,,values 
ranging from 100 to 1,000 mg/kg are reported for a variety of animals, including rodents, goats, 
sheep, and chickens (1). 

REGULATIONS AND STANDARDS 

Ambient Water Quality Criteria (2): 

0 Aquatic Life 
b Freshwater 

-- Acute Toxicity: 
-- Chronic Toxicity: 

b Saltwater 
-- Acute Toxicity: 
-- Chronic Toxicity: 

2.4 /&L 
0.0043 pg/L 

0.09 pg/L 
0.004 &zJL 

0 Human Health 
b Water and Organisms: 4.6E-4 
. Organisms only: 4.8E-4 

-. 

Summary of Toxicological Indices (3): 

0 Weight of Evidence: B2 - probable human carcinogen 

l Oral Cancer Slope Factor: 1.3 (mgJkg/day)-’ 

0 Inhalation Cancer Slope Factor: 1.29 (mg/kg/day)-’ 

0 Oral RfD: 6~18~ 
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Other Regulations 

0 OSHA PEL-TWA: 0.5 mg/m3 

0 ACGIH TLV-TWA (skin): 0.5 mg/m3 

0 Department of Transportation: Combustible Liquid 

0 SDWA MCL: 2Pugn 
SDWA MCLG: OPliG 

REFERENCES 
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CHROMIUM 

INTRODUCTION 

Chemical Name: Chromium 
CAS Number: Chromium (VI) 7440-47-3; Chromium (III) 16065- 83- 1 
Molecular Formula: Cr 
Molecular Weight: 52 g/mole 
Chemical Structure: Cr 

Chromium is a semi- gray heavy metal that generally exists in either a trivalent (III) or hexavalent 
(VI) state. Chromium occurs naturally in soil; however, it is no longer mined in the United States. 

FATE AND TRANSPORT 

BCF: 16 (2) 
Degradation Products: None 
Solubility: Metallic chromium is not soluble in water, but it is soluble in some acids 

and strong alkalies (4). Some chromium salts are water soluble (3). 
Specific Gravity (3): 7.20 @ 28°C 

Chromium and compounds can be present in air, water, and soil. In air, chromium is primarily 
associated with particulate matter which results from surface soil dispersion or particulate emission 
from industrial sources (3). Transport of chromium from water to air is not likely because chromium 
compounds do not volatilize from water. In the atmosphere, Cr(V1) can be reduced to Cr(II1) at a 
significant rate by V+‘, V3,V02+,F~,HS03,andA% . The residence time of atmospheric 
chromium is expected to be less than 10 days (1). 

Cr(V1) as a component of a complex anion is quite soluble in water. Consequently, it is not 
adsorbed to any significant degree by clays or hydrous metal oxides. The anionic form of Cr(VI), 
therefore, is mobile in the aquatic environment (3). Cr(VI) is a moderately strong oxidizing agent. 
In water, it will react with a reducing agent to form Cr(II1) which will subsequently hydrolyze to 
chromium hydroxide and precipitate out of solution. This Cr(II1) precipitate tends to adsorb to 
sediment. Air deposition, runoff, and leaching from soil can introduce chromium into surface and 
groundwater. The residence time of Cr(II1) in lake water is approximately 4.5 to 18 years (1). 

Chromium probably occurs as insoluble Cr,O,nI-I,O in soil, since the organic matter in soil is 
expected to convert soluble chromate into insoluble Cr203 (1). Cr(III), as an insoluble salt, tends 
to strongly adhere to clay particles and organic matter, whereas soluble Cr(V1) is not strongly 
adsorbed to soil (3). 



PHARMACOKINETICS 

The primary route of entry of chromium into the body is through the gastrointestinal tract. 
Inhalation and dermal absorption are the primary routes of entry into the body for occupational 
exposure (7). 

Chromium is distributed in humans following inhalation to the lungs, lymph nodes, kidney, liver, 
bladder, and bone. Distribution of chromium after oral exposure resulted in accumulation in the 
lymph nodes and lungs followed by the spleen, liver, kidney, and heart. There was no information 
available among the reviewed literature concerning the distribution of chromium after dermal 
exposure (7). 

In vitro studies indicate that chromium (VI) is reduced to chromium (III). During this process an 
intermediate, chromium V, appears to be formed which may represent the form of chromium that 
interacts with cellular macromolecules (7). 

HUMAN HEALTH EFFECTS 

NoncarcinoPenic Effects 

Human studies have identified chromium as a nephrotoxin that produces renal tubular necrosis. 
There is not sufficient evidence, however to quantitatively describe the effects. Limited data suggest 
that exposure by inhalation to chromium compounds can result in hepatic effects in humans and 
animals. Sufficient evidence is not available to relate chromium exposure to adverse reproductive 
or developmental effects. It should be noted that Cr(II1) by the oral route is an essential trace 
element (1). 

Chromium (III) 

The verified chronic oral RfD for metallic Cr(II1) (insoluble salts) is 1 mglkdday. The RfD is based 
on a no observed adverse effects level (NOAEL) derived from a study in which 60 male and female 
rats were fed chromic oxide baked in bread at a dietary level of 5 percent. They were fed bread 5 
days/week for 600 feedings (840 total days). It was determined that the average amount of chromic 
oxide ingested was 1,800 glkg body weight. An uncertainty factor of 100 and a modifying factor 
of 10 were applied to the NOAEL when calculating the RfD. The modifying factor was derived to 
address factors that if determined would lower the RfD (1,5). The confidence in the RfD is low; 
however, it is a conservative number. No effects due to chromic oxide were observed at any dose 
level (1). An Inhalation RfD for Chromium III is currently under review by the EPA (5). 

Chromium (VI) 

The EPA has established an oral RfD for Chromium VI of 5.0 x 10v3 mgJkg/day. No LOAEL was 
identified in the supporting study. However, a NOAEL of 2.4 m&kg/day was reported. The 
supporting study involved the administration of drinking water containing 1 to 11 ppm chromium 
VI to Sprague-Dawley rats for one year. No significant adverse effects were seen on appearance, 
weight gain, or food consumption, and there were no pathologic changes in the blood or other tissues 
(5). 
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An inhalation IUD for Chromium VI is currently under review by the EPA (5). 

Carcinopenic Effects 

Chromium (III) 

Cr(II1) has been classified by the EPA as a Group D carcinogen (1). This means the chemical has 
not been classified because there is inadequate evidence of carcinogenicity in animals (5). 

Chromium (VI) 

The verified cancer unit risk for lifetime exposure by inhalation to Cr(V1) is 1.2 x 1 O-’ (pg/m3)-‘. 
Inhaled Cr(VI) has been classified by EPA as a Group A- human carcinogen (1). There is sufficient 
evidence to support an association between exposure by inhalation and cancer (2). The potency 
factor is based on an epidemiology study in which chromate plant workers were studied and showed 
an increased incidence of lung cancer. The study documented total chromium exposure and did not 
differentiate between Cr(II1) and Cr(V1) and consequently, the health risk may be underestimated 
(1,5). Although CR(VI) is carcinogenic by the inhalation route, there is no evidence that it is 
carcinogenic by the oral route (1). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Chromium is an essential nutrient. It is accumulated in a variety of aquatic and marine biota to 
levels quite higher than in ambient water. Therefore, it appears that the food chain is a more 
efficient pathway for chromium uptake than direct uptake from seawater (1). 

Water and aquatic species characteristics modify the toxic effects of chromium on aquatic life. 
Cr(II1) appears to be more acutely toxic to fish than Cr(V1); however, the reverse is true in chronic 
exposure studies (1). 

The Ambient Water Quality Criteria for the level of chromium that will not affect aquatic organisms 
and their uses include the following: 

0 4-day averages that should not be exceeded more than once every three years (5,6). 

Freshwater Saltwater 

WW 
Cr(II1) 

11 Pa- None 
e(0.8'90 [ln ~dncss]+l.561]) -- 

or 2 10 pg/L (hardness dependent) 



0 1 -hour average that should not be exceeded more than once every 3 years (6). 
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Saltwater 

WW 
Cr(II1) 

16 M/L 
e(0.8190 [In [hudnesr]+3.688]) 

or 1,700 uglL (hardness dependent) 

1,100 jig/L 
10,300 ug/L 
(hardness dependent) 

Terrestrial 

No plants typically used as food or animal feed are chromium accumulators. Plants that absorb 
chromium do so through root uptake and do not efficiently transport it to the leaves. Also, there is 
little tendency for inorganic Cr(II1) to accumulate along the food chain. No data are available for 
organochromium compounds (3). 

REGULATORY LEVELS AND CRITERIA 

OSHA PEL-TWA (10): 

OSHA Ceiling Level (10): 
MCL (6): 
ACGIH TLV- TWA (9): 

0.5 mg/m’ (Chromium III) 
1 .O mg/m3 (insoluble salts or chromium metal) 
1 mgjl0 m3 (chromic acid and chromates) 
0.1 mg/L 
0.5 mg/m3 (chromium metal) 
0.5 mglm3 (Chromium II and III compounds) 
0.05 mg/m3 (water soluble Chromium VI) 

Health Advisories (1): 
One-day (Chromium VI): 
lo- day (Child) (Chromium VI): 
Longer-Term (Child) (Chromium VI): 
Longer-Term (Adult) (Chromium VI): 
Lifetime (Adult) (Chromium VI): 

Use lo- day valve 
1.4 mg/L 
0.24 mg/L 
0.84 mg/L 
0.120 mg/L 

Ingestion of water and fish (Chromium III) (1): 170 mg/L 
Ingestion of organisms only (Chromium III) (1): 3,433 mgJL 

SUMMARY OF CRITERIA 

- Cr(II1) 
- Cr(VIl 

EPA Carcinogenic Classification (1): Group D-Not Classified 
EPA Carcinogenic Classification (1): Group A- Human Carcinogen (Inhalation) 

Cancer Slope Factor (1,5) 
Cr(II1): Not Applicable 
Cr(V1): 1.2 x 10e2 @g/m’)-’ (Inhalation unit risk) 

42 (mg/kg/day)-’ (Inhalation slope factor) 
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RID (Oral) (1,5) 
Cr(III): 1 mglkg/day 
Cr(VI): 5 x 10m3 mg/kg/day 

Oral Drinking Water (7) 
Cr (VI): 2 x lo-’ mg/kg/day 

NOAEL (7) 
Cr (III): 5% 
Cr (VI): 2.4 mg/kg/day 
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COPPER 

- 

INTRODUCTION 

Chemical Name: Copper 
Synonyms (1): Bronze Powder, C.I. 77400 
CAS Number (1): 7440- 50- 8 
Molecular Formula: Cu 
Molecular Weight (1): 63.546 g/mole 
Chemical Structure: Cu 

Copper is a reddish colored metal that occurs naturally in rock, soil, water, sediment, and air. Also, 
copper occurs naturally in plants and animals. A concentration of approximately 50 ppm can be 
found in the earth’s crust. Copper is considered to be ductile and an excellent conductor. The 
primary uses of copper consist of use as the metal or alloy in the manufacture of wire, sheet metal, 
pipe, and other metal products. Copper compounds occur both naturally and are man-made and 
exhibit a characteristic blue- green color. Copper compounds are used in agriculture to treat plant 
diseases, for water treatment, and as preservatives for wood, leather, and fabrics (1,2,3). 

FATE AND TRANSPORT 

Fish BCF (4): 200 L/kg 
Solubility(3): In Water : Insoluble 
Density (3): 8.92 

The largest release of copper to the environment is to the land with an estimated 97% deposited to 
this media. Tailings and overburdens from copper mines and tailings from mills are the primary 
contributors. It is also released through mining operations, agriculture, solid waste, and sludge from 
publicly- owned treatment works. The majority of copper deposited in the soil is strongly adsorbed 
and remains in the upper few centimeters of soil. The copper adsorbs to organic matter, carbonate 
minerals, clay minerals, or hydrous iron and manganese oxides (3). 

Copper is released to water bodies primarily through natural weathering of soil and discharges from 
industries and sewage treatment plants. The majority of copper in water is found in the form of 
particulates. Approximately 2.4% of total copper released to the environment is attributed to release 
into a waterway. An estimated 68% of release to water is associated with natural weathering or 
disturbed soil. Copper sulfate use represents 13% of releases to water. Only 2% is contributed by 
urban runoff. The copper discharged into waterways is in the form of particulate matter. The 
particulate matter either settles out, precipitates out, or adsorbs in organic matter, hydrous iron and 
manganese oxides, and clay in sediment. When copper is present as the Cu(1) ion, it tends to 
disproportionate to Cu(I1) and copper metal. The concentration of dissolved copper depends on 
factors such as pH, the oxidation-reduction potential of the water, and the presence of competing 
cations, anions of insoluble cupric salts and organic and inorganic complexing agents (3). 
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Copper emitted to the air occurs from windblown dust, volcanos, and manufacturing processes such 
as primary copper smelters and ore processing facilities. An estimated 0.04% of all copper released 
to the environment is to the air. Copper is released to the atmosphere in the form of particulate 
matter or adsorbed to particulate matter. Gravitational settling accounts for the removal of particles 
that are >5 pm while smaller particles are removed by either dry deposition or washout by rain. 
Deposition rates in urban areas are 0.119 and 0.164 kg/ha/yr for dry and wet deposition, 
respectively. It is assumed that copper transformations in the atmosphere exist as oxides. As the 
oxides age, sulfatization may occur (3). 

PHARMACOKINETICS 

No data were located that studied absorption of copper through inhalation or dermal exposure. 
However, via oral exposure, copper is absorbed in the stomach and small intestine. In humans, 
approximately 60% of an oral dose of CuM as copper acetate was absorbed from the gastrointestinal 
tract. Once absorbed from the gastrointestinal tract, copper forms ionic copper or binds to amino 
acids. The factors which may affect copper absorption include: competition with other metals, the 
amount of copper in the stomach, certain dietary components, and forms of copper. High dietary 
ascorbic acid has been shown to impair copper absorption (3). 

Studies regarding distribution of copper through inhalation and dermal exposure are not available. 
Through oral exposure, copper is distributed by loosely binding to plasma albumen and amino acids 
in the portal blood and transported to the liver. Studies have also shown that copper binds to 
transcuprein, a plasma protein. Once in the liver, copper is incorporated into ceruloplasmin and 
released into the plasma (3). 

Copper is metabolized mainly by its transfer to and from various organic ligands. Several binding 
proteins for copper have been identified that are important in the uptake, storage, and release of 
copper from tissues (3). 

Oral exposure is the only pathway which has been studied with regard to excretion. The major 
pathway for the excretion of copper is through bile following oral exposure. Studies have shown 
that 72% of ingested radioactive copper was excreted as copper acetate in the feces. Reabsorption 
of biliary copper is negligible; however, a fraction of fecal copper is of endogenous biliary origin 
(3). 

HUMAN HEALTH EFFECTS 

Wilson’s disease (hepatolenticular degeneration), is the only significant manifestation of copper 
toxicity in humans. Death has been reported upon ingestion of large amounts of copper and 
attributed to extensive ,hepatic centrilobular necrosis (3). 

Systemic effects induced by copper ingestion include gastrointestinal irritation, manifested as 
vomiting, nausea, diarrhea, and anorexia. In individuals totally poisoned from copper, centrilobular 
necrosis of the liver and vecrosis and sloughing of tubular cells in the kidney have been observed 
(3). 

2 



Immunological effects in humans have been exhibited as allergic dermatitis upon contact with 
copper. Additionally, inhalation studies in mice have found that after exposure to copper, an 
impaired immune function is present (3). 

Neurological effects are manifested as Wilson’s disease. Wilson’s disease affects the central nervous 
system and includes symptoms of poor coordination, psychological impairment, tremor, disturbed 
gait, and rigidity. Increased copper levels in the brain have been observed in humans with Wilson’s 
disease and in animals exposed to high levels of copper (3). 

Mice, mink, and hamsters injected with copper or fed a diet high in copper have shown 
developmental effects. These effects include fetal mortality and developmental abnormalities. No 
developmental effects have been reported in humans; however, there is a possibility that there may 
be an increased incidence of spontaneous abortion and miscarriage in women exposed to high levels 
of copper. Developmental effects have not been observed in healthy humans or in the offspring of 
mothers with Wilson’s disease (3). 

In humans, reproductive effects have not been reported when exposed to high levels of copper. 
Mink did not exhibit adverse effects when fed a diet high in copper. However, when a copper wire 
was inserted into the vas deferens or uterus of monkeys, rats, hamsters, and rabbits prior to 
conception or at gestational day 3, decreased fertility was observed (3). 

The Drinking Water Criteria Document concluded toxicity data were inadequate for calculation of 
an RfD for copper. 

Carcinopenic Effects 

The EPA carcinogen classification for copper is Group D-inadequate evidence of carcinogenic@. 
An elevated incidence of cancer has not been observed in humans or animals exposed to copper via 
inhalation, oral, or dermal route of exposure (3). 

Although there are no data on the mutagenicity of copper in humans, jn viva and in vitro studies of 
mammalian systems suggest that copper is a potential human mutagen (3). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Available data are not adequate for establishing water quality criteria. However, the 
bioconcentration factor of copper in fish has been developed. The results of these studies indicate 
a low potential for bioconcentration with a range of factors for fish of lo- 100. The bioconcentration 
factor for molluscs, such as oysters was considerably higher at a peak of 30,000. Evidence suggests 
that there is no biomagnification of copper in the food chain. The biomagnitication ratio in fish 
studied from lakes that were known to have received elevated loadings of copper, revealed that the 
ratio was <l (3). 
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In bioaccumulation studies of pollutant concentrations in the muscle and livers of 10 mammal 
species in Donana National Park in Spain, no evidence of bioaccumulation was obtained. No 
evidence of copper biomagnification in the food chain was observed (3). 

REGULATORY LEVELS AND CRITERIA 

OSHA PEL-TWA 
Fumes (3): 0.1 mg/m3 
Dusts and Mists (3): 1 .O mglm3 

EPA SMCL (3): 1 .O mg/L 
MCL (3): 1.3 mg/L (Action Level) 
MCLG (3): 1.3 mg/L 

EPA Reportable Quantity (3): 5000 lbs 
ACGIH TLV-TWA: 

Fumes (3): 0.2 mg/m3 
Dusts and Mists (3): 1 .O mg/m’ 

Ambient Water Quality Criterion (3): 1 .O mg/L 
1 -Day Health Advisory (3): 1.3 mg/L 

SUMMARY OF CRITERIA 

EPA Classification (6): 
Noncarcinogenic Effects 

Oral RfD (5): 
Inhalation RfC (6): 
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DDT SERIES PESTICIDES 

INTRODUCTION 

Technical DDT is a mixture containing 65-80% p,p’-DDT, 15-20% 0,-p’ DDT and up to 4% 
p,p’- DDD plus other trace materials. The metabolites of DDT include p,p’- DDE and o,p’- DDD. 
DDT isomers and their metabolites are usually found together and generally have the similar 
properties, therefore DDT has been referenced as the total combination of isomers and metabolites. 
However, specific differences between isomers are identified. 

DDT, along with it’s metabolites, are organochlorine pesticides which are very persistent in the 
environment. Historically, DDT was released to the environment during its formulation and 
extensive use as a pesticide in agricultural and vector control applications. It was banned from use 
in the United States in 1972, but is still used in other areas of the world. These compounds have 
been shown to be carcinogenic in mice and chronic exposure primarily cause liver and lung tumors 
and lymphomas. In addition, the nervous system appears to be one of the primary target organs for 
DDT toxicity in humans (6). In general, organochlorine pesticides are highly toxic to aquatic 
organisms, in addition to being responsible for a decreased population of many bird species (1). 

Chemical Name: 
p,p’- DDT: p,p’- l,l, 1- Trichloro-2,2- bis(4- chlorophenyl)ethane 
p,p’- DDD: p,p’- 1,l -Dichloro-2,2- bis(4-chlorophenyl)-ethane 
p,p’- DDE: p,p’- 1,l -Dichloro-2,2- bis(4- chlorophenyl)-ethene 

CAS Number (1): 
p,p’- DDT: 50-29-3 
p,p’-DDD: 72-54-8 
p,p’- DDE: 72-55-9 

Molecular Formula (1): 
p,p’- DDT: M-W, 
p,p’- DDD: G,H,&l4 

p,p’- DDE: C ,&Cl., 

Molecular Weight (1): 
p,p’-DDT: 354.5 glmole 
p,p’- DDD: 320 g/mole 
p,p’- DDE: 3 18 g/mole 



Chemical Structure (6): 

DDE: 

DDD: 

FATE AND TRANSPORT 

Chemical and Phvsical ProDerties 

Log L (6): 
p,p’- DDT: 6.19 
p,p’- DDD: 6.20 
p,p’- DDE: 7.00 

Log L (6): 
p,p’- DDT: 5.4 
p,p’- DDD: 5.9 
p,p’-DDE: 6.6 

Boiling Point (1): 
p,p- DDT: 260°C 

Melting Point: 
DDT: 109OC 
DDD: 112OC 
DDE: 9o”c 



Solubility in Water @ 25OC (6): 
p,p’- DDT: 3.4 /.+J/L 
p,p’- DDD: 160 &L 
p,p’- DDE: 120 /Ag/L 

Solubility in Organics (1): 
p,p’- DDT: Soluble in acetone, benzene, cyclohexane, morpholine, pyridine, and dioxane 

Vapor Pressure (1): 
p,p’- DDT: 1.9E-’ mm Hg at 25OC 
p,p’- DDD: 1 .0Ee6 mm Hg at 30°C 
p,p’- DDE: 6.5Ee6 mm Hg at 20°C 

TRANSPORT AND PARTITIONING 

DDT and its metabolites may be transported from one medium to another by the processes of 
solubilization, adsorption, bioaccumulation, or volatilization. Each of these processes will be 
discussed in the following paragraphs. Studies of DDT transformations in soils predict prolonged 
persistence. During these extended periods of time, these compounds undergo extensive adsorption 
to soil particles, as predicted by their organic carbon partition coefficients (I&) of 2.4 x lo’, 
4.4 x 106, and 7.7x1@, for DDT, DDE and DDD, respectively. DDT, DDE and DDD are only 
slightly soluble in water (solubilities of 0.0034, 0.12, and 0.160 mg/L at 25°C respectively). 
Therefore, loss of these compounds in runoff is primarily due to transport of particulates to which 
these compounds are bound. Since they are bound strongly to soil, they are not easily displaced 
from their site of application, nor do they tend to leach to groundwater, and appreciable amounts 
may remain in the soil for extended periods of time. When DDT is released to water, it quickly 
adsorbs to particles and is subject to sedimentation, or may bioconcentrate in microorganisms and 
can become part of the food chain.(6) 

Volatilization of DDT and DDE is known to account for considerable losses of these compounds 
from solids and water. Their tendency to volatilize can be predicted by their Henry’s Law 
Constants, 5.13 x 1 Om4 and 6.8 x 1 Oe5 atm- m3/mol, respectively, and their vapor pressures, 5.5 x 1 Oe6 
and 6.5 x 1 Oe6 Torr, respectively. The tendency of DDD to volatilize is approximately three- fold 
less than that of DDT or DDE. Estimates of the rate of evaporative losses of DDT from water range 
from several hours to 50 hours. Laboratory studies of the air/water partition coefficient of DDE 
indicate that it will volatilize from seawater 10 to 20 times faster than from freshwater. The authors 
suggest that this process may be related to interaction at the bubble-water surface (6). 

Small particles which carry DDT or its degradation products may also be distributed through the 
atmosphere. Once volatilized or airborne, transport of these compounds into the ambient 
atmosphere of North America is facilitated by a circulation pattern which brings moisture from the 
Gulf of Mexico into the Midwest and airflow patterns across the eastern seaboard. Residues are 
removed from the atmosphere by precipitation, diffusion into large bodies of water, and chemical 
transformation. Precipitation is believed to account for the greatest rate of removal (6). 

DDT, DDE, and DDD are highly lipid soluble, as reflected by their log octanol-water partition 
coefficients (log &,) of 6.19, 7.00, and 6.20, respectively. This lipophilic property, combined with 
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an extremely long half-life, has resulted in bioaccumulation (levels in organisms exceed those levels 
occurring in the surrounding environment). When they are present in ambient water, DDT and its 
metabolites are concentrated in freshwater and marine plankton, insects, mollusks, other 
invertebrates, and fish. As these organisms become part of the food chain, a progressive 
accumulation of residues may result in high levels of residues in organisms at the top of the food 
chain. In some cases, man may be the ultimate consumer of these contaminated organisms. The 
bioconcentration factor (BCF) is defined as the ratio at equilibrium between the concentration of the 
chemical in the organism or tissue of the organism, and the concentration of the chemical in the 
surrounding media. There are numerous measurements and estimates of BCFs in fish. Oliver and 
Niimi estimated the steady- state BCF in rainbow trout as 12000. 
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TRANSFORMATION AND DEGRADATION 

The dominant mechanism for removal of DDT from the atmosphere is believed to be via 
precipitation and secondarily, particulate fallout. Under simulated atmospheric conditions, both 
DDT and DDE decompose to form carbon dioxide and hydrochloric acid (6). 

AIR 

In air and sunlight, DDT is subject to direct photooxidation and reaction with photochemically 
produced hydroxyl radicals. The latter process has an estimated half- life of two days. Since DDT 
residues are ubiquitous in the atmosphere, it seems likely that photodegradation must occur at a slow 
rate. DDT which reaches the photochemically active ionosphere may be rapidly destroyed by solar 
irradiation as indicated under laboratory conditions (6). 

WATER 

DDT present in water may be partitioned, transported, or converted in several ways: adsorption to 
sediments, bioconcentration in aquatic organisms, volatilization, photodegradation, and 
biodegradation. DDT in water is photodegradable by wavelengths of light which are present in the 
troposphere. DDT in excess of water solubility limits is adsorbed onto sediments which act as the 
primary reservoir for excess quantities of DDT. There it is available for ingestion by organisms. 
Biodegradation is reported to be a minor source of transformation (6). 

SOIL 

Four mechanisms have been suggested to account for most losses of DDT residues from soils: 
(1) volatilization, (2) removal by harvest of organic matter, (3) water runoff and (4) chemical 
transformation. DDT is subject to volatilization, with an estimated half-life of 100 days. 
Photoxidation of DDT is known to occur on soil surfaces; however, DDT is not known to hydrolyze. 
Biodegradation may occur under both aerobic and anaerobic conditions in the presence of certain 
microorganisms. Under aerobic conditions, slow conversion to DDE normally occurs, whereas, 
under anaerobic conditions, conversion to DDD results and is much more rapid than the aerobic 
conversion to DDE. Under aerobic conditions, dehydrochlorination is the dominant reaction, while 
under anaerobic conditions, reductive dechlorination occurs. Both metabolites are very resistant to 
further transformation. Due to the prolonged half- life of DDE, average levels of DDT are expected 
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to decline slowly while the ratio of DDE to DDT is expected to increase. Estimates of the half- life 
for DDT biodegraded in soil range from 2 to >15 years (6). 

PHARMACOKINETICS 

Absorption of DDT by the lung is considered to be a minor route of entry. Due to the large particle 
size, it does not enter into the smaller spaces of the lung, but is deposited in the upper respiratory 
tract, and due to the action of the mucociliary apparatus it is eventually swallowed. However, some 
particles may be small enough to enter the tracheal system. No studies have been located that 
quantify the rate or extent of absorption of DDT, DDD or DDE (6). 

Absorption following ingestion of DDT, DDE and DDD is evident in humans from measurements 
of serum and adipose tissue concentrations of these chemicals after occupational exposure. 
Gastrointestinal absorption is evidenced by the presence of DDT and metabolites measured in bile 
and the induction of tumors in animals following oral administration of the compounds. 
Approximately 70-90% of the dose has been absorbed following oral exposure to DDT in vegetable 
oils (6). 

Dermal absorption of DDT in humans is considered to be limited, but can be inferred by observation 
of toxicity following dermal application of DDT. Acute toxicity studies have shown that toxicity 
is less when DDT is applied dermally than when given by gavage or injection (6). 

The distribution and storage of DDT in humans and animals has been extensively studied. DDT and 
its metabolites are lipid soluble compounds, and once absorbed readily distribute to all body tissues 
in proportion to respective tissue lipid content (6). 

HUMAN HEALTH EFFECTS 

Carcinogenic Effects 

DDT has been classified as a B2 carcinogen, a probable human carcinogen, however, the existing 
epidemiological human health research data for carcinogenic&y are inadequate . The basis for the 
B2 classification is the observation of tumors (generally liver tumors) in various mouse strains and 
in three studies of rats. In addition, DDT is structurally similar to other probable carcinogens such 
as DDD and DDE. Lung tumors have also been observed in chronic studies of mice, while increased 
tumor incidence in hamsters have also been observed (2). 

DDT has produced both negative and positive responses in tests for genotoxicity (2). 

An oral slope factor (CSF) for DDT has been set at 3.4~10” (mg/kg/day)’ by the United States 
Environmental Protection Agency (USEPA). An inhalation unit risk number has also been set at 
9.7Em5 pg/m3, or an inhalation slope factor of 3.4 x 10-l (mg/kg/day)-’ (2). 

For DDD the USEPA has set an oral slope factor of 2.4x10-l (mg/kg/day)-‘, and for DDE the USEPA 
has set an oral slope factor of 3.4x10-l (mg/kg/day)’ (2). 



Noncarcinogenic Effects 

Increased hepatocellular hypertrophy, cytoplasmic oxyphilia and peripheral basophilic cytoplasmic 
granules were observed in chronic rat studies where rats were fed commercial DDT. Liver lesions 
were also seen in one 2 year rat study. In addition, DDT-induced liver effects were observed in 
mice, hamsters and dogs. One three generation rat reproduction study showed offspring mortality 
at all administered doses. Three other rat studies showed no reproductive effects at much higher 
dose levels (2). 

An oral reference dose (RfD) of 5~10~ mg/kg/day has been set by the USEPA. The Lowest 
Observed Adverse Effects Level for the study in which the RfD was derived was 0.25 mg/kg-d. 
The study from which the RfD was derived was chosen for the following reasons; male rats were 
used in the study (male rats are more sensitive than female rats to DDT), the study was of sufficient 
length to observe toxic effects and several doses were administered in the diet over the range of the 
dose- response curve (2). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

DDT has been extensively studied in freshwater invertebrates and fish and is quite toxic to most 
species. Saltwater species are even more sensitive than freshwater species (1). 

Ambient Water Quality Criteria (AWQC) have been set for DDT, however, criteria have not been 
set for DDD and DDE, the Lowest Observed Adverse Effects Level (LOAEL) have been reported 
as a guideline for aquatic adverse effects for these two compounds (3). 

DDT: (AWQC) 
Freshwater Acute: 1.1 j&L 
Freshwater Chronic: 0.001 pug/L 
Marine Acute: 0.13 /&L 
Marine Chronic: 0.001 /Jg/L 

DDD: (LOAEL) 
Freshwater Acute: 
Marine Acute: 

0.6 j.&L 
3.6 pg./L 

DDE: (LOAEL) 
Freshwater Acute: 
Marine Acute: 

1,050 j&L 
14 PE!lL 

Terrestrial and Avian 

DDT, DDD and DDE and other persistent organochlorine pesticides are primarily responsible for 
the great decrease in the reproductive capabilities and consequently in the populations of fish-eating 
birds, such as the bald eagle, brown pelican, and osprey. DDT has also been shown to decrease the 
populations of numerous other species of waterbirds, raptors, and passerines significantly (1). 
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OCCUPATIONAL REGULATORY LEVELS AND CRITERIA 

Occupational Safety and Health Administration (OSHA) Permissible Exposure Limit (PEL), 
Time-weighted average for DDT: 1 mglm3, skin (5). 

American Conference of Governmental Industrial Hygienist (ACGIH) Time- Weighted Average 
Threshold Limit Value (TLV) for DDT: 1 mg/m3 (4). 
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l,l-DICHLOROETHENE 

INTRODUCTION 

Chemical Name: l,l-Dichloroethene 
Synonyms (1): l,l-DCE; VDC; Vinylidene chloride; Vinylidene dichloride 
CAS Number (1): 75-35-4 
Molecular Formula (1): C2HzCl2 
Molecular Weight (2): 96.95 g/mole 
Chemical Structure (1). (2): 

c1 Y ;: H 
Cl H 

l,l-Dichloroethene (l,l-DCE) is a clear, colorless liquid that has a mild, sweet smell. It is a 
man-made chemical that does not naturally occur in the environment. The most common use 
of l,l-DCE is in the production of plastics such as packaging materials and flame-retardant 
fabrics. l,l-DCE is also used for coating the interior of ship tanks and railroad tank cars, as 
well as steel piles and structures. Another use is as an intermediate in the production of 
l,l,l-trichloroethane and in the manufacture of modacrylic fibers where it is combined with 
acrylonitrile (l),(2) 

FATE AND TRANSPORT 

Log K, (2): 1.81 
Log K, (2): 2.13 

(3): 1.84 
tin (2): Air - 2.00 days 

Surface Water - (1.00 - 6.00 days) 
Henry’s Law Constant (3): 3.40 x 10-2 atm-mYmo1 
Fish BCF (3): 5.6 
Solubility: 

In Water (3): 2.25 x 10 +s mg/L 
In Organics (2): Soluble 

Vapor Pressure (2): 500 mm Hg @ 20°C 
591 mm Hg @ 25°C 
720 mm Hg @ 30°C 

Density (1): 1.21 g/ml @ 20°C 

The majority of l,l-DCE released to the environment partitions to the atmosphere. l,l-DCE is 
water soluble, and when released to the environment if will dissolve and remain in solution, 
resulting in surface water or groundwater contamination. l,l-DCE has a low propensity for 
binding to organic or particulate matter, and therefore its movement within and between 
media is not inhibited by the adsorption processes (2). 
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In the atmosphere, l,l-DCE reacts with OH and NO radicals to produce chloroacetyl chloride, 
phosgene, formaldehyde, carbon monoxide and nitric acid. Rapid photolysis occurs in the 
presence of nitrogen oxides. Also, rapid photodecomposition occurs in the presence of NOx and 
artificial lighting conditions. Because of a short atmospheric half-life, l,l-DCE does not 
accumulate in the troposphere (2). 

In waterways, biotransformation is the primary degradation pathway for l,l-DCE. 
Biotransformation can occur either under aerobic or anaerobic conditions although results 
under aerobic conditions are conflicting. However, under anaerobic conditions, l,l-DCE is 
nearly completely and quantitatively reduced to vinyl chloride after 108 days. Other 
degredation pathways, such as, photolysis, hydrolysis, and oxidation are not significant 
transformation mechanisms for l,l-DCE (2). 

Information regarding soil degradation processes under aerobic conditions is lacking. Because 
of the tendency of l,l-DCE to partition into the atmosphere, ambient concentrations in surface 
soil are expected to be low (2). 

PHARMACOKINETICS 

No human studies were available in the reviewed literature regarding absorption of l,l-DCE 
by the inhalation, oral, or dermal exposure pathways. However, animal studies have revealed 
that l,l-DCE rapidly absorbs following inhalation exposure. The l,l-DCE absorption 
patterns suggest that the cumulative uptake was linear for levels up to 150 ppm. Steady-state 
was not achieved for higher levels. This indicates that l,l-DCE uptake is saturable at higher 
levels. Animal studies involving absorption via oral exposure have indicated that l,l-DCE 
ranging from 10 to 100 mg DCE/kg body weight is rapidly absorbed from the gastrointestinal 
tract of rats and mice. Because of the lack of human and animal studies involving dermal 
contact with 1,1-DCE, only assumptions on the absorption process can be made. Based on the 
physical and chemical properties of l,l-DCE, it is thought that percutaneous absorption of the 
liquid form of l,l-DCE is possible (2). 

Human and animal studies regarding the distribution of l,l-DCE through dermal exposure 
are not available. Studies have shown that l,l-DCE is found in the liver and kidneys of rats 
following inhalation and oral exposure. Only small amounts were present in other tissues (2). 

Studies denoting the human metabolism pattern of l,l-DCE following exposure are not 
available. Animal studies indicate that the metabolic process is dependent upon the route of 
exposure and dose level. The initial step in the metabolism of l,l-DCE is the formation of an 
epoxide intermediate. The main detoxification pathway for l,l-DCE is purported to involve 
conjugation with hepatic glutathione. Conjugation with monochloroacetic acid followed by B- 
thionase activity appears to be the major metabolic route on a quantitative basis in rats. 
Thiodiglycollic acid is the predominant urinary metabolite (2). 

No studies were available that addressed the excretion of l,l-DCE in humans following 
inhalation, oral or dermal exposure. In rats, the majority of absorbed material is eliminated 
as metabolites in the urine. Approximately 1% of the parent compound is eliminated 
unchanged in expired air following inhalation. However, a greater portion may be eliminated 
unchanged through the lung once the metabolic processes become saturated. Excretion 
through the oral route of exposure is similar to the inhalation route. No studies were 
available concerning the excretion of l,l-DCE following dermal contact (2). 
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HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

Studies have shown that l,l-DCE is toxic to both humans and animals. The source of human 
studies are primarily from accidental exposure to high concentrations for short periods of time. 
l,l-DCE toxicity is mediated by metabolism to a reactive intermediate that ultimately 
compromises the viability of target organs. Animal studies have shown that the major target 
organs of l,l-DCE toxicity are the liver, kidney, and lungs (2). 

Respiratory effects in animals consist of irritation of the mucous membranes of the upper 
respiratory tract and pulmonary congestion, hyperemia, and morphological changes. These 
effects were induced by administration of high levels of l,l-DCE via inhalation. It is believed 
in humans, that local, nonspecific irritation is exhibited upon inhalation of l,l-DCE (2). 

Hepatic effects in animals were exhibited following both inhalation and oral exposure to l,l- 
DCE. Manifestations include biochemical changes and mild marked histological changes such 
as midzonal and/or centrilobular vacuolixation, swelling, degeneration and necrosis. It is 
assumed that humans who have either been exposed to high levels of l,l-DCE in an 
occupational setting, or those with compromised hepatic function, are at risk for l,l-DCE 
induced liver toxicity (2). 

Renal effects consisting of enzyme changes, hemoglobinuria, increases in organ weight, and 
tubular swelling, degeneration and necrosis are observed following both inhalation and oral 
exposure to l,l-DCE in animals. Renal effects triggered by long-term exposure to l,l-DCE in 
humans are not known (2). 

Exposure to high concentrations of 1,1-DCE in humans affects the central nervous system. 
Complete recovery is possible if exposure is not prolonged. Also, central nervous system 
effects were observed in animals exposed via the inhalation route (2). 

l,l-DCE has also exhibited teratogenic potential in animals. Developmental toxicity appears 
to be enhanced by inhalation exposure to l,l-DCE as compared to oral exposure. Studies have 
shown that inhalation exposure at 80 to 160 ppm l,l-DCE for 7 hours/day on gestation days 6 - 
18 produced maternal toxicity, increased resorption, and skeletal alterations (2). 

An oral RfD for l,l-DCE has been derived by the EPA using the data from a drinking water 
study with Sprague-Dawley rate. Male and female rats were administered 50,100 or 200 ppm 
l,l-DCE in drinking water over a two year period and observed for treatment-related effects. 
From this study, a lowest observed adverse effect level (LOAEL) of 9 mg!kg/day was 
determined based on Sepotic lesions in the female rats. An uncertainty factory of 1000 was 
applied to this LOAEL to arrive at an oral RfD of 9 x 10-a mg/kg/day. 

Carcinogenic Effects 

The EPA classified l,l-DCE as a Group C carcinogen - possible human carcinogen. This 
classification is based on limited evidence of carcinogenicity in animals (4). 

Studies involving the use of Swiss mice in the inhalation administration of 1,1-DCE have 
shown that at 25 ppm l,l-DCE 4 hours daily, 5 days per week for 52 weeks, 1,1-DCE induces 
malignant tumors. Renal adenocarcinomas developed in 16% of male mice and 0.6% of the 
female mice (1). Mammary gland carcinomas and pulmonary adenomas were also observed in 
this study. The calculated inhalation and oral cancer slope factor for l,l-DCE is 1.2 
(mg/kg/day)-1 (2). These cancer slope factors were derived using the data from the inhalation 
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study with Swiss mice described above. In another study, mice that had been topically 
administered l,l-DCE showed an increased incidence of skin papillomas (1). - 

Supporting short-term assays are available for the carcinogen effects seen in animals. 
Genotoxicity studies suggest that l,l-DCE exhibited mutagenic properties upon metabolic 
activation in bacteria and yeast. It is also capable of inducing gene conversion in yeast. In 
green plants, l,l-DCE proved to be mutagenic without metabolic activation by mammalian 
systems. Chromosomal aberrations and sister chromatid exchanges in cultured mammalian 
cells in vitro and DNA damage in mice in vivo were exhibited in l,l-DCE studies (2). -- -- 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Ambient water quality lowest effect levels for the protection of aquatic organisms are as 
follows (4): 

Freshwater: 
Acute Toxicity: 1.16 x lo+4 pg/L 
Chronic Toxicity: None 

Marine: 
Acute Toxicity: 2.24 x lo-+5 pg/L 
Chronic Toxicity: None 

These quantifications occur at lower concentrations among species that are more sensitive 
than those tested (5). 

Terrestrial and Avian 

Information regarding the toxicity of l,l-DCE to terrestrial and avian wildlife or domestic 
animals was not available (6). 

REGULATORY LEVELS AND CRITERIA 

OSHA TWA (8-hr) (1): 
ACGIH TLV (8-hr TWA) (1): 
ACGIH (15-min) (1): 
EPA MCLG (1): 
EPA MCL (1): 
EPA Health Advisories (1): 

l-day (child): 
lo-day (child): 
Longer-term (child): 
Longer-term (adult): 
Lifetime (adult): 

Reportable Quantity (1): 
Ambient Water Quality Criteria (4): 

Water and Fish Consumption: 
Fish Consumption Only: 

1 pm 
5wm 
20 mm 
7lsL 
7Pfz~ 

2 mg/L 
lmg/L 
1 mg/L 
4 mgiL 
7 l%k 
100 lbs 

3.3 x 10-2 pg/L 
1.85 pg/L 
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SUMMARY OF CRITERIA 

EPA Carcinogenic Classification (4): Group C-Possible human carcinogen 
Oral RfD (4): 9.00 x 10-s mg/kg/day 
Oral Cancer Slope Factor (4): 6.00 x 10-l (mg/kg/day)-1 
Inhalation Cancer Slope Factor (4): 1.75 x 10-l (mg/kg/day)-1 
LOAEL (4): 9 mgfkglday 
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1,2-DICHLOROETHENE 

(CIS- AND TRANS-) 

INTRODUCTION 

Chemical Name: 
Synonyms (1): 

CAS Number (2): 

Molecular Formula (2): 
Molecular Weight (2): 
Chemical Structure (2): 

1,2-Dichloroethene (cis- and trans-) 
1,2-Dichloro- (z)ethene; Cis- 1,2- dichloroethene; 
Cis- 1,2- dichloroethylene; Trans- 1,2-dichloroethylene; 1,2-DCE 
Cis- 156-59-2 
Trans- 156-60-5 
GJW, 
96.94 g/mole 

f>c= c<; Cl 
l-I> C= C<Zl 

1,2-Dichloroethene (1,2-DCE) exists as the cis and trans isomers. It is a colorless, low-boiling 
liquid. The use of 1,2-DCE in the United States has not been widely developed due to its 
flammability characteristics. The trans isomer is used more frequently than the cis isomer or the 
60:40 cis/trans mixture. The primary uses include a low- temperature extraction solvent or direct 
solvent in materials such as dyes, perfume oils, waxes, resins and thermoplastics (1). 

FATE AND TRANSPORT 

& Trans- 

KJC (3): 

Log rdw (2): 
1/2t: 

Air (3): 
Surface Water (3): 

Henry’s Law Constant (2): 
(atm- m3/mole) 

Fish BCF (3): 
Solubility (2): 

In Water: 
In Organics: 

Vapor Pressure (2): 

49 59 

2.06 1.86 

2.10 days 
1 .O to 6.0 days 
3.37 x 1o-3 

130 days 
1 .O to 6.0 days 
6.72 x 1O-3 

1.6 1.6 

6.3 g/L 3.5 g/L 
Miscible with alcohol, ether, and acetone; very soluble in benzene 
and chloroform 
340 mm Hg @ 25°C 200 mm Hg @ 35°C 

Cis- and trans- 1,2 DCE are released into the environment primarily in air emissions and wastewater 
during its production and use in the manufacturing of perfumes, lacquers, and thermoplastics. Also, 
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1,2-DCE is formed from trichloroethylene, tetrachloroethylene, and 1,1,2,2- tetrachloroethane. It 
may exist in landfills, aquifers, and sediments. Cis- 1,2-DCE is the most common isomer found; 
however, it is frequently misreported as trans- 1,2-DCE, a priority pollutant. Most analytical 
procedures do not distinguish between the two isomers (2). 

When released on to the soil, 1,2-DCE will either evaporate or leach into the ground water where 
very slow biodegradation occurs (2). 

1,2-DCE will volatilize upon introduction into a water system with a half- life of 3 hours in a model 
river. Because of the relatively low I& value, it is suggested that biodegradation and adsorption to 
sediment will not be significant for either isomer (2). 

In the atmosphere, 1,2- DCE will be reactive with photochemically produced hydroxyl radicals. The 
long half-life, 8 days, will allow for atmospheric dispersion prior to scavenging by rain (2). 

1,2-DCE is not expected to bioconcentrate significantly in aquatic organisms. The bioconcentration 
factor, 1.6, was estimated from the log &, using a recommended regression equation (2). 

PHARMACOKJNETICS 

Studies indicating the absorption, distribution, metabolism, and excretion of cis- and trans- 1,2-DCE 
were not available. Because 1,2-DCE is not widely used, toxicologic data are limited. 

HUMAN HEALTH EFFECTS 

Noncarcinopenic Effects 

The majority of 1,2-DCE studies are old an must be considered suspect. The purity of the samples 
and the ratio of the isomers were not always identified (1). 

Oral LD,,s have been established for male and female mice exposed to trans- 1,2-DCE. In male 
mice, an oral LDso of 2122 mg(kg was reported while the LD,, for female mice was 239 1 mgJkg. 

Mice exposed to 1,2-DCE at concentrations of 0. 1,l .O, or 2.0 mg/ml in drinking water for 90 days 
showed minimal toxic effects. At a concentration of 2.0 mg/ml, hepatic glutathione levels were 
significantly reduced in male mice and hepatic aniline hydroxylase activity was reduced in female 
mice at all three dose concentrations (1). In another study involving trans- 1,2- DCE exposure at 
402, 1311, or 3 114 m&kg/day in male rats and 353,1257, or 2809 mg/kgJday in female rats for 90 
days, no treatment related effects were observed which effected fluid consumption, body weight, 
hematology, serum chemistry, or urinalysis. A significant dose-dependent decrease in kidney 
weight was observed in female rats at the 1257 and 2809 mglkglday level (1). Lung effects were 
also reported in rats exposed to a single 8-hour exposure to 200 ppm of trans- 1 ,ZDCE (1). 

Other chronic toxicity studies have produced conflicting results. Some studies have demonstrated 
no adverse effects in rats, rabbits, guinea pigs and dogs exposed to either 500 or 1000 ppm of a 60% 
cis- / 40% trans- mixture of 1,2-DCE. The exposure lasted for 7 hours per day, 5 days per week 
for 6 months. However, other studies have reported that rats exposed to vapors of 200 ppm of 
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trans- 1,2-DCE for 8 hours per day, 5 days per week for 16 weeks, produced adverse liver and lung 
effects, as well as decreased leukocyte counts (1). 

Human studies are limited. It is known that 1,2-DCE was once used as a general anesthetic. In its 
limited industrial usage, no toxic effects due to occupational exposure have been noted. Symptoms 
associated with exposure to 2000 ppm of trans- 1,2-DCE include burning of the eyes, vertigo and 
nausea. Because of its limited use, no long-term epidemiological studies have been conducted for 
1,2-DCE exposure (1). 

Data examining teratogencity, embryotoxicity and reproductive effects were not available (1). 

HEAST has assigned an oral RfD value of 2.0 x lo-* mg/kg/day to trans- 1,2-DCE. From this 
study, a lowest observed adverse effect level (LOAEL) of 175 m&kg/day and a no observed adverse 
effect level (NOAEL) of 17 mg/kg/day were determined. For cis- I,2-DCE, an oral RfD of 
1 .O x 10e2 mg/kg/day has been established. This oral RfD value is based on a NOAEL of 
32 mg/kg/day. 

The oral trans- 1,2-DCE RfD value was based on a study involving the administration of 
trans- 1,2,DCE in drinking water to male and female CD- 1 mice in concentrations ranging from 17 
to 452 mglkglday for 90 days. In the male mice, there were significant increases in serum alkaline 
phosphatase levels at the highest concentrations of trans- 1,2-DCE. In female mice, the thymus 
weight and lung weight were decreased at the higher concentrations of bans- 1,2-DCE (7). The oral 
cis- 1,2-DCE value was based on a study involving administration via gavage to rats over a 90-day 
time frame. Critical end points for this study were decreased hematocrit and hemoglobin in the 
exposed rats. 

Carcinogenic Effects 

The EPA classifies cis- 1,2-Dichloroethene is a Group D carcinogen - not classifiable as to human 
carcinogenic&y. This classification is based on the available human and animal studies (7). 
Information regarding the carcinogenicity of trans- 1,2-dichloroethene has not been evaluated by 
the EPA for evidence of human carcinogenic potential (7). 

The available supporting carcinogenicity data do not indicate a carcinogenic potential in animals. 
Genotoxic assays revealed negative results when 1,2-DCE was tested on four standard strains of 
Salmonella tvohimurium. Negative results were also obtained in E. coli K12 reversion tests in the 
presence of mouse liver enzymes. In studies involving S, cerevisiae in suspension and in a 
host- mediated assay, both isomers were able to induce convertants in the suspension assay but only 
with metabolic activation. Only the cis isomer was capable of inducing revertants and convertants 
in the host-mediated assay. No increase in chromosomal aberrations or sister chromatid exchanges, 
with or without metabolic activation, was found in studies involving Chinese hamster lung cells 
treated with 1,2-DCE isomers (1). 



ENVIRONMENTAL HEALTH EFFECTS 

Acluatic 

Although data are not adequate for establishing criteria, the EPA has reported the lowest values of 
dichloroethylenes known to be toxic in aquatic organisms. These values are as follows (5): 

Freshwater: 
Acute Toxicity: 
Chronic Toxicity: 

11.6 x 1 0+4 ug/L 
Not available 

Marine: 
Acute Toxicity: 
Chronic Toxicity: 

2.24 x lO+5 pg/L 
Not available 

Information regarding the toxicity of 1,2-trans-DCE to wildlife and domestic animals is limited. 
For bluegill, the reported 96-hour LC,, value under static conditions is 1.35 x 10+5 pg/L (4). 

No information addressing the toxicity of 1,2-cis-DCE to terrestrial and avian wildlife or domestic 
animals was available (4). 

REGULATORY LEVELS AND CRITERIA 

OSI-IA TWA (8-hr) (1): 200 ppm 
ACGIH TLV (8- hr TWA) (1): 200 ppm 
MCL (1): Cis- 70 pg/L 

Trans- 100 ug/L 

EPA Health Advisories and Cancer Risk Levels (1): 
1 day (child): 

Cis- 4 mg/L 
Trans- 20 mg/L 

10 day (child): 
Cis- 1 mglL 
Trans- 2 mg/L 

Longer term (child): 
Cis- 1 mg/L 
Trans- 2 mg/L 

Longer term (adult): 
Cis- 1 mglL 
Trans- 6 mg/L 

Lifetime (adult): 
Cis- 0.07 mg/L 
Trans- 0.1 mg/L 



SUMMARY OF CRITERIA 

EPA Carcinogenic Classification (7): Group D-not classifiable as to human carcinogenicity 
Oral RID (trans-) (7): 2.0 x 1 O-* mg/kg/day 
Oral RID (cis-) (6): 1 .O x 1 O-* mg/kglday 
Oral RfD (mixture) (6): 9.0x10-3 mg/kg/day 
NOAEL: 17 mg/kg/day 
LOAEL: 175 mg/kg/day 
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alpha-, beta-, delta- and gamma- BHC 

(HEXACHLOROCYCLOHEXANE) 

INTRODUCTION 

Chemical Name: alpha, beta, delta, gamma-BHC (hexachlorocyclohexane) 
CAS Numbers: 319-84-6,319-85-7,319-86-8,58-89-9 
Molecular Formula(‘): C6H,CI, 
Molecular Weight? 291.0 A 
Chemical Structure(‘): 

A 

Orientation of 
Cl- on ring BHC Isomer 

AAEEEE cc (alpha) 
EEEEEE P @eW 
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AAAEEE 

6 (delta) 
Y (gamma) 

Alpha, beta, delta, and gamma-BHC are aliphatic chlorinated hydrocarbon pesticides representing 
the four major isomers of technical grade hexachlorocyclohexane (HCI-I). The gamma isomer 
(lindane) is generally the most toxicologically active(*). The BHCs are fairly persistent in 
environmental media. The primary environmental fate of BHCs appears to be adsorption to soils 
and sediments and subsequent biodegradation. 

FATE AND TRANSPORT 

Log L: 3.58,3.58,3.82,3.58 
Log KM: 3.89,3.89,4.15,3.89 
Henry’s Law Constant (@ 20°C): 6 x 10-6, 4.5 x lo-‘, 1.7 x 10-5, 7.8 x 1O-6 (@ 25°C) 
Vapor Pressure (@ 20 oC)(3? 2.5 x 10-5, 2.8 x lo-‘, 1.7 x lo-‘, 1.6 x 1O-4 (@ 25°C) 
Water Solubility (m&L @ 25°C)“: 1.63,0.24,31.4,7.8 
BCFc4): 100-500 

BHCs, by virtue of their K,,w and K, values tend to adsorb to soils and sediments with subsequent 
biodegradation. Biodegradation of BHCs yields chemicals such as pentachlorocyclohexane, 
tetrachlorobenzene, trichlorophenol, and, therefore, may not result in substantial detoxification. 

1 



Gamma-BHC (lindane) has been shown to be rather persistent when applied to soil with as much 
as IO percent remaining after 10 yearsc4). 

PHARMACOKINETICS 

Workers exposed to y-HCH via inhalation of workplace air have exhibited adverse health effects 
such as hematological abnormalities and neurological effects. From this it can be inferred that 
humans absorb y-HCH vapor or dusts via inhalation. The a-, p-, y- and b-isomers have been 
detected in the blood serum, adipose tissue and semen of individuals who have been occupationally 
and environmentally exposed to these chemicals via inhalation, demonstrating that absorption takes 
place. HCH is absorbed in humans upon oral exposure, as demonstrated by acute accidental 
poisoning cases wherein high blood levels have been detected. Gastrointestinal absorption has also 
been demonstrated in animals. Eight minutes after the administration of radiolabelled y-HCH by 
stomach tube in fasting mice, a maximum of 17 percent of the administered dose was found in the 
gastrointestinal tract. In rats, absorption of technical-grade HCH has been quantified. Four days 
after the oral administration of a single dose, 95.8 percent of technical-grade HCH was absorbed in 
rats. Absorption of technical-grade HCH administered in the diet for 14 days was 94.9 percent in 
rats; the average absorption of these c1-, p-, y- and h-isomers were 97.4 percent, 90.7 percent, 99.4 
percent and 91.9 percent, respectively. Gamma-HCH is readily absorbed through the skin. 
Following whole body application of an anti-scabies lotion (y-HCH is used to treat scabies) to 
scabies patients and volunteers, maximal blood levels in both scabies patients and volunteers were 
reported within 4-6 hours following application. When y-HCH is applied topically to the forearm, 
9 percent of the applied dose is absorbed rapidly, with maximum absorption occurring 2-3 days after 
application (5). 

Alpha, p-, y-HCH are distributed to the blood and adipose tissue upon inhalation exposure in 
humans. Gamma-HCH is distributed to the central nervous system (CNS) and the cerebral spinal 
fluid in humans orally exposed to y-HCH. In laboratory rats exposed for 5, 10 or 15 days, y-HCH 
and P-HCH are primarily stored in the fat. The overall distribution of y-HCH was in the following 
order: faobrain>kidney>muscle>lungs>hearospleen>liver>blood. The overall distribution for the 
p-isomer was: faokidney>lungs>liver>muscle>heart>spleen>brain>blood. The distribution of 
a-HCH in rats dosed by gavage was fat>kidney>liver>brain>blood. Upon dermal exposure in 
humans y-HCH is distributed to the brain as indicated in a case report of an autopsy of an infant 
treated with a whole body application of a 1 percent y-HCH lotion. 

Additionally, y-HCH can be transferred to the fetus from pregnant woman through the placenta and 
to neonates through the milk. Males environmentally exposed to HCH accumulate y-HCH and HCH 
isomers in adipose tissue and to a lesser extent in the testes or semen @). 

The metabolism of y-HCH in humans is similar to that in mice and rats. Chlorophenols and 
chlorobenzenes are the primary metabolites of y-HCH. The primary urinary metabolites of workers 
involved in y-HCH production were chlorophenols. Almost 57.7 percent of the y-HCH metabolites 
identified in the urine of workers during the last two hours of their shifts were 2,3, 5-, 2,4, 6- and 
2,4,5 trichlorophenols. Other urinary metabolites detected were trichlorophenols, dichlorophenols, 
tetrachlorophenols and dihydroxychlorobenzenes. Following occupational exposure, 
pentachlorophenol has also been identified as a metabolite. Gamma-HCH is rapidly transformed 
by hepatic enzymes to form chlorophenols, chlorobenzene, chlorocyclohexanes, 
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chlorocyclohexanols and conjugates of mercapturic acid, glucuronide and sulfate in animals. In rats, 
the major urinary metabolites formed following intermediate oral exposure to CI- or P-HCH, included 
tri- and tetrachlorophenols. In kidney tissue pentachlorocyclohexane was also identified. The P450 
oxidative system appears to be responsible for the detoxification of y-HCH (5). 

Humans excrete y-HCH and its metabolites in urine, milk and semen upon inhalation exposure. In 
the urine from humans occupationally exposed to HCH, chromatographic analyses revealed the 
presence of chlorinated phenols and all isomers of di-, tri- and tetrachlorophenol. In mice, the major 
route of elimination is via the urine following intermediate and chronic feeding of y-HCH. Very 
little y-HCH is eliminated in expired air and in the feces following oral administration in rodents. 
Very little HCH is excreted unaltered. In humans, nonmetabolized y-HCH was excreted by healthy 
volunteers and scabies patients upon an acute, whole body application of a 0.3 percent y-HCH 
emulsion (5).. 

HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

BHCs can cause convulsions in humans exposed occupationally even by the topical (dermal) route. 
Nervousness, irritability, insomnia, vertigo, amblyopia, stupor and coma have been observed 
following excessive cutaneous application. BHCs can sensitize the heart to arrhythmias. Technical 
grade BHC is an irritant to the skin, eyes, and mucosa. Fatal cases of aplastic anemia have resulted 
from prolonged exposure to vaporized gamma- BHC@. 

The alpha and gamma isomers are CNS stimulants, but the beta and delta isomers are depressants. 

Twenty male and female Wistar rats were administered 0,0.2,0.8,4,20, or 100 ppm gamma-BHC 
(lindane) (99.85 percent) in the diet. After 12 weeks, 15 animals were sacrificed. The remaining 
rats were fed the control diet for an additional 6 weeks before sacrifice. No treatment-related 
effects were noted on mortality, hematology, clinical chemistry, or urinalysis. Rats receiving 20 and 
100 ppm lindane were observed to have greater-than- control incidence of the following: liver 
hypertrophy, kidney tubular degeneration, hyaline droplets, tubular distension, interstitial nephritis, 
and basophilic tubules. Since these effects were mild or rare in animals receiving 4 ppm, this 
represents a NOAEL. The reviewers of the study calculated the dose to be 0.29 mglkglday for males 
and 0.33 mg/kg/day for females, based on measured food intake(‘). 

In a 2-year feeding study, 10 Wistar rats/sex/group were exposed to 5, 10, 50, 100,400, 800, or 
1,600 ppm lindane. Slight liver and kidney damage and increased liver weights were noted at the 
100 ppm level. If a food intake equal to 5 percent body weight is assumed, a NOAEL of 2.5 mg/kg 
bw/day (50 ppm) can be determined from this assay. In a two-year bioassay, four beagle 
dogs/sex/group were administered 0, 25, 50, or 100 ppm gamma-BHC in the diet. 
Treatment-related effects noted in the animals of the 100 ppm group were increased serum alkaline 
phosphatase and enlarged dark friable livers. A NOAEL was determined to be 50 ppm for 
gamma- BHC (1.6 mg/kg bw/day)(‘). 



Carcinopenic Effects 

Dietary alpha-BHC has been shown to cause increased incidences of liver tumors in five mouse 
strains and in Wistar rats. 

Groups of 20 to 40 male dd mice were treated with 100,250, or 500 ppm alpha-HCH in the diet for 
24 weeks. Liver nodules and hepat~ocelluar carcinomas were observed in the two upper dose groups. 
In a subsequent study, male DDY mice were maintained on a diet containing 500 ppm alpha-HCH 
for 16, 24, or 36 weeks, respectively. Incidence of liver tumors increased with continuous 
alpha-BHC administration. Incidence decreased, however, with recovery time. At 24 weeks most 
lesions observed were nodules, but by 60 or 72 weeks the tumors were primarily hepatocelluar 
carcinomas(p. 

Schulte-Hermann and Parzefall noted an increased incidence of hepatic nodules and hepatocellular 
carcinomas in female Wistar rats treated with approximately 20 mglkglday alpha-BHC for their 
lifetime. Male Wistar rats were fed alpha-BHC in the diet at 500, 1000, or 1500 ppm for 24,48, 
or 72 weeks. Liver nodules and carcinomas were observed in rats fed the two highest doses for 72 
weeks. Both males and females of the dd strain responded in a dose-dependent fashion with liver 
nodules and hepatomas when fed 100,300, or 600 ppm dietary alpha-BHC for 32 weeks, followed 
by 5 to 6 weeks basal diet. In a feeding study using male ICR-JCL mice, alpha-BHC produced 
hepatomas in 100 percent of the animals. Liver tumors have been observed as early as 24 to 26 
weeks(‘). 

Dietary beta-BHC produced positive or marginally positive tumorigenic responses, characterized 
as benign hepatomas or hepatocellular carcinomas, have been observed in two strains of mice. The 
studies are limited in that small numbers of animals were used, no dose-response data are available, 
not all of the animals were examined histologically, or the duration of exposure was less than 
lifetime. 

Thorpe and Walker fed 30 each male and female CFl mice dietary beta-BHC at 200 ppm for 110 
weeks. This resulted in 12 percent mortality of males and 25 percent of females during the first 3 
months. A significantly increased incidence of liver tumors was observed in treated males and 
females. 

No statistically significant evidence of increased tumor incidence as a consequence of beta- BHC 
feeding was seen in several small (5 to 2O/group) studies with male and female dd mice fed 0 to 600 
ppm for 24 to 32 weeks or in male Wistar rats fed 0 to 1000 ppm for >72 weeks. 

Goto et al. maintained male ICR-JCL mice on a diet containing 600 ppm beta-BHC for 26 weeks. 
Relative liver weight was increased in the treated animals, and there was histologic evidence of 
benign neoplasms at an unspecified incidence. 

USEPA has classified alpha-BHC as a B2; probable human carcinogen on the strength of laboratory 
dietary mouse studies. USEPA has also classified beta-BHC as a C; possible human carcinogen as 
a result of dietary mouse studies”). 



Ecological Effects 

Gamma-BHC (lindane) is responsible for the effectiveness of technical hexachlorocyclohexane as 
an insecticide and is generally more toxic than the other isomers or technical BHC. In fact, the 
presence of the other BHC isomers decreases the toxicity of lindane to aquatic organisms, either by 
an antagonistic effect or by decreasing the chemical’s solubility. Therefore, the toxicity of lindane 
and other BHCs are considered separately. 

Lindane is acutely toxic to freshwater fish with LC50 values ranging from 2 ,uuglL to 141 pg/L; and 
to saltwater fish at levels of 7.3 to 104 &L. Lindane was acutely toxic to the pink shrimp at 
0.17 &L. Acute- chronic ratios for lindane ranged from 7.5 to 63, and, therefore, the Final Chronic 
Value for the protection of freshwater species was determined to be 0.08 ,zg/L. Aquatic organisms 
appear to bioconcentrate between 100 and 500 times the steady- state concentration of lindane in the 
water. 

Technical BHC was much less toxic than lindane, with acute toxicity ranging from 100 ,ug/L to 
15,000 pg;/L for freshwater fish. Data on saltwater species also indicated that the technical 
compound was less acutely toxic. No information was available on the chronic toxicity of BHC. 
A bioconcentration factor was not reported but is probably similar to that for lindane@). 

No studies on the toxicity of the BHC isomers to terrestrial or domestic animals was found in the 
literature reviewed. However, voles at Love Canal that had decreased lifespans and reproductive 
ability had high levels of lindane in their liverso. 

- 
REGULATORY LEVELS AND CRITERIA 

ACGIH TLV-TWA: 
OSHA PEL-TWA(“)* 
Maximum Contaminant Level (MCL)“‘): 
MCLG’“‘: 
Health Advisories(12~‘3): 

0.5 mg/m3 (lindane) 
0.5 mg/m’ (lindane) 
0.0002 mg/L (lindane) 
0.0002 mg/L (lindane) 

Lindane 
10 day child 
1 day child 
Longer term child: 
Longer term adult: 
Lifetime: 

1 .O mg/L 
1.0 mg/L 
0.033 mg/L 
0.12 mg/L 
0.0002 mg/L 

Ambient Water Quality Criteria(13) 
Water and Fish Consumption: 0.0092 pg/L (alpha), 0.0163 ,ug/L (beta), 

0.0186 j&L gamma 
Fish Consumption Only: 0.03 1 &L (alpha), 0.0547 &L (beta), 

0.0625 &L gamma 
Acute Freshwater LEC: 100 pg/L (alpha), 100 pg/L (beta), 

200 pg/L gamma 
Acute Marine LEC: 0.03 1 pug/L (alpha), 0.0547 pug/L (beta), 
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0.0625 ,q/L gamma 
Chronic Freshwater LEC: 0.08 pg/L (gamma) 
Chronic Marine LEC: None 

SUMMARY OF TOXICOLOGICAL INDICES 

USEPA Carcinogenic Classification: B2 (alpha), C (beta), D (delta), C (gamma) 
Oral RfD(‘): 3~10~ mg/kg/day (gamma) 
Inhalation RfC(‘): Pending 
Oral Cancer Slope Factofi7*‘4): 6.3 mg/kg/day’ (alpha) 

1.8 mg/kg/day-’ (beta) 
1.3 mg/kg/day-’ (gamma) 

Inhalation Cancer Slope Facto+‘): 1.79 mg/kg/day-’ (beta) 
Inhalation Cancer Slope Factor”): 6.3 mg/kg/day’ (alpha) 
Drinking Water Unit Risk”): 1.8 x lo4 per (pg/L) 
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IRON 

INTRODUCTION 

Chemical Name: Iron 
CAS Number (1): 7439- 89-6 
Molecular Formula (1): Fe 
Molecular Weight (1): 55.847 g/mole 

Iron is a silvery white, malleable metal. It is the fourth most abundant (by weight) of the elements 
that compose the earth’s crust and is a major constituent of clay soils. Iron (III) hydroxide 
[Fe(OH)3] f is ormed in the environment through the corrosion of aluminum in the presence of 
moisture and oxygen. Iron in water may be present in varying quantities dependent upon the 
geology of the area and other chemical components of the waterway. (2,3). 

HUMAN HEALTH EFFECTS 

There is some evidence that high concentrations of certain soluble iron salts may be teratogenic in 
animals. The ingestion of excess amounts of iron can irritate the gastrointestinal tract. A dose of 
approximately 30 grams of a soluble ferric salt is likely to be fatal in humans. Long- term inhalation 
exposure in an occupational setting to iron-containing dusts and fumes, especially iron oxide, can 
cause siderosis, a type of benign pneumoconiosis. Exposure to aerosols and mists of soluble iron 
salts may produce respiratory and skin irritation (3). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

The bivalent and trivalent irons are the primary forms of concern in the aquatic environment. The 
ferrous or bivalent form can persist in waters void of dissolved oxygen and typically originate from 
groundwater or mines where these are pumped or drained. The ferric or trivalent form is insoluble. 
Iron can exist in natural organometallic or humic compounds and colloidal forms. Black or brown 
swamp waters may contain iron concentrations of several milligrams per liter in the presence or 
absence of dissolved oxygen, but this iron form has little effect on aquatic life (2). 

Much of the iron present in aquatic systems tends to partition into the bottom sediments. Iron has 
relative low mobility in soil. Atmospheric transport of iron is also possible (3). 

The ambient water quality criteria for iron is 0.3 mg/L for domestic water supplies and 1 .O m&L for 
freshwater aquatic life (2). 



Information regarding the toxicity of iron to terrestrial and avian wildlife and domestic animals was 
not located in the available literature (3). 

REGULATORY LEVELS AND CRITERIA 

OSHA Standard (3): 10 mg/m’ TWA (iron oxide fume) 
ACGIH TLV (3): 5 mg/m3 TWA (iron dust and fume, as Fe) 

1 mg./m3 TWA (soluble iron salts, as Fe) 

REFERENCES 

1. Hawley, G.G. The Condensed Chemical Dictionary-Eleventh Edition. Van Nostrand 
Reinhold Company, Inc., New York, New York. 1987. 

2. Ambient Water Oualitv Criteria. Environmental Protection Agency. Office of Water 
Regulations and Standards. Washington, D.C. May. 1990. 

3. Chemical. Phvsical and Biological Prooerties of Comnounds Present at Hazardous Waste 
Sites. Office of Solid Waste and Emergency Response, U.S. Environmental Protection 
Agency. Washington, D.C. September, 1985. 
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LEAD 

INTRODUCTION 

Chemical Name: Lead 
CAS Number: 7439-92- 1 
Molecular Formula: Pb 
Molecular Weight: 207 g/mole 
Chemical Structure: Pb 

Elemental lead is a heavy, ductile, bluish-gray solid at ambient conditions. It is used widely in 
industry because of its softness, resistance to corrosion and radiation, and high density. Lead is also 
used as a paint pigment, in solder, and in storage batteries. 

FATE AND TRANSPORT 

BCF: 49 (1) 
Degradation Products: None 
Solubility: Lead is insoluble in water and organic solvents. It does dissolve in dilute 

nitric acid (2), and hot, concentrated sulfuric acid (3). 
Specific Gravity (2): 11.35 @ 20°C 

Lead and lead compounds can be present in air, water, and soil and are extremely persistent in water 
and soil (4). Metallic lead and common lead minerals are insoluble in water while manufactured 
alkyl lead compounds are water soluble. A major transport process for inorganic and organic lead 
compounds is atmospheric dispersion as particulate matter. Lead is removed from air by either wet 
or dry deposition. Photolysis of atmospheric organic lead compounds occurs rapidly (3). The 
average residence time of atmospheric lead is 7 to 30 days (4). 

Natural lead compounds are not mobile in normal surface and groundwater because lead leached 
from ore is adsorbed by ferric hydroxide. It also readily combines with hydroxide, carbonate, and 
sulfate ions to form insoluble compounds. These compounds precipitate and settle in the bed 
sediment. Lead is not volatile, therefore, volatilization is not an important transport process from 
aquatic environments (3). 

Sorption is a dominant effect on the distribution of lead in soil. Lead readily adsorbs to inorganic 
solids, organic material and hydrous iron and manganese oxides. Because of its affinity for other 
materials and its solubility characteristics, the mobility of lead in soil is low. (3). Most lead is 
retained in soil and not transported via leaching or runoff to surface water (4). 

Lead is not readily taken up by plants. Consequently, its availability to terrestrial life forms is 
limited (3). Lead does not appear to significantly bioaccumulate in most fish (4). Microcosm 
studies indicate that lead is not biomagnified through the food chain (3). 
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PHAFMACOKINETICS 

Lead primarily enters the body by inhalation and ingestion. For all practical purposes, it will not 
enter the body by dermal contact. Approximately 30- 50 percent of all inhaled lead particulate is 
deposited in the respiratory tract. Almost all of the lead present will be absorbed by the lungs. The 
primary site of absorption by ingestion in children is the gastrointestinal tract. Fifty percent of all 
dietary lead ingested by children is absorbed, whereas only 8- 15 percent is absorbed by adults. 
Studies have also demonstrated that transplacental transfer of lead is possible. 

Lead is not homogeneously distributed upon entering the body. It concentrates in the following 
three organs: bone, blood, and soft tissue. The lead in each of these compartments has a different 
rate of intercompartmental movement and residence time (4). 

Inorganic lead is not metabolized in the body; rather it is absorbed, distributed and excreted. 
However, orgariic alkyl lead is metabolized in the liver via an oxidative dealkylation reaction which 
is catalyzed by cytochrome P-450 in animals (4). 

Lead that is not absorbed by the respiratory or gastrointestinal tract is excreted in the feces. Blood 
lead not retained by the body is eliminated by the kidney or bile (4). 

HUMAN HEALTH EFFECTS 

NoncarcinoPenic Effects 

Numerous studies have been conducted on the toxic effects of lead. The data present dose- effect 
relationships and are expressed in terms of internal exposure measured in blood lead levels (4). 

Lead affects various systems of the body. The endpoints elicited at low level exposure are 
neurobehavioral impairment, growth retardation in children, and hypertension in middle- aged men. 
High exposure levels produce encephalopathy, gastrointestinal effects, anemia, nephropathy, and 
electrocardiographic abnormalities (4). 

Lead affects the hematopoietic system by interfering with heme biosynthesis and ferrochelatase. 
This interference results in a reduction of the hemoglobin concentration in blood and an increase in 
erythrocyte (red blood cell) destruction. The combination of these two effects produce 
hypochromic, normocytic anemia with associated reticulocytosis. The impairment of heme 
synthesis has a far ranging impact that is not limited to the hematopoietic system. 

Lead exposure also affects the central nervous system. Overt neurological signs have been 
documented in adults with blood lead levels ranging as low as 40 to 60 @dl. Encephalopathy can 
occur at blood lead levels of 100 to 200 pg/dl and 80 to 100 pg./d1 for adults and children, 
respectively. As indicated by these levels, children are much more sensitive to neurological effects 
of lead. Death or irreversible health effects may occur as a result of central nervous system 
impairment (4). 

The cardiovascular system is also impacted by lead exposure. Common effects from high level 
exposure include cardiac lesions and electrocardiographic abnormalities. Hypertension has been 
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clearly related to lead exposure. Studies suggest that high blood pressure resulting from lead 
exposure may be mediated through effects on the kidney (4). 

A direct relationship has been drawn between blood lead level and children’s height, weight, and 
chest circumference. The strongest relationship was drawn with height. As the blood lead level 
increases the child’s growth is retarded (4). 

Exposure to lead has significantly effected the human reproductive system. Because lead 
accumulates in the bones and is sporadically released into the blood, exposure prior to pregnancy 
may affect the fetus. Blood lead reaches the fetus by crossing through the placental barrier. It was 
observed in animals that exposure to lead by non-natural routes (e.g., intravenous or intraperitoneal 
injection) resulted in malformations of the fetus (4). 

In the body, lead can interact with other chemicals. Calcium and phosphorus reduce the amount of 
lead taken up by the body while zinc helps to reduce the toxic effects of lead. Cadmium increases 
the toxic effects of lead; and lead increases the toxic effects of mercury. Due to the effect of lead 
on the hemapoietic system, iron deficiency increases as blood lead increases (4). 

Derivation of Oral Reference Dose for Lead 

In a review of available toxicological data on the potentially adverse effects associated with various 
blood lead (PbB) levels in adults and children, Marcus (1986) has concluded that the effects on the 
enzymes of heme synthesis necessary for red blood cell formation occur at low PbB levels of about 
10 micrograms per decaliter (ug/dL). Further, the author noted that neurotoxicity in children begins 
to appear at 15 to 20 pg/L and at 25 to 30 &dL in adults. According to the author, the data 
suggests, “that PbB values of 15 ug/dL should not be exceeded in children and values of 25 ug/dL 
should not be exceeded in adults”. 

In order to protect the fetus, it is necessary to set the PbB level in adults at 15 ug/dL since studies 
have indicated that the ratio of fetal/maternal PbB values can be approximated at a ratio of one to 
one (Marcus, 1986). It should be noted that this position is consistent with current EPA’s 
conclusions that “PbB levels of 10 to 15 ug/dL constitute an appropriate range of concern for health 
effects that warrant avoidance” (Federal Register 50, No. 10,26460-26550, June 7, 1991). 

The acceptable daily intake (ADI) of lead via oral ingestion by adults has been determined to be 
48 uLglday (Marcus, 1986). This value is equivalent to a PbB level (15 ug/dL) at which no adverse 
effects are observed to occur in humans. 

Carcinogenic Effectq 

The EPA has stated that “little can be concluded from available epidemiological studies” concerning 
the carcinogenic potential of lead (4). However, the carcinogenicity of lead salts (primarily 
phosphates and acetates) administered via injection or the oral route has been demonstrated in rats 
and mice in several studies. In most of the investigations, the carcinogenic response has been 
demonstrated only at the highest dose. Although the EPA has stated that animal data are sufficient 
to conclude carcinogenicity in animals, the Agency has further stated that available toxicity data on 
metallic lead and lead compounds are inadequate for quantitative risk assessment (6). 
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ENVIRONMENTAL HEALTH EFFECTS 

Aa_uatic 

Freshwater species are more sensitive to lead contamination in soft water than hard water for both 
acute and chronic exposure. The ambient water quality criteria for aquatic life are as follows (5): 

Four- day average concentration that should not be exceeded more than one time per year. 

Freshwater 
e (1.273(h(l1ardness))-4.705) pg/~ 

or 3.2 ug/L 

Salt Water 
8.5 ug/L 

One- hour average concentration that should not be exceeded more than one time per year. 

Freshwater Salt Water 
e (1.273(in(hardness))-4.460) 

M/L 220 w/L 

or 82 ug/L 

The BCF for saltwater species ranges from 17.5 to 2570 ug/L (3). 

Terrestrial 

Lead occurs in the tissues of many wildlife species. Lead poisoning .has also been reported for a 
variety of domestic animals including cattle, horses, dogs, and cats. Cattle appear to experience lead 
poisoning more often because of their indiscriminate eating habits (3). 

REGULATORY LEVELS AND CRITERIA 

Ambient Air Quality Standard (4): 
OSHA PEL-TWA (4): 
MCL (4): 
MCLG (4): 
Reportable Quantity (metallic) (4): 
ACGIH TLV-TWA (4): 

Ambient Water Quality Criterion: 

SUMMARY OF CRITERIA 

EPA Carcinogenic Classification (4): 
RfD (oral) (1) 
Cancer Slope Factor (oral, inhalation) 

1.5 ug/m’ 
50 ug/m3 
0.0 I5 mg/L (Action Level) 
0 mgJL 
1 lb 
0.15 mg/m’ (inorganic lead, dust, and fumes) 
0.15 mg/m’ (lead arsenate) 
0.05 mg/m3 (lead chromate) 
50 M/L 

Group B2- probable human carcinogen 
Not Available 
Not Available 
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MANGANESE 

INTRODUCTION 

Chemical Name: Manganese 
CAS Number: 7439-96-5 
Molecular Formula: Mn 
Molecular Weight: 54.94 g/mole 

Manganese is a brittle silvery metal which usually occurs as a complex with other metals such as 
iron. Manganese and its compounds are used in the making of steel alloys, dry-cell batteries, 
electrical coils, and other metallic fabrication applications. Other manganese uses include use as an 
oxidizing agent and as a food additive (3,4). 

FATE AND TRANSPORT 

Solubility: 
In Water: Decomposes to ionic forms (1) 
In Organics: Readily dissolves in dilute mineral acids (4) 

Specific Gravity: 7.20 (1) 

Manganese can occur in soil, water, or air. Because it is an element, manganese cannot be degraded 
by environmental processes. However, it may transform from one manganese compound to another. 
While manganese can be transported in dusts or in water, the main source of routine manganese 
exposure is through ingestion of food. Vegetables, the germinal portions of grains, fruits, nuts, tea, 
and some spices are rich in manganese (3). 

In the soil, the concentration and chemical form in which manganese can occur is affected by pH, 
cation exchange capacity, drainage, and other factors. Lowered pH and reducing conditions tend 
to favor solubility and hence, the mobility of manganese. Manganese often occurs at higher 
concentrations in the bottom of stratified lakes as a result of its release from bottom sediments as 
manganous ion under reducing conditions (1). 

The presence of high concentrations of chlorides, nitrates, and sulfates may also increase manganese 
solubility. Under these conditions, manganese is more easily taken up by plants. Also, soils with 
limited cation exchange capacity have a poor ability to bind and retain manganese( 1). 

Atmospheric transport of manganese fumes or dusts is also possible. These materials can be 
returned to the earth by wet or dry deposition (1). 

PHARMACOKINETICS 

Manganese can enter the body through the ingestion of manganese- bearing food or through the 
inhalation of air containing manganese fumes or dusts. It is considered to be an essential element 



and cofactor in a number of enzymatic reactions with daily intakes ranging from two to nine 
milligrams. Gastrointestinal absorption of the metal is less than five percent. Manganese is 
transported by a plasma-bound pl -globulin protein (probably transferrin). It is widely distributed 
throughout the body, concentrating in cells rich in mitochondria. Consequently, tissues such as the 
pancreas, liver, kidney, and intestines, which contain high numbers of these organelles, tend to be 
deposits for manganese (3). 

The biological half-life for manganese in the body is 37 days. Manganese readily crosses the 
blood- brain barrier, with its half- life in the brain being somewhat longer than in the body as a 
whole (3). 

Manganese is eliminated in the bile and is resorbed through an enterohepatic pathway through the 
intestine. The principal means of elimination is through the feces (3). 

HUMAN HEALTH EFFECTS 

NoncarcinoPenic Effects 

Noncarcinogenic effects in humans are most pronounced following inhalation exposure. The types 
of effects observed fall into two categories, depending upon the severity and duration of the 
exposure (3). The first type of effect observed, manganese pneumnonitis, is the result of acute 
exposure. Individuals acutely exposed exhibit a lung condition characterized by pathologic changes 
including epithelial necrosis, followed by mononuclear proliferation (3). The second, and more 
serious effect observed following chronic manganese exposure, is characterized by neurologic 
symptoms. Chronic manganese poisoning is characterized by psychiatric disorders manifested as 
irritability, difficulty walking, speech disturbances and compulsive behaviors. Long- term etiology 
includes development of a mask- like face and a Parkinsonian-like syndrome (3). 

An inhalation reference concentration (RfC) of 5 x 1 Oe5 mglm’( 1.43x1 O*’ mg/kg/day) for manganese 
has been developed (2). The basis for this value is increased prevalence of respiratory symptoms 
and psychomotor disturbances. Potential limitations to this RfC include the inability to calculate 
a true absorbed dose as a result of variable particle size and dosimetry effects. 

Manganese is considered to be one of the least toxic of the trace elements via the ingestion exposure 
route. Certain sub- populations, such as the elderly, children, pregnant women, and iron- deficient 
individuals, may have in increased potential to accumulate excess manganese. However, toxicity 
from ingested manganese is rarely observed (2). 

EPA has established an oral Reference Dose (RfD) for manganese of 5.0x1 Om3 mglkglday, based on 
central nervous system effects (2). This oral RfD is based on total dietary intake, and may not be 
valid if the intake is to occur from drinking water alone, as manganese in drinking water is more 
bioavailable than manganese from food. 
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Carcinogenic Effects 

There are no epidemiological studies to suggest that manganese or its compounds are carcinogenic. 
Manganese is classified as a Group “D” carcinogen, indicating that it is not classifiable as a human 
carcinogen. The basis for this determination is the lack of existing studies to assess this material (2). 

The evidence for rating manganese as a carcinogen in animals is considered to be inadequate. Most 
studies that have shown some evidence of carcinogenicity have failed to demonstrate a 
dose-response relationship (2). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Adequate data to develop ambient water quality criteria are not available at this time. A 48-hour 
LCso value of 16 mg/L of manganese is reported for embryos of the oyster Crassostrea virainica. 
For the softshell clam, Mva arenaria, a 168-hour LC,, value of 300 mg/L is reported (1). 

Terrestrial and Avian 

Adequate data for characterization of the toxicity of manganese to wildlife or domestic animals are 
not available (1). 

REGULATORY LEVELS AND CRITERIA 

OSHA Ceiling Level (1): 5 mg/m3 
ACGIH TLV- TWA (1): 1 mg/m3 (Fume) 

STEL (1): 3 mg/m3 (Fume) 
TLV-TWA (1): 5 mg/m3 (Dust and Compounds) 

SUMMARY OF CRITERIA 

EPA Carcinogenic Classification (2) 
Oral RfD (water) (2) 
Inhalation RID (2) 
Oral (food) RfD (2): 
Secondary Maximum Containment Level (2) 
NOAEL (oral diet) (2): 
NOAEL (oral drinking water) (2): 
LOAEL (inhalation) (2): 
AWQC (5): 

Water and Organisms: 
Organisms Only: 

Group D-Not Classifiable 
5.00 x 10” mg/kg/day 
1.43 x 1 OS5 mglkglday 
1.4 x 10-l mg/kg/day 
0.05 mg/L 
0.14 mglkg/day 
0.005 mgfkg/day 
0.05 mg/cu m 

50 w/L 
100 ug/L 
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MERCURY 

INTRODUCTION 

Chemical Name: Mercury 
CAS Number: 7439-97-6 
Molecular Formula: Hg 
Molecular Weight: 200.59 g/mole 
Chemical Structure: Hg 

Mercury is a silvery, heavy liquid with valences of +1, and +2. Mercury exists as insoluble 
elemental mercury, organic species, and inorganic s.pecies. Solubility depends upon the 
reduction- oxidation potential and the pH of the environment (2). 

Common uses for mercury are amalgams, catalysts, electrical apparati, instruments such as 
thermometers and barometers, and neutron absorbers in nuclear power plants (2). 

FATE AND TRANSPORT 

Solubility (4): 81.3 
In Water: ug/L at 30” C; some salts and organic compounds are soluble (1). 

Vapor Pressure(4): 0.0012mm Hg at 20” C (1) 
Specific Gravity(4): 13.5939 at 20” C (1) 

Mercury appears in ambient air, water, soil, and foodstuffs. Because mercury volatilizes from 
aquatic and terrestrial sources, the atmosphere becomes a reservoir for the element and its 
compounds. Wet and dry deposition processes return mercury to the land and surface, where it is 
absorbed in the soil and water surfaces. The sorption rate is related to the organic content of the soil. 
Since inorganic mercury is sorbed to particulate matter more readily than it is desorbed, sediments 
become repositories for inorganic forms of the compound. Although leaching is an insignificant 
transport process, mobilization from particulates can occur through biotic and abiotic oxidation and 
reduction to elemental mercury and bioconversion to volatile organic forms (1). 

The transformation processes of mercury in the atmosphere, water, and soil are biotransformation 
and bioaccumulation. The primary transformation process is photolysis of organomercurials (1). 

PHARMACOKINETICS 

Inorganic mercury is absorbed rapidly by the lungs in humans. One study showed that 80 percent 
of inhaled elemental mercury vapor is retained in human tissues (4). Oral absorption of inorganic 
mercury is estimated to be about 10 percent while organic mercury is readily absorbed in humans 
(approximately 95 percent) (4). There are few dermal absorption studies with inorganic and organic 
mercury, but dermal absorption is known to occur with both types of mercury (4). 



Inorganic mercury in body fluids is highly diffusible and lipophilic and, therefore, distributes to all 
tissues in the body. The highest levels of inorganic mercury occur in the kidney, while lower levels 
are found in the chest area and lung. Animal inhalation studies have shown mercury to concentrate 
in the kidney, intestinal mucosa, epithelial layers of the skin, salivary and sweat glands, pancreas, 
testes and prostate (4). 

Organic mercury (i.e., methyl mercury) distributes readily to all tissues in the body following 
gastrointestinal tract absorption. It can cross diffusion barriers and penetrate membranes easily and, 
therefore, distributes uniformly in the body; the highest levels being found in the kidney. Organic 
mercury can easily cross over the placental barrier, and is secreted in breast milk in the inorganic 
form. Methyl mercury also tends to accumulate in the hair (4). 

Inhaled inorganic mercury undergoes rapid oxidation to its divalent form primarily in the red blood 
cells, and in the lung. Rat studies indicate that inorganic mercury is oxidized in the liver, while other 
studies indicate that divalent mercury is reduced by mammalian tissue to elemental mercury after 
its oxidation (4). 

Organic mercury (i.e., methyl mercury) is converted to an inorganic form before it enters the 
oxidation-reduction cycle. Phenyl mercury also metabolizes into inorganic mercury (4). 

The urine and feces are the main excretory pathways of organic and inorganic mercury in humans. 
The fecal pathway is the primary excretory route for organic mercury. In humans, all mercury in 
the feces is in its inorganic form after organic mercury exposure. Minor amounts of mercury are 
excreted through saliva, bile and sweat (4). 

HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

Irreversible damage to the brain, kidneys, or developing fetus are effects of long- term exposure to 
mercury (1). In humans, inorganic mercury which is inhaled causes damage to the brain. If 
inorganic mercury is consumed through water or food, the effect will be focused in the kidneys. 
Adverse affects of inorganic mercury are characterized by tremors, memory loss, and kidney disease 
(1). 

The EPA is currently reviewing the inhalation and oral RfDs for mercury. 

Carcinogenic Effects 

The EPA has classified mercury as a Group D carcinogen - not classifiable as to human 
carcinogenicity. No human data are available and animal studies are inadequate to determine 
carcinogenicity. 



ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Freshwater plants exhibit a wide range of sensitivity to mercury, however, the most sensitive plant 
is less sensitive than the most sensitive freshwater animal. 

Fish tend to be more resistant to mercury than mollusks and crustaceans. Aquatic organisms should 
not be adversely affected if the following average concentrations are not exceeded more than once 
every three years on the average. 

Freshwater organisms: 

4-day average: 0.012 ug/L (5) 
l-hour average: 2.4 l.tg/L (5) 

Marine organisms: 

4-day average: 0.025 ug/L (5) 
1 -hour average: 2.1 pg/L (5) 

Terrestrial and Avian 

No data are available pertaining to the effects of mercury on terrestrial and avian life forms (4). 

SUMMARY OF REGULATORY LEVELS AND CRITERIA 

Oral RfD (6) 3 .O x I Od4 mg/kg/day (inorganic) 
Inhalation RfD (6) 8.57 x 1 Oe5 mg/kg/day (inorganic) 
EPA Carcinogen Classification (3) Group-D Not classified as a human carcinogen 
AWQC (human)(4) 0.144 pg/L 
MCL (4) 2 Pi3lL 
OSHA Ceiling Level(7) 1 mg/ 10 m3 (inorganic and vapor) 
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NICKEL 

INTRODUCTION 

Chemical Name: Nickel 
CAS Number: 7440-02-o 
Molecular Formula: Ni 
Molecular Weight: 58.7 g/mole 
Chemical Structure: Ni 

Nickel is a malleable silver-white metal that occurs in valences O,+l, +2, +3, and +4. It is almost 
always found in the divalent oxidation state in aquatic systems. Nickel is commonly used in alloys, 
electroplated protective coatings, and fuel cell electrodes. The main source of nickel in the 
atmosphere is due to the burning of fuel oil. Nickel-containing sewage sludge, the use of certain 
fertilizers and the deposition of aerosol particles are primarily responsible for nickel contaminated 
soil (1,2). 

FATE AND TRANSPORT 

Solubility (1): Insoluble in water; some salts are soluble 
Specific Gravity (1): 8.902 at 25 “C 

Nickel is found in the air, water, and soil. The average residence time for nickel in the atmosphere 
is seven days, the residence time in water is between 19 and 23,000 years, and the average time in 
soil is estimated to be 2400-3500 years (4). 

The bioconcentration factors for most aquatic organisms suggests that bioaccumulation would not 
be significant. However, the BCFs for marine phytoplankton range from 20-8000. Nickel is 
reasonably mobile in soils with a low pH and cation exchange capacity. It is less mobile in soils 
with a high organic content. Uptake of nickel in plants from the soil is common (4). 

There are no data referencing the significance of biodegradation, photolysis, or volatilization of 
nickel as environmental fate processes (1,4). 

PHARMACOKINETICS 

Quantitative data concerning the uptake of nickel by the respiratory tract are not available, 
however, studies have shown that nickel accumulates in the soft tissue of the lungs. Dietary nickel 
which has been ingested is absorbed at a level of l- 10%. Following ingestion of nickel, it was 
found in serum as ultrafilterable nickel, albumin-bound nickel, and in a metalloprotein. Oral doses 
of nickel chloride have been found to localize in the kidneys, lungs and central nervous system of 
animals (4). 



Dermal penetration of nickel on human skin was found to occur at a level of 55 to 77% in one study. 
Studies concerning the distribution of nickel which is dermally absorbed are not available (4). 

Once nickel is absorbed in the body it binds to a number of serum macromolecular components, (e.g. 
in humans, nickel binds to albumin, I - histidine and alpha-2-macroglobulin). 

Most of the nickel that is introduced into the body by inhalation, oral, and dermal absorption is 
excreted in the urine. Unabsorbed nickel resulting from oral exposure is excreted in the feces (4). 

HUMAN HEALTH EFFECTS 

Noncarcinoeenic Effects 

In both humans and animals, the lung has been the organ targeted for nickel toxicity. Inhalation of 
nickel is associated with lung cancer, allergenic response, asthma, and pulmonary infections. No 
human or animal studies regarding dermal absorption are available. No studies concerning oral 
effects on humans have been identified. However, pulmonary effects on animals were observed 
when nickel was administered orally (4). 

No immunological, renal, or hematological effects have been observed in humans. Injection studies 
have shown immunological effects in mice. These mice showed significant immunosuppression. 
Renal effects in mice consisted of aminoaciduria and proteinuria, which are indicative of renal 
dysfunction. Hematological effects in animals were exhibited by increased white blood cell counts, 
decreased hemoglobin concentration, decreased hematocrit, and histological lesions in the bone 
marrow (4). 

Teratogenic and reproductive effects of nickel in humans and animals are inadequate. However, 
mammalian cell transformation data indicates that specific nickel compounds are mutagenic and 
cause chromosomal alterations (4). 

The most common effect of nickel exposure is a sensitization reaction exhibited by dermatitis (4). 

The oral RfD is 0.02 mg/kgJday (soluable salts) and is based on decreased organ and body weights 
in rats. A NOAEL of 5 mg/kg/day was identified. An uncertainty factor of 100 was applied based 
on a factor of IO for interspecies extrapolation and a factor of 10 to protect sensitive populations; 
the modifying factor is 3 due to inadequacies in the reproductive studies (4). The oral RfD 
supporting study consisted of a 2-year feeding study using rats administered nickel sulfate 
hexahydrate in concentrations of 0, 100, 1000, or 2500 ppm in the diet. Body weight was 
significantly decreased at 1000 and 2500 ppm. No significant effects were reported at 100 ppm (3). 

Carcinoeenic Effects 

Although the EPA has not assigned a carcinogen classification for soluble salts of nickel, it has 
assigned a Group A classification for nickel refinery dust, nickel carbonyl and nickel subsulfide. 
This classification indicates that there is sufficient evidence from epidemiologic studies to support 
a causal association between nickel exposure and cancer in humans (4). EPA has also established 
an inhalation slope factor of 8.4x1 0-l (mg/kg/day)-’ (3). 

2 



Epidemiological studies found that nickel-exposed workers developed three types of respiratory 
cancer: epidermoid, anaplastic, and pleomorphic carcinomas (4). 

Experimental animal studies indicate that upon injection, tumors appear on animals at the injection 
site (4). 

ENVIRONMENTAL HEALTH EFFECTS 

Aauatic 

The Ambient Water Quality Criteria for the level of nickel that will not adversely affect aquatic 
organisms and their uses are as follows (5): 

Freshwater: 
Acute toxicity: 1,400 ug/L* 
Chronic toxicity: 160 pg/L* 

Saltwater: 
Acute toxicity: 140 ug/L 
Chronic toxicity: 7.1 ug/L 

* Based on a hardness of 100 mg/L as CaCO, (calcium carbonate) 

Terrestrial and Avian 

No data are available for terrestrial and avian life forms (4). 

REGULATORY LEVELS AND CRITERIA 

OSHA PEL-TWA (8): 1 .O mgJm3 (metal and insoluble compounds) 
1 .O mg/m’ (soluble compounds) 

ACGIH TLV- TWA (9): 

AWQC (4) 

1 .O mgJm’ (insoluble compounds, nickel sulfide 
roasting, fume and dust, and metal) 
0.1 mg/m’ (soluble compounds) 

Ingestion of Water and Organisms: 632 ug/L 
Ingestion of Only Organisms: 4.77 jtg(L (ingesting only organisms) 

Reportable quantity (3) 1 lb 

Maximum Contaminant Level (MCL) (6) 0.1 mg./L 
0.1 mg/L 



SUMMARY OF CRITERIA 

EPA Carcinogenic Classitication(3) Group A-Sufficient evidence to support the causal 
association between nickel inhalation (nickel refinery dust, 
nickel carbonyl, and nickel subsulfide) and cancer 
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Group C - Limited evidence of carcinogenicity to support 
the causal association between exposure (nickel soluble 
salts) and cancer. 

Nickel Refinery Dust 
Cancer Slope Factor (inhalation) (7) 8.4 x 10-r (mg/kg/day)-’ 

Nickel (Soluble Salts) 
Oral RID (3) 0.02 mglkgjday 
Inhalation RtD (3) Pending 
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POLYCHLORINATED BIPHENYLS @‘CBS) 

INTRODUCTION 

Chemical Name: Polychlorinated Biphenyls (PCBs) 
Synonyms and Trade Names: Aroclor, Kanechlor, Clophen 
CAS Numbers: Aroclor 1242: 53469-21-9 

Aroclor 1248: 12672-29-6 
Aroclor 1254: 11097- 69- 1 
Aroclor 1260: 001336-36-3 

Molecular Formula: C,H,Cl,C,&$lx 
Molecular Weights: Aroclor 1242: 266.5 dmole 

Aroclor 1248: 299.5 g/mole 
Aroclor 1254: 328.4 g/mole 
Aroclor 1260: 377.8 gJmole 

The term polychlorinated biphenyls (PCBs) commonly refers to a variety of mixtures of individual 
biphenyl isomers, each consisting of two joined benzene rings and up to ten chlorine atoms. 
Mixtures of these isomers are known by their commercial designation of Aroclor. This trade name 
is followed by a four- digit number; the first two numbers indicate the type of isomer mixture and 
the last two numbers indicate the approximate weight percent of chlorine in the mixture (3). 

PCBs are man-made chemicals that were used widely in transformers, electrical equipment and as 
lubricants (2). Because of their persistence and toxicity in the environment, their manufacture was 
discontinued in the United States in 1977 (1). However, PCB equipment manufactured before 1977 
is currently still being used in the U.S. and this use is being regulated by the Environmental 
Protection Agency. 

PCBs are very stable chemically and tend to be persistent in the environment. Persistence and 
bioaccumulation in living organisms also occur due to the high lipophilicity of these compounds (2). 

CHEMICAL AND PHYSICAL PROPERTIES 

Aroclor 1242 1248 1254 1260 

Log Kx 
Log Kow (2): 

Henry’s Law Constant(2): 
(atm-m3/mol at 25” C) 
Water Solubility (mgJL): 
Vapor Pressure(%): 
(mm Hg at 25” C) 
Density (2): 

3.8 5.75 5.51 6.3 
5.6 6.11 6.03 7.15 
5.7xlo-4 3.5x1o-3 8.4x1 O-3 7.1x1o-3 

0.24 0.054 0.012 0.0027 
4.06x1 O-4 4.94xlo-4 7.71x1o-5 4.0x1 o-5 

1.35 1.41 1.50 1.57 
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FATE AND TRANSPORT 

PCBs can be found in the atmosphere, water, and soil. Adsorption to sediments is the major fate 
process for PCBs in water. Because of lower water solubilities and higher octanol-water partition 
coefficients, higher chlorinated isomers will adsorb more strongly than the lower chlorinated 
isomers. This also indicates that significant leaching should not occur in soil under most conditions 
(2). 

For PCBs that exist in the dissolved state in water, volatilization becomes the primary fate process. 
Therefore, the volatilization process is the major removal mechanism of PCBs from water sources. 
However, the rate of volatilization is dependent upon PCB adsorption to sediment (2). 

In the atmosphere, PCBs exist in the vapor phase and can be removed by wet and dry deposition. 
A typical range of PCB concentrations in the atmosphere is between 1 and 250 ug/L (2). 

Degradation of PCBs in the environment is dependent upon the degree of chlorination. Generally, 
the more chlorinated the PCB molecule, the more persistent it will be in the environment. Factors 
which determine biodegradability include the amount of chlorination, concentration, type of 
microbial population, available nutrients, and temperature (2). The dominant degradation process 
in the atmosphere is dependent upon the vapor phase reaction of PCBs with hydroxyl radicals (2). 

Photolysis is thought to be the only transformation process in the aquatic environment. However, 
the process is extremely slow. It appears the hydrolysis and oxidation do not degrade PCBs (2). 

In the atmosphere, typical airborne concentrations of PCBs are as follows (2): 

Location 
Concentration Range 

(m9/m3) 

Urban 0.5 to 30 
Rural 0.1 to 2.0 
Great Lakes 0.4 to 3.0 
Marine 0.05 to 2.0 
Remote 0.02 to 0.5 

The concentrations of PCBs in the open waters of oceans and lakes are shown below (2): 

Location 
Concentration Range 

(UP/L) 

- 

North Pacific 0.04 to 0.59 
Antarctic 0.035 to 0.069 
North Atlantic 0.02 to 0.20 
Lake Superior 0.63 to 3.30 
Lake Michigan 3 .o to 9.0 
Lake Huron 0.49 to 17.15 
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PCBs are found in the soils from different areas of the world in the following concentrations (2): 

Location Concentration Range (DDb) 

Great Britain 
South Wales/Scotland 
Japan 
United States 

Everglades National 
Forest, Florida 
U.S. Urban areas 
Rocky Mountain National Park 
Great Lakes 

2.3 to 444 
4.5 to 47.7 
<lo to 100 

<l to 33 
0.02 to 11.94 
0.098 to 0.54 
2.5 to 25 1.7 

PHARMAcoKINETIcs 

PCBs are absorbed primarily through inhalation and dermal contact in occupational environments. 
However, the general public absorbs PCBs primarily through oral exposure, such as the ingestion 
of PCB contaminated fish (2). 

Animal studies have shown that PCBs are readily absorbed, but studies to quantify the rate of 
absorption are needed. Studies indicate that PCBs are absorbed by the gastrointestinal tract, and 
have been found in the serum and breast milk of woman orally exposed to PCBs (2). 

PCBs accumulate in human plasma and adipose tissue with the extent of accumulation dependent 
on the positions of chlorines on the PCB congeners. Congeners with chlorines in both 4 positions 
as opposed to the 3 ,4 positions were found in greater concentrations (2). Also, PCBs have been 
shown to accumulate in human breast milk. The extent of accumulation is approximately 4 to 10 
times less than the concentration in maternal blood (2). 

Animal studies have indicated maximum concentrations in the liver, brain, and adipose tissue. 
Studies show that distribution occurs in a biphasic manner. First, PCBs accumulate in the liver and 
muscle from the blood stream. Following this accumulation, PCBs are either stored in the adipose 
tissue or metabolized by the liver. It has been suggested that PCBs concentrate in the adipose tissue 
regardless of the route of exposure (2). 

The metabolism of PCBs depends on chlorine content and on the site of chlorination. The major 
metabolic products are phenolic in nature. Other identified end products are sulfur-containing 
compounds, trans-dehydrodiols, polyhydroxylated PCBs and methyl ether derivatives (2). 

Data regarding the excretion of PCBs following inhalation or dermal exposure are not available. 
When oral exposure occurs, excretion is dependent upon the metabolism of PCBs to more polar 
compounds (2). 



HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

The evaluation of the toxicity of PCBs is complicated by a number of factors including differences 
in isomer/congener/mixture composition, differences in species susceptibility, quantitatively 
inconsistent data, and varying degrees of contamination from other chemicals such as chlorinated 
dibenzofurans. Also, it should be noted that because of changes in congener and impurity 
composition resulting from environmental and/or biological transformations, PCBs currently in the 
environment may differ from the original PCB mixture (2). 

Inhalation Exposure 

There are no human data available regarding the lethality/decreased longevity of humans due to 

acute or chronic inhalation exposure. However, the primary target organs associated with PCB 
inhalation are the liver and cutaneous tissue. Occupational exposure has been associated with 
elevated serum levels in the liver and enzyme and dermatologic effects such as chloracne and skin 
rashes (2). 

Human developmental studies have proved inconclusive and lack monitoring data. However, there 
were suggestions that mothers occupationally exposed to PCBs exhibited a slight decrease in birth 
weight and gestational age of offspring. No animal studies were available concerning developmental 
toxicity (2). 

In animals, the liver and skin are unequivocal targets of PCB toxicity, especially in terms of chronic 
toxicity. The range of toxicity for dermal and hepatic effects is from 0.007 to 11 .O mg./m3 (2). 

- 

Oral Exposure 

There are no studies which address oral PCB exposure in humans. However, animal studies have 
established a single dose LDSOs for rats and mice. The levels are 1 ,010 mgJkg for Aroclor 1254 and 
750 m&kg for Aroclor 1221, respectively (2). 

Systemic effects in animals include perturbations of the liver and cutaneous tissues. Rats fed 0, 4, 
8, and 16 ppm of Aroclor 1254 for 4 days resulted in an increase in liver weight at concentrations 
greater than 8 ppm and an increase of serum HDL cholesterol levels at 16 ppm. A lowest observed 
adverse effect level (LOAEL) of 5 ppm was identified in rats based on hepatic effects. At this level, 
hepatic microsomal enzyme activities increased, production of liver lipid content increased, and 
frank degenerative liver alterations were observed (2). 

Developmental effects in humans from oral exposure to PCB contaminated fish include effects on 
birth weight, head circumference, gestational age and/or neonatal behavior. For animals, a LOAEL 
of 50 ppm in female rats has been identified based on fetotoxicity. At this level, effects such as 
reduced litter size, ultrastructural lesions in the thyroid follicular cells of neonates and weanlings 
and reduced serum levels of thyroid hormone were observed (2). 
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The only study relating PCBs to reproduction demonstrated that doses of >2 ppm Aroclor 1254 
administered to mink for 4 months prior to mating and during gestation were lethal to fetuses and 
caused reproductive failure (2). 

Dermal Exposure 

Dermal exposure is a major route of PCB absorption. However, the current data does not allow for 
the quantification of dermal absorption to the total body burden of PCBs (2). 

A study involving capacitor workers does not show clear evidence of liver disease. However, a 
correlation can be made between the PCB exposure and liver enzyme induction in the workers. It 
is not clear to what extent the dermal absorption affected the hepatic changes since inhalation 
exposure also occurred (2). 

A study involving dermal exposure of Aroclor 1260 to female New Zealand rabbits for 5 days/week 
at a dose of 118 mdday for 38 days produced degenerative lesions of the liver and kidneys, 
increased fetal porphyrin elimination and hyperplasia and hyperkeratosis of the follicular and 
epidermal epithelium (2). Other studies indicate that the median lethal dose for single dermal 
exposure for rabbits was > 1269 mg/kg for Aroclor 1242 and 1248 to ~3,169 for Aroclor 122 1 (2). 

No studies have been located which address immunological, neurological, developmental or 
reproductive effects of PCBs on humans or animals (2). 

Carcinopenic Effects 

The EPA has classified PCBs as a Group B2 carcinogen - a probable human carcinogen. This 
classification is based on the evidence of hepatocellular carcinomas in three strains of rats and two 
strains of mice. There is suggestive evidence that links PCBs to liver cancer in humans by the 
ingestion, inhalation, or dermal pathways. However, this evidence is inadequate due to confounding 
factors and lack of exposure quantification (4). 

There have been several studies attempting to associate PCB exposure with carcinogenicity. In 
New Jersey, a petrochemical plant reported a statistically significant increase in malignant 
melanomas among 3 1 research and development employees and 4 1 refinery workers. Because the 
study failed to report quantified exposure levels and to identify the presence of other potential or 
known carcinogens, it was discredited (4). 

Two outbreaks of poisoning following accidental consumption of PCB-contaminated rice oil (also 
containing polychlorinated dibenzofurans and polychlorinated quinones) occurred in Japan in 1968 
(Yusho) and in Taiwan in 1979 (Yu-Cheng). A 16-year mortality study was completed which 
identified an increase in liver cancer in both males and females. There is strong evidence indicating 
the health effects were attributable to the polychlorinated dibenzofurans in the oil as opposed to the 
PCBs. Therefore, this study only suggests carcinogenicity of PCBs (4). 



ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

PCBs have the capability to bioaccumulate and biomagnify. For rainbow trout, bluegills and 
channel catfish, the 96-hour LCSO values were approximately 20 mglliter. When the exposure was 
increased to 10 to 20 days, the average LC50 value was 0.1 mg/liter. Studies indicate that juvenile 
organisms appear to be more susceptible to PCBs than either eggs or adults (3). 

A study which experimentally determined the bioconcentration factors of various Aroclors in aquatic 
species found bioconcentration factors ranging from 26,000 to 660,000 (2). 

In a study conducted by the U.S. Fish and Wildlife Service, 3 15 fish from 107 stations nationwide 
were analyzed for PCBs. Results showed that 94% of all fish were found to contain PCB residues. 
The geometric mean concentration of all Aroclors was found to be 0.53 ug/g. It should be noted that 
this study included the analyses of whole fish samples which include both the edible and nonedible 
portions of the fish. Therefore, the concentration will not reflect the actual human exposure through 
oral consumption (2). 

Subsequent studies have shown PCB levels in fish collected and analyzed from Lake Huron to 
contain 600 to 72,000 pg/g PCBs on a lipid basis. Analyses of 62 samples of commercial fish 
collected from Lake Ontario revealed PCB levels ranging from 0.11 to 4.90 ppm (2). 

The Ambient Water Quality Criteria for the protection of aquatic organisms are as follows (3): 

Freshwater: 
Acute toxicity: 
Chronic toxicity: 

2.0 ugJL 
0.014 ug/L 

Marine: 
Acute toxicity: 
Chronic toxicity: 

10.0 ug/L 
0.030 ug/L 

Terrestrial and Avian 

PCBs can affect terrestrial wildlife in three primary ways: mortality, adversely affecting 
reproduction, and changing behavior. Behavioral effects include increased activity, decreased 
avoidance response, and decreased nesting (3). 

In sensitive bird species, PCB levels of greater than 200 ppm in the diet or 10 mglkg body weight 
caused some mortality. When the doses were increased to 1,500 ppm or 100 mg/kg body weight, 
extensive mortality was exhibited (3). 

In studies in which chicken were fed levels of 20 ppm PCBs in the diet, lower egg production, 
deformities, decreased hatchability, lower growth, and survival were observed (3). 
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REGULATORY LEVELS AND CRITERIA 

OSHA Advisory TWA (2): Aroclor 1242 - 1 .O mg/m3 
Aroclor 1254 - 0.5 mg/m3 

FDA Temporary Tolerances (2): Foods - 0.2-3.0 ppm 
Packaging - 10.0 ppm 

ACGIH (2): 
TLV-TWA for Aroclor 1242: 1 .O mg/m3 
TLV-TWA for Aroclor 1254: 0.5 mg/m3 

Ambient Water Quality Criteria (2): 0.79 to 0.0079 ng(L for carcinogenicity at 10m5 to 1 O-’ risk 
levels 

Drinking Water Criteria (2): MCLG: 0,&L 
MCL: 1 /q/L 

Reportable Quantity (2): IO lbs. (statutory) 
1 lb. (proposed) 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification (4) Group: B2-Probable human carcinogen 

Carcinogenic Effects: 
Oral CSF(4): 
Inhalation CSF (4): 

Oral RfD (4) for Aroclor 1254: 
NOAEL: 
LOAEL: 

REFERENCES 

7.7 (mg/kg/day)-’ 
Not Available. 

2.0 x 10m5 mglkglday 
None 
0.005 mgikg-day 

1. 

2. 

3. 

4. 

5. 

Hawley, G.G. The Condensed Chemical Dictionarv-Eleventh Edition. Van Nostrand 
Reinhold Company, Inc., New York, New York. 1987. 

Toxicological Profile for Selected PCBs (Aroclor- 1260.- 1254.- 1248.- 1242.- 1232.- 122 1) 
and - 1016). U.S. Agency for Toxic Substances and Disease Registry. U.S. Public Health 
Service, and U.S. Environmental Protection Agency, Atlanta, Georgia. June 1989. 

Chemical. Phvsical and Biological Properties of Compounds Present at .Hazardous Waste 
Sites. Office of Solid Waste and Emergency Response, U.S. Environmental Protection 
Agency, Washington, D.C. September 1985. 

IRIS. Integrated Risk Information System. Office of Research and Development, 
U.S. Environmental Protection Agency, Washington, D.C. 1994. 

I-IEAST. Health Effects Assessment Summarv Tables. Office of Emergency and Remedial 
Response, U.S. Environmental Protection Agency. March 1994. 
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POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) 

INTRODUCTION 

The PAHs are a diverse class of compounds consisting of two or more substituted and unsubstituted 
polycyclic aromatic rings formed by the incomplete combustion of carbonaceous materials. PAHs 
are ubiquitous in the modem environment and commonly are constituents of coal tar, soot, vehicular 
exhausts, cigarette smoke, certain petroleum products, road tar, mineral oils, creosote and many 
cooked foods. 

The physiochemical properties of the various PAHs are shown on Table 1. 

FATE AND TRANSPORT 

Other than naphthalene, the PAHs can be separated into two major groups based on chemical and 
physical properties relevant to their fate and transport. Table 2 lists the PAHs belonging to the 
anthracene group and benzo(a)pyrene group. The following paragraphs discuss the groups’ fate and 
environmental pathways. 

The Anthracene Group: (anthracene. acenaphthene. acenaphthalene. fluoranthene. fluorene, 
phenanthrene and pyrene): The majority of the information presented below is specific to 
anthracene. However, the properties and fate characteristics of anthracene are considered to be 
representative of the other PAHs in this group. 

Under ambient conditions, atmospheric anthracene will exist predominantly (approximately 90%) 
in the vapor phase with very little adsorption to aerosols. Anthracene can be returned to aquatic and 
terrestrial systems by wet and dry deposition; however, the majority of the deposition will be dry. 
A significant amount of airborne anthracene may be removed and deposited near combustion 
sources. The anthracene remaining in the air will probably undergo photoxidation to quinones and 
other oxygenated compounds (8). 

Dissolved anthracene can undergo some removal from surface waters via volatilization, but its low 
vapor pressure (2.4 x 10e4 torr at 25°C) prevents this from being a significant transport pathway. 
A half- life of 16 hours for anthracene was reported in the aquatic environment under maximum 
volatilization conditions (6). With a log octanol-water partition coefficient of 4.45, anthracene has 
a very strong tendency to partition from water to other environmental media. Adsorption and 
sedimentation are the primary environmental fates in aquatic systems with absorption both organic 
and non- organic particulate matter (6). 

Anthracene in the aquatic system will tend to accumulate preferentially in the sediment and remain 
there unless considerable mixing at the sediment/water column interface occurs. In rivers, the major 
fate pathway is transport of sediment-adsorbed anthracene to the oceans, since neither photolysis 



or anaerobic degradation are important fate pathways. Depending on the actual conditions in the 
environment, biotransformation could be an important fate process (6). 

Biological processes such as uptake, depuration, and biodegradation are considered potential 
environmental fate mechanisms for anthracene. Bioaccumulation of anthracene is probably 
short-term, especially for vertebrates. Biodegradation by microorganisms may also be a significant 
fate process (6). Half- lives on the order of 1 - 2 weeks under laboratory conditions were reported 
for the anthracene group. 

The Benzolalovrene Group: (benzo[a]anthracene. benzolalnvrene. benzo[blfluoranthene, 
benzoIe.hdnervlene. benzoIk]fluoranthene. chrvsene. dibenzoIa.h]anthracene, 
indenoI1.2.3-cdlnyrenel: The majority of the information presented below is specific to 
benzo[a]pyrene; however, the properties and fate characteristics of benzo[a]pyrene are considered 
to be representative of the other PAHs in this group. 

Under ambient conditions, atmospheric benzo[a]pyrene will exist predominantly (approximately 
99%) adsorbed to aerosols. Benzo[a]pyrene can be returned to aquatic and terrestrial systems by 
wet and dry deposition; however, the majority of the deposition will be dry. A significant amount 
of airborne benzo[a]pyrene may be removed and deposited near combustion sources. The physical 
removal mechanisms are expected to be significant with an atmospheric residence time of 
approximately eight days (6). 

Dissolved benzo[a]pyrene can undergo some removal from surface waters via volatilization, but its 
very low vapor pressure (5.6 x 10m9 torr at 25°C) prevents this from being significant. A half- life 
of 430 hours for benzo[a]pyrene was reported in aquatic environments under maximum 
volatilization conditions (6). 

With a log octanol-water partition coefficient of 6.08, benzo[a]pyrene has a very strong tendency 
for water-lipid and water- sediment partitioning. Adsorption and sedimentation represent primary 
environmental pathways in aquatic systems through adsorption both organic and non-organic 
particulate matter (6). 

Benzo[a]pyrene in aquatic systems will accumulate preferentially in sediments and tend to remain 
there unless considerable mixing occurs at the sediment/water column interface. In rivers, the major 
fate pathway is transport of adsorbed benzo[a]pyrene to oceans. Photolysis and biotransformation 
can also be important fate processes (6). 

Biological processes such as uptake, depuration, and biodegradation are considered potential 
environmental fate mechanisms for benzo[a]pyrene. Bioaccumulation of benzo[a]pyrene is probably 
short- term, especially for vertebrates. Biodegradation by microorganisms is slower and not as 
extensive in the benzo[a]pyrene group as in the lower-molecular- weight PAHs (6). Half- lives on 
the order of months or longer under laboratory conditions were reported for the benzo[a]pyrene 
group. 



PHARMACOKINETICS 

No studies have been located concerning the absorption of PAHs via inhalation and oral ingestion. 
However, it can be inferred from the presence of urinary metabolites in workers exposed to PAHs 
that absorption occurs via inhalation. Rats orally administered PAHs showed elevated 
concentrations in the liver, lung and kidneys (11). In terms of dermal exposure, measurable 
quantities of PAHs were detected in blood after percutaneous exposure in humans (11). 

PAI-Is were distributed to the lung, kidney, liver and gastrointestinal tract of rats following exposure 
via inhalation. Orally administered PAHs in the same species were detected in the liver, lung and 
kidney. Very little of the PAHs absorbed through the skin are distributed to tissues (11). 

The lipophilicity of PAHs enables them to readily penetrate cellular membranes and circulate in the 
body indefinitely. However, metabolic processes alter PAHs both chemically and structurally 
producing more water-soluble and excretable compounds. These metabolic processes occur in all 
tissues. The following metabolic pathway is that of benzo[a]pyrene and is similar to that of the other 
PAHs. Benzol[a]pyrene is initially metabolized by the microsomal P-450 system to form an arene 
oxide. Once the arene oxide is formed, it undergoes hydration via epoxide hydrolase to form a 
dihydrodiol. Further metabolic activity can lead to the generation of diol epoxides which are 
believed responsible for BaPs toxic effects. Benzo[a]pyrene can also be oxidized spontaneously or 
metabolically to quinones (11). 

In terms of elimination, animal studies suggest that PAHs are eliminated rapidly from the lung when 
the animals are exposed via inhalation (11). Rats orally exposed to PAHs excreted the compounds 
in the feces (11). PAHs applied to the skin of rats were determined to be excreted in the urine and 
feces equally (I 1). 

HUMAN HEALTH EFFECTS 

For practical purposes, PAHs are often separated into two categories, the carcinogenic and 
non-carcinogenic PAHs. This is a somewhat misleading categorization as some evidence exists that 
many of the non-carcinogenic PAHs have some, albeit weak, carcinogenic activity or act as 
promoters or co- carcinogens. Another factor complicating PAH categorization is that they do not 
occur alone in nature but as complex mixtures containing numerous PAHs of varying carcinogenic 
potencies. The potential interactions of the individual PAHs present as components of these 
mixtures must be addressed in attempting to quantify the carcinogenic and non-carcinogenic risks 
(7). 

The USEPA, in reviewing the carcinogenicity of several PAHs, indicated those for which there was 
sufficient, limited, or inadequate, evidence of carcinogenicity. These classifications are presented 
in Table 3. 

Benzo[a]anthracene, benzo[a]pyrene, benzo(b)fluoranthene, benzo[k]fluoranthene, 
benzo[g,h,i]perylene, chrysene, indeno[l,2,3-c,d]pyrene, and dibenzo[a,h]anthracene are probable 
human carcinogens. Acenaphthylene, anthracene, fluoranthene, fluorene, naphthalene, phenanthrene 
and pyrene are either possible human carcinogens, the evidence is inadequate to assess carcinogenic 
potential, or there is no evidence for carcinogenicity (6). 
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Non-carcinogenic effects: Acute effects from direct contact with PAHs are generally limited to 
phototoxicity. Percutaneous exposure to PAHs, followed by exposure to sunlight, can result in 
dermatitis consisting of erythema, itching, and burning. Dermatitis can result from a single 
90-minute exposure to a one- percent solution of coal tar. Chronic exposure to PAHs may result 
in chronic dermatitis, hyperkeratoses, and other skin disorders (1,2,3,4). PAHs have also been 
shown to cause cytotoxicity in rapidly proliferating cells throughout the body with the hematopoietic 
system, lymphoid system, and testes frequently noted as targets (10). This effect appears to result 
from PAH mediated inhibition of DNA replication (6). 

__ 

The PAHs can also cause systemic toxicity at high doses. The liver and kidney of rats have 
exhibited slight morphological changes following oral administration of acenaphthene. The major 
effects linked to naphthalene exposure include cataracts with accompanying retinopathy and 
hemolytic anemia (6). 

Carcinogenic effects: Most carcinogenic PAHs are not direct carcinogens but require metabolic 
activation before carcinogenesis is initiated (6). The metabolites of carcinogenic PAHs have been 
found to bind to DNA in every tissue examined regardless of species, dose, or route of 
administration (6). 

In mice, carcinogenic PAHs can produce hepatomas and lung adenomas following repeated oral 
administration and bladder tumors following implantation. In addition, they can produce tumors in 
mice following subcutaneous injection (6). Lung tumors have developed in hamsters and mice 
following intratracheal and intravenous administration, respectively (8). 

REGULATORY LEVELS AND CRITERIA 

OSHA PEL (1): 

ACGIH TLV TWA (11): 

NIOSH REL TWA (11): 
IDLH(I1): 

Reportable Quantity (11): 

0.2 mg/m’ (coal tar pitch volatiles - benzene soluble 
fraction) 
0.2 m&m3 (coal tar pitch volatiles - benzene soluble 
fraction) 
0.1 mg/m3 (benzene soluble PAH) 
400 mg/m’ (coal tar pitch volatiles) 
1 lb 

REFERENCES 
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3. ATSDR 1987~. Agency for Toxic Substances and Disease Registry. Toxicological Profile 
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for Chrvsene (Draft). Atlanta, Georgia. October 1987. 
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TABLE 1 

POLYNUCLEAR AROMATIC HYDROCARBON PHYSICAL 

AND CJXEMICAL INFORMATION 

*Values expressed at 25°C. 
Source: Ref. 8 
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TABLE 2 

MAJOR GROUPINGS OF 

POLYNUCLEAR AROMATIC HYDROCARBONS* 

THE ANTHRACENE GROUP 
Anthracene 
Acenaphthene 
Acenaphthylene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

THE BENZO[a]PYRENE GROUP 
Benzo[a]anthracene 
Benzo[a]pyrene 
Benzo[b]fluoranthene 
Benzo[g,h,i]perylene 
Benzo[k]fluoranthene 
Chrysene 
Dibenzo[a,h]anthracene 
Indeno[ 1,2,3 - c,d]pyrene 

* Note: Naphthalene is addressed in a separate toxicity profile. 
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TABLE 3 

CLASSIFICATION OF PAHS ACCORDING TO 

EVIDENCE FOR CARCINOGENICITY 

Chemicals for which there is sufficient evidence that they are carcinogens: 

Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno( 1,2,3-c,d)pyrene 

Chemicals for which the evidence is inadequate to assess their carcinogenicity: 

Acenaphthylene 
Anthracene 
Benzo(g,h,i)perylene 
Fluoranthene 
Fluorene 
Naphthalene 
Phenanthrene 
Pyrene 

-- 
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THALLIUM 

INTRODUCTION 

- 

Acute exposure to soluble thallium compounds has been associated in humans with gastrointestinal 
irritation; damage of the liver, kidneys, and central and peripheral nervous systems; pulmonary 
edema; degenerative changes in the adrenals; and ocular effects. 

CAS Number: 7440-28-o 
Chemical Formula: Tl 
IUPAC Name: Thallium 

CHEMICAL AND PHYSICAL PROPERTIES 

Atomic Weight: 204.37 
Boiling Point: 1,457”C 
Melting Point: 3035°C 
Specific Gravity: 11.85 
Solubility in Water: Insoluble (many compounds are soluble) 

FATE AND TRANSPORT 

In reducing environments, thallium may be precipitated as the metal or as thallium sulfide. 
However, much of the thallium present in aquatic systems is likely to remain in solution and be 
transported to the oceans. Active removal of some dissolved thallium by sorption to clay minerals 
and hydrous metal oxides present in bed sediments is probably an important environmental fate 
process. Thallium is readily taken up by aquatic organisms, and bioaccumulation may also be an 
important fate process. Results of limited studies with algae suggest that thallium may also be 
available for food chain magnification. There is no evidence to suggest that photolysis or 
volatilization are important environmental processes. Although there is speculation that thallium 
can be methylated under aerobic conditions by electrophilic attack, biotransformation does not 
appear to be an important process in aquatic systems. 

HUMAN HEALTH EFFECTS 

There is no evidence that thallium is carcinogenic in humans or experimental animals, and it does 
not appear to have significant mutagenic activity. Exposure to thallium salts during critical 
developmental stages is reported to produce achondioplasia in chickens and rats. No other 
significant teratogenic effects are reported. 

Thallium, in the form of soluble compounds, is readily absorbed through the skin and 
gastrointestinal tract. Symptoms associated with acute poisoning in humans include gastrointestinal 
irritation; liver and kidney damage; pulmonary edema; degenerative change in the adrenals, 
peripheral nervous system, and central nervous system,; and ocular effects, including optic neuritis 
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and, rarely, cataracts. The estimated lethal dose for humans is 8 to 12 mg/kg. In experimental 
animals, thallium compounds produce effects similar to those seen in humans. Rats appear to be 
particularly sensitive to the cataractogenic activity of thallium. Regardless of the specific thallium 
compound tested, rate of intake, or route of administration, LDs, values for a variety of species range 
from about 3 to 92 mgikg. 

The oral RfD of 8 x lo” mg/kg/day applies to thallium carbonate, chloride or sulfate. It is based on 
a subchronic (90D), gavage study, using thallium sulfate in Sprague-Dawley rats. The NOAEL 
determined in the study was 0.25 mg/kg/day. Target organs included the liver, blood and hair. 
Critical effects were increased SGOT, increased serum LDH an alopecia (3). 

Toxicitv to Wildlife and Domestic Animals 

Acute and chronic toxicity of thallium to freshwater aquatic life occurs at concentrations as low as 
1,400 and 40 &liter, respectively. Acute toxicity to saltwater aquatic life occurs at concentrations 
as low as 2,130 &liter. Toxic effects would be expected to occur at lower concentrations among 
species more sensitive than those tested. Bioconcentration factors ranged from about 11 for the 
mussel Mytilus edulis to about 1.5 x 1 O5 for other freshwater and marine invertebrates. Values of 
about 1 x 10’ are reported for marine and freshwater fish. 

REGULATORY LEVELS AND CRITERIA 

Ambient Water Quality Criteria (USEPA): 

Aauatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

EPA Carcinogenic Classification: 
Criterion: 
OSHA PEL-TWA: 
ACGIH TLV: 

D--not classified as a carcinogen 
13 j&liter 
0.1 mg (soluable compounds as Tl) 
0.1 mg/m’ (elemental and soluble compounds, as 
Tl) 

Oral Reference Dose (RfD): 8x1 w5 mg/kg/day for thallium carbonate/ 
chloride/sulfate 
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l,l,l-TRICHLOROETHANE 

INTRODUCTION 

Chemical Name: 1 , 1, 1 - Trichloroethane 
Synonyms: Methyl chloroform, chloroethene 
CAS Number: 71-55-6 
Molecular Formula: C2H3C13 

Molecular Weight: 133.40 g/mole 
Chemical Structure: 

Cl H 

Cl-C-C-H 

Cl H 

1 , 1 , 1 - Trichloroethane (1, 1 , 1 - TCA) exists as a colorless liquid and is a man- made chemical which 
does not occur naturally. It is insoluble in water but soluble in alcohol and ether. Common uses for 
1,l ,l - TCA are as a solvent for cleaning precision instruments, metal degreasing, pesticide, and 
textile processing (1). Approximately 700 million pounds of 1 ,l, I-TCA were produced in 1987 (2). 

FATE AND TRANSPORT 

Log K, (2): 
Log L (2): 
t 112: 

Henry’s Law Constant (2): 
BCF (2): 
Solubility (1): 

In Water: 
In Organics: 

Vapor Pressure (3): 
Vapor Density (3): 
Specific Gravity (3): 

2.03 
2.49 
2-6 years in the atmosphere 
6.3 x 10e3 to 17.2~10~~ atm-m’/mol at 25°C 
9 for bluegill and sunfish 

Insoluble 
alcohol and ether 
123 mm Hg at 20°C 
4.63 
1.34 at 20°C (liquid) 

In the environment, 1 ,l, 1 -TCA can be found as a liquid, vapor, or dissolved in water and other 
chemicals (3). 

Volatilization into the atmosphere is the dominant environmental fate of 1,l ,I - TCA. Once in the 
air, it reacts slowly with photochemically produced hydroxyl radicals. Because of its long 
atmospheric half- life, a proportion of 1 ,l, 1 - TCA is capable of reaching the stratosphere where 
degradation can occur by reaction with ozone. The long atmospheric half-life also allows 
l,l, 1 -TCA to be transported long distances from its original point of release. Because 1 ,1 , 1 -TCA 
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is moderately soluble, precipitation may wash the compound out of the atmosphere. However, the 
l,l, 1 -TCA would be expected to re-volatilize after reaching the land surface (2). 

In soil, liquid 1,1,1-TCA has the capability to be highly mobile which results in a potential for 
groundwater contamination. An important primary fate process is exhibited as volatilization; 
however, information on biodegradation in the soil is lacking. 1,l ,1 -TCA does not undergo aerobic 
biodegradation (2). 

Volatilization of 1,l ,l - TCA occurs upon its release to surface water. Neither adsorption to sediment 
nor bioconcentration in aquatic organisms is recognized as an important environmental fate (2). 

PHARMACOKINETICS 

1 ,l, 1 -TCA can enter the body through inhalation of contaminated air, or by drinking water or 
ingestion of food containing 1 ,1, 1 - TCA (2). 

If liquid 1 , 1 ,1 - TCA contacts the skin, rapid evaporation into the atmosphere limits the amount 
capable of penetrating the skin. Upon inhalation, 60 to 80% 1 ,1, 1 - TCA will be eliminated from the 
body via exchange of air within 2 hours, and 90 to 99% will be eliminated within 50 hours (2). 

Upon entering the systemic circulation, l,l,l-TCA, is metabolized by the body and excreted within 
a few days either through the urine or exhalation. The major metabolites of I,1 ,l - TCA are water 
soluble trichloroethanol, a trichloroethanol glucuronide conjugate, trichloroacetic acid, and carbon 
dioxide. If chronic exposure occurs, it is possible for the metabolites to accumulate in the body (2). 

HIJMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

Acute exposure to high concentrations of 1, 1,l -TCA via inhalation has been found to have lethal 
effects on humans and animals. Incidences of accidental exposure in humans have indicated that 
6,000 to 20,000 ppm l,l,l-TCA are lethal. Nausea, vomiting, and diarrhea are more common 
manifestations following acute exposure to 1,l ,l -TCA. Mild eye irritation has also been reported 
from 1 ,l , 1 -TCA exposure (2). 

The systemic effects on humans consist of central nervous system depression, respiratory arrest or 
severe cardiac arrhythmia. There is some indication of irreversible toxic effects on the heart 
following long- term exposure to l,l,l -TCA. Inhalation may also produce mild hepatic effects (2). 

Very high dermal dose levels have killed rabbits. Dermal effects on humans consist of mild 
irritation to chemical bums, mild erythema, and fine scaling (2). 

There have been either no studies conducted or no effects exhibited regarding the effects of 
l,l,l -TCA on the respiratory, cardiovascular, gastrointestinal, hematological, musculoskeletal, or 
renal systems via oral or dermal exposure. Also, studies involving immunological, neurological, 
developmental, reproductive, and genotoxic effects have not been conclusive or have produced 
insignificant results (2). 



The cardiovascular, gastrointestinal, hepatic, renal, and ocular systems are affected when inhalation 
exposure occurs. In addition, neurological effects including mild motor impairments, euphoria, 
anesthesia, and death are exhibited upon varied levels of inhalation exposure (2). 

The EPA has derived both an oral and inhalation RfD for exposure to 1,l ,l -TCA. Both the oral and 
inhalation RfDs were calculated from an inhalation study with male and female guinea pigs at 
concentrations of 500, 1,000, 2,000, and 10,000 ppm for 7 hours per day, 5 days per week for 6 
months. At the three highest concentrations, there was evidence of hepatotoxicity in the exposed 
animals. A no observed adverse affect level (NOAEL) of 90 and 304 mg/kg/day was identified for 
the oral and inhalation route, respectively. The oral NOAEL was determined based on a route to 
route extrapolation. An uncertainty factor of 1,000 was applied to both of the NOAEL values derive 
the oral RfD dose of 9 x 1 OW2 mg/kg/day. 

USEPA Region III has established an inhalation RfD of 2.86 x 10-i mglkglday for 1 ,1 ,1 - TCA. As 
of February 1995, both the oral and inhalation RfDs had been withdrawn. 

Carcinopenic Effects 

The EPA has classified l,l,l -TCA as a Group D carcinogen - not classifiable as to human 
carcinogenic&y. The basis for this decision is lack of reported human data and in conclusive 
carcinogenicity data in animal studies (4). 

Short- term bioassays have shown evidence of 1, 1 ,1 - TCA mutagenicity in Salmonella. A positive 
result in mammalian cell transformation tests and occasional positive results in other mammalian 
cell assays suggest that l,l, 1 -TCA may be genotoxic in animals (2,4). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Although data are not adequate for establishing criteria, the EPA has reported the lowest values of 
l,l,l -TCA known to be toxic in aquatic organisms. These values are as follows (3): 

Freshwater (4): 
Acute toxicity: 18 mgjliter 
Chronic toxicity: 8.4 mg/liter 

Marine (4): 
Acute toxicity: 3 1.2 mg/liter 
Chronic toxicity: No available data 

Terrestrial and Avian 

Information regarding the toxicity of 1 ,1 , 1 - TCA to terrestrial and avian wildlife or domestic animals 
was not available (3). 



REGULATORY LEVELS AND CRITERIA 

The following regulatory levels and criteria have been established for 1 ,1, 1 - TCA: 

OSHA (7,8) PEL-TWA 350 ppm 
TLV-TWA 3 5 0 ppm 
TLV-STEL 450 ppm 

Ambient water quality criterion (2): 18 mglliter 
Maximum contaminant level (2): 200 uLg/liter 
Maximum contaminant level goal (2): 20 pg/liter 
Reportable quantity (2): 1,000 pounds 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification (5): D-Not classifiable as to human carcinogenicity 

Noncarcinogenic Effects: 
Oral RfD (9): 
Inhalation RID (9): 

9.0 x 1 Om2 mg/kg/day 
2.86 x 10-r mg/kg/day 
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TRICHLOROETHENE 

INTRODUCTION 

Chemical Name: Trichloroethene 
CAS Number: 79-01-6 
Common Names: Trichloroethene; 1,2,2-Trichloroethylene; TCE 
Molecular Formula: C2HCla 
Molecular Weight: 131.40 g/mole 
Chemical Structure: 

Cl H \ / 7 =c\ 
Cl Cl 

Trichloroethene (TCE) is a colorless liquid at standard temperature and pressure. It is a 
man-made chemical primarily used as a solvent in degreasing operations (1). 

FATE AND TRANSPORT 

Log K, (9): 2.10 
Log K,: 2.29 (3) 

2.42(l) 
t1/2 (1): Surface Water: l-28 days 
Henry’s Law Constant (1): 0.02 atm-m3/mole @ 20°C 

0.01 atm-m3/mole @ 25°C 
Fish Bioaccumulation Factor (BCF) (1): 17 
Degradation Products: 

In Water: Dichloroethylene and vinyl chloride 
In Air: Phosgene, dichloroacetyl chloride, and formyl chloride (1); hydrochloric acid, 

carbon monoxide, carbon dioxide and carboxylic acid (3). 
Solubility: 

In Water (1): 1.07 g/kg @ 20°C 
1,366 mg/L @ 25°C 

In Organics (1): Miscible with many common organic solvents such as ether, alcohol and 
chloroform 

Vapor Pressure (1): 59 mm Hg @ 20°C 
74 mm Hg @ 25°C 

Specific Gravity (1): 1.465 @ 20°C 

TCE rapidly volatilizes into the atmosphere. Consequently, the atmosphere is the primary 
recipient of TCE releases. The average half-life of atmospheric TCE is approximately 3.7 days 
(1). In the atmosphere, the dominant transformation process is the reaction of TCE with 
hydroxyl radicals. Various degradation products result from this photooxidation process 
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including hydrochloric acid, carbon monoxide, carbon dioxide, carboxylic acid, phosgene, 
dichloroacetyl chloride and formyl chloride (3,4). 

TCE readily volatilizes from surface water into the atmosphere. This is the primary migration 
pathway of TCE from surface water. Once TCE enters the atmosphere, it degrades by the 
process described above (1). 

Slow degradation of TCE in soil occurs under anaerobic conditions. The Koc value indicates 
that TCE is quite mobile in soil and will readily leach into groundwater (1). 

Once TCE has entered the groundwater, it remains there for years since volatilization is not a 
viable migration pathway. TCE in groundwater degrades primarily into dichloroethylene. To 
a lesser degree, it will degrade to vinyl chloride (1). TCE may be present in groundwater as a 
degradation product of perchloroethylene (4). 

TCE, unlike other chlorinated compounds, has a low potential for bioaccumulation in fish, 
animals, and the food chain (4). 

PHARMACOKINETICS 

TCE is primarily absorbed into the body via inhalation and ingestion. To a lesser degree, it 
can be absorbed into the body by direct dermal contact (1). 

The primary target organs for inhaled TCE are the central nervous system (CNS), liver, 
kidney, and hematological system. Principal organs targeted by oral exposure include the 
liver, kidney, and immunological system (1). 

TCE distributes throughout all tissues but tends to concentrate in the fat, kidney, adrenals, 
vas deferens, epididymis, brain, and liver (4). Once in the body, TCE undergoes extensive 
metabolism. Numerous metabolites such as trichloroethanol, Trichloroethene-glucuronide, 
trichloroacetic acid, chloral hydrate (hypnotic agent), Trichloroethene oxide, 
trichloroacetaldehyde, and chloroacetic acid are generated (1,4). 

There are two primary routes of excretion for TCE. Unmetabolized TCE is excreted by 
exhalation while TCE metabolites are excreted in the urine (1). Other routes of excretion 
include sweat, feces, and saliva, but occur to a much lesser extent (4). 

HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

Adverse effects to the CNS, kidney, liver, and immune system due to TCE exposure have been 
documented. 

Animal studies show that inhalation of TCE impairs neurological functions such as limb 
movement control, perception and reaction time. It is expected that larger quantities of TCE 
by oral exposure are required to create similar effects on the CNS as those experienced by 
inhalation. This is hypothesized since ingested TCE is subject to first pass elimination by the 
liver and lungs. It has been demonstrated that the trichloroethanol metabolite is three times 
as effective as the parent compound in inducing adverse effects on CNS (1). A relationship 
between exposure and renal effects has also been established in chronic animal studies. 
Inhalation and/or ingestion of TCE produced histological alterations characterized by renal 
tubular alterations and/or toxic nephropathy (1). Other chronic studies have identified an 
association between TCE exposure and deficiencies of the immune system. The effects of TCE 
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on the immune system are similar to those generated by other chlorinated hydrocarbons (1). 
A provisional oral reference dose of 6x10-3 mg/kg/day has been provided by EPA’s 
Environmental Criteria and Assessment Office (ECAO) (7). 

It has been documented that acute inhalation exposure to high TCE concentrations have 
caused severe liver damage. However, it is unlikely that long-term exposure to ambient air 
concentrations will adversely effect the liver. The most common hepatic effect in TCE-exposed 
animals is liver enlargement. Histological alterations characterized by cellular hypertrophy 
were associated with the liver enlargement (1). 

Developmental effects from exposure to TCE result from ingestion but not inhalation. Animal 
studies on the ingestion of TCE indicate that there are reproductive effects such as reduced 
testis and epididymis weight and sperm mortality (1). 

The EPA has not derived an inhalation RfD for TCE. 

Carcinogenic Effects 

TCE is classified by the EPA as a B2 carcinogen - Probable Human Carcinogen. This means 
there is sufficient evidence of carcinogenicity in animals; however, evidence of carcinogenicity 
in humans is inadequate (5). 

Animal studies indicate that TCE exposure produced liver and lung tumors in mice and 
kidney adenocarcinomas, testicular leydig cell tumors, and possibly leukemia in rats (1). 

Studies are being conducted to determine if TCE metabolites are involved in cancer 
development. It is known that trichloroacetic acid and dichloroacetic acid (both metabolites of 
TCE) are complete carcinogens in the male mouse liver (1). Although the liver appears to be 
the main site of TCE, there is evidence for extrahepatic TCE metabolism which may be 
responsible for extrahepatic sites of toxicity. 

A provisional inhalation cancer slope factor of 6.0 x 10-a (mg/kg/day)-1 has been provided by 
the EPA’s ECAO (7). 

Based on two gavage studies, an oral cancer slope factor of 1.1 x 10-S (mg/kg/day)-1 was derived 
for ‘ICE (10). B6C3Fl male and female mice were exposed to 0,1169, or 2339 mg/kg/day and 0, 
869 or 1,739 mgikgfday, respectively, 5 days per week for 8 weeks. The researchers noted a 
statistically significant increase in hepatocellular carcinomas in male mice at both dose levels 
and in female mice at the highest dose level. In another study, TCE administration to B6C3Fl 
male and female mice resulted in an increased incidence of hepatocellular carcinonomas. 
These results are consistent with those found in the previous B6C3Fl mice cancer bioassay (1). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Although ambient water quality criteria have not been established for TCE, the lowest values 
known to cause toxicity in aquatic organisms have been reported. These values are as follows 
(3,6): 

Freshwater: 
Acute toxicity: 
Chronic toxicity: 

45,000 pg/L 
Not available 
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Marine: 
Acute toxicity: 2,000 pg/L4 
Chronic toxicity: Not available 

REGULATORY LEVELS AND CRITERIA . 

MCLG (1): 0 mg/L 
MCL (1): 5pg;/L 
OSHA PEL-TWA (8): 100 ppm 
ACGIH TLV-TWA (2): 50 mm 
ACGIH TLV-STEL (2): 100 ppm 
Reportable Quantity: 1,000 lbs 
WQC (6) 

Ingestion of Water and Organisms: 2.7 pg/L 
Ingestion of Organisms Only: 8.0 pg/L 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification (1): 

Noncarcinogenic Effects: 
Oral RfD (7): 
Inhalation RfC (7): 

Carcinogenic Effects (7): 
Oral CSF (7): 
Inhalation CSF (7): 

REFERENCES 

Group BZ-probable human carcinogen 

6.0 x 10-a mgtkglday 
Not Available 

1.1 x 10-Z (mg/kg/day)-1 
6.0 x 10-a (mg/kg/day)-1 
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EXECUTIVE SUMMARY 

1,3,5-Trinitrobenzene, a dimorphic crystalline solid, is a Class A explosive that is less sensitive to impact, 

but more powerful than 2,4,6-trinitrotoluene (Budavaro et al., 1989; Fedoroff et al., 1962). It has also had 

limited use in the vulcanization of rubber (Barnhart, 198 1). 

The information available on the toxicity of 1,3,5-trinitrobenzene was composed primarily of Russian 

abstracts. Therefore, most of the toxicity information derived for 1,3,5-trinitrobenzene is by analogy to the 

structurally similar compounds 1,3dinitrobenzene and 2,4,6-trinitrotoluene. Little is known about the 

absorption, distribution, metabolism, and excretion of 1,3,%rinitrobenzene; however, both 

1,3-dinitrobenzene and 2,4,6+initrotoluene are extensively absorbed following oral exposure and are 

distributed to the liver, kidney, lung and spleen (Parke, 1961; El-hawari et al., 1981). The metabolism and 

excretion of 1,3,5-trinitrobenzene would likely be similar to that of 1,3-dinitrobenzene and 

2,4,6-trinitrotoluene and consist of nitro-reduction, glucuronide conjugation, and excretion primarily in the 

urine (El-hawari et al., 1981; Parke, 1961). 

Munition workers exposed to 1,3,5-trinitrobenzene have developed skin irritation, liver damage, and anemia 

(Hathaway, 1977; Morton et al., 1976; Stewart et al., 1945). Animal studies have shown that oral treatment 

with structurally similar 1,3 dmitrobenzene or 2,4,6+initrotoluene induces anemia and increases 

methemoglobin concentration. These compounds also induce liver and spleen hypertrophy, and induce 

degeneration of the germinal epithelial lining of the seminiferous tubules resulting in decreased 

spermatogenesis (Cody et al, 1981; Levine et al., 1983, 1984; Furedi et al., 1984a,b). Toxicity studies of 

1,3,5&nitrobenzene, 1,3dinitrobenzene, or 2,4,6-trinitrotoluene following inhalation exposure were 

unavailable. 

On the basis of increased spleen weights in rats following treatment with 1,3-dinitrobenzene in their drinking 

water (Cody et al., 1981), the U.S. EPA (1991a,b) has assigned a subchronic and chronic reference dose 

(RfD) of 5E-4 mg/kg/day and 5E-5 mgikg/day, respectively, for 1,3,5-trinitrobenzene. The RfD’s were 

derived from a NOAEL of 3 ppm for 1,3-dinitrobenzene that was converted to 0.51 mg&&lay 

1,3,5-trinitrobenzene. This was done using the molecular weight ratio of 1,3,5-trinitro-benzene/ 

1,3-dinitrobenzene (2 13.1 1068.11 = 1.27). A reference concentration (RfC) following inhalation exposure 

- to 1,3,5-trinitrobenzene has not been derived. 



Information was not available concerning developmental or reproductive toxicity induced by 

1,3,5&nitrobenzene, 1,3dinitrobenzene, or 2,4,6-trinitrotoluene. No cancer bioassays or epidemiological 

studies were available to assess the carcinogenicity of 1,3,5-trinitrobenzene. U.S. EPA (1990a,b) has not 

assigned a weight-of-evidence classification for 1,3,5-trinitrobenzene. 
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1.0 INTRODUCTION 

1,3,5-Trinitrobenzene (CAS Number 99-354) is known by the synonyms trinitrobenzene, 

2,4,6+initrobenzene, symmetrical trinitrobenzene, and sym-trinitrobenzenc (Budavari et al., 1989; Sax and 

Lewis, 1989; Weast, 1‘989). A dimorphic solid with a molecular weight of 213.11, 1,3,5-trinitrobenzene 

forms yellow orthorhombic bipyramidal crystals that have melting points of 12 1 - 123 C for the more common 

form and 61 C for the rarer form. With a vapor pressure of 3.2 x 10 %un Hg, 1,3,5-trinitrobenzene slowly 

sublimes at 20 C. Prepared by the decarboxylation of trinitrobenzoic acid or by the oxidation of 

2,4,6-trinitrotoluene (TNT), 1,3,5-trinitrobenzene is a Class A explosive that is less sensitive to impact, but 

more powerful and brisant than 2,4,6-trinitrotoluene (Budavari et al., 1989; Fedoroff et al., 1962). 

1,3,5-Trinitrobenzene is slightly soluble in water (0.03 g) and ethanol (2.1 g), but is more soluble in 

chloroform (6.2 g), benzene (6.2 g), toluene (11.8 g), acetone (59.1 g) and pyridine (112.6 g) (units are 

expressed as g 1,3,5-trinitrobenzeneI100 g solvent at 17 C, Fedoroff et al., 1962). Used primarily in explosive 

compositions and munitions, 1,3,5-trinitrobenzene has had limited use in the vulcanization of rubber 

(Barnhart, 198 1) and as a pH indicator (Durst and Bates, 1981). 

An anthropogenic environmenta! contaminant, exposure to 1,3,5 trinitrobenzene can occur through contact 

with wastewater effluents released from facilities that synthesize, produce or demilitarize munitions, or from 

the disposal of solid 2,4,6-trinitrotoluene wastes (Ryan et al., 1984; U.S. EPA, 1989). Limited information 

is available; however, on the quantity of 1,3,5-trinitrobenzene in the environment. Data on oral, dermal, or 

inhalation exposure of humans to 1,3,5&nitrobenzene were not identified in the available literature. 

2.0 METABOLISM AND DISPOSITION 

Information on the absorption, distribution, metabolism, and excretion of 1,3,5-trinitrobenzene was 

unavailable. Therefore, these parameters will be discussed by analogy to two structurally similar compounds, 

1,3-dinitrobenzene and 2,4,6-trinitrotoluene. 

2.1 Absorption 

1,3-Dinitrobenzene and 2,4,6&initrotoluene were extensively absorbed by rats following oral treatment 

(Parke, 1961; El-hawari et al., 1981). 2,4,6-Trinitrotoluene was not appreciably absorbed through the skin 

of rats, mice, and dogs; however, dexmal absorption was equal to that of oral absorption in rabbits (El-hawari 
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et al., 1981). Data on the dermal absorption of 1,3dinitrobenzene and inhalation absorption of 1,3- 

dinitrobenzene and 2,4,6+initrotoluene were unavailable. 

2.2 Distribution 

In rats, rabbits and dogs, the concentration of 2,4,6+initrotoluene 24 hours after oral or dermal treatment 

was highest in the liver followed by the kidney, lung, and spleen (Bl-hawari et al., 1981). Reports of 

seminiferous tubule degeneration in rats and dogs (Dilly et al., 1982; Levine et al., 1984) and necrotic areas 

withii the bone marrow of rats (Mutin, 1974) indicate 2,4,6&initrotoluene or a metabolite is distributed to 

these organs. 

2.3 Metabolism 

Parke (1961) reported that the primary metabolites present in the urine of rabbits treated with 

1,3-dinitrobenzene were 1,3-phenylenediamine, 2-amino -4-nitrophenol, and 2,4dinitrophenol. 

Approximately 30% of the dose detected in the urine had undergone glucuronide conjugation and an 

additional 6%, had undergone sulfate conjugation. El-hawari et al, (198 1) reported that 2,4,6&nitrotoluene 

was metabolized to 2- and 4-hydroxylaminedinittoluene, 2- and 4-monoaminodinitrotoluene, and 2,6- and 

4,6diaminomononitrotoluene, and that the methyl group had undergone oxidation. Glucuronide conjugates 

of these metabolites were identified in the urine and bile. Therefore, 1,3,5-trinitrobenzene metabolism likely 

proceeds via nitro reduction as reported for 1,3dinitrobenzene and 2,4,6-trinitrotoluene to yield mono- and 

dinitroamines. These metabolites would likely undergo conjugation with glucuronide prior to excretion. 

2.4 Excretion 

Parke (1961) reported that 65-93% of a 50 or 100 mg/kg oral dose of 1,3dinitro[1%]-benzene was excreted 

in the urine within 48 hours. Less than 5% of the dose was recovered in the feces. El-hawari et al. (1981) 

reported that although species differences in the excretion of 2,4,6&initrotoluene existed, 24 hours following 

oral or dermal treatment of rats, mice, rabbits, and dogs with 5,50, or 100 mg/kg ‘C 2,4,6&initrotoluene, 

the majority of the radioactivity was found in the urine with only minor amounts found in the feces and cl% 

in the expired air. Based on these studies, the majority of 1,3,5-trinitrobenzene would likely be excreted in 

the urine with minor amounts excreted in the feces and little in the expired air. 
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3.0 NONCARCINOGENIC HEALTH EFFECTS 

3.1 Oral Exposures 

3.1.1 Acute Toxicity 

3.1.1.1 Human 

Information on the acute oral toxicity of 1,3,5-trinitrobenzene in humans was not available. 

3.1.1.2 Animal 

Korolev et al. (1977) reported 1,3,5+initrobenzene LD,,s of 600 mg/kg for white mice, 450 m&g for white 

rats, and 730 mg/kg for guinea pigs. Toxicity to the animals was characterized by central nervous system and 

respiratory disorders and cyanosis. Korolev et al. (1977) also reported that two of ten rats died following 

daily oral doses of 90 mg/kg 1,3,5&nitrobenzene for 30 days. Timofievskaya and Rodionova (1973) 

reported an oral 1,3,5&nitrobenzene LD5,, of 572 mg/kg in mice. Senczuk et al. (1976) reported that a single 

oral dose of 0.4 umoMcg (85 &kg) 1,3,5-trinitrobenzene induced methemoglobin formation in Wistar rats. 

3.12 Subchronic Toxicity 

3.12.1 Human 

Information on the subchronic oral toxicity of 1,3,5&initrobenzene in humans was not available. 

3.12.2 Animal 

Information on the subchronic oral toxicity of 1,3,5-trmitrobenzene to animals was unavailable. Because the 

subchronic RfD is based on a study of 1,3-dinitrobenzene, it will be briefly reviewed. In addition, the results 

of subchronic studies of structurally 2,4,6-trinitrotoluene, which is structurally similar, will also be presented. 

Cody et al. (1981) treated 20 male and 20 female Cat-worth Farm rats for 16 weeks with 3,8, or 20 mg/L 

1,3-dinitrobenzene in their drinking water. These doses were equivalent to 0.40, 1.13, or 2.64 mg/kgMay for 
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male rats and 0.48, 132, or 3.10 mg/kg/&y for female rats in the 3, 8, and 20 mg/L treatment groups, 

respectively. Rats receiving 3 mg/L 1,3dinitrobenzenc did not show signs of toxicity. Both sexes of rats 

treated with 8 mg/L 1,3diitrobenzene had statistically significant and dose-dependent increases in absolute 

and relative spleen weights. Upon microscopic examination, the spleens of rats in the 8 mg& and 20 

mg5-treatment groups showed a dosedependent increase of hemosiderin. Significant decreases in the 

absolute and relative testicular weight of male rats and the body weight of female rats were observed in the 

20 mg/L treatment groups. Microscopically, the testicular tissue of rats treated with 20 mg/L 1,3- 

dinitrobenzene showed a slight to moderate decrease in spermatogenesis. 

Levine et al. (1983) studied the effects of 2,4,6&initrotoluene on beagle dogs. Six male and six female 

dogs/treatment group received daily gelatin capsules containing doses equivalent to 0.0,0.5,2.0, 8.0, or 32.0 

mg/kg for 26 weeks. At the end of the study, the body weight of male dogs treated with 8 mg/kg/day 

2,4,6&initrotoluene was statistically decreased. Decreases of the hematocrit, hemoglobin and red blood cell 

counts and increases in methemoglobin were dose-dependent in both sexes of dogs and statistically 

significant at 2,4,6-trinitrotoluene doses 8 mg/kg/day. The absolute and relative liver weights of male dogs 

receiving 8 mg/kg/day and male and female dogs receiving 32 mg/kg/day 2,4,6&nitrotoluene were 

statistically increased. Microscopically, the liver of male dogs treated with 32 mg/kg/day was cirrhotic 

Hepatic hemosiderosis was present in both sexes of dogs treated with 8 mg/kg/day 2,4,6-trinitrotoluene. 

Relative and absolute increases in spleen weight were reported for both sexes of dogs receiving 32 mg/kgIday 

2,4,6-trinitrotoluene and in female dogs receiving 8 mg/kg//day. Microscopically, the spleens showed marked 

to severe congestion related to 2,4,6&initrotoluene treatment. 

Levine et al. (1984) also studied the toxicity of 2,4,6-trinitrotoluene in rats. F344 rats (lO/sex/group) were 

treated with doses equivalent to 1.0,5.0,25.0, 125.0, or 300 mg/kgIday 2,4#rinitrotoluene for 13 weeks. 

Male and female rats treated with 125 mg/kg/day 2,4,6&initrotoluene had body weights significantly 

decreased relative to untreated control rats. Dose-related decreases in the hematocrit, hemoglobin and red 

blood cell counts were seen in male rats treated with 25 mgkg/day and female rats treated with 125 

mg/kg/day. Methemoglobinemia was observed in both sexes of rats treated with 300 mg/kg/day 

2,4,6-trinitrotoluene. The liver weight was increased in male and female rats receiving 25 mg/lcg/day. 

Microscopically, dose-dependent congestive lesions of the spleen and hyperplasia of the liver were observed 

in all rats treated with 125 mg/kg/day. Microscopic examination of testicular tissue of male rats receiving 125 

or 300 mg/kg/day 2,4,6-trinitrotoluene showed a dose-related degeneration of the germinal epithelial lining 

of the seminiferous tubules. 
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3.1.3 Chronic Toxicity 

3.13.1 Human 

Information on the chronic oral toxicity of 1,3,5-trinitrobenzene in humans was unavailable. 

3.13 2 Animals 

Information on the chronic oral toxicity of 1,3,5&nitrobenzene to animals was unavailable. Because of the 

lack of information on 1,3,5+initrobenzene, chronic toxicity studies of 2,4,6+initrotoluene, which is 

structurally similar, are presented. 

Furedi et al (1984a) studied the effects of chronic 2,4,6&nitrotoluene treatment to male and female F344 

rats. The rats were fed diets that contained doses of 2,4,6-trinitrotoluene equivalent to 0.4,2.0, 10.0, or 50.0 

mg/kg for 24 months. Although treatment did not affect survival in either sex, there was a dose related 

decrease in body weight and food consumption of male rats treated with 10 mg/kg/day 2,4,6-trinitrotoluene. 

Male and female rats treated with 10 mg/kgNay 2,4,6-trinitrotoluene had decreased hemoglobin, hematocrit 

and red blood cell counts, and increased methemoglobin concentrations. Although male rats treated with 50 

mg/kgIday had increased ocular discharges, neither sex of rats developed ophthalmologic abnormalities. A 

dose-related increase in the absolute and relative liver and kidney weight of rats treated with 10 mg/kg/day 

and the absolute spleen weight of rats treated with 50 mg/kg/day was observed. Microscopically, the liver 

hyperplasia observed in male rats treated with 10 mg/kg/day was associated with peliosis and cystic 

degeneration. The spleen of rats treated with 2 mg!kg&y had increased pigmentation, sinusoidal congestion 

and areas of extramedullary hematopoiesis. An increase in sternal bone marrow fibrosis was observed in 

female rats treated with 2.0 mg/kg/day and in male rats treated with 50 mg/kg/day 2,4,6&nitrotoluene. 

Furedi et al., (1984b) also studied the effects of chronic 2,4,6-trinitrotoluene treatment to male and female 

B6C3F, mice. The mice were fed diets containing 2,4,6-trinitrotoluene equivalent to 1.5, 10.0, or 70 

mg/kg&ay for 24 months. Other than hepatomegaly and mild anemia in male and female mice receiving 70 

mg/kgUay, no other apparent adverse effects were observed related to 2,4,6-trinitrotoluene treatment. 
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3.1.4 Developmental and Reproductive Toxically 

Information on the developmental and reproductive toxicity of 1,3,5-trinitrobenzene in humans or animals 

was unavailable. 

3.1.5 Reference Dose 

3.15.1 subchronic 

ORAL RfD: 5E-4 mg/kg/day (U.S. EPA, 1991a) 

UNCERTAINTY FACTOR: 1000 

NOAEL: 3 mg/L 1,3-Dinitrobenzene in drinking water, converted to 0.5 1 mg/kg/day 

1,3,5-trinitrobenzene 

LOAEL: 8 mg/L 1,3-Dinitrobenzene in drinking water, converted to 1.43 mg/kg/day 

1,3,5-trinitrobenzene 

COMMENT: The same study (Section 3.1.2.2) applies to the subchronic and chronic RfD. The 

LOAEL was based on increased spleen weights in Carworth Farm male rats treated with 8 mg/L 

(1.13 m&g/day) 1,3-dinitrobenzene. The NOAEL and LOAEL were converted to mg/kg/day 

1,3,5trinitrobenzene by multiplying the concentration of 1,3dinitrobenzene by the molecular weight 

ratio of 1,3,5-trinitrobenzene/l,3diitrobenzene (213.11/168.11 = 1.257). The uncertainty factor of 

1000 includes a- factor of 10 for interspecies extrapolation, 10 for sensitive members of the human 

population, and 10 for the derivation of an RfD by analogy to structurally similar 1,3diitrobenzene. 

3.1.5.2 Chronic 

ORAL RfD: 5E-5 mg,kg/day (U.S.EPA, 1991b) 

UNCERTAINTY FACTOR: 10,000 

MODIFYING FACTOR: 1 

NOAEL: 3 mg/L, 1,3-Dinitrobenzene in drinking water, converted to 0.51 mgkgkiay 

1,3,5-trinitrobenzene 

LOAEL: 8 mg/L 1,3-Dinitrobenzene in drinking water, converted to 1.43 mg/kg/day 

1,3,5-trinitrobenzene 
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- CONFIDENCE: 

Study 

Data Base 

Medium 

Low 

Low 

VERIFICATION DATE: 917188 

PRINCIPAL STUDY: Cody et al., 1981 

COMMENTS: The LOAEL was based on increased spleen weights in Car-worth Farm male rats 

treated with 8 mg/L (1.13 mgkgklay) 1,3-dinitrobenzene. The NOAEL and LOAEL were converted 

to mg/kg/day 1,3,5-trinitrobenzene by multiplying the concentration of 1,3dinitrobenzene by the 

molecular weight ratio of 1,3,5-trinitrobenzene/1,3dinitrobenzene (213.1U168.11 = 1.27). The 

uncertainty factor of 10,000 includes a factor of 10 for subchronic to chronic exposure, 10 for 

interspecies extrapolation, 10 for sensitive members of the human population, and 10 for the 

derivation of an RfD by analogy to structurally similar 1,3dinitrobenzene. 

3.2 INHALATION EXPOSURES 

3.2.1 Acute Toxicity 

-3.2.1.1 Human 

Information on the acute toxicity of 1,3,5&initrobenzene in humans following inhalation exposure was 

unavailable. Information on structurally similar 1,3-dinitrobenzene or 2,4,6-trinitrotoluene was also 

unavailable. 

3.1.1.2 Animals 

Timofievskaya and Rodionova (1973) reported that mice exposed to air saturated with 1,3,5-trinitrobenzenc 

for 24 hours was not toxic; however experimental details were unavailable. 
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3.2.2 Subchronic Toxicity 

Toxicity information was available for humans occupationally exposed to atmospheric concentrations of 

2,4,6&initrotoluene. However, the route of exposure cannot be conclusively established as inhalation. 

Therefore, these studies are presented in Section 3.3.1- Other Routes of Exposure, Human. Information on 

the subchronic inhalation toxicity of 1,3,5-trinitrobenzene, 1,3dinitrobenzene or 2,4,6-trinitrotoluene in 

animals was unavailable. 

3.2.3 Chronic Toxicity 

Toxicity information was available for humans occupationally exposed to atmospheric concentrations of 

1,3,5+initrobenzene and 2,4,6-trinitrotoluene. However, the route of exposure cannot be conclusively 

established as inhalation. Therefore, these studies are presented in Section 3.3.1 - Other Routes of Exposure, 

Human. Information on the chronic inhalation toxicity of 1,3,5-trinitrobenzene, 1,3dinitrobenzene or 

2,4,6+initrotoluene in animals was unavailable. 

3.2.4 DcvcIopmental and Reproductive Toxicity 

Information on the developmental or reproductive inhalation toxicity of 1,3,5-trinitrobenzene in humans or 

animals was unavailable. In addition, information was not available for structurally similar 1,3dinitrobenzene 

or 2,4,6&nitrotoluene. 

3.2.5 Reference Concentration 

A reference concentration (RfC) for 1,3,5-trinitrobenzene has not been derived. 

3.3 Other Routes of Exposure 

3.3.1 Human 

- 

Stewart et al. (1945) reported that of 62 munition plant workers, 85% developed skin rashes and had 

decreased hemoglobin concentrations when occupationally exposed to 0.3-1.3 mg/m3 1,3,5-trinitrobenzene 
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for 4-l 1 weeks. In a follow-up study, differences could not be detected between control workers and exposed 

workers after the atmospheric concentration of 2,4,6&initrotoluene was reduced to 0.08459 mg/m 3. 

Hathaway (1977) reported that workers exposed to concentrations of 2,4,6-trinitrotoluene between 0.01 and 

4.0 mg/m3 developed skin irritation, liver damage and anemia. Morton et al. (1976) reported that the serum 

activities of lactic acid dehydrogenase (LDH) and serum glutamic oxaloacetic transaminase (SGOT, AST) 

in munition workers increased significantly (p <O.OOS) when the atmospheric concentration of 

2,4,6-trinitrotoluene increased from 0.3 to 0.8 mg/m3. The hemoglobin concentration of the workers was 

unaffected. Harkonen et al. (1983) reported that 6/12 workers occupationally exposed to atmospheric 

concentrations of 0.14-0.58 mg/m’ 2,4,6-trinitrotoluene for 6.8 years developed equatorial lens opacities, 

although visual acuity and visual fields were unaffected. 

3.3.2 Animal 

Timofievskaya and Rodmova (1973) reported that 1,3,5-trinitrobenzene applied to the shaved skin of mice 

produced hyperemia, edema and hemorrhages. They also reported that 50 mg 1,3,5-trinitrobenzene instilled 
- into the eye of rabbits produced irritation. Further details of these studies were unavailable. 

Watanabe et al. (1976) compared single 100 Fmol/kg (213 mg/kg) intraperitoneal injections of 

1,3-dinitrobenzene, 1,4dinitrobenzene, and 1,3,5-trinitrobenzene for the induction of methemoglobinemia 

in male Wistar rats. Five hours after treatment, 1,3dinitrobenzene and 1,Cdinitrobenzene induced greater 

methemoglobin production than 1,3,5&nitrobenzenc. Concurrent control data were not reported. In in vitro 

studies, 1,3,5&initrobenzene, 1,2-, 1,3, and 1,4dinitrobenzene induced statistically significant increases in 

methemoglobin concentration compared to control red blood cells (Watanabe et al7 1976). Further details 

of these studies were not available. 
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3.4 Target Organs/Critical Effects 

3.4.1 Oral Exposures 

3.4.1.1 Primarv Target Organs 

1) Red Blood Cell: 1,3,5-Trinitrobenzene induced methemoglobinemia in rats following a 

single oral dose. The structurally similar compound 2,4,6-trinitrotoluene induced 

methemoglobinemia in rats, dogs, and mice following subchronic and chronic exposure. In 

association with the induced methemoglobinemia were decreases in the hemoglobin, 

hematocrit and red blood cell counts and increased central nervous system disorders and 

cyanosis. 

2) Liver: Following subchronic exposure to dogs and subchronic and chronic exposure to rats, 

2,4,6-trinitrotoluene induced hyperplasia, cystic degeneration, hemosiderosis, and peliosis. 

3) Testes: Rats treated for 16, or 13 weeks with 1,3-cimitrobenzene and 2,4,6&nitrotoluene, 

respectively, had decreased absolute and relative testicular weights. Microscopically, the 

testicular tissue showed a dose-related degeneration of the germinal epithelial lining of the 

seminiferous tubules leading to a decrease in spermatogenesis. 

3.4.1.2 Other Target Organs 

Spleen: Rats and dogs treated with 1,3diitrobenzene and 2,4,6&initrotoluene had increased absolute and 

relative spleen weights. Microscopically, the spleen had increased pigmentation, sinusoidal congestion and 

areas of extramedullary hematopoiesis. These conditions likely arose secondarily to methemoglobinemia. 

3.4.2 Inhalation Exposures 

Because data describing toxicity induced by 1,3,Qrinitrobenzene or by structurally similar 1,3- 

dinitrobenzene or 2,4,6-trinitrotoluene were not available, target organs can not be identified. 
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4.0 CARCINOGENICITY 

4.1 Oral Exposures 

Information on the carcinogenicity of 1,3,5-trinitrobenzene following oral exposure in humans or animals 

was unavailable. Information on the carcinogenicity of structurally similar 1,3-dmitro-benzene was 

unavailable. A brief description of oral carcinogenicity studies of 2,4,6-trinitrotoluene, which is structurally 

similar, are presented. 

Furedi et al. (1984a) studied the carcinogenicity of 2,4,6&nitrotoluene using male and female F344 rats fed 

diets containing doses equivalent to 0.0, 0.4,2.0, 10.0, or 50 mgkg,/day for two years. 2,4,6-Trinitrotoluene 

treatment induced a significant increase in the incidence of urinary bladder papillomas and carcinomas in 

female rats (O/54, control; O/54, 0.4 mgkg/day; O/55, 2.0 mg/kg/day, l/55, 10 mgkg/day, 17/55, 50 

mgkgklay). Although hyperplasia of the liver (males) and kidney (females) was observed in rats treated with 

50 mg/kg/day 2,4,6&initrotoluene, other sites of tumor formation were not identified. 

Furedi et al (1984b) also studied the carcinogen&y of 2,4,6-trinutrotoluene using B6C3FI mice. Male and 

female mice were treated with doses equivalent to 0.0, 1.5, 10.0, or 70.0 mgkgklay trinitro-toluene for two 

years. The authors reported a statistically significant increase in the incidence of all types of malignant 

Iymphoma combined with Iymphocytic and g,ranulocytic leukemia in the spleen of female mice treated with 

70 mg/kg/day 2,4,6-trinitrotoluene. However, when all types of malignant lymphomas and lymphocytic 

leukemia were counted in all animal tissues combined rather than for a single organ the incidence of tumors 

was not statistically significant (U.S. EPA, 1990b). Therefore, U.S. EPA (1990b) considers the neoplasms 

observed in the mouse study to be unrelated to 2,4,6&initrotoluene treatment. 

4.2 Inhalation Exposures 

Information on the carcinogenicity of 1,3,5-trinitrobenzene following inhalation exposure in humans or 

animals was unavailable. Information on the carcinogenicity of structurally similar 2,4,6+initrotoluene or 

1,3dinitrobenzene was unavailable. 

11 



4.3 Other Routes of Exposure 

Information on the carcinogenicity of 1,3,5+initrobenzene following other routes of exposure in humans or 

animals was unavailable. Information on the carcinogenicity of structurally similar 2,4,6+initrotolucnc or 

1,3dmitrobenzenc was unavailable. 

4.4 EPA Weight-of-Evidence 

Gral and inhalation weight-of-evidence classifications for 1,3,5-trinitrobenzene have not been assigned. 

4.5 Slope Factors 

A slope factor for 1,3,5-trinitrobenzene following oral or inhalation exposure has not been derived. 
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EXECUTIVE SUMMARY 

- 

2,4,6-Trinitrotoluene (TNT) is used as a high explosive in military armaments and as a chemical 

intermediate in the manufacture of dyestuffs and photographic chemicals (Sax and Lewis, 1987). 

TNT is likely to enter the environment in wastewater effluents from production facilities and from 

leachates at waste disposal sites. Mobility in soil may be limited by strong adsorption to soil particles 

(USEPA, 1990). 

TNT is absorbed through the gastrointestinal tract, skin and lungs; is distributed primarily to the 

liver, kidneys, lungs and fat; and is excreted mainly in the urine and bile (El-hawari et al., 1981). 

Metabolism occurs by nitroreduction to amino and hydroxylamino derivatives and by oxidation to 

benzyl alcohol and benzoic acid derivatives (El-hawari et al., 1981). 

In animals, signs of acute toxicity to TNT include ataxia, tremors, and mild convulsions. Splenic 

hemosiderosis, leukopenia, thrombocytosis, slight hepatomegaly, and increase in kidney weight 

occurred in mice fed a dietary level equivalent to 700 mg TNT/kg/day for 28 days (Levine et al, 

1984b). Oral LD50 values of 660-1320 mg’kg have been reported for rats (Dilley et al., 1982). 

The primary target organs for TNT toxicity in experimental animals following subchronic and 

chronic oral exposures are: (1) liver (hepatocytomegaly and cirrhosis); (2) blood (hemolytic anemia 

with secondary alterations in the spleen); and (3) testes (degeneration of the germinal epithelium 

lining the seminiferous tubules). The LOAEL for hepatotoxicity in dogs was 0.5 mgkgday (Levine 

et al., 1990a). 

Chronic oral toxicity studies on rats have also demonstrated TNT-induced anemia and hepatotoxicity, 

as well as ad\.erse effects on the kidney (hypertrophy and nephropathy) and sternal bone marrow 

fibrosis (Furedi et al., 1984a). 

The Reference Dose for chronic oral exposures, 0.0005 mg/kg/day, is based on a LOAEL of 0.5 

mg/kg/day for liver effects in dogs (USEPA, 1991 b). The subchronic oral RfD is the same as the 

chronic RfD and is based on the same study (USEPA, 199la). 



Information on the inhalation toxicity of TNT is derived mainly from occupational exposure studies, 

which indicate that the major effects of chronic exposure to TNT are anemia (decreases in Hgb, Hct, 

and RBC count), liver dysfunction (increases in serum lactic dehydrogenase, glutamic oxaloacetic 

transaminase, and bilirubin), and cataracts (equatorial lens opacities) (USEPA, 1989, 1990). Other 

reported effects of TNT exposure include dermatitis, leukocytosis, neurological disorders, and 

nephrotoxicity (Cone, 1944, Zakhari and Villaume, 1978). 

An inhalation Reference Concentration (RfC) for TNT has not been derived. 

Limited information is available on the reproductive or developmental toxicity of TNT to animals 

or humans following inhalation exposures. Information from occupational exposure studies suggests 

that TNT may cause menstrual disorders and male impotency (Zakhari and Villaume, 1978; Jiang 

et al., 1991). 

No epidemiological evidence is available showing an association between chronic TNT exposure and 

tumorigenicity in humans. In animal carcinogenicity studies, a significant increase in urinary bladder 

papillomas and carcinomas was seen in female F344 rats dosed with 50 mg TNTkgday for 24 mo 

(Furedi et al., 1984a). This study was used by USEPA to calculate a slope factor of 0.03 (mgkgday)’ 

(USEPA, 1991). TNT is classified in weight-of-evidence Group C, “possible human carcinogen” 

(USEPA, 199 1 a, b). 



1.0 INTRODUCTION 

2,4,6-Trinitrotoluene (TNT) is a yellow crystalline solid used as a high explosive in military 

armaments and as a chemical intermediate in the manufacture of dyestuffs and photographic 

chemicals (Sax and Lewis, 1987). It is slightly soluble in water (104-l 13 mg/L) and soluble in 

alcohol, ether, acetone, benzene and carbon disulfide (USEPA, 1990). It has a density of 1.654 g/n& 

a vapor pressure of 8.02 x 104 mm Hg at 25°C and a log K,, of 1.60 (USEPA, 1990). 

TNT is likely to enter the environment in wastewater effluents from production facilities and from 

leachates at waste disposal sites. Direct photolysis (half-life 14 hr.) and microbial degradation are 

expected to be the major loss pathways. Mobility in soil may be limited by strong adsorption to soil 

particles. Volatilization to the atmosphere from water or soil is not expected to be significant 

(USEPA, 1990). 

2.0 Metabolism and Disposition 

2.1 Adsorption 

TNT is absorbed through the gastrointestinal tract, the skin and the lungs. Studies on laboratory 

animals dosed with radiolabelled TNT have shown that rates of absorption, as indicated by the 24-hr 

recovery of radioactivity in the urine, can be as high as 74.3% following oral dosing and 52.8% after 

dermal exposures. Following intratracheal dosing to rats, urinary recovery was 12.7-19.3% after 4 

hr (El-hawari et al., 1981). 

2.2 Distribution 

In laboratory animals dosed orally, dermally or intratracheally with radiolabelled TNT, recovery of 

radioactivity was highest in blood, liver, kidneys, lungs, and fat (El-hawari et al., 1981). 

2.3 s Metabolism 

TNT is extensively metabolized by nitroreduction to various derivatives, including 

hydroxylaminodinitrotoluenes, amino-dinitrotoluenes, and diamino-nitrotoluenes (El-hawari et al., 



1981). The methyl group can also be oxidized to form benzyl alcohol and benzoic acid derivatives. 

Some metabolites may undergo conjugation reactions with glucuronic acid. 

2.4 Excretion 

TNT and its metabolites are excreted primarily in the urine and bile (El-hawari et al., 1981). Only 

a small fraction (-0.1%) is eliminated through the lungs. 

3.0 NONCARCINOGENIC HEALTH EFFECTS 

3.1 Oral Exposures 

3.1.1 Acute Toxicity 

3.1.1.1 Human 

Information on the acute oral toxicity of TNT to humans was not available. 

3.1.1.2 Animal 

Oral LD,,s of 660 mg/kg in male and female mice and 1320 and 795 mg/kg in male and female rats, 

respectively, have been reported (Dilley et al., 1982). Signs of acute toxicity may include: ataxia, 

tremors, cyanosis, respiratory paralysis, and mild convulsions (USEPA, 1989). 

Twenty-eight day treatment of B6C3FI mice with dietary TNT equivalent to 700 mg/kg resulted in 

splenic hemosiderosis, leukopenia, thrombocytosis, slight hepatomegaly, and increase in kidney 

weight (Levine et al, 1984b). 



3.1.2 Subchronic Toxicity 

3.1.2.1 Human 

Information on the subchronic oral toxicity of TNT to humans was not available. 

3.1.2.2 Animal 

The subchronic oral toxicity of TNT has been evaluated in several animal species, including dogs, 

rats, mice, and monkeys. In a 90-day study on beagles, the test animals (3/sex/group) were fed TNT 

@urity not reported) in a commercial feed at concentrations equivalent to dose levels of 0 (control), 

0.02, 0.1 or 1.0 mg/kg/day (Hart, 1974). Hematological parameters, serum chemistry tests, and 

urinalysis, as well as gross and microscopic appearance of organs and tissues, were not affected by 

the treatment. Temporary episodes of emesis occurred but tolerance appeared to develop. 

In a study conducted by Dilley et al. (1982), beagles (5/sex/group) received TNT ( >99% pure) in 

gelatin capsu!es, daily for one or 13 weeks, in doses equivalent to 0 (control), 0.2, 2.0 or 20 

mg/‘kg/day. Changes in hematological parameters and in the gross and microscopical appearance of 

the spleen were suggestive of hemolytic anemia at the highest dose. 

In a third study on beagles, Levine et al. (1983; see also Levine et al., 1990a), administered TNT 

(99.1%) in gelatin capsules at dose levels equivalent to 0 (controls), 0.5, 2.0, 8.0, or 32 mg@/day 

(6 animals/se>r/dose) for 26 weeks. Clinical signs of toxicity attributed to TNT treatment included 

transient ataxia, darkening of the tongue and gums, evidence of jaundice, orange-brown urine, and 

orange-red feces. Reductions in body weight and food consumption occurred primarily in the 

high-dose animals. Dose-related anemia (decreased hematocrit, hemoglobin and erythrocyte counts); 

methemoglobinemia; reticulocytosis, microcytosis, and increased numbers of nucleated REKs were 

seen in animals receiving 8 and 32 mg/kg/day. Serum chemistry effects, also seen primarily at the 

highest doses, included a decrease in SGPT (serum glutamic pyruvic transaminase) and increases in 

globulin, LDH (lactic dehydrogenase), and total and direct bilirubin. Urinary bilirubin was also 

elevated. Significant (pcO.05) increases in relative and absolute liver weights occurred in males 

receiving 8 and 32 mg/kg/day and in females receiving 32 mg/kg/day. There was also a dose-related 

increase in hepatocytomegaly and in the incidence and severity of cloudy swelling of the 
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hepatocytes. Microscopic evidence of cirrhosis, observed only in the treated animals, was reported 

in one male in the 8 mgikg/day dose group and in six males and one female in the 32 mg/kg/day 

group. One female receiving 2 mgikgday and all animals receiving 8 and 32 mg/kg/day exhibited 

hemosiderosis in the histocytes of the liver. A dose level of 0.5 mg/kg/day was identified as a 

LOAEL for effects on the liver. Relative and absolute spleen weights increased significantly (p-=0.05) 

in females receiving 8 and 32 mg/kg/day and in males receiving 32 mg/kg/day. Enlargement of the 

spleen with marked to severe congestion was attributed to TNT treatment. A slight but statistically 

nonsignificant increase in relative kidney weight was seen in high-dose females but not in males. 

- 

The subchronic toxicity of TNT has also been evaluated in several studies on rats. In a 13-week 

study, Levine et al. (1984a) fed F344 rats (lo/sex/dose group) a commercial diet containing TNT 

(99.1% pure) at dose levels equivalent to 1, 5, 25, 125 or 300 mg/kg/day. Lethargy, ataxia, and 

reductions in food intake and body weight gain were observed in animals receiving doses 2125 

mg/kg/day. Two deaths, in rats receiving 300 mg/kg/day, were attributed to severe anemia. 

Dose-related anemia (decreased hematocrit, hemoglobin and erythrocyte counts) was observed in 

treated rats. These changes were statistically significant (~50.05) for males receiving 325 mg/kg/day, 

and for females receiving >!25 mg,kg/day. Methemoglobinemia occurred in both ma!es and fema!es 

administered doses of 300 mg/kg/day. Serum cholesterol levels and relative spleen weights increased 

significantly in both males and females receiving 2125 mgkg/day. Dose-dependent congestive 

lesions were observed in the spleen. Hyperplasia was found in the liver of animals receiving doses 

of 2125 rn-g’kgday. Histological examination of the testes revealed dose-related degeneration of the 

germinal epithelium lining the seminiferous tubules in rats in the 125 and 300 mg/kg/day dose 

groups. The investigators concluded that the liver, testes and blood were the main targets of TNT 

toxicity and that the splenic lesions were secondary to the hemolytic effect. In addition, in rats dosed 

with 300 mgkg/day degenerative lesions were seen in tracts of cerebellar folia. In a more recent 

study, Levine et al. (1990b) administered TNT to F344 rats for 13 weeks at dietary levels equivalent 

to 5 and 125 mp/kgday. Adverse toxic effects, occurring in the high-dose groups, were similar to 

those reported in the earlier study (i.e., anemia, hypercholesterolemia, hepatomegaly, splenomegaly 

and testicular atrophy, with accompanying histological lesions). 

- 

In another study, Dilley et al. (1982) fed Sprague-Dawley rats (20/sex/group) a commercial diet 

containing TNT at concentrations of 0.002, 0.01, 0.05, or 0.25%. Dose levels were equivalent to 

1.40,6.97. 31.7 and 160 mg/kg/day for males and 1.45, 7.41, 36.4 and 164 mg/kg/day for females. - 
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Treatment lasted for 4 or 13 weeks. Red-colored urine, observed in animals on the 0.05 and 0.25% 

TNT diets, was the only clinical sign observed during treatment. Hematologic changes included 

decreased hemoglobin and hematocrit concentrations and RBC count, and increased mean 

corpuscular volume and leukocyte count, particularly at the highest dose level. Other effects were 

confined to those rats on the 0.25% TNT diet. Body weight gain was significantly (p < 0.01) 

reduced; spleen weight and the spleen/brain weight ratios (both sexes) were significantly increased, 

and absolute and relative testes weight were significantly decreased. At weeks 4 and 13, the treated 

rats showed a significant (p<O.Ol) increase in serum cholesterol. Also at week 13, SGPT and serum 

iron levels were markedly (pc.01) reduced in males but not in females. Hemosiderosis of the spleen 

(both sexes) and testicular atrophy accompanied by hyperplasia were found in animals sacrificed 

immediately after treatment. Males allowed to recover for 4 weeks showed atrophy of the 

epididymis. 

Swiss-Webster mice were fed a commercial diet containing TNT at concentrations of 0.001, 0.005, 

0.025, 0.125% for 4 or 13 weeks (Dilley et al., 1982). Dose levels were equivalent to 1.56, 7.46, 

35.7, or 193 mg/kg/day for males and 1.57, 8.06, 37.8, or 188 mg/kg/day for females. Mild 

hematological changes, indicative of hemolytic anemia, occurred in animals in the high-dose groups. 

Histological examination revealed hemosiderosis of the spleen in animals on the 0.025% and 0.125% 

TNT diets and hepatic necrosis in some males in the high-dose group. 

Martin (1974) conducted a study using cynomolgus monkeys (3/sex/group) in which TNT (purity 

not reported) was suspended in methylcellulose and administered by gavage at dose levels of 0 

(solvent alone), 0.02, 0.1 or 1.0 mgIkg/day for 90 days. Hematology, serum chemistry, urinalysis, 

and liver function tests revealed no alterations attributable to TNT treatment. Gross lesions, observed 

only with the two higher doses, included two cases of subcapsular renal hemorrhage and one case 

of mucosal reddening and focal thickening of the large intestine. Histological examination revealed 

increases in the numbers of necrotic megakaryocytes in bone marrow and increased amounts of 

iron-positive material in the liver. 



3.1.3 Chronic Toxicity 

3.13.1 Human 

Information on the chronic oral toxicity of TNT to humans was not available. 

3.13.2 Animal 

Furedi et al. (1984a) evaluated the chronic toxicity of TNT in rats. In this study, 6- to 7-week-old 

F344 rats (75/sex/group) were fed TNT (>99% pure) mixed in a commercial diet. Equivalent dose 

levels were 0 (control), 0.4, 2, 10 or 50 mg/kg/day for 5 24 months. Survival rates were not affected 

by the TNT. There was an apparent increase in ocular discharge in high-dose males during the 

second year of the study. Dose-related reductions in body weight gain and in food consumption 

occurred in animals receiving ~10 mg/kg/day. Effects of TNT treatment were seen mainly at the 

highest doses and included: decreases in hematocrit and hemoglobin concentrations and RBC count; 

methemoglobinemia; thrombocytosis; increases in serum cholesterol, total protein, albumin, globulin, 

and BUN (blood urea nitrogen); hypotriglyceridemia in fema!es; and hypertriglyceridemia in males. 

Kidney weight was increased in the two highest dose groups, and histological examination revealed 

hypertrophy of the proximal convoluted tubules, increased pigmentation and chronic nephropathy. 

Dose-related hepatomegaly and increased incidence of hepatocellular hyperplasia associated with 

peliosis and cystic degeneration were also seen in the two highest dose groups. In addition, high-dose 

females exhibited a significant increase in urinary bladder lesions (including hyperplasia of the 

mucosal epithelium) and females receiving >2 mg/kg/day exhibited a significant increase in the 

incidence of sternal bone marrow fibrosis. The latter effect was also seen in high-dose males, 

Absolute spleen weight was increased at the highest dose and was accompanied by increased 

pigmentation, sinusoidal congestion and extramedullary hematopoiesis. 

Furedi et al. (1984b) also investigated the chronic toxicity of TNT in mice. In this study B6C3F , 

hybrid mice (75/sert/dose) were fed TNT (>99.8%) in a commercial diet for 524 months. Equivalent 

dose levels were 0 (control), 1.5, 10, and 70 mg/kp/day. Treatment did not reduce survival rates of 

the test animals; however, body weight gain was significantly reduced in both high-dose males and 

females. Anemia (reduced hematocrit, hemoglobin and RBC counts) and hepatomegaly (without 

evidence of histological changes) occurred in some animals in the high-dose group. 

- 
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3.1.4 Developmental and Reproductive Toxicity 

No data were available in the literature on the effects of TNT on the reproductive viability of animals 

or humans. However, laboratory studies have demonstrated that TNT causes adverse effects on the 

male reproductive system of rodents. In F344 rats, a dose-related degeneration of the germinal 

epithelium lining the seminiferous tubules was seen in males receiving a dietary equivalent of 125 

and 300 mgIkg/day for 13 weeks (Levine et al., 1984a). In Sprague-Dawley rats, testicular atrophy, 

accompanied by hyperplasia occurred in animals receiving a dietary equivalent of 160 mgIkg/day 

for 13 weeks (Dilley et al., 1982). Males allowed to recover for 4 weeks showed atrophy of the 

epididymis. In tests on Wistar rats, Jiang et al. (1991) found that treatment with TNT (200 

mgIkg/day, by gavage, 6 days/wk for up to 6 weeks) resulted in significant decreases in absolute 

testicular weight, in testicular zinc concentration (after 2 weeks), and in testicular copper 

concentration (after 6 weeks). 

No information is available on the developmental toxicity of TNT. 

3.15 Reference Dose 

3.15.1 Subchronic 

ORAL RfD: 0.0005 mg/kg/day (USEPA, 1991a) 

UNCERTAINTY FACTOR: 1000 

MODIFYING FACTOR: 1 

LOAEL: 0.5 mg/kg/day, 26-wk feeding study, dogs 

COMMENT: The same study applies to the subchronic and chronic RfD (see Section 3.1.5.1). 

3.1.5.2 Chronic 

ORAL RfD: 0.0005 mg/kg /day (USEPA, 1991a,b) 

UNCERTAINTY FACTOR: 1000 

MODIFYING FACTOR: 1 

LOAEL: 0.5 mglkglday, 26-wk feeding study, dogs 
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CONFIDENCE: 

Study : 

Data Base: 

Medium 

Medium 

Medium 

VERIFICATION DATE: 04/20/88 

PRINCIPAL STUDY: U.S. DOD, 1983 (Levine et al., 1990a) 

COMMENT: The LOAEL was based on trace to mild evidence of hepatocellular swelling 

and hepatocytomegaly at 0.5 mg/kg/day; more severe effects were seen at higher doses. The 

Uncertainty Factor of 1000 allows for uncertainties in laboratory animal-to-human dose 

extrapolation, interindividual sensitivity, subchronic to chronic extrapolation, and 

LOAEL-to-NOAEL extrapolation. 

3.2 INHALATION EXPOSURES 
- 

3.2.1 Acute Toxicity 

3.2.1.1 Human 

General information derived from occupational exposure studies, as summarized by Zakhari and 

Villaume (1978) indicate that initial exposure to TNT may result in mild irritation to the respiratory 

passages (nasal discomfort, sneezing, epistaxis and rhinitis), skin (erythema and papulae eruptions, 

progressing to desquamation and exfoliation) and gastrointestinal system (nausea, anorexia, and 

constipation). It has also been reported that some individuals deficient in glucose4-phosphate 

dehydrogenase may show signs of hemolytic anemic within 2-3 days of exposure to TNT (Djerassi 

and Vitany, 1972). In cases of severe TNT poisoning, signs of cyanosis may occur as a result of 

methemoglobin formation (Zakhari and Villaume, 1978). 



3.3.2.3 Animal 

Information on the acute inhalation toxicity of TNT to animals is not available. 

3.2.2 Subchronic Toxicity 

3.2.2.1 Human 

Information on the subchronic inhalation toxicity of TNT to humans is derived mainly from 

occupational exposure studies. These studies demonstrate that the blood is especially susceptible to 

toxic effects of TNT. Friedlander et al. (1974) reported that anemic conditions occurred in workers 

exposed for 6 months to TNT concentrations ranging from ~0.02 to >3 mg/m? Reductions in 

hemoglobin and hematocrit were seen when the values were compared with preexposure 

concentrations and also with concentrations in groups of nonexposed controls (USEPA, 1989). 

Significant differences were also found in RBC counts, BUN, reticulocytes, eosinophils and blood 

glucose. The signs of anemia disappeared when the 8hr/(day exposures were reduced to 0.08-0.59 

mg/m, (USEPA, 1990). 

Stewart et al. (1945) reported decreases in hemoglobin and hematocrit concentrations and RBC 

counts, and increases in reticulocytes and serum bilirubin, in individuals exposed to TNT 

concentrations of0.3-1.3 mg/m” for 611 weeks (Stewart et al., 1945). Skin rashes were also present 

in some of the exposed workers. 

3.2.2.2 Animal 

Information on the subchronic inhalation toxicity of TNT to animals was not available. 

3.2.3 Chronic Toxicity 

3.2.3.1 Human 

Exposure to TNT in munition plants in the early part of the 20th century resulted in numerous and 

occasionally fatal cases of aplastic anemia and toxic hepatitis (Zakhari and Villaume, 1978). The 
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exposure levels and durations causing such severe effects were not clearly documented; however, 

more recent occupational exposure studies have demonstrated that effects on the blood and liver can 

occur at relatively low TNT concentrations. In a study of 533 workers exposed to TNT 

concentrations of 0.01-l .84 mg/m3, Buck and Wilson (1975) found dose-response relationships in 

hemoglobin and hematocrit levels and in reticulocyte counts. These changes were suggestive of low 

grade hemolysis with a compensatory mild reticulocytosis (USEPA, 1989). Liver function tests did 

not reveal any evidence of hepatotoxicity, but it was noted that only 12.2% of the workers were 

exposed to TNT levels above 0.5 mg/m’. Other studies have shown that liver functions may be 

altered by TNT exposures greater than 0.5 mg/m’. In munition plant workers, significant increases 

in serum LDH (lactic dehydrogenase) (p<O.OOS) and SGOT (serum glutamic oxaloacetic 

transaminase) (p<O.Ol) occurred when the concentration of TNT in the air increased from 0.3 to 0.8 

mg/m’ over a 30-day period due to an increase in production (Morton.et al., 1976). In a study 

conducted by Goodwin (1972), the thymol turbidity test was used to measure the irritant effect of 

TNT on the liver of munition plant workers. The average value of 1.80 McLagen units in the TNT 

workers was almost twice as high as the average preemployment level of 0.93 McLagen units Two 

percent of the 1537 workers were reported to have “classical symptoms of liver damage”. Air 

concentrations of TNT ranged from O-2-4.7 mg/m3, with a mean value of 2.38 mg/m3. 

It has been reported that chronic exposure to TNT may result in the formation of cataracts (Zakhari 

and Villaume, 1978; Hassman and Juran, 1968; Harkonen et al., 1983; Makitie, et al., 1984). 

Harkonen et al. (1983) found that 6 of 12 workers exposed to 0.14-0.58 mg TNT/m3 for an average 

duration of 6.8 years had developed equatorial lens opacities, but without adverse effects on visual 

acuity or visual fields. Makitie et al. (1984) reported cataracts in 18 of 21 TNT workers exposed for 

an average of 12.3 years to concentrations of 0.10.4 mg/m3. Cataracts, which may form in the 

absence of systemic effects, may be due to the direct contact and absorption of TNT into the eye 

(USEPA, 1989). 

Other reported effects of TNT exposure include: dermatitis; leukocytosis, neurological disorders 

(neurasthenia, nystagmus, irregularities in muscle reflexes and adiadochokinesia); and zephrotoxicity 

(Cone, 1944, Hamilton 1946; Zakhari and Villaume, 1978). In most cases, exposure-response data 

for these effects are not available, and some effects may have been due to acute exposures to high 

TNT concentrations, possibly superimposed on lower chronic levels. 
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3.2.3.2 Animal 

Information on the chronic inhalation toxicity of TNT to animals was not available. 

3.2.4 Developmental and Reproductive Toxicity 

Little information was found in the available literature on the effects of TNT on the reproductive 

viability of animals following inhalation exposures. Data obtained from occupational exposure 

studies have identified female menstrual disorders (hypo- or hypermenorrhea) and male impotency 

as possible effects of prolonged exposure to TNT (Zakhari and Villaume, 1978; Jiang et al., 1991). 

Information on the developmental toxicity of TNT following inhalation exposures was not available. 

3.2.5 Reference Dose/Concentration 

Subchronic and chronic RfCs for TNT have not been derived. 
- 

3.3 Other Routes of Exposure 

3.3.1 Acute Toxicity 

3.3.1.1 Human 

Information on the acute toxicity of TNT to humans by other exposure routes was not available. 

3.3.1.2 Animal 

Single intraperitoneal injections of 100 mg/kg of TNT to adult male Wistar rats resulted in membrane 

damage in the brain, kidneys, and liver (Zitting et al., 1982). TST is considered to be a mild irritant 

to the skin but not to the eye and it is also a moderate skin sensitizing agent (USEPA, 1989). 

11 



3.3 2 Subchronic Toxicity 

Information on the subchronic toxicity of TNT to humans or animals by other exposure routes was 

not available. 

3.3.3 Chronic Toxicity 

Information on the chronic toxicity of TNT to humans or animals by other exposure routes was not 

available. 

3.3.4 Developmental and Reproductive Toxicib 

Information on the developmental and reproductive toxicity of TNT to humans or animals by other 

exposure routes was not available. 

3.4 Target Organ/Critical Effects 

3.4.1 Oral Exposures 

Information on target organs following oral exposures is based primarily on animal studies. 

3.4.1.1 Primarv Target Organs 

1) Liver: Hepatocytic cloudy swelling and hepatocytomegaly; cirrhosis. 

2) Blood: Anemia, decreased hematocrit, hemoglobin, and RBC count. 

3) Testes: Degeneration of the germinal epithelium of the seminiferous tubules; 

decrease in zinc and copper content. 
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3.4.12 Other Target Organs 

1) Kidney: Hypertrophy of the proximal convoluted tubules, increased pigmentation, 

and chronic nephropathy. 

2) Spleen: Increased pigmentation, sinusoidal congestion, and extramedullar 

hematopesis; probably secondary to anemia. 

3) Bone: Fibrosis. 

3.4.2 Inhalation Exposures 

Information on target organs following inhalation exposures is based primarily on occupational 

exposure studies. 

3.4 2.1 Primarv Target Organs 

1) Liver: Increases in serum LDH and SGOT; hepatitis. 

2) Blood: Anemia; reduced hemoglobin, hematocrit, RBC count. 

3) Eye: Cataracts. 

3.4.2.2 Other Tareet Organs 

1) Skin: Irritation, rashes. 

2) Nervous system: Neurasthenia, nystagmus, abnormal muscle reflexes. 

3) Reproductive system: Menstrual disorders; male impotency. 

4) Kidney: Nephrotoxicity 
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4.0 CARCINOGENICITY 

4.1 Oral Exposures 

4.1.1 Human 

Information on the carcinogenicity of TNT to humans following oral exposure was not available. 

4.1 2 Animal 

The carcinogenic effects of dietary TNT-were studied in male and female F344 rats by Furedi et al. 

(1984a). Dose levels were 0,0.4,2, 10, or 50 mgkg/day for 24 mos. A significant increase in the 

combined incidence of urinary bladder papillomas and carcinomas was seen in the high-dose females 

(17/55). There were also increased incidences of hepatocellular hyperplasia in high-dose males and 

renal and urinary bladder hyperplasia in high-dose females. 

The carcinogenic effects of dietary TNT were also studied in male and female BOC3F, mice by 

Furedi et al. (1984b). Dose levels were 0, 1.5, 10, or 70 mgkglday for 524 mos. A significant 

(psO.05) increase in the combined incidence of leukemia and malignant lymphomas in the spleen 

was seen in the high-dose females. However, according to STP guidelines, it is inappropriate to 

combine the incidence of leukemia and malignant lymphomas for only a single organ because these 

tumors can occur throughout the entire hematopoietic system (USEPA 1989). When the incidence 

of these tumors in all organs was combined, by sex or for both sexes together, it was not statistically 

significant (USEPA, 1989). 

4.2 Inhalation Exposures 

Information on the carcinogenicity of TNT after inhalation exposures was not available. 

4.3 Other Routes of Exposure 

Information on the carcinogenicity of TNT by other routes of exposure was not available. 
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4.4 EPA Weight-of-evidence 

4.4.1 Oral 

Classification-C: possible human carcinogen 

Basis: Evidence of human carcinogenicity is inadequate. Urinary bladder papillomas and 

carcinomas were observed in female F344 rats (Furedi et al., 1984a). The compound was 

found to be mutagenic in Salmollella with and without metabolic activation. 

Other Data: The related compounds, 2,4- and 2,6-dinitrotoluene have been shown to be 

carcinogenic in two species of animals and are classified as B2 carcinogens (USEPA, 1990). 

According to EPA, several of the metabolic byproducts of TNT, including N-hydroxylated 

compounds and aminobenzene derivatives are likely to form DNA adducts and, therefore, 

be potentially mutagenic and carcinogenic. 

4.42 Ichalation 

Not assigned. 

4.5 Carcinogenic@ Slope Factors 

4.5.1 Oral 

SLOPE FACTOR: 3.OE-2 (mg/kg/day)-’ 

DRINKING WATER UNIT RISK: 9.OE-7(&L)-’ 

VERIFICATION DATE: 09/22/88 (USEPA, 199 1 b) 

4.5 2 Inhalation 

Not calculated. 
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VANADIUM 

INTRODUCTION 

Chemical Name: Vanadium 
CAS Number (1): 7440-62-z 
Molecular Formula (1): V 
Molecular Weight (1): 50.94 g/mole 

Vanadium is a bright, white, soft ductile metal. It is not found native, but is found in the 
following ores: patron&e, roscoelite, carnotite and vanadinite (1). It can also be found in foods, 
such as milk, seafoods, cereals, and vegetables (2). Vanadium is used as the target material 
for x-rays, in the manufacture of alloy steels, and as a catalyst for sulfuric acid and synthetic 
rubber (1). 

FATE AND TRANSPORT 

Vanadium is capable of being transported in water systems. The extent of transport is 
dependant upon the chemical species present and by environmental factors determining its 
solubility and binding to organic materials. In the atmosphere, vanadium is transported as 
fumes and particulates. Vanadium does bioaccumulate in humans and animals (3). 

PHARMACOKINETICS 

Vanadium is moderately absorbed human adipose tissue. Parenteral administration 
increases levels in the liver and kidney in animals, but these amounts may only be transient. 
Vanadium can also be found in lung tissue if it is inhaled, but other organs contain negligible 
amounts. Since vanadium is moderately absorbed, it has been suggested that a homeostatic 
mechanism maintains the normal levels of vanadium upon excessive exposure. The primary 
route of excretion is through urine (2). 

HUMAN HEALTH EFFECTS 

Vanadium has not produced carcinogenic, mutagenic, teratogenic, or reproductive effects in 
humans or animals. However, industrial exposure to airborne vanadium compounds can 
cause eye and skin irritation. Also, gastrointestinal distress, nausea, vomiting, abdominal 
pain, cardiac palpitation, tremor, nervous depression, and kidney damage have been linked 
with industrial exposure. Oral exposure may produce gastrointestinal disturbances, slight 
abnormalities of clinical chemistry related to renal function and nervous system effects. 
Symptoms associated with inhalation exposure to vanadium include acute upper and lower 
respiratory irritation with mucous discharge and bronchitic, cough, bronchospasm, and chest 
pain. These effects can occur at concentrations as low as 0.1 mg/m3 (2). Additionally, studies 
suggest that the liver, adrenals, and bone marrow may be adversely affected by subacute 
exposure at high concentrations (2). 

The toxicity of vanadium increases as the valence number increases. (Vanadium can be found 
in the 0, +2, +3, +4, and + 5 oxidation states.) A study reported an oral LDso of 130 mg/kg 
vanadium trioxide (3). 
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HEAST (4) reports on oral RfD of 7.0 x lo-3 mg/kg/day based on a NOAEL of 5 ppm in drinking 
water administered to rats over a lifetime. 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

Ambient water quality criteria have not been established for vanadium. Limited information 
on the toxicity of vanadium to aquatic organisms has revealed that freshwater fish had 96- 
hour LC!so value ranging from 5,000 to 100,000 pg/L. The majority of the values were 
approximately 10,000 pg/L. A 96- hour LCso value of less than 0.16 pg/L was reported for 
daphnids. Chronic toxicity was reported to be around 2,000 pg/L. The lowest value causing an 
adverse toxic effect was 500 pg/L for a 6-day LCso in a guppy (3). 

Terrestrial and Avian 

Information regarding the toxicity of vanadium to terrestrial and avian life is very limited. It 
was reported that calcium vanadate was fatal to chicks fed 200 to 600 ppm for 11 to 32 days (3). 

REGULATORY LEVELS AND CRITERIA 

OSHA Ceiling Level (5): 0.5 mg/m3 (respirable dust) 
0.1 mg/m3 (fume) 

ACGIH TLV-TWA (6): 0.05 mg/m3 (vanadium pentoxide, respirable dust or fumes) 

Oral RfD (4): 7 x 10-3 mglkglday 
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ZINC 

INTRODUCTION 

Chemical Name: Zinc 
Synonyms (1): Zinc dust; Zinc powder 
Trade Names (1,2): Asarco; Blue powder; CI 77945; JASAD; PASCO 
CAS Number (1): 7440-66-6 
Molecular Formula (1): Zn 
Molecular Weight (1): 65.38 g/mole 
Chemical Structure (1): Zn 

Zinc is a shiny white metal with a bluish-gray luster that exhibits a valence of + 2 and has five 
stable isotopes. It is derived from the pyrometallurgical or distillation process, or the 
hydrometallurgical or electrolytic process. Among zincs uses are as an alloy in brass, bronze, 
and die-casting alloys; galvanizing iron; as a fungicide; and as a protective coating for other 
metals (3). 

FATE AND TRANSPORT 

Density (1): 7.14 
Solubility (1): 

In Water: Insoluble 
In Organics: Soluble in acetic acid and alkali 

Zinc occurs in the environment in the + 2 oxidation state in both the suspended and dissolved 
forms. Sorption to other materials is the dominant environmental fate of zinc. The 
predominant fate of zinc in an aerobic aquatic system is the sorption of the divalent cation by 
hydrous iron and manganese oxide, clay minerals, and organic material. The efficiency of 
these materials in removing zinc from solution varies according to their compositions and 
concentrations, the pH and salinity of the water (11. 

Zinc concentrations in air are relatively low and fairly constant except near industrial sources 
such as smelters (1). 

Zinc is strongly bioaccumulated even in the absence of abnormally high ambient 
concentrations although it does not appear to biomagnify. Although zinc is actively 
bioaccumulated in aquatic systems, the biota appear to represent a relatively minor sink 
compared to the sediments (8). 

PHARMACOKINETICS 

The efficiency with which zinc is absorbed following ingestion has been reported to be 
approximately 80 percent (4). Information was not available on zinc absorption via other 
routes of exposure. Zinc is primarily distributed to the prostate gland, liver, bone, muscle, 
kidney, and pancreas following absorption. 

During initial absorption, zinc binds to carrier macromolecules by a process influenced by 
prostaglandins E2 and F2 and chelated by the tryptophan derivative picolinic acid. Zinc 
induces metallothionein synthesis in mucosal cells. Zinc also binds to metallothionein in 
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other tissues including liver, salivary glands, intestinal mucosa, and pancreas. In blood, zinc 
binds principally to albumin and beta-2-macroglobulin proteins. It also binds to the enzyme 
acid phosphatase which is most abundant in the prostate gland. Binding with metallothionein 
may be followed by release into the gastrointestinal tract via the salivary glands, intestinal 
mucosa, pancreas, and liver (5). Urinary excretion constitutes an important route and is 
correlated quantitatively with dietary zinc intake (5). However, the major route of 
elimination is in feces. (6). 

HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

In humans, death has been exhibited following acute inhalation of zinc chloride. The 
concentration of zinc chloride was unknown and other chemicals were detected. Therefore, 
death can not be exclusively attributed to zinc exposure. Death was reported in ferrets and 
mice following acute and intermediate oral exposure. However, no animal studies addressing 
the effects of zinc following inhalation exposure were located (1). 

The adverse effects of zinc following acute inhalation exposure were limited to the respiratory 
tract of both humans and animals. Following oral exposure, zinc has been shown to cause 
adverse effects on the gastrointestinal system. The hematological and renal systems are also 
affected following acute, intermediate, and chronic exposures in humans and animals (1). 

Zinc has been found to reduce the serum HDL-cholesterol levels in humans following 
intermediate oral exposure. The decrease in HDL levels may increase risk of coronary artery 
disease (1). 

Zinc is essential to maintain one’s health. However, ingestion of high levels of zinc present a 
potential for gastrointestinal disorders in humans and animals such as pancreatic 
abnormalities and gastrointestinal irritation. Biochemical changes (increased serum amylase 
levels and hypocalcemia) were evident in humans following ingestion of a zinc chloride 
solution. Animal studies have shown adverse effects including pancreatic fibrosis and 
degeneration and necrosis of acinar cells of the pancreas. Zinc has also caused internal 
bleeding in humans and animals following ingestion of high levels (1). 

Respiratory disorders have been observed in humans and animals following acute inhalation 
exposure to zinc compounds. Acute exposure to high concentrations of zinc oxide in humans 
cause metal fume fever, and penetrates the alveoli, damages lung tissue and transiently 
impairs pulmonary function. The same effects have been exhibited in animals. Zinc 
compounds such as zinc chloride cause more damage to respiratory tissue following inhalation 
exposure than other compounds (1). 

Hematological effects in humans and animals following high level acute, intermediate or 
chronic oral exposure to zinc and zinc compounds consist of anemia which can be exacerbated 
by gastrointestinal bleeding. These effects occur over a wide range of concentrations 
depending upon the species (1). 

No adverse hepatic effects were reported following intermediate oral exposure to zinc in 
humans. This indicates that the liver is not a primary target organ for zinc toxicity. Hepatic 
necrosis was reported in sheep following acute and intermediate exposure, and enzymatic 
changes where exhibited in rats exposed following intermediate exposure to zinc (1). 

The only renal effects observed were in laboratory animals following intermediate oral 
exposure to zinc compounds. No adverse renal effects have occurred in humans (1). 
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In vitro studies suggest that neurological symptoms and lethargy can occur in humans -- 
following oral administration of zinc. These studies indicate that zinc inhibits the entry of 
calcium ions into the nerve terminals, which influences the release of neurotransmitters. 
Additionally, zinc has been known to be toxic to neurons and glia cells of the central nervous 
system (11. 

Zinc has retarded fetal growth and altered fetal and maternal concentrations of zinc and 
copper in rats. Congenital malformations such as exencephaly and rib fusions have been 
exhibited in offspring of pregnant hamsters injected intravenously with zinc sulfate. There is 
no evidence of these effects occurring in humans (1). 

The EPA has established an oral RfD value of 3.0 x 10-l mg/kg/day for zinc. This value is 
based on a LOAEL of 1 mg/kg/day in human females. Zinc exposure affected the blood as 
manifested by decreased concentration of the blood enzyme erythrocyte superoxide dismutase 
(ESOD) (9). 

Carcinogenic Effects 

Zinc has not been shown to be carcinogenic. Therefore, the EPA has not assigned a 
carcinogenicity classification of D for zinc (1). 

Although studies have failed to provide evidence for mutagenicity of zinc, there are 
indications that zinc is a weak clastogen. Human studies involving the treatment of human 
lymphocytes in cultures with zinc have shown a slight increase in chromosomal aberrations 
(1). 

ENVIRONMENTAL HEALTH EFFECTS 

Aquatic 

The EPA has established Ambient Water Quality Criteria for zinc in order to protect 
freshwater and marine aquatic life. The criteria are as follows (7): 

Freshwater: 
Acute toxicity: 120* yg/L 
Chronic toxicity: 110 pg/L* 

Saltwater: 
Acute toxicity: 95 pg/L 
Chronic toxicity: 86 pg/L 

*Hardness dependent criteria. 

Terrestrial and Avian 

Information regarding the toxicity of zinc to terrestrial and avian wildlife or domestic animals 
was not available. 
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REGULATORY LEVELS AND CRITERIA 

SMCL (8): 
Reportable Quantity (1): 
Permissible Level 

in bottled water (1): 
OSHA Standard PEL TWA (10): 

ACGIH TLV (11): 

5 mg/L 
1,000 Ibs 

5.6 mgiL 
5 mg/m3 (zinc oxide fume/zinc oxide dust, 
respirable fraction) 
15 mg/ms (zinc oxide, total dust) 

Compound TWA STEL 
Zinc chloride fume: 1 mglms 2 mgtm3 
Zinc oxide fume: 5 mglm3 10 mglm3 
Zinc oxide dust: 10 mg/m3 -- 
Zinc chromates: 0.01 mg/m3 s- 

SUMMARY OF CRITERIA 

Oral RfD (9): 3.0 x 10-l mg/kg/day 
NOAEL (9): 2.14 mg/kg/day 
Uncertainty Factor (9): 10 
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APPENDIX L 
ECOLOGICAL TOXICOLOGICAL PROFILES 
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ARSENIC 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Arsenic 
CAS Number: 7440-38-2 
Synonyms: Arsenic inorganic, gray-arsenic 

Arsenic is a naturally occurring element in the earth’s crust. Pure arsenic is a gray-colored metal, but this form is 
not common in the environment. Arsenic is usually found combined with one or more other elements such as 
oxygen, chlorine, and sulfur. Arsenic combined with these elements is referred to as inorganic arsenic. Arsenic 
combined with carbon and hydrogen is referred to as organic arsenic”. 

Arsenic enters the environment both as the result of natural forces (volcanos and weathering of arsenic-containing 
rocks) and human activity (metal smelting, glass manufacturing, pesticide production and application, and fossil- 
fuel burning)“. 

Arsenic in the environment may undergo a complex cycle of chemical interconversions and transfers between 
media. Atmospheric emission, which are usually adsorbed to particulate matter, may undergo oxidation before 
being returned to the surface by wet or dry deposition. Arsenic in water may undergo either reduction or 
oxidation, depending on pH, the electrochemical oxidation-reduction potential (Eh), and other ions present. 
Soluble forms of arsenic tend to be quite mobile in water, while less soluble species adsorb to clay or soil 
particles’ ’ 
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FATE IN THE ENVIRONMENT 

Parameter 

Log Km, 

Solubility 

Log Km 

Vapor Pressure 

Bioconcentration Factor 

Value 

NA 

1.000 E-06 mg/L @25 C 

4.97 

NA 

3 (invertebrates) 
4 (fish) 

Reference 

NA 

1 

1 

NA 

2 

NA - Not Available 

TERRESTRIAL FATE 

Soil Flora and Fauna 

Species Species Concentration Concentration Endpoint’ Endpoint’ Reference Reference 
(wW (wW 

I I 

Plant Plant 10 10 Benchmark Benchmark 3 3 

Flora Flora 5 5 Screening Level Screening Level 2 2 

Earthworm Earthworm 60 60 Benchmark Benchmark 4 4 

Microorganisms Microorganisms 100 100 Benchmark Benchmark 4 4 
t t I I I I I I I I 
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Vertebrates 

Test Species Effect Dose 
OWWW 

Endpoint Effect Reference 

Poultry 
(Mallard Duck) 

5.1 chronic 
NOAEL 

mortality 5 

Mouse 0.13 chronic 
LOAEL 

reproductive 6 

Cattle 0.25 MTL NA 7 

MTL 

NA - Not Applicable 
MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effect Level 
LOAEL - Lowest Observed Adverse Effect Level 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal Standard/Criteria Acute 
turn 

Chronic 

hm 

Virginia WQS (As III)@) 
Marine 
Freshwater 

690 36 
360 190 

USEPA Region 111 (2) 
Marine Flora (As III) 
Marine Flora (As IV) 
Marine Fauna (As III) 
Freshwater Fauna (As) 
Freshwater Flora (As IV) 
Freshwater Fauna (As III) 

NE 19 19 
NE 13 13 
NE 36 36 
NE 874 874 
48 NE NE 
NE 190 190 

USEPA AWQCc9’ 
Marine 
Freshwater 

69 190 190 
360 36 36 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
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Aquatic Life - Sediment 

Sediment Screening Values 

USEPA Region III” 
total As 
As III 

(1) 

(2) 

(3) 

(4) 

ER-L ER-M ER-M 

@@kg) (m g/kg) (m g/kg) 

Long et al.(“) 8.2 70 

(5) 

(6) 

8,200 (fauna)* 
57 (AET) 

I 

NE NE 
NE NE 

NE - Not Established 
AET - Apparent Effects Threshold 
* Screening Level 
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CADMIUM 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Cadmium 
CAS Number: 7440-43-9 
Synonyms: (2.1. 77 180; Colloidal Cadmium 

Cadmium is a soft, blue-white, malleable metal or gray-blue powder. Cadmium is used for 
electroplating, in pigment production, and in the manufacturing of plastic stabilizers and batteries. 
Sources of cadmium include smelter fumes and dusts, incineration products from cadmium-containing 
materials, fertilizer, and municipal wastewater and sludge discharges. It also is an industrial byproduct 
of the manufacturing of zinc, copper, and lead’. 

Cadmium compounds have varying degrees of solubility ranging from very soluble (cadmium salts) to 
nearly insoluble (cadmium metal). The solubility affects cadmium adsorption and toxicity’. Cadmium 
may exist in water as a hydrated ion or as metal inorganic complexes. Adsorption and desorption 
processes are the most likely processes controlling the concentrations of cadmium released into natural 
waters. Cadmium is more mobile in aquatic environments than most heavy metals2. 

Adsorption and desorption rates of cadmium are rapid on mud solids and particles of clay, silica, 
humic material, and other naturally occurring solids. Changes in the physical chemistry of a 
waterbody (especially pH and redox potential) influence the suspension of cadmium from the 
sediments into the water column. During anaerobic conditions, cadmium is more likely to release 
from the sediments into the water column. Cadmium is not likely to partition from the water into the 
atmosphere because cadmium does not form volatile compounds’. 

Aquatic and terrestrial organisms bioaccumulate cadmium up the food chain. Bioconcentration in fish 
is dependent upon the pH and the organic content of the water’. Cadmium may adversely impact the 
reproduction success of fish3. 

Cadmium exists in soil as free cadmium compounds. Cadmium released to soils may leach into water, 
especially under acidic conditions. The transformation of cadmium in soil is dependent on sorption 
and desorption from water, and includes precipitation, dissolution, complexation, and ion exchange. 
Factors affecting transformation in soil include cation exchange capacity; pH; and the content of clay 
minerals, carbonate minerals, oxides, organic matter, and oxygen’. 

Cadmium is readily taken up by plant roots and tranlocates through the plant and accumulated. 
Cadmium depresses the uptake of iron, manganese, and probably calcium, magnesium, and nitrogen. 
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Symptoms of plant toxicity include necrosis, wilting, reduced zinc levels, and reduction in growth. 
Agronomic crops are more sensitive to cadmium toxicity than trees4. 

Cadmium can exist in the atmosphere as suspended particulate matter derived from sea spray, 
industrial emissions, combustion of fossil fuels, or the erosion of soils. Cadmium in the atmosphere 
will remain for approximately one to ten days before deposition occurs. Cadmium in the atmosphere 
usually takes the form of oxides, sulfates, sulfides, and chlorides. These complexes are stable and do 
not readily undergo photochemical reactions. Transformation of cadmium compounds in the air is 
mainly through dissolution in water or dilute acids’. 

FATE IN THE ENVIRONMENT 

II Parameter Value Reference 

II Log Kc,, 
II Solubility I Insoluble I 1 

Log Koc 
Vapor Pressure 

4.97 5 

0 5 

/I Bioconcentration Factor 64 (fish) 6 
10,000 (invertebrates) 7 

I 

- 

- 

NA - Not Available 

- 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

. 
Species 

earthworm 

microorganisms 

plants 

flora 

Concentration Endpoint Reference 

(m&9 

20 Benchmark 8 

20 Benchmark 8 

3 Benchmark 4 

0.0025 Screening Level 7 

Vertebrates 

Test Species 

Cattle 

Mallard Duck 

Rabbit 

Effect Dose 

OwWW) 

0.5 

1.45 

0.03 

Endpoint 

MTL 

chronic 
NOAEL 

MTL 

Effect Reference 

NA 9 

reproductive 14 

NA 9 

Dog 0.75 subchronic 
NOAEL 

reproductive 10 

Rat 0.004 chronic systemic 15 

NA - Not Applicable 
MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal Acute 

Standard/Criteria ~w/L) 

Chronic 

ww 

Jirginia WQS” 
freshwater 
marine 

e(l.12S[ln(hardness*)]-3.828) 

43 

,(0.7852[ln(hardness*)]-3.490) 
9.3 

JSEPA Region III’ 
Freshwater Fauna 
Freshwater Flora 
Marine Fauna 
Marine Fauna 

NE 0.15** 
NE 1.1** 
NE 9.3 
NE NE 

JSEPA AWQC” 
freshwater 
marine 

e(l .128[ln(hardness*)]-3.828) 

43 

e(0.7852[ln(hardness*)]-3.490) 

9.3 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate (mg/L) 
** Value based on hardness and/or pH 

Aquatic Life - Sediment 

I 
Sediment Screening Values BK-L BK-M 

(mgW (mgk) 

USEPA Region III’ 0.676*(flora) NE 

NE - Not Established 
* Threshold Effects Level 

REFERENCES 
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Chlordane 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: 1 ,,,,,,, 2 4 5 6 7 8 S-octachloro-2,3,3~4,7,7a-hexahydro-4,7-methano-lH-indene 
CAS Number: 12789-03-6 (technical) 

57-74-9 (nonstereospecific) 
5 103-71-g (cis or alpha- isomer) 
5 103-74-2 (trans or beta- isomer) 
5564-34-7 (gamma- isomer) 

Synonyms: 1,2,4,5,6,7,8,8-octachloro-3a,4,7,7a-tetrahydro-4,7-methanoindan 
Trade Names: Chlordan; Velsicol 1068; octachlor; termicide; C-100 

Pure chlordane is a mixture composed of primarily cis-chlordane and trans-chlordane. It is a white 
crystalline solid with a mild, pungent odor. Chlordane is a man-made insecticide, which was used 
from 1948 to 1988 on food crops (specifically corn) and to control household termites. Consequently, 
it was intentionally applied to soils both in agricultural and urban settings. Due to its persistence 
indoors, its use as a termicide was stopped”‘. 

Chlordane is expected to persist for more than 20 years in some soils. Volatilization appears to be 
the only major removal mechanism from soil. Leaching to groundwater from soil is not a likely 
removal mechanism. Adsorption to sediments and volatilization are significant removal mechanisms 
in water. In air, chlordane will degrade by photolysis and hydroxyl radical reaction. Rainout and dry 
deposition are not expected to be significant removal mechanisms”‘. 

Chlordane will bioconcentrate in both marine and freshwater species, as well as bacteria”‘,. 

FATE IN THE ENVIRONMENT 

I 

Values 

I 

Reference 

Log Kw 5.5 2 

I Solubility I 0.56 mg/L in water I 3 

I Log Kc% 5.15 3 

I Vapor Pressure I 1x10” mm Hg I 3 

IB’ loconcentration Factor t 14.100 (fish) 1 11 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species 

Earthworm 

Invertebrates 

Effect Concentration 

@dk) 

400 

cl00 

Endpoint 

Screening Level 

Screening Level 

Keference 

4 

4 

NA - Not Available 

Chlordane, total - Vertebrates 

Test Species Effect Dose Endpoint Effect Keference. 

bg/Wdw) 

Rat 0.055 chronic NOAEL systemic 6 

Poultry 2.14 chronic NOAEL mortality 7 
(blackbird) 

Cattle 10 subchronic NOEL not reoorted 5 

LOAEL - Lowest Observed Adverse Effects Level 
NOAEL - No Observed Adverse Effects Level 
NOEL - No Observed Effects Level 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

IlState or Federal Standard/Criteria I Acute Chronic 

Virginia WQS” 
Freshwater 
Marine 

w-u mm 

2.4 0.0043 
0.09 0.0040 

USEPA Region III4 
Freshwater Fauna 
Marine Fauna 

0.0043 NE 
NE 0.004 

Freshwater 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Standards 
NE - Not Established 

Aquatic Life - Sediment 

IISediment Screening Values I ER-L I ER-M II 

II WW 
II USEPA Region III4 

IlLong and Morgan” 0.5 6.0 II 

NE - Not Established 
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CHROMIUM 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Chromium 
CAS Number: Chromium (III) 16065-83-l; Chromium (VI) 18540-29-9 
Synonyms: Chromic Ion; Chromium Hexavalent Ion 

Chromium is a semi-gray, heavy metal that exists in either a trivalent (III) or hexavalent (VI) 
state. Chromium (III) occurs naturally in the environment; whereas, chromium (VI) is 
produced by industrial processes. The metal chromium, is used for making steel and other 
alloys. Chromium (III) is used as brick lining for high-temperature, industrial furnaces. 
Chromium compounds (III and VI) are used for chrome plating, manufacture of dyes 
pigments, leather, wood preserves, and cooling tower water treatment’. 

- The majority of chromium released into water will settle into the sediment; however, a small 
portion of chromium may dissolve into the water column. Soluble chromium compounds 
dissolved in the water column can remain in the water for years before settling into the 
bottom sediments. Chromium does not volatilize from the water surface. Chromium (VI) in 
the water column will eventually be reduced to Chromium (III) by organic matter in the water 
column’. 

Fish do not readily accumulated chromium from the water column. Chromium is not 
expected to biomagnify in the aquatic food chain. The bioavailability of chromium (III) to 
freshwater invertebrates decreases with the addition of humic acid. The decrease in 
bioavailability of the free form of chromium is due to its complexation with humic acid’. 

Chromium released into soil is mainly water-insoluble or is bound to the soil. However, a 
small fraction of chromium in soil will dissolve and may be transported deeper in the soil to 
groundwater. The transport of chromium in soil is dependent on the type and condition of the 
soil. Chromium is present in most soils in the form of chromium (III)‘. Chromium (III), as 
an insoluble salt, tends to strongly adhere to clay particles and organic matter; whereas, 
soluble chromium (VI) is not strongly adsorbed to soil’. The fate of chromium in soil is 
dependent on the redox potential and the pH of the soil’. 

Plants growing in chromium-containing soil will uptake the chromium into its roots, but only 
a small fraction of the chromium will translocate in the above-ground, edible portions of the 
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plants. There is no evidence that chromium will bioaccumulate in plants. In addition, there is 
no evidence that chromium will biomagnify along the terrestrial food chain’. 

The toxicity of chromium (III) to mammals is low because of its membrane permeability is 
poor and it is noncorrosive. In addition, there is an unlikelihood that chromium (III) will 
biomagnify in food chains. Chromium (VI) is considered more toxic to wildlife because of 
its high oxidizing potential and it easily penetrates biological membranes’. 

Chromium is present in the air primarily in particulate form which results from surface soil 
dispersion or particulate emission from industrial source?. Naturally occurring gaseous forms 
of chromium are rare. Chromium compounds released into the air will remain in the air for 
less than ten days. The transport and partitioning of particulate matter in the atmosphere is 
dependent of the particle size and density. Chromium (VI) can be rapidly reduced in the 
atmosphere to chromium (III)‘. 

FATE IN THE ENVIRONMENT 

- 

I 
Parameter 

II Water Solubility Insoluble 

,, irapor Pressure 

II Bioconcentration 

I 
l- 

Value 

Chromium (III) 

No Data No Data 

No Data 

No Data 

16 (fish) 
192 (invertebrates) 

1 ,OOO,OOO (invertebrates) (Cr 1,000 (plants) 

Chromium (VI) 

Insoluble 

No Data 

No Data 

16 (fish) 
192 (invertebrates) 

3.4 (fish) 

Referent 
e 

TERRESTRIAL EFFECTS 
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Soil Flora and Fauna 

Species 

Earthworm 

Fauna 

Microorganisms 

Plants 

Flnra 

Effect 
Concentration 

0wd-k) 

0.4 

0.0075 

10 

1 

0.m 

Endpoint Keference 

Benchmark 5 

Screening Level 4 

Benchmark 5 

Benchmark 6 

Screenine 1,evel 4 

Vertebrates 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
NA - Not Applicable 

REGULATORY LEVELS AND CRITERIA 
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Aquatic Life - Surface Water 

State or Federal 
Standard/Criteria 

Grginia WQS9 
Chromium III 

freshwater 
marine 

Chromium VI 
freshwater 
marine 

JSEPA Region III4 
Chromium III 

freshwater fauna 
marine fauna 

Chromium VI 
freshwater fauna 
freshwater flora 
marine fauna 

JSEPA AWQC” 
Chromium III 

freshwater 
marine 

Chromium VI 
freshwater 
marine 

Acute Chronic 
@w-u ow-u 

,(O.S 190[ln(hardness*)]+3.688) e(0.8190[ln(hardness*)]+l.561) 

NE NE 

16 11 
1100 50 

NE NE 
10,300 210** 

NE 1 
NE 2 
NE 50 

,(0.8190[ln(hardness*)]+3.688) ,(0.8 190[ln(hardness*)]+l.56 1) 

NE NE 

16 11 
1100 50 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate concentration (mg/L) 
** Value based on hardness and/or pH 

Aquatic Life - Sediment 
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Sediment Screening Values 

I 
USEPA Region III4 

Total Chromium 
Chromium III 
Chromium VI 

1,m-i~ et al.” 

ER-L ER-M 
ew!m~ owk~ 

260 (fauna)*; 5 (flora) NE 
81 (fauna) NE 

~81 (fauna) NE 

81 370 

* Apparent Effect Threshold 
NE - Not Established 
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COPPER 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Copper 
CAS Number: 7440-50-8 
Synonyms: 1721 gold; ANAC 110 

Copper is a reddish colored metal that occurs naturally in rock, soil, water, sediment and air. Copper 
also occurs naturally in plants and animals. Copper is used primarily as a metal or alloy in the 
manufacture of wire, sheet metals, pipe, and other metal products. Copper compounds are used in 
agriculture to treat plant diseases, for water treatment, and as preservatives for wood, leather, and 
fabrics’. 

..- 

The physicochemical form of copper released to the environment determines the impact of the element 
to the environment. Copper is released to water through natural weathering of soil and discharges 
from industries and sewage treatment plants. Copper released into water will most likely take the 
form of copper (II). Most copper in water is bound to organic matter; little is present in the free or 
readily exchangeable form. The concentration of dissolved copper in water is dependent on such 
factors as pH, the oxidation-reduction potential of the water, the presence of competing cations and 
anions of soluble cupric salts. and the presence of organic/inorganic complexing agents’. 

The process of complexation, adsorption, and precipitation control the amount of copper (II) released 
into water. Copper released into water tends to bind to the bottom sediments. Organics and iron 
oxides are the most important contributor to binding of copper by aerobic sediments. However, 
copper is typically associated with carbonates. In anaerobic sediment, copper (II) will be reduced to 
copper (I) and insoluble cuprous salts will form’. 

Copper released to soil will be strongly adsorbed and remain in the upper few centimeters of soil. In 
most soils, the pH, organic matter, and ionic strength of the soil solutions are the key factors affected 
adsorption. Copper will adsorb to organic matter, carbonate minerals, clay minerals, or hydrous iron 
and manganese oxides. Sandy soils with low pH have the greatest potential for leaching’. 

Copper released into the air will most likely take the form of particulate matter as an oxide, sulfate, or 
carbonate. Copper is removed from the atmosphere by gravitational settling, dry deposition, and 
washout by rain and clouds’. 
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FATE IN THE ENVIRONMENT 

Parameter Value 

II Solubility I 0.2 

4.26 

0 

II Bioconcentration Factor 36 (fish) 2 
51.2 (fish) 3 

Reference 

1 I 

1 I 

1 I 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species 

Earthworm 

Microorganisms 

Fauna 

I 

Effect Concentration Endpoint Reference 

Owk) 

50 Benchmark 4 

100 Benchmark 4 

0.04 Screening Level 3 

Page 2 



cu. tox 
3/l 5195 
j.golden 

Vertebrates 

Test Species 

I 

Effect Dose Endpoint Effect Keference 

OwYWdw) I I 

Cattle 0.5 MTL NA 6 

Poultry 15 MTL NA 6 

Rabbit 11.61 MTL NA 6 

Mink 12.9 chronic 
NOAEL 

reproductive 7 

NA - Not Applicable 
MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effect Level 

REGULATORY LEVELS AND CRITERIA 

Aauatic Life - Surface Water 

State or Federal 

Standard/Criteria 

Virginia WQS’ 
freshwater 
marine 

Acute 

hm 

,(0.9422[ln(hardness*)] -1.464) 

2.9 

Chronic 

wJ.4 

e(0.8545[ln(hardness*)] -1.465) 

2.9 

Region III BTAG-Fauna3 
freshwater 
marine 

6.5* NE 
2.9 NE 

USEPA AWQC9 
freshwater e(0.9422[ln(hardness*)] -I .464) I ,(0.8545[ln(hardness*)] - 1.465) 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate concentration (mg/L) 
** Value based on hardness and/or pH 
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Aquatic Life - Sediment 

- 

\ 
Sediment Screening Values 

USEPA Region III3 

Long et al.” 

ER-L ER-M 

Owidk9 OWW 

34* NE 

34 270 
\ 

* Screening Level 
NE - Not Evaluated 
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DDT, DDE and DDD 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: DDT, DDE and DDD 
CAS Number: 50-29-5 DDT 

72-55-9 DDE 
72-54-8 DDD 

Synonyms: DDT l,l,l -trichloro-2,2-bis(p-chlorophenyl)ethane; p,p’-DDT; dichlorodiphenyl 
trichloroethane; 4,4’-DDT; (trade names) Genitox; Anofex; Detoxan; 

Pentachlorin; Dicophane 
DDE I,1 -dichloro-2,2-bis(p-chlorophenyl)ethylene; DDT dihydrochloride; p,p’- 

DDE; dichlorodiphenyldichloroethylene 
DDD 1,l -dichloro-2,2-bis(p-chlorophenyl)ethane; 4,4’-DDD; 1,l -bis(4- 

chlorophenyl)-2,2-dichloroethane; TDE 

- 

Historically, DDT was released to the environment during its formulation and extensive use as a 
pesticide in agricultural and vector control applications. Its primary metabolites are DDE and DDD. 
Although DDT was banned for use in this country in 1972, it is still being used in several areas in the 
world, particularly tropical countries. DDT and its primary metabolites are not known to occur 
naturally in the environment. However, due to its extensive past use of DDT worldwide and the 
persistence of DDT and is metabolites, these compounds are virtually ubiquitous and are continually 
being transformed and redistributed in the environment. DDT and its metabolites have been detected 
in virtually all media”). 

DDT and its metabolites may be transported among media by the processes of solubilization, 
adsorption, bioaccumulation or volatilization. DDT, DDE and DDD in the atmosphere are subject to 
photodegradation or redeposition by rain or dry deposition”). 

DDT and its environmental degradation products preferentially bind to soil and sediment , where 
they may be subject to photodegradation on the surface and biodegradation in the subsurface. Under 
certain conditions, DDT may persist for long periods of time or may be converted to DDE, which 
persists for an even longer duration. Consequently, these compounds are not easily displaced from 
their site of application, whether by runoff or leaching to groundwater. However, volatilization of 
DDT and DDE from soil accounts for considerable losses of these compounds. The tendency of DDD 
to volatilize is approximately three-fold less than that of DDT or DDE”‘. 

When DDT is released to water, it quickly absorbs to particles and is subject to sedimentation, 
- 
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volatilization, photodegradation and uptake into the food chain. Similar to soil, volatilization accounts 
for loss of these compounds from water. One study found that DDE volatilizes from seawater 10 to 
20 times faster than from freshwater(‘). 

DDT, DDE and DDD are highly lipid soluble. This lipophilic property, combined with an extremely 
long half-life, results in bioaccumulation. When present in ambient water, DDT and its metabolites 
are concentrated in freshwater and marine plankton, insects, mollusks, and other invertebrates and fish. 
As these organisms become part of the food chain, a progressive accumulation of residues may result 
in high levels of residues in organisms at the top of the food chain(‘). 

FATE IN THE ENVIRONMENT 

II Parameter DDT 

II Log K,, I 6.4 

II Solubility 5x10” mg/L in 
water 

II Log JL 5.39 

II Vapor Pressure 55.~10~~ mm Hg 

DDE DDD 

I I 

Reference 

5.7 6 2 

4x10-2 mg/L in 1x10-l mg/L in 3 
water water 

6.64 5.89 3 

6.5x10e6mm Hg 1.89~10” mm 
Hg I 3 I 

- 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species Effect Concentration 

WW 

Endpoint Reference 

DDT 

Earthworm 

Invertebrates 

Plants 

4 Screening Level 

4 Screening Level 

NA NA 

4 

4 

DDE 

Earthworm 

Invertebrates 

100 

100 

Screening Level 

Screening Level 

4 

4 

Earthworm I 100 I Screening Level I 4 

Invertebrates I Screening Level I 

Plants NA I NA 

NA - Not Available 
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Vertebrates 

Test Species Effect Dose 

OdWday) 

Endpoint Effect Reference 

I 

I 
DDT 

Poultry (quail) 0.088 subchronic NOEL not reported 5 

I 

II Rat 

Test Species Effect Dose Endpoint Effect Reference 

OdWday) 

L 

DDT 

Poultry (quail) 0.088 subchronic NOEL not reported 5 

Rat 0.8 chronic NOAEL reproductive 6 

DDE 

Poultry (quail) 0.088 subchronic NOEL not reported 5 

Rat 0.8 chronic NOAEL reproductive 6 

DDD 

1 0.8 I chronic NOAEL I reproductive I 6 II 

I DDE 

Poultry (quail) 0.088 subchronic NOEL not reported 5 
I 

II Rat I 0.8 I chronic NOAEL I reproductive I 6 II 

It 

I I I I 

DDD 

NA - Not Available 
NOEL - No Observed Effects Level 
NOAEL - No Observed Adverse Effects Level 

- 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

- 

firginia WQS” 
)DT 

Freshwater 
Marine 

IDE, DDD 

JSEPA Region IIIc4’ 
IDT 

Freshwater Flora 
Freshwater Fauna 
Marine Flora 
Marine Fauna 

)DD 

Freshwater Fauna 
Marine Fauna 

IDE 

Freshwater Fauna 
Marine Fauna 

JSEPA AWQC”’ 
)DT 

Freshwater 
Marine 

IDE, DDD 

Acute 

(u!dL~ 

1.1 0.0010 
0.13 0.0010 
NE NE 

5,000 NE 
NE 0.001 

5,000 NE 
NE 0.001 

0.6 NE 
0.68 NE 

1,050 NE 
14 NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Standards 
NE - Not Established 

1.1 
0.13 
NE NE 

Chronic 

(UdLJ 

0.001 
0.001 
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Aquatic Life - Sediment 

Sediment Screening Values 1 ER-L I ER-M 

USEPA Region III’4’ 
DDT 

DDE 

DDD 

8* NE 
2.2* NE 
NE NE 

Long et al.(‘) 
DDT 

DDE 

1.58 46.1 
2.2 27 

Long and Morgan(“) 
DDD 2 20 

NE - Not Established 
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IRON 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Iron 
CAS Number: 7439-89-6 

Iron is a silvery white, malleable metal. It is the fourth most abundant (by weight) of the elements that 
compose the earth’s crust and is a major constituent of clay soils’ 

Iron in water may be present in varying quantities dependent upon the geology of the area and other chemical 
components of the water body Is2 . The bivalent and trivalent irons are the primary forms of concern in the 
aquatic environment. The ferrous or bivalent form can persist in waters void of dissolved oxygen and 
typically originate from groundwater of mines where these are pumped or drained. The ferric or trivalent 
form is insoluble. Iron can exist in natural organometallic or humic compounds and colloidal forms. Black or 
brown swamp waters may contain iron concentrations of several milligrams per liter in the presence or 
absence of dissolved oxygen, but this iron form has little effect on aquatic life’. The majority of iron entering 
water bodies is likely to partition into the bottom sediments2. 

Iron released into soil has relatively low mobility potential. However, iron can be transported through the 
atmosphere2. 
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FATE IN THE ENVIRONMENT 

NA - Not Available 

TERRESTRIAL EFFECI’S 

Soil Flora and Fauna 

Species 

Invertebrates 

Microorganisms 

Flora 

Effect Concentration Endpoint Reference 

hdk) 

3,515 NOEC 4 

200 Benchmark 4 

100 Scremine Value 5 

NE - Not Established 
NOEC - No Observed Effects Concentration 

- 
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I Vertebrates 

Test Species 

Cattle 

Poultry 

Effect Dose 

6wkdW) 

5 

50 

Endpoint Effect Reference 

MTL NA 6 

MTL NA 6 

MTL - Mineral Tolerance Level 
NA - Not Applicable 

REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

11 State or Federal Standard/Criteria 1 Acute Chronic 

I Virginia WQS’ 
freshwater NE NE 
marine NE NE 

I USEPA Region III - Fauna’ 
freshwater NE 320 
marine NE NE 

USEPA AWQC’ 
freshwater 1,000 NE 

I 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
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Aquatic Life - Sediment 

AET - Apparent Effects Threshold 
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MERCURY 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Mercury 
CAS Number: 7439-97-6 
Synonyms: hydragyrum; quicksilver; liquid silver; colloidal mercury 

Mercury is a silvery, heavy liquid with valences of +l and +2. Mercury exists as insoluble elemental 
mercury, organic species, and inorganic species. Solubility depends upon the reduction-oxidation 
potential, and the pH of the environment’. Mercury is commonly used for amalgams, catalysts, 
electrical apparatuses, instruments such as thermometers and barometers, and neutron absorbers in 
nuclear power plants2. 

Mercury released to the environment will remain there indefinitely. The form that mercury exists in 
(organic or inorganic) may change with time. Chemical speciation is probably the most important 
variable influencing the ecotoxicology of mercury3. Inorganic mercury can be methylated by 
microorganisms indigenous to soils, freshwater, and salt water. This process is mediated by various 
microbial populations under both aerobic and anaerobic conditions. Methyl mercury is the most 
hazardous mercury species due to its high stability, its lipid solubility, and its possession of ionic 
properties that create a high ability to penetrate membranes in living organisms. Methylmercury in 
surface waters is rapidly accumulated by aquatic organisms. The top-level predator species usually 
contain the highest concentrations of methyl mercury3. 

Freshwater plants exhibit a wide range of sensitivity to mercury; however, the most sensitive aquatic 
plant is less sensitive than the most sensitive freshwater animal. Fish tend to be more resistant to 
mercury than mollusks and crustaceans. 

Mercury released into soils or surface water will exist in the mercuric state (Hg”) and mercurous (H’) 
states as a number of complex ions with varying water solubilities. Mercuric mercury, present as 
complexes and chelates with ligands, is probably the most predominant form of mercury present in 
surface waters4. 

Volatile forms of mercury present in surface water is expected to evaporate into the air; whereas, solid 
forms of mercury partition to particulates or are transported in the water column, depending on their 
solubility. The two most important transformation processes in the fate of mercury in surface waters 
are biotransformation and bioaccumulation. Photolysis of organomercurials also may occur in surface 
waters4. 
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Mercury released into soils may undergo the same chemical and biological transformations as mercury 
released into surface waters. Mercuric mercury usually forms complexes with chloride and hydroxide 
ions in soils, the specific compounds form are dependent on pH, salt content, and composition of the 
soil solution4. 

Mercury released into the atmosphere will most likely undergo photolysis or organomercurials. 
Metallic mercury vapor may also be oxidized to other forms in the removal of the compound from the 
atmosphere by precipitation. Mercury vapor can be transported long distances before wet and dry 
deposition process return the element to the earth. The atmosphere is the smallest environmental 
reservoir of mercury4. 

FATE IN THE ENVIRONMENT 

Parameter Value 

I 

Reference 

Volubility I 5.6E-03 I 4 

4 Koc 2.43 5 

v’apor Pressure 0.002 4 

3ioconcentration Factor 23,66 1 (invertebrates) 6 
7,000 (fish) 6 
5,500 (fish) 7 

3,760 (estuarine organisms) 7 
9,000 (open ocean organisms) 7 

-. 

NA - Not Applicable 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species 

1 

Earthworm 

Invertebrates 

Microorganisms 

Fauna 

Plants 

Effect Concentration Endpoint Reference 

ewkg) 

0.1 Benchmark 8 

300 NOEC 8 

30 Benchmark 8 

0.058 Screening Level 6 

0.3 Benchmark 9 

NOEC - No Observed Effects Concentration 

Vertebrates 

Test Species Effect Dose 

OdWW9 

Endpoint Effect 

/ 
Reference 

Cattle 0.01 MTL NA 10 

Poultry 0.1 MTL NA 10 

Rabbit 0.12 MTL NA 10 

Rat 0.32 chronic systemic 11 
NOAEL 

b 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
NA - Not Applicable 
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REGULATORY LEVELS AND CRITERIA 

Aquatic Life - Surface Water 

State or Federal 

Standard/Criteria 

Virginia WQS12 
freshwater 
marine 

Acute 

hm 

2.4 
2.1 

Chronic 

WV 

0.012 
0.025 

USEPA Region III6 
freshwater flora 
freshwater fauna 
marine flora 
marine fauna 

NE NE 
NE 0.012 
NE NE 
NE 0.025 

USEPA AWQC13 
freshwater 
marine 

2.4 0.012 
2.1 0.025 

- 
WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Aquatic Life - Sediment 

Sediment Screening Values E&L 

BLEW 

EK-M 

OwW 

USEPA Region III6 0.15 (fauna)* NE 

Long et a1.14 0.15 0.71 

NE - Not Established 
* Screening Level 
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NICKEL 

Ecological Toxicological Profile 

INTRODUCI’ION 

Chemical Name: Nickel 
CAS Number: 7440-02-o 
Synonyms: NP 2; HCA 1; Raney alloy; Raney Nickel 

Nickel is a naturally occurring silvery metal that is found in the earth’s crust. Nickel and its compounds are 
found in all parts of the environment, including plants and animals. Primary nickel is recovered from mined 
ore and nickel matte, and secondary nickel is recovered from scrap metal’. 

Nickel released into water will exist in both soluble and insoluble forms depending on the chemical and 
physical properties of the water. Nickel has not been shown to volatize from the water surface. Nickel is 
significantly bioaccumulated in some, but not all aquatic species’. Nickel adversely influences cell 
membranes with increasing water hardness’. 

Nickel is extremely persistent in soil; however, it still has the potential to leach through soil into groundwater. 
The average residence time of nickel in soil is estimated to be 2,400 to 3,500 years. The sorption of nickel 
into soils has found to correlate with suspension pH, total iron, and surface area. Organic complexing agents 
in soil tend to restrict the movement and availability of nickel in soil by forming organo-nickel complexes. 
Nickel is not expected to volatize from soils ‘. Nickel is not essential to plants in some instances it produces 
toxic effects’. 

Nickel released into the atmosphere will exist primarily in aerosol form. Airborne nickel will remain in the 
atmosphere for varying periods of time depending upon factors such as concentration, density and particle 
size, and precipitation. The average residence time of nickel in the atmosphere is seven days, with typical 
residence time ranging from one to twenty-one days. The predominant nickel species in air tend to be nickel 
oxide, nickel sulfate, complex oxides of nickel and other metals, and to a lesser extent, metallic nickel, and 
nickel subsulfide’. 
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FATE IN THE ENVIRONMENT 

Parameter 

~gL?J 

Solubility 

I43 Koc 

Vapor Pressure 

Bioconcentration Factor 

Value 

NA 

Insoluble 

4.97 

0.0 

40,000 (Plant) 
100 (fish) 
47 &JJJ 

Reference 

1 

3 

3 

4 
4 
5 

NA - Not Available 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Page 2 



Ni.tox - 
3/20/95 
j .golden 

Vertebrates 

Effect Dose 

h&&W) 

Endpoint Effect Reference 

0.25 MTL NA 8 

II PoultIy 15 MTL NA 8 

II Rabbit I 2.9 I MTL I NA I 8 

II I%3 25 chronic NOAEL growth 9 

5 1 ~chronic NOAET, 1 IXOWth I 9 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
NA - Not Applicable 

REGULATORY LEVELS AND CRITERIA 

- 
Aauatic Life - Surface Water 

State or Federal Acute 

(W/L1 

Chronic 

h!/Ld~ 

Virginia WQS’O 
freshwater 
marine 

USEPA Region III4 
freshwater flora 
freshwater fauna 
marine flora 
marine fauna 

e(0.B460[1n~dne~s*)]+3.361 2) 

75 

e(o.L1460[ln~dnur’)l+l ,164s) 

8.3 

NE 
NE 
NE 
NE 

NE 
14.77** 

NE 
8.3** 

e(0.8460[ln(ldmr*)~3.3612) e(0.8460(ln(hardners*)]+l .I 645) 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate (mg/L) 
** Value based on hardness and/or pH 
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Aauatic Life - Sediment 

. 

Sediment Screening Values 

USEPA Region III4 

d 12 

NE - Not Established 
* Screening Level 

ER-L 

(rn!zlkp1 

20.9 (fauna)* 

20.9 

ER-M 

(m&v1 
I 

NE 

51.6 
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INTRODUCIION 

POLYCYCLIC AROMATIC HYDROCARBONS 

Ecological Toxicological Profile 

Chemical Name: Polycyclic aromatic hydrocarbons 
CAS Number: 

208-96-8 
83-32-9 
120- 12-7 
56-55-3 
205-99-2 
207-08-9 
191-24-2 
50-32-8 
218-01-9 
53-70-3 
206-44-o 
86-73-7 
193-39-5 
85-01-8 
129-00-00 

Synonyms: 
acenaphthylene 
acenaphthene 

anthracene 

benzo(a)anthracene 

benzo(b)fluoranthene 

benzo(k)fluoranthene 

benzo(g,h,i)perylene 
benzo(a)pyrene 

chrysene 

dibenz(a,h)anthracene 

acenaphthylene 
acenaphthene 
anthracene 
benzo(a)anthracene 
benzo(b)fluoranthene 
benzo(k)fluoranthene 
benzo(g,h,i)perylene 
benzo( a)p yrene 
chtysene 
dibenz(a,h)anthracene 
fluoranthene 
fluorene 
indeno( 1,2,3-cd)pyrene 
phenanthrene 
wene 

cyclopenta[de]naphthalene 
1,2dihydroacenaphthylene; 1,8dihydroacenapthaline; 1,8- 
ethylenenapthalene; 1,2dihydroacenaphthylene 
anthracin; green oil; paranaphthalene; tetra olive; NZG; anthrace 

ne oil 
benz(a)anthracene; 1,2-benzanthracene; benzo(b)phenanthrene; 
2,3-benzophenanthrene; tetraphene 
3 ,4-benz(e)acephenanthrylene; 2,3-benzfluoranthene; 3,4- 
benzfluoranthene; 2,3-benzofluoranthene; 3,4-benzofluoranthene; 
benzo(e)fluoranthene; B(b)f 
8,9-benzfluoranthene; 8,9-benzofluoranthene; 11,12- 
benzofluoranthene; 2,3,1,8-binaphthylene; dibenzo(bjk)fluorene 
1,12-benzoperylene 

benzo[deflchxysene; 3,4benzopyrene; 3,4-benzpyrene; benz[a]pyrene; BP; 
JWP 

1,2-benzophenanthrene; benzo(a)phenanthrene; 1,2- 
benzphenanthrene; benz(a)phenanthrene; 1,2,5,6- 
dibenzonaphthalene 

1,2,5,6dibenz(a,h)anthracene (d); dibenzo(a,h)anthracene; Wa,h) 
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A; 
DBA; 
1,2:4,6- 
dibenz( 
a,h)anth 
racene; 
1,2:5,6- 
dibenz( 
a)anthra 
me @> 

fluoranthene 1,2-( 1,8naphthylene)benzene; I ,2-benzacenaphthene; l,2-( 1,8- 
naphthalenediyl)benzene; benzo(jk)fluorene 

fluorene ortho-biphenylene methane; diphenylenemethane; 2,2- 
methylene biphenyl; 2,3-benzidene 

indeno( 1,2,3-cd)-pyrene 1 P; ortho-phenylenepyrene; I,1 0-(ortho-phenylene)pyrene; pyrene I,1 O- 
(1,2-phenylene)pyrene; 2,3-ortho-phenylene pyrene (b) indenopyrene 

phenanthrene phenantrin (b) 
pyrene benzo(def)phenanthrene; beta-pyrene (b) 

The PAHs are a diverse group of compounds consisting of two or more substituted and unsubstituted 
polycyclic aromatic rings formed by the incomplete combustion of carbonaceous materials(‘). 

PAHs are ubiquitous in the modem environment and commonly are constituents of coal tar, soot, vehicular 
exhausts, cigarette smoke, certain petroleum products, road tar, mineral oils, creosote and many cooked 
foods. PAHs also are released to the environment through natural sources such as volcano and forest fire 
emissions. However, most of the emissions result from anthropogenic sources, largely wood burning for 
homes. Vehicular emissions are another primary source of PAHs. Hazardous waste sites can be a 
concentrated source on a local scale. Examples of such sites include former manufactured gas sites (i.e., 
sources of coal tar) and abandoned wood treatment plants (i.e., sources of creosote)“‘. 

In the air, PAHs are found sorbed to particulates and as gases. Particle-bound PAHs can be transported 
long distances and are removed from the atmosphere by precipitation and dry deposition”‘. 

PAHs are transferred from surface water by volatilization and sorption to settling particles. The 
compounds are transformed in surface water by photooxidation, chemical oxidation and microbial 
metabolism”‘. 

In soil and sediments, microbial metabolism is the major process for degradation of PAHs”‘. Although 
PAHs accumulate in terrestrial and aquatic plants, many organisms are able to metabolize and eliminate 
these compounds. Vertebrates can readily metabolize PAHs; whereas, lower forms (insects and worms) 
cannot metabolize PAHs as quickly. Food chain uptake does not appear to be a major exposure source to 
PAHs for aquatic animals”‘. 
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FATE IN THE ENVIRONMENT 

Acenaphthylene 

Parameter Value Reference 

Solubility 3.93 mgfL in water 

Vapor Pressure 0.029 torr @2O”C 

Acenaphthene 
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Anthracene 

Parameter Value Reference 

WzKnv 4.5 2 

Solubility 4.5~10-~ mg/L in water 3 

I.4 &c 4.15 3 

Vapor Pressure 1 mm @145”C 1 

II Bioconcentration Factor 16,800 (fish) 6 
30 (fish) 4 

Benzo(a)anthracene 

Parameter Value Reference 
II 

Log L 

Solubility 

b?K, 

Vapor Pressure 

5.6 3 
5.7 2 

5.7x1 OW3 mgL in water 3 

6.14 3 

2.2~10~ mm Hg 3 

Bioconcentration Factor 9200 (fish) 6 
30 fish) 4 II 
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Benzo(b)fluoranthene 

Ben.zo(k)fluoranthene 

Benzo(g,h,i)perylene 

Parameter Reference 

Log Kow 
Solubility 

6.5 3 

7x1 Om4 mg/L in water 3 
2.6x10-4 mg/L @25T 1 

Log kc 
Vapor Pressure 

6.2 3 

1.03~10-‘~ mm Hg @25”C 193 

Page 5 



Pah. tox 
4112195 
r.san Pedro 

Benzo(a)pryene 

Parameter 

4 Knv 

;olubility 

4 Koc 

Iapor Pressure 

Goconcentration Factor 

Value Reference 

6.06 3 
6.0 2 

1.2x 1 OW3 mg/L in water 3 

6.74 3 

5.6x10-‘mm Hg 13 

930 (fish) 6 
30 (fish) 4 

132,248 (invertebrates) 6 
5 758 (&nts) 6 

Chrysene 

Parameter Value Reference 

I4 L 5.7 2 
5.61 3 

Solubility I 1.8~10‘~ mg/L I 3 

Log Kc I 5.3 I 3 

Vapor Pressure I 6.3~10-~ mm Hg I 1,3 

4 
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Dibenz(a,h)anthracene 

Parameter Value Reference 

IJ%Knv 6.5 2 

Solubility 5x 1 O4 mg/L in water 1,3 

I 
b%Kx 6.8 3 

Vapor Pressure 1~10-‘~ mm Hg 1,3 

biocncentration 

Fluoranthene 

Fluorene 

Parameter Reference 

Log Lv 4.2 2 

Solubility 1.69 mg/L in water 3 

Log L 
Vapor Pressure 

3.86 1 

7.1x10-4mm Hg 3 
10 mm Hg @146”C 1 
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Indeno( l&%cd)pyrene 

Parameter Value Reference 

Log L 
I- Solubility 

6.5 3 

5.3~10~ mg/L in water 3 

II b3 Kx 6.5 3 

II Vapor Pressure 1~10-‘~ mm Hg 3 

30 (fish) I 4 

Phenanthrene 

Pyrene 

Parameter 

L-432 Kow 

Solubility 

I-4 Koc 

Vapor Pressure 

Value Reference 

5.3 2 

0.132 3 

0.66 3 

2.5~10~ 3 

- 
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Bioconcentration Factor 970 (fish) 6 
300 4 

TERRESTRIAL EFFECTS 

Soil Flora and Fauna0 

II Species 

I 

Effect Concentration Endpoint Reference 

ww I I 

I Acenaphthene 

Plant NA NA NA 

,Earthworm 

‘Invertebrate 

Microorganisms and 
Microbial Processes 

100 Screening Level 6 

100 Screening Level 6 

NA NA NA 

Acenaphthylene 

Plant 

Earthworm 

NA 

100 

NA 

Screening Level 

NA 

6 

Invertebrate 100 Screening Level 6 

Microorganisms and I I 1~ 

Anthracene 

Plant NA NA NA 

Earthworm 

Invertebrates 

100 Screening Level 6 

100 Screening Level 6 

Microorganisms and I I I 

Benzo(a)anthracene 

Plant 

Earthworm 

Invertebrates 

NA NA NA 

100 Screening Level 6 

100 Screening Level 6 

Page 9 



Pah.tox 

4112195 

r. san Pedro 

I 
Species Effect Concentration Endpoint 

wk) 

Microorganisms and 

Benzo(b)fluoranthene 

Plant 

Earthworm 

Invertebrates 

Microorganisms and 
Microbial Processes 

Benzo(k)fluoranthene 

Plant 

Earthworm 

Invertebrates 

NA NA 

100 Screening Level 

100 Screening Level 

NA NA 

NA NA 

100 Screening Level 

100 Screen& Level 

NA 

6 

6 

NA 

NA 

6 

6 

II Microorganism and I I I 

I Benzo(g,h,i)perylene 

Plant NA NA NA 

Earthworm 100 Screening Level 6 

I Invertebrates 100 Screening Level 6 

Microorganisms and 

Benzo(a)pyrene 

Plant 

Earthworm 

Invertebrates 

II Microorganisms and 

NA NA NA 

20,000 Screening Level 6 

25.000 Benchmark 7 
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Species 

Chrysene 

Plant 

Earthworm 

Effect Concentration 

~dk) 

NA I NA 

Endpoint 

100 I Screening Level I 

II Invertebrates 

II Microorganisms and I 

100 Screening Level 6 

Dibenz(a,h)anthracene 

Plant 

Earthworm 

Invertebrates 

NA NA NA 

100 Screening Level 6 

100 Screening Level 6 

Earthworm 

Invertebrates 

II Microorganisms and 
Microbial Processes 

30,000 Screening Level 6 

100 Screening Level 6 

NA NA NA 
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\ 
Species 

Indeno(l,2&cd)pyrene 

Plant 

Earthworm 

Invertebrates 

Microorganisms and 
Microbial Processes 

Phenanthrene 

Plallt 

Earthworm 

Invertebrates 

Microorganisms and 

Effect Concentration 

ww 

NA 

100 

100 

NA 

NA 

100 

100 

100 

Endpoint Reference 

NA NA 

Screening Level 6 

Screening Level 6 

NA NA 

NA NA- 

Screening Level 6 

Screening Level 6 

Screening Level 6 

Pyrene 

Plant 

Earthworm 

Invertebrates 

NA NA NA 

100 Screening Level 6 

100 Screening Level 6 

Microorganisms and 
NA NA NA 

Vertebrates 

Test 

Species 

Endpoint Effect Reference 

I Rat I 175 I chronic NOAEL I Systemic I 

.-. 

NOAEL - No Observed Adverse Effect Level 
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e-Verteb&es 

Test 

Species 

Mouse 

Effect Dose 

~~g/WW9 

l,ooo 

Endpoint 

subchronic NOAEL 

Effect 

none 

Reference 

8 

NOAEL - No Observed Adverse Effect Level 

BenzoCajanthracene - Vertebrates 

Test Effect Dose 

Species @vdWdv) 

Mouse 1 

Endpoint 

NOAEL 

Effect Reference 

8 

NOAEL - No Observed Adverse Effect Level 

Test 

Species 

Mouse 

- meP * 

Effect Dose Endpoint Effect . Reference 

~w&Gv) 

10.00 chronic LOAEL reproductive 9 

* Value also used for the following PAHs: : benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(g,h,i)perylene, chrysene, dibenzo(a,h)anthracene, and indeno(l,2,3-cd)pyrene. 

LOAEL - Lowest Observed Adverse Effect Level 

Test Species 

Mouse 

Effect Dose 

OwWday) 

125 

Endpoint 

subchronic NOAEL 

Effect 

Systemic 

Reference 

10 

NOAEL - No Observed Adverse Effect Level 
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e-Veri&m@ 

Test Species Effect Dose 

bw#dday) 

Endpoint Effect Reference 

Mouse 125 subchrouic NOAEL Systemic 10 

NOAEL - No Observed Adverse Effect Level 

\ 

Test Species Effect Dose Endpoint Effect Reference 

bxWday) 

II Rat I 41 I chronic NOAEL reproduction 14 

NOAEL - No Observed Adverse Effect Level 

e-Vertdmdes 

Test Species Effect Dose 

OwWday) 

Endpoint Effect Reference 

Mouse 75 subchronic NOAEL Systemic 8 

NOAEL - No Observed Adverse Effect Level 
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REGULATORY LEVELS AND CRITERIA 

. . Aquajadde SurfaceWater e 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

- 

Sediment Screening Values ER-L ER-M 

hdkd hdkd 
1 

USEPA Region III6 44* NE 

Long et al. I3 44 640 

NE - Not Established 
* Screening Level 
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AcenaDhthene - Aauatic Life - Surface Water 

State or Federal State or Federal 

Standard/Criteria Standard/Criteria 

Virginia WQS” Virginia WQS” 

USEPA Region III6 USEPA Region III6 
Marine Fauna Marine Fauna 
Freshwater Fauna Freshwater Fauna 

USEPA AWQC” USEPA AWQC” 
Marine Marine 
Freshwater Freshwater 

Acute Acute Chronic Chronic 

km km Mm Mm 

NE NE NE NE 

NE NE 710 710 
NE NE 520 520 

970 970 710 710 
1,700 1,700 520 520 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values 

USEPA Region III6 

Long et al.l3 

ER-L ER-M 

16* NE 

16 500 

NE - Not Established 
* Screening Level 
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%&ace Water 

State or Federal 

. . 
Stq#ard/Cntena 

Virginia WQS” 

Acute chronic 

(UPm h.lfz/L~ 

NE NE 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

NE NE 
NE 0.1 

II USEPA AWQC’* I NE I NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria, 1992 and 1991 
NE - Not Established 

Sediment Screening Values 

USEPA Region III6 

Long et a1.13 

ER-L 

(ug/kpj 

85.3* 

85.3 

ER-M 

(w/kg1 

NE 

1,100 

NE - Not Established 
* Screening Level 
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State or Federal Acute 

Virginia WQS” NE NE 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

NE 81.3 
NE 6.3 

USEPA AWQC’* I NE I NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Benzo(a)anthracene - AquatUXe - Sediment 

Sediment Screening Values 

USEPA Region III6 

Long et a1.13 

ER-L 

(w/k4 

261* 

261 

- 

ER-M 

hdkd 

NE 

1,600 

NE - Not Established 
* Screening Level 
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State or Federal I Acute 

Virginia WQS” NE NE 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

300 NE 
NE NE 

USEPA AWQC’* I NE I NE I 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values 

USEPA Region III6 

Long et al. I3 

ER-L 

(w/kg) 

3,200* 

NE 

ER-M 

(ue/kpj 

NE 

NE 

NE - Not Established 
* Screening Level 
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State or Federal 
. . 

Standardhhtena 

Virginia WQS” 

Acute chronic 

fUfdL~ hf.z/L~ 

NE NE 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

300 NE 
NE NE 

USEPA AWQC” NE NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values 

USEPA Region III6 

Long et a1.13 

NE - Not Established 

ER-L 

he/kg) 

NE 

NE 

ER-M 

(w/kg) 

NE 

NE 
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State or Federal Acute 

Virginia WQS” NE NE 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

300 NE 
NE NE 

!I USEPA AWQC’* I NE I NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values 

USEPA Region III6 

Long et al. I3 

ER-L 

hw/k~l 

670 (AET) 

NE 

ER-M 

W/kg) 

NE 

NE 

NE - Not Established 
AET - Apparent Effects Threshold 
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State or Federal 

Virginia WQS” 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

USEPA AWQC’* 

NE NE 

210 NE 
NE NE 

NE NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values 

USEPA Region III6 

Long et al.13 

ER-L ER-M 

(ug/W hW 

430* NE 

430 1,600 

- 

NE - Not Established 
* Screening Level 
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State or Federal 

Stauda.rd/Criteria 

Virginia WQS” 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

Acute 

&dL) 

NE 

cbrollic 

Mm 

NE 

300 NE 
NE NE 

II USEPA AWQC” I NE I NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values ER-M 

@g/kid 

USEPA Region III6 384* NE 

Long et al. I3 384 2,800 

NE - Not Established 
* Screening Level 
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State or Federal 

Virginia WQS” 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

USEPA AWQC’? 

NE NE 

300 NE 
NE NE 

NE NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values ER-L ER-M 

USEPA Region III6 

Long et a1.13 63.4 260 

NE - Not Established 
* Screening Level 
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eWater 

State or Federal Acute 

Virginia WQS” I NE I NE 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

NE 16 
3,980 NE 

USEPA AWQC12 
Marine 
Freshwater 

40 16 
3,980 NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

e- 

Sediment Screening Values 

USEPA Region III6 

Long et a1.13 

ER-L ER-M 

OWW (w/kg) 

600* NE 

600 5,100 

NE - Not Established 
* Screening Level 
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State or Federal I Acute I Chronic I 

Virginia WQS” 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

I NE 1 
300 NE 
NE 430 

USEPA AWQC” I NE I NE I 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values 

USEPA Region III6 

Long et al. l3 

ER-L 

6&w 

19* 

19 

ER-M 

(w&9 

NE 

540 

NE - Not Established 
* Screening Level 
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Marine Fauna 
Freshwater Fauna 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

e- 

- 

Sediment Screening Values 

USEPA Region III6 

Long et al. I3 

ER-L ER-M 

600 (AET) NE 

NE NE 

NE - Not Established 
AET - Apparent Effects Threshold 
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eWater 

State or Federal Acute 

Virginia WQS” I NE I NE 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

NE 4.6* 
NE 6.3* 

USEPA AWQC12 
Marine 
Freshwater 

7.7 4.6 
30 6.3 

* Proposed Criteria 
WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

Sediment Screening Values 

USEPA Region III6 

Long et a1.13 

ER-L ER-M 

hw/kp) fug/kg1 

240* NE 

240 1,500 

NE - Not Established 
* Screening Level 
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ene - eWatfr 

~ State or Federal Acute chrouic 

Standard/Criteria mm mm 

Virginia WQS” I NE I NE 

USEPA Region III6 
Marine Fauna 
Freshwater Fauna 

300 NE 
NE NE 

USEPA AWQC12 I NE I NE 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 

ene - 

.- 

Sediment Screening Values 

USEPA Region III6 

Long et al. I3 

ER-L 

hei 

665* 

665 

ER-M 

(w&9 

NE 

2,600 

NE - Not Established 
* Screening Level 
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LEAD 

Ecological Toxicological Profile 

INTRODUCTION 

Chemical Name: Lead 
CAS Number: 7439-92-l 
Synonyms: Lead flake; Lead S 2; PB-S 100 

Lead is ubiquitous and is a characteristic trace constituent in rocks, soils, water, plants, animals, and air. 
Lead is used in the manufacture of storage batteries, gasoline additives, pigments, alloys, and ammunition’. 

Lead compounds are extremely persistent in water and soil. Natural lead compounds are not mobile in 
surface and groundwater because lead leached from ore is adsorbed by ferric hydroxide. Lead also readily 
combines with hydroxide, carbonate, and sulfate ions to form insoluble compounds. These compounds 
precipitate and settle in the bottom sediment. Lead is not volatile, therefore, volatilization is not an important 
transport process from the aquatic environment2. 

In water, lead is most soluble and bioavailable under conditions of low pH, low organic content; low 
concentrations of suspended sediments; and low concentrations of the salts of calcium, cadmium, iron, 
manganese, and zinc. Lead tends to concentrate in the water surface microlayer (the upper 0.3 mm of water), 
especially when surface organic matter is present in thin films. However, most lead entering natural waters 
will precipitate to the sediment bottom as carbonates or hydroxides. Migration and speciation of lead in 
water is influenced by the water flow rate, increased flow rate results in increased concentrations of 
particulate and labile lead and a decrease in bound forms. At low stream flow, lead is rapidly removed from 
the water column by sedimentation’. 

Lead in sediment is mobilized and released when the pH decreases suddenly or ionic composition changes. 
Methylation of lead occurs in the sediments and is positively correlated to increasing temperature, reduced 
pH, and high microbial activities3. 

Sorption is a dominant effect on the distribution of lead in soil. Lead readily adsorbs to inorganic solids, 
organic material and hydrous iron and manganese oxides. Because of its affinity for other materials, and its 
solubility characteristics, the mobility of lead in soil is low2. Most lead is retained in soil and not transported 
via leaching or runoff to surface water4. 
Lead is not readily taken up by plants. Therefore, its availability to terrestrial life forms also is limited2. 
However, excessive amounts of lead can cause growth inhabitation, as well as reduced photosynthesis, 
mitosis, and water absorption I. Inorganic and organic lead compound disperse in the atmosphere as 
particulate matter. Lead is removed from the atmosphere by wet or dry deposition. Photolysis of 
atmospheric organic lead compounds occurs rapidly2. The average residence time of atmospheric lead is 
seven to thirty days4. 
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Lead does not appear to significantly bioaccumulated in most fish4. Microcosm studies indicate that lead is 
not biomagnified through the food chain’. Lead concentrations tended to decrease markedly with increasing 
trophic level in both detritus-based and grazing aquatic food chains. However, lead is toxic to all phyla of 
aquatic biota, though effects are modified significantly by various biological and abiotic conditions’. 

Lead adversely impacts survival, growth, development, and metabolism of most terrestrial species. The 
organic forms of lead tend to be more toxic to wildlife than the inorganic lead compounds, but the inorganic 
forms are easily converted into organic lead forms by microorganisnx?. 

FATE IN THE ENVIRONMENT 

Parameter Value Reference 

Log L I NA I 

Solubility I NA I 

b2 Koc 
Vapor Pressure 

4.97 5 

0 5 

Bioconcentration Factor 17.5 (invertebrates) 6 
726 (fish) 6 

I 

- 

NA - Not Available 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

NOEC - No Observed Effects Concentration 

Vertebrates 

II Test Species 

I 

Effect Dose Endpoint Effect Reference 

b@WW I I 

II Cattle 0.15 I MTL 

American Kestrel 3.85 chronic NOAEL reproductive 11 

1 Rabbit 1.74 MTL NA 10 
I 

at I 8 chrqlllc NOAET, remoductive 12 

MTL - Mineral Tolerance Level 
NOAEL - No Observed Adverse Effects Level 
NA - Not Applicable 
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REGULATORY LEVELS AND CRITERIA 

Aauatic Life - Surface Water 

JSEPA Region III6 

freshwater flora 
freshwater fauna 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness based on calcium carbonate (mg/L) 
** Value based on hardness and/or pH 

Aquatic Life - Sediment 

Sediment Screening Values 

USEPA Region III6 

* Screening Level 
NE - Not Established 

ER-L 

46.7 (fauna)* 

46.7 

ER-M 

NE 

318 

- 
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ZINC 

Ecological Toxicological Profile 

INTRODUCHON 

Chemical Name: Zinc 
CAS Number: 7440-66-6 
Synonyms: Blue Powder; JASAD; PASCO; LS 2 

Zinc is bluish-white metal that dissolves readily in strong acids. Zinc compounds are found naturally in air, 
soil, and water, and are present in all foods. However, zinc is not found in nature in the free state. Zinc is 
commonly mined by underground and open pit mining. Zinc is commonly used as a protective coating for 
other metals. Zinc also is used in alloys such as bronze and brass, for electrical apparatus in many common 
goods, and in organic chemical extractions and reductions. Zinc chloride is used by the military to create 
smoke bombs. In pharmaceuticals, salts of zinc are used as solubilizing agents in many drugs. In addition, 
zinc is used with copper to make U.S. pennies’. 

Zinc released into surface water does not volatize, but primarily settles into the bottom sediments. Zinc can 
be present in water as either suspended or dissolved compounds. Dissolved zinc may occur as the free 
(hydrated) zinc ion or as dissolved complexes and compounds with varying degrees of stability. Suspended 
(undissolved) zinc may be dissolved following minor changes in the water chemistry or may be sorbed to 
suspended matter. The sorption of zinc is affected by the nature of the zinc, the concentrations of the zinc, 
the pH, and the salinity of the water. Zinc tends to be more absorbed at higher pH concentration (>7). 
Desorption of zinc from sediments occurs as salinity increases’. 

Sorption of zinc is the dominant fate of zinc in the aquatic environment. Zinc partitions to sediments or 
suspended solids in surface water via sorption onto hydrous iron and manganese oxides, clay minerals, and 
organic matter. Transport of zinc in the aquatic environment is dependent upon the composition of 
suspended and bed sediments, dissolved and particulate iron and manganese concentrations, pH, salinity, 
concentrations of complexing ligands, and the concentration of zinc2. In freshwater, zinc is the most soluble 
at low pH and low alkalinity concentrations. In natural waters, two reactions can occur: the competition for 
complexation sites between metal ions, and the competition between different ligands for the same metal ion’. 

Zinc is actively accumulated in aquatic systems. However, biota appear to represent a minor sink for zinc 
compared to the sediments ’ . Zinc bioavailability and toxicity to aquatic organisms are highest under 
conditions of low pH, low alkalinity, low dissolved oxygen, and elevated temperatures. Soluble species of 
zinc are the most bioavailable and most toxic2. 

Zinc released onto soil is likely to be strongly absorbed. The mobility of zinc in soil is dependent upon the 
solubility of the speciated forms of the compound and on the soil properties (sorption potential, pH, salinity; 
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anaerobic). Little land-disposed zinc is in a soluble form; therefore, mobility is limited by a slow dissolution. 
Consequently, zinc is not likely to migrate into groundwater’. 

Zinc released to the air is commonly found as a stable species such as zinc oxide. Chemical interaction of 
zinc compounds iu the atmosphere may result in a change iu the speciation of the compound. Atmospheric 
interactions are greatest for particles with smaller diameters. Zinc concentrations in the environment are 
relatively low. Volatilization does not appear to be an important process for zinc’. 

FATE IN THE ENVIRONMENT 

Parameter 

m L 

Solubility 

~gK7c 

Vapor Pressure 

Bioconcentration Factor 

Value 

NA 

Insoluble 

4.97 

0.0 

50,000 (plants) 
100,000 (invertebrates) 

2,000 (fish) 

Reference 

1 

3 

3 

4 
4 
4 

- 

NA - Not Available 
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TERRESTRIAL EFFECTS 

Soil Flora and Fauna 

Species 

I 

Effect Concentration 

I 

Endpoint 

I 

Reference 

hdkd 

II Earthworm 200 I Benchmark I 6 

Invertebrates 800 NOEC 6 

Microorganisms 100 Benchmark 6 

PIa!-& 50 Benchmark 7 

NOEC - No Observed Effects Level 

Vertebrates 

- 

Test Species Effect Dose 

MMWW 

Endpoint Reference 

Cattle 2.5 MTL 8 

II Poultry 50 MTL 8 

I Rabbit 29 MTL 8 

MTL - Mineral Tolerance Level 
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REGULATORY LEVELS AND CRITERIA 

Aauatic Life - Surface Water 

freshwater 

freshwater flora 
freshwater fauna 
marine flora 

(0.8473[l@ardnesr*)]M.8604) (0.8473[h(hdneu’)1+0.7614) 

WQS - Water Quality Standards 
AWQC - Ambient Water Quality Criteria 
NE - Not Established 
* Hardness is based on calcium carbonate (mg/L) 
** Value is based on hardness and/or pH 

Aauatic Life - Sediment 

Sediment Screening Values 

USEPA Region III4 

ER-L ER-M 
bwk) hw 

150 (fauna)* NE 

- 

- 

NE - Not Established 
* Screening Value 
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TABLE -1 
SSA 1 - ACCIDENTAL INGESTION OF SURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (Ci/RBCi) x 1 E-06 HQl = Ci/RBCi 
TOTAL ILCR = ILCRl + ILCRZ . . . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, us/L) Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) RBC = Risk-Based Concentration (mg/kg, ug/kg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

Benzo(k)fluoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Ideno(l,2&cd)pyrene 
Dieldrin 
1,3,5Trinitrobenzene 
Aluminum 2898.1 78000 n NA 0.0% 3.7E-02 4.8% 
Arsenic 8.51 0.37 c 2.3E-05 21.6% NA 0.0% 
Arsenic 8.51 23 n NA 0.0% 3.7E-01 48.1% 
Beryllium 0.28 0.15 c 1.9E-06 1.8% NA 0.0% 
Cadmium 0.52 39 n NA 0.0% 1.3E-02 1.73% 
Manganese 119.11 390 NA 0.0% 3.1 E-01 39.7% 

Total IL& l.lE-04 100.0% HI: 7.7E-01 100.0% 

n = noncarcinogen 
c = carcinogenic 
NA = Not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 



TABLE -2 
SSA 1 - ACCIDENTAL INGESTION OF SUBSURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VlRGlNlA 

Carcinogens Noncarcinogens 
ILCRi = (Ci/RBCi) x 1 E-06 HQl = CiiBCi 
TOTAL ILCR = ILCRl + ILCR2 . . . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, ug/ Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) RBC= Risk-Based Concentration (mg/kg, ugkg) 
1 E-06 = Riik assessment point of departure HI = Hazard Index 

COPC 
Eo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracenc 
Ideno(l,2,3-cd)pyrene 
Aluminum 
Arsenic 
Arsenic 
Beryllium 
Manganese 
Thallium 
I 

Ci 
m 

w# 
0:651 
0.812 
1.165 
0.21 

0.281 
5236.84 

6.98 
6.98 
0.67 

100.85 
0.59 

?esidential 
soil RBC 

0.088 c 
0.88 c 
8.8 c 

0.088 c 
0.88 c 

78000 n 
0.37 c 
23 n 

0.15 c 
390 n 

ILCR 
5.9E-07 
7.4E-06 
9.2E-07 
1.3E-07 
2.4E-06 
3.2E-07 

NA 
1.9E-05 

NA 
4.5E-06 

NA 
NA 

ILCR 
Percent 
Contrib. 
Tn== 
21.1% 
2.6% 
0.4% 
6.8% 
0.9% 
0.0% 

53.8% 
0.0% 
12.7% 
0.0% 

NA 
NA 
NA 
NA 
NA 
6.7E-02 
NA 
3.OE-01 
NA 
2.6E-01 

HI 
Percent 
Contrib. 
==lmr 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
9.3% 
0.0% 

42.0% 
0.0% 
35.8% 

1 6.3 
Total IL& 

I 1 0.0% 1 9.4E-02 1 13.0% 
3.5E-05 100.0% HI: 7.2E-01 100.0% 

n = noncarcinogen 
c = carcinogenic 
NA = Not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 
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TABLE -3 
SSA 1 - INGESTION OF GROUNDWATER USED AS DRINKING WATER 
ORGANICS AND UNFILTERED INORGANIC COPCs 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiBCi) x 1 E-66 HQl = CiiBCi 
TOTAL ILCR = ILCRl + ILCR2 . . . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Riik HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mgn<g, ug/L) Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) RBC = Risk-Based Concentration (mg/kg, us/kg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

& 
6:47 

47750.14 
338.79 

1.3 
1556.45 
117.21 

1 

I 
rapwater 
RBC 

9+=+ 
0.61 c 

37000 n 
2600 n 

18 n 
180 n 

1 260 n 0.0% 1 4.5E-01 1 4.3% 
Total ILCR: 

I 
1 .l E-05 100.0% HI: l.lE+Ol 100.0% 

ILCR 
=?Ytmr 
1 .lE-05 

NA 
NA 
NA 
NA 

J ILCR 
Percent 
Contrib. 

6.20/6 
93.8% 
0.0% 
0.0% 
0.0% 
0.0% 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

SSAl .WBl 



TABLE -4 
SSA 1 - INGESTION OF GROUNDWATER USED AS DRINKING WATER 
ORGANICS AND FILTERED INORGANIC COPCs 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiBCi) x 1 E-06 HQl = Ci/RBCi 
TOTAL ILCR = ILCRl + ILCR2 . . . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Riik 
Ci = Detected concentration in a medium (mg/kg, ug/L 
RBC = Risk-Based Concentration (mg/kg, ug/l) 
1 E-06 = Risk assessment point of departure 

HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, ug/L) 
RBC = Risk-Based Concentration (mg/kg, ug/kg) 
HI = Hazard Index 

Dissolved Manganese 
Dissolved Thallium 3.83 2.9 1 NA 

Total ILiR: l.lE-05 
1 0.0% 1 1.3E+OO 1 81.5% 

100.0% HI: 1.6E+OO 100.0% 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 
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TABLE -5 
SSA 1 - SURFACE WATER 
SUMMARY OF ECOLOGICAL RISK SCREENING - LOCATION A01 SWO4-01 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

EQ = Ci/(AWQC or ER-L) 
El = EQl + EQ2...EQn 

EQ = Ecological Quotient 
Ci = Detected concentration in a medium (mg/kg, us/L) 
AWQC = Ambient Water Quality Criteria 
ER-L = Sediment screening value, Effects Range-Low value (mg/kg) 
El = Ecological Index 

COPC 
Cadmium 

* 
.4 

-1 551 I 110 I S.OE+OO I 4.4% 
El: 1 .I E+02 100.0% 

AWQC I Ecological 
(ug/L) 1 Quotient 

1.1 I 2.2E+OO 
11 1.7E+OO 1.5% 
12 4.8E+OO 4.2% 

1000 3.9E+Ol 34.3% 
3.2 3.5E+Ol 30.8% 

0.012 2.8E+Ol 22.8% 

EQ 
Percent I 
Contfb,d 

(1) The exposure concentrations values are the maximum detected values. 
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TABLE -6 
SSA 1 - SEDIMENTS 
SUMMARY OF ECOLOGICAL RISK SCREENING (1) 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

EQ = Cii(AWQC or ER-L) 
El = EQl + EQ2...EQn 

EQ = Ecological Quotient 
Ci = Detected concentration in a medium (mg/kg, us/L) 
AWQC = Ambient Water Quality Criteria 
ER-L = Sediment screening value, Effects Range-Low value (mg/kg) 
El = Ecological Index 

(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 
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TABLE -7 
SSA 6 - ACCIDENTAL INGESTION OF SURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiRBCi) x 1 E-06 HQl = CiIRBCi 
TOTAL ILCR = ILCRl + ILCR2 . . . ILCRn HI = HQI + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk 
Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) 
1 E-06 = Risk assessment point of departure 

HQ = Hazard Quotient 
Ci = Detected concentration in a medium (ma/kg, us/L) 
RBC = Risk-Based Concentration (mgikg, us/kg) 
HI = Hazard Index 

Gamma-chlordane 

Jl$+ 
0:152 
0.009 
0.152 
0.389 
0.389 

5624.95 
2.36 
1.85 
1.85 
0.26 
0.96 
103.5 
0.55 

Residential 
Soil RBC 

0.49 C 

0.04 C 

0.49 C 

1.6 n 
0.083 C 

78000 n 
31 n 

0.37 C 

23 n 
0.15 C 

39 n 
390 n 

ILCR 

2.25E-07 
3.1 E-07 

NA 
4.7E-06 

NA 
NA 

S.OE-06 
NA 

1.7E-06 
NA 
NA 
NA 1 23 

Total ILgR: 
I 

1.4E-05 

ILCR 
Percent 
Contrib. HQ 

14.4%‘7 
2.2% NA 0.0% 
1.6% NA 0.0% 
2.2% NA 0.0% 
0.0% 2.4E-01 30.9% 

32.7% NA 0.0% 
0.0% 7.2E-02 9.2% 
0.0% 7.6E-02 9.7% 

34.9% NA 0.0% 
0.0% 8.OE-02 10.2% 

12.1% NA 0.0% 
0.0% 2.5E-02 3.1% 
0.0% 2.7E-01 33.8% 

HQ 1 Percent 
Contrib. -md 

I O.O%I 2.4E-02 1 3.0% 
100.0% HI: 7.9E-01 100.0% 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(I) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

SSM.Wbl 



TABLE -8 
SSA 6 - ACCIDENTAL INGESTION OF SUBSURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiBCi) x I E-96 HQl = Ci/RBCi 
TOTAL ILCR = ILCRl + ILCR2 . . . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk 
Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) 
1 E-66 = Risk assessment point of departure 

HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (ma/kg, ug/kg) 
HI = Hazard Index 

COPC 
mnnrtrobenzene 9 t 
Aluminum 6018.37 
Antimony 1.83 
Arsenic 8.3 
Arsenic 8.3 
Beryllium 0.41 
Manganese 79.55 
Mercury 0.32 
Thallium 0.54 
Vanadium 19.84 

I 
78000 n 

31 n 
0.37 C 

23 n 
0.15 C 

390 n 
23 n 
6.3 n 

NA 
NA 

2.2E-05 
NA 

2.7E-96 
NA 
NA 
NA 

ILCR 
Percent 
Contrib. 

o.o0/6 
0.0% 
0.0% 
89.1% 
0.0% 
10.9% 
0.0% 
0.0% 
0.0% 

550 
Total ILC!R: 

I NA 1 0.0% 1 3.8E-02 1 4.1% 
2.5E-05 100.0% HI: 8.9E-01 100.0% 

HQ 

7.7E-02 
5.9E-62 

NA 
3.6E-61 

NA 
2.OE-01 
1.4E-02 
8.6E-02 

HQ 
Percent 
Contrib. 

7!rar= 
8.7% 
6.6% 
0.0% 

40.5% 
0.0% 

22.9% 
1.6% 
9.6% 

n = noncarcinogen 
c = carcinogenic 
NA = Not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 



TABLE -9 
SSA 6 - ACCIDENTAL INGESTION OF SUBSURFACE SOILS - TEST PITS 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiBCi) x 1 E-06 HQl = Ci/RBCi 
TOTAL ILCR = ILCRl + lLCR2 . . . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, u Ci = Detected concentration in a medium (mg/kg, ug/L) 
RBC = Risk-Based Concentration (mg/kg, ug/t) RBC = Risk-Based Concentration (mg/kg, ugikg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

alpha-Chlordane 
Aroclor-1254 
Aroclor-1254 
Aroclor-1260 
1,3,5-Trinitrobenzel 
Aluminum 
Arsenic 
Arsenic 
Beryllium 
Cadmium 
Manganese 

0.20 
13.57 
13.57 
0.89 
0.18 

7603.34 
6.06 
6.08 
0.32 

136.58 
60.14 

0.49 c 
1.6 n 

0.083 c 
0.083 c 

3.9 n 
78000 n 
0.37 c 
23 n 

0.15 c 
39 n 

390 n 
Total ILCR: 

f iesidential 
E soil RBC 

a ILCR 
?!Yf?m 
4.OE-07 

NA 
1.6E-04 
1 .l E-05 

NA 
NA 

1.6E-05 
NA 

2.1 E-06 
NA 
NA 1 0.0% 1 

ILCR 
Percent 
Contrib. 
0.3% 

1.9E-04 100.0% HI: 

0.2% 
0.0% 

84.4% 
5.5% 
0.0% 
0.0% 
8.5% 
0.0% 
1.1% 
0.0% 

NA 
8.5E+OO 

NA 
NA 

4.6E-02 
9.7E-02 

NA 
2.6E-01 

NA 
3.5E+OO 

HI 

l.SE-01 1 1.2% 

Percent 
Contrib. 
=rs-Er= 

0.0% 

1.3E+Ol 100.0% 

67.6% 
0.0% 
0.0% 
0.4% 
0.8% 
0.0% 
2.1% 
0.0% 

27.9% 

n = noncarcinogen 
c = carcinogenic 
NA = Not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

SSfkS.Vtbl 



TABLE - 10 
SSA 6 - INGESTION OF GROUNDWATER USED AS DRINKING WATER 
ORGANICS AND UNFILTERED INORGANIC COPCs 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens 
ILCRi = (Ci/RBCf) x 1 E-06 
TOTAL ILCR = ILCRI + ILCR2 . . . ILCRn 

Noncarcinogens 
HQI = Ci/RBCi 
HI = HQI + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, ug/L) Ci = Detected concentration in a medium (mg/kg, ug/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) RBC = Risk-Based Concentration (mg/kg, ug/kg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

COPC 
cls-I, - Z 
Nitrobenzene 
Aluminum 
Arsenic 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Manganese 
Nickel 
Vanadium 

(gL+ 
I:38 

51391.72 
135.51 
135.51 
222.83 

3.71 
7.89 

203.92 
814.66 
94.26 

221.37 

Tapwater 
RBC 

+I?=-+ 
3.4 n 

37000 n 
0.038 c 

11 n 
2600 n 
0.016 c 

18 n 
180 n 
180 n 
730 n 

ILCR 

ILCR 
Percent 
Contrib. HQ 

NA 
NA 

3.6E-03 
NA 
NA 

2.3E-04 
NA 
NA 
NA 
NA 
NA 

0.0% 1.4E+OO 
93.9% NA 
0.0% 1.2E+Ol 
0.0% 8.6E-02 
6.1°h NA 
0.0% 4.4E-01 
0.0% l.lE+OO 
0.0% 4.5E+OO 
0.0% 1.3E-01 

HQ 
Percent 
Contrib. 

0 3X 
1:9% 
6.7% 
0.0% 

59.0% 
0.4% 
0.0% 
2.1% 
5.4% 

21.7% 
0.6% 

1 260 
Total ILZR: 3.8E-03 

I 0.0% I 8.5E-01 1 4.1% 
100.0% HI: 2.1 E+Ol 100.0% 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 
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TABLE - 11 
SSA 6 - INGESTION OF GROUNDWATER USED AS DRINKING WATER 
ORGANICS AND FILTERED INORGANIC COPCs 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiIRBCi) x 1 E-06 HQI = Ci/RBCi 
TOTAL ILCR = ILCRI + ILCR2 . . . ILCRn HI = HQI + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, us/L) Ci = Detected concentration in a medium (mg/kg, ug/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) RBC = Risk-Based Concentration (mg/kg, us/kg) 
1 E-96 = Risk assessment point of departure HI = Hazard Index 

Dissolved Beryllium 
Dissolved Manganese 
Dissolved Thallium 

43.01 
3.16 

180 n NA NA 
2.9 NA NA 

Total lL:R: 1.4E-95 196.0% HI: 

2.4E-01 13.3% 
1 .I E+OO 60.8% 
1.8E+OO 13.3% 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

SSECWbl 



TABLE - 12 
SSA 7 -ACCIDENTAL INGESTION OF SURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiBCi) x 1 E-08 HQl = Ci/RBCi 
TOTAL ILCR = ILCRl + lLCR2 ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = lncremenbl Lifetii Cancer Riik 
Ci = Detected concentratii in f” mededg(mg$g, ug/L) 
RBC = Risk-Based Cd 
1 E-08 = Risk assessment point of departure 

HQ = Hazard Quotient 
Ci = Detected concentration in a medium @g/kg, y/L) 
RBC = Risk-Based Concentration (ry#kg, ug/kg) 
HI = Hazard Index 

Manganese 328 390 
Total IL& 

NA 0.0% 8.4E-01 79.0% 
l.lE-05 100.0% HI: l.lE+OO loo.O%- 

n=noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Exposure point concentration values are the maximum detected concentrations. 



TABLE - 13 
SSA 7 -ACCIDENTAL INGESTION OF SUBSURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (Ci/RBCi) x 1 E-06 HQI = Ci/RBCi 
TOTAL ILCR = ILCRl + ILCR2 . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk 
Ci = Detected concentration in a medium (mgikg, ug/L) 
RBC = Risk-Based Concentratii (mgkg, ug/l) 
1 E-06 = Rii assessment point of de&&e 

HQ = Hazard Quotient 
Ci = Detected concentration in a medium (rngikg, ug/L) 
RBC = Risk-Based Concentration (r&g, q&g) 
HI = Hazard Index 

Aluminum 
Antimony 
Arsenic 
Arsenic 
Beryllium 
Manganese 
Thallium 

8031.81 
1.63 
9.08 
9.08 
0.72 
194.7 
0.81 

Residential 
Soil RBC 

78oocl n 
31 n 

0.37 C 
23 n 

0.15 C 
390 n 

ILCR 
77ziE 

NA 
NA 

2.5E-05 
NA 

4.8E-06 
NA 

ILCR 
Percent 
Contrib. 
=T!mr 

0.0% 
0.0% 

67.2% 
0.0% 

13.1% 
0.0% 

1 .OE-Ol 
5.3E-02 

NA 
3.9E-01 

NA 
5.OE-01 

HQ 
Percent 
Contrib. 

0.02 
8.7% 
4.5% 
0.0% 

33.5% 
0.0% 

42.4% 
I 6.3 1 NA 0.0% 1 

Total IL:R: 3.7E-05 100.0% HI: 
1.3E-01 1 10.9% 
1.2E+OO 100.0% 

====-k- 

n=noncaminogen 
c=carcinogenic 
NA = Not applicable 
(1) Concentratiis are normal 95% UCL values, or maximum values if the UCL was exceeded. 



TABLE - 14 
SSA 7 - ACCIDENTAL INGESTION OF SUBSURFACE SOILS - TEST PITS 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (Ci/RBCi) x 1 E-06 HQl = Ci/RBCi 
TOTAL ILCR = ILCRl + ILCR2 . . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concenhtion in a medium (mg/kg, ug/L) Ci = Detected concentration in a medium @g/kg, u 
RBC = Risk-Based Ccmcentration (mg/kg, ug/l) RBC = Risk-Based Concentratii (mg/kg. @kg) 
lEXl6=Riikas sessment point of departure HI = Hazard Index 

lcopc 
Aluminum 
Arse!nii 
Arsenic I=- Beryllium 
Ma anese 

Ci 

%sF 
13600 

5.6 
5.6 

0.78 
443 

?esidential ILCR HI 
Soil RBC Percent Percent 
(manCe) (n.c) 
0.083 C 
78000 n 
0.37 C 
23 n 

0.15 C 

ILCR 
1.2E-05 

NA 
1.5E-05 

NA 
5.2E-06 

Contrib. 1 
36.7% 1 

HQ 1 Contrib. 
NA 1 0.0% 

0.0% 1.7E-01 11.2% 
47.1% NA 0.0% 
0.0% 2.4E-01 15.7% 
16.2% NA 0.0% 

390 
Tctal IL& 

1 NA 1 0.0% 1 l.lE+OO I 73.1% 
3.2E-05 100.0% HI: 1.6E+OO 100.0% 

n=nonw&qn 
c=mi 
NA = Not apptii 
(1) Exposure point concenhtion vales are the maximum detected concentraticns. 

SSA7.WBl 



TABLE - 15 
SSA 7 - INGESTION OF GROUNDWATER USED AS DRINKING WATER 
ORGANICS AND UNFILTERED INORGANIC COPCs 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (Ci/RBCi) x 1 E-06 HQI = Ci/RBCi 
TOTAL ILCR = ILCRI + ILCRZ . . . ILCRn HI = HQI + HQ2 .._ HQn 

ILCR = incremental Liietima Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentratii in a medium (mg/kg, ugA) Ci = Detected conoentration in a medium @@kg, u 
RBC = Risk-Based Concentration (mg/kg, ugIl) RBC = Risk-Based Concentratii (mg/kg, ug/kg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

COPC 
7 - lc 
1 ,I .I -Trichtorcethane 
Carbade 
Aldrin 
alpha-BHC 
Diidrin 
RDX 
Aluminum 

-Y 
AJsenii 
Arsenll 
Barium 

Copper 
Manganese 
Nickel 
Thallium 
Vanadium 

Ci 

+I+ 
700 

4 
0.026 
0.042 
0.033 

48 

53.4 
825 
825 
972 
782 

3950 
391 
15.5 
1100 
1130 

repwater 
RBC 

1300 n 
3.4 C 

0.004 C 

0.011 C 

0.0042 c 

0.61 C 

37000 n 
15 n 

0.038 C 

11 n 
2600 n 
1400 n 
180 n 
730 n 
2.9 n 
260 n 

ILCR 
Tf!zT!r 

NA 
1.2E-06 
6.5E-06 
3.8E-M 
7.9E-M 
7.9E-05 

NA 
NA 

2.2E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ILCR 
Percent 
Contrib. 
=Timr 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.3% 
0.0% 
0.0% 

89.3% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 

5.4E-01 
NA 
NA 
NA 
NA 
NA 

5.6E+OO 
3.6E+W 

NA 
7.5E+Ctl 
3.7E-01 
5.6E-01 
2.2E+01 
5.4E-01 
5.3E+OO 
4.2E+CILl 

HO 
Percent 
Contrib. 
==mx 

0.5% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
4.7% 
3.0% 
0.0% 

63.7% 
0.3% 
0.5% 

18.6% 
0.5% 
4.5% 
3.6% 

I llwo n 
- . . . -- 
Total ILCR: 

I 0.0% _-- --. I I 1 .OE-ol 0.1% - _- -- 
z.4t-w lW.UYb 

. . . 
I-W 

_ -- -- 
1.zt+uz 100.0% 

I 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Exposure point concentratiin values are the maximum detected concentrations 

p.WBl 



TABLE - 16 
SSA 7 - INGESTION OF GROUNDWATER USED AS DRINKING WATER 
ORGANICS AND FILTERED INORGANIC COPCs 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiBCi) x 1 E-06 HQI = Ci/RBCi 
TOTAL ILCR = ILCRI + ILCR2 . . . ILCRn HI = HQI + HQ2 .__ HQn 

ILCR = incremental Liietime Cancer Risk 
Ci = De&ted concentratii in a medium @g/kg, ug/L) 
RBC = Risk-Based Concentration (m&o. ti) 

HQ = Hazard Quotient 
Ci = Detected concentratii in a medium (rngikg, ug/L) 
RBC = Risk-Based Concentration (mg/kg. ug/kg) . - .,. -, 

1 E-06 = Risk assessment point of departure HI = Hazard Index 

1 ,l ,I-Trichtoroethane 
Carbazole 
Akirin 
alpha-BHC 
Diitdrin 
RDX 
Dissolved Antimcny 
DllsolvedArsenii 
Dissolved Arsenic 
Dissolved Manganese 
Died Thallium 

Ci 

+4++ 
706 

4 
0.026 
0.042 
0.033 

48 
13.7 
14.6 
14.6 
1020 
7.3 

rapwater 
RBC 

Contrib. 
o.ow 

ILCR 
?2TzT3= 

1300 n NA 5.4E-01 4.9% 
3.4 C 1.2E-06 NA 0.0% 

0.004 C 6.5E-66 NA 0.0% 
0.011 C 3.8E06 NA 0.0% 

o.w42 c 7.9E-06 NA 0.0% 
0.61 C 7.9E-05 NA 0.0% 

15 n NA 9.1 E-B1 8.3% 
0.038 C 3.8E-CI4 NA 0.0% 

11 n NA 1.3E+QO 12.1% 
180 n NA 5.7E+W 51.7% 

1 2.9 
Total ILCRn: 

1 NA 0.0% 1 2.5E+W 1 230% 
3.0E-03 100.0% HI: l.lE+Ol lCNJ.O% 

ILCR 
Percent 
Contrib. 
=tElr 

0.0% 
0.0% 
0.2% 
0.1% 
0.3% 
2.6% 
0.0% 
12.9% 
0.0% 
0.0% 

Percent 

n=noncaminogen 
c = carcinogenic 
NA = not applicable 
(1) Exposure point concentratii values are the maximum detected concentratiis. 

SSA7.WBl 



TABLE - 17 
SSA 7 - SURFACE WATER 
SUMMARY OF ECOLOGICAL RISK SCREENING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

EQ = Cii(AWQC or ER-L) 
El = EQI + EQ2...EQn 

EQ = Ecdogiil Quotient 
Ci = Detected concentratii in a medium (r&kg, ug/L) 
AWQC = Ambient Water Quality Criteria 
ER-L = Sediment screening value, Elk& Range-Low value (mgkg) 
El = Ecokgiil Index 

COPC 
vm5Pcs 

Ci 
tuam 

AWQC Ecologiil 
bJ!m QUOtii 

EQ 
Percent 
Contrib. 

- 



TABLE - 18 
SSA 7 - SEDIMENTS 
SUMMARY OF ECOLOGICAL RISK SCREENING (1) 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

EQ = Ci/(AWQC or ER-L) 
El = EQI + EQ2...EQn 

EQ = Ewbgiil Quotisnt 
Ci = Detected concentration in a medium (mgkg, ugk) 
AWQC = Ambient Water Quality Criteria 
ER-L = Sediment screening value, Effects Range-Low value (mgkg) 
El = Ecological Index 

(1) Concenhations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

SSA7.WBl 



TABLE - 19 
SSA 15 - ACCIDENTAL INGESTION OF SURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiBCi) x 1 E-66 HQI = CiiBCi 
TOTAL ILCR = ILCRI + ILCR2 . . . ILCRn HI = HQI + HQ2 ._. HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, us/L) Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) RBC = Risk-Based Concentration (mg/kg, us/kg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

COPC 
Anbmony 
Arsenic 
Arsenic 
Beryllium 
Manganese 

Residential ILCR HQ 
Ci Soil RBC Percent Percent 

(mg/kg) (mg/kg) (n,c) ILCR Contrib. HQ Contrib. 
269 
1 j.64 

31 n NA ooo/ 8 /t-02 91% 
0.37 C 3.7E-05 93:1; ‘NA o:o% 

13.64 23 n NA 0.0% 5.9E-01 62.2% 
0.41 0.15 C 2.7E-06 6.9% NA 0.0% 

106.55 390 NA 
Total ILiR: 4.OE-05 

0.0% 2.7E-01 28.7% 
100.0% HI: 9.5E-01 100.0% 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

SSAI ’ P’ 



TABLE - 20 
SSA 15 - ACCIDENTAL INGESTION OF SUBSURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (CiiBCf) x 1 E-06 HQI = Ci/RBCi 
TOTAL ILCR = ILCRI + ILCR2 . . . ILCRn HI = HQI + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, us/L) Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) RBC = Risk-Based Concentration (mg/kg, us/kg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

Residential ILCR 
Ci Soil RBC Percent 

COPC (ma/kg) (mg/kg) (n,c) ILCR Contrib. HQ 
Alumrnum 5962 2 

2.76 
78-960 n NA 00% 

o:o% 
/ 6t-02 
8:9E-02 Antimony 31 n NA 

Arsenic 14.96 0.37 C 4.OE-05 88.2% NA 
Arsenic 14.96 23 n NA O.p% 6.5E-01 
Beryllium 0.81 0.15 C 5.4E-06 11.8% NA 
Manganese 439.81 390 n NA 0.0% 1 .I E+OO 
Thallium 0.63 6.3 NA 

Total ILlR: 4.6E-05 
0.0% 1 .OE-01 

100.0% HI: 2.OE+OO 

n = noncarcinogen 
c = carcinogenic 
NA = Not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

HQ 
Percent 
Contrib. 

3 I% 
414% 
0.0% 
31.8% 
0.0% 
55.2% 
4.9% 

100.0% 

SSAI 5.WBl 



TABLE - 21 
SSA 15 - INGESTION OF GROUNDWATER USED AS DRINKING WATER 
ORGANICS AND UNFILTERED INORGANIC COPCs 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens 
ILCRi = (CtBCi) x 1 E-06 
TOTAL ILCR = ILCRI + ILCR2 . . . ILCRn 

ILCR = Incremental Lifetime Cancer Riik 
Ci = Detected concentration in a medium (mg/kg, ug/L) 
RBC = Risk-Based Concentration (mg/kg, ugR) RBC = Risk-Based Concentration (mg/kg, ug/kg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

Noncarcinogens 
HQI = CiiBCi 
HI = HQI + HQ2 . . . HQn 

HQ = Hazard Quotient 
Ci = Detected concentration in a medium (ma/kg, ug/L) 

Ci 
Tapwater 

RBC 
COPC 
1 ,I-Dchloroethene 

I OJlm I (us/L) (n,c) 
I 0.044 C 

Tnchloroethene 7 1.6 C 

beta-BHC 0.05 0.037 C 

4,4’-DDT 0.16 0.2 C 

Barium 849 2600 n 
Nickel 263 730 n 
Vanadium I 329 I 260 

Total ILlR: 

ILCR 
Percent 

HQ 
Percent 

ILCR 1 Contrib. HQ Contrib. 
I 6~.6% NA 0.0% 

4.4E-06 21.7% NA 0.0% 
1.4E-06 6.7% NA 0.0% 
8.OE-07 4.0% NA 0.0% 

NA 0.0% 3.3E-01 16.7% 
NA 0.0% 3.6E-01 
NA 1 0.0% 1 1.3E+OO 1 

18.5% 
64.8% 

2.OE-05 100.0% HI: 2.OE+OO 100.0% 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

ss pB1 



TABLE -22 
SSA 15 - INGESTION OF GROUNDWATER USED AS DRINKING WATER 
ORGANICS AND FILTERED INORGANIC COPCs 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VlRGlNlA 

Carcinogens Noncarcinogens 
ILCRi = (Ci/RBCf) x 1 E-66 HQI = CiiBCi 
TOTAL ILCR = ILCRI + ILCR2 . . . ILCRn HI = HQI + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Riik 
Ci = Detected concentration in a medium (mg/kg, ug/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) 
1 E-66 = Risk assessment point of departure 

HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, us/L) 
RBC = Risk-Based Concentration (mg/kg, us/kg) 
HI = Hazard Index 

COPC 
1 I-Drchloroethene 
Tichloroethene 
beta-BHC 
4,4’-DDT 
Dissolved Manganese 

Tapwater ILCR HQ 
Ci RBC Percent Percent 

(&J/L) (l&j/L) (n,c) ILCR Contrib. HQ Contrib. 
06 
; 

0 044 
;.S 

C 1 4t-05 
C 4:4E-66 

6/ 6% 
2117% 

NA oo%- 
NA o:o% 

0.05 0.037 c 1.4E-96 6.7% NA 0.0% 
0.16 0.2 C 8.OE-07 4.0% NA 0.0% 
155 180 

Total IL:R: 
NA 0.0% 8.6E-61 100.0% 

2.OE-05 100.0% HI: 8.6E-01 100.0% 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

SSAI 5.WBl 



TABLE -23 
SSA 15 - SURFACE WATER 
SUMMARY OF ECOLOGICAL RISK SCREENING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

EQ = Cii(AWQC or ER-L) 
El = EQI + EQ2...EQn 

EQ = Ecological Quotient 
Ci = Detected concentration in a medium (mgkg, ug/L) 
AWQC = Ambient Water Quality Criteria 
ER-L = Sediment screening value, Effects Range-Low.value (mg/kg) 
El = Ecological Index 

I I I I tcJ 
Ci AWQC Ecological Percent 

1 ,I -Dichloroethane 
Trichloroethene 
Vinyl Chloride 
cis-1 ,ZDichloroethene 

2 NA 0.0% 
77 11600 6.6E-03 22.5%. 

El: 3.OE-02 100.0% 

(1) AWQC for dichloroethylenes used as a surrogate. 
(2) Exposure point concentration values are the maximum detected concentrations. 

SE P’ 



TABLE -24 
SSA 15 - SEDIMENTS 
SUMMARY OF ECOLOGICAL RISK SCREENING - (1) 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

EQ = Cii(AWQC or ER-L) 
El = EQI + EQ2...EQn 

EQ = Ecological Quotient 
Ci = Detected concentration in a medium (mg/kg, ugiL) 
AWQC = Ambient Water Qualii Criteria 
ER-L = Sediment screening value, Effects Range-Low value (mgkg) 
El = Ecological Index 

I I I I I I 

4,4’-DDD 0.04232 0.00158 2.7E+Ol 27.2% 
4,4-DDE 0.02614 0.0022 1.2E+Ol 12.0% 
4,4’-DDT 0.06398 0.00158 4.OE+Ol 41.1% 
alpha-Chlordane 0.00408 0.0005 8.2E+OO 8.3% 
gamma-Chlordane 0.00439 0.0005 8.8E+OO 8.9% 
Mercury 0.38 0.15 2.5E+OO 2.6% 

El: 9.9E+Ol 100.0% 

(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 
NA - No established criteria. 

SSAI 5.WBl 
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k-C OHM Remediation = 
\ 

= - Services Corp. - - A Subrldlay of OEM Coqmation 

- 

ANALYTICAL DMSION 
Laboratory Analysis Report 

Client: OHM Remediation Services Corp. 
Eastern Region (Trenton, NJ) 

Attn: Ken Kukkonen 
Ron Kenyon 

Project: 15629N - NEESA; Yorktown Naval Weapons Station, Yorktown, VA 

Sample(s): 0001/0003, 0005, 0008A/B, 0009A/B, OOlOA/B, 001 lA/B, 0012A/B and 0013 

- Sample Type(s): Liquid and Solid 

Analysis Performed: Conventional, Metals and Organics 

Date Sample Received: October 21, 1994 

Date Order Received: October 21, 1994 

Joblink( 616891 

This report is ‘PROPRIETARY AND CONFIDENTIAL’ and delivered to, and intended for the exclusive use 
of the above named client only. OHM Remediation Services Corp., Analytical Division, assumes no 
responsibility or liability for the reliance hereon or use hereof by anyone other than the above named client. 

Reviewed and Approved by: Date: Januarv 23. 1995 
Th&-as E. Gran, Ph.D., Vice Prespent 

16406 U.S. Rwtc 224 East l P.O. Box 55 1 m Findla!. OH -C&39-055 I n 4 19-423-3.526 



Narrative for SDG # OSAfJ3 

0001 

Laboratory: Analytical Services Corp. 

Project #: OHM # 15629 

Project Location: Naval Weapons Station 
Yorktown, Virginia 

Samples in this Sample Delivery Group (SDG): 

0008A/B 001 IA/B 
0009A/B 0012AB 
001 OA/B 000 l/O003 

0005 
0013 

Volatile Organics by GUMS 

Zero of 42 surrogate recoveries were outside QC limits. 

Two of 20 matrix spike recoveries and zero of 10 matrix RPD’s were outside QC limits. 
Compounds were outside QC limits due to the high levels present in the unspiked sample. 

All target compounds were inadvertently spiked for this analytical batch. Only the 
required CLP spiking compounds were reported on Form III. 

There were low levels of target compounds detected in the method blank and associated 
samples at levels below the CRQL. All results affected have been flagged with the 
appropriate qualifier. 

There were target compounds detected in the FieldRinsate blank. 

Initial calibration criteria were met. 

Acetone and Methyl Ethyl Ketone were outside calibration Check criteria on 10/28/94, 
ID gc9760.d and c9766.d, and on 10/29/94, ID #c9779d. Methyl Ethyl Ketone was not 
detected in any samples analyzed against this standard but would have been detected if 
present in any of the samples. All other compounds were within calibration check 
criteria, therefore, the calibration standard was accepted. All other calibration check 
standards were within acceptance criteria. 

All internal standard criteria were met for this SDG. 

All holding times were met for this SDG. 



0002 

Semivolatile Organics by GUMS 

Zero of 54 surrogates were outside QC limits, 

Zero of 18 matrix spike recoveries and one of 9 matrix RPD’s were outside QC limits. 

All method blank criteria were met for this SDG. 

All compounds met initial and continuing calibration criteria. 

All internal standard area counts and retention times were within QC limits. 

No GPC cleanup was performed on the solid samples submitted in this SDG. 

All holding times were met for this SDG. 

Pesticides/PCB’s by GC 

Zero of 48 surrogates were outside QC limits. 

Zero of 12 solid matrix spike recoveries and zero of 6 solid matrix RPD’s were outside 
QC limits. 

Matrix spike data is not available for water samples # 0005 (field blank) due to the 
insufficient sample volume supplied. QA/QC acceptance was based on blank (method) 
spike recoveries which were within QC limits. 

All method blank criteria were met for this SDG. 

Five compounds were outside initial calibration criteria on 10/25/94 for the primary and 
confirmation analysis, one of which was DCB and the other com,pounds were not detected 
in any of the samples in this SDG. Due to this fact, the initial calibration curves were 
accepted. 

Two compounds were outside continuing calibration criteria on 10/26/94 for the primary 
and confirmation analysis. One compound was outside continuing calibration criteria on 
10/26/94 for the primary analysis. 

No GPC cleanup was performed on solid samples submitted in this SDG. 

All holding times were met for this SDG. 



0003 

Explosives by HPLC 

CLP Forms and/or analytical requirements do not apply to all Explosives Level C type 
deliverable requirements. Every effort was made to conform to the CLP format and all 
applicable CLP/Level C forms have been included. 

Zero of 24 matrix spike recoveries and zero of 12 matrix RPD’s were outside QC limits. 

All method blank criteria were met for this SDG. 

All initial calibration criteria were met for this SDG. 

One compound was outside continuing calibration criteria on 1 l/1/94. 

All sample holding times were met for this SDG. 



0004 

SUMMARY OF ANALYIICAL METHODOLOGY - 

Parameter Reference Method 

Conventionels 

Solids, Total (solid) 

Metals 

Total Metals 
Mercury by Cold Vapor 
Mercury by Cold Vapor (liquid) 

Organic9 

Pesticides and PCBs by GC 
Volatile Compounds by GC/MS 
Semi-volatile Compounds by GC/MS 
Explosives Analysis, LC 

CAWW 160.3 

SW-846 6010 
SW-846 -/471 
SW-046 7470 

SW-846 
CLP 
CLP 
SW-846 

8080 
sow 
sow 
8330A 



Metals 

- 

Narrative for SDG # 08AA3 

Initial calibration criteria were not within QC limits for Potassium and Sodium. Arsenic, 
Potassium, Sodium and Selenium did not pass all continuing calibration criteria but should 
not negatively impact the data validity. 

The CRDL standard met all QC criteria. 

All solid method blank criteria were within QC limits. 

Low levels of Barium, Cadmium, Iron, Sodium and Zinc were detected in the aqueous 
method blank. All associated samples have been flagged with the appropriate qualifier. 
This anomaly should not impact the validity of the data generated. 

Low soil spike recoveries were noted for Antimony, Cobalt, Selenium and Silver. All 
Post Spike recoveries were within acceptable QC limits. 

Aluminum, Arsenic, Calcium, Chromium, Iron, Lead, Mercury and Zinc were outside QC 
limits due to the high levels of these elements present in the unspiked sample. 

Post spike recoveries were outside QC limits for Selenium in sample OOOSA/B and 
0009A/B and have been flagged with the appropriate qualifier, Post spike recoveries were 
outside QC limits for Arsenic in sample OOllA/B and 0012A/B and have been flagged 
with the appropriate qualifier. 

Duplicate results were >lO% for Copper and Iron. This will have minimal impact on the 
validity of the data submitted. 

All Laboratory Control Samples (LCS) were within acceptable QC limits. 

All holding times were met for this SDG. 

No Quarterly Linearity Checks are available for this SDG. 



Client: 

Attn: 

&,, 
-- 

<- 

OHM Remediation 

,s 
+ Services Corp. 

A Subridivg of OHM Corporrtlon 

ANAIXTICAL DMSION 
Laboratory Analysis Report 

OHM Remediation Services Corp. 
Eastern Region (Trenton, NJ) 

Ken Kukkonen 
Ron Kenyon 

Project: 15629N - NEESA; Yorktown Naval Weapons Station, Yorktown, VA 

Sample Type(s): liquid and Solid 

-Analysis Performed: Organics, Metals and Conventionals 

Date Sample Received: November 4, 1994 

Date Order Received: November 4, 1994 

Joblink( 617009 

This report is ‘PROPRIETARY AND CONFIDENTIAL’ and delivered to, and intended for the exclusive use 
of the above named client only. OHM Remediation Services Corp., Anaiytical Division, assumes no 
responsibility or liability for the reliance hereon or use hereof by anyone other than the above named client. 

Reviewed and Approved by: Date: Februaw 2 7. 1995 
omas E. Gran, Ph.D., Vi 



AOlSS-29 
AOlSS-30 
AOlSS-3 1 
AOlSS-32 
FRINSATE 

Narrative for SDG # AOlSS-06, Report # 1 

LabortioIy: Analytical services Corp. 

Project #: OHM # 15629 

Project Location: Naval Weapons Station, Yorktown, Viginia 

Samples in this Sample Delivery Gmtp (SDG): 
AOlSS-06 AOlSS-12 AOlSS-23 
A0 B-07 AOlSS-13 AOlSS-24 
A0 lSS-08 AOlSS-14 AOlSS-25 
AOlSS-09 A0 lSS-20 AOlSS-26 
AOlSS-10 AOlSS-21 AOlSS-27 
AOlSS-11 AOlSS-22 AOlSS-28 

Volatile Oqpnics by GUMS 

Zero of 90 surrogate recoveries were outside QC limits. 

TWO of 20 matrix spike remveries and one of ten mah-ix RPD’s were outside QC limits. 

One of ten blank spike (method spike) recoveries were outside QC limits. 

Hexane and 1,1,2-Trichlor~l,2,2-tritioroethane are used in the laboratory and should be viewed 
with caution. 

In the Initial cztlibrationanalyzedonNovember8,1994tworespnsesforToh.me wereremoved 
by the analyst and not caught during subsequent reviews. This is not a normal practice for AX. 
The analysts have been advised as to the procedure for sample remaIysis for difkulties 
encountered during the initial calibration procedure. Toluene was the only ccmpound with 
dificdties during the Initial and Gmtinuing calibration. 

!%st target cxmpmds were spiked far this anaIytical batch. Only the required CLP spiking 
compounds are reported on Form III. 

There were low levels of target compounds detected in the method blank and associated samples 
at levels below the CRQL. Au results afkcted have been flagged with the appropriate qualifier. 

All holding times were met fw this SDG. . 

J%e library search results for AOlSS-14 were mixed during the repoxt format stage and wilI be 
found as pages 00094 through 000103. 

I 
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Semivolatile Organics by GUM!3 

Eleven of 210 surrogates were outside QC limits. 

S~~of44soil~spikerecoveriesandoneof22soil matrixRPD’swereoutsideQC 
Iimits. 

Matrix spike data is not available far the water sample #AOlSS-2A03 (Field Blank) due to the 
i,nsufEcient sample volume supplied. QAKjC auxptance was based on blank (method) spike 
recoveries which were within QC limits. 

There were low levels of target compounds detected in the method blank and associated samples 
at levels below the CRQL. AU results afkcted have been flagged with the appropriate qualifier. 

No GPC cleanup was performed on the solid samples submitted in this SDG. 

PesticidesLKB’s by GC 

7 of 58 surrogates were outside Advisory QC limits. 

All matrix spike recoveries were in control and 3 duplicate RPD’s were o&de of QC limits. 

All blank spike recoveries were in control. 

All method blank criteria were met fa this SDG. 

No GPC cknup was performed on solid samples submitted in this SDG. 

All holding times were met far this SDG. 

Explosives by HPLC 

CLP Forms and/or analytical requirements do not apply to all Explosives Level C type 
deli m-able requirements. Every effort was made to conform to the CLP format and all applicable 
CLP/Level C forms have been included 

All matrix spike recoveries and matrix spike duplicate RPIYs were within control limits. 

A sample from another SDG# was utiked for the matrix spik&natrix spike duplicate for this 
SDG. 

All methd blank criteria were met for this SDG. 

ii 



AU initial calibration criteria were met for this SIX. 

All sample holding times were met for this SDG. 

Metals 

CLP Foms andbr analytical requirmts do not apply to all Level C type deliverable 
requirements. Every effort was made to cunfbm to the CLP farmat and all applicable CINLevel 
C forms have been included. 

All of the initial calibration criteria were within QC limits. 

All Method Blank criteria were within QC limits. 

Low spike recoveries were noted for 2 of 23 analytes for the first prep batch, 6 of 23 analytes 
for the second prep batch and 4 of 23 analytes for the third prep batch. All data associated with 
these out of control matrix spike recoveries have been flagged appropriately with the “N 
qualifier. 

Aluninum, calciq iron and manganese were outside QC limits due to the high levels of these 
elements present in the unspiked sample. Post spikes were not required 

Post spike recoveries were outside QC limits for thalliumin sample numbers: AOISS-16, AOlSS- 
17, AOIss-18, AOlss-19, AOISS- 33, AOlSS-34, AOlSS-37, AOlSS-38, AOlSS-39, AOlSS-40, 
A0 1 SS-4 1, A01 SS-42, and A0 l SS-79. These samples have been flagged with the appropriate “W 
qualifier. 

Post spike recoveries were outside QC limits for selenium in sample numbers: AOlSS-35, AOlSS- 
36. A0 1 SS-37, AOlSS-40, AOlSS-44, and AOlSS-46. These samples have been flagged with the 
appropriate “W’ qualifier. 

Duplicate RPD results were >20?? for 12 of the arm&es within the three prep batches. Au data 
associated with these out of mtrol RPDs, have been appropriately flagged with the “*” qualifier. 

All Laboratory Control Samples (LCS) were within acqtable QC limits. 

All holding times were met for this SDG. 

Conventionah 

CLP Forms and/or analytkal requirmts do not apply to all Conventional Level C deliverable 
requirements. Every effort was made to conform to the CLP format and all applicable CLP/Imel 
C fonns have been included. 

. . 
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The method blank cmkined cyanide at a level which was below the CRDL but above the IDL. 
This result was flagged with the “B” qualifier. 

The matrix spike and smple duplicate were within QC limits for this SDG. 

Ail initial and cmtinuing calibration criteria were met for this SDG. 

All sample holding times were met for this SDG. 

Name: JoseDh AHnatow 
Title: Laboratoq Manager 



SUMMARY OF ANALYTICAL METHODOLOGY 

Parameter Reference Method 

Organic9 

Pesticides and PCBs by GC SW-646 
Volatile Compounds by GC/MS CLP 
Semi-volatile Compounds by GC/MS CLP 
Explosives Analysis, LC SW-646 

8080 
sow 
sow 
633OA 

Metals. 

Total Metals 
Mercury by Cold Vapor 

SW-646 6010 
SW-646 7471 

Conventional9 

Solids, Total (solid) CAWW 160.3 

V 
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ANALYTICAL DIVISION 
Laboratory Analysis Report 

Clietit: OHM Remediation Services Corp. 
Eastern Region (Trenton, NJ) 

Attll: Ken Kukkonen 
Ron Kenyon 

Project: 15629N - NEESA; York-town Naval Weapons Station, Yorktown, VA 

Sample Type(s): Liquid and Solid 

-4nalysis Performed: Organics, Metals, RCRA TCLP Leachate Parameters and Conventionals 

Date Sample Received: December 3, 1994 

Date Order Received: December 3, 1994 

Jobfink( 617195 

This report is ‘PROPRIETARY AND CONFIDENTIAL’ and delivered to, and intended for the exclusive use 
of rhe above named client only. OHM Remediation Services Corp., Analytical Division, assumes no 
responsibilily or liabilily for the reliance hereon or use hereof by anyone other than the above named client. 

Reviewed and Approved by: Date: Februaw 27. 1995 
omas E. Gran, Ph.D., Vie 



Narrative for SDG # AOlSSK, Report # 1 

LabomtoIy: Analytical services Corp. 

Project #: OHM# 15629 

Project Lo&on: Naval Weapons Station, Yorktom, Virginia 

Saxrxples in this Sample IMivety Group (SDG): 
AOlSs-06 AOlSS-12 AOlSS-23 
AOlSS-07 AOlSS-13 AOlSS-24 
AOlSS-08 AOlSS-14 AOlSS-25 
A0 lSS-09 A0 lSS-20 AOlSS-26 
AOlSS-10 AOlSS-21 AOlSS-27 
AOlSS-11 AOlSS-22 AOlSS-28 

AOlSs-29 
AOlSS-30 
AOlSS-3 1 
A0 lSS-32 
FRINSATE 

Overall Report Comments 

In performing the analyses for this project, the laboratory did not use the SDG Numbers as 
specified by the EPA Statement of Work (Inorganic or Organic). While this may causes some 
difficulty in reviewing and validating this data, please be aware that the labomtory has a strictly 
defined sample batching system in use. Understanding how the laboratory batches samples will 
help the data reviewer greatly. 

bhen samples are batched for quality control purposes the batch is named by the following 
s~swtn The first letter of the QA batch determines what regulation or system the work is lxing 
performed under. For this data all batches are started with an “N” for NFESC. The second 
character is the matrix of the sampks (1 for aquxus, 2 for solids, and 7 for TCLP leachates). 
The third character designates what laboratory group will do the work (M for ICP metals, R for 
firnace metals, G for mercury, I for inorgtics or conventional tests, C for GUMS SVA, V for 
GUMS VOq P for GC pesticidesPCE&, H for herbicides and Q for explosives by HIXC). The 
four or fi\-e numbers which then appear are sequential batch numbers. The batch N7M2378 
lsould represent the batch 2378 with TCLP leachate samples analyzed for ICP metals under the 
NFEC program. The batch N2C2378 would represent the batch 2378 cuntaining solid samples 
analyzed for GC7MS SVA’s under the NFE!K program In reviewing the samples it will become 
apparent that the laboratory did analyze the samples correctly, but used the SDG numbers 
in&mxtly. 

In the fb.e reports fm this project the data reviewer will need to watch the AX batch numbers 
lo nuke sense of the reported data In some of the latter reports the batch number is used as 
the SDG number and hopemy this will make it easier to determine how the samples were 
grouped for analysis. 

i 



Please be aware that the laboratory shortens Analytical Savices Corp. to ASC and both 
designations will be found in the report. 

A number of samples in this project exhibited internal standard interfkrences for both VOA and 
SVA by GUMS analyses. These samples were reinjected to vexi@ and in some cases diltied 
to provide appropriate data Only the results tiom the reporkd data are presented within this 
report. 

The irhmation presented on Form IV refaences the blank ASC cunsiders to be the QA batch 
method blank This blank was not analyzed on all SVA instmmnts utilizd far the various tests 
and Form IV cm not be considered as completely accurate. 

Solatile Oqpics by GUMS 

Zero of 90 surrogate recoveries were outside QC limits. 

Two of 20 matrix spike recoveries and one of ten matrix RPD’s were outside QC limits. 

One of ten blank spike (method spike) recoveries were outside QC limits. 

Hexme and 1,1,2-Trichloro-1,2,2-trifkmethme are used in the laboratory and should be viewed 
with caution. 

In the Initial calibration analyzed on November 8,1994 two respomes for Toluene were removed 
by the analyst and not caught during subsequent reviews. This is not a nomal practice for ASC. 
The analysts have been advised as to the procedure for sample reanalysis for difficulties 
encountered during the initial calibration procedure. Toluene was the only compound with 
difficulties during the Initial and Continuing calibration 

Most target canpounds were spiked for this analytical batch. Only the required CLP spiking 
mnpounds are reported on Form III. 

There were low levels of target compounds detected in the method blank and associated samples 
at le\.els below the CRQL. All results tikcted have been flagged with the appropriate qualifier. 

All holding times were met for this SDG. 

The library search results for AOlSS-14 were mixed during the report format stage and will be 
found as pages 000094 through 000103. 



!Sefnivdatile Organics by GUM!3 

Eleven of 210 surrogates were outside QC limits. 

Sixteen of 44 soil matrix spike recoveries and one of 22 soil matrix RPIYs were outside Qc 
limits. 

Matrix spike data is not available fa the w&r sample #AOlSS-2M3 (Field Blank) due to the 
inwfkient sample volume supplied. QNQC acceptance was based on blank (I&&) spike 
recoveries which were within QC limits. 

There were low levels of target cornpounds detected in the method blank and associated samples 
at levels below the CRQL. All results afkted have been flagged with the appropriate cpalifk 

NO GFC cleanup was performed on the solid samples submitted in this SDG. 

Pesticides/PCJ3’s by GC 

7 of 58 surrogates were outside Advisory QC limits. 

A11 matrix spike recoveries were in control and 3 duplicate RPD’s were o&de of QC limits. 

All blank spike recoveries were in control. 

AI1 method blank criteria were met for this SDG. 

No GPC &amp was performed on solid samples submitted in this SDG. 

AH holding times were met for this SDG. 

ExpMves by HFTC 

CLP Forms and/or analytical requirements do not apply to all Explosives Level C type 
deliverable requirements. Every effort was made to co&x-m to the UP foxmat and all applicable 
CLP/Level C forms have been included 

All man-is spike recoveries and matrix spike duplicate RPD’s were within umtrol limits. 

A sample fi-om another SDG# was utilized for the matrix spk4matrix spike duplicate for this 
SIX. 

All method bkmk criteria were met for this SDG. 

All initial calibration criteria were met for this SDG. 

111 



All sample holding times wefe met for this SDG. 

Metals 

UP Foms andor analytical requirenmts do not apply to all Level C type deliverable 
requirements. Every ef&t was made to conform to the UP format and all applicable CLP/Level 
C form have been included 

All of the initial calibration criteria were within QC limits. 

All Method Blank criteria were within QC limits. 

Low spike recoveries were noted for 2 of 23 analytes for the first prep batch, 6 of 23 analytes 
far the second prep batch and 4 of 23 analytes for the third prep batch All data associated with 
these out of control matrix spike recoveries have been flagged appropriately with the ‘W 
qualifier. 

Aluminum, calcium, iron and manganese were outside QC limits due to the high levels of these 
elements present in the unspiked sample. Post spikes were not required. 

AI1 Laboratory Control Samples (LCS) were within accqtable QC limits. 

All holding times were met far this SIX. 

Conventionals 

CLP Forms and/or analytical requirements do not apply to all Conventional Level C del&rable 
rquirements. Every effort was made to conform to the CLP farmat and all applicable CLPAxvel 
C forms have been included. 

The method blank contained cyanide at a level which was below the CRDL but above the IDL. 
This result was flagged with the “B” qualifier. 

The matrix spike and sample duplicate were within QC limits far this SDG. 

X11 initial and continuing calibration criteria were met for this SDG. 

The LCS was within accepable QC limits. 

All sample holding times were met for this SIX. 

Signature: 
Date: 

Name: Jomh A Hnatow 
Title: Laboratorv Mananer 
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SUMMARY OF ANALW’ICAL METHODOLOGY 

Parameter Reference Method 

Organics 

Pesticides and PCBs by GC SW646 
Volatile Compounds by GC/MS CLP 
Semi-volatile Compounds by GC/MS CLP 
Explosives Analysis, LC SW-846 

8080 
sow 
sow 
8330A 

Metals _ 

Total Metals 
Mercury by Cold Vapor 

RCRA TCLP 

Leachate Preparation SW-846 1311 
Herbicides by GC SW-846 8150 (1) 
Pesticides by GC SW-846 8080 
Metals SW-846 6010 
Mercury by Cold Vapor SW-846 7470 
Semi-volatile Compounds by GC/MS SW-846 8270 
Volatile Compounds by GC/MS SW-846 8240 

Conventionals 

Solids, Total (solid) CAWW 160.3 

RCRA CharacteristicS 

pH, Electrode (solid) 
Reactive Sulfide 
Flash Point, Seta Flash 
Reactive Cyanide 

SW-846 
SW-846 

6010 
7471 

SW646 SO45 
SW-846 7.3.4.2 
SW-846 1020 
SW-846 7.3.3.2 
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ANALYTICAL DIVISION 
Laboratory Analysis Report 

Client: OHM Remediation Services Corp. 
Eastern Region (Trenton, NJ) 

Attn: Ken Kukkonen 
Ron Kenyon 

Project: 15629N - NEESA; Yorktown Naval Weapons Station, Yorktown, VA 

Sample Type(s): Liquid and Solid 

‘Analysis Performed: Organics, Metals and Conventionals 

Date Sample Received: November 5, 1994 

Date Order Received: November 5,1994 

Joblink( 617018 

This report is ‘PROPRIETARY AND CONFIDENTIAL’ and deli- to, and intended for the exclusive use 
of the above named client only. OHM Remediation Services Corp., Analytical Division, assumes no 
responsibilily or liability for the reliance hereon or use hereof by anyone other than the above named client. 

- 

Reviewed and Approved by: Date: February 27. 1995 
‘Xdomas E’. Gran, Ph.D., Vi& President 

Ii) $06 L.C. ROW 224 Em m P.O. BOX 55 1 m Findlay. OH 15839-05.5 1 m 419-423-3526 



Narrative for SDG # AOlSM, Report # 3 

Laboratory: Analyticalservicesccgp. 

Project #: OHM # 15629 

Project Location: Naval Weapons Station, Yorktown, Virginia 

Samples in this Sample Delivery Group (SIX?): 

A0 lSS-2A/D AOlSS-33 AOlSS-40 AOlSS46 
AOlSs-3A/D AOlSS-34 AOlSS-41 AOlSS-47 
AOlSS-15 AOlSS-35 AOlSS-42 AOlSS-77 
AOlSS-16 AOlSS-36 AOlSS-43 AOlSs-78 
AOlSS-17 AOlSS-37 AOlSS-44 AOlSs-79 
AOISS-18 AOlSS-38 AOlSs-45 AOlSS-80 
AOlSS-19 AOlSS-39 

Overall Report Comments 

In pedbrming the analyses for this project, the laboratory did not use the SlX Numbers as 
specified by the EPA Statement of Work (Inorganic or Organic). While this may causes mme 
diflhlty in reviewing and validating this data, please be aware that the laburatoxy has a sbictly 
defined sample batching system in use. Understanding how the laboratory batches maples will 
help the dam reviewer greatiy. 

When samples are batched for quality control pm the batch is namd by the following 
system The first letter of the QA batch determines what regulation or system the work is being 
perfomed under. For this data all batches are starbd with an “N’ far NFESC. The second 
character is the matrix of the samples (1 for aqueous, 2 for solids, and 7 for TCLP leachates). 
The third character designates what laboratory group will do the work (M for ICP metals,’ R for 
fkmace metals, G for mercmy, I for inorganics or conventicmaI tests, C for GUMS SVA, V for 
GUMS VOA, P for GC pesticides/pcBs H for herbicides and Q for explosives by HPLC). The 
four or five numbers which then appear are sequential batch numbers. The batch N7M2378 
would represent the batch 2378 with TCLP leachate samples analyzed for ICP metals under the 
NESC program. The batch N2C2378 would represent the batch 2378 containing solid samples 
analyzed for GUMS SVKs under the NFESC program In reviewing the samples it will become 
apparent that the laboratory did analyze the samples correctly, but used the SDG numbers 
incorrectly. 

in the five reparts for this project the data reviewer will need to watch the ASC batch numbers 
tomakesenseofthereporteddata Insorneofthelatterreportsthe batchnumberisusedas 
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the SDG numkr and hopeklly this will make it easier to de&mine how the samples were 
grouped far analysis. 

Please be aware that the laboratory shcnte~~ Analytical services Corp. to ASC and both 
designations will be found in the report. 

A number of samples in this project exhibited internal standard interferences far both VOA and 
SVA by GUMS analyses. These samples were reinjected to verifjr and in some cases diltied 
to provide appropriate data Only the results from the reported data are presented within this 
report. The other data fles are available for your review if you deem them necessary. 

The infdon presented on Form IV refkrences the blank ASC considers to be the QA batch 
methodblank Thisblankwasnotanaiyzedon~SVA~~forthevarioustests 
and Form IY can not be considered as completely acmrate. 

Volatile Organics by GC./M!S 

Two of 111 surrogate recovties were outside QC limits. 

Zero of 30 matrix spike recoveries and zero of 22 matrix RPD’s were o&de QC limits. 

Heme and 1,1,2-Tiichlorc+1,2,2-trifkroethane are used in the laboratory and should be viewed 
with caution 

In the Initial Calibration only four points were used instead of the complete five points. Tbe fifkh 
standard (200 ppb, VSTD200) was analyzed followed by samples on a sixteen place a&sampler. 
the to hold-time tideratim the next set of samples was loaded and the 5-point initial 
calibration MS not reviewed cumpletely before the samples were analyzed As soon as the 
mistake was discovered a new calibration was mnpleted, however, some of the samples were 
reported against the 4-point calibration. 

Most target compounds were spiked far this analytical batch. Only tie required UP spiking 
~n-tpounds are reported on Form III. 

There were low levels of target curnpounds detected in the method blank and associated samples 
at levels below the CRQL. AU results afkcted have been flagged with the appropriate qualifier. 

Some of the samples which had internal standard problems were not rerun due to holdtime 
considerations. 



SemivoIatile Organics by CSCYM!S 

Eight of 210 surrogates were outside QC limits. 

seVenof44soilrnatrixspikerecoveriesandzaroof22soil matrixRPD’swereou.tsideQC 
limits. 

Matrix spike data is not available fop the water sample #AOlSSGA/B (Field Blank) due to the 
insuflicient sample volume supplied. QAQC acceptance was based on blank (method) spike 
recoveries which were within QC limits. 

There were low levels of target uxnpounds detected in the xzthod blank and associated samples 
at levels below the CRQL. All results affii have been flagged with the appropriate quaMer. 

No GPC cleanup was performed on the solid samples submitted in this SDG. 

Pesticides/FCB’s by GC 

One of 70 surrogates were outside QC limits. 

One of 24 soil matrix spike recoveries and two of 12 soil matrix RPD’s were outside QC limits. 

Matrix spike data is not available far water samples # AOlSS3AD (field blank) due to the 
insufficient sample vohrme supplied QNQC acceptance was based on blank (method) spike 
recoveries which were within QC iimits. 

‘4 sample from another SDG#I was utilized for the one of the soil matrix spike/matrix spike 
duplicates for this SDG. 

All method blank criteria were met for this SDG. 

No GPC ckartup was performed on solid samples submitted in this SDG. 

All holding times were met for this SDG. 

E..pksives by HPLC 

CLP Forms and/or analytical requirements do not apply to all Explosives Level C type 
deliverable requirements. Every effort was made to confbrm to the CLP farmat and all applicable 
CLP/Level C forms have been included 

,411 matrix spike recoveries and matrix spike duplicate RPD’s were in umtrol. 

All method blank criteria were met far this SDG. 

. 
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All sample holding times were met far this SDG. 

Metals 

CLP Foms andor analytical requirements do not apply to all TCU? Level C type deliverable 
requirmts. Every effii was made to confm to the CLP format and all applicable CLPLevel 
C forms have been included 

All of the initial calibration criteria were within QC limits. 

All continuing mlibration faiteria were within QC limi& with the exception of two arsenic, one 
selenium and one thallium 

All Method Blank criteria were within QC limits. 

All data associated with analyte matrix spike recoveries outside the 75% - 125% control limits, 
have been flagged with an “IV’ qualifier. 

All data associated with duplicate RPD’s which were >20?4 have been flagged with a w*ll 
qualifier. 

Post digestion spikes for graphite fkxace AA which were outside the 85%115% control limits 
but had a sample absorbance ~50% of the spike absorbance, were flagged with a “WI qualifier. 

All Laboratory Gmtrol Samples (LB) were within amptable QC limits. 

All holding times were met for this SDG. 

Conventionals 

All method blanks were in control. 

The matrix spikes and sample duplicates were within QC limits for this SDG. 

All initial calibration criteria were met for this SDG. 

All LcS’s were within acceptable QC limits. 

All sample holding times were met for this SIX. 

Name: Josmh A Hnatow 
Title: Laboratoy Marwer 



SUMMARY OF ANALYTICAL MtrHODOLOGY 

Parameter Reference Method 

Ofganics 

Pesticides and PCBs by GC 
Volatile Compounds by GC/MS 
Semi-volatile Compounds by GC/MS 
Explosives Analysis, LC 

SW-646 
CLP 
CLP 
SW-646 

6060 
sow 
sow 
6330A 

Total Metals 
Mercury by Cold Vapor 
Mercury by Cold Vapor (liquid) 

Conventionats 

Solids, Total (solid) CAWW 160.3 

SW-646 6010 
SW-646 7471 
SW-646 7470 
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ANALYTICAL DMSION 
Laboratory Analysis Report 

Client: OHM Remediation Services Corp. 
Eastern Region urenton, NJ) 

Attn: Ken Kukkonen 
Ron Kenyon 

Project: 15629N - NEESA; Yorktown Naval Weapons Station, Yorktown, VA 

Sample Type(s): Liquid and Solid 

Analysis Performed: Organics, Metals and Conventionals 

Date Sample Received: November 9 and 11, 1994 

Date Order Received: November 9 and 11, 1994 

Joblink( 617048 and 617067 

This report is ‘PROPRIETARY AND CONFIDENTIAL’ and delivered to, and intended for the exclusive use 
of the above named client only. OHM Remediation Services Corp., Analytical Division, assumes no 
responsibility or liability for the reliance hereon or use hereof by anyone other than the above named client. 

- 

Reviewed and Approved by: 
mas E. Gran, Ph.D., Vice 

Date: February 27. 7995 
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Narrative for Report # 4 

Iaboratory: Axdylical services Corp. 

Project #: OHM # 15629 

Project Location: Naval Weapons Statian, Yorktown, Virginia 

Samples in this Sample Delivery Group (SDG): 

AOlS!3-49 AO2SS-67 AO2SS-74 AO2SS-87 
AOlSS-50 AO2SS-68 AO2SS-75 AO2SS-88 
AOlSS-51 AO2SS69 AO2S!3-76 AO2S2-89 
AOlSS-52 AO2SS-70 AO2S!3-81 AO2S2-9.1 
AOlSS-53 AO2SS-7 1 AO2SS-I32 AOISS-92 
AOlSS-54 AO2SS- 72 AO2SS-83 AOlSS-93 
AOlSS-86 AO2SS-73 AO2SS-84 AO2SS-94 
RB4Kwm REM%A/Bl 

Overall Report Comments 

In performing the analyses for this project, the laboratory did not use the SDG Numbers as 
specified by the EPA Statement of Work (Inorganic or Organic). While this may causes some 
difficulty in reviewing and validating this data, please be aware that the laboratory has a strictly 
defined sample batching system in use. Understanding how the laboratory batches samples will 
help the data reviewer greatly. 

Wkn samples are batched for quality mtrol pqmses the batch is named by the following 
system The first letter of the QA batch detemines what regulation or system the work is being 
@onned under. For this data all batches are started with an *‘N” for NFESC. The second 
character is the matrix of the samples (1 for aqueous, 2 far solids, and 7 for TCLP leachates). 
The third character designates what laboratory group will do the work (M for ICP metals, R for 
fbmace metals, G for mercury, I for inorganics or cmventional tests, C for GCMS SVA, V for 
GUMS VOq P for GC pesticides/pcBs, H for herbicides and Q for explosives by HPLC). The 
four or five numbers which thm appear are sequential batch numbers. The batch N7M237S 
would represent the batch 2378 with TCLP leachate samples analyzed for ICP metals under the 
NFESC program The batch N2C2.378 would represent the batch 2378 containing solid samples 
analp3d for GUMS SVA’s under the NFESC program Jn reviewing the samples it will become 
apparent that the laboratory did analyze the samples cm&y, but used the SDG numbers 
incmrectly. 

In the five reports for this project the data reviewer will need to watch the ASC batch numbers 
to make sense of the reported data In this report the GUMS data is referenced by the laboratory 
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batch number as the SDG numbm. _- 

Please be aware that the laboratory shortens Analytical Stxvices Cop. to AX and both 
designations will be found in the report. 

A number of samples in this project exhibited internal standard interferences for both VOA and 
SVA by GUM!!i analyses. These samples were reinjected to verifj~ and in some cases dihxted 
to provide appropriate data Only the results from the reported data are presented within this 
report. The other data iiles are available for your review if you deem them necessary. 

The information presented on Fom IV references the blank ASC considers to be the QA batch 
methodblank. ?hisblankwasnot~~anallSVAinstrum=ntslmlizedforthevarioustests 
and Form IV can not be considered as completely accurate. 

Volatile Organics by GUMS 

Four of 150 surrogate recoveries were outside QC limits. 

Zero of 30 n-&x spike recoveries and one of 15 matrix RPD’s were outside QC kinits. 

Hexme appeared as an artifkt that was known to be a laboratory contmknt. This campound 
elms at approximately 8.8 minutes and was not included as part of the TIC screen data reported 
on Form I-VOA TIC. 

A11 target ampounds were inadvertently spiked for this analytical batch. only the required CLP 
spiking cxmpounds were reported on Fom III. 

!Semholatile Organics by GUMS 

Twenty-eight of 3 18 mmgates were outside QC limits. 

Twelve of 66 rnztrix spike recoveries and one of 33 soil matrix RPD’s were outside QC limits. 

Ko GPC cleanup was pehrmed on the solid samples s~~bnitted in this SDG. 

PesticidesIPCB’s by Gc 

Pesticides within this data package appear under four SDG numbers: NlP41683, N2P41674, 
NZP4 1675 and N2P4 1690. 

4 of 108 sumgates were outside Advisory QC limits. 

~11 matrix spike recoveries were in control with the exception of heptachlor in the spike on 
smpl e +,02SS-89, SDG# N2P4 1690. 
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Au duplicate RPD’s were in control, with the exception of heptachlor in the 
#A05SS-62, SDGB N2P41675. 

MSIMSD in sample 

All blank spike recoveries were in control. 

All method blank criteria were met for this SDG. 

No GPC cleanup was pehmed cm solid samples submitted in this SDG. 

Explosives by HPLC 

AU explosives data within this rep-t are reported under SDG# AOlSS-19. 

CLP Forms and/or analytical requires do not apply to all Eqhsives Level C type 
deliverable requirements. Every effort ms made to conform to the UP format and all applicable 
CLP/L.evel C forms have been included 

AI1 mtrix spike recoveries and matrix spike duplicate RPD’s were within control limits with the 
exception of the RPD for 1,XXnitrobemme for sample #AO2SS-89. 

E3lank spike ID N2QI1676QS was out of control for HMX and blank spike ID NlQ41671 was 
out of control for 2,GDNT and Tetryl. 

The blank spike NlQ41671 was spiked at a level 2x higher than normal. This sample was 
the&ore analyzed both straight and at a dilution. 

.A sample from another SDG## was utilized for the matrix spik&nattix spike duplicate in this 
SDG. 

All method blank criteria were met for this SDG. 

Second column cmfkmtim analyses were perf’ on samples in this SDG. A copy of the 
standard cromatograrn has been included in this data package. It has been placed in the data 
package immediately following the copies of the initial calibration standards chromatogram. 

Al sample holding times were met for this SDG. 
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All metals data within this report are reporkd under SDG Ws AOlSS-19 and AOlSS-58. 

CLP Forms ancih analytical quirm do not apply to all Level C type deliverable 
requirements. Every effbrt was made to cmfbrm to the CD fannat and all applicable CWLevel 
C forms have been inchukd. 

All of tie initial calibraticm criteria were within QC limits. 

All fkmace continuing calibrations for SDG #AOlSS-19 were in control with the exception of 
one arsenic CCV which had a ?kcovery of 89.6% All &mace continuing calibrations for SDG 
#AOlSS-58 were in control with the exception of one arsenic, (?km.~exy = 86.7% and one 
selenium, ‘?&covet-y = 87.6% 

All Method Blank criteria were within QC limits. 

All data associated with analyte matrix spike recoveries outside the 75% - 125% control limits, 
have been flagged with an “W qualifier. 

All data associated with duplicate RPD’s which were >20?/~ have been flagged with a “*I’ 
qualifier. 

Post digestion spikes for graphite fimace AA which were outside the 85’3~115% umtrol limits 
but had a sample absorbance x50% of the spike absorbance, were flagged with a “W’ qualifier. 

All Laboratory Control Samples (LCS) were within amptable QC limits. 

All holding times were met for this SDG. 

Mercury analysis was not performed on sample #AO2SS-94. This sample was inadvertantly 
nissed and the problem was not detected mtil after the holding time had expired. 

Conventionais 

CLP Forms an&or analytical requir~ts do not apply to all GmventionaJ Level C deliverable . 
requirements. Every effbrt was nude to confbrm to the CLP format and all applicable CLP/L.evel 
C forms have been included 

The mm-ix spike and sample duplicate were within QC limits for this SDG. 

Al1 initial and continuing calibration criteria were met for this SDG. 
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The LCS was within accqtable QC limits. 

All sample holding times were met fin- this SIX. 

Signature: 
Date: 

Name: Joseoh A I-Wow 
Title: Labor&nv li4anager 



SUMMARY OF ANALYTICAL METHODOLOGY 
- 

Parameter Reference Method 

organics 

Pesticides and PCBs by GC SW-646 
Volatile Compounds by GC/MS CLP 
Semi-volatile Compounds by GC/MS CLP 
Explosives Analysis, LC SW-846 

M8t8tS 

Total Metals 
Mercury by Cold Vapor 
Mercury by Cold Vapor (liquid) 

Conventionals 

Solids, Total (solid) 
Cyanide, Total 
Cyanide, Total 

SW-646 6010 
SW-646 7471 
SW-646 7470 

CAWW 160.3 
SW-646 9010 
CLP 335.2 

8080 
sow 
sow 
633OA 
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ANALYTICAL DMSION 
Laboratory Analysis Report 

Client: OHM Remediation Services Corp. 
Eastern Region (Trenton, NJ) 

Attn: Ken Kukkonen 
Ron Kenyon 

Project: 15629N - NEESA; Yorktown Naval Weapons Station, Yorktown, VA 

Sample Type(s): Liquid and Solid 

Analysis Performed: Organics, Metals, RCRA TCLP Leachate Parameters and Conventionals 

Date Sample Received: November 14, 1994 and 
December 7, 9, IO and 13 through 15, 1994 

Date Order Received: November 14, 1994 and 
December 7,9, IO and 13 through 15, 1994 

Joblink( 617092, 617208, 617251, 617257,617263, 617266 and 617273 

This report is ‘PROPRIETARY AND CONFIDENT/AL’ and delivered to, and intended for the exclusive use 
of the above named client on/y. OHM Remediation Services Corp., Analytical Division, assumes no 
responsibility or liability for the reliance hereon or use hereof by anyone other than the above named client. 

Reviewed and Approved by: Date: February 27. 1995 
mrnas I?. Gran, Ph.D., Vice @‘esident . 



Narrative for !WG # AOlSl, Report # 5 

Labomory Analytical services Corp. 

Project #: OHM # 15629 

Project Luxation: Naval Weapons Station, Yorktown, Virginia 

Samples in this Sample Delivery Grog (SIX): 

AOlSS-06B 
AOlSS-16B 
AOlSS-17B 
AOlSS-l8B 
AOlSS-26B 
A0 lSS-33B 
AOlSS-42B 
A02SS-93C 
TB3( 12/9) 

AOlSS-53B 
AOlSS-54B 
AOlSS-95 
AOlSS%B 
AOlSS-103B 
AOlSS-104 
AOlSS-105 
A02SS-93D 
TB3( u/10) 

AOlSS- 106 
AOlSS-109 
AOlSS-110 
AOlSS-111 
AOISS-112 
AOlSS-113 
A02SS-74D 
R-8 

AO2SS-83B 
AO2SS-92B 
AO2S2- 107C 
AO2S2- 108A 
AO2SS-RIN9 
RE&OlA/D 
F&OlA/B 
TB2 
TEb5 

Overall Report Comments 

In pafbming the analyses for this project, the laboratory did not use the SDG Numbers as 
specified by the EPA Statement of Work (Inorganic or Organic). While this may causes some 
difficulty in reviewing and validating this data, please be aware that the laboratory has a strictly 
defined sample batching system in use. Understanding how the laboratoq batches samples wilI 
help the data reviewer greatly. 

When smples are batched for quality control purposes the batch is namd by the foIlowing 
system. The first letter of the QA batch determines what regulation or system the work is being 
performed under. For this data alI batches are started with an “N’ for NFESC. The second 
character is the matrix of the samples (1 for aqueous, 2 for solids, and 7 for TCLP leachates). 
The third character designates what laboratory group will do the work (h4 for ICP metals, R for 
ikrmce metals, G for mmxry, I for inorganics or conventionaI tests, C for GUMS SVA, V for 
GUMS VOq P for GC pesticidesEBs, H far herbicides and Q for explosives by I-KC). The 
four or five numbers which then appear are sequential batch numbers. The batch N7M2378 
would represent the batch 2378 with TCLP leachate samples analyzed far ICP met& under the 
NFESC program The batch N2C2378 would represent the batch 2378 containing solid samples 
analyzed for GUMS SVA’s under the NFESC program In reviewing the samples it will bemme 
apparent that the laboratory did analyze the samples correctly, but used the SDG numbers 
incorrectly. 

In the five reports for this project the data reviewer wiU need to watch the ASC batch mrnbers 
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to make sense of the reported data In this report the GUMS data is referenced by the laboratory 
batch number as the SDG number. 

Please be aware that the laboratory shortens Analytical Services Corp. to ASC and both 
designations will be found in the report. 

A number of samples in this project exhibited internal standard interfkrences for both VOA and 
SVA by GUMS analyses. These samples were reinjected to verify and in soxm cases diMed 
to provide appropriate data Only the results fkm the reported data are presented within this 
report. The other data files are available far your review if you deem them necessary. 

?he information presented on Form IV references the blank ASC considers to be the QA batch 
methodblank ThisblankwasnotanalyzedonallSVA i.mmmem~forthevarioustests 
and Foxm IV can not be considered as umxpletely accurate. 

Volatile Oqpics by GUMS 

Four of 225 surrogate recoveries were o&de QC limits. 

Zero of 104 matrix spike recoveries and zero of 52 n&ix RPD’s were outside QC limits. 

Hexme and 1,1,2-TrichIorc+1,2,2-trifimroethme are used in the laboratory and should be viewed 
with caution. - 

Most target compounds were spiked for this analytical batch Only the required UP spiking 
compounds are reported on Fom III. 

There were low levels of target cornpounds detected in the method blank and associated samples 
at levels below the CRQL. All results afkcted have been flagged with the appropriate qualifier. 

Some of the sil~fqlles which had internal standard problems were not rerun due to holdtime 
c4xl.siderations. 

One sample @BOW/D) should have been diluted for ace&me. This was inadvertently missed 
by the analyst. 

Semivolatile Chganics by GUMS 

Eight of 210 surrogates were outside QC limits. 

SeLen of 44 soil matrix spike recoveries and zero of 22 soil matrix RPD’s were outside QC 
limits. 
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Matrix spike data is not available fen the water sample #AOlS!KWJ3 (Field Blank) due to the 
irsufkient sample volume supplied. QNQC acqtance was based on blank (method) spike 
recoveries which were within QC limits. 

There were low levels of target compomds deteckd in the method blank and associated samples 
at levels below the CRQL. All results &&ted have been flagged with the appropriate qualifier. 

No GPC cleanup was perSonned on the solid samples submitted in this SDG. 

TCLP Herbicides 

Herbicides within this report are under SIX-# AOlSS-104. 

CLP Form and/or analytical requirements do not apply to all TCLP Herbicide Level C type 
deliverable requirements. Every effort was made to cunkrm to the CLP farmat and all applicable 
CLPhvel C farms have been included. 

All mahx spike recoveries were in control and all MSMD RPD’s were in control. 

All method blank criteria were met for this SDG. 

All initial and continuing calibration criteria were met far this SDG. 

A sample from another SDG was used for the MWISD. 

AH sample holding times were met for this SDG. 

Esplosives by HPLC 

The explosives within this report are reported under SDG#‘s N2Q41691, NZQ41865, N2Q41818 
and NlQ41815. 

CLP Forms and/or analytical requirements do not apply to all Eqhsives Level C type 
deliverable requirements. Every eff‘ort was made to co&&m to the CLP format and all applicable 
CLP/Level C forms have been inclukd. 

All matrix spike recoveries were in control with the exception of Tetryl in sample AO2SS-RIW 
in SDG #NlQ41815. 

All MS/hI!SD RPD’s were in control with the exception of 1,3-Dinitrobenzene in SDG 
iW2Q41691. 

All method blank criteria were met for this SDG. 
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All blank spike recoveries were in cuntrol with the exception of Teayl fm SDG BNlQ41815. 

Due to insufkient sample vohrme, only a matrix spike could be pafi on sample AO2SS- 
RN9 in SDG #NlQ41815. 

Secondcolumn~onanalyseswereperformedon~lesinthisSDG.Acopyofthe 
standardcromatogramhasbeenincludedinthisdatapackage.It~beenplacedinthedata 
package immediately following the copies of the initial calibration standards chromatograms. 

All sample holding times were met far this SDG. 

Total And TCLP Metals 

Metals data within this data package are reported under the following SDG ffs: AOlSS-104, 
.AOlSS-3,1QOlSS-18, AOlSS-74, AOlSS-93 and AON-111. 

All Method Blank criteria were within QC limits. 

All data associated with analyte matrix spike remvezies outside the 75% - 125% cmtrol limits, 
have been flagged with an “IT qualifier. 

All data associated with duplicate RPD’s which were >200/9 have been flagged with a “*I’ 
qualifier. 

Post digestion spikes for graphite fimace AA which were outside the 85%115% control limits 
but had a sample absorbance -60% of the spike absorbance, were flagged with a “W” qualifier. 

41 Labomory Control Samples (LCS) were within amptable QC limits. 

All holding times were met for this SDG. 

Conven tionds 

CLP Forms and/or analytical requirememts do not apply to all Cunventional Level C 
deliverable requirements. Every effort was made to conform to the CLP fm and all 
applicable CLPkvel C forms have been included. 

The pH results are reported in standard tits and not mg/kg. 

The Flashpoint results are reported in “C not mgkg. 

The method qualifier for pH (Electrode) is “PH?, for Reactive Cyanide it is “RC”, for Reactive 
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Sulfide it is “RS”. TheCLPmmalcksnotaddresstheXresultsorthismethodfor 
reporting. 

ThemcthodblankwaswithinQClimitsfarthisSDG. 

The matrix spike and sample duplicate were within QC limits for this SDG. 

All initial and continuing calibration critezia were ti for this SDG. 

TheLCSwaswithinauqtableQClimits. 

All sample holding times were met far this SDG. 

Signature: 
Date: 

Name: Josmh A Hnatow 
Title: Laboratory Manager 



SUMMARY OF ANALYTICAL METHODOLOGY 

Parameter Reference Method 

Organics 

Pesticides and PCBs by GC SW-846 
Volatile Compounds by GC/MS CLP 
Semi-volatile Compounds by GC/MS CLP 
Explosives Analysis, LC SW-846 

Metals 

Total Metals 
Mercury by Cold Vapor 
Mercury by Cold Vapor (liquid) 

RCRA TCLP 

Leachate Preparation 
Herbicides by GC 
Pesticides by GC 
Metals 
Mercury by Cold Vapor 
Semi-volatile Compounds by GC/MS 
Volatile Compounds by GC/MS 

Conventionals 

Solids, Total (solid) 
Cyanide, Total 
Cyanide, Total 

RCRA Characteristics 

pH, Electrode (solid) 
Reactive Suffide 
Flash Point, Seta Flash 
Reactive Cyanide 

SW-846 
SW-846 
SW-846 

SW-846 
SW-846 
SW-846 
SW-846 
SW-846 
SW-846 
SW-846 

CAWW 
SW-846 
CLP 

SW-846 9045 
SW-846 7.3.4.2 
SW-846 1020 
SW-846 7.3.3.2 

6010 
7471 
7470 

1311 
8150 (1) - 
8080 
6010 
7470 
8270 
8240 

160.3 
9010 
335.2 

-. 
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Lidya Gulizia 
1927 East Lester Avenue 
Fresno, California 93720 

June 2,1995 

Mr. Ken Kukkonen 
Project Manager 
OHM Remediation Services Corp. 
200 Horizon Center Blvd. 
Trenton, New Jersey 0869 1 - 1904 

Dear Mr. Kukkonen: 

Enclosed is the data validation report for organic and inorganic samples collected in 
support of the post-construction soil program at the Naval Weapons Station at Yorktown, 
Virginia. 

Overall, the data are acceptable as provided by Analytical Services Corporation (ASC). 
There are some contractual non-compliances and deviations that were performed by the 
laboratory which could potentially affect portions of the sample results. While some of 
these are minor, others may be considered to be more significant by the oversight 
reviewer. 

Please feel free to call me with any questions at (209)297-53 15. I will available to 
respond to any quality assurance or data review issues that may arise as a result of this 
report. 

Thank you for the opportunity to work with you and your staff. I look forward to 
working with OHM on future projects which may require data review and validation. 

Sincerely, 

I/djfP p-m& 
Lidya Gulizia 

LG 

enclosure: Data Validation Report 
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Lidya Gulizia 
1927 East Lester Avenue 
Fresno, California 93720 

June 3,1995 

Bob Lynch 
OHM Remediation Services Corp. 
200 Horizon Center Boulevard 
Trenton, New Jersey 0869 1 - 1904 

Dear Bob: 

Enclosed is the remaining addition to Appendix E Supporting Documentation of the 
Yorktown Weapons Station validation report. Place it directly behind the portion 
previously provided to you on Friday. This completes the report in full. 

There are some additional changes to the data that were noticed by me as I was preparing 
the Data Summary Forms for Appendix B. You’ll need to change your data tables 
accordingly. They are as follows: 

(1) Change 2-butanone to rejected (qualifier “R”) in samples A01 SS-54 and rinsate blank 
data for #2, #3, and #4. You may or may not have had that qualified on the draft copies 
sent (VOC fraction). 

(2) Change hexachlorocyclopentadiene to rejected (qualifier “R”) in sample A01 SS-06B. 
Remove “R” qualifier from hexachlorobutadiene to prior result from lab (SVOC 
fraction). 

(3) Check your inorganic tables against the data I prepared in Appendix B Data 
Summary Forms. Place brackets around data points everywhere where I’ve indicated on 
the tables. As I prepared this appendix, I realized the lab had not applied the “B” 
qualifier for sample values between the instrument detection limit (IDL) and contract 
required detection limit (CRDL) for all analytes as required in the USEPA protocol. 
They missed a significant portion (reason unknown) that I picked up in preparing this 
final deliverable. 

If you have any questions regarding these changes, please call me at (209)297-53 15. 
I’ve also provided you with the Region III instructions for the preparation of the cover 
memo. Let me know if you need additional guidance with it. 



- Thanks for all your help. Once again, I’ll be available to respond to any data issues 
and/or comments. 

Sincerely, 

&+A wL 
Lidya Gulizia 

LG 

Enclosure: Appendix E - added pages 
USEPA Region III Reporting Instructions 
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&NWANXC DATA VALIDATION REPORT PREPARATION 

The purpose of thia procedure is to establish a r&o* format for okganic 
d&a review report writing according to EPA Region III protocol and is 
baaed on and applies to organic data review level n3.only. 

2.0 piscu8oion 

After completion of data review, the data reviewer will be responsible 
. _ for compiling review notes and writing a report. The outline below 

describes the steps to follow in preparing the organic data review 
report. 

3.0 Procedure 

3.1 Orqaaic Date Validation Narrative 

The validation narrative is for the data user. Because the data 
user may not bd familiar with EPA abbreviations, it is necessary 
to write out commonly used acronyms such as RAS, DAB, etc.. 

3.1.1 The first page of the rep&t should be erinted on 
letterhead. The address of the report should include the 
following information and be in ‘the established format 
for Recjion III, as: 

Date: Bonth DD, YEAR (Date report is rent to EPA) ' - 

Subject: Organic Data Validation for Case (case t) 
Site (write site name) 

From: 

To: 

Reviewer Name Oversight Reviewer Name 
Reviewer Title Reviewer Title 

Remedial Project Manager 
EPA Region III 

3.1.2 overview . . 

The first section of the report Fs the overvimw, and im 
presented in paragraph form after the title *UVERVf8Wn, 
Information in this paragraph ohould include: 

Case or DAS (Delivered Analytical Servicee)'Number 
Analytes 
Number of lsamples 
Matrix (or matrices and number of samples of each 
matrix) 
Number of QC samples (field and/or equipment blanks, 
trip blanks, field duplicates, etc.) 
The SOW under which the laboratory performed the 
analysee 
Laboratory name and its CLP Code 

A statement should aleo be msde that the eamplef were ( 
analyzed through the Contract Laboratory Program (CLP), i 

. 



3.1.3 

3.1.4 

3.1.5 

3.1.6 

Appendix B 
Page 2 of'6 

and whether they wm-a psrfomed as a F&Mine Analytical 
Services (RAS.) or Delivered Analytical Service6 (DAS). 
If fesults exceeded the levels identified in the EPA 
lo-day Chemical Health Advisory Levels (Attachment A), 
such exceeclances art mentiomp in the overview 
paragraph ( = 1. 

The summary section, written below this title "R&MY 
ia a general statement notiaq whether the sample5 we& 
successfully analyzed or if- there wet8 m'y - enalyees 
determined unmccessful (e.g., data were qualified‘ 
unurrable). 

)dbQx Problems 

After the section title, mj6hJiBR PROBLBNS*, any problems 
identified durizw the validation that oeriouslv affect 
data usability anh any data-that are qualified u&sable, 
-Iv ; is noted In. this portion of the narrative. 
Identification. of the support d- ntation included in 
the appendicee of the report (see Section 3.1.8) which 
identifies each problem is referenced. Each identff ied. 
problem ir reported in a separate paragraph. 

B0TRt Paragraphs in the major and minor problems sections 
and the wWotesw section are preseated in 'bullsted" 
format. 

The section title, nRINOR PROB-" is followed. by a 
series of bulleted paragraphs describing biases 
identified during the data review which may qualify data 

-J-, 'UJ", “K”, "L-, 'UL'. Examples of these 
~&bleme are discussed tEroughly in the Functional 
Guidelines for Organic Data Validation as Modified by 
Region III. A5 in the reporting of major problems, 
support documentation in referenced for each problem 
described. 

Problems lioted 'in this oection of the narrative are 
listed according to the hierarchy of qualifiero, 
beginning with the most serious ("J", WJ") first. If 
problems are 
fraction, 

identified in more than one organic 
each fraction is identified. 

piear . 

This l ection follows the minor problem8 section and in 

used to identify issues and information ublcb may be 
beneficial to the data user, and includes .a psragraph 
describing any blank contamination found and its pprsiblc 
effect5 on sample rc5ults. Haxfnuxn levels of the blank 
contaminants are listed in tabular form. Common lab * 
contaminants are identified with an asterisk (*). Other ; 
information which shall be included in the Woteem ! 

'section includea, but is not limited to: variances ia 
methodology which did not affect samples, dilutions used, 

/ 
I 

non-spiked HSfHSD. cosnparisons, a f ibid duplicate 1 
I 
! 

I’ 
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calpui~~n summery (is~ tabul~ form with relative parcent 1 
differeace8 (RPDsJ), end a general mtetoment regarding. 
sctions taken during the rtsviw of tantstively identified ' 
azmpounds (TICS). Am in thm problaas descriptions; 
referener im made to mupport docummtation included in 
ttm appendices of the report. 

3.1.7 pwort Cm&sat Btstm 

. 
A short peregreph, not bullmtad, follows the notes ' 
section stating thet the date worm revimwed ia sccordexxcs - . 
with the JW ctio al Gurdelin a fo R elua ino oraena 
&nslvsea, es"&i&md for use L w?onvIII,kdthat t2 
text of the report only rddreseatm those problw which v 
affect data umebflity. 

3.1.8 --~ttachMntm 

Under the necti0n titi& 

--“’ l epp8ndices urd their content6 is included. 
appendices normelly listed end their order l re: .- 

. 
Appendix A - Gloesary of Date Qurlifiers . 
Appendix II - 
Appendix C - 

Data Swmery Foqms 
Laboratory Reported Results 

Append- 0 - Laboratory Repoo~ICm~~~.. . . :A--, tg& + r$- 
. Appendfxf- Support Docame ,+t fk .- 

L a.- . . . . 
3.2 &mulditms 

1 , 
q ,L. -$.. ;k. 
‘.. 

Appendices are separated from the mein body of the repoft by title 
St;: containing I ccntsrmd on the page, the appendix mn~ and 

. 

3.2.1 ~vvrndfx A - Glossetr of Det8 Qalffier Cades 

A listing of all organic dete guelifirrs used in Region 
III end their definitions is included in Attachment 0.. 

3.2.2 fimendix B - Data Bummeb lrorrs 

3.2.2.1 The full title of thim l ppendix is 
‘Date Sumnary. These include; 
ml All poeitive reaulte for target compounds 

with qualifier codea where applicable. 
lb) All unuoeblm drtrctfon limita (qualified 

". -It")," 
1. 

3.2.2.2 Included ate Data. Sumsry Forms for all 
f ractionu enelyaed, 6eqlantially numbered 
beginning with thm volstile organic fraction, 
for all l ample8 analyzed. Inform&ion on the 
Date Summery Form Lncludes: organic fraction 
identified, l ample astrix, concentration unit*, 
dte, c6se number, SD0 number if multiple SDOs 
ue reported, l mpling date(n), sample numbers, 
dilution factore usad (if none, identified as 
1.01, 88mplo locations, sample identificstionm 
(e.g. I trip blank, field duplicate), contract 
required quentitation. limit for each snslytc, 
ell tea-get l nalytes, all positive results and 

: 

I 

1 

- 
I 

! 



quantitation U&to with qublifier codes where ; 

gg!gg!$+. and all anusabls, detection limita ; 

W: Standard generation of tbt Data Summary Porzas 
can bm done on a spreadsheet program. Blank Data i 
SumararyPormm fcrbothaqusousandsolid samplesu~c 
included in Attachment L. . 

3.2.3 &uQe&i% C - Rssmlts 8s Resorted br tbcr Laborrtorr for' 
all Tarust Comwamdq 

After the title page, Appendix C costsine photocopies of 
all of the low Is. The Form Is for all samples for the 
volatile organica, fraction are inchdad first, followsd 
by ?oti fm for all umplcs for mamivolatile organic 
compounds and pasticidu/PCSa. Thr l amplr order of thm 
Form .I8 should aatch the sample order as listed on the 
Data Summaq lorms. 

'3.2.4 P ornpdi X 

~slltati~alt fdIatified cos!Qoun~ 
rrectr 

Appendix D‘ contains photocopies of the hatatively 
Identified Compounds form (Form I VOA - TIC and ?orm I 
SV - TIC) for each sample, with all volatile organic8 
forms preceding all samivolatile organics forum, If 

'correctiWs to the TIC fonam are.made during validation, 
‘use th word “ootrmctedw in thm sppend%x title. All TIC 
form are included even if no TIC8 ware idsntified by the 
laboratory. .' 

3.2.5 AouenUix F- mm-t Documantatloa 

Appendix F for the orqanic data' review report irkeludes 
all support docwnsntstion needed to substantiate the 
findinga described in the narrative. In addition to 
copies of mpecific supporting forms from the data j 
package, the appendix will include: 

3.2.5.2 Tabte I, 'Calibration Ogtliars", is a , . compilation of all Response .Factors (RF*) I 
percent Relative Standard Deviations '(SRSDs), 
and percent Differences (BOB) which were outside 
of the control limits for both volatile and 
aemivolatile organic contpounds. Exauplem of 
Tablm I are inchdmd in Attacbatent F. Tab10 I 
also includes th* qurlifierm rppliad during 
validation to compound remu)tm beoausa of theme 
outlfera, and ths,deftnitioas of tha qualifier 
codem lamed. I 

3.2.8.2 Initial and continuing calibration data nrm 1 
included for all volatile and mmivolatile 
compounds (Forms VI VDA, VIX VOA, VI W-1 and - 
I, snd VII SV-1 and -2 ), with a reviewer-written 

i 

list of ssmplis affected by Mach calibration. 
! 
; 

- 

3.2.5.3 Copies of the laboratory case narrative, sample 1 
traffic rspart/chain Of custody (TR/COC), sad 
EPA Shipping Log. t 
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4.0 . Ls*m&bn~ the F- rt i 

The organic report shall be assembled in the order &scnted in Sections ( 
3.1 and 3.2 of this document. The narrative is followed by the 1 
Appendicee ae described. 

. 
After the report is completed and assembled, it should be'revieued i 
internally by'optional peer review(c) , oversight chemiet review(o), and 1 
team manager review. t 

5.1 The report should bs submitted to a senior oversight chemist for ' 
its first internal review. The internal review may be assigned i 
to another validator or be performed by the oversight chemist. * 

5.1.1 The rev+werwill reviewthedocument. Any deficiencies, 
incons&stencies, or other ccemmnts should be returned to I 
the validator. 

5.1.2 The reviewer will return the review to the valiflafor, who t 
will make the required corrections. ! ! 

5.1.3 The process will continue (Steps 5.1 - 5.1.2)'until the / 
document requires no further revision. 

5.1.4 The validator will initial the first page of the, 
narrativa next to his/her name. 

5.1,s The final review is performed by the team manager, who 
will read and revSew the document. If the. report is 
acceptable to the team manager, he will initial the: 
narrative next to his name. 

5.2 The completed report is submitted to the EPA oversight chemist for i 
review. I 

: 
5.2.1 All internal review checklist+ are removed, and the rests 

of the document is copied for the validator files. The i 
internal review Checklists and docume nt 
placed in a f&li.ng area. 

copy afe then! 

5.2.2 The original document fs placed in an inter-office' 
envelope addressed to the EPA RPH. 

5.3 ’ Upon completion of review by the EPA. oversight chemist, the 
document will either be approved as submitted or revisions will 
be required. 

. 
5.3.1 If revisions axe required by the EPA oversight chemist, 

the valid&or must complete those revisions and rubmit 
the document for internal review am outlined above 
beqianFng in section 5.1- 

5.3.1.1 All resubmissions are labelled a8 reviaion 1 (or 
subsequent). 

f 

.- 



OVERVIEW 

The case consisted of field and quality control (QC) samples collected in support of the 
post-construction soil program at the Naval Weapons Station in Yorktown, Virginia. The 
case number was not provided. The analytical program provided analyses for the 1990 U.S. 
Environmental Protection Agency (USEPA) Target Compound List (TCL) for volatile 
organics, semivolatile organics, pesticides and polychlorinated biphenyls (PCBs); for the 
1990 USEPA Target Analyte List (TAL) of inorganics (metals and cyanide); and trace 
analyses for nitroaromatic and nitroamine residues, i.e. explosives. Additionally, a small 
group of soil samples were analyzed for Toxicity Characteristic Leachate Procedure (TCLP) 
organic and inorganic parameters in accordance with the TCLP Final Rule. All volatile and 
semivolatile sample spectra were supplementally searched for non-TCL compounds in 
accordance with the analytical protocols. 

Altogether, the sampling program consisted of 112 surface and subsurface soil samples. 
Nine soil field-duplicate pairs were sampled to verify sampling and laboratory precision. 
Aqueous QC samples were incorporated into the sampling program and consisted of the 
following samples: nine rinsate blanks, one field blank and six trip blanks. The rinsate 
blanks and field blank were analyzed for the full set of organic and inorganic parameters 
(excluding TCLP analyses) whenever possible and when sufficient sample volumes were 
provided. Trip blank samples were analyzed for TCL volatile organic compounds plus 
library search only. In accordance with the analytical protocols, the laboratory provided 
matrix spike, spike duplicate, and laboratory duplicate analyses to verify precision and 
accuracy in the sample matrix. Additionally, blank spikes were analyzed for all parameters 
in accordance with the Naval Energy and Environmental Support Activity (NEESA) Level 
C chemical analysis quality assurance requirements. 

All TCL volatile organic, semivolatile organic compound, and pesticide/PCB analyses were 
performed in accordance with the 1990 USEPA Contract Laboratory Program (CLP) 
Organic Statement of Work (SOW ) OLM03.1. TAL inorganic analyses were performed in 
accordance with the 1990 USEPA CLP Inorganics SOW ILM04.0. Analyses for explosive 
residues were performed in accordance with the laboratory standard operating procedure 
(SOP) based on the requirements of USEPA SW-846 Method 8330A, Third Edition, 
Second Update. Similarly, TCLP analyses were performed in accordance with USEPA 
SW-846 Method 13 11 and other SW-846 methods specific to the compounds of interest. 

Laboratory analyses were performed by Analytical Services Corporation (ASC), an 
analytical division of OHM Remediation Services Corporation, located in Findlay, Ohio. 
The samples were not analyzed through the CLP, but volatile, semivolatile, 
pesticides/PCBs, and inorganics analyses were conducted in accordance with its protocols 
as a Routine Analytical Services @AS). 



Other than the exceptions noted below, most samples collected in support of the Yorktown 
post-construction soil program were analyzed successfully. In some cases, one to two 
analytes in both the organic and inorganic fractions were rejected due to calibration 
deficiencies or matrix bias. Results for 2-butanone, hexachlorocyclopentadiene and 
pentachlorophenol (PCP) reported as non-detected were rejected in many samples due to 
poor calibration responses. In the inorganic fraction, antimony and selenium were rejected 
for low bias in the matrix spike analyses. These sample qualifications are fully detailed in 
the discussion of major problems. 

The TCL volatiles analysis of A01 SS-16 was determined unusable due to poor instrument 
sensitivity and response during analysis. 

The results for the semivolatile acid fraction for the field blank sample FBOlM3 were 
determined unusable since the associated laboratory QC samples exceeded the method QC 
limits. 

Similarly, Tetryl results in two rinsate blanks were determined unusable since the 
associated laboratory QC samples exceeded the method QC limits. 

AJOR PROBLEMS 

This section of the narrative identifies any problems identified during the validation that 
seriously affect data usability and any data that are qualified unusable “R”. 

rle Organic Cornnoun& 

l Due to poor instrument responses in two initial calibration sequences and their 
associated continuing calibrations, 2-butanone data were rejected in 46 TCL soil 
samples and 6 TCLP analyses. The samples counts noted above include all dilution and 
QC samples, such as blanks, spikes, etc.. Refer to Table 1 in Appendix E and the 
calibration summaries in the supporting documentation for the calibration outliers and 
associated responses. The list of samples in which 2-butanone results were rejected is 
as follows: soil samples A01 SS-49, A01 SS-SO, A01 SS-54, A02SS-67, A02SS-68, 
A05SS-56, A05SS-58, A05SS59, A05SS-60, A05SS-62, A05SS-63, and A05SS-65; 
TCLP samples AOISS-101, AOlSS-104, AOlSS-105, AND AOlSS-106; rinsate blanks 
0001/0003, AOlSS-2NI3, AOlSS-3A/D, RB-04AUD, RB-06, RB-OlAD, R-8, and 
A02SSRIN9; field blank FBOl A/B; trip blanks TB-3 (samples December 8,1994), TB- 
3 (sampled December 9, 1994), TB-4, and TB-5. 

l The volatile analysis of sample A01 SS-16B was rejected (qualified R) as unusable 
since all three VOC internal standards (IS) were reported with extremely low area 
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counts. Refer to the Form VIII in the supporting documentation in Appendix E for a 
summary of the reported area counts for this sample. 

l The semivolatile acid fraction of the field blank sample FBOlA/B was rejected 
(qualified R) as unusable due to zero recoveries of the acid surrogate compounds in the 
field blank, method blank and blank spike samples. 

l Due to poor instrument responses in nine continuing calibration sequences, 
hexachlorocyclopentadiene data were rejected in 58 TCL soil samples and two rinsate 
blanks. Refer to Table 1 in Appendix E and the calibration summaries in the supporting 
documentation for the calibration outliers and associated responses. The list of samples 
in which hexachlorocyclopentadiene results were rejected is as follows: soil samples 
AOlSS-06, AOlSS-06B, AOlSS-08, AOlSS-09, AOlSS-IO, AOlSS-12, AOlSS-14, 
AOlSS-16B, AOlSS-17B, AOlSS-19, AOlSS-20, AOlSS-21, AOlSS-22, AOlSS-23, 
AOISS-24, AOlSS-25, AOlSS-26, AOlSS-27, AOlSS-28, AOlSS-29, AOlSS-30, 
AOlSS-33B, AOlSS-38, AOlSS-39, AOlSS-40, AOlSS-41, AOlSS-42, AOlSS-43, 
AOlSS-45, AOlSS-46, AOlSS-47, AOlSS-49, AOlSS-50, AOlSS-77, AOlSS-78, 
A01 SS-79, A01 SS-80, A01 SS-86, A02SS-75, A02SS-81, A02SS-82, A02SS-83, 
A02SS-84, A02SS-87, A02SS-88, A02SS89, A02SS-91, A02SS-92, A02SS-93, 
A02SS-94, A05SS-58, A05SS-59, A05SS-60, A05SS-62, AOSSS-63, A05SS-64, and 
A05SS-65; and rinsate blanks RB-05B and RB-06ABl. 

l Due to poor instrument responses in three continuing calibration sequences, PCP data 
were rejected in 27 TCL soil samples. Refer to Table 1 in Appendix E and the 
calibration summaries in the supporting documentation for the calibration outliers and 
associated responses. The list of samples in which PCP results were rejected is as 
follows: soil samples AOlSS-06B, AOlSS-16B, AOlSS-17B, AOlSS33B, AOlSS-86, 
A02SS-67, A02SS-68, A02SS-69, A02SS-70, A02SS71, A02SS-72, A02SS-73, 
A02SS74, A02SS76, A02SS-81, A02SS-84, A02SS-89, A02SS-91, A02SS-92, 
A02SS-93, A02SS-94, A05SS-58, A05SS59, A05SS-60, A05SS-63, A05SS-64, 
A05SS-65, A05SS-66, and A05SS-85. 

l The results for Tetryl in the analysis for explosives were rejected in rinsate blanks 
A01 SS-RIN9 and R-8 due to poor Tetryl recoveries in the blank and matrix spikes. 

l Antimony results were rejected in the following samples due to matrix spike recoveries 
less than 30 percent and sample values less than the instrument detection limit (IDL): 
AOISS-21; AOlSS-22; AOlSS-23; AOlSS-24; AOlSS-25; AOlSS-26; AOISS-27; 
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AOl SS-28; A01 SS-29; A01 SS-30; A05SS-63; AOSSS-64; A05SS-65; AOSSS-62; 
A05SS-66; A05SS-60; AOlSS-49; AOlSS-50; AOlSS-51; AOlSS-52; AOlSS-53; 
A01 SS-54; A05SS-56; A05SS-58; A05SS-59; A02SS-67; A02SS-68; A02SS-69; 
A02SS-70; A02SS-71; A02SS72; A02SS-74; A02SS75; A02SS-76; A02SS-81; 
A02SS-82; A02SS-83; A02SS-84; A02SS-87; A02SS-88; A02SS-89; A02SS-91; 
A02SS-92; A02SS-93; A02SS-94; AOlSS-105; AOlSS-106; AOlSS-18B; AOlSS-26B; 
AOlSS-103A; A05SS-102; AOlSS-96B; AOlSS-06B; AOlSS-16B; AOlSS-17B; 
A01 SS-33B; A01 SS-95; A01 SS-42B; A01 SS-53B; AOlSS-54B; AOl SS-96B; A02SS- 
93; AOlSS-109; AOlSS-110; and AOlSS-113. 

l Selenium results were rejected in the following samples due to matrix spike recoveries 
less than 30 percent and sample values less than the IDL: A05SS-63; A05SS-64; 
A05SS-65; AOlSS-86; A05SS-62; A05SS-66; A05SS-85; AOlSS-49; AOlSS-50; 
AOlSS-51; AOlSS-52; AOlSS-53; AOlSS-54; A05SS56; A05SS-58; AOSSS-59; 
AOSSS-60; A02SS108A; A02SS-74D; A02SS83B; A02SS-92B; A02SS-107C; and 
A02SS-108A. 

OR PROBJXMS 

This section of the narrative identifies any biases identified during the data which may 
qualify the data as biased high, biased low, or bias undetermined. 

Volatile Organic Cow 

l Technical holding times exceeded 14 days for volatile organic compound (VOC) 
analyses of soil samples A01 SS-37, A01 SS-38, A01 SS-39 and A01 SS-112; trip blank 
sample TB-01 ; and the dilution analyses for rinsate R-8 (R-8DL) and trip blank TB-2 
(TB-2DL). All positive results were qualified “L” for low bias and the sample 
quantitation limits were qualified “UL” to indicate that the quantitation limits are 
probably higher. Refer to the Form Is in Appendix C for each sample noted above and 
the chain-of-custody (COC) records in Appendix E to verify the technical holding 
times. A holding time of 14 days was used for the review of non-aqueous samples. 
Since the holding times were not grossly exceeded, it is believed that the VOC data for 
these samples obtained from analyses beyond the holding time were not adversely 
affected. 

0 The VOC IS area counts were less than a factor of two (-50%) from the area counts of 
the associated calibration standard for several samples. The laboratory certified in the 
narratives and in discussions with the data reviewer that most, if not all samples, were 
reinjected to verify the low IS area counts found in the original analyses. The 

verification analyses were not provided in the reports, however, the laboratory restated 
that matrix interferences affected the recoveries of the IS compounds. Based on the 
assumption that the laboratory verified the bulk of the sample analyses with outlier IS 
compounds, the data review and validation continued using the available data. For 

.- 
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fourteen samples, the area counts for chlorobenzene-d5 (CBZ-d5) were lower, and for 
five samples, both the 1,4-difluorobenzene (1 ,bDFB) and the CBZ-d5 areas were below 
the lower limit established by the associated standard. In three samples, one in which 
there was an extreme loss of sensitivity, all three IS compounds (CBZ-d5, 1,4-DFB and 
bromochloromethane [BCM]) were below the lower area count limits. Corresponding 
target compounds for each outlier IS were qualified as estimated (J), estimated at the 
quantitation limit (UJ), or rejected (R) depending on the calculated area counts. The 
affected samples, IS outlier(s), and qualification action(s) are summarized below. 

A01 SS-08 
AOlSS-16B 
A01 SS-36 
AOlSS-38 
A01 SS-42 
A01 SS-53 
A01 SS-54 
A05SS-58 
A02SS-67 
A02SS-68 
A02SS-69 
A02SS-72 
A02SS-73 
A02SS-74 
A02SS-75 
A02SS-76 
A01 SS-78 
A02SS-83 
A02SS-88 

A01 SS-104(soil) 
AOlSS-lOS(soi1) 
AOlSS-106(soil) 

CBZd5 
BCM; 1,4-DFB; CBZ-d5 

CBZ-d5 
CBZ-d5 
CBZ-d5 

1,4-DFB; CBZ-d5 
CBZ-d5 
CBZd5 
CBZ-d5 
CBZ-d5 
CBZ-d5 
CBZ-d5 
CBZ-d5 
CBZ-d5 
CBZ-d5 
CBZ-d5 
CBZ-d5 
CBZ-d5 

1,4-DFB; CBZ-d5 
1,4-DFB; CBZ-d5 

BCM; 1,4-DFB; CBZ-d5 
BCM; 1,4-DFB; CBZd5 

Positive-J; Non-detected-UJ 
All Rejected (R) 

Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 

l Due to an instrumentation error, the 20 part per billion (ppb) volatile calibration 
standard was omitted in the initial calibration sequence performed on September 24, 
1994 for instrument MSC.i (Lab Files C9206 and C9208 through C9210). Since the 
instrument response factors and linearity were verified over the working range of the 
method using the 4-point curve, the laboratory accepted the calibration curve and used it 
as the basis for the verification of subsequent continuing calibrations. In the opinion of 
the data reviewer, sample data were not affected adversely by this contractual non- 
compliance and no sample qualifications were assessed due to it. 
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l In the VOC initial calibration sequence analyzed on November 15, 1994 on instrument 
MSA.i, the 200 ppb volatile calibration standard was run out of sequence due to 
laboratory error. Consequently, the laboratory used a 4-point curve to verify linearity 
and instrument response for all continuing calibrations associated with this initial 
calibration. With the exception of acetone, all other volatile compounds met the 
required criteria for instrument response and percent relative standard deviation 
(%RSD). All associated volatile sample data were reviewed to determine if any data 
were reported above the level of the highest standard used in constructing the calibration 
curve, i.e. 100 ppb level. Acetone in sample A01 SS-41 was reported above 100 ppb. 
This result was qualified as estimated “I” since it was above the level of the highest 
standard and the sample was not reinjected to bring it within the range of the calibration 
curve. No other sample data were qualified due to this deficiency. 

l In total, eight VOC initial calibrations and 3 1 continuing calibrations were analyzed in 
support of the samples in this case. In many of these, the calibration outliers consisted 
of poor responses for the ketones, such as acetone; 2-butanone (reported as methyl ethyl 
ketone in the raw data); 2-hexanone; and 4-methyl-2-pentanone. All of the volatile 
calibration outliers are summarized in Table 1 of Appendix E and are discussed below. 
Refer to these tables in Appendix E to determine which samples are associated with the 
calibration deficiencies. 

l In the VOC initial calibration sequence analyzed on September 22, 1994 on instrument 
MSC.i (Lab Files C9158-C9162), the average relative response factor (RIG) for 2- 
butanone was less than (<) 0.05. All associated positive sample data for 2-butanone 
were qualified “L” for low bias. All associated samples in which 2-butanone was not 
detected were qualified “R” and rejected as unusable. 

l The average RRF for 2-butanone was similarly below 0.05 in the VOC initial 
calibration analyzed on November 23, 1994 on instrument MSCi (Lab Files CO220- 
C0224). All associated positive sample data and non-detected 2-butanone results were 
qualified as described above. The RRF for 2-butanone was co.05 in all of the 
continuing calibrations associated with this initial calibration sequence. They were as 
follows: 

. . 
all- Date Lab 

December 15,1994 CO563 
December 17,1994 CO608 
December 22,1994 CO725 
December 23,1994 co750 
December 26,1994 co773 

All associated positive 2-butanone data were qualified “L” for low bias and non- 
detected results were qualified “R” and rejected as unusable. 



l The %RSD criterion for acetone exceeded the 30 percent limit in the volatile initial 
calibrations analyzed on November 15, 1994 on instrument MSA.i (Lab Files A4677- 
A4680) and on November 23,1994 on instrument MSCi (Lab Files CO226CO230). 
Positive acetone data for all samples associated with these two initial calibrations were 
qualified estimated “I”. 

l In the VOC initial calibration analyzed on November 8, 1994 on instrument MSCi (Lab 
Files C9964-C9970), the laboratory omitted two standard levels (20 ppb and 100 ppb) 
in the calibration curve of toluene due to contamination. All toluene sample data 
associated with this initial calibration were calculated based on an average RRF 
generated from a 3-point curve. In all subsequent continuing calibrations associated 
with this initial calibration, the percent difference (%D) criterion exceeded the upper 
limit of 25 percent. All positive toluene sample data were qualified estimated “I” in all 
associated samples in accordance with the validation guidelines. Toluene non-detects 
were qualified estimated at the sample quantitation limits “UJ” based on the 
professional judgment of the reviewer, due to the use of a 3-point calibration curve and 
contractual non-compliance. The following VOC continuing calibrations on instrument 
MSC.i were associated with the toluene deficiency in the initial calibration: 

Calibration Date Lab 

November lo,1994 
November 11,1994 
November 13,1994 
November 14,1994 
November 15,1994 
November 15,1994 
November 17,1994 
November 18,1994 

COO18 
coo35 
COO64 
COO88 
co117 
co113 
co150 
co173 

l The %D for acetone was outside the + 25.0% limit and was grossly exceeded (greater 
than [>] 50%) in the VOC continuing calibration analyzed on October 28, 1994 on 
instrument MSC.i (Lab File C9760). Positive acetone results were qualified “I” and 
non-detects were qualified “III” since the %D was grossly exceeded. In the same 
continuing calibration, the RRF for 2-butanone is co.05 and the %D is outside the & 
25% criterion (30.1%). Positive results for 2-butanone in all associated samples were 
qualified “L” for low bias and non-detected 2-butanone results were qualified “R” as 
unusable. 

l The %D criterion was exceeded for the following VOC target analytes in the continuing 
calibration analyzed on November 14, 1994 on instrument MSC.i (Lab File CO093): 
chloromethane; acetone; 1,2-dichloroethane (1,2-DCA); 1 ,l ,1 -trichloroethane (1,l ,l- 
TCA); carbon tetrachloride; bromodichloromethane; and bromoform. Positive results 
for these analytes in all associated samples were qualified estimated “I”. No 
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qualifications to non-detected VOCs that were noted above were necessary. 
Additionally, the 2-butanone RRF was co.05 in this VOC continuing calibration. All 2- 
butanone data were previously qualified based on the initial calibration average RRF for 
2-butanone. 

- 

l The %D for bromoform was >25% in the VOC continuing calibration analyzed on 
November 15, 1994 on instrument MSCi (Lab File CO1 10). Positive results for 
bromoform in all associated samples were qualified estimated “J”. Additionally, the 
RRF for 2-butanone was co.05 in this VOC continuing calibration. All 2-butanone data 
were previously qualified based on the average RRF in the initial calibration. 

l The RRF for 2-butanone was co.05 in the VOC continuing calibration analyzed on 
November 19, 1994 on instrument MSCi (Lab File CO1 95). All associated 2-butanone 
data were previously qualified based on the average RRF in the initial calibration. 

l The %D criteria were exceeded for 2-butanone and grossly exceeded (>50%) for 
acetone in the VOC continuing calibrations analyzed on October 28, 1994 (Lab File 
C9766) and on October 30, 1994 (Lab File C9779) on instrument MSC.i. Positive 
acetone results were qualified “J” and non-detects were qualified “UJ” since the O/oD 
was grossly exceeded. Positive results for 2-butanone in all associated samples were 
qualified estimated “J”. 

l The %D for chloromethane was >25% in the VOC continuing calibration analyzed on 
November 13, 1994 on instrument MSC.i (Lab File CO064). Positive results for 
chloromethane in all associated samples were qualified estimated “J”. 

l In the VOC continuing calibration analyzed on November 17, 1994 on instrument 
MSC.1 (Lab File CO1 50), the RRF was co.05 for 2-butanone and the %D was greater 
than 25% for the following compounds: acetone; 4-methyl-2-pentanone; and toluene 
(previously discussed). Positive 2-butanone data were qualified “L” for low bias and 
non-detected 2-butanone data were qualified “R” and rejected as unusable. Positive 
sample results for those analytes with exceeded %D criteria were qualified “J” in all 
associated samples. 

l The %D for acetone was >25% in the VOC continuing calibration analyzed on 
November 15, 1994 on instrument MSA.i (Lab File A4693). Positive acetone results 
were qualified “J” in all associated samples. 

l The %D for chloromethane was >25% in the VOC continuing calibration analyzed on 
December 2, 1994 on instrument MSA.i (Lab File A4823). Positive chloromethane 
results were qualified “J” in all associated samples. 



l The %D for acetone was >25% in the VOC continuing calibration analyzed on 
December 17, 1994 on instrument MSC.i (Lab File CO608). Positive acetone results 
were qualified “J” in all associated samples. 

l The %D for bromoform was >25% in the VOC continuing calibration analyzed on 
December 13, 1994 on instrument MSC.i (Lab File C0522). Positive bromoform results 
were qualified “J” in all associated samples. 

l The %Ds for vinyl chloride were >25% in the VOC continuing calibrations analyzed on 
December 17,1994 (Lab File CO609) and on December 18,1994 (Lab File C0632) on 
instrument MSC.i. Positive vinyl chloride results were qualified “J” in all associated 
samples. 

l The %D was ~25% in the VOC continuing calibration analyzed on December 20, 1994 
(Lab File C0686) on instrument MSC.i for the following analytes: chloromethane; 
acetone; 4-methyl-2-pentanone; and 2-hexanone. Positive results for these analytes 
were qualified “J” in all associated samples. 

l The %D was >25% in the VOC continuing calibration analyzed on December 21, 1994 
(Lab File CO704) on instrument MSC.i for the following analytes: acetone; 4-methyl-2- 
pentanone; and 2-hexanone. Positive results for these analytes were qualified “J” in all 
associated samples. 

&m&&tile Organic Compounds 

In total, six semivolatile organic compound (SVOC) initial calibrations and 21 
continuing calibrations were analyzed in support of the samples in this case. In many of 
these, the calibration outliers consisted of compounds which historically perform poorly 
and exhibit erratic behavior. All of the SVOC calibration outliers are summarized in 
Table 1 of Appendix E. Refer to Table 1 in Appendix E to determine which samples are 
associated with the calibration deficiencies. 

In the SVOC initial calibration sequences for instrument MSE.i analyzed on November 
3, 1994 (Lab Files E2600-E2604) and on November 28, 1994 (Lab Files E2994-E2998), 
the %RSDs for hexachlorocyclopentadiene were >30%. Positive results for 
hexachlorocyclopentadiene were qualified estimated “J”. 

In the SVOC initial calibration sequence analyzed on December 21, 1994 on instrument 
MSB. 1 (Lab Files B5274-B5278), the %RSD was exceeded for the following 
compounds: PCP; di-n-butylphthalate; and di-n-octylphthalate. Positive results for 
these analytes in the associated samples were qualified estimated “J”. 

The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
November 9, 1994 on instrument MSA.i (Lab File A4632) for the following 
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compounds: 2,4-dinitrophenol; PCP; and 3,3’-dichlorobenzidine. Positive results were 
qualified estimated “J”. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
November 16, 1994 on instrument MSE.i (Lab File E2826) for the following 
compounds: n-nitroso-di-n-propylamine; hexachlorocyclopentadiene; and 2,4- 
dinitrophenol. Additionally, the RRF for hexachlorocyclopentadiene was CO.05 in this 
SVOC continuing calibration. Positive results for n-nitroso-di-n-propylamine and 2,4- 
dinitrophenol were qualified estimated “J”. Positive results for 
hexachlorocyclopentadiene were qualified “L” for low bias and non-detected results 
were qualified “R” and rejected as unusable. 

l The %D criteria and RRF were outside of the prescribed limits for 
hexachlorocyclopentadiene in the SVOC continuing calibration analyzed on November 
17, 1994 on instrument MSE.i (Lab File E2847). Positive results were qualified “L” for 
low bias and non-detected results were qualified “R” and rejected as unusable. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
November 17, 1994 on instrument MSE.i (Lab File E2861) for the following 
compounds: n-nitroso-di-n-propylamine; hexachlorocyclopentadiene; and 2,4- 
dinitrophenol. Additionally, the RRF for hexachlorocyclopentadiene was ~0.05 in the 
SVOC continuing calibration standard. Positive results for n-nitroso-di-n-propylamine 
and 2,4-dinitrophenol were qualified estimated “J”. Positive results for 
hexachlorocyclopentadiene were qualified “L” for low bias and non-detected results 
were qualified “R” and rejected as unusable. 

l The %D and RRF were outside of the prescribed limits for hexachlorocyclopentadiene 
in the SVOC continuing calibration analyzed on November 18, 1994 on instrument 
MSE.i (Lab File E2872). Positive results for hexachlorocyclopentadiene were qualified 
“L” for low bias and non-detected results were qualified “R” and rejected as unusable. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
November 20, 1994 on instrument MSE.1 (Lab File E2893) for the following 
compounds: n-nitroso-di-n-propylamine; hexachlorocyclopentadiene; and 2,4- 
dinitrophenol. Positive results for n-nitroso-di-n-propylamine and 2,4-dinitrophenol 
were qualified estimated “J”. Positive results for hexachlorocyclopentadiene were 
qualified “L” for low bias and non-detected results were qualified “R” and rejected as 
unusable. 

l The %D and RRF were outside of the prescribed limits for hexachlorocyclopentadiene 
in the SVOC continuing calibration analyzed on November 21, 1994 on instrument 
MSE.i (Lab File E2921). Positive results for hexachlorocyclopentadiene were qualified 
“L” for low bias and non-detected results were qualified “R” and rejected as unusable. 
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l The %D and RRF were outside of the prescribed limits for hexachlorocyclopentadiene 
and PCP in the SVOC continuing calibration analyzed on November 22, 1994 on 
instrument MSE.i (Lab File E2943). Positive results for both compounds were qualified 
“L” for low bias and non-detected results were qualified “R” and rejected as unusable. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
November 17, 1994 on instrument MSB.i (Lab File B4972) for the following 
compounds: 4nitrophenol; PCP; and benzo(k)fluoranthene. Positive results for these 
analytes were qualified estimated “J”. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
November 18, 1994 on instrument MSB.i (Lab File B4987) for the following 
compounds: bis(2-chloroethyl)ether; 2-methylphenol; bis(2-chloroisopropyl)ether; 4- 
methylphenol; 4nitrophenol; and bis(2-ethylhexyl)phthalate. Positive results for these 
analytes were qualified estimated “J”. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
November 29, 1994 on instrument MSE.i (Lab File E3002) for the following 
compounds: hexachlorocyclopentadiene; PCP; and di-n-butylphthalate. Additionally, 
the RRF was <0.05 for PCP in this continuing calibration. Positive results for 
hexachlorocyclopentadiene and di-n-butylphthalate were qualified estimated “J”. 
Positive results for PCP were qualified “L” for low bias and non-detected results were 
qualified “R” and rejected as unusable. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
November 30, 1994 on instrument MSE.i (Lab File E3023) for 
hexachlorocylopentadiene and 2-4-dinitrophenol. Additionally, the RRF was ~0.05 for 
hexachlorocylopentadiene in this continuing calibration. Positive results for 2,4- 
dinitrophenol were qualified estimated “J”. Positive results for 
hexachlorocyclopentadiene were qualified “L” for low bias and non-detected results 
were qualified “R” and rejected as unusable. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
December 1, 1994 on instrument MSE.i (Lab File E3067) for 
hexachlorocyclopentadiene and benzo(g,h,i)perylene. Additionally, the RRFs were 
co.05 for hexachlorocyclopentadiene and PCP. Positive results for benzo(g,h,i)perylene 
were qualified estimated “J”. Positive results for hexachlorocyclopentadiene and PCP 
were qualified ‘I,” for low bias and non-detected results were qualified “R” and rejected 
as unusable. 

l The %D criterion for hexachlorocyclopentadiene was exceeded in the SVOC continuing 
calibration analyzed on December 2,1994 on instrument MSE.i (Lab File E3087). 
Positive results were qualified estimated “J”. 
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l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
December 16,1994 on instrument MSB.i (Lab File B5208) for 2,4-dinitrophenol and 
PCP. Positive results for these compounds were qualified estimated “J”. 

l The %D criterion was exceeded for 2,4-dinitrophenol in the SVOC continuing 
calibration analyzed on December 20,1994 on instrument MSB.i (Lab File B5256). 
Positive results for 2,4-dinitrophenol were qualified estimated “J”. 

l The %D criteria were exceeded for 2,4-dinitrophenol and PCP in the SVOC continuing 
calibration analyzed on December 21, 1994 on instrument MSB.i (Lab File B5289). 
Positive results for these compounds were qualified estimated “J”. 

l The %D criteria were exceeded in the SVOC continuing calibration analyzed on 
December 22,1994 on instrument MSB.i (Lab File B5308) for the following 
compounds: 2,4-dinitrophenol; di-n-octylphthalate; and benzo (g,h,i)perylene. Positive 
results for these compounds were qualified estimated “J”. 

l The SVOC IS area counts were less than a factor of two (-50%) from the area counts of 
the associated calibration standard for several samples. The laboratory certified in the 
narratives and in discussions with the data reviewer that most, if not all samples, were 
reinjected to verify the low IS counts found in the original analyses. The laboratory 
provided confirmation data for 12 of the samples. All of the low IS area counts were for 
the perylene-d12 standard in the samples. For samples A01 SS-42 and A01 SS-25DL, 
the chrysene-d12 standard recoveries, in addition to perylene-d12, were low. For these 
samples in which the IS area counts were outside the prescribed limits of the associated 
standard, positive results for compounds quantitated using those standards were 
qualified estimated “J”. Non-detected compounds using an outlier IS area count were 
qualified “UJ” at the sample quantitation limits. The affected samples, IS outlier(s), and 
qualification actions are summarized below. Samples for which reanalysis data were 
provided are noted with an asterisk (*). 

le ID Is Outlier(s) 

AOlSS-10 
AOlSS-11 
AOISS-12 
AOlSS-13 
AOlSS-14 

AOlSS-18* 
A01 SS-20 
AOlSS-21 
A01 SS-22 
A01 SS-23 
A01 SS-24 

Perylene-d 12 
Perylene-d 12 
Perylene-d12 
Perylene-d 12 
Perylene-d12 
Perylene-d 12 
Perylene-d12 
Perylene-d 12 
Perylene-d 12 
Perylene-d12 
Perylene-d12 

Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
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A01 SS-25 
A01 SS-25DL 

A01 SS-30 
AOlSS-32 

AOlSS-36* 
A01 SS-37* 
A01 SS-38* 
A01 SS-39* 
AOlSS-40* 
A01 SS-42* 

A01 SS-47* 
A05SS-64* 
A05SS-65* 
A02SS-76* 
A05SS-86* 
A02SS-89 

AOlSS-104 
FBOlA/B 

Perylene-d 12 
Chrysene-d 12; Perylene- 

d12 
Perylene-d 12 
Perylene-d 12 
Perylene-d 12 
Perylene-d 12 
Perylene-d 12 
Perylene-d12 
Perylene-d12 

Chrysene-d12; Perylene- 
d12 

Perylene-d 12 
Perylene-d 12 
Perylene-d 12 
Perylene-d12 
Perylene-d 12 
Perylene-d 12 
Perylene-d12 
Perylene-d12 

Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 

Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 

Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 
Positive-J; Non-detected-UJ 

l In the SVOC MS/MSD analyses of AOlSS-14, a high bias for semivolatile acid 
compounds was evident from the recovery (%R) summary data. No positive results for 
any phenolic compounds were reported in this sample. Sample quantitation limits for 
phenols were qualified “UT” to indicated that the acid compounds were not detected and 
that the quantitation limits may be inaccurate or imprecise. The pyrene %Rs were 
reported at 0% for the MS and 76% for the MSD samples. Zero %R was reported for 
the MS sample since the MS concentration was less than the unspiked sample 
concentration. The pyrene positive result was qualified estimated “J” due to the spike 
sample variation. 

l The PCP recoveries for A01 SS-16 MS/MSD were 193 %R and 178 %R, respectively. 
PCP was not detected in the unspiked sample analysis. No sample qualification was 
assessed for the high PCP recoveries in A01 SS-16. The %Rs for pyrene were 233 %R 
and 189 %R, respectively, for the MWMSD analyses of A01 SS-16. The positive pyrene 
result was qualified “K” for high bias in A01 SS-16. 

l The PCP recoveries in the MS/MSD analyses of A01 SS-97 were 23 1 %R and 229 %R 
percent, respectively. No qualifications for high bias were assessed due to these outliers 
since PCP was not detected in the original sample analysis. 

l In the MWMSD analyses of A05SS-58, the %R for both PCP and pyrene were above 
150%. The PCP in the unspiked analysis of A05SS-58 was previously rejected 
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(qualified R) due to calibration outliers and supersedes MSMSD qualification. The 
positive pyrene result was estimated “K” for high bias in this sample. 

l The PCP recoveries for the MS/MSD analyses of A02SS-81, A01 SS-06B, and A01 SS- 
18B were all above the upper advisory limit. The PCP result in A02SS-8 1 was 
qualified “K” for high bias in the MS&&SD analyses. No other qualifications for 
MSMSD high bias were required since the PCP result in A01 SS-06b was previously 
rejected for calibration and PCP was not detected in sample A01 SS-18B. 

l Zero percent recoveries were reported for 2,4-dinitrotoluene in A01 SS- 104 since the 
concentrations detected in the MSMSD samples for this compound were less than that 
reported for the unspiked sample. The 2,4-dinitrotoluene result in AOlSS-104 was 
qualified estimated “I” due to the inaccuracy of results found in the unspiked and spiked 
sample analyses. 

. . 
estr&&PCBs 

l Pesticide/PCB technical holding times were exceeded by one day for the analyses of 
soil samples A01 SS-3 1 and A01 SS-32. Quantitation limits were estimated “UJ” for all 
pesticide compounds in these sample analyses. Since PCBs are extremely persistent in 
the environment in non-aqueous matrices and would not degrade significantly during 
sample storage, PCB compounds were not qualified in these samples due to the holding 
time exceedances. Refer to the Form Is in Appendix C for each sample noted above and 
the COC records in the supporting documentation contained in Appendix E to verify the 
technical holding times. 

l Instrument calibration was reviewed to determine if the laboratory instrumentation was 
capable of producing acceptable qualitative and quantitative data for Pesticide and PCB, 
i.e. Aroclor target compounds. Several initial calibration sequences were non-compliant 
with the requirements of the SOW (<20%RSD) since more than two single component 
target pesticides per column exceeded the %RSD criteria and were greater than 30 
percent RSD. Continuing calibration check standards verify instrument performance 
over intervals of time during sample analysis. Several continuing calibration checks 
were non-compliant with the SOW requirements (<25%D) since more than two target 
compounds exceeded the %D limits. In all, eight initial and over 50 continuing 
calibration sequences were established for three analytical columns to provide the 
primary and confirmation sample analyses. Calibration sequences with %RSD or %D 
outliers are summarized in the following sections and include a special notation if non- 
compliant with the SOW requirements. 

a The %RSD for the following single-component analytes exceeded 20 percent for the 
DB-608 column initial calibration sequence analyzed on October 25, 1994: alpha-BHC; 
delta-BHC; gamma-BHC (Lindane); 4,4’-DDD; and 4,4”-DDT. This initial calibration 
sequence is non-compliant with the requirements of the SOW. 



15 

l The %RSD was exceeded in the initial calibration sequence for the DB-5 column 
analyses performed on October 25,1994 for the following analytes: alpha-BHC; delta- 
BHC; gamma-BHC (Lindane); Aldrin; and 4,4’-DDD. The % RSD was grossly 
exceeded (>50%) for alpha-BHC and delta-BHC. This initial calibration sequence is 
non-compliant with the requirements of the SOW. 

l The %RSD was exceeded in the initial calibration sequence (Lab Files Y7138-Y7142) 
for the DB-5 column analyses performed on November 4,1994 (15:02) for alpha-BHC 
and delta-BHC. 

l The %RSD was exceeded in the initial calibration sequence (Lab Files VOOO3-VOO07) 
for the DB-5 column analyses performed on November 12,1994 (17:02) for the 
following analytes: alpha-BHC; gamma-BHC (Lindane); delta-BHC; 4,4-DDE; and 
Endrin. This initial calibration sequence is non-compliant with the requirements of the 
sow. 

l The %RSD was exceeded in the initial calibration sequence (Lab Files 27564-27569) 
for the DB-608 column analyses performed on November 28, 1994 (15:41) for the 
following analy-tes: alpha-BHC; gamma-BHC; 4,4’-DDD; 4,4”-DDT; and delta-BHC. 
The positive results for gamma-BHC (Lindane) and 4,4’-DDT were qualified estimated 
“I” in sample AOlSS-104. In samples AOlSS-105 and AOlSS-106, positive results for 
gamma-BHC were qualified estimated “I” due to the initial calibration outlier. This 
initial calibration sequence is non-compliant with the requirements of the SOW. 

l The %RSD was exceeded in the initial calibration sequence (Lab Files Y7502-Y7507) 
for the DB-5 column analyses performed on November 28, 1994 (15 :37) for the 
following analytes: alpha-BHC; gamma-BHC; 4,4’-DDD; 4,4’-DDT; and delta-BHC. 
This initial calibration sequence is non-compliant with the requirements of the SOW. 

l The %RSD was exceeded in the initial calibration sequence (Lab Files E0003-E0007) 
for the DB-17 column analyses performed on November 13, 1994 (13:2 1) for the 
following analytes: alpha-BHC; gamma-BHC (Lindane); delta-BHC; Aldrin; 4,4’- 
DDE; Dieldrin; Endrin: 4,4’-DDD; and 4,4’-DDT. This initial calibration sequence is 
non-compliant with the requirements of the SOW. 

l The %D was exceeded for Heptachlor in the continuing calibration verification (Lab 
File E0087) analyzed on November 18, 1994 (07: 11) for the DB-17 column. 

l The %D was exceeded for Heptachlor in the continuing calibration verification (Lab 
File E0094) analyzed on November 18, 1994 (12:25) for the DB- 17 column. 

- 

l The %D criteria were exceeded in the continuing calibration verification (Lab File 
V0127) analyzed on November 19, 1994 (00:53) on the DB-5 column for the following 



analytes: alpha-BHC; gamma-BHC (Lindane); delta-BHC; 4,4’-DDE; and 
Methoxychlor. This continuing calibration standard is non-compliant with the 
requirements of the SOW. 

The %D criteria were exceeded in the continuing calibration verification (Lab File 
27463) analyzed on November 18, 1994 (17:22) on the DB-608 column for the 
following analytes: HeptachIor; Endrin; 4,4’-DDT; and Methoxychlor. The %D for 
Endrin and Methoxychlor were grossly exceeded (~50%). This continuing calibration 
standard is non-compliant with the requirements of the SOW. 

The %D criteria were exceeded for 4,4’-DDT and Methoxychlor in the continuing 
calibration verification (Lab File 27833) for the DB-608 column analyses performed on 
December 14, 1994 (2 1:40). 

The %D criteria were exceeded in the continuing calibration verification (Lab File 
Y7393) analyzed on November 18, 1994 (17:22) on the DB-5 column for the following 
analytes: Heptachlor; Dieldrin; Endrin; 4,4’-DDT; Endosulfan Sulfate; and 
Methoxychlor. The %D was grossly exceeded (>50%) for Methoxychlor. This 
standard is non-compliant with the requirements of the SOW. 

The %D criterion was exceeded for Methoxychlor on the DB-5 column in the 
continuing calibration verification (Lab File Y7405) analyzed on November 19,1994 
(02: 17). 

The %D criterion was exceeded for Methoxychlor on the DB-5 column in the 
continuing calibration verification (Lab File Y74 12) analyzed on November 19, 1994 
(07:29). 

The %D criterion was exceed for delta-BHC on the DB-5 column in the continuing 
calibration verification (Lab File Y7781) analyzed on December 14, 1994 (22:26). 

The %D criterion was exceeded for delta-BHC on the DB-5 column in the continuing 
calibration verification (Lab File Y7877) analyzed on December 20, 1994 (14: 13). 

The %D criterion was exceeded for delta-BHC on the DB-5 column in the continuing 
calibration verification (Lab File Y7889) analyzed on December 20, 1994 (23: 11). 

l In the analysis of explosive compounds, initial and continuing calibrations of the 
instrument were evaluated using the guidelines specified in USEPA SW-846 Methods 
8330A and 8000. Five-point initial calibrations were established based on the response 
factors of the peak areas for each analyte. A 20 percent limit for %RSD was used to 
verify linearity. Continuing calibrations with a mid-point standard were performed 
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from which the response factors for each analyte were compared with the response 
factor obtained during the initial calibration. The Method 8330A-specified limit of 15% 
D was used to verify continuing calibration by the data reviewer although the laboratory 
used a limit of 20%D as specified in their SOP. Additionally, the laboratory SOP 
specified duplicate injections of the standards during initial calibration (only) as 
opposed to Method 8330A requirements which specified triplicate injections for initial 
and continuing calibration standards. No action was taken by the data reviewer for 
these method modifications other than those stated below. 

l The %D for m-Nitrotoluene and p-Nitrotoluene were exceed in the continuing 
calibration standard (Lab File EN0 1 C 16A) analyzed on November 1, 1994. 

l The %D for Tetryl was exceeded in the continuing calibration standard (Lab File 
EN16AOlA) analyzed on November 15,1994 (20:35). 

l The %D for 2,6-Dinitrotoluene (2,6-DNT) was exceeded in the continuing calibration 
standard (Lab File EN 16BOOA) analyzed on November 16, 1994 (03:54). 

l The %D for Tetryl was exceeded in the continuing calibration standard (Lab File 
EN16BOOA) analyzed on November 16,1994 (10:47). 

l The %D for 2,6-DNT was exceeded in the continuing calibration standard (Lab File 
EN 16DOOA) analyzed on November 16,1994 (13 :37). 

l The %D for 1,3,5-Trinitrobenzene (1,3,5-TNB) was exceeded in the continuing 
calibration standard (Lab File ED 13AOl A) analyzed December 13,1994 (13:33) on the 
C-18 column. 

l The %D for Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) was exceeded in the 
continuing calibration standard (Lab File EN1 7B02A) analyzed on November 17, 1994 
(12:05). 

l The %Ds were exceeded for 1,3,5-TNB and p-Nitrotoluene in the continuing calibration 
standard (Lab File EN 17D02A) analyzed on November 17,1994 (18:23). 

l The %D for 1,3,5-TNB was exceeded in the continuing calibration standard (Lab File 
EN1 7F02A) analyzed November 17,1994 (20:39) on the C- 18 column. 

l The %D for Tetryl was exceeded in the continuing calibration standard (Lab File 
EN 19AOOA) analyzed November 19,1994 (15:09) on the C- 18 column. 

l The %Ds were exceeded for several analytes in the continuing calibration standard (Lab 
File EN0 1BOSB.D) analyzed November 18,1994 (16:23) on the C- 18 column. The 
following analytes were reported with %D outliers: Octahydro- 1,3,5,7-tetranitro- 
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1,3,5,7-tetrazocine (HMX); 1,3,5-TNB; 1,3-Dinitrobenzene (1,3-DNB); Tetryl; 
Nitrobenzene; 2,4,6-TNT; 2,CDinitrotoluene (2,4-DNT); and m-Nitrotoluene. The 
positive results for 1,3,5-TNB in A02SS-70, A02SS-71 and A02SS72, and the positive 
results for 2,4,6-TNT in A02SS-73, were qualified estimated “J” due to the calibration 
outliers. 

The %Ds were exceeded for the following analytes in the continuing calibration 
standard (Lab File EN1 8BOOA) analyzed November 18,1994 (22:47) on the CC-l 8 
column: HMX; 1,3,5-TNB; 1,3-DNB; Tetryl; Nitrobenzene; 2,4,6-TNT; and 2,4-DNT. 
The positive results for Tetryl in A02SS-83, A02SS-88 and A05SS-85, and the 2,4,6- 
TNT positive in A02SS-84, were qualified estimated “J” due to the calibration outliers. 

The %Ds were exceeded for the following analytes in the continuing calibration 
standard (Lab File EN 18DOOA) analyzed November 19,1994 (0 1:39) on the C-l 8 
column: 1,3,5-TNB; Tetryl; Nitrobenzene; 2,4,6-TNT; and 2,4-DNT. 

The %D was exceeded for 1,3,5-TNB and grossly exceeded for Tetryl(>50%) in the 
continuing calibration standard (Lab File EJ04AO 1 A) analyzed January 4, 1995 (19:04) 
on the C-l 8 column. 

The %D was exceeded for 1,3,5-TNB and grossly exceeded for Tetryl(>50%) in the 
continuing calibration standard (Lab File EJ04BOlA) analyzed January 4, 1995 (22:30) 
on the C-l 8 column. - 

In sample delivery group (SDG) No. 0008AB, the initial calibration criteria were not 
met for potassium and sodium. Sample results for all samples within this SDG were 
qualified “L” for low bias if greater than the instrument detection limit (XDL) and 
“UL” if less than the IDL (<IDL). The soil samples in this SDG were: 0008A/B; 
0009A5; OOlOAB; 001 IA/B; and 0012AB. Rinsate blank 0013 was similarly 
qualified for low bias for potassium and sodium. 

The thallium recovery in the initial calibration for SDG No. A01 SS-18 was greater than 
the 110 percent upper limit criterion. No sample qualifications were assessed since all 
samples possibly associated with the outlier thallium were reported <IDL. 

With the exception of the sample qualifications discussed below, no other qualifications 
to any sample in the case were assessed for inorganic continuing calibration outliers. 
The data reviewer was unable to correlate sample association to deficient continuing 
calibration verifications (CCV) from the provided laboratory deliverables. 

The following table summarizes the CCV outliers found for each SDG. Where 
possible, the data reviewer attempted to assign the sequential position number to the 
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CCV although the dates of analysis were not provided and the CCV sequence number 
may not refer to standards in the same calibration sequence. 

A0 1 SS-06 

A01 SS-97 

008A/B 

AOlSS-1 

AOlSS-19 

AOlSS-58 

AOlSS-104 

A01 SS-3 

AOlSS-18 

A02SS-74 

A02SS-93 

Potassium 
Arsenic 

Thallium 
Selenium 

Arsenic 
Potassium 

Sodium 
Thallium 
Selenium 

Potassium 
Arsenic 

Selenium 
Thallium 

Sodium 

Arsenic 
Iron 

Selenium 
Thallium 

Arsenic 
Potassium 
Thallium 

Barium 
Silver 

Selenium 

Arsenic 
Potassium 
Thallium 
Thallium 

Silver 

Thallium 

aJQh&rs (“/OR) 

ccv2 (114.7) 
CCV2 (114.2); CCVS (86.5) 

CCV3 (87.0) 
CCV2 (88.7) 

CCV2 (81.8) 
CCV 1 (88.7) 
CCV 1 (87.9) 

ccv4 (112.1) 
CCV2 (86.7) 

ccv2 (114.5) 
CCV3 (112.6) 
CCV4 (87.3) 

ccvs (114.0) 

CCVl (111.5) 

CCV4 (86.7) 
CCV2 (113.2) 

CCV7 (87.9); CCV8 (87.6) 
CCV3 (112.3) 

CCV4 (87.3) 
CCV3 (112.3) 

CCVl (113.0); ccv2 (111.5) 

CCV2 (36.8) 
CCVl (115.1); CCV2 (115.2); CCV3 (112.9) 

CCV2 (85.1) 

CCV4 (87.3) 
CCV3 (112.3) 

CCVI (113.0); ccv2 (111.5) 
CCVl (112.5) 

CCVl (80.1); CCV2 (81.7) 

CCVl (115.5); ccv2 (112.0) 



A01 SS-111 Arsenic CCVl (114.4); CCV2 (114.2); CCV3 (119.8) 
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Thallium 
Silver 

CCVl (111.5) 
CCVl (80.1); CCV2 (81.7) 

With the exception of three CCVs, all other CCV recoveries were within 85 to 115 
percent of the true values. In some cases, sample results may be biased slightly high or 
low. Of the three CCVs outside of the 85 to 115 percent expanded acceptance window, 
barium was grossly exceeded in one with a recovery of 36.8 percent. In this instance, 
associated positive sample results would be qualified “L” for low bias and results <IDL 
would be rejected. All barium sample results in SDG No. AOlSS-3 were XDL. Since 
the CCV recovery was significantly lower than the acceptance window, the reviewer 
elected to qualify all samples in the SDG since the run logs to determine analysis 
sequence and sample association to the CCV were not provided in the reporting 
deliverable. The following samples were qualified “L” for barium in SDG No. A01 SS- 
3: AOlSS-06B; AOISS-16B; AOlSS-17B; AOlSS-33B; AOlSS-95; AOlSS-42B; 
A01 SS-53B; AOl SS-54B; and A01 SS-96B. 

Some analytes were outside of the ~20% control limits of the true values for the 
inductively coupled plasma (ICP) analyses of the interference check samples (ICS). 
They are summarized by inorganic SDG No. below. 

008AB Barium 77.5 (final) 
Lead 68.1 (initial) 

A01 ss-06 Antimony 63.4 (final) 

Barium results in SDG No. 008A.B were qualified biased low “L” for soil samples 
0008M3; 0009AB; OOlOAB; 001 lA/B; 0012AB; and rinsate blank 0013. 
Additionally, lead results in all the samples noted above, with the exception of rinsate 
blank 0013, were qualified “L” for low bias due to the ICS recovery. 

No sample qualifications were assessed for the antimony ICS outlier in SDG A01 SS-06 
since more than one ICS sequences were analyzed and sample association could not be 
determined from the available data. 

Aqueous laboratory control samples (LCS) for metals were analyzed to monitor overall 
performance as required in the NEESA Level C QA requirements. The inorganic SOW 
specifies that LCS must be prepared for each matrix analyzed. LCS results for metals 
were provided in the laboratory reports for aqueous LCS only. In several SDGs, more 
than one LCS were prepared, but sample association could not be determined from the 
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available data provided for the NEESA Level C deliverables. Of the LCS outliers, with 
the exception of one nickel LCS recovery, all other outliers fell between 73 and 79 
percent. Qualifications were assessed where the data reviewer could definitively 
ascertain association or where there was sufficient cause in the reviewer’s judgment to 
qualify all samples in the SDG. In all cases, greater consideration was given to the 
matrix spike sample results discussed later which superseded the LCS results in some 
instances. 

l The following table summarizes the LCS outliers reported in the case. 

SDG Noa 

AOlSS-19 

A01 SS-58 

AOlSS-104 

AOlSS-18 

A01 SS-74 

AOlSS-111 

Arsenic 78.5 
Arsenic 75.0 

Selenium 78.0 

Arsenic 75.0 
Manganese 79.1 
Selenium 78.0 
Thallium 75.5 

Arsenic 

Arsenic 

Nickel 

Mercury 

LCS 

78.4 

78.4 

41.0 

73.2 

l In SDG No. A01 SS-19, two of three LCS recoveries for arsenic were below the lower 
control limit (80%R). Arsenic results for all samples of the SDG were qualified for low 
bias “L” if >IDL and “UL” if < IDL. Low bias “L” qualifications were assessed to the 
following samples HDL: AOlSS-52; AOlSS-53; AOlSS-54; A05SS-56; A05SS-58; 
A05SS-59; A05SS-60; A05SS-63; A05SS-62; A05SS-66; and A05SS-85. Low bias 
“UL” qualifications were assessed to the following samples <IDL: A01 SS-49; A01 SS- 
50; A01 SS-51; A05SS-64; A05SS-65; A01 SS-86; and rinsate blank RR-04 A/C/D. 
Sample qualifications for the selenium outlier were not assessed in this SDG. 

l In SDG No. A01 SS-104, the LCS recovery for arsenic associated with the soil analyses 
of samples AOISS-104; AOlSS-105; and AOlSS-106 was ~80%. The arsenic results for 
these samples were reported as >IDL and were qualified “L” for low bias due to the 
LCS recovery. 
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The LCS recovery for nickel in SDG No. A02SS-74 was <50%. This LCS was 
associated with samples A02SS-74D; A02SS-83B; A02SS-92B; A02SS-107C; and 
A02SS-108A. The nickel results for these samples were >IDL and were qualified “L” 
for low bias due to the LCS outlier. 

Laboratory-duplicate sample analyses were performed on the following samples: 
0012A/B; AOlSS-20; AOlSS-30; AOlSS-36; AOlSS-97 AOlSS-101 (TCLP lea&ate); 
AOlSS-101 (soil); AOlSS-100; AOlSS-44; AOlSS-80; A05SS-85; A05SS-60; AOISS- 
106; AOlSS-110; AOlSS-96B; AOlSS-109; AOlSS-111; AOlSS-112; and AOlSS-113. 
Duplicate-sample analyses were also performed on rinsate blanks, however, the 
following discussion focuses on the soil and leachate matrices only. 

In accordance with the inorganic validation guidelines, the following limits were used in 
the data review of laboratory duplicates. An RPD control limit of 35 percent for soils 
was used for all soil analyses when sample values for both duplicates were greater than 
five times (5X) the contract required detection limits (CRDL). For duplicate samples 
values less than (<) the CRDL, a control limit of plus or minus two times the CRDL 
(&2X CRDL) was used to evaluate samples. The laboratory used a limit of 20 percent, 
as specified in the inorganic SOW, to determine RPD outliers and sample flags even 
though a limit of + CRDL is specified for sample values <5X CRDL. 

In laboratory-duplicate samples A01 SS-20, the RPD between the duplicates exceeded 
the control limits for cadmium (Cd), lead (Pb [by ICP]), and zinc (Zn). The following 
samples associated with A01 SS-20 were qualified by the laboratory for the RPD 
outliers: AOISS-06; AOlSS-07; AOlSS-08; AOISS-09; AOlSS-10; AOlSS-11; AOlSS- 
12; AOlSS-13; AOlSS-14; and AOlSS-20. In all associated samples, analytes with 
exceeded RPD were flagged as estimated “J” unless previously qualified “B” for blank 
contamination which superseded the “J” quantitation qualifier. The following table 
summarizes qualification actions for the samples noted above. 

le ID “ 99 alvtes Flagged J “ , lytes where “B” swded J’ 

A01 ss-06 
A01 SS-07 
A01 ss-08 
A0 1 SS-09 
AOlSS-10 
AOlSS-11 
A01 SS-12 
AOlSS-13 
A01 SS-14 

Pb 
Pb 

Pb, Zn 
Pb, Zn 

Pb 
Pb 
Pb 
Pb 

Pb, Zn 

Cd, Zn 
Cd, Zn 

Cd 
Cd 

Cd, Zn 
Cd, Zn 
Cd, Zn 
Cd, Zn 

Cd 
A0 1 SS-20 Pb, Zn Cd 
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- 
l In laboratory-duplicate samples A01 SS-44, the RPD was exceeded for iron (Fe). The 

following samples associated with A01 SS-44 were qualified by the laboratory for the 
RPD outlier: AOlSS-19; AOlSS-37; AOlSS-38; AOlSS-39; AOlSS-40; AOlSS-41; 
A01 SS-42; A01 SS-43; A01 SS-44; and A01 SS-79. All of the above sample results for 
Fe were qualified estimated “I” due to the RPD outlier. 

l In laboratory-duplicate samples A05SS-60, the RPDs were exceeded for Pb and 
manganese (Mn). The following samples associated with A05SS-60 were qualified by 
the laboratory for the RPD outlier: AOlSS-49; AOlSS-50; AOlSS-51; AOlSS-52; 
A01 SS-53; A01 SS-54; A05SS-56; A05SS-58; AO5SS-59; and A05SS-60. All of the 
above samples results for Pb and Mn were qualified estimated “I” due to the RPD 
outliers. 

l In laboratory-duplicate samples A0 1 SS- 106, the RPD for copper (Cu) was exceeded. 
Samples AOlSS-104; AOlSS-105; AOlSS-106; AOISS-18B; AOlSS26B; AOISS- 
103A; and AOSSS-I02 were associated with AOlSS-106. The results for Cu in AOlSS- 
104; A01 SS-105; and A01 SS-106 were qualified estimated “I” due to the RPD outlier. 
In all other samples noted above, Cu results were previously flagged “B” which 
superseded the “I” qualifier for quantitation. 

l In laboratory-duplicate samples A01 SS-109, the RPDs for aluminum (Al), Cu and Zn 
were exceeded. Samples A02SS93B; A0 1 SS- 109; and A0 1 SS-110 were associated 
with A0 1 SS- 109. The following table summarizes qualification actions for the samples 
noted above. 

“ , alvtes where “R” sunaded J’ 

A02SS-93B Al Cu, Zn 
AOISS-109 Al, Cu, Zn 
AOlSS-110 Al, Zn cu 

l Matrix spike analyses were performed on the following samples: 0008NB; A01 SS-20; 
AOlSS-30; AOISS-36; AOlSS-97; AOlSS-101 (TCLP leachate); AOlSS-100; AOlSS- 
44; AOlSS-80; A02SS-74; A02SS-94; A02SS-88; A05SS-85; AOSSS-60; AOlSS-106; 
AOlSS-110; AOlSS-96B; A02SS-108A; AOlSS-1091 AOlSS-111; AOlSS-112; and 
A01 SS-113. Several samples were spiked for mercury and/or graphite furnace analytes 
and not for ICP analytes. Lead and arsenic spikes were prepared for both graphite 
furnace and ICP analyses, when appropriate. 

l In the matrix spike analysis of 0008A5, the following analytes were outside of the 
required criteria: antimony (Sb), As, Cd, chromium (Cr), cobalt (Co), mercury (Hg), 
nickel (Ni), selenium (Se), and silver (Ag). Samples OOOSA/B; 0009A/B; OOlOAE3; 
001 lNl3; and 0012A/B were associated with the MS analysis of 0008A5. 
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l Sb, Se, and Ag were qualified biased low “UL” in all of the samples noted above since 
the samples results were <IDL and the recovery was between 30 and 74%. 

l As results were qualified biased low “L” in samples 0008A5; 0009A03; and 0012A/B 
and “UL” in samples 00 1 OA/B and 0011 A/B based on an MS recovery between 30 and 
74%. 

l Cd, Co, and Ni results were qualified biased low “L” in all samples noted above based 
on an MS recovery between 30 and 74%. 

l Cr results were qualified biased extremely low “L” in all samples noted above based on 
an MS recovery <30%. 

l Hg results in samples 0008A/B; 0009A/B; OOlOA/B; and 0011 A/B were qualified “UL” 
and sample 00 12 A/B was qualified “L” for low bias based on an MS recovery between 
30 and 74%. 

l In the matrix spike analysis of A01 SS-20, the following analytes were outside of the 
required criteria: Sb, As, Cr, Co, Ni, potassium (IQ, Se, Ag, and vanadium (V). 
Samples-AOlSS-06; AOlSS-07; AOISS-08; AOlSS-09; AOlSS-IO; AOlSS-11; AOlSS- 
12; A01 SS-13; A01 SS-14; and A01 SS-20 were associated with the MS analysis of 
A01 SS-20. 

l With the exception of A01 SS-06, Sb results were qualified biased low “UL” in all of the 
above samples since sample results were <IDL and the recovery was between 30 and - 

74%. In sample A01 SS-06, the Sb result was previously qualified “B” which 
superseded the “I” qualifier for quantitation. 

l The As result in A01 SS-06 was qualified biased low “L” since the sample results was 
>IDL and the MS recovery (on the ICP) was between 30 and 74%. Arsenic results were 
previously flagged “B” which superseded the “L” qualifier for low bias in the following 
samples: AOlSS-07; AOlSS-08; AOISS-09; AOlSS-10; AOISS-14; and AOlSS-20. 

l The MS recoveries of Cr, Co, and V were between 30 and 75%. Cr, Co, and V results 
in all samples associated with the MS analysis of A01 SS-20 were XDL and previously 
flagged “B” which superseded the “L” qualifier for low bias in the MS analysis. 

l The sample results for Ni and K in all samples associated with the MS analysis of 
A0 1 SS-20 were >IDL for both analytes. The MS recoveries for these analytes were 
between 30 and 75% in A01 SS-20. Sample results for both analytes were qualified “L” 
for low bias in all samples noted above associated with the MS analysis of A01 SS-20. 

l The sample results for Se and Ag in all samples associated with the MS analysis of 
A01 SS-20 were <IDL. The MS recoveries for these analytes were between 30 and 75% 
in A0 1 SS-20. Sample results for both analytes were qualified “UL” for low bias in all 
samples noted above associated with the MS analysis of A01 SS-20. -. 
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l In the MS analysis of AOlSS-30, the following analytes were outside of the required 
criteria: Sb, As, Cr, Hg, K, and Ag. Samples A01 SS-21; A01 SS-22; A01 SS-23; 
AOlSS-24; AOlSS-25; AOlSS-26; AOlSS-27; AOlSS-28; AOlSS-29; and AOlSS-30 
were associated with the MS analysis of A01 SS-30. 

l The MS recovery for Sb in A01 SS-30 was ~30% and all of the associated Sb sample 
results were <IDL. All the Sb data for samples associated with the MS analysis of 
AOlSS-30 were qualified unusable “R”. 

l The MS recovery for As analyzed by ICP in AOlSS-30 was between 30 and 75%. 
Samples A01 SS-22; A01 SS-24; A01 SS-28; and A01 SS-30 were associated with and 
were previously qualified “B” which superseded the “L” qualifier for low bias in the 
MS analysis. 

l _ ‘The MS recovery for As analyzed by graphite furnace atomic absorption (GFAA) was 
~30%. Samples A01 SS-21; A01 SS-23; A01 SS-25; A01 SS-26; A01 SS-27; and AOlSS- 
29 were associated with the MS analysis of A01 SS-30 for As by GFAA. With the 
exception of A0 1 SS-27, all of the samples noted above were previously flagged “B” 
which superseded the “L” qualifier for low bias in the MS analysis. The As result in 
A01 SS-27 was qualified “UL” for low bias since the result was <IDL. 

- 

l The MS recovery for Cr in AOlSS-30 was between 30 and 75%. With the exception of 
A01 SS-22 and A01 SS-30, all of the samples associated with this MS were previously 
qualified “B” which superseded the “L” qualifier for low bias in the MS analysis. The 
Cr results in A01 SS-22 and A01 SS-30 were qualified “L” for low bias since the results 
were NDL. 

l The MS recovery for Hg in A01 SS-30 was between 30 and 75%. With the exception of 
samples A01 SS-22; A01 SS-24; and A01 SS-28, all other sample results for Hg were 
>IDL and were qualified “L” for low bias in the MS analysis of A01 SS-30. The 
samples results in A01 SS-22; A01 SS-24; and A01 SS-28 were qualified “UL” since the 
results were <IDL. 

l The MS recovery for K in A01 SS-30 was between 30 and 75%. With the exception of 
samples A01 SS-27 and A0 1 SS-28, all other sample results for K were XDL and were 
qualified “L” for low bias in the MS analysis of A01 SS-30. The sample results for 
A01 SS-27 and A01 SS-28 were qualified “UL” since the results were <IDL. 

l The MS recovery for Ag in AOlSS-30 was between 30 and 75%. All of the sample 
results for Ag associated with the MS analysis of A0 1 SS-30 were <IDL and were 
qualified “UL” for low bias in the MS analysis. 

l In the matrix spike analysis of A01 SS-36, Se and Ag recoveries were between 30 and 
75%. Samples AOlSS-31; AOlSS-32; AOlSS-15; AOlSS-16; AOlSS-17; AOlSS-18; 
AOlSS-33; AOlSS-34; AOlSS-35; AOlSS-36; AOlSS-46; AOlSS-47; AOlSS-77; 
A01 SS-78; and A01 SS-80 were associated with this MS analysis. 
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l All samples associated with the MS analysis of A01 SS-36 were reported <IDL for both 
analytes in each sample with the exception of A01 SS-33; A01 SS-34 and A01 SS-36. Se 
and Ag results in all samples <IDL were qualified “UL” for low bias in the MS 
analysis. In sample A01 SS-33, Se was reported >IDL and Ag was reported <IDL. Se 
was qualified “L” and Ag was qualified “UL” for low bias in A01 SS-33. In samples 
AOlSS-34, and AOlSS-36, Se was reported <IDL and Ag was reported >IDL in both 
samples. Se results were qualified “UL” and Ag results were qualified “L” for low bias 
in both A01 SS-34 and A01 SS-36. 

l In the MS analysis of A01 SS-101, the Se recovery was between 30 and 75%. In the MS 
analysis of A0 1 SS-97, Sb and Ni recoveries were between 30 and 75%. AI1 of these 
soil samples: AOlSS-97; AOlSS-98; AOlSS-99; AOlSS-100; and AOlSS-101 were 
associated with both of these MS analyses. 

l All of the samples associated with A0 1 SS-97 and A0 1 SS- 10 1 noted above were <IDL 
for Sb and Se. All were qualified “UL” for low bias in the MS analyses for both Sb and 
Se. 

l All of the samples associated with A01 SS-97 noted above were XDL for Ni and were 
qualified “L” for low bias in the MS analysis. 

l In the MS analysis of A01 SS-44, the following analytes were outside of the required 
criteria: As (by ICP), As (by GFAA), Cr, K, Se, and Ag. Samples AOlSS-19; AOlSS- 
37; AOlSS-38; AOlSS-39; AOlSS-40; AOlSS-41; AOlSS-42; AOlSS-43; AOlSS-44; 
and A01 SS-79 were associated with the MS analysis of A01 SS-44. 

l The MS recoveries for As by ICP and by GFAA were between 30 and 75%. All of the 
samples noted above and associated with these MS analyses were reported as HDL. All 
of the associated samples were qualified “L” for low bias in the MS analyses. 

l The MS recovery for Cr in AOlSS-44 was between 30 and 75%. All of the sample 
results for Cr associated with the MS analysis of A01 SS-44 were HDL. All of the 
sample results noted above were qualified “L” for low bias in the MS analysis. 

l The MS recovery for K in AOlSS-44 was between 30 and 75%. All of the sample 
results for K with the exception of A01 SS-43 were reported >IDL. These results were 
qualified “L” for low bias in the MS analysis of A01 SS-44. The sample result for 
A0 1 SS-43 was <IDL and qualified “UL” for low bias in the MS analysis. 

l The MS recoveries for Se and Ag in AOlSS-44 were between 30 and 75%. All of the 
sample results associated with the MS analysis of A01 SS-44 were <IDL. All results 
were qualified “UL” for low bias in the MS analysis. 

- 

l In the MS analysis of A01 SS-80, the following analytes were outside of the required 
criteria: Sb, As (by GFAA), Se, and Ag. Sample A01 SS-45 was associated with this 
MS analysis. The MS recovery for Sb was ~30%. The Sb result in AOlSS-45 was 



27 

XDL and was qualified “L” for extremely low bias, which was superseded by a “B” 
qualifier previously assessed. The As result in A01 SS-45 was XDL and was qualified 
“L” based on an MS recovery between 30 and 75%. For both Se and Ag, the results 
were <IDL and the MS recoveries were between 30 and 75%. Both results in AOlSS-45 
were qualified “UL” for low bias in the MS analysis. 

l In the MS analysis of A05SS-85, the following analytes were outside of the required 
criteria: Sb, Ca, Se, Ag, and thallium (Tl). Samples A05SS-63; A05SS-64; A05SS-65; 
AOlSS-86; AOSSS-62; A05SS-66: and AOSSS-85 were associated with the MS analysis 
of A05SS-85. 

l The MS recovery for Sb in A05SS-85 was ~30%. All samples, with the exception of 
AOlSS-86 and A05SS-85 were <IDL and were qualified as unusable “R”. The Sb 
results in AOSSS-85 and AOlSS-86 were HDL. The results were qualified “L” for low 
bias in the MS analysis which was superseded by the “B” qualifier previously, assessed. 

l The MS recovery for Ca was >125% in the MS analysis of A05SS-85. the following 
samples were >IDL and were qualified “K” biased high: A05SS-63; A01 SS-86; 
A05SS-62; A05SS-66; and A05SS-85. In samples A05SS-64 and A05SS-65, the 
results for Ca were previously qualified “B” which superseded the “K” qualifier for high 
bias in the MS analysis. 

.- 
l The MS recovery for Se in A05SS-85 was ~30%. All samples associated with AOSSS- 

85 were reported as <IDL and were qualified as unusable “R”. 

l The MS recoveries for Ag and Tl in A05SS-85 were between 30 and 75%. The results 
for both of these analytes in all samples were qualified “UL” for low bias in the MS 
analyses, since the results were <IDL. 

l In the MS analysis of A05SS-60, the following analytes were outside of the required 
criteria: Sb, As, Pb, Se, Ag, and Zn. The following samples were associated with the 
MS analysis of AOSSS-60: AOlSS-49; AOlSS-50; A01 SS-51; AOlSS-52; AOlSS-53; 
AOlSS-54; A05SS-56; A05SS-58; A05SS-59; and A05SS-60. 

l The MS recovery for Sb in AOSSS-60 was ~30%. All samples associated with AOSSS- 
60 were reported as <IDL and were qualified as unusable “R”. 

l The MS recovery for As in A05SS-60 was between 30 and 75%. All As sample results 
associated with the MS analysis of A05SS-60 in SDG No. AOlSS-19 were previously 
qualified “L” and “UL” for low bias due to an LCS outlier. 

l The MS recovery for Pb in A05SS-60 was >I 25%. All Pb sample results associated 
with this MS analysis were previously qualified estimated “I” for laboratory-duplicate 
precision which superseded the “K” qualifier for high bias in the MS analysis. 
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l The MS recovery for Se in A05SS-60 was ~30%. All samples associated with AOSSS- 
60 were reported as <IDL for Se and were qualified as unusable “R”. 

l The MS recovery for Ag in A05SS-60 was between 30 and 75%. All of the samples 
results for Ag associated with the MS analysis of A05SS-60 were <IDL and were 
qualified “UL” for low bias in the MS analysis. 

l The MS recovery for Zn in A05SS-60 was >125%. All of the sample results for Zn 
associated with the MS analysis of A05SS-60 were >IDL and were qualified “K” for 
high bias in the MS analysis. 

l In the MS analysis of A02SS-74, the Sb recovery was <30%. The following samples 
were associated with this MS analysis: A02SS-67; A02SS-68; A02SS-69; A02SS-70; 
A02SS71; A02SS-72; A02SS-73; and A02SS-74. With the exception of A02SS-73, all 
other Sb sample results for the associated samples were <IDL and were qualified as 
unusable “R” due to extremely low recovery in the MS sample. In sample A02SS-73, 
the sample results was previously flagged with “B” which superseded the “L” qualifier 
for biased extremely low. 

l In the MS analysis of A02SS-94, the following analytes were outside of the required 
criteria: Sb, As, Ca, Cu, K, Ag, and Tl. The following samples were associated with 
the MS analysis of A02SS-94: A02SS-75; A02SS-76; A02SS-81; A02SS-82; A02SS 
83; A02SS-84; A02SS87; A02SS-88; A02SS-89; A02SS-91; A02SS-92; A02SS-93; 
and A02SS94. A. 

l The MS recovery for Sb in A02SS-94 was ~30%. All samples associated with A02SS 
94 were reported as <IDL and were qualified as unusable “R”. 

l The MS recovery for As in A02SS-94 was between 30 and 75%. The following 
samples were reported as <IDL and were qualified “UL” for low bias: A02SS-75; 
A02SS-82; A02SS-83; A02SS-84; A02SS-89; and A02SS-93. The following samples 
were reported as >IDL and were qualified “L” for low bias: A02SS-75; A02SS-81; 
A02SS-87; A02SS-88; A02SS-91; A02SS-92; and A02SS-94. 

l The MS recoveries for Ca, Cu, and K in A02SS-94 were between 30 and 75%. All of 
the sample results for Ca associated with the MS analysis of A02SS-94 were >IDL and 
were qualified “L” for low bias in the MS analysis. 

l The MS recovery for Ag in A02SS-94 was between 30 and 75%. The following 
samples were reported as <IDL and were qualified “UL” for low bias: A02SS-75; 
A02SS8 1; A02SS-82; A02SS-83; A02SS-84; A02SS-87; A02SS-88; A02SS-89; and 
A02SS-93. The following samples were reported as XDL and were qualified “L” for 
low bias: A02SS-91; A02SS-92; and A02SS-94. 
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l The MS recovery for Tl in A02SS-94 was between 30 and 75%. All of the sample 
results for Tl associated with the MS analysis of A02SS-94 were <IDL and were 
qualified “IX” for low bias in the MS analysis. 

l In the MS analysis of A01 SS-106, the following analytes were outside of the required 
criteria: Sb, beryllium (Be), Ni, V, and Hg. Samples AOlSS-104; AOlSS-105; AOlSS- 
106; AOlSS-18B; AOlSS26B; AOlSS-103A; and A05SS-102 were associated with the 
MS analysis of AOlSS-106. 

l The MS recovery for Sb in A01 SS-106 was ~30%. The Sb result in A01 SS-104 was 
XDL and was qualified “L” for biased extremely low. The Sb results in samples 
AOlSS-105; AOlSS-106; AOlSSl8B; AOlSS26B; AOlSW03A; and A05SS-102 
were <IDL and qualified “R” as unusable. 

l The MS recoveries for Be, Ni, and V in A01 SS-106 were between 30 and 75%. All of 
the Be and V results associated with the MS analysis of AOlSS-106 were >IDL and 
were qualified “L” for low bias in the MS analysis. The results for A01 SS-104; A01 SS- 
105; and A01 SS-106 were qualified “L” for low bias due to the MS recovery. Samples 
AOlSS18B; AOlSS-26B; AOlSS103A; and AOSSS-102 were previously qualified “B” 
which superseded the “L” qualifier for low bias. 

l The MS recovery for Hg in AOlSS-106 was between 30 and 75%. All of the results 
associated with the MS analysis of A01 SS-106 were >IDL and were qualified “L” for 
low bias in the MS analysis. 

l In the MS analysis of A01 SS-96B, the recoveries for Sb, Se and Ag were outside of the 
required criteria. The following samples were associated with the MS analysis of 
AOlSS-96B: AOlSS-06B; AOISS-16B; AOISS-17B; AOlSS-33B; AOlSS-95; AOlSS- 
42B; A01 SS-53B; AOlSS-54B; and A01 SS-96B. 

l The MS recovery for Sb in AOlSS-96B was ~30%. The Sb results in all samples 
associated with A01 SS-96B were reported as <IDL and were qualified unusable “R”. 

l The MS recoveries for Se and Ag in A01 SS-96B were between 30 and 75%. All of the 
sample results for Se and Ag were <IDL and were qualified “UL” for low bias in the 
MS analysis. 

l In the MS analysis of A02SS-108A, the following analytes were outside of the required 
criteria: Sb, As, barium (Ba), Cd, Ca, Cr, Co, Cu, Pb, Mg, Mn, Ni, K, Se, Ag, V, and 
Zn. The following samples were associated with A02SS-I 08A: A02SS-74D; A02SS- 
83B; A02SS92B; A02SS-107C; and A02SS-108A. 

l The MS recovery for Sb in A02SS108A was ~30%. The Sb results in all samples 
associated with A02SSl08A were reported as <IDL and.were qualified unusable “R”. 
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l The MS recovery for As in A02SSl08A was between 30 and 75%. The As results in 
samples A02SS-74D; A02SS-92B; and A02SS-108A were HDL and were qualified “L” 
for low bias. In samples A02SS83B and A02SS-107C, The As results were <IDL and 
were qualified “UL” for low bias in the MS analysis. 

l The MS recoveries for Ba, Cd, Co, Cu, and Pb in sample A02SS-108A were between 30 
and 75%. All samples results for these analytes were >IDL and were qualified “L” for 
low bias in the MS analysis. The Cr results were >IDL and were qualified “L” for 
biased extremely low since the MS recovery was ~30%. 

l The MS recovery for Mg in A02SS-108A was <30%. The Mg results in samples 
A02SS-74D and A02SSl08A were qualified “L” for biased extremely low in the MS 
analysis. Samples A02SS-83B; A02SS92B; and A02SSl07C were previously flagged 
“B” which superseded the “L” qualifier for low bias. 

l The MS recovery for Mn in A02SS-108A was between 30 and 75%. All sample results 
associated with A02SS-108A were >IDL and were qualified “L” for low bias in the MS 
analysis. 

l The MS recovery for Ni in A02SS-108A was between 30 and 75%. All Ni results in 
SDG No. A02SS-74 were previously qualified “L” for low bias in the LCS analysis. 

l The MS recovery for K in A02SS- 108A was ~30%. All K results associated with 
A02SS-108A were >IDL and were qualified “L” for low bias in the MS analysis. 

l The MS recovery for Se in A02SS-108A was ~30%. The Se results in all samples 
associated with A02SS- 108A were reported as <IDL and were qualified unusable “R”. 

l The MS recovery for Ag in A02SS-108A was between 30 and 75%. All sample results 
associated with A02SS-108A were <IDL and were qualified “L” for low bias in the MS 
analysis. 

l The MS recoveries for V and Zn in A02SS-108A were between 30 and 75%. With the 
exception of the Zn result in sample A02SS-83B, all results for V and Zn were >IDL 
and were qualified “L” for low bias in the MS analysis. In sample A02SS-83B, the Zn 
results was previously qualified “B” which superseded the “L” qualifier for low bias. 

l In the MS analysis of A01 SS-109, the following analytes were outside of the required 
criteria: Sb, Ba, Cr, Cu, Pb, Mg, K, and Se. Samples A02SS-93; AOISS-109; and 
A0 1 SS-110 were associated with the MS analysis of A01 SS- 109. 

l The MS recovery for Sb in A01 SS-109 was ~30%. The Sb results in all samples 
associated with A01 SS-109 were <IDL and were qualified unusable “R”. 
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l The MS recoveries for Ba and K in AOlSS-109 were ~30%. The Ba and K results in all 
samples associated with A01 SS-109 were >IDL and were qualified “L” for extremely 
low bias in the MS analyses. 

l The MS recoveries for Cr and Mg in AOlSS-109 were between 30 and 75%. The Cr 
and Mg results in all samples associated with AOlSS-109 were >IDL and were qualified 
“L” for low bias in the MS analyses. 

l The MS recovery for Cu in A01 SS-109 was between 30 and 75%. All sample results 
were previously qualified “B” which superseded the “L” qualifier for low bias in the 
MS analysis. 

l The MS recovery for Pb in AOlSS-109 was >125%. The Pb results in all samples 
associated with A0 1 SS-I 09 were >IDL and were qualified “K” for high bias in the MS 
analysis. 

l The MS recovery for Se in A01 SS-109 was between 30 and 75%. All sample results for 
Se in samples associated with A01 SS-109 were 4DL and qualified “UL” for low bias 
in the MS analysis. 

l In the MS analysis of A01 SS-111, the Sb recovery was between 30 and 75%. The Sb 
results in associated samples A01 SS-111 and A01 SS-112 were 4DL and were qualified 
“UL” for low bias in the MS analysis. 

l In the MS analysis of AOISS-112, the following analytes were outside the required 
criteria: As, Pb, Hg, and Se. Samples A0 1 SS- 11 I and A0 1 SS- 112 were associated 
with these MS analyses. 

l The MS recoveries for As and Pb in AOlSS-112 were ~125%. The As and Pb sample 
results for A01 SS-111 and A01 SS-112 were >IDL and were qualified “K” for high bias 
in the MS analysis. 

l The MS recovery for Hg in A01 SS-112 was between 30 and 75%. The Hg results in 
AOlSS-111 was >IDL and was qualified “L” for low bias in the MS analysis. The Hg 
result in AOlSS-112 was 4DL and was qualified “UL” for low bias. 

l The MS recovery for Se in AOlSS-112 was between 30 and 75%. The Se results in 
both A01 SS-111 and A01 SS-112 were <IDL and were qualified “UL” for low bias in 
the MS analysis. 

l In the MS analysis of A01 SS-113, the following analytes were outside the required 
criteria: .Sb, As, Cd, Cr, Cu, Se, Ag, and V. 

l The MS recovery for Sb in A01 SS-113 was <30%. The result in A01 SS-I 13 was <IDL 
and was qualified as unusable “R”. 
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l The MS recoveries for As, Cr, and V for AOlSS-I 13 were between 30 and 75%. The 
results for these analytes in A01 SS-113 were HDL and were qualified “L” for low bias 
in the MS analysis. 

l The MS recoveries for Cd and Cu in A01 SS-113 were between 30 and 75%. The 
results for Cd and Cu were previously flagged “B” which superseded the “L” qualifier 
for low bias in sample A0 1 SS- 113. 

l The MS recoveries for Se and Ag in A01 SS-113 were between 30 and 75%. The 
sample results for these analytes in A01 SS-113 were <IDL and were qualified “UL” for 
low bias in the MS analysis. 

l A limited review of GFAA quality control was performed using the available data 
provided in the NEESA Level C report deliverable. The Form I summary data were 
reviewed for flags pertaining to outlier analytical spike recoveries and samples requiring 
method of standard addition (MSA) analyses for quantitation of GFAA analytes. No 
raw data were provided to verify the accuracy of the flags, the GFAA analysis scheme, 
precision of duplicate injections, and bias of analytical and post-digestion spikes. 

l The following table summarizes quantitation qualifiers assessed for analytical spike 
recoveries flagged by the laboratory. Although the laboratory indicated in the case 
narratives that analytical spike recoveries were exceeded, no indication of bias or 
magnitude of the spike recovery was provided. Based on this information, analytes 
flagged with “W’ for outlier analytical spikes were qualified estimated “J” and “UJ” 
since no direction of bias could be determined. 

SDG No, le ID er Code 

A01 SS-1 

0008/A 0008AB 
0009m 
0009AB 
001 IA/B 
0012AB 
0012&B 

AOISS-15 
AOlSS-16 
AOlSS-17 
AOlSS-18 
AOlSS-19 
AOlSS-33 
A01 SS-34 
AOlSS-35 
AOlSS-36 
A01 SS-37 
AOlSS-37 
AOlSS-38 

Se 
As 
Se 
As 
As 
Se 
Se 
Tl 
Tl 
Tl 
Tl 
Tl 
Tl 
Se 
Se 
Se 
Tl 
Tl 

UJ 
Superseded 

UJ 
Superseded 
Superseded 

UJ 
Superseded 

UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

Superseded 
Superseded 
Superseded 

UJ 
UJ 
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- 

AOlSS-19 

AOlSS-58 

- 

AOlSS-104 

AOlSS-18 

A0 1 SS-3 

A01 SS-39 
A01 SS-40 
A01 SS-40 
AOlSS-41 
A01 SS-42 
A01 SS-44 
AOlSS-46 
A01 SS-79 
AOlSS-51 
A01 SS-52 
A05SS-56 
A05SS-59 
A05SS-66 
AOSSS-66 
A05SS-85 
A02SS-69 
A02SS-70 
A02SS-7 1 
A02SS-73 
A02SS-75 
A02SS-76 
A02SS-8 1 
A02SS-82 
A02SS-83 
A02SS-83 
A02SS-84 
A02SS-84 
A02SS-87 
A02SS-88 
A02SS-89 
A02SS-9 1 
A02SS-91 
A02SS-92 
A02SS-93 

AOlSS-104 
AOlSS-104 
AOlSS-105 
AOlSS-106 
AOlSS-18B 
A0 1 SS-26B 

AOlSS-103A 
AOlSS-103A 
AOSSS-102 
A0 1 SS-06B 
AOlSS-16B 

Tl 
Se 
Tl 
Tl 
Tl 
Se 
Se 
Tl 
As 
Se 
Se 
Se 
As 
Tl 
As 
Se 
Se 
Se 
As 
Tl 
Tl 
Se 
Se 
Se 
Tl 
Se 
Tl 
Se’ 
Tl 
Tl 
Se 
Tl 
Tl 
Tl 
As 
Tl 
Tl 
As 
As 
Tl 
As 
Tl 
As 
Se 
Se 

UJ 
Superseded 

UJ 
UJ 
UJ 

Superseded 
Superseded 

UJ 
Superseded 
(Rejected) 
(Rejected) 
(Rejected) 
Superseded 

UJ 
Superseded 

UJ 
UJ 
UJ 
J 

UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
J 

UJ 
UJ 
J 
J 

UJ 
J 

UJ 
J 

Superseded 
Superseded 
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AOlSS17B 
A01 SS-33B 
A01 SS-95 

A01 SS-42B 
A01 SS-53B 
A0 1 SS-54B 
A0 1 SS-96B 

A02SS-74 A02SS-74D 
A02SS-74D 
A02SS83B 
A02SS83B 
A02SS92B 
A02SS92B 

A02SSlO7C 
A02SS-107C 
A02SS-108A 
A02SSl08A 

AOlSS-111 AOlSS-111 
AOlSS-112 
AOlSS-113 

Se 
Se 
Se 
Se 
Se 
Se 
Se 
As 
Se 
As 
Se 
As 
Se 
As 
Se 
As 
Se 
Se 
Se 
Tl 

Superseded 
Superseded 
Superseded 
Superseded 
Superseded 
Superseded 
Superseded 
Superseded 
(Rejected) 

Superseded 
(Rejected) 
Superseded 
(Rejected) 
Superseded 
(Rejected) 
Superseded 
(Rejected) 

UJ 
UJ 
UJ 

l The calcium results in samples A01 SS-14 and A01 SS-22 were qualified estimated “J” 
since the concentrations were above the linear range of the ICP instrument and not 
subsequently reanalyzed by dilution due to laboratory error. 

NOTES 

This section identifies issues and information that may be beneficial to the data user. 

l As stated in the laboratory narratives, ASC did not use the USEPA conventions for 
defining SDGs and batching samples. This deviation from the SOW impeded the data 
review of some QC criteria for organic parameters, while not affecting others. 

l Due to a log-in error, the rinse blank identified on the COC record as RB07A through D 
was identified as sample RBOl A./B/C/D in the analytical data. The data reviewer 
confirmed the log-in discrepancy with the laboratory, but otherwise, took no further 
action. 

Volatile Ore 

l Blank contamination was found in almost all laboratory method blanks, tip blanks, the 
field blank and rinsate blanks. The contaminants consisted primarily of the common 
laboratory contaminants (methylene chloride, acetone and 2-butanone); various solvents 
used in the lab and/or the field (hexane and Freon-l 13); and other low-level 
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- contaminants often attributed to specific and routine laboratory processes (trap and 
column bleed). For qualification purposes with the exception of acetone, all blanks, 
regardless of origin, were used in the identification of sample contamination. 

l In the case of acetone, the reviewer believed that there was convincing evidence that the 
acetone contamination should be reviewed using differing maximum contaminant levels 
based on specific sampling periods and laboratory delivery dates. On this basis, the 
acetone comparisons of contaminated blanks were applied to certain associated samples. 
The maximum contaminant table presented below includes three acetone entries 
presented in increasing concentration, and the lists of associated SDGs and/or ASC 
laboratory “joblink” identifications. 

l The following maximum contaminant levels for the noted analytes were identified in 
blanks associated with this case: 

vtetTlC (RTj Concern m/LAB ID 

Methylene Chloride* 10 Soil Method BlankN2V4008V 
Acetone* 11 Method Blank/N I V3978V 

Acetone+ 270D Rinsate Blank/A0 1 SS-3A/D 

Acetone* 27000D Rinsate Blank/R-l 

1,2-Dichloroethane 
2-Butanone* 
2-Hexanone 

Tetrachloroethene 
1,1,2,2- 

Tetrachloroethane 
Toluene 

Chlorobenzene 
Ethylbenzene 

Styrene 
Xylene (Total) 

1,1,2-Trichloro-1,2,2- 
trifluoroethane (5.67) 

1J Field BlankIFBOl 
1OJ Soil Method BlaWN2V3979V 
23 Soil Method BIankiN2V4008V 
1J Soil Method BlankM2V4008V 
1J Aqueous Method Blank/N lV3978V 

1J 
1J 
1J 
1J 
3J 

16JN 

Soil Method BlaWN2V3979V 
Soil Method BlankIN2V3979V 

Aqueous Method Blank/N 1 V4 1 OSV 
Trip BlanmB-3 

Aqueous Method BlankiN IV401 7V 
Soil Method BlankMZV40 13V 

-. Hexane (7.49) 6JN Rinsate Blank/A01 SS-2A/B 

oclated Sanl&s 

All 
SDG 008AIB (ASC Joblink#616891); 

SDG A0 1 SS-06 (ASC Joblink#6 17009); 
SDG A01 SS-97 (ASC JoblinkW17 195); 
SDG AOlSS-1 (ASC Joblink#617018); 

SDG N2V3030; SDG N2V4038 
(ASC Joblink #I617048 and 6 17067) 

SDG NlV4036; 
SDG N2V4040; 
SDG N7V4092; 
SDG N 1 V4098; 
SDG N2V4099; 
SDG NlV4108; 
SDG N2V4104; 
SDG N7V4112; 

(ASC Joblink#617092,617208,617251, 
617257,617263,617266 & 617273) 

All 
All 
All 
All 
All 

All 
All 
All 
All 
All 
All 

All 
* Common laboratory contaminants. 
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l Several blanks related to field activities and/or sample shipment were reported with 
substantial acetone levels. It is the recommendation of the data reviewer that sample 
decontamination procedures and other handling procedures be thoroughly reviewed and 
investigated prior to further sampling events. 

l On the first day of sampling, an aqueous sample was collected at Area 5 as a rinsate 
blank, but not identified as such except for under the sample description. This sample 
was designated sample “0001 through 0003” on the COC and “0001/0003” in the 
laboratory data. The following VOC analytes and concentrations were reported in 
sample 000 l/O003 : 

ound/TIC (RT) Concentriirfianlpphl 

Methylene Chloride 2BJ 
Acetone 19B 
Benzene 66 
Toluene 190 

Ethylbenzene 16 
Xylene (total) 73B 

Several analytes were identified as method blank contaminants (B qualifier) as they 
were found at low levels (1 to 2ppb) in the associated method blank. The aromatic 
VOCs (benzene, toluene, ethylbenzene, xylenes [BTEX]), however, appear to be field 
introduced and at significant concentration levels. The instrument runs were reviewed 
to determine if sample carryover existed and none was found as both the method blank 
and blank spike directly preceded the sample injection and did not contain the BTEX 
compounds above 1 to 2 ppb. The laboratory additionally analyzed this sample as 
matrix spike/matrix spike duplicate (MSMSD) samples. Both of the spike samples 
exhibited similar BTEX levels as the unspiked sample. Since the BTEX detected in this 
rinsate blank sample appears to be restricted to the rinsate only, no action in other 
samples was taken based on the BTEX levels detected in it. The BTEX compounds in 
rinsate blank 0001/0003 will be flagged as tentatively-identified “N” since the levels 
were clearly .greater and qualitatively different than the consistent level of 
contamination detected in the other blanks and samples of the case. 

l Volatile system monitoring compound (SMC) recoveries were reviewed to verify that 
no SMC recovery was out of specification and that the samples were reanalyzed if the 
recoveries were outside the criteria. With the exception of one sample of a field 
duplicate pair and some blank spike and matrix spike samples, all other SMC recoveries 
were within the specified limits. None of the matrix spike samples were reanalyzed 
since the SMC compounds were typically out in both samples of the matrix spike 
duplicate pair and the results of the duplicates confirmed each other. No sample 
qualifications were made to any sample due to SMC outliers. 

- 
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- l Data for MWMSD samples were generated to determine precision and accuracy of the 
methods in various matrices. Although MYMSD analyses were performed on both the 
soil and aqueous sample matrices, the following discussion will focus on the results of 
the soil MS/MSD analyses only. All aqueous MSA4SD analyses, with the exception of 
the TCLP analyses, were performed on either rinsate blanks or on a trip blank sample 
and, therefore, do not provide precision and accuracy data attributable to a field sample 
matrix. Since the sampling program consisted of primarily soil samples and a small 
number of TCLP analyses, the MSh4SD discussion focuses on these matrices only. 
Volatile organic MS’MSD analyses in the soil matrix were performed on the following 
samples: 0008A03; A01 SS-32; A01 SS-06; A01 SS-97; A01 SS-40; A01 SS-49; A02SS- 
82; A01 SS-06B; and A01 SS-18B. Of these, only the spike recoveries for toluene in 
soil sample A01 SS-06 were outside the recovery limits. The laboratory reported zero 
recoveries for both MS/MSD in sample A01 SS-06 for toluene since the concentration 
found in the unspiked sample exceeded the toluene concentration reported in the 
MSMSD analyses. These samples were analyzed and quantitated using the initial 
calibration sequence in which the toluene response and linearity were determined based 
on a 3-point curve. As discussed previously, all continuing calibrations associated with 
this initial calibration were reported with %D outliers for toluene. Based on this 
information and since all associated samples were previously qualified based on the 
calibration deficiency, no additional action was taken due to the toluene MS/MSD 
outliers in sample A01 SS-06. All other VOC recoveries for soil and leachate MS/MSD 
analyses were within the prescribed limits for recovery and precision. No comparisons 
of non-spiked compounds present in the MS/MSD samples versus the original 
(unspiked) sample results were made since the laboratory inadvertently spiked all 
volatiles in the spike samples. Only the TCL compounds were summarized on the Form 
III MWMSD summaries. 

l Several volatile aqueous QC samples were diluted for high acetone levels in order to 
bring the sample concentrations within the linear range of the instrument for 
quantitation. Most likely, all of the dilutions were required due to blank contamination 
that resulted from field or laboratory contamination/sample carryover, or a combination 
of both. In several blank samples, the original acetone results were confirmed by the 
dilution analyses. However, in trip blank samples TB-2 and TB-3, although the lab 
confirmed the qualitative presence of acetone, the quantitative results of the dilutions 
were less than those found in the original analyses. These discrepancies may have 
resulted from random lab contamination and/or from carryover from rinsate blank R-8. 

l The following samples were collected in duplicate in the field: 

eID 

A01 ss-18 A0 1 SS-78 
AOlSS-19 A0 1 SS-77 
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A01 SS-35 A01 SS-79 
A0 1 SS-46* A01 ss-80* 
A01 SS-50* A01 SS-86* 
A05SS-62 A05SS-85 

A02SS-82* A02SS-89* 
A02SS-93* A02SS-94* 

A01 SS-16B* A01 SS-96B* 

For the field samples noted above with an asterisk, no TCL compounds were detected in 
either sample of the field-duplicate pair. 

l Most of the analytes originally reported were qualified for blank contamination and are 
not included in the field-duplicate comparisons. For those considered “real” after blank 
review, the relative percent difference (RFD) between the original and duplicate results 
for each analyte (in ug/Kg) are presented below. No calculation (NC) of RF’D was 
made when an analyte in one sample of the field-duplicate pair was reported as a blank 
contaminant, or not detected in one of the sample pair. 

Analyte Sample ID Field Duplicate ID RPD 

Trichloroethene 
AO AQI 

3J 35 0 

Trichloroethene 
AOlSS-19 AO 

25 25 0 

Trichloroethene 
Toluene 

AQlsM.5 A01 
2J 1J 67 

205 5u NC 

A05SS-62 A05SS-85 
1,1,2-TCA 25 6U NC 

J Estimated concentration. 
NC Not calculated. 
U Not detected. 

l A duplicate comparison for sample A01 SS-16B and duplicate A01 SS-96B was not 
possible since the VOC results for A01 SS-16B were rejected due to poor internal 
standard recoveries. All other RPD results for the sample-duplicate pairs were 
acceptable. 
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l Discrepancies were found between the Form I VOC results and the quantitation reports 
for several samples. Typically compounds were negated on the quantitation report, but 
showed a positive, low-level hit on the Form I summary. The laboratory was asked to 
verify the data and provide corrected Form I results as necessary. Corrected data were 
provided for the following samples in the VOC fraction: A01 SS-36; A02SS-83; 
A02SS-87; A02SS-88; A02SS-93; A01 SS-42B; A01 SS-54B; A01 SS-95; AOl SS-106 
(soil); A02SS-8 1; and A02SS92B. All corrected data were inserted into the report by 
the data reviewer and may be found in Appendix C. 

l Two trip blank samples identified as TB-3 were collected and analyzed by the 
laboratory. The trip blanks may be differentiated by the sampling and receipt dates 
which are summarized below. 

TB-3 December 8, 1994 
TB-3 December 9,1994 

December 9,1994 
December lo,1994 

l VOC data were reported for a sample identified as 120894TB by the laboratory which 
did not appear in the COC records. This sample was created by the laboratory to 
provide MYMSD data for aqueous samples and consisted of laboratory water. 

l A “D” qualifier was used by the data reviewer to indicate a result which was derived 
from a dilution analysis and incorporated in sample data of a lesser dilution or original 
analysis. When required, the “D” qualifier was superseded by the “J” qualifier to 
indicate that the data was estimated. 

l Blank contamination was found in several method blanks and rinse blanks. The 
following SVOC maximum contaminant levels (in ug/Kg or ug/L) for the noted 
analytes were identified in the blanks associated with this case: 

vte/TIC (RT) Concer&&n 

2,6-Dinitrotoluene 
Bis(2-ethylhexyl)phthalate 

Di-n-butylphthalate 
Di-n-octylphthalate 

4-Methyl-2-heptanone 
1,1,2-Trichloro- 1 -propene 

m-Nitrophenyl butyric acid 
1,2,3-Trichloro- 1 -propene 

2-Methyl-1,5-hexadiene-3-01 

2805 ug/Kg 
9J ug/L 
lJug/L 

44 ug/Kg 
24OJN @Kg 
82JN ugKg 
12oJN ug/Kg 
97JN ug/Kg 

18OJ-N ugiKG 

Soil Method Blank/ N2C41631C 
Rinsate Blank&-8 

Water Method Blank/N 1 C41843C 
Soil Method Blank/N2C4163 1 C 
Soil Method Blank/N2C41689C 
Soil Method Blank/N2C418 16C 
Soil Method BlanWN2C41798C 
Soil Method Blank/N2C41672C 
Soil Method Blank/N2C41798C 
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2-Methyl-propanoic acid 
Eicosane 

Butylated Hydroxytoluene 
Benzophenone 

Bis(2-ethyl)hexanedioic acid 
Didecyl phthalate 

(Z)-9-Octadecenamide 
Pentatriacontane 
Hexatriacontane 
Unknown (6.16) 
Unknown (6.26) 

Unknown Hydrocarbon (6.42) 
Unknown Hydrocarbon (6.47) 
Unknown Hydrocarbon (6.57) 
Unknown Hydrocarbon (6.59) 
Unknown Hydrocarbon (6.64) 
Unknown Hydrocarbon (6.66) 
Unknown Hydrocarbon (6.68) 

Unknown Hydrocarbon (16.29) 
Unknown Hydrocarbon (16.46) 
Unknown Hydrocarbon (17.22) 
Unknown Hydrocarbon (19.6 1) 

Unknown Phthalate (22.95) 
Unknown Phthalate (23.13) 
Unknown Phthalate (23.22) 
Unknown Phthalate (23.29) 

8JN ug/L 
74JN ug/Kg 

7JN ug5 
32JN ug5 
2JN ug5 
3JN ug5 
4JN ug5 
7JN ug5 
8JN ug/L 
845 ug/Kg 
1205 ug/Kg 
1 OOJ ug/Kg 
1705 ug/Kg 
4805 ug/Kg 
3 1OJ ug/Kg 
1305 ug/Kg 
5005 ug/Kg 
4305 ug/Kg 
91 J ug/Kg 
19OJ ug/Kg 
1305 ug/Kg 
1805 ug/Kg 

45 ug/L 
35 ug5 
3J ug/L 
3J ug/L 

Rinse Blank/A01 SS-2A/B 
Soil Method blank/N2C4 1879C 

Rinsate BlankiFrinsate 
Rinsate Blank/A01 SS-2A5 

Rinsate Blank/R-8 
Rinsate Blank/R-8 

Rinsate Blank/A02SSRIN9 
Rinsate Blank/A02SS-RIN9 
Rinsate Blank/A02SSRIN9 

Soil Method BlankNZC4 18 16C 
Soil Method Blank/N2C4 18 16C 
Soil Method Blank/N24 1672C 

Soil Method Blank/N2C41689C 
Soil Method Blank/N2C41689C 
Soil Method BlankN2C41672C 
Soil Method BlankN2C41673C 
Soil Method BlankN2C41689C 
Soil Method Blank/N2C41672C 
Soil Method Blank/N2C41689C 
Soil Method BlankN2C41689C 
Soil Method BlankN2C41689C 
Soil Method BlankN2C41673C 

Rinsate Blank/R-8 
Rinsate Blank/R-8 
Rinsate Blank/R-8 
Rinsate Blank/R-8 

l With the exception of the field blank FBOl A/B sample analysis and the associated 
method and blank spike analyses, all other SVOC analyses produced acceptable 
surrogate recoveries. Although a number of samples did have one base/neutral (BN) or 
acid surrogate out of specification, no other samples except for those noted above had 
two or more surrogates within the same semivolatile fraction (BN or acid) out of criteria 
or had surrogate recoveries less than 10 percent. Zero recoveries for all three acid 
fraction surrogates were reported for FBOl A/B and the batch method blank and blank 
spike. This sample was not reextracted and reanalyzed since limited sample volume 
was received at the laboratory. All acid fraction SVOCs were qualified as unusable “R” 
in field sample FBOlA/B. Refer to the Form II SV-1 Water Semivolatile Surrogate 
Recovery summary in Appendix E for FBOl A/B surrogate recovery data. 

l Analyses of MSh4SD samples were performed to determine precision and accuracy of 
the methods in the soil and leachate matrices. SVOC MS/MSD analyses in the soil 
matrix were performed on the following samples: 00 11 A/B; A0 1 SS- 14; A0 1 SS- 16; 
AOlSS-97; AOl SS-79; A05SS-58; A02SS-81; A01 SS-06B; A01 SS-18B; AOlSS-104; 
and A02SS-93B. In the TCLP leachate matrix, the MS/MSD analyses were performed 
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on A01 SS-101. Generally, most spiked analyses exhibited acceptable precision and 
accuracy in the sample matrix. High bias was noted in the PCP spiked analyses for 
several samples even when PCP was not detected in the original unspiked analysis. 
High bias was also noted for pyrene in several MSA4SD samples, however, pyrene was 
found at notably high concentrations in a number of site samples. Sample qualifications 
were applied to some of the unspiked samples analyses of the MWMSD samples 
depending on the bias found and the magnitude of the outlier. The following samples 
were qualified for PCP and/or pyrene: A01 SS-16 (pyrene only); A05SS-58 (pyrene 
only); and A02SS-8 1 (PCP only). No comparisons of non-spiked sample results were 
made since the lab spiked all compounds in the MSMSD samples. Only the TCL 
compounds were summarized on the Form III MSMSD summaries. 

l The following samples were collected in duplicate in the field: 

Sample IR ate SamplgQD 

AOlSS-18 A01 SS-78 
AOlSS-19 A01 SS-77 

A01 SS-35* A0 1 SS-79* 
A0 1 SS-46* A01 ss-80* 
A01 SS-50* A01 ss-86* 
A05SS-62 A05SS-85 

A02SS-82* A02SS-89* 
A02SS-93* A02SS-94* 
A01 SS-16B A0 1 SS-96B 

For the field samples noted above with an asterisk, no TCL semivolatile compounds 
were detected in either sample of the field-duplicate pair. The RPD for TCL detected in 
the remainder of the field duplicate samples were calculated and are presented below for 
each sample pair. TCL analytes flagged as blank contaminants were not included in the 
field-duplicate sample summary. For those field samples in which an analyte was 
detected in only on sample of the field-duplicate sample pair, the RPD was not 
calculated (NC) and was noted as such in the summary table. 

Phenol 
4-Methylphenol 
Acenaphthylene 

Phenanthrene 
Anthracene 
Carbazole 

Fluoranthene 

A01 
79J 
700 
925 
3805 
1lOJ 

480U 
960 

A01 SS-78 
5oou NC 
1805 370 
2405 89 
3705 2.7 
2205 67 
785 NC 

2000 70 
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Pyrene 1200 
Benzo(a)anthracene 4505 

Chrysene 1000 
Benzo(b)fluoranthene 1400 
Benzo(k)fluoranthene 8205 

Benzo(a)pyrene 550 
Indeno( 1,2,3-cd)pyrene 1705 
Dibenz(a,h)anthracene 480U 
Benzo(g,h,i)perylene 1705 

Acenaphthylene 
Acenaphthene 

Fluorene 
Phenanthrene 
Anthracene 
Carbazole 

Fluoranthene 
Pyrene 

Benzo(a)anthracene 
Chrysene 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

Acenaphthylene 
Phenanthrene 
Anthracene 

Fluoranthene 
Pyrene 

Benzo(a)anthracene 
Chrysene 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

Benzo(a)pyrene 
Benzo(g,h,i)perylene 

Acenaphthylene 
Phenanthrene 
Anthracene 

AOlSS-19 
1OOJ 
805 
61J’ 
680 
15OJ 
1 OOJ 
2800 
2700 
620 
1700 
360U 
1400 
1000 
3305 
1405 
360 

A05 SS-62 AO5SS-85 
4oou 44J 
695 58J 
175 19J 

140J 1205 
2605 1lOJ 
605 563 
805 765 
15OJ 575 

4oou 54J 
715 55J 

4oou 415 

AOlSS-16B AOISS-96B 
1lOJ 735 
625 495 
95J 55J 

3700 102 
1100 84 
2600 89 
4900 111 
2800 109 
1900 110 
410J 83 
1805 NC 
4605 92 

, - 

985 
380U 
380U 
2605 
1OOJ 
50J 
970 
1200 
460 
1300 
2300 
1400 
900 
2705 
1lOJ 
3005 

2 
NC 
NC 
89 
40 
67 
97 
77 
30 
27 

NC 
0 
11 
20 
24 
18 

NC 
17 
11 
15 
27 
7 
5 

89 
NC 
25 

NC 

40 
23 
53 
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Fluoranthene 700 440 46 
Pyrene 960 480 67 

Benzo(a)anthracene 480 230J 70 
Chrysene 830 3805 74 

Benzo(b)fluoranthene 1400 450 103 
Benzo(k)fluoranthene 1100 3003 114 

Benzo(a)pyrene 520 2005 89 
Indeno( 1,2,3-cd)pyrene 190J 1lOJ 53 

Benzo(g,h,i)perylene 220J 1lOJ 67 

Although the RPD results show some variation, most of the variability was with sample 
concentrations at the level of or estimated below the quantitation limits. The results of 
the field-duplicate sample pairs are acceptable and no qualifications were assessed 
based on RPD results. 

l TIC results were examined and qualified for blank contamination (flagged “B”) where 
appropriate. Additionally, TIC results were reviewed for the presence of aldol- 
condensation products and TCL compounds from both the VOC and SVOC analytical 
fractions. Aldol-condensation products were negated from the TIC summary by means 
of a drawn line and noted as “aldol”. TCL compounds were similarly negated from the 
summary and noted either as “TCL for a SVOC target compound or “VOC” if from the 
TCL volatiles fraction. All blank TIC results (with positive detects) are attached in the 
support documentation section (Appendix E) of the data review report. 

l Discrepancies were found between the Form I SVOC results and quantitation reports for 
several samples. Typically, compounds were negated on the quantitation report, but 
showed a positive, low-level hit on the Form I summary. The laboratory was asked to 
verify the data and provide corrected Form I results as necessary. Corrected data were 
provided for the following samples in the SVOC fraction: A01 SS-06B; A07SS33B; 
and A01 SS-111. All corrected data were inserted into the report by the data reviewer 
and may be found in Appendix C. 

l Gel permeation chromatography (GPC) clean-ups were not performed on any soil 
samples submitted for SVOC analysis in this case. GPC clean-ups are required for all 
soil/sediment extracts. The failure to employ this clean-up procedure represents a 
technical non-compliance with the organic SOW. 

l Two sets of SVOC sample results with the same File IDS were submitted for both 
AOlSS-16 and A01 SS-79. The sample results in each set differed slightly due to 
varying starting sample weights. The laboratory was notified of the error and informed 
the data reviewer of the correct data to be used for each sample. The correct SVOC data 
is provided in Appendix C and the eliminated data appears in the supporting 
documentation section in Appendix E with a notation made by the data reviewer. 
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l SVOC results were received in the laboratory reports for a sample identified as “076”. 
The sample does not belong to the Yorktown case and was included erroneously by the 
laboratory. A copy of the SVOC data for sample 076 is included in the supporting 
documentation of Appendix E. 

. . 
esti&sff CRs 

Due to the nature of the deliverables provided for NEESA Level C, the data reviewer 
was unable to verify that the samples were analyzed as part of a valid analysis sequence. 
The reviewer was unable to evaluate that (1) the target analyte resolution criteria were 
met for each column; (2) that the samples were bracketed by acceptable instrument 
blanks and Performance Evaluation Mixtures; and (3) that the retention times for both 
of the surrogates and the analytes were within the calculated retention time windows 
established by the initial calibration sequences for both columns. 

GPC clean-ups were not performed on any soil samples submitted for Pesticide/PCB 
analysis in this case. GPC clean-ups are required for all soil/sediment extracts. The 
failure to employ this clean-up procedure represents a technical non-compliance with 
the organic SOW. 

The laboratory reported results for technical Chlordane in most samples of the case. 
The organic SOW requires Chlordane to be reported as alpha- and gamma-Chlordane 
which the laboratory reported in a limited number of samples. No action was taken by 
the data reviewer for this non-compliance. The data summary forms in Appendix B 
were modified to reflect the compound(s) reported in each sample. 

With the exception of approximately 10 samples, the sample quantitation limits reported 
for the pesticide/PCB analyses were not adjusted based on the contract required 
quantitation limits (CRQLs). 

Surrogate spike recoveries of tetrachloro-m-xylene (TCX) and decachlorobiphenyl 
(DCB) were reviewed to determine laboratory performance and extraction efficiency in 
the sample matrix. Although some outliers were noted, only one sample in the case was 
qualified due to surrogate recovery. A complete assessment of surrogate recoveries was 
not possible since the laboratory typically reported TCX and DCB recoveries from the 
primary column analysis only. 

Sample 0009A/B was qualified “UJ” at the sample quantitation limits since two 
surrogate recoveries (both TCX) exceeded the recovery criteria and were biased low in 
both analytical columns. 

Analyses of MS/MSD samples were performed to determine precision and accuracy in 
the soil matrix. MS&LSD analyses for pesticides/PCBs were performed on the 
following samples: 0008m; AOlSS-14; AOlSS-31; AOlSS-97; AOlSS-45; AOSSS- 

- 
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62; A02SS-89; A01 SS-16B; A01 SS-18B; AND A02SS-93B. Most spiked analyses 
exhibited acceptable recoveries (%R) and duplicate spike precision. In the MS/MSD 
analyses of samples AOlSS-97 and A02SS93B, both sets of matrix spikes were 
reported with several analyte recoveries above the upper acceptance limit. No 
qualifications were assessed, however, since both samples were reported with non- 
detects for all analytes. 

l The following samples were collected in duplicate in the field: 

le ID 

AOlSS-18 
AOlSS-19 
A01 SS-35 
A01 SS-46 
AOlSS-50 
A05SS-62 
A02SS-82 
A02SS-93 

A01 SS-16B 

A01 SS-78 
A01 SS-77 
A01 SS-79 
AOlSS-80 
A0 1 SS-86 
A05SS-85 
A02SS-89 
A02SS-94 

A01 SS-96B 

No positive target compounds were present in any of the field duplicate samples. 

l The pesticide/PCB raw data for samples A01 SS-86; A05SS-66; and A05SS-59 were not 
properly filed in the sample report and appeared following the wrong Form I results 
summary forms. The laboratory was advised of the error and corrected the ordering and 
pagination of the raw data to reflect the appropriate sample. 

l 2,4,6-TNT was detected as a blank contaminant in rinsate blanks R-8 and A02SS-RIN9. 
All sample results were reviewed and it was determined that all 2,4,6-TNT results found 
in the field samples were valid and substantially above the level that could be attributed 
to blank contamination. No other blank contamination was found in any other rinsate 
blank or method blank. 

l Analyses of MS/MSD samples were performed in the following samples to determine 
precision and accuracy in a soil matrix: 0008m; A0 1 SS-14; A0 1 SS-18; A01 SS-18B; 
A01 SS-3 1; A01 SS-86; A02SS89; A01 SS-97; and A02SS-93B. All recoveries and 
precision of spike results were within the laboratory designated acceptance limits for 
%R and RPD. 

l An MS analysis was performed on the rinsate blank A01 SS-RIN9 which resulted in a 
13% recovery for Tetryl. A similarly low recovery (15%R) for Tetryl was calculated 
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for the blank spike (Lab ID NlQ41815) associated with the batch. Rinsate blanks R-8 
and A01 SS-RIN9 were associated with the MS and blank spike with the Tetryl spike 
outliers. Tetryl was not detected in either of the samples and was rejected in both of the 
rinsate blanks due to the spike deficiencies. 

l The following samples were collected in duplicate in the field and analyzed for 
explosive residues: 

e ID eID 

AOISS-18 A0 1 SS-78 
AOlSS-19* A01 SS-77* 
A01 SS-35* A01 SS-79* 
A01 SS-46* A01 ss-80* 
A01 SS-50” A01 SS-86* 
A05SS-62 A05SS-85 

A02SS-82* A02SS-89* 
A02SS-93* A02SS-94” 

AOlSS-16B* A01 SS-96B* 

For the field samples noted above with an asterisk, no positive results were detected in 
either sample of the field-duplicate pair. The RPD for explosive residues detected in the 
two remaining field duplicate sample pairs were calculated and are summarized below. 

SamDle Field J’ldplicate ~2 

AOlSS-18 A01SS-78 
1,3,5-‘I-NB 2805 1 OOJ 95 

Tetryl 
A05SS-62 A05SS-85 

2405 2805 15 

l The raw data for samples A01 SS-96; A01 SS-42B; A01 SS-53B; A01 SS-54B; A01 SS- 
96B; and rinsate blanks A02SSRIN9 and R-8 were not properly filed in the sample 
report and appeared following the wrong Form I result summary forms. The laboratory 
was advised of the errors and corrected the ordering and pagination of the raw data to 
reflect the appropriate samples. 

l In SDG No. 0008A/B, the following table summarizes the highest levels of blank 
contaminants detected in the initial calibration blanks (ICB); continuing calibration 
blanks (CCB); preparation blanks (PBLK); or field-generated blanks (field, rinsate, 
etc.). 
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Contaminant/Blank TYD~ Concentration 

BariumRBLK 3.440 0.69 
Calcium/Rinsate Blank 00 13 101 20.2 

CopperPBLK 5.48 1.10 
Iron/Rinsate Blank 0013 14.7 2.94 

Manga.nese/ICB 3.3 0.66 
SodiumRinsate Blank 0013 262 524 

Zinc/Rinsate Blank 00 13 12.1 

0 Copper results in 008A/B; 009A/B; 001 OA/B; and 0011 A/B were qualified “B” for prep 
blank contamination based on the validation guidelines. Sodium results were qualified 
“B” in 008A/B; 009A/B; 001 OA/B; 001 IA/B; and 0012 A/B based on the associated 
rinsate blank result. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. A01 SS-06. 

Contaminant/Blank Type Concentration 

Aluminurn/CCB 286.4 57.28 
Antimony/CCB 111.0 22.2 

ArsenicACB 45.3 9.06 
BariunECB 4.0 0.8 

BerylliunXCB 1.8 0.36 
CadmiumECB 2.1 0.42 
Calciun-ECB 585 117 

Chromium/CCB 9.0 1.8 
CobalUlCB 23.7 4.74 

Copper/CCB 18.4 3.68 
Iron/CCB 56.0 11.2 

Magnesium/CCB 157.1 31.42 
Manganese/ICB 3.3 0.66 

Silver/ICB 6.0 1.2 
SodiurnXCB 237.9 47.6 

Va.nadium/CCB 26.4 5.28 
Zinc/CCB 19.6 3.92 

l Sample results for A01 SS-06 and A01 SS-32 were qualified “B” for antimony. 
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l The following samples in SDG No. A01 SS-06 were qualified “B” for arsenic blank 
contamination: AOlSS-07; AOlSS-08; AOlSS-09; AOlSS-10; AOlSS-14; AOlSS-20; 
AOlSS-21; AOlSS-22; AOlSS-23; AOlSS-24; AOlSS-25; AOlSS-26; AOlSS-28; 
AOlSS-29; AOlSS-30; AOlSS-31; and AOlSS-32. 

l The barium result in A01 SS-27 was qualified “B” for CCB contamination. 

l All beryllium, cadmium, cobalt, sodium, and vanadium results for samples in SDG 
A01 SS-06 were qualified “B” for ICB or CCB contamination. 

l Calcium results in AOlSS-07; AOlSS-11; AOlSS-24; AOlSS-27; and AOlSS-32 were 
qualified “B” for CCB contamination. 

l All samples in SDG No. A01 SS-06 with the exception of A01 SS-22 and A01 SS-30 
were qualified “B” for chromium due to CCB contamination. 

l All samples in SDG No. AOlSS-06 with the exception of AOlSS-20 were qualified “B” 
for copper due to CCB contamination. 

l Magnesium results in AOlSS-06; AOlSS-07; AOlSS-11; AOlSS-23; AOlSS-24; 
A01 SS-27; and A01 SS-32 were qualified “B” for CCB contamination. 

l Zinc results in the following samples were qualified “B” due to CCB contamination: 
AOlSS-06; AOlSS-07; AOlSS-10; AOlSS-11; AOlSS-12; AOlSS-13; AOlSS-21; 
AOlSS-22; AOlSS-23; and AOlSS-29. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. A01 SS-97. 

Contaminanw TVDC 

Arsenic/CCB 37.8 7.56 
BariumJCB 5.0 1.0 

CalciurnPBLK 57.4 11.5 
Copper/CCB 6.2 1.24 
IronPBLK 30.7 6.14 
Lead/lCB 24.1 4.82 

Silver/PBLK 8.3 1.66 
Sodiun-ECB 116.6 23.3 

Vanadium/ICB 4.3 0.86 
Zinc/CCB 5.4 1.08 
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- l Arsenic results in A01 SS-100 and A01 SS-101 (both soil and leachate) were qualified 
“B” due to CCB contamination. 

l Copper, lead results in A01 SS-97; A01 SS-98; A01 SS-99; and A01 SS-100 were 
qualified “B” due to CCB contamination. 

l All sodium samples in SDG No. A01 SS-97 were qualified “B” due to CCB 
contamination. 

l Vanadium results in A01 SS-97; A01 SS-98; and A01 SS-99 were qualified “B” due to 
ICB contamination. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. AOlSS-1. 

nantA3lank TVD~ Blank ComnUim 

AluminumCCB 286 57.2 
Antimony/CCB 41.3 8.26 

Barium/CCB 6.6 1.32 
Cadmiurn@BLK 1.8 0.36 

CalciurnCCB 142 28.4 
CobaWCCB 6.9 1.38 
Copper/CCB 25.5 5.1 

Iron/CCB 31.9 6.38 
MagnesiumCCB 157.0 31.4 
Manganese/CCB 3.1 0.62 

SodiumCCB 294 58.8 

l Antimony results in the following samples were qualified “B” due to CCB 
contamination: AOlSS-18; AOlSS-35; AOlSS-43; AOlSS-45; AOlSS-46; and AOlSS- 
47. 

l Barium Results in samples A01 SS-15 and A01 SS-43 were qualified “B” due to CCB 
contamination. 

l Cadmium results in the following samples were qualified “B” due to prep blank 
contamination: AOlSS-16; AOlSS-17; AOlSS-18; AOlSS-19; AOlSS-34; AOlSS-35; 
AOlSS-36; AOlSS-37; AOlSS-39; AOlSS-40; AOlSS-41; AOlSS-42; AOlSS-43; 
AOlSS-44; AOlSS-45; AOlSS-46; AOlSS-47; AOlSS-77; AOlSS-78; AOISS-79; and 
A01 ss-80. 
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l All cobalt results for samples in SDG No. A01 SS- 1 were qualified “B” due to CCB 
contamination. 

l All copper results for samples in SDG No. A01 SS-1 with the exception of A01 SS-38 
were qualified “B” due to CCB contamination. 

l Magnesium results in the following samples were qualified “B” due to CCB 
contamination: AOlSS-15; AOlSS-16; AOlSS-19; AOlSS-34; AOlSS-35; AOlSS-41; 
AOlSS-43; and AOlSS-79. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. AOl SS-19. 

. Contamtw . Concern 

Antimony/PBLK 33.9 6.78 
BariumCCB 13.0 2.6 

CadmiumCCB 2.5 0.5 
CalciumPBLK 292.8 58.7 

CobaltCCB 3.9 0.78 
IronCCB 32.5 6.5 

MagnesiumCCB 40.5 8.1 
Manganese/Rinsate Blank #4 12 2.4 

Nickel/Rinsate Blank #4 13 2.6 
Sodiun-JCCB 293.1 58.6 

VanadiurnCCB 6.8 1.36 
Zinc/CCB 5.3 1.06 

l Antimony results in samples A01 SS-86 and AOSSS-86 were qualified “B” due to prep 
blank contamination. 

l Barium results in the following samples were qualified “B” due to CCB contamination: 
AOSSS-50; A05SS-58; A05SS-64; A05SS-65; AOlSS-86; A05SS-62; and A05SS-85. 

l All cadmium results in SDG No. A01 SS-19 with the exception of A05SS-65 were 
qualified “B” due to CCB contamination. 

l Calcium results in samples A05SS-64 and A05SS-65 were qualified “B” due to prep 
blank contamination. 

l Cobalt results in the following samples were qualified “B” due to CCB contamination: 
AOl SS-49; A01 SS-50; A01 SS-51; A01 SS-52; AOlSS-53; AOlSS-54; A05SS-58; 
A05SS-64; A01 SS-86; A05SS-62; and A05SS-85. 
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- 
l Manganese results in samples A05SS-64 and A05SS-65 were qualified “B” due to 

rinsate blank contamination. 

l Nickel, and sodium results in all samples of SDG No. A01 SS-19 were qualified “B” due 
to rinsate blank contamination. 

l With the exception of the following samples, vanadium results in all other samples in 
SDG No. A01 SS-19 were qualified “B” due to CCB contamination: A01 SS-52; 
A05SS-56; A05SS-58; A05SS-59; A05SS-60; A05SS-63; A05SS-62; AOSSS-66; and 
A05SS-85. 

l Zinc results in samples AOSSS-64 and A05SS-65 were qualified “B” due to CCB 
contamination. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. A01 SS-58. 

Contaminant/Rlank Tm Blank c:onwUntim 

Aluminum/CCB 
AntimonyECB 

Barium/CCB 
CadmiumECB 
CalciumPBLK 

IronRinsate Blank #06 
Manganese/CCB 

SodiumRinsate Blank #06 
VanadiumECB 

Zinc/CCB 

llea 
64.7 
40.7 
9.8 
2.2 
61.5 
20 
3.3 
126 
6.5 
6.6 

72 
8.;4 
1.96 
0.44 
12.3 
4.0 
0.66 
25.2 
1.3 
1.32 

l The antimony result in A02SS-73 was qualified “B” due to CB contamination. 

l The barium result in A02SS-92 was qualified “B” due to CCB contamination. 

l All cadmium results in SDG AOlSS-58, with the exception of A02SS-91, were 
qualified “B” for CCB contamination. 

l All sodium results for samples in SDG No. AOlSS-58 were qualified “B” for rinsate 
blank contamination. 

l Vanadium results in samples A02SS-69; A02SS-71; and A02SS-75 were qualified “B” 
due to CCB contamination. 
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l Zinc results in samples A02SS-71; A02SS-75; and A02SS-87 were qualified “B” due to 
CCB contamination. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. AOlSS-104. 

AluminumPBLK 144 28.8 
BariWCB 5.0 1.0 

CadmiumECB 2.1 0.42 
Calcium/PBLK 118.7 23.74 

CobaWCCB 6.9 1.38 
CopperPBLK 9.6 1.92 

IronPBLK 149.3 29.86 
MagnesiumECB 157 31.4 
Manganese/CCB 3.1 0.62 

Sodium/CCB 128 25.6 
Vanadium/ICB 4.3 0.86 

Zinc/PBLK 10.4 2.08 

l Cobalt results in AOISS-104; AOlSS-105; and AOlSS-06 were qualified “B” due to 
CCB contamination. 

l The sodium result in A01 SS-05 was qualified “B” due to CCB contamination. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. A01 SS-3. 

Contaminant/Blank Ty-pr: Blank Concentrti 

Aluminurn/PBLK 69.4 13.88 
Bariu&lCB 6.7 1.34 

Cadmium/ICB 1.2 0.24 
CalciumPBLK 125 25 

ChromiumPBLK 12.9 2.58 
Copper/CCB 6.9 1.38 
IronPBLK 112.5 22.5 

MagnesiumXCB 41.4 8.28 
Manganese/PBLK 3.2 0.64 

Sodium/CCB 109.1 21.82 
-. 
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- 
Vanadium/ICB 6.5 1.3 

ZinciFBLK 6.9 1.38 

l All cadmium results in SDG No. A01 SS-3 were qualified “B” due to ICB 
contamination. 

l Chromium sample results for A01 SS-06B; A01 SS-17B; A01 SS-33B; A01 SS-95; 
AOlSS-42B; and A01 SS-53B were qualified “B” for prep blank contamination. 

l All copper sample results in SDG No. A01 SS-3, with the exception of A01 SS-53B, 
were qualified “B” due to CCB contamination. 

l All sodium results in SDG No. A01 SS-3, with the exception of A01 SS-17B, were 
qualified “B” due to CCB contamination. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. A01 SS-18. 

Contaminant/BhkJ&X Concentration 

Alurninum/Rinsate Blank R-8 1350 270 
Barium&insate Blank R-8 11.5 2.3 

Cadmium/CCB 2.1 0.42 
CalciumRinsate Blank R-8 509 102 

Chromium/Rinsate Blank R-8 8.46 1.69 
Cobalt/CCB 6.9 1.38 

Copper/Rinsate Blank R-8 12.1 2.42 
IronRinsate Blank R-8 2450 490 

MagnesiumEnsate Blank R-8 235 47 
ManganeseRinsate Blank R-8 35.7 7.14 

Nickel/Rinsate Blank R-8 39.6 7.92 
Seleniutiinsate Blank R-8 9.75 1.95 

Silver/PBLK 8.6 1.72 
SodiumECB 128.0 25.6 

Vanadiurn/lCB 4.3 0.86 
Zinc/Rinsate Blank R-8 33 6.6 

l Cadmium results in AOlSS-18B’; AOlSS-26B; AOISS-103A; and A05SS-102 were 
qualified “B” due to CCB contamination. 

l Calcium results in A01 SS-26B were qualified “B” due to rinsate blank contamination. 
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l Chromium results in A01 SS-26B and A01 SS-103A were qualified “B” due to rinsate 
blank contamination. 

l Cobalt results in AOlSS-18B; AOlSS-26B; and AOlSS-103A were qualified “B” due to 
CCB contamination. 

l Copper results in all soil samples of SDG No. A01 SS-18 were qualified “B” due to 
rinsate blank contamination. 

l The magnesium result in sample A0 1 SS- 103A was qualified “B” due to rinsate blank 
contamination. 

l The manganese result in sample A01 SS-18B was qualified “B” due to rinsate blank 
contamination. 

l All nickel and sodium results in SDG No. A01 SS-18 were qualified “B” due to rinsate 
blank and CCB contamination. 

l Zinc results in samples A01 SS-18B and A01 SS-26B were qualified “B” due to rinsate 
blank contamination. 

l The following contaminants were detected in blank samples associated with samples in 
SDG No. A02SS-74. 

ContaminantiJYar& TVD~ 

Aluminurn/Rinsate Blank @IN-9) 131 26.2 
BariumRinsate Blank (RIN-9) 4 0.8 

CalciumPBLK 79.6 15.9 
Copper/PBLK 9.1 1.82 

IronRinsate blank (RIN-9) 145 29 
LeadRinsate Blank (RIN-9) 4 0.8 

MagnesiumRinsate Blank (RIN-9) 267 53.4 
ManganeseRinsate Blank (RI-N-9) 8 1.6 

Selenium/ICB 1.3 0.26 
Silver/CCB 8.1 1.62 

Sodium/l&sate Blank @IN-9) 496 99.2 
Zinc/PBLK 10.2 2.04 

l Magnesium results in A02SS-83B; A02SS-92B; and A02SS-107C were qualified “B” 
due to rinsate blank contamination. 
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l All sodium results in SDG No. A02SS-74 were qualified “B” due to rinsate blank 
contamination. 

l The zinc result in A02SS83B was qualified “B” due to prep blank contamination. 

l Calcium was detected in the rinsate blank A02SS-RIN9 at a concentration of 18300 
micrograms per liter (ug/L). No other samples in SDG No. A02SS-74 were reported at 
the level reported in the rinsate blank. Since the concentration found in the rinsate 
blank was considerably greater than that reported for any sample, the rinsate blank was 
not used in the evaluation of calcium contamination. 

l The following contaminants were detected in blank samples associated with SDG No. 
A02SS-93. 

. 
Co- Tvpe 

. 
Blank Co- 

Antimony/CCB 34.1 6.82 
BariurnPBLK 1.5 0.3 
CadmiumCCB 3.4 0.68 
CalciumPBLK 76.8 15.36 

CobaltiCCB 6.9 1.38 
Copper/PBLK 7.8 1.56 

Iron/PBLK 24.4 4.88 
MagnesiumPBLK 52.6 10.52 
Manganese/PBLK 4.6 0.92 

Mercury/CCB 0.2 0.1 
Silver/CCB 9.1 1.82 

SodiumCCB 88.0 17.6 
Vanadium/ICB 4.3 0.86 

Zinc/CCB 11.1 2.22 

l Cadmium, cobalt and sodium results in A02SS93B; AOlSS-109; and AOlSS-110 were 
qualified “B” due to CCB contamination. 

l Copper results in A02SS93B and A01 SS-110 were qualified “B” due to prep blank 
contamination. 

l The Zinc result in sample A02SS93B was qualified “B” due to CCB contamination. 

l The following contaminants were detected in blank samples associated with SDG No. 
AOlSS-111. 
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Aluminum/PBLK 68.5 13.7 
Bariurn/CCB 3.9 0.78 

CadmiumECB 1.8 0.36 
CalciumPBLK 85.4 17.1 
Copper/PBLK 9.3 1.86 

IronCCB 38.5 7.7 
ManganeseCCB 1.4 0.28 

Selenium0CB 1.7 0.34 
Silver/PBLK 6.6 1.32 
Zinc/PBLK 13.8 2.76 

l Allcadmium andcopperresultsforsamplesAOlSS-lll;AOlSS-112;andAOlSS-113 
were qualified “B” due to CCB and prep blank contamination, respectively. 

l The silver result in A01 SS-112 was qualified “B” due to prep blank contamination. 

l Field-duplicate samples were collected and analyzed by the laboratory. The RPDs 
between the original and duplicate analyses were calculated and are summarized below 
for each field-duplicate sample pair. For field-duplicate pairs in which results are <IDL 
or suspected to be the result of blank contamination, the RPD was not provided. All 
concentrations are presented in mg/Kg on a dry-weight basis. 

l Field-duplicate sample results were reviewed using the guidelines prescribed for the 
review of laboratory duplicates. A control limit of 35% was used for sample 
concentrations >5X CRDL and +2X CRDL for concentrations <5X CRDL. Sample 
qualifications for estimation “I” were assessed (if required) only to the samples of the 
field-duplicate sample pair. 

SamDle Field Wlicate IJJ 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 

AOISS-18 
2970 
5.86B 
38.6 
20.2 
0.355 

0.383B 
6970 
7.59 

2.34B 

A01SS-78 
2740 
1.04u 
44.1 
19.3 

0.287 
0.42B 
2990 
7.13 
1.73B 

8.1 
NC 
13 
4.6 
21 
NC 
80 
6.3 
NC 



57 

Copper 10B 5.28B NC 
Iron 7450 7410 0.5 
Lead 14.3 14 2.1 

Magnesium 507 448 12 
Manganese 74.5 83.9 12 

Mercury 0.065 10.0631 3.1 
Nickel 3.37 2.56 27 

Potassium 576 524 9.5 
Selenium 0.203UL 0.159UL NC 

Silver 0.2UL 0.203I.K NC 
Sodium 54.8B 21.8B NC 

Thallium 0.328U 0.257U NC 
Vanadium 14.3 14 2.1 

Zinc 46.6 45.1 3.3 

l In field-duplicate sample pair A01 SS-18 and A01 SS-78, the RPD for Ca was outside 
the required criteria. The sample results for Ca were estimated “J” in each of these 
samples. 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

AOlSS-19 
855 

0.801U 
12.6L 
7.37 

0.122 
0.26B 
505 

1.76L 
l.lB 

5.35B 
24203 
8.09 

84.4B 
80.1 

0.193 
[0.704] 

86B 
0.131UL 
0.156UL 
[13.6B] 
0.2llU 

2.85 

Field ~ugdicate In 

A0 1 ss-77 
1350 

0.898U 
15.5 
8.77 

0.143 
0.271B 

690 
2.94 
1.14B 
5.45B 
4220 
8.13 
193 
84 

0.047u 
1.47 
152 

0.142UL 
0.175UL 
[17.3B] 
0.23U 
4.67 

45 
NC 
21 
17 
16 

NC 
31 
50 
NC 
NC 
54 
0.5 
78 
4.8 
NC 
70 
55 
NC 
NC 
NC 
NC 
48 
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Zinc 31.2 32.5 4.1 

l In field-duplicate sample pair A0 1 SS- 19 and A0 1 SS-77, the RPD for Al and Fe were 
outside the required criteria. The sample results for Al and Fe were estimated “I” in 
each of these samples. The Fe result in A01 SS-19 was previously qualified “I” and 
remains an estimated value. 

Aluminum 
AnGmony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 

SS-46 
4890 

[0.822B] 
2.67 
12.1 

0.755 
0.785B 
3400 
16.3 
5.8B 

4.76B 
24200 
4.55 
957 
85.6 

0.051u 
5.37 
1040 

0.155UL 
0.154UL 
[27.1B] 
0.25U 
12.7 
31.1 

piQlSS-8Q 
4830 
1.17u 
6.69 
15.4 

0.726 
0.767B 
12100 
15.4 

4.26B 
5.03B 
23200 
6.79 
976 
86.1 

0.049u 
5.47 
983 

0.158UL 
0.196UL 
[l lOB] 
0.255U 

12.8 
31.2 

1.2 
NC 
86 
24 
3.9 
NC 
112 
5.7 
NC 
NC 
4.2 
40 
2.0 
0.6 
NC 
1.8 
5.6 
NC 
NC 
NC 
NC 
0.8 
0.3 

l In field-duplicate sample pair AOlSS-46 and AOISS-80, the RPD for Ca was outside 
the required criteria. the sample results for Ca were estimated “I” in each of these 
samples. 

Aluminum 
Antimony 

A02SS-82 A02SS-89 
2330 2390 2.5 

R R NC 
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Arsenic 
Barium 

Beryllium 
CadmiLUll 
Calcium 

chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 

0.226UL 
22.5 
0.121 

0.778B 
693L 
3.78 

[l.ll] 
34.91, 
2090 
8.3 
136 
116 

0.029 
1.25 
186L 

0.125U 
0.165UL 
[12.1B] 

0.226UL 
10.2 
26.5 

0.23UL NC 
22.2 1.3 
0.128 5.6 

0.549B NC 
532L 26 
3.84 1.6 

[1.02] 8.4 
19.7L 56 
1750 18 
5.61 39 
125 8.4 
76.6 41 

0.029 0 
1 .Ol 21 

1766L 5.5 
0.127U NC 

0.168UL NC 
P3Bl NC 

0.23UL NC 
11.8 15 
19.7 29 

l In field-duplicate sample pair A02SS-82 and A02SS-89, the RPDs for Cu and Mn were 
outside the required criteria. The sample results for Cu in both samples were previously 
qualified “L” for low bias in the MS analysis. The data reviewer determined that the 
“L” qualifier for bias should be superseded by the “I” qualifier for imprecision since the 
measured imprecision (56% RPD) was greater than the magnitude of the low bias (72.9 
%R) for accuracy. Mn results in both samples were estimated “I” for the RPD outlier. 

mle ID Field Duplicate ID 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

AOlSS 16B - A0 1 SS-968 
8140 7630 

R R 
2.89 1.63 

25.3L 26.2L 
1.23 3.8 

0.62B 1.43B 
1280 2430 
19.9 29.7 
3.01 10.7 

2.88B 3.74B 
13000 25700 
6.61 7.86 

6.5 
NC 
56 
3.5 
102 
NC 
62 
40 
112 
NC 
66 
17 
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Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 

814 
21.9 
0.016 
11.1 
890 

0.73UL 
0.148UL 

[W 
0.225U 

13.3 
42.6 

1550 62 
161 152 

0.014 6.7 
13.5 19.5 
1810 68 

0.163UL NC 
0.166UL NC 
[24.2BJ NC 
0.251U NC 

17.1 25 
71.1 50 

l In field-duplicate sample pair A01 SS- 16B and A01 SS-96B, the RPDs were exceeded 
for the following analytes: Be, Cr, Fe, Mn;and Zn. Sample results for all the analytes 
noted above for both samples were estimated “J” due to the RPD outliers. 

SamDle Field DUD- 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 

AO A01SS-79 
1270 1200 

4.08B 0.832U 
[1.25] l.lL 
25.9 27 
0.25 0.254 

0.086B 0.081B 
870 1280 
1.13 1.21 

1.52B 1.38B 
2.96B 2.36B 
1270 11605 
29.9 36.6 
103 130 
161 179 
0.13 0.142 
1.32 1.18 

[76.9] [107L] 
0.144UL 0.132UL 
0.158UL 0.162UL 

16.2B 12.7B 
0.202u 0.214U 

4.4 4.97 
7.69 8.69 

5.7 
NC 
13 
4.2 
1.6 
NC 
38 
6.8 
NC 
NC 
9.1 
20.1 
23 
11 
8.8 
11 
33 
NC 
NC 
NC 
NC 
12 
12 
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Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

le ID 

A01 SS-5Q 
945 
R 

0.22UL 
14.4B 

[O.lll] 
[O.O87B] 

1700 
1.53 

0.791B 
2 

1430 
7.55 
WI 
1075 
0.046 
1.08B 
P211 

R 
0.159UL 
[4.18B] 
0.22u 
3.93B 
8.1K 

IeIQ 

AO5SS 62 - 
2730 

R 
3.36L 
13.7B 
0.198 

0.229B 
1040K 

5.3 
2B 
1.56 
6040 
9.7 
179 
89.6 

Field Duplicate ID 

934 1.2 
1.02B NC 

0.24UL NC 
13SB NC 

[0.104] 6.5 
[O.O89B] 2.3 
1470K 15 
1.58 3.2 

0.749B 5.5 
1.8 11 

1400 2.1 
,7.2 4.1 
130 4.7 
99.4 7.4 
0.054 16 

[0.96B] NC 
260 73 
R NC 

0.166UL NC 
[11.8B] NC 
0.24U NC 
3.6B NC 
7.11 13 

Field Duplicate ID 

AO=S-85 
2930 
1.24B 
3.71L 
12.2B 
0.168 

0.199B 
881K 
5.57 
1.8B 
1.78 
250 
8.58 
163 
64.8 

7.1 
NC 
9.9 
NC 
16.4 
NC 
17 
5.0 
NC 
13 
3.4 
12 
9.4 
32 
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Mercury 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Mercury 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 

0.009u 
2.55B 

193 
R 

0.177UL 
[18.8B] 
0.22UL 

9.63 
12.6 

93 
4000 

R 
0.228UL 

23 
0.161 

0.877B 
454L 
7.11 
1.51 

6.83L 
5800 
6.63 
151 
117 

0.014 
2.66 
213L 

0.126U 
0.166UL 
[12.5B] 

0.228UL 
14 

17.3 

0.009u 
2.05B 

180 
R 

0.165UL 
[20.7B] 
0.24UL 

10.5 
10.7 

Field Duplic&e ID 

A02SS-94 
3990 

R 
1.6L 
25.6 
0.178 

0.919B 
522L 
7.25 
1.66 

5.84L 
6710 
8.34 
154 
124 

2.72 
231L 

0.132U 
[O.l72L] 
[ 11.2B] 
0.24UL 

12.9 
17.7 

NC 
NC 
3.8 
NC 
NC 
NC 
NC 
8.6 
16 

0.3 
NC 
NC 
11 
1.8 
NC 
14 
1.9 
9.4 
16 
15 
23 
2.0 
5.8 
NC 
2.2 
8.1 
NC 
NC 
NC 
NC 
8.2 
2.3 

l The laboratory did not apply the inorganic “B” flag to all sample results between the 
IDL and CRDL. The data reviewer added and replaced all “B” qualifiers on the data 
summary forms with brackets [ ] to indicate values between the IDL and CRDL in 
accordance with USEPA Region III guidelines. The “B” qualifier was applied to 
sample results to indicate suspected blank contamination. 
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l Two Form I inorganic summary forms were submitted for A02SS-75 and none were 
received for sample A02SS-76. The laboratory was advised of the error and corrected 
the sample identification on one of the Form I summaries to A02SS-76 after verifying 
the sample results to the laboratory raw data. 

l Mercury data was not provided for sample A02SS-94 due to laboratory error. 

Where applicable, data were reviewed in accordance with the USEPA Functional 
Guidelines for Evaluating Organic and Inorganic Analyses, as modified for use in the 
USEPA Region III. The text of the report only addresses those problems which affect data 
usability and which could be determined from the NEESA Level C reporting deliverables. 

.- 

.- 
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BLACK&VEATCHDATA 
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TABLE 3: Nitroaromatics 
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TABLE 2: Pesticides/PCBs and Metals 
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SSA 15 
SURFACE SOIL DATA AND COPC SELECTION SUMMARY 

COMBINING BAKER AND BLACK & VEATCH DATA 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant”’ 

VoIatiIes: 

2-Butanone 

Semivolatiles: 

4-Chloroaniline 

4-Chloro-3-methylphenol 

Benzo(g,h,i)perylene 

bis(2-ethylhexyl)phthalate 

Butylbenzylphthalate 

Di-n-Butylphthalate 

Pesticides/PCBs: 

alpha-Chlordane 

gamma-Chlordane 

4,4 - DDD 

4,4’-DDE 

4,4’-DDT 

Dieldrin 

Endosulfan Sulfate 

beta-BHC 

Region 111 
Criteria”’ 

Residential COC 
Value 

hk) 

4,700 

31 

-- 

310C5’ 

46 

1,600 

780 

0.49@’ 

0.49@’ 

2.7 

1.9 

1.9 

0.04 

47”’ 

0.35 

Contaminant Frequency/Range”’ 

No. of Positive Range of Positive 
Detects/ Detection 

No. of Samples Owk) 

l/7 0.0125 

217 O.l lOJ-3.05 

l/7 0.3503 

l/7 O.lOOJ 

417 0.0675 - 225 

217 0.1205-1.65 

217 0.1305 - 0.470 

4/7 0.002 1 J - 0.280 

217 0.125-0.26 

417 0.00195 - 0.110 

717 0.00823 - 0.03 1 J 

717 0.00245 - 0.082 

217 O.O066NJ-0.0092 

l/7 0.00855 

l/7 0.00 18NJ 

Comparison to COPC 
Criteria Selection 

No. of Positive 
Detects Above 

Residential Selected as a 
COC Value COPC? 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 

0 No 



SSA 15 (Continued) 
SURFACE SOIL DATA AND COPC SELECTION SUMMARY 

COMBINING BAKER AND BLACK AND VEATCH DATA 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant”’ 

Region 111 
Criteria”’ Contaminant Frequency/Rangec3’ 

Residential COC No. of Positive Range of Positive 
Value Detects/ Detection 

@v&d No. of Samples (wk) 

I delta-BHC I 0.35 I l/7 T 0.00095NJ 

I gamma-BHC I 0.49 I l/7 

I Aroclor- 1254 I 0.16 I I/7 I 0.0625 

Inorganics: 

Aluminum 7,800 717 1290 - 6330 0 No 
I 

3.1 l/7 4L 

0.3712.3 717 2.4 - 19.2 
I 

I Barium I 550 I 717 I 10.8 - 280 

0.15 717 0.06 - 0.61 

3.9 317 0.38 - 10.4 

I Calcium+ I -- I 717 I 154 - 6490 
I 

,, ;:... .:.: . . . . . . . . . . . . .;.:. ::: ... : :: ,. 
j:,.: ;,:.fg&jglumi .::, ;, i:: .:ij::::l,i :,:, ;;::, :j:::ji;,i, ;. 3:: ;:I: ;. 39@’ 717 3.3 - 42.9 :. ..! .,. . . . . .: .( .:. ., 

Cobalt 470 717 0.53 - 6 

Copper 290 717 3.2 - 14.3 

Cyanide (total) 160 214 2.9K - 4.6L 

Iron+ -- 717 3,770 - 23,900 

Magnesium+ -- 717 83.3 - 446 

Comparison to 
Criteria 

No. of Positive 
Detects Above 

Residential 
COC Value 

0 

0 

0 

COPC 
Selection 

Selected as a 
COPC? 

No 

No 

No 

1 I Yes 

616 
I 

Yes 

0 I No 

4 Yes 

1 Yes 

__ No 

1 Yes 

0 No 

0 No 

0 No 

-- No 

0 No 

-- No 



SSA 15 (Continued) 
SURFACE SOIL DATA AND COPC SELECTION SUMMARY 

COMBINING BAKER AND BLACK AND VEATCH DATA 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant”’ 

I Nickel 160 I 617 I 1 - 7.7 

I Potassium+ 

I Sodium+ 

Region III 
Criteria”’ Contaminant FrequencylRange’3’ 

Residential COC No. of Positive Range of Positive 
Value Detects/ Detection 

@@kg) No. of Samples @w&9 

39 717 8.45 - 1755 

2.3 217 0.59K-4.7 

-- I 717 I 94.15 - 692 

39 I 417 
I 

0.67K - l.lK 

39 I 217 
I 

5.3-53.4K 

-_ I 717 
I 

15.8 - 121 

55 717 7.4 - 65.8 

2,300 717 13.15 - 258 

Comparison to 
Criteria 

No. of Positive 
Detects Above 

Residential 
COC Value 

0 

1 

-- 

1 

0 

COPC 
Selection 

Yes 

No 

No 

No 

Yes 

No 

Yes 

No I 
(‘) Organic cone entrations reported in &kg, Inorganic concentrations reported in mg/kg. 
w COC = USEPA Region III COC screening value (USEPA, 1993a) 
w J = Analyte was positively identified, value is estimated. 

K = Estimated value, biased high 
L = Estimated value, biased low 

(4) Action level for residential soils (USEPA, 1994~) 
(‘) Naphthalene was used as a surrogate for the COC value. 
W) Chlordane was used as a surrogate for the COC value. 
(‘) Endosulfan was used as a surrogate for the COC value. 
(‘) Chromium (VI) COC value was used for chromium. 
-- = No criteria published 
+ = Essential Nutrients 



SSA 15 
SURFllCE WATER DATA AND COPC SELECTION SUMMARY 

COMBINING BAKER AND BLACK & VEATCH DATA 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Federal/State Criteria(*) Frequency/Range(‘) 
COPC 

Selection 

Contaminant” 

AWQC AWQC Virginia Virginia No. of 
Freshwater Freshwater Freshwater Freshwater Positive 

Acute Chronic Acute Chronic Detects/No. 
(M/L) (Pg/L,) (Pg/L) WL) of Samples 

Concentration 
Range 
NdL) 

Retained as 
a COPC? 

Volatiles: 

-- 11,600 

-- -- 

21,900** -- 

-- -- 

-- -- 

-- l/3 1 Yes 

-- l/3 0.5J Yes 

-- 214 420 - 500 Yes 

-- l/3 2 Yes 

-- 213 49 - 77 Yes 

..: . . 
lij:::;; 4~~lr~~~~~~.i:ij::::i.i::i:i::l ::fqj;ii:: 
. . . ..: .:‘: :..j: ‘~‘::::::::;:.:::::.:.~::.:.‘::.:.~.’:’.”.,:::.: . . ./. : 
Inorganics (Total): 

-- -- __ _- l/i 0.087 Yes 

Aluminum 750 87 -- -- 414 50.5 - 81.6 No 

Barium 
: . . . 1: ,,:., : : :: :.: .: :. . . 

‘:, ;:I/ ~;l~~~~::.:.‘.:I,:::~~.~.~:~~,~~,~, ;j j,; :.:,;.:.<:;;:;: 

__ 

3 .9* 

-_ 

1.1* 

__ _- 

13.4 2.67 

414 32 - 43.2L No 

l/4 2.lK Yes 

Calcium+ _- _- -- _- 414 9 1,900 - 114,000 No 

Copper 18* 12* 49.6 30.05 l/4 4.1 No 

Iron+ -- 1000 -- -- 314 331L - 889L No 

Lead 

Magnesium+ 

83* 3.2* 327.69 12.77 214 1.4 - 1.6 No 

-- -- -- -- 414 2,620 - 3,220 No 



SSA 15 (Continued) 
SURFACE WATER DATA AND COPC SELECTION SUMMARY 

COMBINING BAKER AND BLACK AND VEATCH DATA 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant”’ 

Manganese 

AWQC 
Freshwater 

Acute 
(KG) 

-- 

Federal/State Criteria’*’ 

AWQC Virginia 
Freshwater Freshwater 

Chronic Acute 
(K/L) km 

-- -- 

Virginia 
Freshwater 

Chronic 
b-em 

-- 

Frequency/Range(‘) 

No. of 
Positive Concentration 

Detects/No. Range 
of Samples (PEW 

414 8.2L- 70.1 

COPC 
Selection 

Retained as 
a COPC? 

No 

Potassium+ -_ __ -- -- 414 1,030 - 1,560 No 
.:.. . . ::y ~$f~&$:.‘; :j$ j:llj: j.;;:: j::.:. :::.j::.:::., :.;::.;.:.: :.:.lij::::.; : : : 4.1 0.12 117 -- l/4 1 Yes . . ::: . . . . . :: . . . . . :...:..:.... . . . . . . . . . . . . . . . . ..:. : .‘.. . . . . ..:. .:..... 

Sodium+ __ __ -- -- 414 7,020 - 9,290 No 

Thallium 1,400** 40** -- __ 214 7K - 7.6K No 

Vanadium -- __ -- _- 214 1.3-1.8L No 

Zinc 120* 110* 295.1 267.29 314 2.55 - 7.65 No 

Notes: 

(1) All concentrations reported in pg/L 
(2) Water Quality Criteria (WQC) human health values (recalculated) using IRIS as of 1990 and the Virginia Water Standards 

(Bureau of National Affairs - December 1994) 
(3) B = Detected in associated blank(s) 

J = Analyte was positively identified, value is estimated 
K = Value is estimated; biased high 
L = Value is estimated; biased low 

-- = No criteria published 
+ = Essential Nutrient 
* = Hardness dependent criteria ( 100 mg/L CaCO, used) 
** = Insufficient data to develop criteria. Value presented is the lowest observed effect level (LOEL). 



SSA 15 
SEDIMENT DATA AND COPC SELECTION SUMMARY 
COMBINING BAKER AND BLACK & VEATCH DATA 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Sediment Criteria”’ Contaminant Frequency/Range”’ Comparison to Criteria 
COPC 

Selection 

Contaminant”’ 

ssv ssv No. of Positive Range of Positive Positive Positive 
ER-M ER-L Detects/ Detections Detects Detects Retained as 

b@kJ Gwdk) No. of Samples hk) Above ER-M Above ER-L a COPC? 

Volatiles: 

1,2-Dichloroethene (total) -- -_ l/5 0.0025 -- __ No 

2-Butanone __ -- l/6 O.OllJ -- -- No 

Benzene -- -_ l/5 0.0025 -- -- No 

__ 

-- 

-_ 

-- 

-- 

-- 

l/6 0.005J -- -- No 

216 0.0025 - 0.0075 -- __ Yes@) 

l/6 0.0025 __ -- No 

Semivolatiles: 

bis(2-Ethylhexyl)Phthalate -- 

Fluoranthene 5.1 

Phenanthrene 1.5 

Di-n-butylphthalate -- 

Butyl Benzyl Phthalate _- 

Pyrene 2.6 

Pesticides/PCBs: 

5.3C5’ 416 O.llJ - 0.57 -- 0 No 

0.6 l/6 0.099J 0 0 No 

0.24 216 0.0475 - 0.0625 0 0 No 

260c5’ l/6 4.9 -- 0 No 

5.3C5’ l/6 0.465 -- 0 No 

0.665 l/6 0.075 0 0 No 



SSA 15 (Continued) 
SEDIMENT DATA AND COPC SELECTION SUMMARY 
COMBINING BAKER AND BLACK & VEATCH DATA 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Sediment Criteria”) Contaminant Frequency/Range”’ Comparison to Criteria 

ssv ssv No. of Positive Range of Positive Positive Positive 
ER-M ER-L Detects/ Detections Detects Detects 

Contaminant”’ @w&s) (wW No. of Samples Owk) Above ER-M Above ER-L 
.’ .‘. .‘. . . .,. . . . . . .,... . . ,~~,‘,:.,::~~~~~~~~~:‘.:~~‘:::~‘;:.”:’ .;’ ‘;!;;.“j;:ij::. ‘.I 0.046 1 0.00158 515 0.02 - 0.086 1 5 . . . . . . . . .: . . ‘. .‘.A .‘:“...’ . . ,::. ..;.. .. :,: :..;: ., : 

delta-BHC __ -- 415 0.000625 - 0.00155 -- __ 

Dieldrin -- -- l/6 0.0006NJ -- -- 

Inorganics: 

Aluminum -- -- 616 497 - 959 -- -- 

Arsenic 70 8.2 416 0.72 - 1.3 0 0 

Barium _- -- 616 3 - 10.4 __ __ 

COPC 
Selection 

Retained as 
a COPC? 

Yes I 

No 
I 

No I 

Yes I 

No 

No 

No 

No 

No 

No 

No 

No I 

No I 

No I 



SSA 15 (Continued) 
SEDIMENT DATA AND COPC SELECTION SUMMARY 
COMBINING BAKER AND BLACK & VEATCH DATA 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

COPC 
Sediment Criteria(*) Contaminant Frequency/Range”’ Comparison to Criteria Selection 

ssv ssv No. of Positive Positive Positive 
ER-M ER-L 

Range of Positive 
Detects/ Detections Detects Detects Retained as 

Contaminant(‘) 6wk.s) (mdk) No. of Samples OW@ Above ER-M Above ER-L a COPC? 

Lead 218 46.7 616 4.55 - 11.5J 0 0 No 

Magnesium+ -- _- 616 44.7 - 343 -- _- No 

Manganese -- -- 616 5.20 - 37.4 _- -- No 
. . . . . . .::::..... . . : .: 

: ‘;.‘.: .~~~~~:;.:.:.:i:.:.:.~.:.~.:.:.::~~ ‘. :‘.::;+ .: ;.i.j:.;;:.:.,:; 0.71 0.15 316 0.23 - 0.44 0 3 Yes ... ; .,.,. .,..: : . . . . .,. .I.. ..,... .>.. 
Potassium -- -- 116 0.164 -- -- No 

Silver 3.7 I 216 0.5 IK-0.87L 0 0 No 

Sodium+ __ -_ 616 30 - 63.6 -- __ No 

Vanadium -- -- 616 2.3 - 4.3 __ __ No 

Zinc 410 150 616 9.5J - 19.15 0 0 No 

(I) Organic concentrations converted to mg/kg, Inorganic concentrations reported in mg/kg. 
(*) SSV = Sediment Screening Value (Long, et al, 1995) 
U) J = Analyte was positively identified. Reported value may not be accurate or precise. 

L = Estimated value, biased low _- . . . 
I*’ Nattonal Oceamc and Atmospheric Administration 
(‘) Region III BTAG Screening Levels range from 5.3 mg/kg (diethylphthalate) to 260 mg/kg (n-butylphthalate). The more conservative value for 

diethylphthalate was used. 

-- = No criteria published 
+ = Essential Nutrients 



SSA 15 - ACCIDENTAL INGESTION OF SURFACE SOILS - (1) 
SUMMARY OF RISK SCREENING 
COMBINING BAKER AND BLACK AND VEATCH DATA 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
FUTURE RESIDENTS 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Carcinogens Noncarcinogens 
ILCRi = (Ci/RBCi) x lE-06 HQI = Ci/RBCi 
TOTAL ILCR = ILCRl + ILCR2 . . . ILCRn HI = HQl + HQ2 . . . HQn 

ILCR = Incremental Lifetime Cancer Risk HQ = Hazard Quotient 
Ci = Detected concentration in a medium (mg/kg, ug/L) Ci = Detected concentration in a medium (mg/kg, ug/L) 
RBC = Risk-Based Concentration (mg/kg, ug/l) RBC = Risk-Based Concentration (mg/kg, ug/kg) 
1 E-06 = Risk assessment point of departure HI = Hazard Index 

Arsenic 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Mercury 
Silver 
Vanadium 

I 

Residential HQ 
Soil RBC Percent 
(mg/kg) (n,c) ILCR 1 Contrib. HQ Contrib. 

31 n NA 0.0% 1 . - 1 7% 
13.64 0.37 C 3.7E-05 93.1% NA o:o% 
13.64 23 n NA 0.0% 5.9E-01 11.9% 
0.41 0.15 C 2.7E-06 6.9% NA 0.0% 
4.52 3.9 n NA 0.0% 1.2E+OO 23.3% 
24.8 39 n NA 0.0% 6.4E-01 12.8% 
2.07 2.3 n NA 0.0% 9.OE-01 18.1% 

23.14 39 n NA 0.0% 5.9E-01 11.9% 
40.64 55 n NA 0.0% 7.4E-01 14.8% 

1 106.55 1 390 n 1 NA I 0.0% 1 2.7E-01 1 5.5% 
Total ILCR: 4.OE-05 100.0% HI 5.OE+OO 100.0% I 

n = noncarcinogen 
c = carcinogenic 
NA = not applicable 
(1) Concentrations are normal 95% UCL values, or maximum values if the UCL was exceeded. 

SSAI 5.WBl 



SSA 15 - SURFACE WATER 
SUMMARY OF ECOLOGICAL RISK SCREENING 
COMBINING BAKER AND BLACK AND VEATCH DATA 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

EQ = Ci/(AWQC or ER-L) 
El = EQI + EQ2...EQn 

EQ = Ecological Quotient 
Ci = Detected concentration in a medium (mg/kg, ug/L) 
AWQC = Ambient Water Quality Criteria 
ER-L = Sediment screening value, Effects Range-Low value (mg/kg) 
El = Ecological Index 

COfazhl I 
l,l- IC oroethene (1) [ 
1 ,l-Dichloroethane 0.5 
Trichloroethene 500 
Vinyl Chloride 2 
4-Nitrotoluene 0.087 
Cadmium 2.1 
Silver 1 
cis-1,2-Dichloroethene(1) 77 

Ci 
(ug/L) 

1 

AWQC I Ecological I 

EQ 
Percent 
Contrib. 

0.0% 
0.0% 
0.2% 
0.0% 
0.0% 

18.6% 
81.1% 

(ug/L) Quotient 
11600 - 

El: 1 .OE+Ol 
0.1% 

100.0% 

(1) Acute AWQC for dichloroethylenes used as a surrogate. 
(2) Exposure point concentration values are the maximum detected concentrations. 

SSAl5.WBl 



SSA 19 - SEDIMENT 
SUMMARY OF ECOLOGICAL RISK SCREENING (1) 
COMBINING BAKER AND BLACK AND VEATCH DATA 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

EQ = Ci/(AWQC or ER-L) 
El = EQI + EQ2...EQn 

EQ = Ecological Quotient 
Ci = Detected concentration in a medium (mg/kg, ug/L) 
AWQC = Ambient Water Quality Criteria 
ER-L = Sediment screening value, Effects Range-Low value (mg/kg) 
El = Ecological Index 

I I EQ 
Ci ER-L Ecological Percent 

etrachloroethene 
1 (mg/kg) 1 (mg/kg) 1 Quotient 1 Contrib. 
I 0.01 I -- I NA I 0.0% 

Trichloroethene 
gamma-Chlordane 

0.008 __ NA 
0.002 0.0005 4.OE+OO 
2.55 2 1.3E+OO 
3.89 8.2 4.7E-01 
10.89 34 3.2E-01 
0.08 0.15 5.3E-01 

0.0% 
60.6% 
19.3% 

7.2% 
4.9% 
8.1% 

(1) Exposure concentrations are Normal 95% UCL concentrations. 
-- = No published criteria. 

SSAl9.WBl 



APPENDIX 0 
TRANSMITTAL LETTER, FINAL RAC DESIGN PACKAGE FOR 

REMOVAL ACTIONS AT SSAs 2 AND 7 

. .  .1 *  . - , - - -  - - . - -  - . , - .  - . - .  



Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 15108 

(412) 269-6000 
FAX (412) 269-2002 

June I,1995 

Commander 
Atlantic Division 
Naval Facilities Engineering Command 
15 10 Gilbert Street (Building N-26) 
Norfolk, Virginia 235 1 l-2699 

Attn: Mr. Gregory P. Hatchett 
Code 18226 

Re: Contract N62470-89-D-48 14 
Navy CLEAN, District III 
Contract Task Order (CTO) 0294 
RAC Design Package for Removal Action 
Site Screening Areas 3 and 7 
Naval Weapons Station, Yorktown, Virginia 

Dear Mr. Hatchett: 

Baker Environmental, Inc. (Baker) is pleased to submit six (6) copies of the Final Design Package for the 
Removal Action at the referenced Site Screening Areas. This package includes the Design Drawings, 
Specifications, and the Construction Cost Estimate (including one copy each of the Drawings and Cost 
Estimate on computer disk), as well as one set of reproducible mylars of the Drawings and one set of original, 
unbound Specifications. The package also includes the comments (with Baker’s responses) received on the 
100% Submittal. 

Two copies each of this submittal package have been sent to the ROICC office and the Commanding Officer, 
Naval Weapons Station, Yorktown (Activity). Five copies have been sent to Mr. Robert Thomson (USEPA 
Region III) as per his request, and two copies to Mr. Steve Mihalko (Virginia DEQ). Copies of this letter 
have been forwarded to Ms. Ollie Glodis (LANTDIV Code 02116) and Ms. Susan Gale (LANTDIV Code 
183 1). 

bee: APPaj ak/CF; 
RFHoc, SJKretschman~ Daily, 
S.O.# 62470-294-SRN: w 



Mr. Gregoxy Hatchett 
June 1,1995 
Page 2 

If you have any questions regarding this submittal, please contact me at (412) 269-6135 or Mr. Richard Hoff 
(Activity Coordinator) at (4 12) 269-2099. 

Sincerely, 

BAKER ENVIRONMENTAL, INC. 

James J. Klacik, P.E. 
Project Manager 

JJW 

Cc: Ms. Ollie Glodis, Code 02 116 (letter only) 
Ms. Susan Gale, Code 183 1 (letter only) 
ROICC Off&, WPNSTA, Yorktown (2 sets) 
Commanding Offker, WPNSTA, Yorktown (2 sets) 



Baker Environmental, Inc. 
420 Rouser Road 
Airport Office Park Bldg. 3 

Letter of Transmittal 
Coraopolis, PA 15108 
Telephone: (412) 269-6000 
Fax: (412) 269-2002 

To: U. S . EPA Region ITI S.O. No. 62470-294-SRN 

Office of Super-fund VA/wvA Fed. Facilities Project: CTO-0294,Weapons Station, Yorktown, VA 

84 1 Chestnut Building Date: June 1,1995 

Philadelphia, PA 19107 

Attn: Mr. Robert Thomson, P.E. (3HW71) 

We are forwarding the following: I Attached Cl Under Separate Cover 

DWG. NO. 
CC&S 

TITLE OR DESCRIPTION COMMENTS 

2 Final Desi 
AT 

Submittal 
Removal 
Naval Wea 

ction at Site Screening Areas 3 & 7 
ens Station 

Yorktown, irginia b 

THESE ARE TRANSMITTED as checked below: 

cl As requested cl No exceptions taken a Revise and resubmit 

cl For review and commmt 0 Rejected - See remarks a submit spedied items 

n For your information cl Proceed subject to omections noted a 

GENERAL COMMENTS: 

cc: Mr. Gregory P. Hatchet& Code 18226 

BAKERENVIRONMENTAL,INC. 

By: James J. Klacik, P.E. 

Title: Project Manager 

Page 1 of 1 



. 420 Rouser Road 
Airport Office Park Bldg. 3 
Coraopolis, PA 15108 
Telephone: (412) 2696000 
Fax: (412) 269-2002 Letter of Transmittal 

To: Commonwealth of Virginia S.O. No. 62470-294-SRN 

Department of Environmental Quality Project: CTO-0294,Weapons Station, Yorktown, VA 

629 East Main Street Date: June 1,1995 

Richmond, Virginia 232 19 

AI&I: Mr. Steve Mihalko 

We are forwarding the following: n Attached Cl Under Separate Cover 

DWG. NO. 
CEbS 

TITLE OR DESCRIPTION COMMENTS 

2 Final Desi 
P 

Submittal 
Removal 
Naval Wea 

ction at Site Screening Areas 3 & 7 
ons Station 

Yorktown, irginia e 

THESE ARE TRANSMITTED as checked below: 

Cl hrequ-ted cl No exceptioas taken a Revise and resubmit 

0 For review and comment 0 Rejected-Seeremarks a Submit specified items 

n For your id&nation 0 Proceed subjti to come&ions noted cl 

GENERAL COMMENTS: 

cc: Mr. Gregory P. Hatchet& Code 18226 

BAKER ENVIRONMENTAL, INC. 

By: James J. Klacik, P.E. 

Title: Project Manager 

Page 1 of 1 



UNmD STATES EINVJRONMEMAL PRGIECDON AGENCY 
REGION III 

941 Chestnut Buircling 
Philadelphia, Pmmylmnii 19107 

OfIiC9dSu9erfuINl 
Ftobert Thomson, Ps 
Mail ccxkl3Hw71 

.E 
Direu Di (215) 597-l 110 
FAX @IS) 597-9990 

Date: May 3, 1995 

Ms. Brenda Norton, PE 
Atlantic Division, Naval Facilities Engineering Command 
Environmental Quality Division 
Code: 1822 
Buildiirg N 26, Room 54 
1510 Gilbert Street 
NorfoIk, Va 23511-2699 

Re: Naval Weapons Station, Yorktown, Va 
Non-time critical Removal Action(s) 
SSAs 3 and 7 
Review of draft Engineering Evaluation/Cost Ana~sis, 100% Design Plans, Specifications and 
Consbuctiqn Drawings 

Dear Ms. Norton: 

The U.S. Environmental Protection Agency (EPA) has reviewed the Navy’s draft Engineering 
EvaluationlCostA 10096 Design PIam, Spccjficotion and Conmuction Drawings for the non-time critical 
removal actions planned for Site-Screening Areas (SSAs) 3 and 7 located at the Naval Weapons Station- 
Yorktown (WPNSTA) NPL facility, and we have the following comments to offer based upon our review: 

General chuments 

‘5 The major draw back with the basis of design document, speci!ications and plans is that the sampling 
and analysis plan for excavation sampling and other sampling is not provided. The Sampling and 
Analysis Plan defining the site specific sampling and analytical procedures are to be submitted by the 
contractor (spec 01010, Paragraph 1.3.1.1) at a later date. WHY?? There should be a provision in 
the specifications to allow the EPA to review the contractor’s Sampling and Analysis Plan. In 
accordance with the National Contingency Plan 40 CF.R 0 300.415@)(4)(ii), the non-time critical 
Sampling and Analysis Plan should be submitted to EPA for review and approval before the non-time 
critical removal action begins. 

2) The Basis of Design document indicates (page 6) that one of the removal action goals is to deter-mine 
if further investigation efforts and remedial actions are warranted by sampling and analyzing the 
remair&g soils from the open excavations prior to backfilling and site restoration activities. For this 
goal, the specification ca1l.s for one con&nation sample per 1000 square feet. This is not sufficient. 
Given the small size of these sites (220 gallon UST, small fire training pits), the frequency of 
confirmation sampling should be representative of the Iikelihood that contamination is still present 
For example, for determining whether or not a release has.occurred at an UST excavation site, a 
minimum of five confirmation sample locations is recommended underneath the excavated UST to 
determine whether or not a release has occurred. 

3) What is the past and current function of the existing Water Bypass Vault in the median strip 
of Main Road adjacent to SSA 7. There may be a need to investigate this area, depending 



on what the Vault was used for. 

4) It is known from previous investigation work that the Main Road Disposal Area contains 
ordnance debris, however the .documents do not discuss the use of an unexploded ordnance 
specialist during investigation. Is one needed? 

specific comments to SpeciJicatiom 

1) Section 01010, Part 1.3.1.1, e, pg. 3. 

The suggested air monitoring and sampling provisions identified in the Basis of Design 
document should be specified under this section. The Basis of Design document indicates, 
“The contractor shall perform real-time monitoring for organic vapors with a PID- or FID- 
type volatile organic detector and for explosive atmospheres with an cxplosimeter. High- 
volume air sampling shalt be used to qualii any release of toxic particulates associated with 
remedial work at the project site in accordance with OSHA requirements for worker health 
and safety.’ 

2) Section 01430, Part 3.1.1.1, 

One sample evety 1000 square feet is insufficient. The sampling design should be based upon the 
likelihood that contamination is still present, and not simply on volume. 

3) Section 01430, Part 3.1.1.2, 

The second paragraph should also include sampling of the sediment contained in the Fire 
Training Pits. 

In Paragraph 3, a minimum frequency of grab and composite sampling is not specified.. 

There is also no provision in this section for the following requirement called for in the Basis of 
Design document: ‘In addition, the potentially contaminated soil shall contain no free liquid as 
demonstrated by EPA SW 846 Method 9095, Paint Filter Liquid Test”. 

4) Section 01430, Part 3.1.1.3, 

This section does not provide for the concrete that has been excavated from the fire training pits at 
SSA 3, the concrete and associated debris from the’removal of the UST at SSA 7, and from the metal 
debt-is removed at the Main Road Disposal Area at SSA 7. 

5) Section 0220, Part 2 1.1 

The base borrow pit is not indicated on the drawings. Moreover, soil obtained from 
WPNSTA,property should be certified clean before using as till. 

6) Section%2220, Part 3.1.1.1, pg. 3, . 

What provisions are spxified to: prevent surface water runoff from contacting contaminated 
material during construction activities and flowing off-site; dewater all excavated areas during 
construction; and collect, sample, analyze, and dispose any water accumulated in the 
excavation and staging areas. 

7) Section 02220, Part 3.1.4, pg. 3, 

Are provisions for a decontamination pad for vehicles, personnel, etc, during the removal 



; at each site appropriate in this section? 

onhles EPA’s comments concerning the review of the draft Engineering Evuluarion/Cost 
Dr.@ Plans, Spcificafims and Consbucridn Draw- for the non-time critical removal actions ’ 
As 3 and 7 located at the WPNSTA If you have any questions wncerning the above, please 
1 me at (215) 597-1110, 

Robert Thomson, PE 
VA/WV Superfund Federal Facilities (3HW71) 

Mihalko (VDEQ, Richmond) 
at-low (WPNSTA, Code WE) 
3ola (BWST, Phila.) 

. 
TOTFlL P.84 
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