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APPENDIX 8-5 

DATA VALIDATION MEMORANDA 



TETRA TECH NUS 

TO: G. LATULIPPE 

FROM: MEGAN N. CLOUD 

DATE: JANUARY 4,2002 

COPIES: FILE 

SUBJECT: INORGANIC DATA VALIDATION - METALS AND WET CHEMISTRY 
CT0803 - NSWC INDIAN HEAD 
SDG NO. 81928 

SAMPLES: 6IAqueousl 

OVERVIEW 

The sample set for the CTO803-NSWC Indian Head, SDG 81 928 consists of six aqueous environmental 
samples (designated MTCSW-, NJCSW-), six sediment samples (designated MTCSD-, NJCSD-), and 
three plant tissue samples (designated MTCVG-, and NJCVG-). Three field duplicate pairs 
(MTCSW02601lMTCSWFDO01, MTCSW02601-FIMTCSWFD001-F, and MTDSD02601lMTCSDFD001) 
were included in this sample set. Samples MTCSW02601 and MTCSD02601 were designated for matrix 
spike and laboratory duplicate analysis. All aqueous samples were analyzed for target analyte list (TAL) 
total and dissolved metals, cyanide, chloride, sulfate, fluoride, nitrate, nitrite, perchlorate, hardness, pH, 
total organic carbon (TOC), total dissolved solids (TDS), and total suspended solids (TSS). All sediment 
samples were analyzed for TAL Metals, cyanide, TOC, and acid volatile sulfideslsimultaneously extracted 
metals (AVSISEM). The plant tissue samples were analyzed for TAL metals. 

The samples were collected by Tetra Tech NUS on September 5 and 6, 2001 and analyzed by Mitkem 
Corporation of Warwick, Rhode Island and Severn Trent Laboratories (STL) of Sacramento, California. 

All analyses were conducted using contract laboratory program (CLP) Method ILM04.1 for TAL Metals and 
cyanide, EPA 300.0 for anions, EPA 314.0 for perchlorate, Standard Method (SM) 23408 for hardness, 
SM 4500-H+ for pH, SW-846 9060 (soil) and EPA 415.1 (aqueous) for TOC, SM 2540-C for TDS, SM 
2540-0 for TSS, and AVSISEM by EPA draft method. 
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SUMMARY 

Most analytes were successfully analyzed in all samples. The findings offered in this report are based 
upon a general review of all available data including data completeness, holding times until analysis, 
calibration data, laboratory blank results, ICP interference check samples, matrix spike (MS) results, 
laboratory control spike (LCS) results, laboratory duplicate results, field duplicate results, ICP serial 
dilution results, detection limits, and analyte quantitation. 

Areas of concern with respect to data quality are listed below as follows: 

MAJOR PROBLEMS 

None. 

MINOR PROBLEMS 

The following table summarizes the analytes detected as contaminants in the aqueous laboratory 
blanks at the maximum concentration indicated: 

Analvte 
Maximum Action Level 

Concentration (Aaueous) 

Total Aluminum 19.9 ug/L 99.5 ug/L 

Dissolved Aluminum 69.7 ug/L 348 ug/L 

Total Antimony 5.3 ug/L 26.5 ug/L 

Dissolved Antimony 2.7 ug/L 13.5 ug/L 

Total Barium"' 4.5 ug/L 22.5 ug/L 

Dissolved Barium"' 81.4 ug/L 407 ug/L 

Dissolved Cadmium'" 0.207 ug/L 1.04 ug/L 

Dissolved Calcium"' 423 ug/L 21 15 ug/L 

Dissolved Chromium"' 0.859 ug/L 4.3 ug/L 

Total and Dissolved Cobalt 1.7 ug/L 8.5 ug/L 

Total Copper 4.9 ug/L 24.5 ug/L 

Dissolved Copper"' 21.6 ug/L 108 ug/L 

cyanide"' 5.91 ug/L 29.55 ug/L 

Total Iron"' 21.5 ug/L 107-5 ug/L 

Dissolved lron"' 27 ug/L 135 ug/L 

Dissolved Lead"' 1.92 ug/L 9.6 ug/L 

Total Magnesium 1 15 ug/L 575 ug/L 

Dissolved Magnesium 

Total Manganese 
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Analvte 

Dissolved Manganese''' 

Total and Dissolved ~ickel" '  

Total Potassium 

Dissolved Potassium") 

Total Silver"' 

Dissolved Silver"' 

Total Sodium"' 

Dissolved Sodium 

Total and Dissolved 
Vanadium 

Maximum 
Concentration 

3.76 ug/L 

3.13 ug/L 

103 ug/L 

135 ug/L 

0.838 ug/L 

1.06 ug/L 

253 ug/L 

657 ug/L 

Action Level 
(Aqueous) 

18.8 ug/L 

15.6 ug/L 

515 ug/L 

675 ug/L 

4.1 9 ug/L 

5.3 ug/L 

1265 ug/L 

3285 ug/L 

Total Zinc"' 18.8 ug/L 94 ug/L 

Dissolved Zinc"' 50.92 ug/L 251.45 ug/L 

"' Maximum concentration present in a preparation blank. 

Samples affected: The aqueous action levels apply to all aqueous environmental samples. 

Adjustments were made for the samples aliquot size and dilution factors. Results reported at 
concentrations within the action level are qualified (6) and are considered to be false positives (artifacts of 
blank contamination). 

The following table summarizes the analytes detected as contaminants in the soil laboratory blanks at 
the maximum concentration indicated: 

Analvte 

Aluminum 

Antimony 

Barium 

Cadmium'" 

Chromi~rn'~' 

Chr~miurn'~' 

Cobalt 

Copper 

Cyanide 

l ron 

l r0r-1'~) 

~ead"' 

Magnesium 

Maximum 
Concentration 

55 ug/L 

5.9 ug/L 

0.7 ug/L 

0.023 mg/Kg 

0.179 mg/Kg 

0.24 mg/Kg 

0.9 ug/L 

3.6 ug/L 

6.2 ug/L 

14.9 ug/L 

4.25 mg/Kg 

0.426 mg/Kg 

106 ug/L 

Action Level (Soil) 
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Analvte 

~anganese"' 

Mangane~e'~' 

Nickel 

Sodium 

S~dium'~'  

Zinc 

Zinc"' 

AVSISEM Cadmium"' 

AVSISEM Copper"' 

AVSISEM ~ead" '  

AVSISEM ~ercury'" 

AVSISEM ~ickel " '  

Maximum 
Concentration 

0.337 mg1Kg 

0.688 mg1Kg 

1 .1 mg/Kg 

1 1.8 mg1Kg 

305.1 ug/L 

84.9 mg1Kg 

10.0 ug1L 

2.27 mg/Kg 

15 ug1L 

37.8 ug/L 

24.8 ug1L 

0.209 ug1L 

27 ug1L 

Action Level (Soil) 

AVSISEM zinc''' 267 ug1L 1 335 ug/L 

"' Maximum concentration present in an AVSISEM preparation blank. 

"' Maximum concentration present in a preparation blank affecting sediment samples 
prepared on 911 112001 . 

'3' Maximum concentration present in a preparation blank affecting sample MTCSD02601. 

Samples affected: The soil action levels apply to all sediment and plant tissue samples. 

Adjustments were made for the samples aliquot size, percent solid, and dilution factors. Results reported 
at concentrations within the action level are qualified (6) and are considered to be false positives (artifacts 
of blank contamination). 

The positive results less than 2X the contract required detection limit (CRDL) for total and dissolved 
arsenic, cadmium, chromium, cobalt, copper, nickel, thallium, and zinc in all associated aqueous and 
solid samples were qualified as biased high (K) because the CRDL standard was above the 110% QC 
limit or estimated (J) due to conflicting noncompliances. 

The positive results less than 2X the CRDL and the non-detected results for total and dissolved silver 
in all associated aqueous and solid samples were qualified as biased low (UUL) or estimated (UJ) 
because the CRDL standard was below the 90% QC limit. 

The total cadmium result for sample NJCSWOOlOl was qualified as biased high (K) because the 
estimated interference level exceeded QC criteria. The interference check sample Solution A 
exhibited positive results for cadmium. 

The non-detected results for thallium were qualified as biased low (UL) in samples NJCSW00101, 
NJCSW00101 -F, NJCSW00201, and NJCSW00201 -F because estimated interference levels 
exceeded QC criteria. The interference check sample Solution A exhibited negative results greater 
than the instrument detection limit (IDL) for thallium. 
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The non-detected result for vanadium is qualified as biased low (UL) in sample NJCSW00101-F 
because estimated interference levels exceeded QC criteria. The interference check sample Solution 
A exhibited negative results greater than the instrument detection limit (IDL) for vanadium. 

The matrix spike OhR was <75% QC limit for antimony affecting the sediment and vegetation matrices. 
The positive and non-detected antimony results were qualified as biased low (UUL). 

The matrix spike %R was >125% QC limit for chromium and manganese affecting the sediment and 
vegetation matrices. The positive results for chromium and manganese were qualified as biased high 
(K) or estimated (J) due to conflicting noncompliances. 

The MS %Rs for mercury and selenium were <30°h QC limit. The non-detected results reported for 
mercury and selenium in the affected samples were qualified as unusable (UR). 

The laboratory duplicate relative percent difference (RPD) exceeded the QC criteria for arsenic, 
cadmium, lead, sodium, and zinc affecting the sediment and vegetation matrices. The positive and 
non-detected results for these compounds in all the associated solid samples are qualified as 
estimated (JIUJ), except where previously qualified (6) due to blank contamination. 

The field duplicate RPDs for cadmium, copper, lead, manganese, AVSISEM lead, nickel, zinc, and 
TOC in field duplicate pair MTCSD02601 and MTCSDFDOOl exceeded the QC limit of +50°h. The 
positive results for these compounds were qualified as estimated (J). 

The laboratory duplicate relative percent difference (RPD) exceeded the QC criteria (>35%) for 
AVSISEM cadmium, copper, and nickel. The positive results for these compounds in all the 
associated solid samples are qualified as estimated (J), except where previously qualified (6) due to 
blank contamination. 

The nitrate, nitrite, orthophosphate, and pH positive and non-detected results were qualified as 
estimated (JIUJ) due to exceedance of holding times. 

Positive and non-detected results reported for samples NJCSDOOlOl were qualified as estimated 
(JIUJ) due to percent solids <30. 

NOTES 

Comparisons of field duplicate pairs MTCSW02601 IMTCSWFD001, MTCSW02601 -F/MTCSW FD001 -F, 
and MTCSD02601 IMTCSDFD001 are included in Appendix C. 

The TOC analyses have different percent solid results because they were analyzed by STL Sacramento. 

The plant tissue samples were reported on a wet weight basis. 

The serial dilution percent difference (%D) exceeded the QC limit for dissolved barium, copper, and zinc. 
No validation action was necessary because all results were previously qualified (6) due to blank 
contamination. 

The post digestion spike (PDS) OhRs for antimony, selenium, and chromium were ~ 7 5 %  QC limit. No 
validation action was taken based on the PDS %Rs. 

The laboratory reported several results for bromide and orthophosphate. These parameters were no t 
requested on the chain of custody (COC) and the results were removed from the database. 
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EXECUTIVE SUMMARY 

Laboratory Performance: Total and dissolved aluminum, antimony, barium, cobalt, copper, iron, nickel, 
potassium, sodium, vanadium, and zinc were present in the aqueous laboratory blanks. Dissolved 
cadmium, calcium, and lead were present in the aqueous laboratory blanks. Total zinc was present in the 
aqueous laboratory blanks. Mercury-SEM was present in the laboratory blanks. Aluminum, antimony, 
barium, cadmium, chromium, cobalt, copper, cyanide, iron, lead, magnesium, manganese, nickel, 
potassium, sodium, and zinc were present in the solid laboratory blanks. Fourteen total and dissolved 
metals exceeded the CRDL standard QC criteria. The laboratory duplicate exceeded QC limits for eight 
parameters for the solid samples. 

Other Factors Affecting Data Quality: The solid field duplicate pair RPDs exceeded QC criteria for eight 
parameters. Three total and dissolved metals exceeded the ICP interference check sample QC criteria. 
The serial dilution %D exceeded the QC limit for three dissolved metals. The matrix spike recoveries for 
five metals exceeded QC criteria for the solid samples. Results for sample NJCSD00101 were qualified 
due to low percent solids. Four wet chemistry parameters exceeded holding times due to unavoidable 
delays during shipping of the samples. 

The data for these analyses were reviewed with reference to the EPA "Functional Guidelines for Inorganic 
Data Review", as amended for use within EPA Region 3 (4193). 

The text of this report has been formatted to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the Functional Guidelines and the Quality Assurance Project Plan (QAPjP)." 

,fy''qan A/. ( / 9 i x L  
L~ega/ l  N. Cloud 

Chemist 

Joseph A. Samchuck 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Support Documentation 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: MR. G. LATUILPPE DATE: FEBRUARY 25,2002 

FROM: BERNARD F SPADA Ill COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION- VONSVONPESTIPCBIEXPLOSlVES 
CTO 803, NSWC INDIAN HEAD 
SDG 81928 

SAMPLES: 71Aqueous 

MTCSW02601 
MTCSWFDOl 
NJCSW00101 

MTCSD02601 
MTCSDFDOOl 

Overview 

The sample set for CTO 803, NSWC INDIAN HEAD, SDG 81928 consists of six (6) aqueous environmental 
samples, six (6) sediment environmental samples, three (3) vegetation samples, and one (1) trip blank. All 
samples except MTCVG005, MTCVGOOG, and MTCVG007 were analyzed for volatile organic compounds 
(VOC) by method CLP OLC02.1 (aqueous) or CLP OLM04.2 (solid). All samples except MTCVG005, 
MTCVGOOG, MTCVG007, and MTCTBOOl were analyzed for semivolatile organic compounds (SVOC), and 
explosives (EXP) by method SW-846 8330, CLP OLC02.1 (aqueous) or CLP OLM04.2 (solid). All samples 
except MTCTB001 were also analyzed for polychlorinated biphenyls (PESTIPCB) by method CLP OLC02.1 
(aqueous) or CLP OLM04.2 (solid). There was a field duplicate pair included with the sample group. The 
pair is MTCSWFDOl and MTCSW02601. 

The samples were collected by Tetra Tech NUS on September 5 and 6, 2001 and analyzed by Mitkem 
Corporation. All analyses were conducted in accordance with Naval Facilities Engineering Service Center 
(NFESC) Quality AssuranceIQuality Control (QAIQC) criteria using OLC02.1, OLM04.2, and SW-846 
analytical and reporting protocols. 

The data contained in this SDG were validated with regard to the following parameters: data completeness, 
holding times, GCMS tuning, initiallcontinuing calibrations, laboratory method blank results, surrogate spike 
recoveries, blank spikelblank spike duplicate results, internal standard recoveries, chromatographic 
resolution, compound identification, compound quantitation and detection limits. Areas of concern are listed 
below. 

Maior 

The initial calibration for VOA had average relative response factors (RRF) less than 0.05 for 



acetone, 2-butanone, and 1,2-dibromo-3-chloropropane. All non-detects were qualified as 
rejected (UR). 

The %D between columns in sample NJSW00201 was 500% for heptachlor epoxide. The result 
was qualified as rejected (R). 

Minor 

All aqueous samples exceeded the 7 day holding time criteria for explosives. All results are 
qualified as estimated (J,UJ). 

All vegetation samples exceeded the 7 day holding time criteria for pesticides and PCBs. All 
results are qualified as estimated (J,UJ). 

Samples NJCSD00101 and NJCSD00102 exceeded the 7 day holding time criteria for 
semivolatiles, pesticides, and PCBs. All results are qualified as estimated (J,UJ). 

Sample MTCSD02601 exceeded the 7 day holding time criteria explosives. All results are 
qualified as estimated (J,UJ). 

Sample NJCSD00101 had less than 30% solids. Positive results for the sample were qualified 
as estimated (J). Non-detects were qualified as estimated (UJ). No qualifications were made to 
the explosives fraction of this sample due to explosives being prepared on a dry weight basis. 

Several samples had positive results below the reporting limit. These samples were qualified as 
estimated (J) due to uncertainty near detection limit. 

4-Chloroaniline exceeded the acceptance limits for %RSD in the initial calibration. All non- 
detects were qualified as estimated (UJ). 

The continuing calibration analyzed on September 25 at 12105 exceeded the %D acceptance 
limits for hexachlorocyclopentadiene. All associated non-detects were qualified as estimated 
(UJ). 

The following compound was detected in the solid method blank: 

Maximum Blank 
Compound Concentration Action Level 
Bis(2-ethylhexy1)phthalate 41 uglkg 41 0 uglkg 

Sample aliquot, percent solids, and dilution factors were taken into consideration when applying the 
blank action levels. Positive results for bis(2-ethylhexy1)phthalate below the blank action level were 
qualified as nondetected, (U). Field blank samples were not qualified due to blank contamination. 

Notes 

The laboratory did not initially analyze for ethyl ether in the volatiles fraction. Upon notifying the laboratory 
of this, they responded that they would perform a library search for ethyl ether. 

The continuing calibration analyzed on September 21 at 09:42 exceeded the %D acceptance limits for N- 
nitroso-di-n-propylamine, 4,6-dinitro-2-methylphenol, 4-chloroaniline, hexachlorocyclopentadiene, 2,4- 
dinitrophenol, and 3,3'-dichlorobenzidine. All associated non-detects were qualified as estimated (UJ). 

2,4-Dinitrotoluene exceeded the acceptance limits in the MSIMSD. Recovery was 100%. No action was 
taken for MSIMSD recovery exceedances. 

The internal standard perylene-dl2 (IS6) exceeded the acceptance limits in the MSIMSD samples. No 



action was taken. 

Sample MTCSW02601 was used as the MSIMSD sample. Heptachlor had a %D of over 1000% between 
the two columns in both the MS and MSD. The discrepancy appears to be caused by an unknown peak 
co-elution in the MSD for heptachlor. 

The explosives fraction of the water matrix were reported twice on the EDD. This happened due to 
nitrocellulose being reported in rnglL and the remainder of the fraction being reported as uglL. The result 
for nitrocellulose was calculated to ug/L and reported with the remainder of the fraction. 

All except the nitroguanidine portion of the explosives fraction of sample MTCSD02601 was reported as 
an incorrect sample ID. The sample number was corrected from the chain of custody. 

Executive Summary 

Laboratory Performance: Qualifications were made based on calibration RRF, method blank 
contamination, and calibration noncompliance. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to U.S. EPA National Functional Guidelines for 
Data Validation as modified by EPA Region 111 (9194) and the NFESC guidelines entitled Navy IRCDQM 
(Sept. 1999). 
The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Bernard F spada Ill 
ChemistlData Validator 

& Tetra Tech NUS 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

Appendix A - Qualified Analytical Results 
Appendix B - Results as Reported by the Laboratory 
Appendix C - Support Documentation 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: G. LATULIPPE DATE: FEBURARY 22,2002 

FROM: SETH C. STAFFEN COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION- VOAISVOAIPESTIPCBIEXP 
CTO 803, NSWC INDIAN HEAD 
SDG: 81934 

SAMPLES: 14/SEDIMENTNONSVONEXPlPESTlPCB 

OVERVIEW 

The sample set for CTO 803, SDG: 81934, NSWC Indian Head consists of fourteen (1 4) sediment 
environmental samples and four (4) vegetation samples. All samples were analyzed for Target Compound 
List (TCL) volatile organic compounds (plus diethyl ether), TCL semivolatile organic compounds, 
pesticidesIPCBs, explosives, nitroguanidine, and nitrocellulose. One field duplicate pair was included in the 
SDG: MTCSD02301 and MTCSDFD002. 

The samples were collected by TetraTech NUS on September 6'h and 71h, 2001 and were analyzed by the 
Mitkem Corporation. All analyses were conducted in accordance with Naval Facilities Engineering Service 
Center (NFESC) Quality AssurancelQuality Control (QNQC) criteria using Contract Laboratory Program 
(CLP) Statement of Work (SOW) OLM04.2, SW-846 Method 8330, HPLCIUV using Lab SOP, and Method 
353.2 analytical and reporting protocols. 

All samples were successfully analyzed. The findings offered in this report are based upon a general review 
of all available data including: data completeness, system performance and tuning, holding times, 
initiallcontinuing calibrations, laboratory method blank results, surrogate spike recoveries, internal standard 
recoveries, blank spike results, field duplicate results, matrix spikelmatrix spike duplicate results, compound 
identification, compound quantitation, and detection limits. Areas of concern are listed below. 

Maior Problems 

There were no major problems that would have resulted in the rejection of data. 



Minor Problems 

An initial calibration on 09/20/01 contained a percent relative standard deviation (%RSD) that 
exceeded the 30% quality control limit for 4-chloroaniline. The aforementioned compound was 
qualified as estimated, UJ, because the reported results were nondetects and the exceedance 
was greater than 50%. 

The following compounds were detected in the laboratory method blanks or field quality control 
blanks (*): 

Maximum Blank 
Compound Concentration Action Level 
Methylene Chloride 3 Clg/kg 30 Clg/kg 
Bis(2-ethylhexy1)phthalate 60 Clg/K!J 600 pg/Kg 

Sample aliquot, percent solids, and dilution factor were taken into consideration when 
applying the blank action limit. Positive results for methylene chloride and bis(2- 
ethylhexy1)phthalate below the blank action level were qualified as, 6. 

Despite the absence of acetone in the laboratory method blank, acetone is a common 
laboratory contaminant. Therefore, the presence of acetone in environmental samples is a 
suspected laboratory contaminant. Positive results were qualified as estimated, J. 

The percent solids for samples MTCSD01401, MTCSDOI 601, MTCSD01801, and 
MTCSD01901, were less than the 30% quality control limit. Positive and nondetected results 
were qualified as estimated J, and UJ, respectively in the aforementioned samples in the volatile, 
semivolatile, and pesticidesIPCBs fractions. 

The internal standard recovery of perylene-dl2 fell below the lower quality control limit in 
sample MTCSD02101. Positive and nondetected compounds associated with perylene-dl2 
were qualified as estimated, J, and, UJ, in the aforementioned sample. 

The laboratory did not calibrate and initially report diethyl ether in any volatile fraction samples 
as requested in the analytical statement of work. The laboratory was contacted regarding the 
omission by the data reviewer. In an attempt to provide data for diethyl ether, the laboratory 
performed a reverse library search for diethyl ether in all volatile samples. The laboratory also 
analyzed a standard to determine both a retention time and a reporting limit for aqueous and 
solid samples. The laboratory then provided results for diethyl ether for all volatile samples. 
The data reviewer used the data for diethyl ether and included the results into the existing 
volatile fraction database for all samples. Nevertheless, because of the lack of calibration 
data for each day of analysis and because the manner in which results were reported is 
similar to the reporting of a Tentatively Identified Compound (TIC), all results, both positive 
and nondetected were qualified as estimated, J and UJ, respectively. 

Positive results below the RL were qualified as estimated, J, due to uncertainty near the 
detection limit. The direction of bias cannot be determined. 

Notes 

Continuing calibration on 09/21/01 at 0942 contained %Ds that exceeded the 25%' quality control limit, but 
did not exceed 50%, for N-nitroso-di-n-propylamine, 4-chloroaniline, hexachlorocyclopentadiene, 2,4- 
dinitrophenol, 4,6-dinitro-2-methylphenol, and 3,s-dichlorobenzidine. Therefore, nondetected sample 
results were not qualified on this basis. 4-Chloroaniline was qualified for initial calibration %RSD 
noncompliance. 



The surrogate recovery of 2,4,6-tribromophenol was greater than the upper quality control limit for sample 
MTCSD02501. No qualification action was taken because the other acid surrogates were compliant. 

The linear calibration range of the instrument was exceeded in sample MTCSD02101 for compound N- 
nitrosodiphenylamine. The reported result for N-nitrosodiphenylamine was transposed over from the dilution 
analysis and used for data validation. 

The surrogate recovery of decachlorobiphenyl exceeded the upper quality control limit on one analytical 
column in sample MTCSD02001. No qualifiers were assigned on this basis. 

The surrogate recoveries of decachlorobiphenyl and tetrachloro-m-xylene exceeded the lower quality 
control limits in MTCSD02101. No qualifiers were assigned on this basis. 

The continuing verification on 08/28/01 contained a %D that was greater than the 15% quality control limit 
for a-BHC. No qualification action was taken because the other column was compliant. 

The continuing verification on 09/27/01 contained %Ds that were greater than the 15% quality control limit 
for a-BHC and methoxychlor on both columns and 4,4'-DDT and g-BHC on one column. Methoxychlor 
and a-BHC were not qualified because the reported results were nondetected and the exceedances were 
not a gross noncompliance. 4,4'-DDT and g-BHC were not qualified because the other column was 
compliant. 

The continuing verification on 09/28/01 contained %Ds that were greater than the 15% quality control limit 
for methoxychlor on both columns. No qualification action was taken because the reported results were 
nondetected and the exceedance was not a gross noncompliance. 

The continuing verification on 09/27/01 contained %Ds that were greater than the 15% quality control limit 
for 4,4'-DDD and 4,4'-DDT on one column. No qualification action was taken because the other column 
was compliant. 

The continuing verification on 09/28/01 contained %Ds that were greater than the 15% quality control limit 
for 4,4'-DDD and methoxychlor on one column. No qualification action was taken because the other 
column was compliant. 

The MS/MSD RPD exceeded the quality control limit for nitrocellulose. No qualification action was based 
on RPD noncompliance. 

The calibration verification 08/30/01 contained a O/OD that was greater than the 15% quality control limit for 
HMX. No qualification action was taken because the reported results were nondetected. 

The following samples were analyzed at a dilution for the nitrocellulose analysis: 

Sample Dilution 
SD02101 50X 
SD02301 5X 
SD01801 2X 
SD02201 5 X 

Sample, MTCSDFD002, was labeled as MTCSDF0002 by the laboratory on the EDD and Form Is. The EDD 
and Form Is were changed to reflect the appropriate sample id. 



EXECUTIVE SUMMARY 

Laboratory Performance Issues:. Several compounds failed to meet the continuing calibration %D quality 
control limits in the semivolatile and pesticideIPCB fractions. Laboratory and method blank contamination 
occurred in both the volatile and semivolatile fractions. Surrogate recoveries exceeded the quality control 
limits in the semivolatile and pesticideIPCB fractions. The percent solids were less than the quality control 
limit for several samples. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Organic Data Validation", (September 1994) as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy IRCDQM" (September 1999). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Seth C. Staffen 
Environmental ScientistlData Validator 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix 6 - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO : G. LATULlPPE DATE: MARCH 19,2002 

FROM: ERIN M. FAUST COPIES: DV FILE 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AND MISCELLANEOUS 
PARAMETERS 
CTO 803 NSWC INDIAN HEAD 
SAMPLE DELIVERY GROUP (SDG) - 81934 

SAMPLES: 14lSedimentsl 

MTCVGOOl MTCVG002 
MTCVG004 

Overview 

The sample set for CTO 803, NSWC Indian Head, SDG 81934, consists of fourteen (14) 
sediment environmental samples and four (4) vegetation tissue samples. One (1) field duplicate 
pair (MTCSDFD002 I MTCSDFD02301) is included within this SDG. 

All sediment samples were analyzed for target analyte list (TAL) metals, cyanide, total organic 
carbon (TOC), Acid Volatile Sulfide (AVS) and the Simultaneously Extracted Metals (SEM) 
cadmium, copper, lead, mercury, nickel and zinc. The vegetation samples were analyzed for TAL 
metals only. The samples were collected by Tetra Tech NUS on September 6-7, 2001 and 
analyzed by Mitkem Corporation under Naval Facilities Engineering Service Center (NFESC) 
Quality Assurance / Quality Control (QAIQC) criteria. TAL metals and cyanide analyses were 
conducted using Contract Laboratory Program (CLP) method ILM04.1. Analyses for TOC were 
conducted using SW 846 method 9060. The AVSISEM analyses were conducted using the EPA 
Draft Analytical Method for the Determination of Acid Volatile Sulfide in Sediment. 

Metals analyses, with the exception of mercury, were conducted using Inductively Coupled 
Plasma (ICP) instrumentation. Mercury analyses were conducted using Cold Vapor Atomic 
Absorption (CVAA) instrumentation. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a 
general review of all available data. The data review was based on data completeness, holding 
times, calibration data, laboratory methodlpreparation blanks, ICP interference check sample 
results, matrix spike results, laboratory control sample (LCS) results, ICP serial dilution results, 
field duplicate results, detection limits and analyte quantitation. 
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Areas of concern with respect to data quality are listed below. 

Minor Problems 

The Contract Required Detection Limit (CRDL) percent recoveries for cadmium, chromium, 
cobalt, lead, manganese, nickel, vanadium and zinc were >110% quality control limit, affecting 
all samples analyzed for TAL metals. Positive results greater than two times the CRDL 
reported for cadmium, chromium, cobalt, nickel and vanadium were qualified as biased high, 
" K  or estimated, "J" due to conflicting noncompliances. No validation action was required for 
lead, manganese or zinc because the results were greater than two times the CRDL. 

The CRDL percent recoveries for antimony, arsenic and copper were >110% quality control 
limit, affecting samples MTCSD01301, MTCSDO1601, MTCSD01701, MTCSD01801, 
MTCSDOI 901, MTCSD02001 and MTCSD02101. Positive results greater than two times the 
CRDL reported for copper in the affected samples were qualified as biased high, " K  or 
estimated, "J", due to conflicting noncompliances. No validation action was necessary for 
antimony or arsenic because the results were either reported by the laboratory as 
nondetected, qualified " B  as a result of laboratory blank contamination or were greater than 
two times the CRDL. 

The CRDL percent recoveries for selenium and silver were < 90% quality control limit, 
affecting all samples analyzed for TAL metals. Positive results greater than two times the 
CRDL reported for silver were qualified as biased low, "L" or estimated, "J", due to conflicting 
noncompliances. Nondetected results reported for silver and selenium were qualified as 
biased low, "UL" or estimated, "UJ", due to conflicting noncompliances. 

The following contaminants were detected in the laboratory methodlpreparation blanks at the 
following maximum concentrations : 

Samples Affected: All samples analyzed for TAL metals. 

Analvte 
Aluminum 
Antimon Y ~rsenic '  ) 

Barium 
~admiurn") 
~hromium'" 
Cobalt 
Copper 
Iron 
~ead' ') 
Magnesium 
~an~anese ' ' )  
Nickel 
~odiurn'') 
Zinc 

Maximum 
Concentration 
41.4 pg1L 
3.7 pgIL 
0.941 mglkg 
2.8 pg1L 
0.029 mglkg 
0.225 mglkg 
1 -5 pgIL 
5.4 pg/L 
20.0 pg1L 
0.32 mglkg 
146.6 pg1L 
0.209 mglkg 
1.6 pgIL 
86.47 mglkg 
14.3 pg/L 

Action 

41.4 mglkg 
3.7 mglkg 
4.705 mglkg 
2.8 mglkg 
0.1 45 mglkg 
1.125 mglkg 
1.5 mglkg 
5.4 mglkg 
20.0 mglkg 
1.6 mglkg 
146.6 mglkg 
1.045 mglkg 
1.6 mglkg 
432.35 mglkg 
14.3 mglkg 

(') Maximum concentration present in a laboratory preparation blank. 

An action level of 5X the maximum contaminant level has been used to evaluate sample 
data for blank contamination. Sample aliquot, percent solids and dilution factors, if 
applicable, were taken into consideration when evaluating for blank contamination. The 
positive results less than the action level reported for all of the above analytes except 
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aluminum, barium, iron and manganese were qualified, "B, as a result of blank 
contamination. 

Samples Affected: All samples analyzed for SEM metals. 

Maximum 
Analvte Concentration 
~admiurn"' 1 5.003 pg1L 
copper(') 26.5 pg1L 
~ead")  24.806 pg1L 
~ercury'" 0.209 pg1L 
~ickel '" 26.966 pg1L 
zinc(') 263.91 pg1L 

Action 

75.01 5 pg1L 
132.5 pg/L 
24.806 pg/L 
1.045 pg1L 
134.83 pg1L 
131 9.55 pg1L 

(') Maximum concentration present in a laboratory preparation blank. 

An action level of 5X the maximum contaminant level has been used to evaluate sample 
data for blank contamination. Sample aliquot and dilution factors, if applicable, were 
taken into consideration when evaluating for blank contamination. The positive results 
less than the action level reported for cadmium, copper, nickel and zinc were qualified, 
"B, as a result of blank contamination. 

The interfering analyte iron was present in sample MTCSD01301 at a concentration that was 
comparable to the level of iron in the lnterference Check Sample (ICS) solution. Several 
analytes namely antimony, barium, cadmium, chromium, cobalt, copper, manganese, nickel, 
potassium, selenium, silver, sodium, vanadium and zinc were present in the ICS solution at 
concentrations which exceeded the absolute value of the Instrument Detection Limit (IDL). 
lnterference affects exist for cobalt and copper in the affected sample. The positive result 
reported for cobalt was qualified as biased high, "K". The positive result reported for copper 
was qualified as biased low, "L". 

All positive and nondetected results reported for metals in samples MTCSD01401, 
MTCSD01601, MTCSD01801 and MTCSD01901 were qualified as estimated, "J" and "UJ", 
respectively, due to percent solids < 30%. 

All positive results reported for TOC in samples MTCSDOI 601, MTCSD01801 and 
MTCSDO1901 were qualified as estimated, "J", due to percent solids < 30%. 

Field duplicate imprecision (RPD > 50%) was noted for nickel, affecting the SEM matrix. The 
positive results reported for nickel were qualified as estimated, "J". 

Notes 

The laboratory mis-labeled several sample names. The sample names were corrected and 
entered into the database. 

Executive Summary 

Laboratory Performance: Cadmium, chromium, cobalt, copper, nickel, selenium, silver, 
vanadium and zinc were qualified due to calibration noncompliance. Several analytes were 
present in the laboratory methodlpreparation blanks. 

Other Factors Affecting Data Quality: The interfering analyte iron was present in sample 
MTCSD01301. Several analytes in several samples were qualified due to low percent solids. 
Field duplicate imprecision was noted for nickel, affecting the SEM matrix. 
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The data for these analyses were reviewed with reference to the "National Functional Guidelines 
for Inorganic Data Validation", April 1993 as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy Installation Restoration Chemical Data Quality Manual" 
(September 1999). 

The text of this report has been formulated to address only those problem areas affecting data 
quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

ie t ra Tech NUS 
Erin M. Faust 
Environmental Scientist 

~ u a l i t ~  Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 
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Data Qualifier Key: 

U - Value is a nondetect as reported by the laboratory. 

B - Positive result is considered to be an artifact of blank 
contamination and should not be considered present. 

K Positive result is considered biased high, "K", as a result of 
technical noncornpliances. 

L Positive result is considered biased low, "L", as a result of 
technical noncompliances. 

UL - Nondetected result is considered biased low, "UL", as a result of 
technical noncornpliances. 

UJ - Nondetected result is considered estimated, "UJn, as a result of 
technical noncornpliances. 

J Positive result is considered estimated, "J", as a result of 
technical noncompliances. 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: MR. G. LATUILPPE DATE: FEBRUARY 22,2001 

FROM: BERNARD F SPADA Ill COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION- VONSVONPESTIPCBIEXPLOSlVES 
CTO 803, NSWC INDIAN HEAD 
SDG 81937 

SAMPLES: 17lAqueous 

FBOOl 
SW01401 
SWOl701 
SW02001 
SW02301 
SWFDOO2 

RBOl 
SW01501 
SWOl801 
SW02101 
SW02401 
TB002 

Overview 

The sample set for CTO 803, NSWC INDIAN HEAD, SDG 81937 consists of fourteen (14) aqueous 
environmental samples, one (1) field blank, one (1) rinse blank, and one (1) trip blank. All samples were 
analyzed for volatile organic compounds (VOC) plus diethyl ether, semivolatile organic compounds (SVOC), 
pesticides and polychlorinated biphenyls (PESTIPCB) by method CLP OLC02.1. All samples were also 
analyzed for explosives (EXP) by method SW-846 8330. 

The samples were collected by Tetra Tech NUS on September 6 and 7, 2001 and analyzed by Mitkem 
Corporation. All analyses were conducted in accordance with Naval Facilities Engineering Service Center 
(NFESC) Quality AssurancelQuality Control (QNQC) criteria using OLM04.2 analytical and reporting 
protocols. The data contained in this SDG were validated with regard to the following parameters: data 
completeness, holding times, GCMS tuning, initiallcontinuing calibrations, laboratory method blank results, 
surrogate spike recoveries, blank spikelblank spike duplicate results, internal standard recoveries, 
chromatographic resolution, compound identification, compound quantitation and detection limits. Areas of 
concern are listed below. 

Maior 

The initial calibration for VOA had average relative response factors (RRF) less than 0.05 for 
acetone, 2-butanone, and 1,2-dibromo-3-chloropropane. All non-detects were rejected (UR) and 
all positive results were qualified as low biased (L). 

Sample MTCFBOOl fell below the 10% quality control criteria for surrogate recovery of phenol- 
d5. The remaining two acid surrogates recovered acceptably. Phenol was rejected (UR) in this 
sample. 

Minor 

Several samples had positive results below the detection limit. These samples were qualified as 



estimated (J) due to uncertainty near detection limit. 

. The laboratory evaluated the surrogates for all aqueous samples in the semivolatile fraction 
using quality control criteria for soils. The aqueous quality control criteria were used for 
validation. Sample SW02401 had 2 baselneutral surrogates outside of the aqueous quality 
control criteria. All baselneutral results were qualified as low biased (L,UL). 

Notes 

The laboratory did not calibrate and initially analyze for diethyl ether in the any volatile fraction samples as 
requested in the analytical statement of work. The laboratory was contacted regarding the omission by 
the data reviewer. In an attempt to provide data for diethyl ether, the laboratory performed a reverse 
library search for diethyl ether in all volatile samples. The laboratory also analyzed a standard to 
determine both a retention time and a reporting limit for aqueous and solid samples. The laboratory then 
provided results for diethyl ether for all volatile samples. The data reviewer used the data for diethyl ether 
and included the results into the existing volatile fraction database for all samples. Nevertheless, because 
of the lack of calibration data for each day of analysis and because the manner in which results were 
reported is similar to the reporting of a Tentatively Identified Compound (TIC), all results, both positive and 
non-detected were qualified as estimated, J and UJ, respectively. 

Results for nitrobenzene, 2,4-dinitrotoluene, and 2,6-dinitrotoluene were removed from the semivolatiles 
fraction. The aforementioned compounds were reported in the explosives fraction with lower reporting 
limits. 

The EDD differed from the Form I for two VOA samples. Sample FBOOI showed a result of 1 on the EDD 
for chlorodibromomethane, and the Form I showed a result of 0.8. Sample SW01801 showed a result of 1 
on the EDD for toluene, and the Form I showed a result of 0.6. 

Sample SW01501 had a positive result for toluene over the linear calibration range for the instrument. The 
sample was re-analyzed at a dilution. The result for toluene was transposed to the original analysis. 

Sample SW1501 contained several tentatively identified aromatic compounds at low concentrations. The 
chromatography and spectra support the reported data. These compounds were also detected in the 
diluted analysis of the sample. 

The case narrative provided by Mitkem states that sample RB-01 was not analyzed for VOAs. There are 
results on both the EDD and in the data package for sample RB-01 for VOAs. 

The EDD for all samples in the PESTIPCB fraction showed reporting limits of 0 for all target analytes 
except toxaphene. The laboratory's reporting limits were transposed to the EDD. 

The EDD for all samples in the explosives fraction were re-submitted a number of times. Nitrocellulose 
was still missing from the EDD and needed added. Results were taken from the Form 1's. 

Executive Summary 

Laboratory Performance: Qualifications were made based on calibration RRF, surrogate recovery 
noncompliance, and uncertainty near the detection limit. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to U.S. EPA National Functional Guidelines for 
Data Validation as modified by EPA Region 111 (9194) and the NFESC guidelines entitled Navy IRCDQM 
(Sept. 1999). The text of this report has been formulated to address only those problem areas affecting data 
quality. 



"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Bernard F Spada Ill 
ChemistIData Validator 

~ u a l i t ~  Assurance Officer 

Attachments: 
Appendix A - Qualified Analytical Results 
Appendix B - Results as Reported by the Laboratory 
Appendix C - Support Documentation 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: G. LATULIPPE DATE MARCH 19,2002 

FROM: ERIN M. FAUST COPIES: DV FILE 

- SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AND MISCELLANEOUS 
PARAMETERS 
CTO-803 NSWC INDIAN HEAD 
SAMPLE DELIVERY GROUP (SDG) - 81937 

SAMPLES: 16/Aqueous/ 

MTCFBOOl MTCRB001 MTCSWOl301 
MTCSWOI 401 MTCSWOI 501 MTCSW01601 
MTCSWOl701 MTCSW01801 MTCSWO1901 , 
MTCSW02001 MTCSW02101 MTCSW02201 
MTCSW02301 MTCSW02401 MTCSW 0250 1 
MTCSW FD002 

Overview 

The sample set for CTO 803, NSWC Indian Head, SDG 81937, consists of fourteen (14) aqueous 
environmental samples, one (1) aqueous field blank, MTCFBOOl and one (1) aqueous rinsate 
blank, MTCRB001. Two (2) field duplicate pairs (MTCSWFD002 / MTCSW02301 and 
MTCSWFD002-F / MTCSW02301 -F) are included within this SDG. 

All samples were analyzed for cyanide, hardness, pH, total dissolved solids (TDS), total organic 
carbon (TOC), total suspended solids (TSS), chloride, fluoride, nitrate, nitrite, perchlorate, sulfate 
and total and dissolved target analyte list (TAL) metals. Samples for analyzed for dissolved 
metals are designated -F. The samples were collected by TetraTech NUS on September 6-8, 
2001 and analyzed by Mitkem Corporation under Naval Facilities Engineering Service Center 
(NFESC) Quality Assurance/Quality Control (QAIQC) criteria. Metals and cyanide analyses were 
conducted using Contract Laboratory Program (CLP) method ILM04.1. Analyses for hardness, 
pH, TDS and TSS were conducted using Standard Methods 1 8th Edition methods 2340B, 4500H, 
2540C and 2540D, respectively. Analyses for chloride, fluoride, nitrate, nitrite and sulfate were 
conducted using EPA method 300.0. TOC and perchlorate analyses were conducted using EPA 
methods 41 5.1 and 31 4.0, respectively. 

Metals analyses, with the exception of mercury, were conducted using Inductively Coupled 
Plasma (ICP) instrumentation. Mercury analyses were conducted using Cold Vapor Atomic 
Absorption (CVAA) instrumentation. 

All analytes were successfully analyzed. The findings offered in this report are based upon a 
general review of all available data. The data review was based on data completeness, holding 
times, calibration data, laboratory methodtpreparation blanks, interference check sample (ICS) 
results, matrix spike results, post digestion spike recoveries, laboratory control sample (LCS) 
results, ICP serial dilution results, field duplicate results, detection limits and analyte quantitation. 
Areas of concern with respect to data quality are listed below. 
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Minor Problems 

Analyses for pH should be conducted immediately. The samples were received at the 
laboratory on 9/8/01 and were not analyzed for pH until 911 1/01. All results reported for pH 
were qualified as estimated, "J". 

The 48-hour holding times for nitrate and nitrite were exceeded by 2-3 days for all samples. 
Nondetected results reported for nitrate and nitrite were qualified as unusable, "UR" due to 
holding time exceedances > 2X the holding time-of-. Positive results 
reported for nitrate were qualified as estimated, "J". S2-f 

The Contract Required Detection Limit (CRDL) percent recoveries for antimony, arsenic, 
cadmium, cobalt, lead, manganese and nickel were > 11 O0/0 quality control limit, affecting all 
samples. Positive results reported for arsenic, cadmium, cobalt, lead, nickel and manganese 
were qualified as biased high, " K .  No validation action was necessary for antimony because 
the results for antimony were reported by the laboratory as nondetected. 

The CRDL percent recovery for silver was < 90% quality control limit, affecting all samples. 
Positive and nondetected results reported for silver were qualified as biased low, "L" and 
"UL", respectively. 

The CRDL percent recovery for silver was < 90% quality control limit, affecting all samples 
except MTCSW02501, MTCSW02301, MTCSW02201, MTCSW02401, MTCRB001, 
MTCSW FD002, MTCSW02101 and MTCSW02001. Nondetected results reported for silver 
in the affected samples were qualified as biased low, "UL". 

The CRDL percent recoveries for thallium were both above and below the 90-1 10% quality 
control limits, affecting samples MTCSW02501, MTCSW02301, MTCSW02201, 
MTCSW02401, MTCRB001, MTCSWFD002, MTCSW02101 and MTCSW02001. 
Nondetected results reported for thallium in the affected samples were qualified as estimated, 
"UJ", due to conflicting directional bias. 

The CRDL percent recoveries for chromium, potassium and zinc were >110% quality control 
limit, affecting all samples except MTCSW02401 -F, MTCRB001 -F, MTCSWFD002-F, 
MTCSW02101-F, MTCSW02001 -F, MTCSW01301-F, MTCSW01501 -F, MTCSW01601 -F, 
MTCSWOI 901 -F, MTCFB001 -F, MTCSW01701 -F, MTCSW01801 -F and MTCSW01401 -F. 
Positive results reported for potassium in these samples were qualified as biased high, "K .  
No validation action was required for chromium or zinc because all reported results were 
qualified "B" as a result of laboratory blank contamination. 

The CRDL percent recovery for copper was >110% quality control limit, affecting samples 
MTCRB001 and MTCSW02101. The positive results reported for copper in the affected 
samples were qualified as biased high, "K .  
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The following contaminants were detected in the laboratory methodlpreparation blanks at the 
following maximum concentrations: 

Analvte 
Aluminum 
Antimony 
Barium 
~arium") 
Chromium 
~hromium") 
Cobalt 
Copper 
~ o ~ ~ e r ' l )  
Cyanide 
l ron 
Magnesium 
~ a ~ n e s i u m " )  
Manganese 
Nickel 
Potassium 
~otassium(') 
Silver 
Zinc 
zinc(') 

Maximum 
Concentration 
27.5 pg/L 
3.1 pg/L 
1.7 pg/L 
1.7 pg/L 
0.5 pg/L 
0.623 pg/L 
1.7 pg/L 
5.3 pg/L 
6.472 pg/L 
4.8 pg/L 
15.2 pg/L 
7.7 pg/L 
1.7297 pg/L 
0.70 pg/L 
1.8 pg/L 
61.5 pg/L 
121.074 pg/L 
0.60 pg/L 
13.3 pg/L 
17.71 3 pg/L 

Action 
Level 
137.5 pg/L 
15.5 pg/L 
8.5 pg/L 
8.5 pg/L 
2.5 pg/L 
3.1 15 pg/L 
8.5 pg/L 
26.5 pg/L 
32.36 pg/L 
24.0 pg/L 
76.0 pg/L 
38.5 pg/L 
8.645 pg/L 
3.5 pg/L 
9.0 pg/L 
307.5 pg/L 
605.37 pg/L 
3.0 pg/L 
66.5 pg/L 
88.565 pg/L 

( ' )~aximum concentration present in a preparation blank, affecting the dissolved metals 
matrix. 

An action level of 5X the maximum concentration was used to evaluate the sample data for 
blank contamination. Sample aliquot and dilution factors, if applicable, were taken into 
consideration when evaluating for blank contamination. Positive results less than the action 
level reported for all of the above analytes except antimony and magnesium were qualified "B" 
due laboratory blank contamination. 

Notes 

The CRDL percent recovery for selenium was ~ 1 1 0 %  quality control limit, affecting samples 
MTCSW02401 -F, MTCRB001 -F, MTCSWFD002-F, MTCSW02101 -F, MTCSW02001 -F, 
MTCSWOl301 -F, MTCSWOl501 -F, MTCSWOI 601 -F, MTCSWOl901 -F, MTCFB001 -F, 
MTCSWOI 701 -F, MTCSW01801 -F and MTCSW01401 -F. No validation action was required 
because all results for selenium were reported by the laboratory as nondetected. 

The rinsate blank and field blank samples were not used to establish blank action levels and were 
not qualified due to laboratory blank contamination. 

Orthophosphate and bromide results were reported by the laboratory but were removed from the 
database because these analytes were not requested. 
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Executive Summary 

Laboratory Performance: The holding times were exceeded for pH, nitrate and nitrite for all 
samples. Several analytes were present in the laboratory method / preparation blanks. Antimony, 
arsenic, cadmium, cobalt, copper, lead, manganese, nickel, potassium, silver and thallium were 
qualified due to calibration noncompliance. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines 
for Inorganic Review", February 1994 and the NFESC document entitled "Navy IRCDQM" 
(September 1999). 

The text of this report has been formulated to address only those problem areas affecting data 
quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Tetra Tech NUS 
Erin M. Faust 
Environmental Scientist 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 
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Data Qualifier Key: 

U Value is a nondetect as reported by the laboratory. 

B Positive result is considered to be an artifact of blank 
contamination and should not be considered present. 

K Positive result is considered biased high, "K", as a result of 
technical noncompliances. 

L Positive result is considered biased low, "L", as a result of 
technical noncompliances. 

UL - Nondetected result is considered biased low, "UL", as a result of 
technical noncompliances. 

UJ - Nondetected result is considered estimated, "UJ", as a result of 
technical noncompliances. 

J Positive result is considered estimated, "Jn, as a result of 
technical noncompliances. 

UR - Nondetected result is considered unusable, "UR", as a result of extreme 
technical noncornpliances 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: G. LATULIPPE DATE: FEBRUARY 22,2002 

FROM: SETH C. STAFFEN COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION- VOAISVOAIPESTIPCBIEXP 
CTO 803, NSWC INDIAN HEAD 
SDG: 81943 

SAMPLES: 1 GISEDIMENTNOAISVOA/PESTlPCB 

OVERVIEW 

The sample set for CTO 803, SDG: 81 943. NSWC Indian Head consists of sixteen (1 6)  sediment 
environmental samples. All samples were analyzed for Target Compound List (TCL) volatile organic 
compounds (plus diethyl ether), TCL semivolatile organic compounds, pesticides/PCBs, explosives, 
nitroguanidine, and nitrocellulose. Two field duplicate pairs were included in the SDG: MTCSD01201 / 
MTCSDFD003 and MTCSD00201 / MTCSDFD004. 

The samples were collected by TetraTech NUS on September 8Ih and 9'h, 2001 and were analyzed by the 
, Mitkem Corporation. All analyses were conducted in accordance with Naval Facilities Engineering Service 

Center (NFESC) Quality Assurance/Quality Control (QNQC) criteria using Contract Laboratory Program 
(CLP) Statement of Work (SOW) OLM04.2, SW-846 Method 8330, HPLCIUV using Lab SOP, and Method 
353.2 analytical and reporting protocols. 

All samples were successfully analyzed. The findings offered in this report are based upon a general review 
of all available data including: data completeness, system performance and tuning, holding times, 
initiaycontinuing calibrations, laboratory method blank results, surrogate spike recoveries, internal standard 
recoveries, blank spike results, field duplicate results, matrix spikelmatrix spike duplicate results, compound 
identification, compound quantitation, and detection limits. Areas of concern are listed below. 

Maior Problems 

There were no major problems that would have resulted in the rejection of data. 

Minor Problems 

An initial calibration on 09/21/01 contained a percent relative standard deviation (%RSD) that exceeded 
the 30% quality control limit for 4-chloroaniline. The aforementioned compound was qualified as 
estimated, UJ, because the reported results were nondetects and the exceedance was greater than 
50°/o. 



The following compounds were detected in the laboratory method blanks or field quality control blanks 
(7: 

Maximum Blank 
Compound Concentration Action Level 
Methylene Chloride 4 c1!3/kg 40 Cldkg 
Bis(2-ethy1hexyl)phthalate 310 ClgKg 31 00 Clg/Kg 
Nitrocellulose 0.36 mdKg 1.8 mgKg 

Sample aliquot, percent solids, and dilution factor were taken into consideration when 
applying the blank action limit. Positive results for methylene chloride and bis(2- 
ethylhexyl)phthalate and nitrocellulose below the blank'action level were qualified as, B. 

Despite the absence of acetone in the laboratory method blank, acetone is a common laboratory 
contaminant. Therefore, the presence of acetone in environmental samples is a suspected laboratory 
contaminant. Positive results were qualified as estimated, J. 

Field duplicate imprecision occurred between sample MTCSD01201 and its duplicate MTCSDFD003 
for the following compounds: carbon disulfide, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, chrysene, fluoranthene, indeno(l,2,3-cd)pyrene, 
phenanthrene, and pyrene. Positive results were qualified as estimated, J, in the field pair. 

The percent solids for samples MTCSD0601, MTCSD0801, MTCSD0901, and MTCSD01001, and 
MTCSD1101 were less than the 30% quality control limit. Positive and nondetected results were 
qualified as estimated J, and UJ, respectively in the aforementioned samples in the volatile, semivolatile, 
and pesticides/PCBs fractions. 

The holding time from collection date to extraction was exceeded for all of the explosive samples. The 
reported nondetected results were qualified as estimated, UJ. Positive and nondetected results for 
nitrocellulose were qualified as estimated, J, and UJ. 

The laboratory did not calibrate and initially report diethyl ether in any volatile fraction samples as 
requested in the analytical statement of work. The laboratory was contacted regarding the omission 
by the data reviewer. In an attempt to provide data for diethyl ether, the laboratory performed a 
reverse library search for diethyl ether in all volatile samples. The laboratory also analyzed a standard 
to determine both a retention time and a reporting limit for aqueous and solid samples. The laboratory 
then provided results for diethyl ether for all volatile samples. The data reviewer used the data for 
diethyl ether and included the results into the existing volatile fraction database for all samples. 
Nevertheless, because of the lack of calibration data for each day of analysis and because the 
manner in which results were reported is similar to the reporting of a Tentatively Identified Compound 
(TIC), all results, both positive and nondetected were qualified as estimated, J and UJ, respectively. 

Positive results below the RL were qualified as estimated, J, due to uncertainty near the detection limit. 
The direction of bias cannot be determined. 

Notes 

Continuing calibration on 09/21/01 at 1720 contained a %D that exceeded the 25% quality control limit, but 
did not exceed 50%, for 4-chloroaniline. 4-Chloroaniline was qualified for initial calibration %RSD 
noncompliance. 



Continuing calibration on 09/22/01 at 0828 contained %Ds that exceeded the 25% quality control limit, but did 
not exceed 50%. for 22'-oxybis(1-chloropropane), 4-chloroaniline, 2,4-dinitrophenol, and 4,6-dinitro-2- 
methylphenol. Therefore; nondetected sample results were not qualified on this basis. 4-Chloroaniline was 
qualified for initial calibration %RSD noncompliance. 

The matrix spike duplicate %R was greater than the upper quality control limit for phenol and 2.4- 
dinitrotoluene. No qualification action was warranted on MSD %R noncompliance. 

The MSIMSD %R RPD was greater than the upper quality control for 4-nitrotoluene. No qualification 
action was taken based on MSIMSD RPD noncompliance. 

The MSIMSD RPD exceeded the quality control limit for nitrocellulose. No qualification action was based 
on RPD noncompliance. 

EXECUTIVE SUMMARY 

Laboratory Performance Issues: Several compounds failed to meet the continuing calibration %D quality 
control limits in the semivolatile and pesticide/PCB fractions. Laboratory and method blank contamination 
occurred in the volatile, semivolatile, and explosive fraction. Explosive holding times were exceeded for all of 
the samples. 

Other Factors Affecting Data Quality: None. 



The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Organic Data Validationu, (September 1994) as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy IRCDQM" (September 1999). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according-to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Seth C. Staffen 
Environmental ScientistIData Validator 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1 .  Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO : G. LATULIPPE DATE: MARCH 19,2002 

FROM: ERIN M. FAUST COPIES: DV FILE 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AND MISCELLANEOUS 
PARAMETERS 
CTO 803 NSWC INDIAN HEAD 
SAMPLE DELIVERY GROUP (SDG) - 81943 

SAMPLES: 16/Sediment/ 

Overview 

The sample set for CTO 803, NSWC Indian Head, SDG 81943, consists of sixteen (1 6) sediment 
environmental samples. Two (2) field duplicate pairs (MTCSDFD003 I MTCSDFD01201 and 
MTCSDFD004 I MTCSDFD00201) are included within this SDG. 

All samples were analyzed for target analyte list (TAL) metals, cyanide, total organic carbon 
(TOC), Acid Volatile Sulfide (AVS) and the Simultaneously Extracted Metals (SEM) cadmium, 
copper, lead, mercury, nickel and zinc. The samples were collected by Tetra Tech NUS on 
September 8-9, 2001 and analyzed by Mitkem Corporation under Naval Facilities Engineering 
Service Center (NFESC) Quality Assurance I Quality Control (QAIQC) criteria. TAL metals and 
cyanide analyses were conducted using Contract Laboratory Program (CLP) method ILM04.1. 
Analyses for TOC were conducted using SW 846 method 9060. The AVSISEM analyses were 
conducted using the EPA Draft Analytical Method for the Determination of Acid Volatile Sulfide in 
Sediment. 

Metals analyses, with the exception of mercury were conducted using Inductively Coupled Plasma 
(ICP) instrumentation. Mercury analyses were conducted using Cold Vapor Atomic Absorption 
(CVAA) instrumentation. 

All analytes were successfully analyzed. The findings offered in this report are based upon a 
general review of all available data. The data review was based on data completeness, holding 
times, calibration data, laboratory methodlpreparation blanks, ICP interference check sample 
results, matrix spike results, laboratory duplicate results, laboratory control sample (LCS) results, 
ICP serial dilution results, field duplicate results, detection limits and analyte quantitation. 

Areas of concern with respect to data quality are listed below. 
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Minor Problems 

The Contract Required Detection Limit (CRDL) percent recoveries for antimony, arsenic, 
cadmium, manganese and zinc were > I  10% quality control limit, affecting all samples. 
Positive results greater than two times the CRDL reported for arsenic and cadmium were 
qualified as biased high, "K" or estimated, "J" due to conflicting noncompliances. No 
validation action was required for antimony, manganese or zinc because the results were 
either reported by the laboratory as nondetected, qualified "B" due to laboratory blank 
contamination or were greater than two times the CRDL. 

The CRDL percent recoveries for chromium and nickel were >110% quality control limit, 
affecting all of the samples except samples MTCSD00501, MTCSDOI 201 and 
MTCSDFDOOS. Positive results reported for chromium and nickel in the affected samples 
were qualified as biased high, "K" or estimated, "J", due to conflicting noncompliances. 

The CRDL percent recoveries for thallium and silver were < 90% quality control limit, affecting 
all samples. Positive results reported for silver were qualified as biased low, "L" or estimated, 
"J", due to conflicting noncompliances. Nondetected results reported for silver and thallium 
were qualified as biased low, "UL" or estimated, "UJ", due to conflicting noncompliances. 

The following contaminants were detected in the laboratory methodlpreparation blanks at the 
following maximum concentrations : 

Samples Affected: All samples analyzed for TAL metals. 

Analvte 
Aluminum 
~ n t i m o n ~ " )  
~hromium(') 
Cobalt 
Copper 
l ron 
Magnesium 
~ a n ~ a n e s e " )  
Nickel 
Potassium 
Sodium 
Zinc 

Maximum 
Concentration 
1 45.7 pg1L 
0.544 mglkg 
0.24mglkg 
0.90 pg1L 
3.5 pg1L 
27.1 pg1L 
1 19.4 pg1L 
0.688 mglkg 
1.1 pg1L 
58.6 pg1L 
1039.8 pg1L 
18.2 pg1L 

Action 
Level 
145.7 mglkg 
2.72 mglkg 
1.2 mglkg 
0.90 mglkg 
3.5 mglkg 
27.1 mglkg 
1 19.4 mglkg 
3.44 mglkg 
1.1 mglkg 
58.6 mglkg 
1039.8 mglkg 
18.2 mglkg 

(') Maximum concentration present in a laboratory preparation blank. 

An action level of 5X the maximum contaminant level has been used to evaluate sample 
data for blank contamination. Sample aliquot, percent solids and dilution factors, if 
applicable, were taken into consideration when evaluating for blank contamination. The 
positive results less than the action level reported for antimony, copper, magnesium, 
potassium, sodium and zinc were qualified, "6, as a result of blank contamination. 
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Samples Affected: All samples analyzed for SEM metals. 

Maximum 
Analvte Concentration 
cadmium(') 1.55 pg/L 
~ o ~ ~ e r ( "  28.959 pg/L 
Lead 5.8 pg/L 
~ercury(') 0.126 pg/L 
~ickel '" 26.563 pg/L 
zinc(') 32.71 5 pg/L 

Action 
Level 
7.75 pg/L 
144.795 pg/L 
29.0 pg/L 
0.63 pg/L 
132.81 5 pg/L 
1 63.575 pg/L 

(') Maximum concentration present in a laboratory preparation blank. 

An action level of 5X the maximum contaminant level has been used to evaluate sample 
data for blank contamination. Sample aliquot and dilution factors, if applicable, were 
taken into consideration when evaluating for blank contamination. The positive results 
less than the action level reported for all of the above analytes were qualified, "B,  as a 
result of blank contamination. 

The interfering analyte iron was present in sample MTCSD00401 at a concentration that was 
comparable to the level of iron in the Interference Check Sample (ICS) solution. Several 
analytes namely arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, 
manganese, nickel, potassium, selenium, silver, sodium, thallium, vanadium and zinc were 
present in the ICS solution at concentrations which exceeded the absolute value of the 
Instrument Detection Limit (IDL). lnterference affects exist for cadmium, cobalt, copper, 
potassium, silver and thallium in the affected sample. The positive results reported for 
cadmium, cobalt and potassium were qualified as biased high, " K .  The positive result 
reported for silver was qualified as estimated, "J", due to conflicting noncompliances. The 
positive results reported for copper and thallium were qualified as biased low, "L". 

The Matrix Spike (MS) percent recovery for antimony was < 75% quality control limit, affecting 
the total metals matrix. Nondetected results reported for antimony were qualified as biased 
low, "UL" or estimated, "UJ", due to conflicting noncompliances. 

The MS percent recovery for copper was >125% quality control limit, affecting the SEM 
matrix. Positive results reported for copper were qualified as estimated, "J", due to conflicting 
noncompliances. 

Laboratory duplicate imprecision (difference >2X CRDL) was noted for zinc, affecting the total 
metals matrix. Positive results reported for zinc were qualified as estimated, "J". 

Laboratory duplicate imprecision (RPD > 35%) was noted for copper and nickel, affecting the 
SEM matrix. Positive results reported for copper and zinc were qualified as estimated, "J". 

All positive and nondetected results reported for metals in samples MTCSD00601, 
MTCSD00801, MTCSD00901, MTCSD01001 and MTCSD01101 were qualified as estimated, 
"J" and "UJ", due to percent solids < 30%. 

All positive results reported for TOC in samples MTCSD00601, MTCSD00801, MTCSD00901 
and MTCSD01101 were qualified as estimated, "J", due to percent solids < 30%. 

Field duplicate imprecision (RPD > 50%) was noted for zinc in the MTCSDFD003 / 
MTCSD01201 sample pair, affecting the total metals matrix. The positive result reported for 
zinc in sample MTCSDFD003 was qualified as estimated, "J". 
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Field duplicate imprecision (difference > 4X CRDL) was noted for cyanide in the 
MTCSDFD003 / MTCSD01201 sample pair. The positive and nondetected results reported 
for cyanide in this sample pair only were qualified as estimated, "J" and "UJ", respectively. 

Field duplicate imprecision (RPD > 50%) was noted for copper and nickel in the 
MTCSDFD003 1 MTCSD01201 sample pair, affecting the SEM matrix. The positive results 
reported for copper and nickel in this sample pair only were qualified as estimated, "J". 

Field duplicate imprecision (difference > 4X CRDL) was noted for cyanide in the 
MTCSDFD004 / MTCSD00201 sample pair. The positive and nondetected results reported 
for cyanide in this sample pair only were qualified as estimated, "J" and "UJ", respectively. 

Notes 

The CRDL percent recoveries for lead were both above and below the 90-1 10% quality control 
limits, affecting all samples. No validation action was required because the reported results were 
greater than two times the CRDL. 

Executive Summary 

Laboratory Performance: Arsenic, cadmium, chromium, nickel, thallium and silver were qualified 
due to calibration noncompliance. Several analytes were present in the laboratory 
methodlpreparation blanks. Laboratory duplicate imprecision was noted for zinc in the total 
metals matrix and copper and nickel in the SEM matrix. 

Other Factors Affecting Data Quality: Antimony was qualified due to MS noncompliance in the 
total metals matrix. Copper was qualified due to MS noncompliance in the SEM matrix. The 
interfering analyte iron was present in sample MTCSD00401. Several analytes in several 
samples were qualified due to low percent solids. Field duplicate imprecision was noted for 
several analytes in both field duplicate pairs. 
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The data for these analyses were reviewed with reference to the "National Functional Guidelines 
for Inorganic Data Validation", April 1993 as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy Installation Restoration Chemical Data Quality Manual" 
(September 1999). 

The text of this report has been formulated to address only those problem areas affecting data 
quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Tetra Tech NUS 
Erin M. Faust 
Environmental Scientist 

~oseFh A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 
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Data Qualifier Key: 

U Value is a nondetect as reported by the laboratory. 

B Positive result is considered to be an artifact of blank 
contamination and should not be considered present. 

K Positive result is considered biased high, "K", as a result of 
technical noncompliances. 

L Positive result is considered biased low, "L", as a result of 
technical noncompliances. 

UL - '  Nondetected result is considered biased low, "ULn, as a result of 
technical noncompliances. 

UJ - Nondetected result is considered estimated, "UJ", as a result of 
technical noncompliances. 

J Positive result is considered estimated, "Jn, as a result of 
technical noncompliances. 



TETRA TECH NUS 

TO: G. LATULIPPE DATE: JANUARY 4,2002 

FROM: MEGAN N. CLOUD COPIES: FILE 

SUBJECT: INORGANIC DATA VALIDATION - METALS AND WET CHEMISTRY 
CT0803 - NSWC INDIAN HEAD 
SDG NO. 81 944 

SAMPLES: 19/Aqueous/ 

OVERVIEW 

The sample set for the CT0803-NSWC Indian Head, SDG 81 944 consists of sixteen aqueous 
environmental samples (designated MTCSW-, MTCFD-), and three rinsate blanks (designated RB-). One 
field duplicate pair (MTC01201 and FD003) was included in this sample set. Sample SW01201 was 
designated for matrix spike and laboratory duplicate analysis. All samples were analyzed for total and 
dissolved target analyte list (TAL) Metals, cyanide, chloride, sulfate, fluoride, nitrate, nitrite, perchlorate, 
hardness, pH, total organic carbon (TOC), total dissolved solids (TDS), and total suspended solids (TSS). 
Samples designated -F were analyzed for dissolved metals. 

The samples were collected by Tetra Tech NUS on September 7 through 9,2001 and analyzed by Mitkem 
Corporation of Warwick, Rhode Island and Severn Trent Laboratories (STL) of Sacramento, California, 
under NFESC QAIQC criteria. 

All analyses were conducted using contract laboratory program (CLP) Method ILM04.1 for TAL Metals and 
cyanide, EPA 300.0 for anions, EPA 314.0 for perchlorate, Standard Method (SM) 23408 for hardness, 
SM 4500-H+ for pH, EPA 415.1 for TOC, SM 2540-C for TDS, SM 2540-D for TSS, and SM 4500-N02B 
for total nitrate. 

SUMMARY 

Most analytes were successfully analyzed in all samples. The findings offered in this report are based 
upon a general review of all available data including data completeness, holding times until analysis, 
calibration data, laboratory blank results, ICP interference check samples, matrix spike results, laboratory 
control spike results, laboratory duplicate results, field duplicate results, ICP serial dilution results, 
detection limits, and analyte quantitation. 

Areas of concern with respect to data quality are listed below as follows: 

MAJOR PROBLEMS . 

None. 
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MINOR PROBLEMS 

The following table summarizes the analytes detected as contaminants in the laboratory blanks at the 
maximum concentration indicated: 

Analvte 

Total and Dissolved 
Aluminum 

Total and Dissolved 
Antimony 

Maximum Action Level 
Concentration (Aqueous) 

Total ~arium"' 2.13 ug/L 10.6 ug/L 

Dissolved ~arium"' 4.68 ug/L 23.4 ug/L 

Total and Dissolved 
~hromium"' 

Total and Dissolved Cobalt 1.3 ug/L 

Total and Dissolved Copper 5.2 ug/L 

Total lron"' 12.9 ug/L 

Dissolved Iron 11 ug/L 

Total and Dissolved Lead 1.2 ug/L 

Total and Dissolved 
Magnesium 

Total Manganese 

Dissolved ~anganese"' 

Total ~ icke l " '  

Dissolved Nickel 

Total ~otassium"' 

Dissolved ~otassium"' 

Dissolved ~ i lver" '  

Total Sodium"' 

Dissolved   odium"' 
Total and Dissolved Zinc 

"'Maximum concentration present in a preparation blank. 

Samples affected: The aqueous action levels apply to all aqueous environmental samples. 

Adjustments were- made for the samples aliquot size and dilution factors. Results reported at 
concentrations within the action level are qualified (B) and are considered to be false positives (artifacts of 
blank contamination). 

The positive results less than 2X the contract required detection limit (CRDL) for arsenic, cadmium, 
chromium, cobalt, copper, lead, manganese, nickel, vanadium, and zinc are qualified as biased high 
(K) because the CRDL standard was above the 11 0% QC limit. 
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The positive results less than 2X the CRDL and the non-detected results for total and dissolved silver 
are qualified as biased low (UUL) because the CRDL standard was below the 90% QC limit. 

The analyses for nitrite, nitrate, and pH exceeded holding time criteria. The results for nitrite, nitrate 
and pH are qualified as estimated (JIUJ) in associated samples. 

The TDS result for MTCRB002 is qualified as estimated (J) because the analysis exceeded holding 
time. 

Notes 

The rinsate blanks were not used to establish blank action levels and were not qualified due to laboratory 
blank contamination. 

Orthophosphate results were reported by the laboratory but were not requested. These results were 
removed from the database. 

No vials were submitted for TOC for sample MTCSWFD004, therefore, this parameter was not analyzed 
for this sample. 

A comparison of field duplicate pair MTC01201 and FD003 is included in Appendix C. 

Dilutions were performed for chloride and sulfate analyses for most of the samples. 
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EXECUTIVE SUMMARY 

Laboratory Performance: Total and dissolved aluminum, antimony, barium, chromium, cobalt, copper, 
iron, lead, magnesium, manganese, nickel, potassium, sodium, and zinc were present in the laboratory 
blanks. Dissolved silver was present in the laboratory blanks. Eleven metals exceeded the CRDL 
standard QC criteria. 

Other. Factors Affecting Data Quality: Holding times were exceeded for nitrate, nitrite, and pH analyses 
due to unavoidable delays during shipping of the samples. 

The data for these analyses were reviewed with reference to the EPA "Functional Guidelines for Inorganic 
Data Review", as amended for use within EPA Region 3 (4193). 

The text of this report has been formatted to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the Functional Guidelines and the Quality Assurance Project Plan (QAPjP)." 

,. - &i ! ! f iLW A/ e l 6  
~ e g d  N. Cloud 

Joseph A.  amc chuck 
Data Validation Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as Reported by the Laboratory 
3. Appendix C - Support Documentation 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: G. LATULIPPE DATE: FEBRUARY 22,2002 

FROM: SETH C. STAFFEN COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION- VOAISVOAIPESTIPCBIEXP 
CTO 803, NSWC INDIAN HEAD 
SDG: 81944 

SAMPLES: 1 9IAQUEOUSNOA 

MTCFD003 MTCRB002 MTCRB003 MTCRB004 MTCSW00101 
MTCSW00201 MTCSW00301 MTCSW00401 MTCSW00501 MTCSW00601 
MTCSW00701 MTCSW00801 MTCSW00901 MTCSW01001 MTCSWOl 101 
MTCSW 01 201 MTCSW02901 MTCSW03001 MTCTB004 

OVERVIEW 

The sample set for CTO 803; SDG 81944, NSWC Indian Head, MD consists of sixteen (16) surface water 
environmental samples, three (3) rinsate blanks, and one (1) trip blank. All samples were analyzed for 
Target Compound List (TCL) low concentration volatile organic compounds (plus diethyl ether), TCL 
semivolatile organic compounds, pesticidesIPCBs, explosives, nitroglycerin, nitrocellulose and 
nitroguanidine, except sample MTCTB004 was analyzed for volatile organic compounds only. Two field 
duplicate pairs were included in the SDG: MTCSW01201 I MTCFD003 and MTCSW00201 1 MTCFD004. 

The samples were collected by TetraTech NUS on September 8, 9, and 10, 2001 and were analyzed by the 
Mitkem Corporation. All analyses were conducted in accordance with Naval Facilities Engineering Service 
Center (NFESC) Quality AssuranceIQuality Control (QNQC) criteria using Contract Laboratory Program 
(CLP) Statement of Work (SOW) OLC02.1, SW-846 Method 8330, HPLCIUV using Laboratory SOP, and 
Method 353.2 analytical and reporting protocols. 

All samples were successfully analyzed with the exception of those results that were rejected. The findings 
offered in this report are based upon a general review of all available data including: data completeness, 
system performance and tuning, holding times, initiallcontinuing calibrations, laboratory method blank results, 
surrogate spike recoveries, internal standard recoveries, blank spike results, field duplicate results, matrix 
spikelmatrix spike duplicate results, compound identification, compound quantitation, and detection limits. 
Areas of concern are listed below. 



Maior Problems 

The volatile initial calibration on 09/13/01 contained RRFs that were less than the 0.05 quality 
control limit for acetone, 2-butanone, and 1,2-dibromo-3-chloropropane. The aforementioned 
compounds were qualified as rejected, UR, in all of the samples. 

The volatile continuing calibration on 09/18/01 at 1147 contained RRFs that were less than the 
0.05 quality control limit for acetone, 2-butanone, and 1,2-dibromo-3-chloropropane. The 
aforementioned compounds were qualified as rejected, UR, in the associated samples. 

Minor Problems 

Despite the absence of bis(2-ethylhexy1)phthalate in the semivolatile laboratory method blank, 
bis(2-ethylhexy1)phthalate is a common laboratory contaminant. Therefore, the presence of 
bis(2-ethylhexy1)phthalate in environmental samples is a possible laboratory contaminant. 
Positive results were qualified as estimated, J. 

All explosive samples were extracted on September 19, 2001. The samples were collected 
on September 7-9, 2001. The samples were extracted after the seven-day holding time 
(collection date to extraction date). All of the samples were qualified as estimated, UJ, due to 
holding time exceedance. 

The internal standard, perylene-dl2, was less than the lower quality control limit for samples 
MTCSW00301 and MTCSW00401. The re-analyses yielded the same results. Therefore, 
the original analyses were used for data validation. Positive and nondetected results were 
qualified as estimated, J, and, UJ, respectively, in the aforementioned samples. 

The laboratory did not calibrate and initially report diethyl ether in any volatile fraction samples 
as requested in the analytical statement of work. The laboratory was contacted regarding the 
omission by the data reviewer. In an attempt to provide data for diethyl ether, the laboratory 
performed a reverse library search for diethyl ether in all volatile samples. The laboratory also 
analyzed a standard to determine both a retention time and a reporting limit for aqueous and 
solid samples. The laboratory then provided results for diethyl ether for all volatile samples. 
The data reviewer used the data for diethyl ether and included the results into the existing 
volatile fraction database for all samples. Nevertheless, because of the lack of calibration 
data for each day of analysis and because the manner in which results were reported is 
similar to the reporting of a Tentatively Identified Compound (TIC), all results, both positive 
and nondetected were qualified as estimated, J and UJ, respectively. 

Positive results below the RL were qualified as estimated, J, due to uncertainty near the 
detection limit. The direction of bias cannot be determined. 

Notes 

Sample, MTCSWFD004, was listed on the Chain of Custody and should have been analyzed for volatile 
organic compounds. According to the laboratory SDG narrative, no volatile vials were received. 

The laboratory truncated the sample ids. The MTCSW, was removed from the sample ids by the 
laboratory on the laboratory Form Is. Also, the explosives, nitrocellulose, and nitroguanidine fraction Form 
Is used Mitkem sample ids. However, there was a dash and not a zero in the ids on the form Is. The 
dash was assumed to be a zero and the form Is were labeled accordingly. 



The matrix spikelmatrix spike duplicate percent recoveries were greater than the upper quality control limit for 
1,4-dichlorobenzene. No qualification action was taken because the reported result was nondetected in the 
unspiked sample, MTCSW01201. 

The continuing calibration on 09/22/01 contained %Ds that exceeded the 20% quality control limit on both 
columns, but did not exceed 50%, for a-BHC. Therefore, nondetected sample results were not qualified on 
this basis. 

The continuing calibration on 09/23/01 contained %Ds that exceeded the 20% quality control limit on one 
column for a-BHC and g-BHC. No qualification action was taken because the other column was compliant. 

The continuing calibration on 09/25/01 contained a %D that exceeded the 20% quality control limit on one 
column for a-BHC. No qualification action was taken because the other column was compliant. 

The calibration verifications on 09/24/01 at 171 1, 09/24/01 at 2250, and 09/252/01 0100 contained %Ds that 
were greater than the 15% quality control limit for nitroguanidine. No qualification action was taken because 
the reported results were nondetects. 

The surrogate %R of 2,4-dinitrotoluene was less than the lower quality control limit for samples 
MTCSW00101 and MTCSW03001. 

The laboratory control sample %R for 4-nitrotoluene was greater than the upper quality control limit. No 
qualification action was taken because the reported results were nondetected. 

The MSIMSD %Rs were greater than the upper quality control limit for RDX. No qualification action was 
taken because the reported result was nondetected. 

The explosive samples were sub-contacted to Severn Trent Laboratories - Sacramento, upon delivery to 
Sacramento the samples were at 10-1 3 degree Celsius temperatures. No qualification action was taken. 

EXECUTIVE SUMMARY 

Laboratory Performance Issues: Several compounds failed to meet the initial and continuing calibration 
RRF quality control limits in the volatile fraction. Bis(2-ethylhexy1)phthalate was a suspected laboratory 
contamination in the semivolatile fraction. Explosive samples were extracted beyond the seven-day holding 
time. 

Other Factors Affecting Data Quality: None. 



The data for these analyses were reviewed with reference to the "National Functional Guidelines for 
Organic Data Validation", (September 1994) as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy IRCDQM" (September 1999). 

The text of this report has been formulated to address only those problem areas affecting data quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Tetra Tech I/" 

Seth C. Staffen 
Environmental ScientistIData Validator 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 



Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: MR. G. LATUILPPE DATE: MARCH 19,2002 

FROM: BERNARD F SPADA Ill COPIES: DV FILE 

SUBJECT: ORGANIC DATA VALIDATION- SVOAIPESTIPCBIEXPLOSIVES 
CTO 803, NSWC INDIAN HEAD 
SDG 81977 

SAMPLES: 33frissue 

MTCCTOOl 01 
MTCCT00302 
MTCCT00403 
MTCFSOOl 
MTCFS004 
N JCFS007 
MTCLBOOl 
MTCLB00203 
MTCLB00402 
MTCSS001 
MTCSSOO6 

Overview 

The sample set for CTO 803, NSWC INDIAN HEAD, SDG 81977 consists of thirty-three (33) tissue 
environmental samples. All samples were analyzed for semivolatile organic compounds (SVOC), pesticides 
and polychlorinated biphenyls (PESTIPCB) by method CLP OLM04.1. All samples were also analyzed for 
explosives (EXP) by method SW-846 8330. 

The samples were collected by Tetra Tech NUS on September 6, 7, 8, and 9, 2001 and analyzed by Mitkem 
Corporation. All analyses were conducted in accordance with Naval Facilities Engineering Service Center 
(NFESC) Quality AssurancelQuality Control (QAfQC) criteria using OLM04.1 and SW-846 8330 analytical 
and reporting protocols. 

The data contained in this SDG were validated with regard to the following parameters: data completeness, 
holding times, GCMS tuning, initiallcontinuing calibrations, laboratory method blank results, surrogate spike. 
recoveries, blank spikelblank spike duplicate results, internal standard recoveries, chromatographic 
resolution, compound identification, compound quantitation and detection limits. Areas of concern are listed 
below. 

Maior 

The initial calibration performed on October 26 between 12:50 and 16:36 for SVOA had an 
average relative response factor (RRF) less than 0.05 for 4-chloroaniline. All associated non- 
detects were qualified as rejected (UR). 

The continuing calibration performed on October 26 at 17:41 for SVOA had a relative response 
factor (RRF) less than 0.05 for 4-chloroaniline. All associated non-detects were qualified as 
rejected (UR). 



The initial calibration performed on October 28 and 29 between 21 :52 and 01 :46 for SVOA had 
an average relative response factor (RRF) less than 0.05 for 4-chloroaniline. All associated non- 
detects were qualified as rejected (UR). 

The continuing calibration performed on October 29 at 01:46 for SVOA had a RRF less than 
0.05 for pentachlorophenol. All associated non-detects were qualified as rejected (UR). 

The initial calibration performed on October 29, between 14:59 and 17:57 for SVOA had average 
relative response factors (RRF) less than 0.05 for 4-chloroaniline, and pentachlorophenol. All 
associated non-detects were qualified as rejected (UR). 

The continuing calibration performed on October 29 at 19:53 for SVOA had a RRF less than 
0.05 for 4-chloroaniline and pentachlorophenol. All associated non-detects were qualified as 
rejected (UR). 

The continuing calibration performed on October 30 at 11:lO for SVOA had a RRF with no 
response for pentachlorophenol. All associated non-detects were qualified as rejected (UR). 

The continuing calibration performed on October 31 at 12:45 for SVOA had a RRF less than 
0.05 for 4-chloroaniline and pentachlorophenol. All associated non-detects were qualified as 
rejected (UR). 

The following table summarizes the pesticide1PCB % difference between analytical columns 
non-compliances. 

Sample Compound % Difference Qualification 

MTCCT00101 Endosulfan sulfate 196.3 
Endrin aldehyde 197.3 
alpha-Chlordane 102.5 
gamma-Chlordane 81.3 
PCB-1 260 31.3 

MTCCTOOl02 Endosulfan I 47.6 
Dieldrin 133.3 
Endosulfan sulfate 159.3 
Endrin aldehyde 204.3 
alpha-Chlordane 1 04.8 
gamma-Chlordane 42.9 

MTCCT0030 1 Heptachlor epoxide 
Dieldrin 
4,4'-DDD 
Endosulfan sulfate 
Endrin aldehyde 
alpha-Chlordane 
gamma-chlordane 
PCB-1 260 

MTCCT00302 Endosulfan sulfate 677.8 
Endrin aldehyde 346.8 
alpha-Chlordane 143.3 
gamma-Chlordane 164.7 
PCB-1 260 54.2 



MTCCT00402 4,4'-DDD 
Endosulfan sulfate 
Endrin aldehyde 
gamma-Chlordane 

MTCGS003 Heptachlor epoxide 
4,4'-DDE 
alpha-Chlordane 

Minor 

Several samples had positive results below the detection limit but above the method detection 
limit. These samples were qualified as estimated (J) due to uncertainty near detection limit. 

The semivolatile initial calibration performed on October 28 and 29 exceeded the 30% RSD 
quality control criteria (and was >50%) for pentachlorophenol. All non-detects are qualified as 
estimated (UJ). 

The semivolatile continuing calibration performed on October 29 at 01 :46 exceeded the 25%D 
quality control criteria (and was >50%) for 4-chloroaniline. All associated non-detected results 
are qualified as estimated (UJ). 

Surroaate S ~ i k e  Recoveries /Internal Standard Performance 

The following table summarizes the non-compliant surrogate spike recoveries and internal standard 
performances: 

Surrogate Internal Standard 
Samples Recoveries Performances Validated Qualifications 

MTCCTOOl 01 RE 2(L) 3(L) 4(L) 5(L<10°/o) 6(L) Y UR, J, UJ 

1 (L) 2(L) 3(L) 6(L) 4&5(L<10%) Y UJ 

3(L) 4(L) 5(L) 6(L) Y UJ 





MTCLBOOl 

MTCLBOOl DL 

MTCLB00402 

MTCLB00402DL (DILUTED) 

UR, UJ 

MTCSS001 

MTCSSOOl RE 



MTCSS004 1 (L) 2(L) 3,4&5(L<10°/o) 6(L) Y UJ 

UR, UJ 

UJ 

NJCW PO07 4(L) 5(L<10%) 6(L<10%) N 

NJCW P007RE 3(L) 4(L) 5(L) 6(L) Y UJ 

Surrogate Recoveries: + Recovery greater than upper limit 
X Recovery less than lower limit 

Number of non-compliant surrogate recoveries noted in ( ). 

Internal Standards: 1 - 1,4-Dichlorobenzene-d4 
2 - Naphthalene-d8 
3 - Acenaphthene-dl 0 
4 - Phenanthrene-dl0 
5 - Chrysene-dl2 
6 - Perylene-dl2 

(L) indicates a low performance. 
(H) indicates a high performance. 

The following compound was detected in the solid method blank: 

Compound 
Nitrocellulose 

Maximum Blank 
Concentration Action Level 
0.91 mglkg 4.55 mglkg 

Sample aliquot, and dilution factors were taken into consideration when applying the blank action levels. 
Positive results for nitrocellulose below the blank action level were qualified as non-detected, (B). 

Notes 

The semivolatile initial calibration performed on October 19 between 13:26 and 15:54 exceeded the 30% 
RSD quality control criteria (but was <50%) for 4-chloroaniline. No action was taken because all results are 
non-detected. 

The semivolatile initial calibration performed on October 29 between 14:59 and 17:57 exceeded the 30% 
RSD quality control criteria (but was <50%) for pentachlorophenol. No action was taken because all results 
are non-detected. 



The semivolatile continuing calibration performed on October 22 at 1 1 :18 exceeded the 25% RSD quality 
control criteria (but was <5O0I0) for diethyl phthalate, di-n-butyl phthalate, pyrene, di-n-octyl phthalate, and 
benzo(g,h,l)perylene. No action was taken because all associated results are non-detected. 

The semivolatile continuing calibration performed on October 26 at 17:41 exceeded the 25% RSD quality 
control criteria (but was <50%) for 4,6-dinitro-2-methylphenol. No action was taken because all associated 
results are non-detected. 

The semivolatile continuing calibration performed on October 29 at 19:53 exceeded the 25% RSD quality 
control criteria (but was <50°h) for 4-chloroaniline. No action was taken because all associated results are 
non-detected. 

The semivolatile continuing calibration performed on October 30 at 11 :10 exceeded the 25% RSD quality 
control criteria (but was <50%) for 4-chloroaniline, 2,4-dinitrophenol, and pyrene. No action was taken 
because all associated results are non-detected. 

The semivolatile continuing calibration performed on October 31 at 12:45 exceeded the 25% RSD quality 
control criteria (but was <50%) for 4-chloroaniline, 2,4-dinitrophenol, and 2,4,6-tribromophenol. No action was 
taken because all associated results are non-detected. 

Samples MTCCT00301, MTCCT00403, MTCFS001, MTCFS003, MTCFS005, MTCGS002, and 
MTCLB00401 had a positive result for 4-methylphenol over the linear calibration range for the instrument. 
Sample MTCCT00403 also had a positive result for bis(2-ethylhexy1)phthalate over the linear calibration 
range for the instrument. The sample was re-analyzed at a dilution. The diluted results were transposed to 
the undiluted analysis and used for validation. 

Samples MTCCT00401, MTCLB001, MTCFS005, MTCSS004, and MTCCTOOG had a positive result for 4- 
methylphenol over the linear calibration range for the instrument. The sample was re-analyzed at a dilution. 
The diluted results for 4-methylphenol were transposed to the undiluted analysis and used for validation. The 
undiluted analysis of MTCCT00401 was -40% for two internal standards (4,5). The undiluted analyses of 
MTCCTOO6 MTCLB001, and MTCFS005 were 4 0 %  for two internal standards (5,6). The undiluted 
analyses of MTCSS004 was 4 0 %  for three internal standards (3,4,5). The results from the diluted analyses 
were transposed to the undiluted analyses for all analytes associated with the 4 0 %  internal standards and 
used for validation. This is the reason some analytes have elevated reporting limits. Sample MTCCTOO6 
also had six surrogates diluted out in the re-analysis. 

All samples contained several tentatively identified compounds in the semivolatiles fraction. 

The EDD showed the results from the original analyses twice for the semivolatiles and PesWPCB fractions. 
The re-analyzed or diluted sample results were not shown on the EDD. The results shown on the Form 
1's for the re-analyzed or diluted samples were transposed to the appropriate areas on the EDD. The EDD 
for the explosives fraction showed a result of zero in place of the laboratories reporting limit. The 
laboratories reporting limits were transposed to the EDD from the Form 1's. 

Sample MTCCT00301 exceeded the linear calibration range of the instrument for 4,4'-DDE. The sample 
was analyzed at a dilution. The result from the diluted analysis was transposed to the undiluted analysis on 
the EDD. 

The extraction of sample MTCGS002 for pesticides used only 159 of tissue. This resulted in elevated 
reporting limits for this sample. 

The MSIMSD analyzed on sample MTCLB005 exceeded method parameters for 4-amino-2,6- 
dinitrotoluene, tetryl, 1,3,5-trinitrobenzene, and 1,2,4-trinitrotoluene indicating matrix interference. The 
MSIMSD analyzed on sample MTCGS002 exceeded method parameters for HMX and tetryl indicating 
matrix interference. 



The LCS for nitroguanidine exceeded the % recovery quality control criteria. 

Executive Summary 

Laboratory Performance: Qualifications were made based on calibrations, %D between columns for 
PESTIPCBs, holding time noncompliance, and internal standard noncompliance. 

Other Factors Affecting Data Quality: None. 

The data for these analyses were reviewed with reference to U.S. EPA National Functional Guidelines for 
Data Validation as modified by EPA Region 111 (9194) and the NFESC guidelines entitled Navy IRCDQM 
(Sept. 1999). The text of this report has been formulated to address only those problem areas affecting data 
quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as 
specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Bernard F Spada Ill 
ChemistJData Validator 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

Appendix A - Qualified Analytical Results 
Appendix B - Results as Reported by the Laboratory 
Appendix C - Support Documentation 
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Overview 

The sample set for CTO 803, NSWC Indian Head, SDG 81977, consists of thirty-three (33) tissue 
environmental samples. 

All samples were analyzed for target analyte list (TAL) metals, cyanide and perchlorate. The 
samples were collected by Tetra Tech NUS on September 6-9, 2001 and analyzed by Mitkem 

.Corporation under Naval Facilities Engineering Service Center (NFESC) Quality Assurance I 
Quality Control (QNQC) criteria. Metals and cyanide analyses were conducted using Contract 
Laboratory Program (CLP) method ILM04.1. Analyses for perchlorate were conducted using EPA 
method 31 4.0. 

Metals analyses, with the exception of mercury were conducted using Inductively Coupled Plasma 
(ICP) instrumentation. Mercury analyses were conducted using Cold Vapor Atomic Absorption 
(CVAA) instrumentation. 

Summary 

All analytes were successfully analyzed. The findings offered in this report are based upon a 
general review of all available data. The data review was based on data completeness, holding 
times, calibration data, laboratory methodlpreparation blanks, ICP interference check sample 
results, matrix spike results, laboratory duplicate results, laboratory control sample (LCS) results, 
ICP serial dilution results, detection limits and analyte quantitation. 

Areas of concern with respect to data quality are listed below. 
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Minor Problems 

The Contract Required Detection Limit (CRDL) percent recoveries for manganese, nickel, 
thallium and zinc were >110% quality control limit, affecting all samples. Positive results 
greater than two times the CRDL reported for manganese were qualified as biased high, " K  
or estimated, "J" due to conflicting noncompliances. No validation action was required for 
nickel, thallium or zinc because the results were either reported by the laboratory as 
nondetected, qualified " B  due to laboratory blank contamination or were greater than two 
times the CRDL. 

The CRDL percent recoveries for antimony, arsenic, chromium, cobalt and lead were >110% 
quality control limit, affecting the samples from preparation batch 81977A (see Notes section). 
Positive results reported for arsenic and chromium in the affected samples were qualified as 
biased high, "K .  No validation action was required for antimony, cobalt or lead because the 
results were either reported by the laboratory as nondetected, qualified " 6  due to laboratory 
blank contamination or were greater than two times the CRDL. 

The CRDL percent recovery for cadmium was >110% quality control limit, affecting samples 
MTCCT005, MTCSS005 and NJCWP007. Positive results reported for cadmium in the 
affected samples were qualified as biased high, "K .  

The CRDL percent recoveries for selenium were both above and below the 90-1 10% quality 
control limits, affecting samples MTCLB005, MTCCT005, MTCFS005, MTCCTOO6, 
MTCFSOO6, NJCFS007, NJCWP007, NJCMC007, MTCLBOO6 and MTCSSOO6. 
Nondetected results reported for selenium in the affected samples were qualified as 
estimated, "UJ", due to conflicting directional bias. 

The following contaminants were detected in the laboratory methodlpreparation blanks at the 
following maximum concentrations : 

Samples Affected: All samples in preparation batch 81 977A. 

Analvte 
Antimofiy 
Barium 
~hromium"' 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
~ a n ~ a n e s e " '  
Nickel 
Selenium 
Silver 
Zinc 

Maximum 
Concentration 
4.6 pg1L 
0.064 mglkg 
0.1 32 mglkg 
1 .o pg/L 
2.8 pg1L 
7.6 pg/L 
1.2 pg1L 
98.1 pg1L 
0.076 mglkg 
1.0 pg/L 
4.6 pg1L 
1.8 pg1L 
8.1 pg1L 

Action 
Level 
4.6 mglkg 
0.32 mglkg 
0.66 mglkg 
1.0 mglkg 
2.8 mglkg 
7.6 mglkg 
1.2 mglkg 
98.1 mglkg 
0.38 mglkg 
1.0 mglkg 
4.6 mglkg 
1.8 mglkg 
8.1 mglkg 

"' Maximum concentration present in a laboratory preparation blank. 

An action level of 5x the maximum contaminant level has been used to evaluate sample 
data for blank contamination. Sample aliquot and dilution factors, if applicable, were 
taken into consideration when evaluating for blank contamination. The positive results 
less than the action level reported for all of the above analytes except magnesium and 
manganese were qualified, "B, as a result of blank contamination. 
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Samples Affected: All samples in preparation batch 81 9778. 

Analvte 
Aluminum 
Antimony 
Barium 
~hromium") 
Cobalt 
Cop&er 
Iron 
Magnesium 
~an~anese ( ' )  
Nickel 
Thallium 
zinc(') 

Maximum 
Concentration 
7.54 pg1L 
3.7 pg1L 
0.70 pg1L 
0.208 mglkg 
1 .o pg1L 
3.0 pglL 
1.784 mglkg 
1 1 5.7 pg1L 
0.122 mglkg 
1 .o pg1L 
5.2 pg1L 
1.682 mglkg 

Action 

7.54 mglkg 
3.7 mglkg 
0.70mglkg 
1.04 mglkg 
1.0 mglkg 
3.0 mglkg 
8.92 mglkg 
1 15.7 mglkg 
0.61 mglkg 
1.0 mglkg 
5.2 mglkg 
8.41 mglkg 

Maximum concentration present in a laboratory preparation blank. 

An action level of 5x the maximum contaminant level has been used to evaluate sample 
data for blank contamination. Sample aliquot and dilution factors, if applicable, were 
taken into consideration when evaluating for blank contamination. The positive results 
less than the action level reported for all of the above analytes except antimony, 
magnesium, potassium and thallium were qualified, "B, as a result of blank 
contamination. 

The interfering analyte iron was present in sample MTCLBOO6 at a concentration that was 
comparable to the level of iron in the lnterference Check Sample (ICS) solution. Several 
analytes namely antimony, arsenic, barium, cadmium, chromium, cobalt, copper, lead, nickel, 
potassium, silver, sodium, thallium, vanadium and zinc were present in the ICS solution at 
concentrations which exceeded the absolute value of the Instrument Detection Limit (IDL). 
lnterference affects exist for barium and vanadium in the affected sample. The positive result 
reported for barium was qualified as biased high, " K .  The nondetected result reported for 
vanadium was qualified as biased low, "UL". 

The ICP Serial Dilution Percent Differences (%Ds) for iron, manganese, potassium and zinc 
were >lo% quality control limit, affecting the samples in preparation batch 81 9778 (see Notes 
section). Positive results reported for these analytes were qualified as estimated, "J" in the 
affected samples. A direction of bias could not be determined. 

Notes 

Because the samples were frozen tissue samples, typical holding times did not apply. 

The CRDL percent recovery for selenium was >110% quality control limit, affecting the samples 
from preparation batch 81 9778 (see below) and samples MTCCT00101, MTCCT00102, 
MTCLB001, MTCFS002, MTCFS001, MTCSS001, MTCLB00201, MTCLB00202 and 
MTCLB00203. No validation action was required because the results were either reported by the 
laboratory as nondetected, qualified " B  due to laboratory blank contamination or were greater 
than two times the CRDL. 

The CRDL percent recovery for copper was >110% quality control limit, affecting samples 
MTCGS002, MTCFS003, MTCLB003, MTCCT00301, MTCCT00302, MTCLB00401, MTCGS003, 
MTCFS004, MTCCT00401, MTCCT00402 and MTCCT00403. No validation action was required 
because the results were either reported by the laboratory as nondetected, qualified "B" due to 
laboratory blank contamination or were greater than two times the CRDL. 
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The CRDL percent recovery for lead was >110% quality control limit, affecting samples 
MTCLB00402 and MTCSS004. No validation action was required because the results were either 
reported by the laboratory as nondetected, qualified "6 due to laboratory blank contamination or 
were greater than two times the CRDL. 

The samples were prepared in two different preparation batches. The samples in preparation 
batch 81977A are: MTCLB005, MTCCT005, MTCSS005, MTCFS005, MTCCTOOG, MTCFSOOG, 
NJCFS007, NJCWP007, NJCMC007, MTCLBOOG, MTCSSOOG, MTCCT00101, MTCCT00102, 
MTCLB001, MTCFS002, MTCFS001, MTCSS001, MTCLB00201, MTCLB00202 and 
MTCLB00203. The samples in preparation batch 819778 are: MTCGS002, MTCFSOO3, 
MTCLB003, MTCCT00301, MTCCT00302, MTCLB00401, MTCGS003, MTCFS004, 
MTCCT00401, MTCCT00402, MTCCT00403, MTCLB00402 and MTCSS004. 

Executive Summary 

Laboratory Performance: Arsenic, cadmium, chromium, manganese, selenium and silver were 
qualified due to calibration noncompliance. Several analytes were present in the laboratory 
methodlpreparation blanks. 

Other Factors Affecting Data Quality: Iron, manganese, potassium and zinc were qualified due 
to ICP serial dilution noncompliance. The interfering analyte iron was present in sample 
MTCLBOOG. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines 
for Inorganic Data Validation", April 1993 as amended for use within USEPA Region Ill, and the 
NFESC document entitled "Navy Installation Restoration Chemical Data Quality Manual" 
(September 1999). 

The text of this report has been formulated to address only those problem areas affecting data 
quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Erin M. Faust 
Environmental Scientist 

- ~ o s e ~ h - ~ .  Samchuck 
Quality Assurance Officer 
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Attachments: 

1 .  Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation 

Data Qualifier Kev: 

U Value is a nondetect as reported by the laboratory. 

B Positive result is considered to be an artifact of blank 
contamination and should not be considered present. 

K Positive result is considered biased high, "K", as a result of 
technical noncompliances. 

UL - Nondetected result is considered biased low, "UL", as a result of 
technical noncompliances. 

UJ - Nondetected result is considered estimated, "UJ", as a result of 
technical noncompliances. 

J Positive result is considered estimated, "J", as a result of 
technical noncompliances. 



APPENDIX B-6 

DATA EVALUATION REPORT 



DATA QUALITY REVIEW 

Various data quality control measures were implemented during the field investigation performed 
for Mattawoman Creek Study at NSWC Indian Head, Maryland (September, 2001). These quality 
measures were conducted to help ensure that the resultant data were suitable for their intended 
uses. A brief summary of the measures is provided in this report. Section 1.0 contains a 
summary of the Data Quality Indicators (DQls) and an evaluation of analytical sensitivity versus 
the human health and ecological criteria used to select chemicals of potential concern for risk 
assessment. Field Quality Control Samples are discussed in Section 2.0. A summary of the data 
validation procedures and the results of the data validation process appear in Section 3.0. 
Section 4.0 addresses the benthic macroinvertebrate community analyses. Sediment toxicity 
tests are evaluated and discussed in Section 5.0. 

Samples were collected and analyzed from the following media: sediment, surface waters, fish 
tissue and vegetation tissue. Sediment samples were analyzed for target compound list (TCL) 
semivolatile organic compounds (SVOCs), volatile organic compounds (VOCs), TCL pesticides 
(Pest) and polychlorinated biphenyls (PCBs), target analyte list (TAL) metals and cyanide, 
explosives (Exp), acid volatile sulfides and simultaneously extracted metals (AVSISEM) and total 
organic carbon (TOC). Surface water samples were analyzed for TCL SVOCs, TCL VOCs, TCL 
PesffPCBs, total and dissolved TAL metals, cyanide, explosives, chloride, fluoride, hardness, 
nitrate, nitrite, perchlorate, pH, sulfate, total dissolved solids (TDS), TOC and total suspended 
solids (TSS). Fish tissue samples were analyzed for TCL SVOCs, TCL PestIPCBs, TAL metals, 
cyanide, explosives and perchlorate. Vegetation tissue samples were analyzed for TCL 
PesffPCBs and TAL metals only. 

1 .O DATA QUALITY INDICATORS 

DQls are parameters that are monitored to establish the quality of data generated during an 
investigation. Some of the DQls are generated from analysis of field samples (e.g., from field 
duplicates) while others result from the analysis of laboratory samples (e.g., laboratory 
duplicates). Individually, field and laboratory DQls provide measures of the performance of the 
respective investigative operations (field or laboratory). Taken together, the DQls provide a 
measure of the overall project performance. An overall evaluation of DQls may also be used to 
improve the investigative process by identifying where in the process major uncertainties or 
biases are occurring. 

1.1 Precision 

Precision is a measure of the degree to which two or more measurements are in agreement and 
describes the reproducibility of measurements of the same parameter for samples analyzed 
under similar conditions. 

Precision is expressed as a Relative Percent Difference (RPD), which is defined as the ratio of 
the range to the mean. RPDs, which are typically expressed as percentages, are used to 
evaluate both field and laboratory duplicate precision and are calculated as follows: 

Iv1- v2( 
RPD = x 100 

(v1+ v2)/ 2 

where RPD = relative percent difference 
V1,V2 = two results obtained by analyzing duplicate samples 



Field precision is assessed by collecting and measuring field duplicates at a rate of 1 duplicate 
per 10 environmental samples. This precision estimate encompasses the combined uncertainty 
associated with sample collection, homogenization, splitting, handling, laboratory and field 
storage (as applicable), preparation for analysis, and analysis. In contrast, precision estimates 
obtained from analyzing duplicate laboratory samples incorporate only homogenization, 
subsampling, preparation for analysis, laboratory storage (if applicable), and analysis 
uncertainties. 

Laboratory precision QC samples [i.e., laboratory duplicates for inorganic chemicals and matrix 
spike duplicates (MSDs) for organic chemicals] will be analyzed with a minimum frequency of 5 
percent (i.e., 1 QC sample per 20 environmental samples). Laboratory precision is measured by 
comparing RPD values to precision control limits specified in the applicable analytical standard 
operating procedures (SOPS). 

The precision objectives for parameters are specified in the associated analytical protocols. 
General precision objectives such as + 50 percent for solid matrices and * 30 percent for 
aqueous matrices were employed for this project for field duplicates while precision objectives 
were + 35 percent for solid matrices and f 20 percent for aqueous matrices for laboratory 
duplicates. Table 1-1 shows the percentage of the entire data set (by matrix and parameter) that 
was judged during data validation to have not met the precision objectives noted above. A 0% 
qualification rate indicates that no data were qualified due to duplicate imprecision. 

Table 1-1 - Rates of Qualification (Estimations) for 
Laboratory and Field Duplicate Precision 

(') Cyanide was not analyzed for in vegetation tissue. 

Lab Duplicate Imprecision 
Field Duplicate Imprecision 

Lab Duplicate Imprecision 
Field Duplicate Imprecision 

(" Miscellaneous parameters consist of TOC in the sediment samples; chloride, fluoride, 
hardness, nitrate, nitrite, perchlorate, pH, sulfate, TDS, TOC and TSS in the surface 
water samples; and perchlorate in the fish tissue samples. 

Five (5) field duplicates were collected for 41 sediment samples. Eight (8) field duplicates were 
collected for 73 surface water samples. Therefore, the 10 percent frequency criterion was 
achieved. True field duplicates could not be collected for fish and vegetation tissue due to the 
nature of the samples. Instead, the laboratory duplicate serves as the indicator to measure 
precision in the tissue samples. Laboratory and field duplicates were not performed on the field 
quality control blanks. 

SVOCs 

0% 
el % 

Surface Water 
0% I 0% I 0% I 0% I 0% I 0% I NA I 4% 
0% I 0% I 0% I 0% I 0% I 0% I NA I 0% 

Fish Tissue 

VOCs 

0% 
el % 

Pest/ 
PCBs 

Metals 
& CN"' 

0% 1 4.4% 
0% 1 3.1 % 

Metals 
(filtered) 

Sediment 
NA I 0% 1 13.5% 
NA I 0% 1 5.6% 

Exp. 

0% 
17% 

AVSI 
SEM 

~isc . ' "  



In general, qualification due to imprecision was not a significant cause of data qualification and 
does not impact the usability of the data, as depicted in Table 1-1 above. The higher rates of 
qualification for AVSISEM (1 3.5%) and TOC (1 7%) in the sediment samples are due to the non- 
homogeneous nature of the sediment, which makes it more difficult to obtain reproducible results 
upon multiple attempts. Qualifications due to laboratory or field duplicate imprecision are limited 
to estimated results and are considered to be suitable for decision-making purposes. No data 
rejections resulted from laboratory or field duplicate imprecision. 

Analytical sensitivity is also a measure of data quality. Consequently, Section 1.6 contains an 
evaluation of the data with regard to the ability of the selected analytical methods to achieve 
desired detection limits, specifically detection limits that are equal to or less than human and 
ecological criteria. 

1.2 Accuracy 

Accuracy is the degree of agreement between an observed value and an accepted reference 
value. This parameter is assessed by measuring spiked samples [e.g., surrogate spikes or matrix 
spikes (MSs)] or well-characterized samples of certified analyte concentrations (e.g., laboratory 
control samples) and by measuring blanks. Accuracy measurements are designed to detect 
biases resulting from sample handling and analysis. 

Accuracy requirements for field measurements are typically ensured through control over the 
sample collection and handling, and through routine instrument calibration. Accuracy is also 
typically monitored through the use of blanks to detect cross-contamination and by monitoring 
adherence to procedures that prevent sample contamination or degradation. Equipment rinsate 
blanks were collected for this investigation to assess cross-contamination via sample collection 
equipment. Source water blanks were collected to monitor the purity of water used to 
decontaminate sampling equipment. Accuracy was also measured qualitatively through 
adherence to all sample handling, preservation, and holding time requirements. 

Accuracy in the laboratory is measured through the comparison of a spiked sample or laboratory 
control sample (LCS) result to a known or calculated value and is expressed as a percent 
recovery (%R). It is also assessed by monitoring the analytical recovery of select surrogate 
compounds added to samples that are analyzed by organic chromatographic methods. MS and 
surrogate compound analyses measure the combined accuracy effects of the sample matrix, 
sample preparation, and sample measurement. LCSs are used to assess the accuracy of 
laboratory operations with minimal sample matrix effects. Spiking concentrations shall equal or 
approximate the default concentrations detailed in the applicable sample preparation or analysis 
SOPS. LCS and MS analyses were performed at a frequency no less than 1 per 20 associated 
samples of like matrix as required by the QAPP. Laboratory accuracy is assessed by comparing 
calculated %R values to accuracy control limits specified in the applicable laboratory SOP. 

Percent recovery is calculated using the following equation: 

where %R = percent recovery 
Ss = result of spiked sample 
So = result of non-spiked sample 
S - - concentration of spiked amount. 



In general, a percent recovery range of 75 to 125 defines the accuracy objective for the analytical 
data. It should be noted, however, that the analytical laboratory establishes analyte-specific 
percent recoveries. 

Table 1-2 depicts the qualification rates (i.e., the percentage of data, judged during data 
validation to have not met the accuracy objectives) for MS, LCS, surrogate, and internal standard 
recoveries. A 0% qualification rate indicates that no data were qualified due to noncompliances 
in the accuracy measurements listed below. No matrix spikes were performed on the field quality 
control blanks. 

Table 1-2 - Rates of Qualification (Estimations and/or Rejections) for 
Surrogate, Matrix Spike, LCS and Internal Standard Recoveries 

(') Cyanide was not analyzed for in vegetation tissue. 

(2) Miscellaneous parameters consist of TOC in the sediment samples; chloride, fluoride, 
hardness, nitrate, nitrite, perchlorate, pH, sulfate, TDS, TOC and TSS in the surface 
water samples; and perchlorate in the fish tissue samples. 

Shaded cells in the above table represent data that were qualified as estimated and/or 
rejected and are addressed individually below. 

(3) Mercury and selenium in the metals matrix were the only two analytes qualified as 
rejected in the sediment and vegetation matrices due to matrix spike noncompliance. Of 
the 4.4% of qualified data in the sediment matrix, 1.4% was qualified as rejected while 
3.2% was qualified as estimated. Of the 5% of qualified data in the vegetation matrix, 



3.7% was qualified as rejected while 1.2% was qualified as estimated. These rates of 
qualification are not significant and did not impact the usability of the data. 

(4) The last paragraph of this section addresses the issues associated with the internal 
standard noncompliance for the SVOC fraction in the fish tissue samples. 

(5) Only one result (phenol in sample FB001) out of a total of 280 was qualified for SVOCs 
in the field quality control blanks due to surrogate recovery noncompliance. This 
noncompliance was severe enough to warrant a rejection of the result; however, this one 
rejected result was not a significant cause of data qualification and does not impact the 
usability of the data. 

Rates of qualification > 10% represent a significant cause of data qualification and could possibly 
impact the usability of the data. For this reason, rates of qualification > 10% are discussed 
individually. The percentage of SVOC fish tissue data qualified as estimated or rejected due to 
internal standard recovery from Table 1-2 above is 36.4%. This is most likely due to the 
differences between the tissue matrix and the matrix of the calibration standards used by the 
laboratory. The matrix of the calibration standards used by the laboratory cannot be made to 
match every possible variation of sample matrix available; therefore, qualifications due to 
differences in matrices are to be expected. While the rate of qualification for this data quality 
indicator is high (36.4%), only 1.7% of the results were qualified as rejected. The remaining 
34.8% were qualified as estimated and are considered to be suitable for decision-making 
purposes. 

1.3 Completeness 

Completeness is a measure of the amount of usable, valid analytical data obtained compared to 
the amount expected to be obtained. Completeness is expressed as a percentage. 

Field completeness is a measure of the amount of valid field measurements obtained from all the 
field measurements taken in the project. A completeness criterion of 100 percent applies to these 
measurements. 

Laboratory completeness is a measure of the amount of usable, valid laboratory measurements 
per matrix obtained for each target analyte. Usable, valid results are those that are judged, after 
data assessment, to represent the sampling populations and to have not been disqualified for use 
through data validation or data assessment. Completeness is typically expressed as a 
percentage and is determined using the following equation: 

where %C = percent completeness 
v - - number of results determined to be valid 
T - - Total number of results 

Under ideal conditions, the laboratory completeness objective would be 100 percent. However, 
samples can be rendered unusable during shipping and preparation (e.g., bottles broken or 
extracts accidentally destroyed) or analysis (e.g., loss of instrument sensitivity, strong matrix 
effects). Laboratory completeness objectives are 90% for sediment, surface water, fish tissue and 
vegetation tissue. Table 1-3 depicts the percent completeness (i.e., the percentage of usable, 
valid, analytical data) for the different matrices. 



Table 1-3 - Percent Completeness 

( I )  Cyanide was not analyzed for in vegetation tissue. 

Miscellaneous parameters consist of TOC in the sediment samples; chloride, fluoride, 
hardness, nitrate, nitrite, perchlorate, pH, sulfate, TDS, TOC and TSS in the surface 
water samples; and perchlorate in the fish tissue samples. 

The calculated percent completeness for laboratory analytical data collected during the field 
investigation is >90% for all analytes in all matrices sampled; therefore, the data completeness 
objectives for the project were achieved. 

As mentioned above, laboratory completeness is a measure of the amount of usable, valid 
laboratory data obtained for each target analyte. Usable, valid results are those that are judged, 
after data assessment, to represent the sampling populations and to have not been disqualified 
for use through data validation or data assessment. Unusable or rejected results are considered 
invalid and are not used for decision-making purposes unless they are used in a qualitative way 
and the use is justified and documented. Table 1-4 depicts the results (by sample and 
parameter) that were judged as unusable during data validation, along with the reasons for 
disqualification of the results. 

Table 1-4 - Rejected Results 

Sample 
MTCSD02601 
MTCSDFDOOl 
MTCSD02601 
MTCSDFDOOI 
MTCSD02701 
MTCSD02801 
MTCSD02701 

Parameter 
MERCURY 
MERCURY 
SELENIUM 
SELENIUM 
MERCURY 
MERCURY 
SELENIUM 

Basis for Rejection 
Matrix Spike Percent Recovery < 30% 
Matrix Spike Percent Recovery < 30% 
Matrix Spike Percent Recovery < 30% 
Matrix Spike Percent Recovery < 30% 
Matrix Spike Percent Recovery < 30% 
Matrix Spike Percent Recovery < 30% 
Matrix Spike Percent Recovery < 30% 











Calibration RRF < 0.05 Quality Control Limit 
Holding Time Noncompliance 
Holding Time Noncompliance 

Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF c 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 
Calibration RRF < 0.05 Quality Control Limit 

FB001 
RBOOl 
R BOO 1 
RB001 
RB002 
RB002 
RB003 
RB003 
RB003 
RB004 
RB004 
TB001 
TB001 
TB001 
TB002 . 

TB002 
TB002 
TB004 
TB004 

ACETONE 
NITRATE 
NITRITE 

1,2-DIBROMO-3-CHLOROPROPANE 
1,2-DIBROMO-3-CHLOROPROPANE 

2-BUTANONE 
1,2-DIBROMO-3-CHLOROPROPANE 

2-BUTANONE 
ACETONE 

1,2-DIBROMO-3-CHLOROPROPANE 
ACETONE 

1,2-DIBROMO-3-CHLOROPROPANE 
2-BUTANONE 

ACETONE 
1,2-DIBROMO-3-CHLOROPROPANE 

2-BUTANONE 
ACETONE 

1,2-DIBROMO-3-CHLOROPROPANE 
2-BUTANONE 



As noted in Table 1-4 above, all of the surface water samples and field quality control blanks had 
VOC data that were qualified as unusable for 1,2-dibromo-3-chloropropane, 2-butanone and/or 
acetone due to calibration noncompliance. In addition, all of the fish tissue samples had SVOC 
data that were qualified as unusable for 4-chloroaniline and/or pentachlorophenol due to 
calibration noncompliance. The calibration noncompliances were severe enough to leave doubt 
about the presence of the analyte in the sample entirely and were therefore considered to be 
unusable for this reason. 

Sample 
TI3004 

1.4 Comparability 

Comparability is defined as the confidence with which one data set can be compared with another 
(e.g., among sampling points and/or among sampling events). This is a key parameter because 
data will be compared between sampling points (monitoring stations and reference locations) and 
among sampling events (as part of trend analysis) to make interim decisions. Comparability is 
achieved by using standardized sampling and analysis methods, as well as data reporting formats. 
Additionally, consideration is given to seasonal conditions and other environmental variations that 
could exist to influence data results. Comparability of laboratory measurements will be assessed 
primarily through the use and documentation of similar sampling and analytical methods. Results 
will be reported in units to ensure comparability with previous data and with current state and 
Federal standards and guidelines. Comparability of field data will be satisfied by ensuring that the 
field sampling plan is followed and that proper sampling techniques are used. It is also dependent 
on recording field measurements using the correct units. Comparability of laboratory 
measurements will be assessed primarily through the use of Certified Reference Materials, spike 
recoveries, and RPD values. Failure to achieve comparability will result in corrective action. 

Parameter 
ACETONE 

Laboratory data were generated using methodologies specified in the QAPP. Results were also 
reported in the units as specified in the QAPP. The laboratory analyzed laboratory control 
samples, matrix and blank spikes; however, these quality control samples were not included in 
the project database because the request was not made to the laboratory to provide this 
information. Therefore, comparability between Sample Delivery Groups could not be assessed. 

Basis for Rejection 
Calibration RRF c 0.05 Quality Control Limit 

Field data were generated using the methodologies and units as specified in the QAPP. 
Sampling techniques as described in the Work Plan and field sampling SOPS were followed. 

There is a comparability concern associated with the diethyl ether analyses of these samples. The 
laboratory initially failed to calibrate the instrumentation for diethyl ether and failed to report results 
for this analyte in any of the samples as requested in the analytical statement of work. The data 
reviewer contacted the laboratory regarding the omission. In an attempt to provide data for diethyl 
ether, the laboratory performed a reverse library search for diethyl ether in all volatile samples. The 
laboratory also analyzed a standard to determine both a retention time and a reporting limit for 
aqueous and solid samples. The laboratory then provided results for diethyl ether for an volatile 
samples. The data reviewer used the data for diethyl ether and included the results into the existing 
volatile fraction database for all samples. Nevertheless, because of the lack of calibration data for 
each day of analysis and because the manner in which results were reported is similar to the 
reporting of a Tentatively Identified Compound (TIC), all results reported for diethyl ether were 
qualified as estimated in all associated samples. 

1.5 Representativeness 

Representativeness is an expression of the degree to which the data accurately and precisely 
depict the actual characteristics of a population or environmental condition existing at an individual 
sampling point and is contingent on a good design for the sampling program. The project planning 
documents (Work Plan and QAPP) and use of standardized sampling, handling, analytical, and 



reporting procedures are designed so that the final data derived are accurate representations of 
actual site conditions. A number of conditions could arise that cause the representativeness of 
samples to be questioned. For example, data outliers or samples collected from a place different 
from the intended location could adversely impact representativeness of the data set. 

Surface water, sediment and vegetation samples were collected from the specified locations 
using sampling, handling, analytical, and reporting procedures as specified in the QAPP. 
Therefore, no data representativeness concerns have been raised for the surface water, 
sediment or vegetation data and the data are suitable for use. Proposed species of fish to be 
collected for the human health and ecological risk assessments were channel catfish and 
mummichogs, respectively. During sampling, both species were found to be scarce (e.g., only 
one mummichog sample was collected). Because the target species were not sufficiently 
abundant, surrogates were selected. White catfish, brown bullhead catfish, largemouth bass and 
white perch were collected as surrogates for the channel catfish. Pumpkinseed, spot-tailed 
shiners and golden shiners were collected as surrogates for the mummichogs. 

1.6 Analytical Sensitivity 

Tables 1-5 through 1-1 0 provide an evaluation of the sensitivity of the laboratory reporting limits 
(RLs), method detection limits (MDL), instrument detection limits (IDLs), and the sample 
quantitation limits (SQLs) to the human health and ecological chemical of potential concern 
(COPC) criteria for each media sampled in the Mattawoman Creek Study. In some cases, 
individual sample detection limits (i.e., SQLs) exceed the laboratory MDLsIlDLs due to sample 
dilutions or percent moisture. Observed exceedances of the laboratory MDUlDLs as compared to 
the human health and ecological COPC selection criteria also occur in several instances. 
However, the analytical methods used for sample analyses were approved EPA methods, are 
considered appropriate for the media sampled, and are those specified in the planning 
documents for the project. Additionally, the COPC selection criteria used in the Mattawoman 
Creek study are very conservative (i.e., low concentrations). For the human health risk 
assessment, the screening levels utilized conservatively assume a residential land use scenario 
even though recreational exposure assumptions (which are less stringent than those specified for 
the residential land use scenario) would be more appropriate for the study area. For the 
ecological risk assessment, the screening levels used are recommended for COPC selection 
even though they are not specifically tailored to site conditions and receptors. The ecological 
COPC screening levels are typically not the thresholds used to make risk management decisions. 
Consequently, RLs, MDLsIlDLslSQLs that exceed a COPC selection criterion are not necessarily 
an indication that analytical sensitivity is inadequate to meet project needs. The following 
narrative provides a media specific discussion of the analytical sensitivity issue. 

Surface Water Evaluation 

Table 1-5 compares RLs and MDLs (or lDLs for inorganics) to the COPC selection criteria used 
for surface water data collected for the Mattawoman Creek Study. RLs and MDLs [IDLs] were' 
determined on a per method basis. Generally, the RLs are detection limits the laboratory can 
"comfortably achieve" for a method on a routine basis. (For organic analytes, the RL values are 
often an order of magnitude greater than the quantitation limits actually achievable by the 
laboratory.) On the other hand, MDLs [IDLs] represent the lower limit of quantitation. Positive 
detections between the RL and the MDL (IDL) are reported by the analytical laboratories as 
estimated ("J") values. Non-detect results for organics are typically reported to the RL. 
Whereas, non-detect results for inorganics are typically reported to the IDL. However, RLs, 
MDLs, and lDLs are sometimes adjusted to produce a sample specific quantitation limit (SQL) 
that reflects factors such as sample dilution or matrix effects. Table 1-6 summarizes the number 
of times the SQLs reported by the laboratory for Mattawoman Creek samples exceed the COPC 
selection criteria for human and ecological risk assessment. (The SQLs are the values reported 
for "non-detect results" by the analytical laboratory.) 



As indicated on Tables 1-5 and 1-6, the RLs and SQLs exceed COPC selection criteria for 
several organic and a few inorganic analytes. However, for most of the highlighted organic 
analytes, MDLs are similar to or do not exceed COPC selection criteria. In some cases, only a 
few of the reported SQLs exceeded the COPC selection criteria; this is most likely a consequence 
of sample dilution or matrix effects. Consequently, the analytical methods (and detection limits 
achievable) for these organics are generally considered appropriate (sensitive enough) for the 
ecological and human health risk assessments. Organic compounds with MDLs clearly 
exceeding the COPC selection criteria and inorganic compounds with lDLs clearly exceeding the 
COPC selection criteria are discussed in the following items: 

As summarized in the following Table 1-1 1, MDLs reported for 1,2-dibromoethane, 
methyl tert-butyl ether, trichloroethene, vinyl chloride, 3,3-dichlorobenzidine, bis(2- 
chloroethyl)ether, benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, 
carbazole, hexachlorobenzene, indeno(l,2,3-cd)pyrene, n-nitroso-di-n-propylamine, the 
aroclors, and toxaphene exceed the Region 3 risk-based concentration for tap water 
(RBCta,) which was used as the COPC selection criteria. 

Table 1-11 - Comparison of Risk-Based Concentrations, SQLs, MDLs, and MCLs for Select 
Organic Chemicals in Surface Water Samples 

(1) The risk-based concentration (RBC) was calculated assuming .05 Vhr, 4 hrslday. 26 dayslyr, 30 yrs (adult), 10 yrs 

(adolescent), 20,000 cm2 (adult), 12,400 cm2 (adolescent), 70 kg (adult), 43 kg (adolescent). 

NC - Not calculated. The values presented for the other PAHs may be used as a surrogate for carbazole. Note that a 

SDWA benchmark is available for methyl tert-butyl ether. 

However, the MDLs achievable for several of these organics are similar to or less than available 
federal Safe Drinking Water Act (SDWA) maximum contaminant levels (MCLs). Additionally, the 

Parameter 

1,2-Dibromoethane 

Methyl tert-butyl ether 

Trichloroethene 

Vinyl chloride 

3,3-Dichlorobenzidine 

Benzo (a) anthracene 

Benzo (a) pyrene 

Benzo (b) fluoranthene 

Bis (2-chloroethyl) ether 

Carbazole 

Hexachlorobenzene 

lndeno (1,2,3 cd) pyrene 

N-nitroso-di-n-propylamine 

Arochlor 

Toxaphene 

SQLs 
(ug/L) 

1-1 0 

10 

1-10 

1-10 

5-1 0 

5-1 0 

5-1 0 

5-1 0 

5-10 

10 

5-1 0 

5-1 0 

5-10 

0.2 

1 

Region 3 
RBCtap 
(ug/L) 

0.00075 

2.6 

0.026 

0.01 5 

0.15 

0.092 

0.0092 

0.092 

0.0096 

3.3 

0.042 

0.092 

0.0096 

0.033 

0.061 

MDLs 
(ug/L) 

0.1 

N A 

0.06 

0.13 

1.84 

0.59 

0.56 

0.57 

' 0.58 

NA 

0.76 

0.56 

0.95 

0.07-0.23 

0.0259 

~ecreational'" 
RBC 

(ug/L) 

0.049 

NC 

4.2 

2.4 

2 

16 

1.6 

16 

5.4 

NC 

0.052 

16 

1.4 

5.7 

0.4 

M C Lsl 
SDWA 

Benchmarks 
(ug/L) 

NA 

20 

5 

2 

N A 

N A 

0.2 

N A 

N A 

NA 

1 

N A 

NA 

0.5 

3 



surface water of the Mattawoman Creek study area is not used as domestic water supply source; 
thus, the MCLs and the RBC,,,, used as COPC screening levels for the HHRA, are very 
conservative criteria for COPC selection. The preceding table also shows COPC screening 
levels calculated specifically using exposure assumptions reflective of a recreational land use 
scenario. These recreational risk-based concentrations (RBCs) are based on the dermal and 
ingestion route of exposure, with the exception of the PAHs and Arochlor, which because of the 
uncertainty attached to the dermal absorption model for these compounds, are based on the 
ingestion route of exposure only. The calculated recreational RBCs are at least an order of 
magnitude greater than the RBC,, presented, with the exception of hexachlorobenzene and 
toxaphene. With the exception of hexachlorobenzene and toxaphene, the available recreational 
RBCs are greater than the ldDLs. However, the MCLs for hexachlorobenzene and toxaphene 
exceed the listed MDLs, and 1, 2-dibromoethane is not anticipated to be a significant site-related 
compound. (Also, pesticides, PCBs, and explosives were not significant contaminants in the 
SPAWAR confirmation or rapid sediment screening samples.) 

For anthracene, the SQL range reported by the laboratory, the RL, and MDL (5-10 ug/L, 
5 ug/L, and 0.7 ug/L) exceed the minimum criteria for ecological receptors (0.1 ug/L). 
However, the 0.1 ug/L BTAG screening level is based on the protozoan, Paramecium 
caudatum. Because, protozoans are not assessment endpoints, a .  more appropriate 
benchmark is the secondary chronic value (SCV) of 0.73 ug/L developed by Suter and 
Tsao (1996) for the Oak Ridge National Laboratory (ORNL). Although this number is less 
than the SQL and the RL, it is greater than the MDL of 0.7 ug/L. 

For the Aroclors, the SQL range reported by the laboratory, the RL, and MDL (0.2- 
0.4 ug/L, 0.2-0.4 ug/L, and 0.032-0.23 ug/L) exceed the minimum criteria for ecological 
receptors (0.014 ug/L). However, the 0.014 ug/L value for PCBs is based on a tissue 
residue number, not on risks to aquatic life. Therefore, more appropriate benchmarks are 
the SCVs for PCBs developed by Suter and Tsao (1996) for the ORNL. These values 
range from 0.033 ug/L for Aroclor-1254 to 94 ug/L for Aroclor-1260. The SCVs for some 
of the PCBs are lower than the MDLs. However, PCBs are not very water soluble, so 
elevated concentrations of these chemicals would not be expected in the water. 

For toxaphene, the SQL range reported by the laboratory, the RL, and MDL 
for toxaphene ( I  ug/L, I ug/L, and 0.0259 ug/L) exceed the minimum criteria for ecological 
receptors (0.0002 ug/L). The reference listed by the BTAG for the 0.0002 ug/L screening 
level is the USEPA IRIS, but the cited value could not be located in the IRIS printout. A 
more appropriate reference would be the ecological toxicity thresholdlwater quality level 
(WQL) of 0.01 1 ug/L (EPA, 1996). Because the SQL, RL, and MDL are still greater than 
the WQL, it is possible that toxaphene is present between the WQL and the MDL at 
concentrations that could pose risks to aquatic life. However, it is unlikely that a large 
number of samples would have toxaphene present in the small range of 0.015 ug/L 
between the WQL and MDL. 

For arsenic, the SQL range reported by the laboratory, the RL, and the MDL (3.3-4.2 
ug/L, 4.2 ug/L, and 4.2 ug/L) exceed the RBC,, (0.045 ug/L). However, the SQL range, 
the RL, and the MDL are all less than the current SDWA MCL for arsenic (10 ug/L). 
Thus, any arsenic concentration that was undetected, but was above the RBC,,, 
screening level, would still be below the SDWA MCL for arsenic. 

For mercury, the SQL range reported by the laboratory, the RL, and MDL for mercury 
(0.1 -0.1 5 ug/L, 0.1 ug/L, and 0.1 ug/L) exceed the minimum criteria for ecological 



receptors (0.012 ug1L). The reference listed by BTAG for the 0.012 ug1L screening level 
is the USEPA IRIS, however, the cited value could not be located in the IRIS printout. A 
more appropriate reference would be the current chronic USEPA Water Quality Criteria 
(WQC) of 0.77 ugll for mercury (USEPA, November 2002). The SQL, RL, and MDL are 
all lower than the WQC. 

For silver, the SQL range reported by the laboratory, the RL, and MDL (0.6-3.1 ug/L, 0.6 
ugIL, and 0.6 ug1L) exceed the minimum criteria for ecological receptors (0.0001 ug1L). 
However, the 0.0001 ug1L BTAG screening level was not referenced, so its source could 
not be verified. A more appropriate reference would be the SCV of 0.36 ug/L for silver 
developed by Suter and Tsao (1996). Because the SQL, RL, and MDL are still greater 
than the SCV it is possible that silver is present between the SCV and the MDL at 
concentrations that could pose risks to aquatic life. However, it is unlikely that a large 
number of samples would have silver present in the small range of 0.24 ug1L between the 
SCV and MDL. 

For thallium, the SQL range reported in the database, the RL, and MDL (2.9-5.3 ugIL, 3.9 
ugIL, and 3.9 ug1L) exceed the RBC,,, (2.6 ug1L). However, the surface water of the 
Mattawoman Creek study area is not used as domestic water supply source; thus, the 
RBCtap, used as COPC screening levels for the HHRA, are very conservative criteria for 
COPC selection. COPC screening levels calculated specifically using exposure 
assumptions reflective of a recreational land use scenario would be at least an order of 
magnitude greater than the RBCtap. 

Sediment Evaluation 

Table 1-7 compares RLs and MDLs (or lDLs for inorganics) to the COPC selection criteria used 
for sediment data collected for the Mattawoman Creek Study. Table 1-8 summarizes the number 
of times the SQLs reported in the analytical database for Mattawoman Creek exceed the COPC 
selection criteria for human and ecological risk assessment. The explanations regarding the 
derivation of the RLs, MDLs, and SQLs presented above for the surface water samples also 
apply to the sediment samples. 

As summarized in Tables 1-7 and 1-8, the RLs and SQLs exceed COPC selection criteria for 
several organic and a few inorganic analytes. However, with the exception of the MDLs reported 
for four explosive compounds (1,3,5-trinitrobenzene, 1,3-dinitrobenzene, 2,4,6-trinitrotoluene, and 
HMX), the MDLs for the highlighted organics are similar to or do not exceed COPC selection 
criteria. In some cases, only a few of the reported SQLs exceeded the COPC selection criteria; 
this is most likely a consequence of sample dilution or matrix effects. Consequently, the 
analytical methods (and detection limits achievable) for most organics are generally considered 
appropriate (sensitive enough) for the ecological and human health risk assessments. Inorganic 
compounds with lDLs clearly exceeding the COPC selection criteria and organic compounds with 
MDLs clearly exceeding COPC selection criteria are discussed in the following items: 

For 1,3,5-trinitrobenzene (TNB), 37 of the SQL values (i.e., non-detect results) reported 
by the laboratory, the RL, and MDL (0.25 mglkg, 0.25 mglkg, and 0.015 mglkg, 
respectively) exceed the minimum ecological screening level (0.002mglkg). In order to 
better understand the potential for under-estimating risks, alternate toxicity studies were 
researched. In studies conducted with Leptocheirus plumulosus 28 day LC50 values for 
TNB were 95.4 mglkg for TNB (Lotufo et al., 2001). In the same study significant 
inhibitory effects on growth and offspring production were observed at 30 mglkg of TNB 
(Lotufo et al., 2001). The SQL values reported by the laboratory for 1,3,5-TNB are 
significantly lower than these measured effects levels. Therefore, 1,3,5-TNB 
concentrations in the sediment below the MDL, SQL, andlor RL are not expected to 
cause a risk to sediment invertebrates. 



For 1,3-dintrobenzene, 45 of the SQL values (i.e., non-detect results) reported by the 
laboratory, the RL, and MDL (0.0372 - 0.25 rnglkg, 0.25 mglkg, and 0.017 mgkg, 
respectively) exceed the minimum ecological screening level (0.007 mglkg). However, 
the ecological screening level was developed as a sediment quality benchmark (SQB) 
assuming a TOC of one percent. The SQB can be recalculated at 0.01 6 mglkg, using the 
average TOC in sediment at Mattawoman Creek of 2.45 percent. The MDL for 1,3- 
dinitrobenzene of 0.017 mglkg is comparable to the recalculated SQB. Therefore it is 
unlikely that a large number of samples have concentrations of 1,3-DNB between the 
recalculated SQB and MDL, limiting the uncertainty involved with potentially 
underestimating risks. 

For 2,4,6-trinitrotoluene, 36 of the SQL values (i.e., non-detect results) reported by the 
laboratory and the RL (0.0356 - 0.25 mglkg and 0.25 mglkg, respectively) exceed the 
minimum ecological screening level (0.09 mglkg). In the case of 2,4,6-trinitrotoluene, the 
MDL (0.031 mglkg) is less than the ecological screening level. In order to better 
understand the potential for underestimating risks, alternate toxicity studies were 
researched. In a study based on the survival of Neanthes arenaceodentata (marine 
benthic organism) exposed to TNT, LOEC (lowest observed effect concentration) and 
NOEC (no observed effect concentration) concentrations were 400 mglkg and 228 
mglkg, respectively (Green et al., 1999). In another study based on the survival of 
Leptocheirus plumulosus (estuarine benthic organism) exposed to TNT, LOEC and 
NOEC concentrations were 177 mglkg and 84 mglkg, respectively (Green et al., 1999). 
In a study using the freshwater organism Hyalella azteca LOEC and NOEC 
concentrations using survival as an endpoint were 50 mglkg and 25 mglkg, respectively 
(Steevens, et al., 2002). The SQL values reported by the laboratory for 2,4,6-TNT are 
significantly lower than these measured effects levels. Therefore, 2,4,6-TNT 
concentrations in the sediment below the SQL, and RL are not expected to cause a risk 
to sediment invertebrates. 

e For HMX, 45 of the SQL values (i.e., non-detect results) reported by the laboratory, the 
RL, and MDL (0.0705 - .5 mglkg, 0.25 mglkg, and 0.014 mgkg, respectively) exceed the 
minimum ecological screening level (0.005 mglkg). However, the ecological screening 
level was developed as a sediment quality benchmark (SQB) assuming a TOC of one 
percent. The SQB can be recalculated at 0.012 mglkg, using the average TOC in 
sediment at Mattawoman Creek of 2.45 percent. The MDL for HMX of 0.014 mglkg is 
comparable to the recalculated SQB. In addition, alternate toxicity studies were 
researched to better understand the potential for underestimating risks. LOEC and 
NOEC concentrations based on growth of Chironomus tentans exposed to HMX were 
39.3 mglkg and 22.1 mglkg, respectively (Steevens, et al., 2002). It was also found in 
the same study that survival of Chironomus tentans was not statistically different from 
control samples at concentrations as high as 146 mglkg. The SQL values reported by the 
laboratory for HMX are significantly lower than these measured effects levels. Therefore, 
HMX concentrations in the sediment below the MDL, SQL, andlor RL are not expected to 
cause a risk to sediment invertebrates 

For arsenic, ten of the SQL values (i.e., non-detect results) reported by the laboratory, 
the RL, and MDL (0.69-10.3 mglkg, 0.84 mglkg, and 0.84 mglkg, respectively) exceed 
the RBCres.soil (0.43 rnglkg). However, the MDL is only a factor of 2 greater than the 
RBC,es.,oiI and the RBC,s.soiI has been conservatively used to select COPCs for 
sediments. Because human exposure to sediments is expected to be less intensive (by 
an order of magnitude or more) than human exposure to soils, an RBC based on 
recreational exposure to the sediments of Mattawoman Creek would be greater than both 
the MDL and the RBCre,soiI. The RBC for the 1x10-~ cancer risk level, calculated based 
on the exposure assumptions presented in the HHRA, would be 11 mglkg. 



For selenium, thirty-two of the SQL values (i.e., non-detected results) reported by the 
laboratory (SQL range = 0.65mglkg-3.9 mglkg) exceed the minimum ecological criteria (1 
mglkg). However, the MDL (0.86 mglkg) and the reported SQLs are similar to the 
minimum ecological criteria. Additionally, for the limited number of samples collected, 
SPAWAR confirmation samples also indicated low selenium concentrations (i.e., the 
reported concentrations do not exceed 1 mglkg). 

Fish Tissue Evaluation 

Table 1-9 compares RLs and MDLs (or lDLs for inorganics) to the COPC selection criteria used 
for fish tissue data collected for the Mattawoman Creek Study. Tables 1-9 and 1-10 summarize 
the number of times the SQLs reported in the analytical database for Mattawoman Creek exceed 
the COPC selection criteria for human health risk assessment. (Fish tissue screening criteria are 
not available for ecological risk assessment.) The explanations regarding the derivation of the 
RLs, MDLs, and SQLs presented above for the surface water database also apply to the 
sediment database. 

As indicated on Tables 1-9 and 1-10, the RLs and SQLs exceed COPC selection criteria for 
several organic and a few inorganic analytes. For most analytes, MDLsIlDLs are similar to or do 
not exceed COPC selection criteria. In some cases, only a few of the reported SQLs exceeded 
the COPC selection criteria; this is most likely a consequence of sample dilution or matrix effects. 
Organic compounds with MDLs clearly exceeding the COPC selection criteria and inorganic 
compounds with lDLs clearly exceeding the COPC selection criteria are discussed in the 
following items, as indicated below: 

As summarized on the following Table 1-12, MDLs for benzo(a)pyrene, bis(2- 
chloroethyl)ether, dibenzo(ah)anthracene hexachlorobenzene, N-nitroso-di-n- 
propylarnine, the Aroclors, and RDX exceed the RBCfish used to select COPCs : 

Table 1-12 - Comparison of Risk-Based Concentrations, SBLs, MDLs, and WLs for Select 
Organic Chemicals of Fish Tissue 

The preceding table also includes RBCs calculated using the same exposure factors presented in 
the HHRA. These RBCs are slightly greater than Region 3 RBCs for fish. With the exception of 
benzo(a)pyrene, dibenzo(ah)anthracene, and n-nitroso-di-n-propylamine, the calculated RBCs 
are similar to the MDLs. MDLs for the other organics represent the 1x10-~ cancer risk level 
(approximately) using the exposure assumptions presented in the HHRA for the Mattawoman 
Creek Study (See Comment 1 Table 7). With the exception of benzo(a)pyrene and n-nitroso-di-n- 
propylamine the MDLs are also within an order of magnitude of the RBCfish. Additionally, PAHs 
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do not tend to partition from solid media (i.e., sediments or soils) to aqueous media (i.e., surface 
water) or to bioconcentrate from environmental media to fish tissue samples (reference). N- 
nitroso-di-n-propylamine was also not detected in surface water or sediment samples and has not 
been identified as a significant site contaminant at environmental sites located along Mattawoman 
Creek. 

For arsenic, the SQL range, RL, and IDL reported by the laboratory (0.57-0.93 mglkg; 
0.84 mglkg; and 0.84 mglkg) exceed the RBCfish (0.0021 mglkg). However, the RBCfish is 
based on the cancer slope factor for inorganic arsenic. Typically only 4 % of the arsenic 
in fish tissue is in the inorganic form. Consequently, the RBCfish is a very conservative 
COPC screening level for the total arsenic content of fish tissue samples. A cancer risk 
estimate based on the MDL reported for arsenic, the exposure factors presented in the 
HHRA, and the 4% inorganicltotal arsenic assumption is 1 .I E-05. 

For thallium, the SQL range, RL, and IDL (0.52-0.78 mglkg; 0.78 mglkg; and 0.78 mglkg) 
exceed the RBCfish (0.095 mglkg). However, thallium has not been identified as a 
significant contaminant in the Mattawoman Creek study area in other media. 

2.0 FIELD QUALITY CONTROL SAMPLES 

The following field quality control (QC) samples were collected for the sampling efforts and 
analyzed in accordance with DQI requirements, as specified in the Work Plan and QAPP: 

Field duplicates for sediments were a single sample homogenized and split into two portions. Field 
duplicates were collected during a single act of sampling and analyzed for chemical constituents to 
measure the precision of the sampling and analysis program, as well as natural sample 
heterogeneity. 

Source water blanks (field blanks) consist of sampling of source waters, used in decontamination 
and steam cleaning, before use. The samples were obtained at the rate of one per source per 
sampling event. Source water is anaiyzed for all organic and inorganic constituents under 
investigation, as a means of determining whether the source water used in field procedures could 
potentially have introduced contaminants to the environmental samples collected. Source water 
blanks were evaluated in accordance with the planned data validation protocols to determine 
whether false positive results may exist. A false positive result is a result that indicates the 
presence of an analyte when the analyte should have been classified as nondetected. 

Equipment rinsate blanks were collected and analyzed to check the effectiveness of 
decontamination procedures. Samples were obtained under representative field conditions by 
collecting the rinse water generated by running analyte-free water through sample collection 
equipment after decontamination and before use. Rinsate blanks were obtained for each type of 
sampling equipment for each day that the sampling equipment was decontaminated. Where pre- 
cleaned, dedicated sampling equipment was used, one rinsate blank was collected as a "batch 
blank." Rinsate blanks were analyzed for the same chemical constituents as the associated 
environmental samples. 

Trip blanks are samples of deionized water that are analyzed for VOCs. Vials of deionized water 
accompany the empty sample containers to the site and then accompany the filled sample 
containers from the site to the laboratory. These blanks are used to indicate the potential for cross 
contamination of the samples by VOCs during sample shipment. 

Temperature blanks were included in each cooler as a temperature indicator to assure that 
samples were received at the laboratory at the appropriate temperature. 

Positive results in the field blanks were not used as a basis for data validation because field blank 
results were not necessarily included in the SDG with their associated samples. Therefore, false 



positives may exist particularly for sample data close to or less than the reporting limit. Table 2-1 
presents the maximum contamination values reported in the field and rinsate blanks associated 
with the sampling event. No positive detections were noted in any of the trip blanks. 

Table 2-1 - Maximum Positive Concentrations in Field and Rinsate Blanks 

For several of the analytes in the above table all of the results were either reported by the laboratory 
as nondetected or were qualified during data validation due to laboratory blank contamination. 
False positives could not exist with these analytes because no positive results were reported. 
These analytes include 1,3,5-trinitrobenzene, 2-butanone, chlorodibromomethane, dissolved 
aluminum, dissolved cobalt, dissolved silver, dissolved zinc, 4-nitrotoluene and tetryl. For the 
remaining analytes, the possibility of false positives exists. However, the possibility of false 



positives due to field or rinsate blank contamination is not a guarantee that false positives exist. 
The positive concentration found in the field or rinsate blank could be due to an isolated event, 
independent from the rest of the samples, and could occur anywhere from sample collection to 
analysis. It is difficult to assess, with much certainty, the cause of the positive detections in the field 
blanks because contamination can be introduced by many means at many different stages in the 
process. In addition, if sample results are sufficiently high (5-10 times the concentration found in 
the blank) then any amount of contamination introduced in the field (as found in the blank) would 
not add a significant amount to the overall concentration. Every analyte in every sample would need 
to be examined individually to determine if positive results are the result of contamination from the 
field. A direct overall comparison cannot be made between the concentrations in the field and 
rinsate blanks and the other samples because there will be differences in reporting units between 
the different matrices. Differences also exist (on a sample-by-sample and analyte-by-analyte basis) 
due to dilution factors and initial and final weights and volumes involved in the preparation and 
analysis of the samples. 

DATA VALIDATION 

Data validation is an objective and systematic review of analytical chemical data packages with 
respect to sample receipt and handling, analytical methods, data reporting and deliverables, and 
document control. The quality of data generated by a laboratory is extremely important; it is an 
integral part of the investigation and must be clearly tied to the project goals. This section 
summarizes the various aspects of the data validation process. 

3.1 General Data Validation Procedures 

After receipt of analytical results, data validation was performed based upon USEPA Region 3 
Standard Operating Procedures for Validation of CLP lnorganic and Organic Data (USEPA, 
September, 1994) and the National Functional Guidelines for lnorganic and Organic Data Review 
(USEPA, April, 1993). 

After the data were validated, a listing of non-conformities requiring data qualifiers, which are 
used to alert the data user to inaccurate or imprecise data, were developed. For situations in 
which several quality control criteria were out of specification, the data validator made 
professional judgments andlor comments on the validity of the overall data package. The 
reviewer then prepared a technical memorandum presenting qualification of the data and, if 
necessary, the rationale for making such qualifications. 

The net result is a data package that has been carefully reviewed for its adherence to prescribed 
technical requirements. One hundred percent of the environmental samples were validated. 
Validators incorporated data qualifiers into the electronic database and submitted the information to 
the data management group. 

3.2 Data Validation Qualifiers 

As mentioned previously, the qualification of analytical data during the validation process (i.e., 
application of B, UJ, J, K, L, UL, UR, and R qualifiers) was conducted as required by the USEPA 
Region 3 Standard Operating Procedures for Validation of CLP lnorganic and Organic Data and 
the National Functional Guidelines for lnorganic and Organic Data Review. The attachment of 
the data qualifiers to analytical results signifies the occurrence of QC noncompliances that were 
noted during the course of data validation. The various data qualifiers are defined, as follows: 

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific 
quantitation limit) noted. Nondetected results from the laboratory are reported in this manner. 



B - This qualifier is added to a positive result (reported by the laboratory) if the detected 
concentration is determined to be attributable to contamination introduced during field sampling or 
laboratory analysis. 

UJ - lndicates that the chemical was not detected. However, the detection limit (sample-specific 
quantitation limit) is considered estimated based on problems encountered during laboratory 
analysis. The associated numerical detection limit is regarded as inaccurate or imprecise. 

J - lndicates that the chemical was detected. However, the associated numerical result is not a 
precise representation of the amount that is actually present in the sample. The laboratory 
reported concentration is considered to be an estimate of the true concentration. 

K - lndicates that the chemical was detected. However, the associated numerical result is not a 
precise representation of the amount that is actually present in the sample. The laboratory 
reported concentration is considered to be an estimate, biased high, of the true concentration. 

L - lndicates that the chemical was detected. However, the associated numerical result is not a 
precise representation of the amount that is actually present in the sample. The laboratory 
reported concentration is considered to be an estimate, biased low, of the true concentration. 

UL - lndicates that the chemical was not detected. However, the detection limit (sample-specific 
quantitation limit) is considered estimated based on problems encountered during laboratory 
analysis. The associated numerical detection limit is regarded as biased low. 

UR - lndicates that the chemical may or may not be present. The nondetected analytical result 
reported by the laboratory is considered to be unreliable and unusable. This qualifier is applied in 
cases of gross technical deficiencies (i.e., holding times missed by a factor of two times the 
specified time limit, severe calibration noncompliances, and extremely low quality control 
recoveries). 

R - lndicates that the chemical may or may not be present. The positive analytical result reported 
by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of 
gross technical deficiencies. 

The preceding data qualifiers may be categorized as indicative of major or minor problems. 
Major problems are defined as issues that result in the rejection of data, qualified with UR and R 
data validation qualifiers. These data are considered invalid and are not used for decision- 
making purposes unless they are used in a qualitative way and the use is justified and 
documented. Minor problems are defined as issues resulting in the estimation of data, qualified 
with B, J, K, L, UL and UJ data validation qualifiers. Estimated analytical results are considered 
to be suitable for decision-making purposes unless the data use requirements are very stringent 
and the qualifier indicates a deficiency that is incompatible with the intended data use. 

Summarv of Data Validation Results 

A summary of the data validation results for the analytical data effort is provided in the remainder 
of this section. 

Table 3-1 presents the percentages of data qualified as estimated or rejected for each matrix. 
Please note that the percentage of qualified and unqualified data will not equal 100% as some 
data points are qualified for more than one technical noncompliance. Qualification for PARCC 
parameters (field and laboratory duplicates, surrogates, matrix spikes, laboratory control samples, 
and internal standards) were presented and discussed in Section 1 .O. Unqualified data are data 
that did not require qualification for any technical noncompliances. 



Method Blank Contamination - Positive results in the rinsate and field blanks were not used as 
a basis for data validation. Therefore, the likelihood of false positives exists. Field blanks, rinsate 
blanks and trip blanks were not qualified on the basis of method blank contamination. Table 2-1 
in Section 2.0 depicts the maximum values detected in the rinsate and field blanks. 

Table 3-1 - Rates of Qualification (Estimations andlor Rejections) 

(') Cyanide was not analyzed for in vegetation tissue. 

(2) Miscellaneous parameters consist of TOC in the sediment samples; chloride, fluoride, 
hardness, nitrate, nitrite, perchlorate, pH, sulfate, TDS, TOC and TSS in the surface 
water samples; and perchlorate in the fish tissue samples. 

(3) Other noncompliances in the sediment samples consist of Interference Check Sample 
(ICS) noncompliances for metals and the diethyl ether noncompliance (Refer to Section 



1.4) for VOCs. Other noncompliances in the surface water samples consist of ICS 
noncompliances for filtered and non-filtered metals, percent difference noncompliances 
between columns for PestIPCBs and the diethyl ether noncompliance for VOCs. Other 
noncompliances in the fish tissue samples consist of serial dilution noncompliances and 
ICS noncornpliances for metals and percent difference noncompliances between 
columns for PesVPCBs. 
Shaded cells in the above table represent data that were qualified as estimated andlor 
rejected and are addressed individually below. 

(4) The last paragraph of this section addresses the holding time issues with the 
miscellaneous and explosive parameters and the reasoning for rejection of some of the 
miscellaneous parameter results. 

(5) The majority of the qualifications in the VOC fraction of the surface waters and field 
quality control blanks (approximately all of the 7.1% of the qualified data in the surface 
water samples and 6% of the 7.1% of the qualified data in the field quality control blanks) 
were qualified as rejected due to calibration noncompliance. Due to the small percentage 
of data affected, the impact on data quality is negligible. 

(6' A pesticide analysis is run on two different columns, the reporting column and the 
confirmation column. If the reporting column and confirmation column have concentrations 
with a percent difference greater than the 100% quality control limit the positive results are 
rejected, because of the poor reproducibility of results between the columns. The majority 
of the qualifications in the PesVPCB fraction of the surface waters and fish tissue 
matrices (all of the 4 %  of the qualified data in the surface water samples and 2.5% of 
the 3.9% of the qualified data in the fish tissue samples) were qualified as rejected due to 
this noncompliance. However, due to the small percentage of data affected, the impact 
on data quality is negligible. 

(7) Of the 5.2% of data qualified due to calibration noncompliance in the SVOC fraction of 
the fish tissue samples, only 2% were qualified as rejected. Due to the small percentage 
of data affected, the impact on data quality is negligible. 

Rates of qualification > 10% represent a significant cause of data qualification and could possibly 
impact the usability of the data. For this reason, rates of qualification > 10% are discussed in the 
following paragraphs. 

Because the sediments were submerged under water at the time of collection, it is reasonable to 
expect the samples to contain a significant amount of water. Due to the high moisture content in 
the samples, all reported results in samples that were less than 30% solid were qualified as 
estimated. Rates of qualification for SVOCs (27.5%), VOCs (27.2%), PesVPCBs (27.8%), metals 
and cyanide (25.3%) and TOC (16.7%) represent the uncertainty in the concentrations due to the 
high moisture contents of the samples. As previously mentioned, estimated analytical results are 
considered to be suitable for decision-making purposes; therefore the impact to data quality is 
considered to be small. 

The higher rates of qualifications due to calibration noncompliance noted for metals in the above 
table reflect the stricter Region 3 validation criteria (as opposed to the USEPA Contract 
Laboratory Program National Functional Guidelines for lnorganic Data Review) for the Contract 
Required Detection Limit (CRDL) standard. This is a low-level standard (concentration equal to 
two times the CRDL value) for which the EPA has not established any quality control guidelines 
for the laboratories. The USEPA Region 3 Standard Operating Procedures for Validation of CLP 
Inorganic Data has set a 90%-100% quality control acceptance range for this standard, which is 
frequently not achieved by the laboratory. These qualifications, however numerous, [sediment 
samples (21.9%), surface water samples (1 1.6% for total metals and 1 1.7% for filtered metals), 
fish tissue samples (1 I%), vegetation samples (19.3%) and field quality control blanks (27.5% for 



total metals and 27.8% for filtered metals)] are limited to estimated results and are considered to 
be suitable for decision-making purposes. No data rejections resulted from these calibration 
noncompliances. 

Because metals are very common in the environment and in the laboratory, there are generally 
more qualifications due to method blank contamination in the metals fraction than in any of the 
other fractions analyzed. The qualification rates from Table 3-1 for AVSISEM (24.6%), total 
metals in surface water (25%), dissolved metals in surface water (32.7'/0), metals in fish tissue 
(21%) and metals in vegetation tissue (25.5%) are typical due to the presence of metals in the 
environment. 

These samples were collected from September 5-9, 2001. Analyses for explosives and TOC 
were subcontracted from Mitkem Corporation in Warwick, Rhode Island to Severn Trent 
Laboratories in Sacramento, California. Due to unavoidable delays in shipping following 
September 11, 2001, many samples were received at the laboratories after the recommended 
holding time had expired. Several aqueous samples to be analyzed for nitrate and nitrite, which 
have 48-hour holding times until analysis, were received at the laboratory after the holding time 
had expired. Some of the samples were analyzed after a period of time, greater than twice the 
holding time, had expired, resulting in a rejection of those results. In the above table, only 3.1% 
of the 27.3% of estimated results in the surface water samples were qualified as rejected due to 
holding time noncompliances for nitrate and nitrite. In addition, only 3.6% of the 29.1% of 
estimated results in the field quality control blanks were qualified as rejected due to holding time 
noncornpliances for nitrate and nitrite. The remaining results were qualified as estimated due to 
holding time noncompliances for pH, nitrate and nitrite. Because of the delays in shipping, the 
subcantracted laboratory received some of the samples for explosive analyses after the 7-day 
holding time for extraction had expired. These delays resulted in the 46.4% (sediment), 61.6% 
(surface water) and 60% (field quality control blanks) qualification rates from the table above. 
These qualifications are; however, limited to estimated results. No data rejections resulted from 
these holding time noncompliances. There was also a large amount (42.9%) of pesticide1PCB 
data that were qualified due to holding time noncompliance. These was no explanation provided 
by the laboratory; however, shipping delays are not likely to have been the reason for these 
noncornpliances because the affected samples were collected on September 5 and 6 and were 
received by the laboratory prior to September 11. None of these results were qualified as 
rejected and; as previously mentioned, estimated analytical results are considered to be suitable 
for decision-making purposes; therefore the impact to data quality is considered to be small. 

4.0 BENTHIC MACROINVERTEBRATE COMMUNITY ANALYSIS 

Benthic macroinvertebrates in the Mattawoman Creek ecosystem could be at risk from 
contaminants related to IHDIV-NSWC. To assess this risk, sediment samples were collected for 
analyses of the benthic macroinvertebrate community. The analyses were conducted by 
Pennington and Associates, Inc., Cookeville, Tennessee. 

The Pennington and Associates data set represents a fairly standard suite of metrics/descriptive 
statistics for benthic community analysis. The report provides measures of the following for each 
sample: 

Number of organisms 
Number of taxa 
Biotic indices 
Measures of diversity 
Indices of community similarity 
Measure of pollution tolerance 



A measure of organic waste tolerance is also included for each taxon, and the functional feeding 
group is identified for each taxon. 

The data appear to be adequate and defensible, and no data gaps or deficiencies were noted in a 
review of the data. 

SEDIMENT TOXICITY TESTS 

As mentioned above, benthic macroinvertebrates in the Mattawoman Creek ecosystem could be at 
risk from contaminants related to IHDIV-NSWC. To assess this risk, particularly since several 
chemicals without screening guidelines are present in Mattawoman Creek sediments, sediment 
samples were collected for 10-day toxicity tests using the amphipod Hyalella azteca. The toxicity 
tests were conducted by Tetra Tech, Inc., Owings Mills, Maryland. 

The toxicity tests were conducted following standardized methods described in a U.S. EPA (2000) 
publication entitled Methods for Measuring the Toxiciw and Bioaccumulation of Sediment- 
associated Contaminants with Freshwater Invertebrates, Second Edition, EPA/600/R-991064. 
Hyalella azteca is an organism that is widely used in toxicity tests, and the EPA (2000) guidance 
document provides detailed methods for conducting toxicity tests. Based on the information 
provided in the toxicity test report, the tests appear to have followed all appropriate guidelines. Data 
are presented for each replicate of each sample from Mattawoman Creek, and for two laboratory 
control samples. Survival and growth of test organisms in the laboratory control samples exceeded 
acceptability criteria. 

The overlying water quality conditions were unremarkable except for ammonia and dissolved 
oxygen concentrations in overlying water. EPA (2000) guidance states that "...ammonia in the 
overlying water typically should not vary by more than 50% during the test". Overlying water 
concentrations of ammonia in some samples varied by more than 50% from day 0 to day 10 of the 
tests, but concentrations decreased in these samples. Increased ammonia concentrations could be 
cause for concern, but decreasing concentrations are normal. Initial ammonia concentrations in 
toxicity tests are usually the result of organic compounds being broken down by bacteria in 
sediment. Decreasing ammonia concentrations in toxicity tests are expected due to daily renewal 
using "clean" overlying water. Aeration (see below) also probably contributed to decreasing 
ammonia concentrations. Nevertheless, ammonia concentrations were relatively low (maximum = 
10 mg/L), and are not cause for concern. 

The laboratory report noted that aeration of overlying water was provided after the dissolved oxygen 
levels dropped below 2.5 mg/L in some test chambers. Since aeration can potentially alter the 
chemical characteristics of some compounds (especially volatile compounds); 10-day toxicity tests 
are generally conducted without aeration of overlying water. EPA (2000) states, however, that 
aeration should be provided when the dissolved oxygen levels drop below 2.5 mg/L. Declining 
dissolved oxygen levels in toxicity tests are usually caused by decomposing organic substances in 
sediment. Low dissolved oxygen levels can impact the survival of test organisms, and thus, can 
complicate the interpretation of survival data. The toxicity test report stated that after aeration was 
initiated, dissolved oxygen levels were sub-optimal for only a few hours before daily morning 
renewals of overlying water. It should be noted that volatile organic compounds are not chemicals 
of concern in Mattawoman Creek sediments. Aeration would not be expected to impact the 
chemical characteristics of most chemicals of concern. For these reasons, the somewhat low 
dissolved oxygen levels in some samples do not invalidate the test results. 
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acenaphthylene, anthracene, benz[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, 

benzo[g,h,i]perylene, benzo[a]pyrene, chrysene, fluoranthene, fluorene, indenopyrene, naphthalene, 

phenanthrene, and pyrene). The number of samples ranged from 236 (anthracene) to 360 (benzo- 

[alpyrene, fluoranthene); the percentage of samples in which these PAHs were detected ranged from 

6.0 (acenaphthene, benzo[b]fluoranthene, benzo[k]fluoranthene, indeno[ 1,2,3-c,d]pyrene) to 

22.0 (fluoranthene, pyrene). 

Eadie et al. (1 982) analyzed surficial sediments in southwestern Lake Erie near a large coal-fired 

power plant. Sediment concentrations for total PAHs were generally in the range of 530-700 pglkg, 

although concentrations in river and near-shore sediments reached nearly 4,000 pglkg (4 ppm). Heit et 

al. (1 981) reported total concentrations of PAHs (3-7 ring PAHs) from two lakes in the Adirondack 

acid lake region of 2,660 pglkg and 770 pglkg (calculated from data presented). Average 

concentrations of total PAHs in sediments from three coastal South Carolina marinas were reported to 

range from 35.6 to 352.3 pg/kg (Marcus et al. 1988). Benzo[a]pyrene levels in bottom sediments of 

the Great Lakes have been reported to range from 34 to 490 ppb (pgkg) (Environment Canada 1991). 

Concentrations of PAHs in sediments from Cape Cod and Buzzards Bay in Massachusetts and the Gulf 

of Maine have been reported to be in the range of 540-1,300 pglkg (Hites et al. 1980). 

Concentrations of low molecular weight PAHs (naphthalene, acenaphthylene, fluorene, phenanthrene, 

anthracene, and 2-methylnaphthalene) and high molecular weight PAHs (fluoranthene, pyrene, 

benz[a]anthracene, chrysene, benzofluoranthenes, benzo[a]pyrene, indeno[l,2,3-c,d]pyrene, 

dibenz[a,h]anthracene, and benzo[g,h,i]perylene) in sediment from the highly polluted Boston Harbor 

have been reported to range from approximately 100 to 1 1,000 pglkg dry wt, and 800 to 23,000 yglkg 

dry wt, respectively (Demuth et al. 1993). 

Total PAH concentrations in bottom sediments from the main stem of the Chesapeake Bay were 

reported to range from 45 to 8,920 pgkg for samples collected from 16 stations in 1986 (Huggett et 

al. 1988). At least 14 PAHs were found to be dominant among pollutants of surface sediments from 

the Elizabeth River, a subestuary of the James River in Virginia, with a maximum total PAH 

concentration of 170,000 pglg (ppm) observed in one sample from a site of two large wood 

preservative spills (Bieri et al. 1986). In a more recent study, surface sediment samples from the 

highly contaminated Elizabeth River were found to contain total concentrations of 14 PAHs ranging 

from 1.5 to 4,230 pglg (ppm) dry weight (Halbrook et al. 1992). Significantly lower concentrations, 
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ranging from 0.34 to 0.95 pglg (340-950 pglkg) dry weight, were found in sediment samples from the 

nearby Nansemond River which served as a clean reference site. 

Two-thirds of 105 sediment samples collected throughout Florida during the summers of 1989 and 

1990 from sites known or suspected to be contaminated with priority pollutants were found to contain 

at least one of 15 PAH target analytes (Jacobs et al. 1993). Pyrene was detected most frequently (61 % 

of samples); dibenz[a,h]anthracene and naphthalene were detected least frequently (4% of samples). 

Total PAH concentrations ranged from below the detection limit to 1,090 mglkg. Mean concentrations 

for individual PAHs ranged from 0.87 mglkg (dibenz[a,h]anthracene and naphthalene) to 30.8 mglkg 

(acenaphthene). 

Drainage stream sediments from a wood-preserving facility near Pensacola, Florida, were found to be 

highly contaminated with creosote-derived PAHs, with maximum concentrations from two sampling 

sites ranging from 300 pgkg for naphthalene to 12,000 pglkg for phenanthrene and 140,000 pglkg for 

anthracene (Elder and Dresler 1988). Fluoranthene, pyrene, benz[a]anthracene, chrysene, 

acenaphthene, and fluorene were other dominant PAHs. PAHs were not detected in water samples 

from the drainage stream. Furthermore, no significant PAH contamination was found in surface 

sediments from estuarine sites adjacent to the drainage stream; PAHs were detected in sediment 

samples from only one of seven estuarine sites at concentrations ranging from 75 pglkg for 

benz[a]anthracene to 190 pglkg for fluoranthene. 

In 1991, Kennicutt et al. (1994) found that sediment samples from Casco Bay in Maine contained total 

PAH concentrations ranging from 16 to 20,800 pgkg dry weight. PAHs were found at all 

65 locations sampled. PAHs with four or more rings accounted for more than 60% of Casco Bay 

sedimentary PAHs. The predominance of PAHs with highly condensed ring structures with few 

alkylations indicated a pyrogenic or combustion source as the major contributor. 

Mean total PAH concentrations of sediments collected in 1985-87 from Moss Landing Harbor, 

Elkhom Slough, and nearshore Monterey Bay, California, were found to range from 1,470 to 3,080, 

157 to 375, and 24 to 114 pgkg dry weight, respectively (Rice et al. 1993). The Moss Landing 

Harbor and nearshore Monterey Bay ecosystems are subject to PAH contamination from various local 

industries, harbor-related activities, power generation, municipal waste treatment, and agricultural 

runoff. The largest Pacific Coast fossil-fueled power plant is located at Moss Landing. Elkhom 
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Slough is a seasonal estuary which receives freshwater runoff. Combustion PAHs (i.e., 

benz[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[g,h,i]perylene, benzo[a]pyrene, 

benzo[e]pyrene, chrysene, fluoranthene, and pyrene) were predominant, with mean total concentration 

at these 3 sites ranging from 1,250 to 2,710, to 335, and 1 1 to 59 uglkg dry weight, respectively. 

Median concentrations of PAHs in sediment coves collected in 1991 from three northern New Jersey 

waterways (Arthur Kill, Hackensack River, and Passaic River) highly contaminated with petroleum 

hydrocarbons ranged from 0.47 mg (470 uglkg) (acenaphthylene) to 5.1 0 mg (5,100 yglkg) (pyrene) 

(Huntley et al. 1993). In addition to pyrene, fluoranthene, chrysene, and benzo[a]pyrene were the 

most frequently detected PAHs, with median concentrations at the three sites ranging from 2.40 to 

4.10, 1.35 to 2.85, and 0.86 to 2.30 mglkg, respectively. Mean total PAH concentrations at the 

29 sampling stations ranged from 0 to 161 mgkg. A mean total PAH concentration of 139 mglkg was 

found at a sampling station downstream from a chemical control Superftmd site. At most sampling 

stations, PAH concentrations increased with sample depth up to approximately 45-50 cm, indicating a 

decline in recent loadings relative to historic inputs. 

5.4.4 Other Environmental Media 

PAHs have been detected in many food products including cereal, potatoes, grain, flour, bread, 

vegetables, fruits, oils, and smoked or broiled meat and fish. The concentrations in uncooked foods 

largely depend on the source of the food. For example, vegetables and fruits obtained from a polluted 

environment may contain higher PAH concentrations than those obtained from nonpolluted 

environments. Benzo[a]pyrene, dibenz[a,h]anthracene, and chrysene have been detected in vegetables 

grown near a heavily traveled road (Wang and Meresz 1982). The method of cooking can also 

influence the PAH content of food; the time of cooking, the distance from the heat source, and the 

drainage of fat during cooking (e.g., cooking in a pan versus on a grill) all influence PAH content. 

For example, charcoal broiling increases the amounts of PAHs in meat. In a composite sample 

characterized to be typical of the U.S. diet, Howard (1979) found that PAH concentrations in all food 

groups were less than 2 ppb (pglg). The following ranges of benzo[a]pyrene concentrations (wet or 

dry weight not specified) were summarized by Santodonato et al. (1981) from studies conducted in 

many countries: 

cooking oils: 0.5-S ppb (yglg) 
margarine: 0.2-6.8 ppb 
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DRAFT Proposal to Address Anthropogenic 
Background Levels of PAHs 

Contact: " 

Paul.I,ocke @ state.ma.us 
Issue 

Numerical Standards 
\T1orkgroup Polycyclic Aromatic Hydrocarbons (PAHs) are ubiquitous and 

consistently present in the environnlent and are typically formed during 
Other External the incomplctc burning of organic matcrial including coal: oil, gasolinc 
Workgrou~s .- and garbage. PAHs are also foilnd i t ~  crude oil, coal tar, creosote and 

asphalt. Historically, PAHs have been associated with human activities 
BTVSC A-dvisory such as cooking, heating homes and industries and fuel for operating 
Commi ttec P a ~ e  automobiles. Their presence in the environment is an artifact of habitation 

and is due to the widespread practice of emptying fireplaces, stoves, 
B't'C-SC Home bollers. garbage, etc. in rural and urban areas over the past several 

hundrcd years. As a result. it is very cornmon to dctcct "background" 

NlADEP Home levels of PAHs in soils. 

Privacy Policy 

Search 

A significant issue with addressing the presence of PAHs at these rural 
and urban areas is determining how to best account for background levels 
of PAHs in soil in the Method I Soil Cleanup Standarcls. The intent would 
be to rilrnimize the routine site-specific determinations at sites in the 
statewide cleanup program. 

Proposal 

DEP has obtained background data from various sources documenting the 
concentrations of PAHs (and other chemicals) in soil affected by human 
activities, particularly soil associated with wood and coal ash. The levels 
of PAHs typically found in soil in can be addressed generically by 
incorporating this data into the Method 1 Soil Cleanup Standards, 
consistent with the cuixnt DEP practice for developing MCP standards. 
That is, DEP would not set Method 1 Cleanup Standards at concentrations 
less than the background concentration for a particular compound. 
Background would be used as the default cleanup standard when the 
calc~~laretl I-isk-ha.seci val~le is less thurz rlze hnckgrourzti coilcentmtion~fo~- 
ail i~zdiviclr~ul I'AH comj)ourzd. 

Basis of the Soil Background Levels 

The soil background levels were selected following an analysis of several 
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datasets, including: 

Data (30-140 samples) collecled to represent background at c.21E 
s~tes,  gathered from a revlew of DEP files, 
Site-spec~fic background san~ples generated for locations in 
Worcester (68 samples) and Watertown (I7 samples), 
Data (750- 1,000 samples) collected by Mass Highway Department 
as part of the Central Artcry/Tii~~nel (CAIT) project and presented in 
a draft clocunlent B c r c b X g t - o c r 1 7 r l  Soil ( ' O I ~ ~ ~ I ~ U I I L ( I I ~ ~  4 s \ C J . S I I I C ~ I ~ T  (C'DM. 
Llpsil 1996). 
Preliminary data cornpiled b j  the Y:lssachust.tt\ Llcenwd Site 
profeshional Association from background data submitted by its 
members. 

0 Published data (62 samples) from EYSR from 3 Kew England 
locations. and 

o Generic background data published by ATSDK. 

Rased upon a qualitative anal) sis of this data, "an~l~ro~~ogerzic~" levels 
were identified. A lower (more stringent) IcveI was chosen for residential 
(S- 1) soils, while a higher percentile value was applied to 
commcrc~al/industriaI (S-26-3) soils. These I c ~ e l s  are intended to be 
representative of typical concentrations found in inhabited areas. not 
pristine conditions. 

Points for discussion: 

These generic PAH numbers may not be representative of backgrou~ld 
concentrations at all sites but would balance the usefulness and efficiency of 
using generic cleanup standards versus aclditional cleanup at specific sites. 

These numbers would streamline the assessment and remediation of 2 1E sites 
(including, but not linlited to Brownfield properties undergoing development) 1 
minimizing the site-specific assessment required to document "background 
conditions" and thus allowing anthropogenic background levels of PAHs to 
remain onsite. 

Table 1 - Proposed Soil Background Levels 

Anthropogenic Background 
Levels S- 1 S-2, S-3 

Background Background 
OIL OR HAZARDOUS 
MATERIAL mgkg  mglkg 
ACENAPHTHENE 0.5 1.9 
ACENAPHTHYLENE 0.5 1 
ANTHRACENE 1 3.8 
ANTIMONY 7 7 
ARSENIC 17 17 
BARIUM 45 45 
BENZO(a)ANTHRACENE 2 8.5 
BENZO(a)PYRENE 2 7.4 
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BENZO(b) 
FLUORANTHENE 2 

BENZO(g,h,i)PERYLENE 1 
BENZO(k) 
FLUORANTHENE 1 

BERYLLIUM 0.88 
CADMIUM 3 
CHROMIUM (TOTAL) 39 
CHROMIUM(II1) 3 9 
CHROMIUM(V1) 3 9 
CHRYSENE 2 
DIBENZO(a,h) 
ANTHRACENE 0.5 

FLUORANTHENE 4 
FLUORENE 1 
INDEN0(1,2,3-cd)PYRENE 1 
LEAD 
MERCURY 
METHYLNAPHTHALENE, 0.5 
2- 
NAPHTHALENE 0.5 
NICKEL 3 1 
PHENANTHRENE 3 
PYRENE 4 
SELENIUM 
SILVER 
TCDD, 2,3,7,8- 
(equivalents) 
THALLIUM 5 
VANADIUM 29 
ZINC 340 

Page 3 of 3 
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I Background Levels of 
Polycyclic Aromatic 
Hydrocarbons (PAH) and Selected 

I Metals in New England Urban Soils 

L. J. N, Bradle~,~' B. H. Magee,2 and S. L. Allen1 
'ENSR Consulting and Engineering, 35 Nagog Park, Acton, MA 01720 
2Ogden Environmental and Energy Services, 239 Littleton Road, Suite 7C, 
Westford, MA 01 886 

To whom all comrpandanoc should k add& 
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i74~tlif~~sin.&e7"~rtsa'ii'~~HBiTfi-~i They an also present in indusvial chemical wastes, such 
as cod tar, petroleum refiner)' sludges, waste oils and fuels. and wood-treating residues. Thus. 
PAHs are'chemicats of concun at many waste sites. Risk 
based cleanup levels for PAHs that range from 0.1 to 0.7 m 

KEY WORDS: background, PAH. metals, urban, anhpogenic. soil. 

I .  INTRODUCTION 

ch&nicals of concern in many waste site investigations that are undertaken pursu-- 
ant to the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA), the Resource Conservation and Recovery Act (RCRA), and state 

1056-83371946.50 
0 1994 by AEHS 



hazardous waste programs. Risk assessments perfomied according to federal guid- 
ance for former manufactured gas plant sites, wood treating facilities, petroleum 
refineries, and other sites generally conclude that PAHs pose unreasonable risks to 
human health and that remedial actions must be taken to reduce risks to acceptable 
levels. The majority of the risk posed by PAHs is generally due to benzo(a)pyrene 
and the other PAHs that have been shown to cause cancer in laboratory animals 
after repeated dosings. The U.S. EPA (1993a) currently identifies seven PAHs as 
"probable human (B 2) carcinogens": benzo(a)pyrene, benzo(a)an t hracene, 
benzo(b)fluoranthene. benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and 
indeno(1 ,23c,d)pyrene. 

Because of the very health-protective assumptions used in regulatory risk as- 
sessments, very low risk-based clean-up levels for PAHs are derived for such sites. 
In Michigan, residential soil cleanup levels of 0:33 mgkg for each carcinogenic 
PAH have been set (MDhR 1993). In New Jersey, proposed residential soil clean- 

background soil concentrations presehtly reponed in the literature. However, the 

It is very difficult to compare the data from these studies to the results of site 
risk assesskents due to the-limited dataset and the nonuniformity of the PAH 

smiles  weie analyzed for total petroleum hydrocarbons (TPH) and for &en 
metals: arsenic, barium. cadmium, chromium. lead, mercury, and selenium. 

11. METHODS 

A. Sample Collection 

Samples of surficial soils from urban locations in three New England cities were 
collected: Boston. MA: Providence, RI; and Springfield. MA. ~ w k n t ~  independent 



samples and duplicates of two samples were collected in each city. The samples 

@@$$: Generally, the locations were along roads and sidewalks, and in parks and 
open lots. Each location was characterized in writing, including a soil description, 
and photographically documented. The samples were collected following standard 
environmental sampling protocols (U.S. EPA, 1986). 

8. Sample Analysis 

Chemical analysis of the samples was performed by AnalytiKEM, Inc. (Cherry 
Hill, NJ). The samples were analyzed by GC-MS for the 17 PAH compounds 
present on the EPA's Target Compound List using the methods required 6y EPA 
Method 8270 for the analysis of semivolatile compounds. In addition, the samples 
were analyzed for the eight RCRA metals, total petroleum hydrocarbons (TPH; 
EPA Method 418.I), and total solids. The complete analyte list is given in 
Table I. 

C. Data Validation 

Validation of the data received from AnalytiKEM was performed according to 
U.S. EPA (1991) guidelines. The data were reviewed for completeness. holding 
times, GC-MS tuning and system performance, initial and continuing calibrations, 
laboratory method blank analysis, surrogate recoveries, matrix spike and matrix 
spike duplicate analysis, field duplication precision, and compound quantitation 
and detection limits. 

D. Data Analysis 

- - 
lead to unrealistic concentration estimates. 



TABLE 1 
Chemical Analyses of Urban Soils 

Scmivolatile Organics, EPA Targel Compound List 

Naphthalene 
Acenaphlhylene 
Acenaphthene 
Fluorene 
Phenanthrene 

Benro(a)anthracute 
Chrysene 
Benro(b)fluoranthtne 
Benzo(k)fluoranthene 

Mtlals 

Arsenic, lotal 
Barium. total 
Cadmium, total 
Chromium, lotal 
Lad. total 
Mercury. total 
Selenium. total 
Silver. tola1 

Otha 

Total paroleurn hydrocarbons 
Solids 

. A slightly different method of analysis was used to evaluate PAH. Because PAH 

AH was detected in a sample, a11 undetected PAH were 
assigned a proxy concentration equal to one half the SQL. If a sample had no 
detected PAH, no PAH were assumed to be present in the sample, and a concen- 
tration of zero was used for a11 nondetects. 

Summary statistics (minimum, maximum, arithmetic mean, upper 95% confi- 
dence h i t  on the arithmetic mean, and frequency of detection) were generated for 
each compound for each city and for all three cities combined. 
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The data for PAH were summarized in several different ways. Of the 
17 PAH analyzed in each sample, seven are considered to be probable human 
carcinogens (Group B2) by the U.S. EPA (1993a). The U.S. EPA has derived 
a cancer slope factor, which is a measure of the carcinogenic potency of a 
compound, only for benzo(a)pyrene (B(a)P) (U.S. EPA, 1993a). Review of the 
literature indicates that not all PAH are equally potent with respect to tumor 
induction. Several researchers have proposed toxic equivalency schemes that 
reIate the tumorigenic potency of each PAH to that of B(a)P (ICF-Clement 
Associates, 1988; Woo. 1989). B(a)P toxic equivalency factors (B(a)P-TEFs) 
can be used to adjust either the B(a)P dose-response value to provide a com- 
pound-specific dose-response value, or the concentration of each PAH in a 
sample to be expressed in terms of B(a)P toxic equivalents (B(a)F-TE). The 
latter method was used here. B(a)P-TE were calculated using the B(a)P toxic 
equivalency factors recommended for use by the U.S. EPA ( 1 9 9 3 ~ ) ~  as shown 
in Table 2. For each sample, PAH concentrations were repond for each of the 
17 PAH on the analyte list, for total PAH (tPAH), 'for total carcinogenic PAH 
(cPAH), and for B(a)P-TE, and these values were used to generate the sum- 
mary statistics for each group of samples. 

111. RESULTS 

Analysis of the laboratory results for the PAH indicates that quality control criteria 
centable. The data were analvzed to determine if anv s l a t i s t i ~ a l l ~ ~ ~ c ; ~  

-->. -. 
mmtgE4F..Aig&e results indicate that the PAH data can be pooled and 
,eated as one dataset for further statistical analyses. 

TABLE 2 
Benzo(a)Pyrene Toxic 
Equivalent Factors (BAP-TEF) 

Compound EPA TEF 



Table 4, ifhich reports for each: t ~ h ,  total cPAH, and total B(~)P-TE. The 
arithmetic mean and the upper 95% confidence limit concentration are reported for 

of automobile exhaust. , 

In order to determine if sample location significantly affected PAH concentra- 
tion results, individual samples were classified based on the sample location's 

TABLE 3 
Summary Statistics for PAH - All Areas Combined 

Minimum Maximum 
detect detect Arithmetic 

2-Methylnaphthalene 19 62 
Acenaphlhene 30 62 
Acenaphthylene 24 62 
Anthracene 54 52 
B enzo(a)anthracene 58 62 
Benzo(a)py~ne 57 62 
Benzo(b)nuoranthene 55 62 
Benzo(g,Ci)pcrylene 36 62 
Benzo(k)fluoranthene 59 62 
Chrysene 60 62 
Di.knzo(a h)anthracene 0.020 32 62 
Fluoranthene 60 62 
Fluoreae 35 62 
Indeno(1 S.3-c.d)pyrene 0.093 43 62 
Naphthalene 35 62 
Phenanthrcne 61 62 

61 62 
Total BAP-TE 62 62 

. Total carcinogenic PAH 0.680 62 62 
Total PAH 62 62 

Frequency of detcccion = number detected: number simples. 
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TABLE 4 
Background PAH Concentrations in Urban Surface Soilsa 

Boston Providence Sprlngfteld All cilles 
(n = 20) (n r 20) (n = 20) (n = 60) 

Arlthmetlc Upper 95% Arlthmellc Upper 95% Arlthmetlc Upper 95% Arlthmetlc Upper 95% 
Compound mean (pprn) CI (pprn) mean (pprn) CI (ppm) mean (ppm) CI (pprn) mean (ppm) CI (pprn) 

Total R(a)P-TE 2.4 4.6 2.1 2.9 2.8 4.5 2 4  3.3 
Total cPAH 8.4 16.0 7.8 11.0 10.6 18.3 9.0 12.4 
Total PAH 18.7 35.9 16.8 23.5 19.1 29.9 18.4 21.8 
'IPH 474.9 , 652.6 267.4 338.2 184.4 233.3 306.2 372.8 



Parts Per Million (ppm) 

Tolal BAP-TE eBB Tolal CPAH B Total PAH 

FIGURE 1. Background concentrations of PAH in urban soils. Data presented 
are the upper 95% confidence interval on the arithmetic mean. Data are presented 
numerically in Table 4. 

proximity to asphalt pavement, based on both written and photographic documen- 
tation of sample location. Generaily. samples collected within 4 to 6 ft of a road 
were considered to be near pavement. Of the 60 separate locations. 42 were 

street comer in Boston. The next highest PAH conceit 
taken at the base of a telephone pole. Foursf the 60 samples were taken at the 
bases of telephone poles, with widely varying results. The total PAH concen- 
trations in the other three locations were 62.4. and 45 mgkg. 



TABLE 5 
Summary Statistics for Metals, TPH, and Soils bv Citv 

Boston Providence Springfield 
(n = 20) (n = 20) (n = 20) 

Arithmetic Upper 95% Arllhmetlc Upper 95% Arlthmetlc Upper 95% Arlthmellc mean 
mean Interval mean interval mean Interval In U.S. soilsa 

Barium, total 
Cadmium. total 
Chromium, total 
Lead, total 
Mercury, total 
Sclcnium, total 
Total pelrolcum hydrocarbons 474.90 
Tola1 solids 

ATSDR. 1992 Public Ifealth Assessment G~tidnnce Mnnrtal. FB92-1471Crl. U.S. Department of Health nnd Human Sewleu. * ATSDR. 1991. Toxicologlcnl PmfiIejior Cadmium. PO92-147164. Draft. U.S. Dcprtmcnt of Helh and ltumnn Servicu. 





IV. CONCLUSION 

confidence interval on the arithmetic mean) measured in urban environments. 

Parts Per Million (ppm) 

FIGURE 2 Comparison of B(8)P-TE with U.S. €PA Region Ill4 risk-based concentration 
for B(a)P. B(a)P data presented are the upper 35% confidante intend on lhe arithmetic 
mean. 



Uppe: 95% confidence intervals are compared btcatlse this is the statistic 
preferred by EPA and many states for risk assessment. Moreover, the State of 
Massachusetts defines its background concentrations of metals based on the 
upper 95% confidence limit on the arithmetic mean concentration (Massachu- 
setts Department of Environmental Protection, 1992). For all cities combined, 
the background level of B(a)P-TE of 3.3 mgkg is approximately ten times 
greater than the target cleanup level of 0.33 mgkg and approximately 30 times 
higher than the target cleanup level of 0.1 mgkg. For those regulatory situa- 
tions in .which the use of B(a)P-TEFs in determining site risk is not allowed, 
the background level of cPAH is approximately 40 to 100 times greater than 
these target cleanup levels. 

An analysis of the data comparing 

in each city. The commonly applied regulatory cleanup level for TPH is 100 mgkg. 
This cleanup level is not risk based and is three times lower than the background 
concentration of TPH found in this study (arithmetic mean of 306 mglkg and upper 
95% confidence interval on the mean of 373 rngkg). 

It is incumbent upon the regulatory agencies to recognize that substantial 
background levels of PAH and TPH exist in our urban environments and to 
acknowledge this information in the development of realistic target cleanup levels. 
The use of these background data in setting more realistic target cleanup levels may 
result in better allocation of remedial and regulatory dollars in site investigations. 
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APPENDIX C-1 

TOXICITY DATA 



DIVALENT METALS 

Numerous studies have demonstrated that the concentration of acid-volatile sulfides (AVS) present in 

sediments represents a major factor in influencing the pore water concentration and bioavailability of 

divalent metals (cadmium, copper, nickel, lead, and zinc; silver to a lesser extent) in sediments. 

Sediments with concentrations of AVS in excess of the concentration of those metals will have very low 

metal activity in the interstitial water (Ankley et al., 1996); AVS metals present in these sediments are 

unlikely to bioaccumulate or elicit toxic effects. The fate and transport of divalent metals are discussed 

below. 

CADMIUM 

Cadmium is a soft, blue-white, malleable metal or gray-blue powder. Cadmium is used for electroplating, 

in pigment production, and in the manufacture f 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 by-product of the manufacture of 

zinc, copper, and lead (ASTDR, 1991 a). 

Cadmium compounds have varying degrees of solubility ranging from very soluble (cadmium salts) to 

nearly insoluble (cadmium metal) (ASTDR, 1991 a). Cadmium may exist in water as a hydrated ion or as 

metal inorganic complexes and it is more mobile in aquatic environments than most heavy metals (Eisler, 

1985). 

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 (ASTDR, 1991 a). 

Cadmium exists in soil as free cadmium compounds. Cadmium released to soils may leach into water, 

especially under acidic conditions (ASTDR, 1991 a). 

Freshwater and marine aquatic organisms accumulate cadmium from water at levels that may not be 

hazardous to aquatic life (Eisler, 1985). However, the evidence for cadmium transfer through various 

trophic levels suggests that only the lower trophic levels exhibit biomagnification (Eisler, 1985). 



Cadmium is not essential for plant growth. If present in available form, cadmium is readily taken up by 

plant roots and tranlocated through the plant and accumulated. 

COPPER 

Copper is a reddish-colored metal that occurs naturally in rock, soil, water, sediment, air, 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 (ATSDR, 1989a). 

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 (11). 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 organiclinorganic complexing agents (ATSDR, 1989a). 

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 (11) will be reduced to copper (I) and insoluble cuprous 

salts will form (ATSDR, 1989a). 

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 (ATSDR, 1989a). 

Copper is a micronutrient essential for plant nutrition. Copper can be transported in the xylem and 

phloem of plants complexed with amino acids. 

LEAD 

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 (Eisler, 1988). 

Lead compounds are extremely persistent in water and soil. Lead 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 environment (EPA, 1985). 

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 are 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 (Eisler, 1988). 

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 leads affinity for other materials, 

and its solubility characteristics, the mobility of lead in soil is low (EPA, 1985). Most lead is retained in 

soil and not transported via leaching or runoff to surface water (ATSDR, 1990). 

Lead does not appear to significantly bioaccumulate in most fish (ATSDR, 1990). Microcosm studies 

indicate that lead is not biomagnified through the food chain (EPA, 1985). 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 (Eisler, 1988). 

Lead is considered a nonessential element to plants (CCME, 1997). Lead is taken up passively by roots 

and translocation to shoots is limited. 

NICKEL 

Nickel released into water will exist in both soluble and insoluble forms depending on the chemical and 

physical properties of the water. Nickel is significantly bioaccumulated in some but not all aquatic species 

(ATSDR, 1988). Nickel is extremely persistent in soil; however, it still has the potential to leach through 

soil into groundwater. 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. 



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. It 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 United States pennies (ATSDR, 1989b). 

Zinc released into surface water primarily settles into the bottom sediments. Zinc can be present in water 

as either suspended or dissolved compounds. Suspended (undissolved) zinc may be dissolved following 

minor changes in the water chemistry or may be sorbed to suspended matter. Zinc tends to be more 

absorbed at higher pH concentration (>7). Desorption of zinc from sediments occurs as salinity increases 

(ATSDR, 1989b). 

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, and 

salinity; 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 (ATSDR, 1989b). 

Zinc is actively accumulated in aquatic systems. However, biota appear to represent a minor sink for zinc 

compared with the sediments (ATSDR, 1989b). 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 toxic (Eisler, 1993). 

Zinc is an essential element for plant growth. Zinc is actively taken up by roots and is fairly uniformly 

distributed between roots and shoots. 

MISCELLANEOUS METALS 

ALUMINUM 

Although present in food in varying amounts, aluminum is not an essential element for mammals. The 

lack of accumulation of aluminum in animals with age or of any increase in tissue levels of aluminum 

following fairly high dietary intake suggests that mammals possess a homeostatic mechanism for this 

element. For most terrestrial organisms, aluminum compounds are generally not harmful and are 

considered to be toxicologically inert, except in cases of high experimental doses or prolonged inhalation 

(Venugopal and Luckey, 1978). 



Data on the toxicity of aluminum to aquatic organisms are somewhat limited. EPA (1988) stated that 

freshwater organisms should not be adversely affected if aluminum concentrations do not exceed 87 pg/L 

when pH is between 6.5 and 9.0. Some studies have shown that the acute toxicity of aluminum increases 

with pH, whereas other studies found the opposite to be true (EPA, 1988). 

ANTIMONY 

Antimony is used in metal alloys for producing fireproofing chemicals, ceramics, glassware, and pigments. 

Along with its industrial uses, it is used to medicinally treat people infected with parasites (ATSDR, 1995). 

Antimony is considered a nonessential metal and is easily taken up by plants if present in a soluble form 

(Kabata-Pendias and Pendias, 1992). Plants growing in soils contaminated by industrial emissions 

contain elevated tissue concentrations of this metal. However, there are no reports of plant toxicity 

resulting from uptake of antimony (Kabata-Pendias and Pendias, 1992). 

ARSENIC 

Arsenic in the environment may undergo a complex cycle of chemical interconversions and transfers 

among media. 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, and less soluble species adsorb to clay or soil particles (ATSDR, 1989~). 

BARIUM 

Barium chloride and nitrate are soluble in water. The carbonate is much less soluble in water and the 

sulfate is one of the least soluble compounds in any medium (Friberg, 1986). Barium is relatively 

abundant in nature and is found in plant and animal tissue. Plants accumulate barium from the soil 

(Klaassen et al., 1986). The free ion is readily absorbed from the lung or gastrointestinal tract, but barium 

sulfate remains essentially unabsorbed. After absorption, barium accumulates in the skeleton. An 

accumulation also takes place in the pigmented parts of the eye (Friberg, 1986). 

BERYLLIUM 

Beryllium occurs as a chemical component of certain rocks, soils, and volcanic dust. Beryllium is 

naturally emitted to the atmosphere by windblown dust and volcanic particles (ATSDR, 1991 b). The 

major emission source to the environment is the combustion of coal and fuel oil, which release 

particulates and fly ash that contain beryllium into the atmosphere. 



Sediment is the ultimate sink for beryllium in water, and its association with sediment would decrease the 

mobility in water. Beryllium does not bioconcentrate to high levels in aquatic animals, although the 

bioconcentration in bottom-dwelling animals may be higher than nonbottom-dwelling animals. There is no 

evidence of biomagnification of beryllium within terrestrial or aquatic food chains (ATSDR, 1991 b). 

Soluble forms of beryllium are easily taken up by plant roots, but it is not easily translocated from the 

roots to the shoots. 

CHROMIUM 

This metallic element naturally occurs in rocks, animals, plants, soil, and volcanic dust and gases 

(USDHHS, 1993). However, the toxic forms of the metal are mostly produced from anthropogenic 

activities, particularly chromite ore mining (Irwin et al., 1997). Since the trivalent (cr3') and hexavalent 

(cr6') forms have been found to be more stable than other ionic forms, these are the forms mostly found 

in the environment (Eisler, 1986). cr6+ is more toxic because it has a high oxidizing potential and can 

easily penetrate biological membranes, thus causing cellular damage (Eisler, 1986; lrwin et al., 1997). 

Although not as toxic as cr6', cr3+can impose damage by inhibiting different enzyme systems or reacting 

with organic molecules (Irwin et al., 1997). 

Chromium toxicity is not prevalent in mammals because normal stomach pH converts cr6' to cr3', which 

has low membrane permeability (Irwin et al., 1997). However, plants are adversely affected by chromium 

because it interferes with uptake translocation and iron metabolism (Irwin et al., 1997). For aquatic 

organisms, the pH, salinity, hardness, organic matter content, species and temperature are some of the 

factors that affect chromium toxicity (Eisler, 1986; lrwin et al., 1997). It has been found that cr6' is more 

toxic to freshwater species in soft and acidic waters (Eisler, 1986). 

Chromium is not an essential element in plants. The (VI) form is more soluble and available to plants that 

the (Ill) form and is considered the more toxic form. After plant uptake, chromium generally remains in 

the roots (Efroymson, et al., 1997a). In fact, concentrations of chromium in the edible portions of the 

plant remain low, even when growing on contaminated chromium soil (CCME, 1997). Symptoms of plant 

toxicity include stunted growth, poorly developed roots, and leaf curling (Efroymson, et al., 1997a). 

COBALT 

Cobalt released into water is expected to take a soluble form. The mobility of cobalt is controlled by its 

characteristic of adsorbing to the clay minerals and hydrous oxides of iron, manganese, and aluminum 

available in sediments and soils. Chelation of cobalt is possible in sediments and soil. 



lron is the fourth most abundant (by weight) of the elements that compose the earth's crust and is a major 

constituent of clay soils. The bivalent and trivalent are the primary forms of concern in the aquatic 

environment. The ferrous or bivalent form is soluble in waters void of dissolved oxygen, and the ferric or 

trivalent form is insoluble. lron 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, but 

this iron form has little effect on aquatic life. The majority of iron entering water bodies is likely to partition 

into the bottom sediments (EPA, 1985). lron released into soil has relatively low mobility potential. 

MANGANESE 

Manganese is a brittle silvery metal that 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 (Klaassen et al., 1986; Hawley, 1987). 

Manganese can occur in soil, water, or air. Although 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 (Klaassen et al., 1986). 

In the soil, the concentrations and chemical form in which manganese can occur are affected by pH, 

cation exchange capacity, drainage, and other factors. Lower 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 manganese ion under 

reducing conditions (EPA, 1985). 

Manganese is essential for plant growth. Toxicity symptoms include marginal chlorosis and necrosis of 

leaves and root browning. It is fairly uniformly distributed between the roots and shoots (Efroymson, et 

al., 1997a). Oak Ridge National Laboratory (ORNL) (1998) calculated mean and 90'~ percentile reported 

soil-to-plant bioaccumulation factors (BAFs) of 0.1 13 and 0.234, respectively. They must be multiplied by 

the percent dry weight of a plant (about 30 percent) for use in exposure equations to yield BAFs of 0.0339 

(mean) and 0.070 (90 percentile) (Sample et al., 1997). 

MERCURY 

Mercury is a silvery, heavy liquid that exists as insoluble elemental mercury, organic species, and 

inorganic species. Solubility depends upon the reduction-oxidation potential and the pH of the 

environment (EPA, 1985). Mercury is commonly used for amalgams, catalysts, electrical apparatuses, 



instruments such as thermometers and barometers, and neutron absorbers in nuclear power plants 

(Hawley, 1987). 

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 mercury (Eisler, 1987). 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 mercury (Eisler, 1987). 

Volatile forms of mercury present in surface water are 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 waters 

(ATSDR, 1988). 

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 is dependent on pH, salt content, and composition of the soil solution 

(ATSDR, 1988). 

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 (Eisler, 1987). 

Mercury and its compounds taken up by roots are translocated to only a limited extent in plants. Organic 

forms of mercury may be translocated to a greater degree than inorganic forms in some plants 

(Efroymson, et al., 1997a). 

SELENIUM 

Selenium is essential in amounts from trace to part-per-billion concentrations for humans and certain 

plants and animals but toxic at some concentrations present in the environment. Selenium is widely 

distributed in nature, being especially abundant with sulfide minerals of various metals, such as iron, lead, 

and copper. Selenium was used in the early 1900s as a pesticide to control plant pests and is still used 



sparingly to control pests of greenhouse chrysanthemums and carnations. It has been used to control 

cotton pests, mites and spiders that attack citrus, and mites that damage apples. Selenium is used 

extensively in the manufacture and production of glass, pigments, rubber, metal alloys, textiles, 

petroleum, medical therapeutic agents, and photographic emulsions (ATSDR, 1989d). 

Selenium metabolism and degradation are significantly modified by interaction with heavy metals, 

agricultural chemicals, microorganisms, and a variety of physicochemical factors. In addition, 

anthropogenic activities (including fossil fuel combustion and metal smelting) and naturally seleniferous 

areas pose the greatest hazards to fish and wildlife (ATSDR, 1989d). 

Selenium is not proven to be essential for plant growth. Selenium is translocated to all parts of the plant, 

including the seed, in low molecular weight compounds. 

VANADIUM 

Vanadium released into surface water is expected to exist primarily in the tetravalent and pentavalent 

forms (HSDB, 2000). Both species are known to bind strongly to mineral or biogenic surfaces by 

adsorption or complexing. Adsorption to organic matter as well as to manganese oxide and ferric 

hydroxide results in precipitation of dissolved vanadium. Some marine organisms bioconcentrate 

vanadium. In soil, vanadium's mobility is expected to be dictated by soil pH; mobility is expected to be 

lower in acidic soils. 

Numerous studies have indicated that free soluble silver (Ag) is among the most toxic metals to 

freshwater organisms. In most natural waters, the monovalent form of silver is of greatest concern. Silver 

may exist as a simple hydrated monovalent ion, or it may exist in various degrees of association with 

inorganic ions such as sulfate, bicarbonate, or nitrate (EPA 1980). Silver is more toxic in soft water than 

in hard water (EPA 1980). Although elemental silver and silver salts have relatively high aquatic toxicity, 

high concentrations of iron sulfides in natural sediments favor the formation of silver sulfide (Hirsch, 

1998). Silver sulfide is, in general, toxicologically inert. Moreover, silver sulfide is a breakdown product of 

silver thiosulfate, which is a major source of silver discharged from human activities. 

Silver exhibits a limited ability to bioconcentrate. Bioconcentration factors for freshwater species reported 

by EPA (1980) ranged from <1 for bluegill sunfish (Lepomis macrochirus) to 240 for a mayfly 

(Ephemeralla grandis) with a geometric mean bioconcentration factor of 57. 
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svocs 

PAHs 

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. They include 

the following compounds: acenaphthylene, acenaphthene, anthracene, benzo(a)anthracene, 

benz(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene, carbozole, chrysene, 

dibenzofuran, fluoranthene, indeno(l,2,3-cd)pyrene, naphthalene, 2-methylnaphthalene, phenanthrene, 

pyrene, (ATSDR, 1989). 

PAHs are ubiquitous in the modern 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) (ATSDR, 1989). 

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 (ATSDR, 1989). 

In soil and sediments, microbial metabolism is the major process for degradation of PAHs (ATSDR, 

1989). 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 (ATSDR, 1989). 

Plants and vegetables can absorb PAHs from soils through their roots and translocate them to other plant 

parts such as developing shoots. Lower molecular weight PAHs are absorbed by plants more readily 

than higher molecular weight PAHs. The biomagnification potential of vegetation in terrestrial and aquatic 

food chains has not been measured. Finally, many higher plants can catabolize benzo(a)pyrene and 

possible other PAHs, (Eisler, 1987). 

PAHs vary substantially in their toxicity to aquatic organisms. In general, toxicity increases as molecular 

weight increases, with the exception of some high molecular weight PAHs that have low acute toxicity. 



Most species of aquatic organisms rapidly accumulate PAHs from low concentrations in the ambient 

medium. However, uptake of PAHs is highly species specific, being higher in algae, mollusks, and other 

species that are incapable of metabolizing PAHs (Eisler, 1987). The ability of fish to metabolize PAHs 

may explain why benzo(a)pyrene is frequently not detected or is found at only very low levels in fish from 

environments heavily contaminated with PAHs (ASTDR, 1989). 

PHTHALATES 

Bis(2-ethylhexyl) phthalate (BEHP) is a colorless liquid used in the production of polyvinyl chloride, which 

provides flexibility to plastics (ATSDR, 1993). 

Because BEHP is likely to be released to air and water during production of plastics, it can be carried long 

distances. In aquatic environments, BEHP adsorbs to sediment and bioconcentrates in organisms 

(Spectrum Laboratories, 1999). In terrestrial habitats, BEHP will not evaporate or leach into groundwater. 

It may biodegrade under aerobic conditions following acclimation in soil (Spectrum Laboratories, 1999). 

Butylbenzyl phthalate (BBP) is used as a plasticizer for polyvinyl and cellulose resins, primarily in 

polyvinyl chloride. Possible sources of BBP release to the environment are from its manufacture and 

distribution and from PVC blending operations. Diffusion of BBP from consumer products is expected to 

be minimal, (Howard, 1989). 

If BBP is released to land, it will sorb to soil and should not leach appreciably. The most significant fate 

process in soil will be biodegradation. BBP in surface waters will partition to solids such as sediment and 

biota (Howard, 1989). 

Bluegill sunfish exposed to BBP for 21 days at a mean BBP concentration of 9.73 mg/L had a 

bioconcentration factor of 663 (Howard, 1989). 

Di-n-butyl-phthalate is an odorless and colorless oily liquid. It is a man-made chemical that is used mostly 

to help make plastics soft and flexible (ASTDR, 1989). 

Di-n-butyl-phthalate is poorly soluble in water. Adsorption onto soil and sediments appears to be a 

significant sink for this chemical. Microorganisms in soil and sediment appear to be capable of degrading 

di-n-butyl-phthalate rapidly (ASTDR, 1989). 

Data indicate that di-n-butyl-phthalate can be taken up by and accumulate in a variety of organisms. It 

was reported that bioconcentration factors (BCFs) in six species of invertebrates ranged from 1,900 to 

6,600. BCFs for oysters, shrimp, and fish were reported to be 42, 31, and 12 (ASTDR, 1989). 



Greenhouse studies have demonstrated dose-dependent uptake of di-n-butyl-phthalate from soils into 

corn, soybean, and wheat seedlings (ASTDR, 1989). It may be produced in plants and it is metabolically 

degraded by plants and animals. 

Diethyl-phthalate (DEP) may enter the environment in air emissions, aqueous effluent, and solid waste 

products from manufacturing and plastics processing. Volitalization and leaching from disposed plastic 

materials are potential modes of transport into air, water, and soil. If released to soil or water, DEP is 

expected to undergo aerobic biodegradation, (Howard, 1989). 

The measured bioconcentration factor for DEP in bluegill sunfish is 117 and it is 15 to 16 in mullet. BCFs 

of 12 and 44 have been calculated from Log (K,,s). These BCFs indicate that bioaccumulation in aquatic 

organisms would not be significant (Howard, 1989). 

Dimethyl phthalate (DMP) is released into the environment principally in industrial wasterwater from its 

production and use as a plasticizer and mosquito repellent. If spilled on land, it should weakly sorb to 

most soils unless the soil has a very high organic content. Therefore, leaching to groundwater is 

expected. If released to water, it will remain in the water column because it weakly sorbs to sediment 

(Howard, 1989). 

The mean bioconcentration factors of DMP in brown shrimp and sheepshead minnows were 4.7 and 5.4 

after 24 hours, which indicated a very low bioconcentration. Bluegill sunfish showed a bioconcentration of 

57, which may be elevated due to experimental measurements (Howard, 1989). 

Other Ornanics 

No fate and transport information was available for N-nitrosodiphenylamine and 1,2,4-trichlorobenzene. 
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ORGANOCHLRORINE PESTICIDES 

CHLORDANE 

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 an insecticide that 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 (ATSDR, 1989a). 

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 (ATSDR, 1989a). 

Chlordane will bioconcentrate in both marine and freshwater species, as well as in bacteria (ATSDR, 

1989). In living organisms, chlordane concentrations are usually highest in samples collected near areas 

where chlordane was used to control termites or other pests, in predatory species, and in tissues with 

high lipid content. Food-chain biomagnification is low except in certain marine mammals (Eisler, 1990). 

DDT, DDE, DDD 

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 do not occur naturally in the environment. However, 

due to the extensive past use of DDT worldwide and the persistence of DDT and its 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 (ATSDR, 1989b). 

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 (ATSDR, 1989b). 

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 one-third that of DDT or DDE (ATSDR, 1989b). 

When DDT is released to water, it quickly absorbs to particles and is subject to sedimentation, 

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 (ATSDR, 1989b). 

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 (ATSDR, 1989b). 

DIELDRIN 

Dieldrin is an organochlorine pesticide that was used extensively in the past as an insecticide for corn and 

termite control. Dieldrin released to soils will persist for extremely long periods of time. Its low water 

solubility and strong adsorption to soil make leaching into groundwater unlikely. In surface water, dieldrin 

will adsorb to sediment and bioconcentrate in aquatic organisms (Howard, 1991). 

Moderate to significant bioconcentration in aquatic species has been reported, with bioconcentration 

factors (BCFs) ranging from 100 to 10,000 (Howard, 1991). 

HEPTACHLOR 

Heptachlor is a white powder that smells somewhat like camphor. It was used in the past (but is no 

longer permitted) for killing insects in homes, buildings, and on food crops. It is approved by EPA for 

killing fire ants in power transformers (ASTDR, 1991). 

Heptachlor is expected to adsorb strongly to soil, making leaching into groundwater unlikely. 

Volatilization from soil particles to the atmosphere is possible. In surface water, the heptachlor will 

adsorb to the sediments (Howard, 1991). 

Heptachlor has been reported to bioconcentrate in aquatic species. BCFs for several fish species are as 

follows: spot (5,744 to 8,282-whole body, 4,686-fillet); fathead minnow (9,500-19,952); mosquito fish 



(3,600-3,800); and sheepshead minnow (21,379). The BCFs in snails, alga, and oysters are 37,000, 

21,000, and 18,000, respectively (Howard, 1991 ). 

POLYCHLORINATED BIPHENYLS (AROCLOR 1254, AROCLOR 1260) 

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 10 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 (EPA, 1985). 

PCBs are man-made chemicals that were used widely in transformers and electrical equipment and as 

lubricants (ATSDR, 1989~). PCBs are inert, thermally and chemically stable compounds with dielectric 

properties. Because of their persistence and toxicity in the environment, their manufacture was 

discontinued in the United States in 1977 (EPA, 1985). However, PCB equipment manufactured before 

1977 is currently still being used in the United States and this use is regulated by EPA. 

PCBs released into water adsorb to sediments and other organic matter. Typically, PCB concentrations 

are greater in the sediment and suspended material than in the water column. Substantial quantities of 

PCBs in aquatic sediments can act as an environmental reservoir from which PCBs may be released 

slowly over a long period of time (ATSDR, 1989~). 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 (ATSDR, 1989~). PCBs have the capability to bioaccumulate and biomagnify 

(EPA, 1985). 

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 that 

determine biodegradability include the amount of chlorination, concentration, type of microbial population, 

available nutrients, and the temperature (ATSDR, 1989~). 

PCBs are expected to be highly immobile in the soil due to rapid and strong sorption. Accumulation of 

PCBs in terrestrial vegetation can occur by uptake from soil through the root and by deposition of 

atmospheric particulates on aerial plant surfaces. However, the transfer of vapor-phase PCBs from air to 

aerial plant parts may be the main source of vegetation contamination (ATSDR, 1989~). 
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MISCELLANEOUS COMPOUNDS 

Cyanide 

Hydrocyanic acid (HCN) is very reactive and occurs only rarely in nature. The cyanide ion (CN-) is highly 

water soluble and readily forms complexes with a variety of metal ions, especially those of the transition 

series. Compounds containing cyanide are often associated with steel, petroleum, plastics, synthetic 

fibers, metal plating, and chemical industries. The toxicity to aquatic organisms of most simple cyanides 

and metallocyanide complexes is due mostly to the presence of HCN as derived from ionization, 

dissociation, and photodecomposition of cyanide-containing compounds, although the cyanide ion is also 

toxic. All available evidence suggests that cyanide is neither mutagenic, teratogenic, nor carcinogenic. 

Moreover, there are no reports of cyanide biomagnification or cycling in living organisms, probably owing 

to its rapid detoxification. Cyanide seldom persists in surface waters and soils owing to complexation or 

sedimentation, microbial metabolism, and loss from volatilization (ATSDR, 1991). 

Total Petroleum Hydrocarbons 

See PAH fate and transport profile. 

Ammonium Perchlorate 

Little information was available regarding the fate and transport of ammonium perchlorate. An 

ammonium perchlorate study is currently ongoing at NSWC Indian Head. Data and information from that 

study, when available, will be used to obtain fate and transport information. 

ENERGETICS 

For this ERA, the term "energetics" will be used to describe the broad class of compounds used as 

propellants and explosives and similar compounds used in the processes associated with propellants and 

explosives. As a matter of note, available fate and transport information for these compounds suggests 

that they have limited persistence in aquatic media. 

In general, energetics are distinguished by one or more nitro- groups on the compound molecule. Nitro 

compounds released to soils and sediments are reduced to amino compounds and covalently bounded to 

soil organic matter (Roberts, 1992). A recent study has indicated that it may not be sufficient to look only 

for expected ordnance compounds in sediments due to breakdown of parent compounds and the 

possibility of degredation product toxicity. 



2,4,6-Trinitrotoluene (TNT) 

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. TNT is least impact- and 

friction-sensitive of the high explosives, and the impurities formed during its production (except for 

tetranitromethane) do not affect its sensitivity. TNT is likely to enter the environment in wastewater 

effluent from production facilities and from leachate at waste disposal sites. Mobility in soil may be limited 

by strong adsorption to soil particles (Roberts, 1992). Several studies have indicated that sediment 

adsorption and volatilization are not likely to be a significant fate processes. Degradation via photolysis 

and biotransformation, but not hydrolysis, is considered significant. Adsorption in soil is important 

process affecting the migration of TNT, with the cation exchange capacity and organic carbon content 

most critical in determining the degree of adsorption. Molecular diffusion also is considered an important 

factor and is related largely to percolation rate, but vapor phase diffusion would only be significant in arid 

climates where soil clay content is low (Roberts, 1992). 

In general, TNT binds strongly to sediments (Talmage et at., 1999). In contrast, another study showed 

that sorption to TNT to pond sediment is measurable but not extensive, is correlated to time and 

concentration, and is strongly, perhaps irreversibly, bound. Sorption of TNT to sediment is also directly 

related to pH and temperature. The degradation products of TNT also appear to be adsorbed to 

sediment. Slow biotransformation of TNT in natural water, even in the presence of small quantities of 

organic nutrients, has been demonstrated. The major process of transformation is via nitro-group 

reduction with no ring cleavage. The 2-amino and 4-aminodinitrotoluenes are the major biotransformation 

products. The volatilization of TNT is very slow and actual rates are consistently lower than those 

estimated by physical and chemical properties (Roberts, 1992). 

Studies by Shugart et al. (1 990) on the presence of TNT and its metabolite concentrations in the tissues 

of wildlife taken from the Alabama Army Ammunition Plant suggest that these materials do not 

accumulate; no TNT-related compounds were detected in these samples. No published literature was 

located regarding the metabolism of TNT isomers. Studies specifically describing release, fate, and 

transport of energetic compounds within aquatic ecosystems are scarce as well. Results of these studies 

indicate that long distance transportation TNT, RDX and DNT in aquatic systems and their degradation 

products is unlikely. Photolytic degradation of TNT proceeds fairly rapidly and limits the persistence of 

this munition in the water column (Etnier, 1987). 

2,4-Dinitrotoluene (2,4-DNT) and P,&Dinitrotoluene (2,6-DNT) 

2,bDinitrotoluene (2,4-DNT) and 2,6-Dinitrotoluene (2,6-DNT) are pale yellow solids and are two of six 

possible forms of DNT. DNT is made by mixing toluene with nitric acid. Etnier (1987) reported that 



biodegradation of 2,4 DNT and 2,6 DNT occurs under anaerobic conditions in the presence of exogenous 

carbon source; a slight biodegradation of 2,6 DNT was found to occur under aerobic conditions. There is 

a potential for transport of DNT via surface water and groundwater due to the moderate solubility of DNT 

and the low KO, value. DNT is not expected to bioacumulate in animal tissues. Photolysis is considered 

the major degradation route of DNTs released into oxygenated water (Robers, 1992). When released 

into the atmosphere, DNTs are subject to side chain oxidation, decarboxylation, ring oxidation, and/or 

nitroreductin in air and sunlight. Indirect photoysis also may occur (Roberts, 1992). 

Nitrocellulose 

Because of its fibrous nature, nitrocellulose blankets benthic habitats (limiting available oxygen) and can 

fill in interstitial spaces used as cover for benthic organisms. This habitat alteration is compounded by the 

resistance of nitrocellulose to environmental degradation. 

HMX 

HMX, a colorless, crystalline solid, is a completely N-nitrated, eight-member heterocyclic ring compound. 

HMX is used to implode fissionable material to achieve critical mass in nuclear devices and as a 

component in plastic-bonded explosives, solid-fuel rocket propellants, and military munitions with such 

applications as burster chargers. HMX has approximately 130% of the explosive power of trinitrotoluene 

(TNT). Environmental HMX pollution may result from propellant formulation manufacture. Photolysis is 

the dominant fate process for HMX in the aquatic environment. A concentration of 0.5 ppm HMX is 

reported to have a half-life of 4 to 5 days when exposed to natural sunlight. Major photolytic 

transformation products are nitrate, nitrite, and formaldehyde. Photolytic processes are inhibited in waste 

disposal lagoon water with poor light transmission (Roberts, 1992). Biotransformation was also identified 

as an important fate process for HMX in the aquatic environment. Aerobic biotransformation of HMX 

occurs rapidly in HMX waste stream waters but not in river or lagoon waters. Anaerobic biotransformation 

occurs very slowly but is accelerated in the presence of excess organic nutrients. The metabolites 

resulting from both aerobic and anaerobic transformation are the mono- through tetranitroso derivatives of 

HMX that are metabolized to 1,l-dimethylhydrazine. Hydrolysis, oxidation, and abiotic reduction are not 

considered major transformation processes for HMX, nor are volatilization, sediment sorption, and 

biosorption (Roberts, 1992). Hydrazines are ephemeral in the aquatic environment (Amidei, 2000). 

RDX 

RDX, a white crystalline solid, is a completely N-nitrated, six-member heterocyclic ring compound. It has 

been used extensively as a high-impact explosive in military munitions formulations since World War II. 

RDX also is used as a rat poison. RDX is usually manufactured by the nitration of hexamethylene 



tetramine. RDX can enter the aquatic environment through wastewater discharges from the manufacture 

and loading of RDX, and migration from settling ponds into soil, with subsequent leaching to groundwater. 

Direct photochemical degradation is the major removal process in translucent waters. Atmospheric 

releases may occur from incineration of RDX-containing mixtures, with dry or wet deposition as major 

atmospheric removal processes. Sediment deposits in army ammunition plants may also pose an 

environmental problem, since seepage into the groundwater may occur (Roberts, 1992). Sediment 

absorption will not lead to a significant loss in the aquatic environment (Roberts, 1992). Lotufo 

(unpublished data) has also shown that cyclonitramines (HMX and RDX) have low affinity for sediment. 

Miscellaneous Energetics 

Little fate and transport information was available for nitrobenzene, nitroguanidine, PETN, and nitrate 

esters. Nitrate esters are a class of compounds that include triethylene glycol dinitrate, nitroglycerin, 

propylene glycol dinitrate, butanetriol trinitrate, trimethylolethane trinitrate. 
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APPENDIX C-2 

RECEPTOR PROFILES 



The following presents the receptor profiles for the mallard duck, great blue heron, and mink. These species 

were used as part of the food chain model calculations estimating risk to terrestrial wildlife at Mattawoman 

Creek. The majority of the information for the profiles was obtained from the Wildlife Exposure Factors 

Handbook (USEPA, 1993). The data for the incidental sediment ingestion rates were obtained from the 

Estimates of Soil lnqestion by Wildlife (Beyer, 1994). 

The food and water ingestion rates are presented in glg (of body weight)-day on a wet weight basis. The home 

ranges are presented in hectares in USEPA (1 993), but were converted to acres in the SERA by multiplying 

the number of hectares by 2.471. Also, note that the estimated percent of soil in the diets is listed in dry 

weight, while the other exposure factors are in wet weight. The soil dry weight was not converted to a wet 

weight in this SERA because the percent moisture of the soils is not known. This results in an overestimate 

of soil in the diet. However, incidental soil ingestion is only a small portion of the overall diet (3.3% for the 

mallard). Incidental soil ingestion rates are not available for the heron and mink and so 3.3% (for the mallard) 

was used in the calculation. This is conservative when assuming a diet of 100% fish for the heron and mink 

because very little sediment (i.e., likely to be less than 3.3%) will actually be consumed. 

The attached table presents the calculation of the exposure parameters. Note that in this table the ingestion 

rates listed in glg-day were converted to kglday (or Uday) for the conservative and average scenarios for use 

in the food chain models. The ingestion rates were calculated differently (depending on the information 

available) as indicated on the table. The mink conservative ingestion rates were calculated by multiplying the 

highest ingestion rates by the average body weights. In calculating the ingestion rates for the heron, the 

highest body weight was multiplied by the only listed rate in glg-day. The food ingestion rate for the mallard 

was calculated by Nagy's equation, using the maximum listed body weight for the conservative scenario and 

the average body weight for the average scenario. The water ingestion rate for the mallard was calculated in 

the same manner as the mink. The highest ingestion rate was multiplied by the average body weight in the 

derivation of the conservative scenario. Typically, a minimum body weight is used in the conservative models. 

However, using the minimum body weight to calculate the maximum ingestion rate sometimes causes the 

conservative ingestion rate to be lower that the average ingestion rate. Therefore, the average body weight 

was selected to ensure that the ingestion rate for the conservative scenario was higher than the ingestion rate 

for the average scenario. All other average scenario ingestion rates were calculated by multiplying the average 

body weight from the study means by the average ingestion rates. 

Mallard Duck (Anas platyrhynchos) 

The mallard duck is a surface-feeding duck in that it feeds in shallow water, sifting and filtering through soft 

mud for food. Mallards are found in freshwater and saltwater wetlands nesting in areas that are dense with 

grassy vegetation approximately a half meter high. The mallard feeds mostly on seeds and grains of aquatic 

plants and aquatic invertebrates depending on the season, foraging and dabbling through sediment. 



The male mallard duck is generally heavier than the female mallard duck with the average body weights 

ranging from 1.043 kg to 1.225 kg. The maximum test body weight (1.246 kg) was used however, in the 

derivation of the conservative food ingestion rate. Food ingestion rates were calculated in kglday based on 

this information and Nagy's equation (USEPA, 1993): FI = ( 0 . 0 5 8 2 ) ( ~ ~ ~ . ~ ~ ' ) .  Nagy's equation was further 

divided by 0.13 to account for the percent water in macrophytes. The conservative food ingestion rate of 

0.517 kglday and the average food ingestion rate of 0.495 kglday were calculated. 

The water ingestion rate for the mallard duck is estimated at 0.055 glg-day (male) and 0.058 glg-day (female). 

The conservative and average ingestion rates used for the food chain model were 0.068 Uday and 0.066 

Uday, respectively. The incidental soil ingestion rates (0.01706 kglday and 0.008481 kglday for the 

conservative and average scenarios, respectively) were obtained by multiplying the food ingestion rate by the 

percentage of sediment incidentally ingested (3.3 percent). 

Based on data from Minnesota wetlandslriver, mallard ducks have home ranges from 98.84 acres to 3558 

with an average home range of 1433 acres. 

Great Blue Heron (Ardea herodias) 

Great blue herons inhabit a variety of freshwater and marine areas, including lakes, rivers, marshes, and 

coastal wetlands, particularly where small fish are plentiful in shallow areas. Fish are the preferred prey, but 

they also eat amphibians, reptiles, crustaceans, insects, birds, and mammals. The majority of the fish they 

consume are less than 25 cm (10 inches) in length. 

The adult body weights range from 2.204 to 2.576 kg with an average body weight of 2.31 kg. The food 

ingestion rate is listed as 0.1 8 glg-day with calculated ingestion rates of 0.464 kglday for the conservative 

scenario and 0.416 for the average scenario. The water ingestion rate is listed as 0.045 glg-day with 

calculated ingestion rates of 0.1 16 Uday and 0.104 Uday for the conservative and average scenarios, 

respectively. The incidental soil ingestion rates are calculated by multiplying the ingestion rate by the 

percentage of soil that is incidentally ingested (3.3 percent) based on information from the mallard (Beyer, 

1994). The sediment ingestion rates were calculated at 0.01 53 kglday and 0.01 37 kglday for the conserative 

and average scenarios, respectively. 

The range of feeding range sizes for the heron is 1.5 to 21 acres for an average feeding range of 11 acres. 

Mink (Mustela vison) 

Minks are the most abundant and widespread carnivorous mammals in North America. They are found 

associated with aquatic habitats of all kinds including waterways such as rivers, streams, lakes, ditches, as 



well as swamps, marshes, and backwater areas. They prefer irregular shorelines, and tend to use brushy or 

wooded cover adjacent to the water, where prey is abundant and where downfall and debris provide den sites. 

Mammals are the mink's most important prey throughout all seasons of the year in many parts of their range, 

but they also hunt aquatic prey such as fish, amphibians, and crustaceans. 

The adult body weight for the mink in various habitats ranges from 0.55 to 1.734 kg with an average of 1 .I03 

kg. The listed food ingestion rates for minks range from 0.12 to 0.22 glg-day, with calculated ingestion rates 

of 0.243 kglday and 0.1 8 kglday for the conservative and average exposure scenarios, respectivley. The 

water ingestion rates range from 0.028 to 0.1 1 glg-day. Calculated water ingestion rates were 0.121 Uday 

for the conservative scenario and 0.073 Uday for the average exposure scenario. The incidental soil ingestion 

rate was calculated by multiplying the ingestion rate by the percentage of soil that is incidentally ingested (3.3 

percent based on the mallard), as presented in Beyer (1993). The home range for the mink in riverine areas 

ranges from 19.3 to 50.4 acres. 
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DERIVATION OF BODY WEIGHT, FOOD INTAKE, AND WATER INTAKE FACTORS FOR TERRESTRIAL FOOD CHAIN MODELS 
MATTAWOMAN CREEK 

INDIANHEAD, MARYLAND 

Min (kg) 1.043 
Max (kq) 1.246 

Species 

A V ~  ikgj 1.166 
Food Inges- 
tion Rate 

(glg-day) 

Food Inges- 0.517 0.495 Food ingestion rates calculated from 

tion Rate Nagy's equations (EPA. 1993), using 

(kgfday) maximum body weight for conservative 

estimate (value divided by 0.13 to 

Mink 
Body A M spring 1734 
Weight (g) A F spring 974 

A M summer 1040 
A M fall 1233 
A F summer 550 
A F fall 586 

Food lnges- A M summer 0.13 
tion Rate 
(gig-day) A M winter 0.12 

A F winter 0.16 

A M yr-round 0.22 

Water in- A F 0.1 1 
geSti0n Rate A M 0.099 

(gfg-day) 
A F 0.028 

Great Blue Heron 
Body A B 2229 
Weight (g) 

A F 2204 
A M  2576 

Food lnges- A B 0.1 8 
tion Rate 

(gfg-day) 

Water In- A B 0.045 
geSti0n Rate 

(gfg-day) 
Mallard 

Body A M  1.225 
Weight (kg) A F 1.043 

Data from EPA (1993) 

I account for percent water in macrophyles) 

Water In- A M 0.058 1 Water In- 0.0565 Hiahest inaestion rate and average body 

Body 1.354 Average BW is from study means 

Weight (kg) 

0.852 

0.550 1.103 

Food Inges- 0.130 Highest ingestion rate and average body 

tion Rate weight used for conservative rate while 

(kglday) 0.140 the average of the ingestion rates and 

average body weight were used for the 

average rate 

0.220 0.243 0.180 

Water In- 0.105 0.121 0.073 Highest ingestion rate and average body 
geSti0n Rate weight used for conservative rate while 

W a y )  the average ingestion rate and average 

0.028 body weight were used for the average 

Body 2.229 Average BW is from study means 

Weight (kg) 
2.39 2.20 2.31 

Food Inges- 0.464 0.41 6 Highest body weight used lor conservative 

tion Rate rate 

(kgfday) 

Water In- 0.1 16 0.104 Highest body weight used for conservative 

geSti0n Rate rate while the average body weight was 

(Uday) used for the average rate 

Body 1.134 Average BW is from study means 

Weight (kg) 

Factor 

Derivation of Factors for Modeling 

Factor 
AgelSexl 

CondJSeas. 

gestion Rate A F 0.055 

(glg-day) 

Mean 
Study 
Mean 

- - 
gestion Rate 0.068 0.066 weight used for conservative rate while 

W a y )  the average was used for the average rate 
Notes: Definitions: 

-Data shown are for adults A = Adult 
-Entries on adjacent rows are from the same study F = Female, M = Male, B = Both 

FIR = Food Ingestion Rate 
BW = Body Weight 
Cns = Conservative; Avg = Average 

Conser- 
vative Average Notes 
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APPENDIX C-4 

ALTERNATIVE BENCHMARKS 



The following sections present the additional benchmarks/toxicity data that were used to evaluate the 

chemicals, which were retained as COPCs after the initial screening, to determine if the concentrations 

warrant further evaluation. 

Surface Water 

USEPA has established recommended WQC for several contaminants (USEPA, 1999). In addition, other 

nonregulatory surface water screening values are used to evaluate the surface water data that do not 

have WQC. The following surface water screening levels (SWSLs) are used to further evaluate potential 

risks to aquatic receptors in this ERA: 

Recommended Water Quality Criteria (USEPA, 1999a) 

Toxicological Benchmarks for Screening Potential Contaminants of Concern for Effects on Aquatic 

Biota, 1996 Revision (Suter and Tsao, 1996) 

USEPA Region IV Surface Water Screening Values (USEPA, Region IV, 2001) 

The Recommended Water Quality Criteria were developed by U.S. EPA to provide states with guidance 

for developing their own criteria (USEPA, 1999). These values are set to protect the majority of aquatic 

organisms from adverse impacts from contaminants in the surface water. The recommended Water 

Quality Criteria for most metals are based on the dissolved portion of the metals. 

The publication "ECO Update-Ecotox Thresholds" was prepared by USEPA for use as benchmark 

screening values in the first step of a baseline risk assessment (USEPA, 1996). Most of the surface 

water thresholds for the contaminants that are evaluated in this SERA are based on Suter and Mabrey, 

(1994) in the Ecotox Thresholds. Because Suter and Mabrey (1 994) has been updated, Suter and Tsao 

(1996) values will be used when the Ecotox Thresholds were based on the Suter and Mabrey (1994) 

data. The Suter and Tsao (1 996) benchmarks were calculated using Tier II methodology as described in 

the U.S. EPA's Proposed Water Quality Guidance for the Great Lakes System (USEPA, 1993). Tier II 

values are developed so that aquatic benchmarks could be established with fewer data than are required 

for the U.S. EPA AWQC. 

EPA Region IV has developed screening values for many contaminants that do not have AWQC (USEPA, 

2001). They were derived using the lowest reported effect level with the application of a safety factor of 

ten to protect for a more sensitive species. A safety factor of ten also was used to derive a chronic value 

if only acute information was available. 



Both the acute and chronic SWSLs are used to evaluate the COPCs to determine potential impacts in a 

lines-of-evidence approach, when necessary. 

Sediment 

Several of the sediment risk screening levels (i.e., ER-Ls, and LELs), that are used to select COPCs, are 

conservative because chemicals detected at concentrations below these levels are not expected to cause 

any adverse impacts to the benthic community. Because they are conservative, the sediment risk- 

screening levels are frequently less than background sediment concentrations. Since the objective of the 

risk screening is to determine if the chemicals at the site are causing a risk to ecological receptors, 

alternate benchmarks (i.e., ER-Ms and PELS) were used to further evaluate the risk associated with 

chemicals that exceeded the conservative screening levels. The following bullets list the alternate 

benchmarks that were used to further evaluate chemicals retained as COPCs after the initial screening as 

they are commonly referred to in ERAS. The paragraphs following the bullets discuss each of the 

benchmarks in more detail. The table at the end of this Appendix presents the sediment benchmarks that 

are discussed in this ERA. Note that the freshwater and saltwater sediment benchmarks are often used 

interchangably because some studies have indicated that the relative sensitivities of saltwater and 

freshwater benthic invertebrates are similar. 

USEPA Ecotox Thresholds (USEPA, 1996) 

Ontario Sediment Screening [Ontario Ministry of Environment and Energy (OMOE), 19931 

Long et al., 1995 Sediment Screening Levels (Long et al., 1995) 

Florida Sediment Screening Levels (MacDonald, 1994) 

Apparent Effects Thresholds (Cubbage et al., 1997). 

USEPA Great Lakes ARCS Program (USEPA, 1996 as cited in Jones, et al., 1997). 

USEPA Ecotox Thresholds 

The sediment Ecotox Thresholds include draft USEPA Sediment Quality Criteria (SQC) that have been 

established for five contaminants (acenaphthene, dieldrin, endrin, fluoranthene, and phenanthrene); 

Sediment Quality Benchmarks (SQBs) that have been established using equilibrium partitioning; and 

Effects Range-Low values from Long et al. (1995). SQC and SQBs Ecotox Thresholds are based on an 



assumption of 1 percent organic carbon [10,000 mglkg total organic carbon (TOC)]. The three polycyclic 

aromatic hydrocarbon (PAH) SQC documents (acenaphthene, fluoranthene, and phenanthrene) soon will 

be withdrawn in favor of a total PAH SQC document (Riley, 2000). Therefore, the SQC values for the 

three individual PAHs were only used in this report when other levels were not available. The SQBs 

calculated in USEPA (1996) are based on freshwater data and therefore were used for freshwater 

sediments. 

Ontario Sediment Screenina Levels 

The Guidelines for the Protection and Management of Aquatic Sediment Quality in Ontario (OMOE, 1993) 

are based on freshwater studies. OMOE (1 993) establishes three effects levels, as follows: 

No Effect Level (NEL): Sediment will not affect fish or sediment-dwelling organisms. In addition, no 

transfer through the food chain and no effect on water quality are expected. 

Lowest Effect Level (LEL): Sediment is considered marginally polluted but will not affect the majority 

of sediment-dwelling organisms. 

Severe Effect Level (SEL): Sediment is considered highly polluted and likely to affect the health of 

sediment-dwelling organisms. 

LEL values were used as the freshwater risk screening levels, when available. 

Lona et al.. 1995 Sediment Screenina Levels 

The Incidence of Adverse Biological Effects within Ranges of Chemical Concentrations in Marine and 

Estuarine Sediments (Long et al., 1995) are based on marine and estuarine studies. Long et al. (1 995) 

establishes three effects levels. as follows: 

Below Effects Ranqe-Low (ER-L): Minimal-effects range (adverse effects would be rarely observed); 

Between ER-L and Effects Ranqe-Median (ER-M): Possible-effects range (adverse effects would 

occasionally occur); and 

Above the ER-M: Probable-effects range (adverse effects would probably occur). 

ER-L values were used as the saltwater risk screening levels, when available. 



Florida Sediment Screenina Levels 

The Florida Department of Environmental Protection (MacDonald, 1994) has developed screening values 

in a manner similar to Long et al. (1995), except that the Florida values also incorporate chemical 

concentrations observed or predicted to be associated with no adverse biological effects (no effects data). 

Both sets of screening values were developed for estuarine and marine waters to protect aquatic 

organisms, including benthic macroinvertebrates, fish, and shellfish (Long et al., 1995). These guidelines 

establish the following two effects levels: 

Threshold Effects Level (TEL): The TEL is the geometric mean of the 1 51h percentile in the effects data 

set and the 5oth percentile in the no effects data set. It represents the upper limit of the range of sediment 

contaminant concentrations that are dominated by no effects data. 

Probable Effects Level (PEL): The PEL is the geometric mean of the 50 '~  percentile in the effects data 

set and the 851h percentile in the no effects data set. It represents the lower limit of the range of sediment 

contaminant concentrations that are usually or always associated with adverse biological effects. 

ADDarent Effects Thresholds 

The sediment screening level for a few of the chemicals is the Apparent Effects Threshold (AET), as 

presented in the Creation and Analysis of Freshwater Sediment Quality Values in Washington State 

(Cubbage et al., 1997). The AET is defined as the concentration of a given chemical above which 

statistically significant (p<0.05) biological effects are always expected to occur (Cubbage et al., 1997). 

The study also generates Probable AETs (PAETs), which were defined as the 951h percentile of values 

from all stations with no significant biological effects and concentrations greater that the lowest hit level 

(Cubbage et al., 1997). The AETs and PAETs in Cubbage et al. (1997) are based on MicrotoxB 

bioassays or bioassays using amphipods, Hyalella azteca. The AETsIPAETs based on MicrotoxB 

bioassays are typically lower than the AETs based on amphipods. However, because one of the 

assessment endpoints for this SERA are benthic macroinvertebrates, the AETsIPAETs based on 

amphipods are more appropriate screening levels for determining the need for further evaluation of the 

chemicals at the sites. Table B-3 presents the AETs and PAETs based on amphipods. 

AETs also were developed for the Puget Sound (Tetra Tech, 1986). For selenium, the AET for 

amphipods was listed as greater than 1.0, and the AET for benthic invertabrates was listed as greater 

than 63. AETs could not be developed for selenium because there were no impacted stations with 

chemical concentrations above the highest concentration among non-impacted stations. 



USEPA Great Lakes ARCS Proaram 

The National Biological Service produced a set of benchmarks for the USEPA Great Lakes National 

Program Office as part of the Assessment and Remediation of Contaminated Sediment (ARCS) Project 

(USEPA, 1996 as cited in Jones, et al., 1997). The benchmarks were developed with the same 

procedures that were used to develop the ER-Ls and ER-Ms (Long et al., 1995), the TELs and PELS 

(MacDonald, 1994), and the AETs (Cubbage et al., 1997). The ARCS Threshold Effect Level (TEL) is 

similar to the ER-L and TEL. The ARCS Probable Effect Level (PEL) is similar to the ER-M and PEL. 

Finally, the high No Effect Concentration (NEC) is similar to the AET. 
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SEDIMENT ECOLOGICAL EFFECTS LEVELS 
MASTER TABLE 

PAGE 1 OF 2 

Chemical 
Semivolatiles (malka) 

Long et al., 1995 
ER-L 1 ER-M 

OMOE, 1993 
LEL I SEL(') 

Cubbage et al., 1997 
AET I PAET I LAET I FSQV 

ARCS, 1996 
T E C ~  PEC 1 NEC 

McDonald, 1994 
TEL I PEL 



SEDIMENT ECOLOGICAL EFFECTS LEVELS 
MASTER TABLE 

PAGE 2 OF 2 

Long et al., 1995 OMOE, 1993 Cubbage et al., 1997 ARCS, 1996 McDonald, 1994 
Chemical ER-L I ER-M LEL I SEL(') AET I PAET I LAET I FSQV T E C ~  PEC I NEC TEL I PEL 

Notes: 
1 Values assume 1 % organic carbon. 
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Tetra Tech NUS 10-day Sediment Toxicity 

SUMMARY 

CLIENT: 

TEST FACILITY: 

Tetra Tech NUS 

NSWC, Indian Head, Maryland 

TEST MATERIAL: Sediment from 28 sites, plus control 

DATE(S) COLLECTED: 5 - 9 September, 2001 

DATE(S) RECEIVED: 7, 1 1 September, .200 1 

COLLECTED BY: Client 

CONTROLIDILUTION 
WATER: Moderately Hard Reconstituted Water 

TYPE OF TEST(S): 10-Day Sediment Toxicity using Hyalella azteca 

TEST DATE(S): 18 - 28 September, 2001 
22 September - 2 October, 2001 

Tetra Tech, Inc. Page -2- October 24,2001 



Tetra Tech NUS 1 0-day Sediment Toxicity 

Reference Site 

Tetra Tech, Inc. Page -3- October 24, 2001 

Mean Individual Weight based on 10 
Organisms per Chamber (mg) 

0.52 

0.58 

0.12 

0.23 

0.0 

0.08 

0.28 

0.19 

0.05 

0.18 

0.06 

0.09 

0.05 

0.09 

0.03 

0.21 

0.33 

0.09 

0.12 

0.08 

0.0 

0.06 

0.03 

0.12 

0.11 

0.12 

0.10 

0.0 

0.1 1 

0.11 

RESULTS 

Mean Weight of Survivors (mg) 

0.59 

0.66 

0.19 

0.48 

0.0 

0.16 

0.35 

0.23 

0.21 

0.22 

0.32 

0.20 

0.20 

0.33 

0.06 

0.28 

0.43 

0.28 

0.48 

0.31 

0.0 

0.20 

0.14 

0.24 

0.31 

0.46 

0.42 

0.0 

0.39 

0.28 

TEST RESULTS: 
TABLE 1. 

Site 

911 8 Control 

9/22 Control 

NJCSD00101' 

NJCSD00201* 

MTCSDFDOOl 

MTCSDFDOO2 

MTCSDFD003 

MTCSDFD004 

MTCSDOOlOl 

MTCSD00201 

MTCSD00301 

MTCSD00401 

MTCSD00901 

MTCSDOlOOl 

MTCSDOl101 

MTCSDOl2Ol 

MTCSD01301 

MTCSD01401 

MTCSDOISOI 

MTCSD01601 

MTCSD01701 

MTCSDOl8Ol 

MTCSD01901 

MTCSW2001 

MTCSD02301 

MTCSD02401 

MTCSD02501 

MTCSD02601 

MTCSD02701 

MTCSD02801 

SUMMARY OF TEST 

Mean % Survival 

86.25 

86.25 

61.25 

50 

0 

51.25 

81.25 

85.0 

23.75 

80.0 

14.28 

46.25 

18.75 

10.0 

20.0 

75.0 

75.0 

36.25 

20.0 

26.25 

0.0 

27.5 

16.25 

50.0 

33.75 

3 1.25 

22.5 

0.0 

3 1.25 

40.0 



Tetra Tech NUS 10-day Sediment Toxicity 

MATERIALS AND METHODS 

TEST MATERIAL 

One gallon of sediment for each of 28 sites was collected by Tetra Tech NUS personnel. The 
samples were transported in one gallon plastic ziploc bags on ice to Tetra Tech's Biological 
Research Facility. Upon arrival, the sample identification, collection date and time were 
recorded on the sample chain-of-custody sheet (see "Chain-of-Custody" section of this report). 
Temperature of sediment was recorded upon arrival by measuring the temperature blank (water) 
packed with sediment. Temperature in all blanks was < 4" C and was recorded on the chain-of- 
custody sheet. 

CONTROLJDILUTION WATER 

The control/dilution water used for the Hyalella azteca 10-day sediment toxicity test was 
moderately hard reconstituted water with a hardness of 74 - 104 mg/L as CaCO, and an alkalinity 
of 48 - 76 mg/L as CaCO,. This is Tetra Tech's standard culture and testing water. 

TEST ORGANISMSIAGE 

Hyalella azteca, 7 to 14 days old (all within a 24 hour range in age), were obtained fiom ABS 
(Aquatic BioSystems Inc.) and Chesapeake Cultures. All organisms appeared healthy and 
disease fiee. 

TEST METHODS 

Samples were thoroughly homogenized in the lab in a stainless steel bowl with a Teflon spoon. 
During homogenization, the sediments were inspected for indigenous organisms and if found 
they were removed. 

U.S. Environmental Protection Agency. 2000. "Methods for Measuring the Toxicity and 
Bioaccumulation of Sediment-Associated Contaminants with Freshwater Invertebrates." 2"* 
edition. EPN600lR-941024. U.S. EPA, ORD, Duluth, MN. 

ASTM. 2000. Standard test methods for measuring the toxicity of sediment-associated 
contaminants with fkeshwater invertebrates. E1706-95b. In Annual Book of ASTM Standards, 
Vol. 1 1.05, Philadelphia, PA. 

Tetra Tech Standard Operating Procedure 02810 1.23.97. 1 0-day Chironomus tentans Sediment 
Toxicity Test. Revised January, 1997. (Internal document prepared by Tetra Tech, Inc.) 

Tetra Tech, Znc. Page -4- October 24,2001 



Tetra Tech NUS 1 0-day Sediment Toxicity 

TEST CONDITIONS 

A summary of the test conditions for the H. azteca 10-day sediment toxicity test is on page 6 .  

AERATION OF TEST 

Slow aeration was provided on day 3 in test initiated on September 18, and on Day 0 in tests 
initiated September 22. Although aeration was provided, dissolved oxygen continued to fall 
below 4.0 mg/L overnight. Dissolved oxygen levels were sufficient for the hours between 
renewals. Therefore dissolved oxygen levels were suboptimal only for a few hours before 
morning test renewals. 

MODIFICATIONS TO PROTOCOLS 

None 

COMMENTS CONCERNING TEST 

Sediment avoidance was observed in some site test containers, but it was not uniform for all 
replicates within those sites. 

Tetra Tech, Inc. Page -5- October 24, 2001 



Tetra Tech NUS 10-day Sediment Toxicity 

TABLE 2. Summary of Test Conditions for Hyalella azteca 10-day Whole Sediment 
Tnviritv Test- 

19. Overlying water quality 

Tetra Tech, Inc. Page -6- October 24, 2001 



Tetra Tech NUS 10-day Sediment Toxicity 

RESULTS 

OVERLYING WATER PHYSICAL/CHEMICAL RESULTS 

The physicaVchemica1 results of the overlying water including: alkalinity and hardness (as mg 
CaCO,), ammonia, dissolved oxygen, pH, temperature, and conductivity, are summarized in 
Table 3. Overlying water quality was similar among all sites. See "Laboratory Bench Sheets" 
section of this report for all physicochemical data. 

HYALELLA AZTECA RESULTS 

Hyalella azteca survival in site sediments ranged between 0% (MTCSDO 170 1, MTCSD02601, 
MTCSDFD00101) to 85.0% (MTCSDFD00401). Survival in all test sites was significantly 
different from that in the reference site, NJCSD00201 (Table 1; Statistics Appendix, ANOVA, 
Duncan Multiple Range Test, pC0.1) except for sites MTCSDFD002, MTCSD02601, 
MTCSD01701, MTCSD01301, MTCSD00401, and SDFD00101. Survival in all test sites was 
significantly different from that in the reference site, NJCSDOOl 01 (Table 1 ; Statistics 
Appendix, ANOVA, Duncan Multiple Range Test, p<0.1) except, sites MTCSDFD002, 
MTCSD01701, MTCSD01301, MTCSD01801, and SDFD00301. Several sites including 
MTCSD00201, MTCSDFD00301, MTCSDFD00401, MTCSD01201, MTCSD01301, and both 
Controls were all significantly higher than at least one and sometimes both of the reference site 
samples. The results of the statistical analysis along with significance levels is included in the 
Statistics Appendix. 

Mean weight of survivors in all test sites was not significantly different from that in reference site 
NJCSDOO 101, except for site MTCSD02401 (Table 2; Statistics Appendix, ANOVA, Duncan 
Mutlitple Range Test, p<0.1). However, thirteen out of 28 test sites had significantly different 
survivor weights when compared to reference site NJCSD00201 (Table 2; Statistics Appendix, 
ANOVA, Duncan Multiple Range Test, pc0.1). The results of the statistical analysis along with 
significance levels is included in Table 2 in the Statistics Appendix. 

Biomass or the weight of the survivors divided by the original number of organisms placed in the 
test chambers yielded similar results as the survival weight analysis. In twenty-one sites out of 
the twenty eight tests sites, biomass was significantly different than that in reference site 
NJCSD00201 (Table 3; Statistics Appendix, ANOVA, Duncan Multiple Range Test, pc0.05). 
Only eight sites out of the twenty eight test sites yielded a significant difference in comparison 
with reference site NJCSDOOlOl (Table 3; Statistics Appendix, ANOVA, Duncan Multiple 
Range Test, p<0.1). Thus reference site NJCSD00201 appeared to be a higher quality reference 
sediment than NJCSD00101. The results of the statistical analysis along with significance levels 
is included in Table 3 in the Statistics Appendix. 
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Tetra Tech NUS 10-day Sediment Toxicity 

COMMENTS CONCERNING TEST RESULTS 

Test acceptability criteria were met for H. azteca for this test as evidenced by >80% survival in 
the controls and measurable weight 
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TETRA TECH, INC. 
Sediment Toxicity Test Data Summary 

TABLE 3. SUMMARY OF WATER QUALITY AND TEST DATA 
FOR Hyalella azteca 10-DAY SEDIMENT TOXICITY TEST 

Client: Tetra Tech NUS 

MTCSD02801 330 - 400 2.7 - 6.8 7.1 - 7.4 
* Reference Site 

Experiment ID: Tt NUS 9/18/01 H. azteca 

Sample Tested: NSWC, Indian Head, MD 

RESULTS 
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Start Test 

End Test 

Ammonia 
( m a )  

WATER CHEMISTRY ANALYSIS (RANGE) 

9-18-01 

9-28-01 

Site Alkalinity 
( m a  as 
CaCO,,) 

Hardness 
(mgk as 
CaCO,,) 

Cond. 
(~mhos) 

D.O. 
(m@) 

PH Temp. (OC) 
Instantaneous 



TETRA TECH. INC. 
Sediment Toxicity Test Data Surnmarv 

TABLE 3. SIJMMARY OF WATER QUALITY AND TEST DATA 
FOR Hyalella azteca 10-DAY SEDIMENT TOXICITY TEST 

RESULTS 
Ir I 

Client: Tetra Tech NUS 

11 WATER CHEMISTRY ANALYSIS (RANGE) 
I I I I I I 

9-22-01 

10-2-0 1 

Experiment ID: Tt NUS 9/22/01 H. azteca 

Sample Tested: NSWC, Indian Head, MD 

Start Test 

End Test 

Site 

Control 

MTCSDOOlOl 

MTCSD00201 

MTCSD00301 
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Cond. 
(clmhos) 

381 - 474 

MTCSDOlOOl 

MTCSDOl101 

MTCSDOl2Ol 

345 - 385 

341 - 372 

333 - 338 

D.O. 
(mg/L) 

4.4 - 7.3 

333 - 375 

331 - 356 

332 - 349 

2.6 - 6.0 

2.7 - 5.9 

0.7 - 6.3 

PH 

7.3 - 7.4 

1.0 - 6.0 

1 .O - 6.4 

3.4 - 7.2 

7.0 - 7.2 

7.1 - 7.2 

7.1 

Temp. ("C) 
Instantaneous 

21.6 - 22.9 

7.1 - 7.7 

7.0 - 7.2 

7.1 - 7.2 

21.4 - 22.8 

21.4 - 22.8 

21.5 - 22.7 

Alkalinity 
(mgL as 
CaC03d 

80 - 84 

21.4 - 22.8 

21.5 - 22.8 

21.4 - 22.8 

48 - 80 

46 - 66 

46 - 88 

Hardness 
(m@ as 
CaC03d 

106 -108 

62 - 70 

46 - 74 

48 - 74 

Ammonia 
(mg/L) 

0.25 - 1.5 

76 - 82 

78 - 84 

78 - 80 

0.25 - 1.25 

0.0 - 0.25 

0.5 - 1.0 

76 - 90 

74 - 76 

78 -84 

0.50 - 2.50 

0.25 - 2.0 

0.25 - 0.5 



A. STATISTICAL ANALYSIS 





























































































































































































































































































APPENDIX C-I I 

POTOMAC RIVER SUBMERGED AQUATIC VEGETATION DISTRIBUTION 

AND 

STATUS OF HABITAT 



Potomac River 

SA V Distribution and Status of Habitat 
The well-defined linkage between water quality and submerged aquatic vegetation 
(SAV) distribution and abundance make SAV communities good barometers of the 
health of estuarine ecosystems. SAV is important not only as an indicator of water 
quality, but it is also a critical nursery habitat for many estuarine species. Blue crab 
post-larvae are 30 times more abundant in SAV beds than adjacent unvegetated areas. 
Similarly, several species of waterfowl are dependant on SAV as food when they over- 
winter in the Chesapeake region. 

The Chesapeake Bay Program has developed new criteria for determining SAV habitat 
suitability of an area based on water quality. The APercent Light at Leaf@ habitat 
requirement assesses the amount of available light reaching the leaf surface of SAV 
after being attenuated in the water column and by epiphytic growth on the leaves 
themselves. The document describing this new model is found on the Chesapeake Bay 
Program website (www.chesa~eakeba~.netlpubslsavlindex.html). The older AHabitat 
Requirements@ of five water quality parameters are still used for diagnostic purposes. 
Re-establishment of SAV is measured against the ATier 1 Goal@, an effort to restore 
SAV to any areas known to contain SAV from 1971 to 1990. 

The tidal fresh Potomac River has had highly variable SAV coverage, according to the 
Virginia Institute of Marine Science annual aerial survey (www.vims.edulbiolsav/), 
peaking in 1991 at 4,632 acres, or 72% of the 6,405 acre Tier I goal (figure 1). From 
this high, SAV abundance decreased to a low of 1,369 acres in 1997 and rebounded in 
1998,1999 and 2000 to reach 3,879 or 61 % of the Tier I goal. The SAV Beds fringe 
many of the shorelines. Ground-truthing by citizens, U. S. Geological Survey, U. S. 
Fish and Wildlife Service and Virginia Institute of Marine Science has found 11 species 
of SAV in this region, with wild celery, hydrilla and milfoil being the most reported ones. 
Data obtained from water quality monitoring stations located near Sheridan Point 

indicate that phosphorous levels and suspended solids pass, algae and percent light at 
leaf are borderline and light attenuation algae fail the SAV habitat requirements (figure 
2). Nitrogen concentration is not applicable in tidal fresh regions. 

Piscataway Creek has had increases in SAV coverage since 1995, though 1999 
showed a large decrease from the 1998 levels (www.vims.edu/bio/savl). The Tier I goal 
for this segment is 835 acres and the 1999 and 2000 SAV coverages were 15% and 
38% of this number, respectively (figure I ) ,  with the 2000 coverage being the most 
ever reported by the VlMS survey. Most of the SAV beds fringe the southern shore and 
the headwaters of this creek. Ground-truthing by citizens and staff from the U. S. 
Geological Survey has found 7 species in Piscataway Creek, listed in order of 
frequency recorded; hydrilla, naiads (2 species), coontail, wild celery, water stargrass, 
and milfoil. Water quality data from the station located near Calvert Manor indicate that 
algae levels pass, and percent light at leaf and total suspended solids are borderline in 
respect to the SAV habitat requirements (figure 2). Light attenuation and phosphorous 



levels fail these requirements. Nitrogen concentration is not applicable in tidal fresh 
regions. 

Mattawoman Creek has had steady increases in SAV coverage since 1995 (figure I ) ,  
surpassing the Tier I goal (134 acres) in 1998 (163 acres), 1999 (210 acres) and 2000 
(331 acres or 247% of the goal) (www.vims.edulbiolsavl). Most of the beds fringe the 
shoreline, upstream of Swedes and Deep Points. Extensive ground-truthing by staff 
from the U. S. Geological Survey, U. S. Fish and Wildlife Service and citizens from 
Friends of Mattawoman Creek has found hydrilla, naiads, wild celery, coontail and 
milfoil (in order of frequency reported) in this creek. Water quality monitoring data from 
the station located near Swedes Point indicate that phosphorous meets and percent 
light at leaf is borderline to the SAV habitat requirements (figure 2). Light attenuation, 
total suspended solids and algae levels fail the requirements. Nitrogen concentration is 
not applicable in this tidal fresh creek. 

In the oligohaline (low salinity) Potomac River, between Quantico and Mathias Points, 
has seen fairly consistent SAV coverage since 1984, ranging from a low of 2,529 acres 
in 1995 to a high of 4,306 acres in 1998 (figure I), at which time the coverage exceed 
the Tier I goal of 4,264 acres (www.vims.edu/bio/sav/). The 2000 coverage was 3,909 
acres or 92% of the Tier I goal. The largest SAV beds in the Maryland portion of the 
river are found in Chicamuxen Creek and then fringing the shoreline to Smith Point, 
then fringing the shoreline from Maryland Point to just upstream of Pope Creek, 
including the shorelines of Nanjemoy Creek and Port Tobacco River. On the Virginia 
side, there are fringing beds from Shipping to Clifton Points, near the mouth of Potomac 
Creek, near Somerset Beach, the mouth of Chotank Creek, and fringing the shoreline 
around Mathias Point. Ground-truthing by citizens and staff from U. S. Geological 
Survey, U. S. Fish and Wildlife Service and Virginia Institute of Marine Science has 
found 13 different species of SAV, with the three most often reported being milfoil, wild 
celery, hydrilla. Water quality data from the monitoring stations near Moss and 
Maryland Points indicate that only algae levels meet the SAV habitat requirements, 
percent light at leaf and concentration of suspended solids are borderline and light 
attenuation and phosphorus levels fail (figure 2). Nitrogen concentration is not 
applicable in this area. 

In the mesohaline (moderate salinity) Potomac River, downstream of Mathias point to 
Point Lookout has had steady increases in SAV coverage since 1992 (when there was 
238 acres), passing the Tier I goal of 989 acres and reaching the highest recorded level 
in 1999 of 2,351 acres (or 238% of the Tier I goal) (www.vims.edu/bio/sav/) However, 
the 2000 coverage was down 55% to 1,045 acres due to heavy springtime algal booms, 
but even this value exceeds the Tier I goal (figure 1). On the Maryland side, there are 
fringing beds from the Route 301 bridge to Cobb Island, scattered throughout the 
Wicomico River and St. Clements Bay. There are a few small beds downstream from 
here, but no large beds until St. George Island with fringing beds through much of the 
lower St. Mary=s River. On the Virginia side, there is a large fringing bed from Mathias 
Point to the Upper Machodoc Creek. Ground-truthing by citizens and staff from 
Patuxent River Park, Patuxent Naval Air Station, U. S. Geological Survey, U. S. Fish 



and Wildlife Service and Virginia Institute of Marine Science has identified 11 species 
with milfoil, horned pondweed and wild celery the three most frequently reported ones. 
Data from the three water quality monitoring stations (located at the Route 301 bridge, 

near Ragged Point and Point Lookout) indicates that water quality is fairly good in this 
area with light attenuation and nitrogen levels being borderline, while percent light at 
leaf, concentrations of suspended solids, algae and phosphorous pass the SAV habitat 
requirements (figure 2). 

-- 
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Figure 1 : SAV coverage in Potomac River, 1984 to 2000 
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Figure 2: SAV habitat requirement attainment in Potomac k v e r  
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1.0 ALUMINUM 

Aluminum is a silver-white flexible metal with a vast number of uses. It is poorly absorbed and efficiently 

eliminated; however, when absorption does occur, aluminum is distributed mainly in bone, liver, testes, 

kidneys, and brain. 

1 . I  Noncancer Toxicity 

Aluminum may be involved in Alzheimer's disease (dialysis dementia) and in Amyotrophic Lateral 

Sclerosis and Parkinsonism-Dementia Syndromes of Guam (Guam ALS-PD complex). Aluminum content 

of brain, muscle, and bone increases in Alzheimer's patients. Neurofibrillary tangles (NFTs) are found in 

patients suffering from aluminum encephalopathy and Alzheimer's disease. Symptoms of "dialysis 

dementia" include speech disorders, dementia, convulsions, and myoclonus. People of Guam and Rota 

have an unusually high incidence of neurodegenerative diseases. The volcanic soil in the region of Guam 

where the high incidence of ALS-PD occurs contains high levels of aluminum and manganese. 

Neurological effects have also been observed in rats orally exposed to aluminum compounds. 

The respiratory system appears to be the primary target following inhalation exposure to aluminum. 

Alveolar proteinosis has been observed in guinea pigs, rats, and hamsters exposed to aluminum 

powders. No decrease in reproductive capacity, hormonal abnormalities, or testicular histopathology was 

observed in male rats exposed to aluminum in drinking water for 90 days. However, male rats exposed to 

aluminum (as aluminum chloride) via gavage for 6 months exhibited decreased spermatozoa counts and 

sperm motility, and testicular histological and histochemical changes. 

Subchronic and chronic reference doses and reference concentrations have not been derived for 

aluminum. However, the EPA's National Center for Environmental Assessment (NCEA) has developed a 

provisional oral RfD of 1.0 mglkglday and an inhalation reference dose of 0.001 mglkglday. 

1.2 Carcinogenicity 

The U.S. EPA has not evaluated aluminum or aluminum compounds for carcinogenicity, and a 

weight-of-evidence classification is currently not assigned. 

Little information regarding the toxicology of aminodinitrotoluenes (2-amino-2,6-dtrinitrotoluene and 4- 

amino-2,6-dtrinitrotoluene) is available in the literature. These compounds are degradation products of 

2,4,6-TNT and other nitrogen-containing explosives and are expected to exhibit toxicological effects 

Page 1 of 29 



similar to these compounds (TOXNET, online, 2001). The U.S. EPA has derived an oral RfD of 6.OE-5 

mglkglday for the aminodinitrotoluenes and the target organ is considered to be the liver. 

3.0 ANTIMONY 

3.1 Pharmacokinetics 

Ingested antimony is absorbed slowly and incompletely from the gastrointestinal (GI) tract. Within a few 

days of acute exposure, highest tissue concentrations are found in the liver, kidney, and thyroid. Organs 

of storage include skin, bones, and teeth. Highest concentrations in deceased smelter workers 

(inhalation exposure) occurred in the lungs and skeleton. Excretion is largely via the urine or feces, 

although some is incorporated into the hair. 

3.2 Noncancer Toxicity 

Acute intoxication from ingestion of large doses of antimony induces GI disturbances, dehydration, and 

cardiac effects in humans. Chronic effects from occupational eFposure include irritation of the respiratory 

tract, pneumoconiosis, pustular eruptions of the skin called "antimony spots," allergic contact dermatitis, 

and cardiac effects, including abnormalities of the electrocardiograph (ECG) and myocardial changes. 

Cardiac effects were also observed in rats and rabbits exposed by inhalation for six weeks and in animals 

(dogs, and possibly other species) treated by intravenous injection. 

Chronic oral exposure studies in laboratory animals include two briefly reported lifetime drinking water 

studies in rates and mice. The only dose tested, 5 ppm potassium antimony tartrate, resulted in reduced 

longevity in both species and in reduced mean heart weight in rats. The U.S. EPA verified an RfD of 

0.0004 mglkglday for chronic oral exposure to antimony from the LOAEL of 5 ppm potassium antimony 

tartrate (0.35 mglantimonylkg body weight-day) in the lifetime study in rats. An uncertainty factor of 1000 

was applied; factors of 10 each for inter- and intraspecies variation were used to estimate an NOAEL 

from an LOAEL. The heart is considered a likely target organ for chronic oral exposure of humans. 

3.3 Carcinogenicity 

Data were not located regarding the carcinogenicity of antimony to humans. Antimony fed to rats did not 

produce an excess of tumors, but a high frequency of lung tumors was observed in rats exposed by 

inhalation to antimony trioxide for one year. Antimony is classified as U.S. EPA cancer weight-of- 

evidence Group D (not classifiable as a carcinogenicity to humans). 
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4.0 ARSENIC 

4.1 Pharrnacokinetics 

Several studies confirm that soluble inorganic arsenic compounds and organic arsenic compounds are 

almost completely (>90 percent) absorbed from the GI tract in both animals and humans. The absorption 

efficiency of insoluble inorganic arsenic compounds depends on particle size an stomach pH. Initial 

distribution of absorbed arsenic is to the liver, kidneys, and lungs, flowed by redistribution to hair, nails, 

teeth, bone, and skin, which are considered tissues of accumulation. Arsenic has a long half-life in the 

blood of rats, compared with other animals and humans, because of firm binding to the hemoglobin in 

erythrocytes. 

Metabolism of inorganic arsenic includes reversible oxidation-reduction so that both arsenite (valence of 

3) and arsenate (valence of 5) are present in the urine of animals treated with arsenic of either valence. 

Arsenite is subsequently oxidized and methylated by a saturable mechanism to form mono- or 

dimethylarsenate; the latter is the predominant metabolite in the urine of animals or humans. Organic 

arsenic compounds (arsenilic acid, cacodylic acid) are not readily converted to inorganic arsenic. 

Excretion of organic or inorganic arsenic is largely via the urine, but considerable species variation exists. 

Continuously exposed humans appear to excrete 60 to 70 percent of their daily intake of arsenate or 

arsenite via the urine. 

4.2 Noncancer Toxicity 

A lethal dose of arsenic trioxide in humans is 70 to 180 milligrams (approximately 50 to 140 mg arsenic. 

Acute oral exposure of humans to high doses of arsenic produce liver swelling, skin lesions, disturbed 

heart function, and neurological effects. The only noncancer effects in humans clearly attributable to 

chronic oral exposure to arsenic are dermal hyperpigmentation and keratosis, as revealed by studies of 

several hundred Chinese exposed to naturally occurring arsenic in well water. Similar effects were 

observed in persons exposed to high levels of arsenic in water in Utah and the northern part of Mexico. 

Occupational (predominantly inhalation) exposure is also associated with neurological deficits, anemia, 

and cardiovascular effects, but concomitant exposure to other chemicals cannot be ruled out. The EPA 

derived an RfD of 0.0003 mglkglday for chronic oral exposure, based on an NOAEL of 0.0008 mglkglday 

for skin lesions from Chinese data. The principal target organ for arsenic appears to be the skin. The 

nervous system and cardiovascular systems appear to be less significant target organs. Inorganic 

arsenic may be an essential nutrient, exerting beneficial effects on growth, health, and feed conversion 

efficiency. 
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4.3 Carcinogenicity 

Inorganic arsenic is clearly a carcinogen in humans. Inhalation exposure is associated with increased 

risk of lung cancer in persons employed as smelter workers, in arsenical pesticide applicators, and in a 

population residing near a pesticide manufacturing plant. Oral exposure to high levels in well water is 

associated with increased risk of skin cancer. Extensive animal testing with various forms of arsenic 

given by many routes of exposure to several species, however, has not demonstrated the carcinogenicity 

of arsenic. The EPA classifies inorganic arsenic in cancer weight-of-evidence Group A (human 

carcinogen), and recommends an oral unit risk of 0.00005 ug/L in drinking water, based on the incidence 

of skin cancer in the Chinese study. The EPA presents a chronic oral slope factor of 1.5 per mglkglday 

based on the same information. The EPA notes that the uncertainties associated with the oral unit risk 

are considerably less than those for most carcinogens, so that the unit risk might be reduced in order of 

magnitude. An inhalation unit risk of 0.0043 per mg/m3 was derived for inorganic arsenic from the 

incidence of lung cancer in occupationally exposed men, equivalent to 15.1 per mglkglday, was derived 

from the same data assuming an inhalation rate of 20 m3/day and a body weight of 70 kg for humans. 

5.0 BENZENE 

5.1 Pharmacokinetics 

Benzene is absorbed via ingestion, inhalation, and skin application. Experimental data indicate that 

animals can absorb up to 95% of oral doses and that humans can absorb up to 80% of inhaled benzene 

(after 5 minutes of exposure). Humans may absorb benzene vapors through the skin as well as the 

lungs; of the total dose absorbed by the two routes, an estimated 22-36% enters the body through the 

skin. 

Autopsy of a youth who died while sniffing benzene revealed that the chemical was distributed to the 

urine, stomach, bile, liver, kidney, abdominal fat, and brain. The depots for benzene and its metabolites in 

animals are similar to those in humans, and in addition, include the fetus and placenta, bone marrow, 

Zymbal gland, and oral and nasal cavities. Numerous studies indicate that the metabolism of benzene is 

required for its toxicity. The liver is the main site for the metabolism of benzene; the bone marrow, a minor 

site. 

5.2 Noncancer Toxicity 

In humans, short-term inhalation exposure to benzene induced CNS effects such as drowsiness, dizziness, 

and headaches; long-term exposure induced anemia (ACGIH, 1991). Oral dosing in animals induced 

hematopoietic effects (Agency for Toxic Substances and Disease Registry [ATSDR], 1995). The EPA 
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presents an oral RfD of 0.003 mglkglday and an inhalation RfD of 0.00171 mglkglday. The CNS and the 

hematopoietic system are the target organs of benzene. 

5.3 Carcinogenicity 

The EPA (1 999b) classifies benzene in cancer weight-of-evidence Group A (human carcinogen) based on 

several studies of increased risk of nonlyrnphocytic leukemia associated with occupational exposure, 

supported by an increased incidence of neoplasia in rats and mice exposed by inhalation and gavage. A 

verified oral slope factor of 0.029 per mglkglday and inhalation unit risk of 8.3e-06 ng/m3 is based on the in- 

creased incidence of leukemia in several occupational (inhalation exposure) studies. The inhalation unit risk 

is equivalent to 0.029 per mglkglday, assuming an inhalation rate of 20 m31day and a body weight of 70 kg 

for humans. 

6.1 Noncancer Toxicity 

The oral and inhalation RfD and RfC are not available at this time. 

6.2 Carcinogenicity 

Benzo(a)anthracene has a weight of evidence classification of B2, a probable human carcinogen. The 

classification was based on sufficient data from animal bioassays. Benzo(a)anthracene produced tumors 

in mice exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. 

Although there are no human data that specifically link exposure to benzo(a)anthracene to human cancers, 

benzo(a)anthracene is a component of mixtures that have been associated with human cancer. These 

include coal tar, soot, coke oven emissions and cigarette smoke. 

Benzo(a)anthracene administration caused an increase in the incidence of tumors by gavage; dermal 

application; and both subcutaneous injection and intraperitoneal injection assays. A group of male mice was 

exposed to gavage solutions containing 3% benzo(a)anthracene for 5 weeks. There was an increased 

incidence of pulmonary adenomas and hepatomas. 
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Supporting data for carcinogenicity include genetic mutations in five different strains of Salmonella 

typhimurium. Benzo(a)anthracene produced positive results in an assay for mutations in Drosophila 

melonaaster. 

The currently used Oral Slope Factor (CSF) for benzo(a)anthracene is 0.73 per (mg/kg)/day which is 

extrapolated from the CSF for benzo(a)pyrene (BaP), i.e., 0.1 x 7.3 (BaP) = 0.73 per (mg/kg)/day). 

7.0 BENZO(A)PYRENE (BAP) 

7.1 Pharmacokinetics 

Benzo(a)pyrene was readily absorbed across the GI and respiratory epithelia. Benzo(a)pyrene was 

distributed widely in the tissues of treated rats and mice, but primarily to tissues high in fat, such as adipose 

tissue and mammary gland. 

Studies of the metabolism of benzo(a)pyrene provide information relevant to other PAHs because of the 

structural similarities of all members of the class. Metabolism involves microsomal mixed function oxidase 

hydroxylation of one or more of the phenyl rings with the formation of phenols and dihydrodiols, probably via 

formation of arene oxide intermediates. The dihydrodiols may be further oxidized to diol epoxides, which, 

for certain members of the class, are known to be the ultimate carcinogens. Conjugation with glutathione or 

glucuronic acid, and reduction to tetrahydrotetrols are important detoxification pathways. 

Excretion of benzo(a)pyrene residue was reported to be rapid, although quantitative data were not located. 

Excretion occurred mainly via the feces, probably largely due to biliary secretion. The EPA concluded that 

accumulation in the body tissues of PAHs from chronic low level exposure would be unlikely. 

7.2 Noncancer Toxicity 

The oral RfD and inhalation RfC are not available at this time. 

7.3 Carcinogenicity 

The PAHs are ubiquitous, being released to the environment from anthropogenic as well as from natural 

sources. Benzo(a)pyrene is the most extensively studied member of the class, inducing tumors in multiple 

tissues of virtually all laboratory species tested by all routes of exposure. Although epidemiology studies 

suggested that complex mixtures that contain PAHs (coal tar, soots, coke oven emissions, cigarette smoke) 

are carcinogenic to humans, the carcinogenicity cannot be attributed to PAHs alone because of the 

presence of other potentially carcinogenic substances in these mixtures. In addition, recent investigations 

showed that the PAH fraction of roofing tar, cigarette smoke, and coke oven emissions accounted for only 
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0.1 to 8 percent of the total mutagenic activity of the unfractionated complex mixture in Salmonella. 

Aromatic amines, nitrogen heterocyclic compounds, highly oxygenated quinones, diones, and 

nitrooxygenated compounds, none of which would be expected to arise from in vivo metabolism of PAHs, 

probably accounted for the majority of the mutagenicity of coke oven emissions and cigarette smoke. Coal 

tar, which contains a mixture of many PAHs, has a long history of use in the clinical treatment of a variety of 

skin disorders in humans. 

Because of the lack of human cancer data, assignment of individual PAHs to EPA cancer 

weight-of-evidence groups was based largely on the results of animal studies with large doses of purified 

compound. Frequently, unnatural routes of exposure, including implants of the test chemical in beeswax and 

trioctanoin in the lungs of female Osborne-Mendel rats, intratracheal instillation, and subcutaneous or 

intraperitoneal injection, were used. Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

dibenzo(a,h)anthracene, and indeno(l,2,3-cd)pyrene were classified in Group B2 (probable human 

carcinogens). 

The EPA verified a slope factor for oral exposure to benzo(a)pyrene of 7.3 per mglkglday, based on several 

dietary studies in mice and rats. Neither verified nor provisional quantitative risk estimates were available 

for the other PAHs in Group B2. The EPA promulgated an ambient water quality criterion for "total 

carcinogenic PAHs," based on an oral slope factor derived from a study with benzo(a)pyrene, as being 

sufficiently protective for the class. Largely because of this precedent, the quantitative risk estimates for 

benzo(a)pyrene were adopted for the other carcinogenic PAHs when quantitative estimates were needed. 

The EPA has calculated an inhalation slope factor for benzo(a)pyrene of 3.1 per mglkglday. 

Human data specifically linking benzo(a)pyrene to a carcinogenic effect are lacking. There are, however, 

multiple animal studies in many species demonstrating benzo(a)pyrene to be carcinogenic following 

administration by numerous routes. In addition, benzo(a)pyrene has produced positive results in numerous 

genotoxicity assays. 

The data for animal carcinogenicity was sufficient. The animal data consist of dietary, gavage, inhalation, 

intratracheal instillation, dermal and subcutaneous studies in numerous strains of at least four species of 

rodents and several primates. Repeated benzo(a)pyrene administration has been associated with increased 

incidences of total tumors and of tumors at the site of exposure. The tumor types in mice from oral diet 

studies include forestomach, squamous cell papillomas and carcinomas. 

Benzo(a)pyrene has been shown to cause genotoxic effects in a broad range of prokaryotic and mammalian 

cell assay systems. 
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8.1 Noncancer Toxicity 

Little information is available on benzo(b)fluoranthene. However, based on the similarities of chemical 

structures, most properties should be similar to benzo(a)pyrene. 

8.2 Carcinogenicity 

No long-term oral or inhalation bioassays were available to assess the carcinogenicity of 

benzo(b)fluoranthene. Benzo(b)fluoranthene was tested for carcinogenicity in dermal application, lung 

implantation, subcutaneous (s.c.) injection, and intraperitoneal (i.p.) injection studies. Dermal applications 

of 0.01 -0.5% solutions of benzo(b)fluoranthene for life produced a high incidence of skin papillomas and 

carcinomas in mice (Wynder and Hoffmann, 1959). In initiation-promotion assays, the compound was 

active as an initiator of skin carcinogenesis in mice (LaVoie et al., 1982; Amin et al., 1985). Sarcomas and 

carcinomas of the lungs and thorax were seen in rats receiving single lung implants of 0.1-1 mg 

benzo(b)fluoranthene (Deutsch-Wenzel et al., 1983). Newborn mice receiving 0.5 umol 

benzo(b)fluoranthene via i.p. injection developed liver and lung tumors (LaVoie et al., 1987), and mice 

administered three S.C. injections of 0.6 mg benzo(b)fluoranthene developed injection site sarcomas 

(IARC, 1993). 

Based on no human data and sufficient evidence for carcinogenicity in animals, EPA has assigned a 

weight-of-evidence classification of B2, probable human carcinogen, to benzo(b)fluoranthene. The 

currently used Oral Slope Factor (CSF) for benzo(b)fluoranthene is 0.73 per (mg1kg)lday which is 

extrapolated from the CSF for benzo(a)pyrene (BaP), i.e., 0.1 x 7.3 (BaP) = 0.73 per (mg1kg)lday). 

9.1 Noncancer Toxicity 

The acute oral toxicity of bis(2-ethylhexy1)phthalate is very low; oral LD50,30 (lethal dose to 50 percent of 

population within 30 days without medical testament) values in rats and mice were 33,800 and 26,300 

mglkg, respectively. Repeated high-dose oral exposures were associated with decreased growth, altered 

organ weights, testicular degeneration, and developmental effects. The U.S. EPA presented a verified 

chronic oral RfD of 0.02 mglkglday based on an LOAEL for increased relative liver weight in guinea pings 

and an uncertainty factor of 1000. The principal target organs for the toxicity of bis(2-ethylhexy1)phthalate 

are the liver and testis. 
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9.2 Carcinogenicity 

The U.S. EPA classifies bis(2-ethylhexy1)phthalate in cancer weight-of evidence Group 82 (probable 

human carcinogen), based on inadequate human cancer date (one limited occupational study) and 

sufficient cancer data in laboratory animals. An oral slope factor of 0.014 per mglkglday was based on 

the increased incidence of liver tumors in a dietary study in male mice. An inhalation slope factor of 0.014 

per mgtkglday was presented by U.S. EPA. 

10.0 CADMIUM 

10.1 Pharmacokinetics 

Estimates of cadmium uptake by the respiratory tract range from 10 to 50 percent; uptake is greatest for 

fumes and small particles and least for large dust particles. GI absorption of ingested cadmium is 

ordinarily 5 to 8 percent, but may reach 20 percent in cases of serious dietary ion deficiency. Highest 

tissue levels are normally found in the kidneys followed by the liver, although levels in the liver may 

exceed those in the kidneys of persons suffering from cadmium-induced renal dysfunction. The half-life 

of cadmium in the kidneys and liver may be as long as 10-30 years. Fecal and urinary excretion of 

cadmium are approximately equivalent to normal humans exposed to small amounts. Urinary excretion 

increases markedly in humans with cadmium-induced renal disease. 

10.2 Noncancer Toxicity 

Acute inhalation exposure to fumes or particles of cadmium induces respiratory symptoms, general 

weakness, and, in severe cases, respiratory insufficiency, shock, and death. Acute oral exposure 

induces GI disturbances. Chronic inhalation exposure induces pulmonary emphysema, and chronic 

exposure by either route consistently produces renal tubular disease in humans and laboratory animals. 

Proteinuria is a reliable early indicator of cadmium-induced kidney disease. The combination of 

pulmonary emphysema and renal tubular disease, if severe, may result in early mortality. Painful 

osteomalacia and osteoporosis may arise from altered metabolism of bone minerals secondary to renal 

damage. The combination of renal and skeletal damage is called itai-itai disease in Japan. Cadmium 

exposure has been associated with liver damage, but the liver appears to be less sensitive than the 

kidney. The kidney is the primary target organ of cadmium toxicity. The U.S. EPA derived chronic oral 

RfD values of 0.0005 mglkglday for cadmium ingested in water and 0.001 mglkglday for cadmium 

ingested in food, based on a toxicokinetic model that predicted NOAELs from renal cortical concentration 

of cadmium. The different RfD values reflect assumed differences in GI absorption of cadmium from 

water (5 percent) and food (2.5 percent). The U.S. EPA currently employs an inhalation reference dose of 

0.000057 mglkglday for cadmium. 
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10.3 Carcinogenicity 

Carcinogenicity data in humans consist of several occupational studies that associate cadmium exposure 

with lung cancer, but concomitant exposure to other carcinogenic chemicals and smoking were not 

adequately controlled. Other occupational studies reported significantly increased risk of prostatic cancer, 

but this effect was not observed in the largest occupational study of workers exposed to high levels. The 

animal data consist of an inhalation study in rats that showed a significant increase in lung tumors, and 

several parenteral injection studies that produced injection site tumors. No evidence of carcinogenicity, 

however, was observed in seven oral studies in rats and mice. The U.S. EPA classifies cadmium a 

cancer weight-of-evidence Group B1 substance for inhalation exposure on the basis of limited evidence 

of carcinogenicity in humans and sufficient evidence in animals. The data were insufficient to classify 

cadmium as carcinogenic to humans exposed by the oral route. An inhalation unit risk of 0.0018 mg/m3, 

equivalent to 6.3 per mglkglday, was derived from an occupational exposure study assuming an 

inhalation rate of 20 m3/day and a body weight of 70 kg for humans. 

11.0 CHROMIUM 

11.1 Noncancer Toxicity 

In nature, chromium (Ill) predominates over chromium (VI). Little chromium (VI) exists in biological 

materials, except shortly after exposure, because reduction to chromium (Ill) occurs rapidly. Chromium (Ill) 

is considered a nutritionally essential trace element and is considerably less toxic than chromium (VI). No 

effects were observed in rats consuming 5% chromium (Ill)/kg/day in the diet for over two years. The No- 

Observed-Effect-Level (NOEL) of 5% Cr203 was the basis for a verified chronic oral RfD of 1.5 mglkglday. 

The same NOEL and an uncertainty factor of 1000 were the basis for a provisional subchronic oral RfD of 1 

rnglkglday. 

Acute oral exposure of humans to high doses of chromium (VI) induced neurological effects, GI hemorrhage 

and fluid loss, and kidney and liver effects. Parenteral dosing of animals with chromium (VI) is selectively 

toxic to the kidney tubules. An NOAEL of 2.4 mg chromium (VI) Ikglday in a one-year drinking water study 

in rats and an uncertainty factor of 500 was the basis of a verified RfD of 0.003 mglkglday for chronic oral 

exposure. 

Occupational (inhalation and dermal) exposure to chromium (Ill) compounds induced dermatitis. Similar 

exposure to chromium (VI) induced ulcerative and allergic contact dermatitis, irritation of the upper 

respiratory tract including ulceration of the mucosa and perforation of the nasal septum, and possibly kidney 

effects. An inhalation RfC values has not been determined for chromium (Ill), however, U.S. EPA has 

established an inhalation RfD of 0.00003 mgkglday for chromium (VI). 
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A target organ was not identified for chromium (Ill). The kidney appears to be the principal target organ 

for repeated oral dosing with chromium (VI). Additional target organs for dermal and inhalation exposure 

include the skin and respiratory tract. 

11.2 Carcinogenicity 

Data were not located regarding the carcinogenicity of chromium (Ill). The U.S. EPA classifies chromium 

(VI) in cancer weight-of-evidence Group A (human carcinogen), based on the consistent observation of 

increased risk of lung cancer in occupational studies of workers in chromate production or the chrome 

pigment industry. Parenteral dosing of animals with chromium (VI) compounds consistently induced 

injection-site tumors. There is no evidence that oral exposure to chromium (VI) induces cancer. An inhala- 

tion unit risk of 0.012 per mg/m3, equivalent to 42 per mglkglday, assuming humans inhale 20 m3/day and 

weigh 70 kg, was based on increased risk of lung cancer deaths in chromate production workers. 

12.0 COPPER 

Copper occurs naturally in elemental form and as a component of many minerals. Because of its high 

electrical and thermal conductivity, it is widely used in the manufacture of electrical equipment. Common 

copper salts, such as the sulfate, carbonate, cyanide, oxide, and sulfide are used as fungicides, as 

components of ceramics and pyrotechnics, for electroplating, and for numerous other industrial 

applications. Copper can be absorbed by the oral, inhalation, and dermal routes of exposure. It is an 

essential nutrient that is normally present in a wide variety of tissues. 

12.1 Noncancer Toxicity 

In humans, ingestion of gram quantities of copper salts may cause gastrointestinal, hepatic, and renal 

effects with symptoms such as severe abdominal pain, vomiting, diarrhea, hemolysis, hepatic necrosis, 

hematuria, proteinuria, hypotension, tachycardia, convulsions, coma, and death. Gastrointestinal 

disturbances and liver toxicity have also resulted from long-term exposure to drinking water containing 

2.2-7.8 mg CuIL. The chronic toxicity of copper has been characterized in patients with Wilson's disease, 

a genetic disorder causing copper accumulation in tissues. The clinical manifestations of Wilson's disease 

include cirrhosis of the liver, hemolytic anemia, neurologic abnormalities, and corneal opacities. In animal 

studies, oral exposure to copper caused hepatic and renal accumulation of copper, liver and kidney 

necrosis at doses of >=I00 mglkglday; and hematological effects at doses of 40 mglkglday. 

Acute inhalation exposure to copper dust or fumes at concentrations of 0.075-0.12 mg cu/m3 may cause 

metal fume fever with symptoms such as cough, chills and muscle ache. Among the reported effects in 
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workers exposed to copper dust are gastrointestinal disturbances, headache, vertigo, drowsiness. 

Vineyard workers chronically exposed to Bordeaux mixture (copper sulfate and lime) exhibit degenerative 

changes of the lungs and liver. Dermal exposure to copper may cause contact dermatitis in some 

individuals. 

The oral reference dose (RfD) for elemental copper of 0.04 has been developed by USEPA National 

Center for Environmental Assessment (NCEA). The U.S. EPA established an action level of 1300 ug/L for 

drinking water. Data were insufficient to derive a Reference concentration (RfC) for copper. 

12.2 Carcinogenicity 

No suitable bioassays or epidemiological studies are available to assess the carcinogenicity of copper. 

Therefore, U.S. EPA has placed copper in weight-of-evidence group D, not classifiable as to human 

carcinogenicity. 

13.0 CYANIDE 

13.1 Noncancer Toxicity 

Acute exposure to cyanide induced histotoxic hypoxia (inability of the tissues to use oxygen); death was 

due to central respiratory arrest (Smith 1991). Chronic dietary exposure to cyanide was associated with 

reduced body weight gain, decreased thyroid activity, myelin degeneration, and reduced fertility in rats 

(EPA 1997). The EPA (1997) presented a verified RfD of 0.02 mglkglday for oral exposure to cyanide, 

based on an NOAEL in a two-year study in rats that consumed food fumigated with hydrogen cyanide, 

and an uncertainty factor of 500. The same value was adopted as the provisional RfD for subchronic oral 

exposure (EPA 1997). The target organs for acute exposure are the CNS, respiratory system, and 

cardiovascular system (ACGIH 1991). Target organs for chronic oral exposure to cyanide appear to be 

the thyroid and nervous system. 

13.2 Carcinogenicity 

The EPA (1997) classifies cyanide as a cancer weight-of-evidence Group D substance (not classifiable as 

to carcinogenicity to humans). Quantitative risk estimates are not derived for Group D chemicals. 
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14.1 DDT, DDE, AND DDD 

14.1 Noncancer Toxicity 

Exposure to DDT, DDE, and DDD happens mostly from eating contaminated foods, such as root and 

leafy vegetables, meat, fish, and poultry. At high levels, it can damage the nervous system, causing 

excitability, tremors, and seizures in people. These chemicals have been found in at least 337 of 1,416 

National Priorities List sites identified by the Environmental Protection Agency. 

DDT (1,1,1 -trichloro-2,2-bis(p-chlorophenyl)ethane) was a manufactured chemical widely used to control 

insects on agricultural crops and insects that carry diseases like malaria and typhus. It does not occur 

naturally in the environment. DDT is a white, crystalline solid with no odor or taste. Because of damage to 

wildlife and the potential harm to human health, the use of DDT was banned in the United States, except 

for public health emergencies. DDT is still used in some other countries. 

Two similar chemicals that sometimes contaminate are DDT degradation products: DDE (1 ,l-dichloro- 

2,2-bis(chlorophenyl) ethylene) and DDD (1,l-dichloro-2,2-bis(p-chlorophenyl) ethane). DDD was also 

used to kill pests, but its use has also been banned. One form of it has been used medically to treat 

cancer of the adrenal gland. DDE has no commercial use. 

DDT entered the environment when it was used as an insecticide. DDT in air lasts for only a short time. 

Half the DDT in air is gone within 2 days. It does not dissolve easily in water. DDT sticks strongly to soil 

particles and does not move quickly to underground water. DDT lasts a very long time in soil; half the 

DDT in soil will break down in 2-15 years. Some DDT will evaporate from soil and surface water into the 

air and some is broken down by sunlight or by microorganisms in soil or surface water. DDT in soil usually 

breaks down to form DDE or DDD. Levels of DDT build up in plants and in the fatty tissues of fish, 

birds-and animals. 

DDT affects the nervous system. People who accidentally swallowed large amounts of DDT became 

excitable and had tremors and seizures. These effects went away after the exposure stopped. No effects 

were seen in people who took small daily doses of DDT by capsule for 18 months. People who worked 

with DDT for a long time had some reversible changes in the levels of liver enzymes. 

In animals, short-term exposure to large amounts of DDT in food affected the nervous system. In animals, 

long-term exposure to DDT affected the liver. Animal studies suggest that short-term exposure to DDT in 

food may have a harmful effect on reproduction. 
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14.2 Carcinogenicity 

The department of health and human services (DHHS) has determined that DDT may reasonably be 

anticipated to be a human carcinogen. DHHS has not classified DDE and DDD, but the environmental 

protection agency (EPA) has determined that they are probable human carcinogens. Liver cancer has 

been seen in animals that were fed DDT. studies in DDT-exposed workers did not show increases in 

cancer. 

15.1 Noncancer Toxicity 

The oral RfD and inhalation RfC are not available. 

15.2 Carcinogenicity 

The EPA has classified dibenzo(a,h)anthracene in cancer weight-of-evidence group B2 (Probable Human 

Carcinogen, sufficient evidence of carcinogenicity in animals) based on carcinomas in mice following oral or 

dermal exposure and injection site tumors in several species following subcutaneous or intramuscular 

administration. Dibenzo[a,h]anthracene has induced DNA damage and gene mutations in bacteria as well 

as gene mutations and transformation in several types of mammalian cell cultures. 

Although there are no human data that specifically link exposure to dibenzo(a,h)anthracene with human 

cancers, dibenzo(a,h)anthracene is a component of mixtures that have been associated with human cancer. 

These include coal tar, soot, coke oven emissions and cigarette smoke. 

Dibenzo(a,h)anthracene has been shown to be carcinogenic when administered to mice by the oral route in 

a water-olive oil emulsion. Mice developed pulmonary adenomas, pulmonary carcinomas, and mammary 

carcinomas. 

Dibenzo(a,h)anthracene has produced positive results in bacterial DNA damage and mutagenicity assays 

and in mammalian cell DNA damage, mutagenicity and cell transformation assays. 

The currently used Oral Slope Factor (CSF) for dibenzo(a,h)anthracene is 7.3 per (mg/kg)/day which is 

extrapolated from the CSF for benzo[a]pyrene i.e., 1.0 x 7.3 (BaP) = 7.3 per (mg/kg)/day). 
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16.0 DIELDRIN 

16.1 Noncancer Toxicity 

Dieldrin does not appear to be mutagenic when tested in a number of systems. Dieldrin is toxic to the 

reproductive system and teratogenic. Reproductive effects include decreased fertility, increased fetal 

death, and effects on gestation; while teratogenic effects include cleft palate, webbed foot, and skeletal 

anomalies. Chronic effects attributed to dieldrin include liver toxicity and central nervous system 

abnormalities. Dieldrin is acutely toxic; the oral LD,, is around 50 mglkg, and the dermal LD,, is about 

100 mglkg (Clement, 1985). An oral RfD of 5E-5 mglkglday was derived from a two year diet study with 

rats and an uncertainty factor of 100. The NOAEL is 0.005 mglkglday based on a high incidence of liver 

lesions. The inhalation RfC was not located. 

16.2 Carcinogenicity 

Dieldrin is a carcinogen, causing increases in a variety of tumors in rats at low but not at high doses and 

producing a higher incidence of liver tumors in mice. The reason for this reversed dose-response 

relationship is unclear. A diet study with mice resulted in liver carcinomas. Based on this study, EPA 

(1 998) presented an oral slope factor of 16 per mglkglday. Based on route-to-route extrapolation, the 

inhalation slope factor is 16 per mglkglday (EPA, 1998). 

17.1 Pharmacokinetics: 

The biotransformation of m-dinitrobenzene was studied in rabbits. The animals received a single oral 

dose of radiocarbon-labeled m-DNB in the range of 50 to 100 mglkg. Urine was collected for two days 

after dosing for analysis of metabolites. Over the two day period, more than 80% of the radiolabel was 

excreted in the urine; feces contained between 0.3 and 5.2% of the radioactive dose. m-DNB underwent 

extensive biotransformation. The major urinary metabolites were 2,4-diaminophenol (31% of the dose), 

m-nitroaniline and m-phenylenediamine. 

In, animals, 1,3-DNB is rapidly absorbed by the oral route; data from one study indicate that at least 70% 

of a single oral dose was absorbed. In animals, depending on the vehicle, 1,3-DNB can also be readily 

absorbed through the skin. 

17.2 Noncancer Toxicity 

When exposed to 1,3-dinitrobenzene via inhalation and cutaneous routes, symptoms of 

methemoglobinemia, cyanosis and hemolytic anemia were observed. A specific case of acute intoxication 
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of workers due to exposure to m-dinitrobenzene dust occurred in 1969. The exposed individuals 

developed cyanosis which was followed by a slight to moderate anemia (1.9-1 5.5% loss in specific gravity 

of the whole blood). 

The probable lethal oral dose in humans is estimated to be between 5 & 50 mglkg or 7 drops to 1 

teaspoonful for a 70 kg adult. 

When 1,3-dinitrobenzene was given to rats orally as a l0/0 suspension in corn oil, the LD50 was 83 mglkg 

with fiducial limits 56-124 mglkg. The compound was equally toxic in both sexes. Signs of toxicity 

included reduction in ambulatory motion, ataxia, weakness, dyspnea, rapid heartbeat, cyanosis, coma & 

respiratory failure. When 1,3-dinitrobenzene was added to the daily drinking water in concentrations of 

50, 100 & 200 mgll for 8 wk, 3 of 6 male rats receiving the highest concentration died during wk 4 & 

another died during wk 5. In females, one died during wk 6 & another during wk 7. All other animals 

survived. Growth rate was reduced in both sexes & at 200 mgll 1,3-dinitrobenzene in the water supply the 

animals lost weight. There were mild, consistent reductions in hematocrit & hemoglobin values. Enlarged 

spleens were present in both sexes at all concentrations ; fibrosis with deposition of hemosiderin was 

present in all rats at 200 mg/l 1,3-dinitrobenzene. Testicular atrophy was evident but there was no effect 

on the ovaries. A brown-yellow pigment was deposited in the Kupffer cells of the liver. 

17.3 Carcinogenicity 

1,3-dinitrobenzene is not classifiable as a human carcinogen. 

18.0 ETHY LBENZENE 

18.1 Pharmacokenitics 

Human exposure to ethylbenzene occurs mainly by inhalation; 40-60% of inhaled ethylbenzene is 

retained in the lung. Ethylbenzene is extensively metabolized, mainly to mandelic and phenylglyoxylic 

acids. These urinary metabolites can be used to monitor human exposures. 

18.2 Noncancer Toxicity 

Subchronic to chronic oral or inhalation exposure of laboratory animals to ethyl benzene induced mild 

liver and kidney lesions (EPA 1997). Acute inhalation exposure induced irritation of the mucous 

membranes in animals and humans, and prolonged inhalation exposure induced testicular degeneration 

in rabbits and monkeys (ACGIH 1991). The EPA (1999b) presented a verified chronic oral RfD for ethyl 

benzene of 0.1 mglkglday based on an NOEL for liver and kidney toxicity in female rats in a subchronic 

gavage study and an uncertainty factor of 1000. The EPA (1999b) presented a provisional subchronic 
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oral RfD of 1 mg/kg/day based on the same NOEL and an uncertainty factor of 100. The EPA (1999b) 

also presented a verified chronic inhalation RfC of 1 mglm3 derived from studies on developmental 

effects in rats and rabbits and an uncertainty factor of 300. The same value was adopted as the 

provisional subchronic inhalation exposure (EPA 1999b). The inhalation RfC is equivalent to 0.286 

mglkglday, assuming humans inhale 20 m3 of airlday and weigh 70 kg. Target organs for exposure to 

ethyl benzene include the liver, kidneys, and testes, and, for inhalation exposure, the mucous 

membranes. 

There are no data for terrestrial plants, birds, or wild mammals. In humans, it is toxic to the central 

nervous system and is an irritant of mucous membranes and the eyes. Ethylbenzene is an inducer of liver 

microsomal enzymes. It is not mutagenic or teratogenic No information is available on reproductive 

toxicity or carcinogenicity of ethylbenzene. 

18.3 Carcinogenicity 

Ethyl benzene is classified as a cancer weight-of-evidence Group D compound (not classifiable as to 

carcinogenicity to humans) (EPA 1999b) based on an absence of human or animal cancer studies. 

Quantitative estimates are not derived for Group D chemicals. 

19.1 Noncancer Toxicity 

The chronic oral RfD and chronic inhalation RfC are not available. 

19.2 Carcinogenicity 

EPA classifies indeno(l,2,3-cd)pyrene as cancer weight-of-evidence B2, probable human carcinogen, 

based on sufficient data from animal bioassays. Indeno(l,2,3-cd)pyrene produced tumors in mice following 

lung implants, subcutaneous injection and dermal exposure. Indeno(l,2,3-cd)pyrene tested positive in 

bacterial gene mutation assays. 

Although there are no human data that specifically link exposure to indeno(l,2,3-cd)pyrene to human 

cancers, indeno(l,2,3-cd)pyrene is a component of mixtures that have been associated with human cancer. 

These include coal tar, soot, coke oven emissions and cigarette smoke. 
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In animal carcinogen bioassays indeno(l,2,3-cd)pyrene exposure resulted in increased incidences of 

epidermoid carcinomas in a lung implantation study, injection site sarcomas in a subcutaneous injection 

assay and skin tumors in dermal application studies. 

Supporting data for carcinogenicity includes genotoxicity studies. Indeno(l,2,3-cd)pyrene produced positive 

results in mutation assays in Salmonella tv~himurium strains. 

The currently used Oral Slope Factor (CSF) for indeno(l,2,3-cd)pyrene is 0.73 per (mg/kg)/day which is 

extrapolated from the CSF for benzo(a)pyrene, i.e., 0.1 x 7.3 (BaP) = 0.73 per (mg/kg)/day). 

20.0 IRON 

20.1 Noncancer Toxicity 

lron is potentially toxic in all forms and by all routes of exposure. Inorganic iron is a poison by the 

intraperitoneal route. The inhalation of large amounts of iron dust may result in iron pneumoconiosis or arc 

welders lung. Chronic exposure to excess levels of iron (>50-100 mg Ironlday) can result in pathological 

deposition of iron in tissues. The target organs are the pancreas and liver. 

lron compounds are of varying toxicity. lron oxides are a potential risk in all industrial settings. In 

general, ferrous compounds are more toxic than ferric compounds. Acute exposure to excessive levels of 

ferrous compounds can cause liver and kidney damage, altered respiratory rates and convulsions. An 

oral RfD of 0.3 mglkglday has been published for iron by the U.S. EPA based on based on allowable 

intakes rather than adverse effect levels. No inhalation RfD has been established for iron. 

20.2 Carcinogenicity 

Some iron compounds are suspected human carcinogens. lron dust is an experimental neoplastigen and 

an increased incidence of lung cancer has been associated with exposure to iron dust. lron oxide is an 

experimental tumorigen and a suspected human carcinogen. U.S. EPA has not published oral or inhalation 

slope factors for iron. 

21.0 LEAD 

21.1 Pharmacokinetics 

Studies in humans indicate that an average of 10 percent of ingested lead is absorbed, but estimates as 

high as 40 percent were obtained in some individuals. Nutritional factors have a profound effect on GI 
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absorption efficiency. Children absorb ingested lead more efficiently than adults; absorption efficiencies up 

to 53 percent were recorded for children three months to eight years of age. Similar results were obtained 

for laboratory animals; absorption efficiencies of 5 to 10 percent were obtained for adults and 50 percent 

were obtained for young animals. The deposition rate of inhaled lead averages approximately 30 to 50 

percent, depending on particle size, with as much as 60 percent deposition of very small particles near 

highways. All lead deposited in the lungs is eventually absorbed. 

Approximately 95 percent of the lead in the blood is located in the erythrocytes. Lead in the plasma 

exchanges with several body compartments, including the internal organs, bone, and several excretory 

pathways. In humans, lead concentrations in bone increase with age. About 90 percent of the body burden 

of lead is located in the skeleton. Neonatal blood concentrations are about 85 percent of maternal 

concentrations. Excretion of absorbed lead is principally through the urine, although GI secretion, biliary 

excretion, and loss through hair, nails, and sweat are also significant. 

21.2 Noncancer Toxicity 

The noncancer toxicity of lead to humans has been well characterized through decades of medical 

observation and scientific research. The principal effects of acute oral exposure are colic with diffuse 

paroxysmal abdominal pain (probably due to vagal irritation), anemia, and, in severe cases, acute 

encephalopathy, particularly in children. The primary effects of long-term exposure are neurological and 

hematological. Limited occupational data indicate that long-term exposure to lead may induce kidney 

damage. The principal target organs of lead toxicity are the erythrocyte and the nervous system. Some of 

the effects on the blood, particularly changes in levels of certain blood enzymes, and subtle neurobehavioral 

changes in children, appear to occur at levels so low as to be considered nonthreshold effects. 

The U.S. EPA has not determined an inhalation RfC for lead. 

The U.S. EPA determined that it is inappropriate to derive an RfD for oral exposure to lead for several 

reasons. First, the use of an RfD assumes that a threshold for toxicity exists, below which adverse effects 

are not expected to occur; however, the most sensitive effects of lead exposure, impaired neurobehavioral 

development in children and altered blood enzyme levels associated with anemia, may occur at blood lead 

concentrations so low as to be considered practically nonthreshold in nature. Second, RfD values are 

specific for the route of exposure for which they are derived. Lead, however, is ubiquitous, so that exposure 

occurs from virtually all media and by all pathways simultaneously, making it practically impossible to 

quantify the contribution to blood lead from any one route of exposure. Finally, the dose-response 

relationships common to many toxicants, and upon which derivation of an RfD is based, do not hold true for 

lead. This is because the fate of lead within the body depends, in part, on the amount and rate of previous 

exposures, the age of the recipient, and the rate of exposure. There is, however, a reasonably good 
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correlation between blood lead concentration and effect. Therefore, blood lead concentration is the 

appropriate parameter on which to base the regulation of lead. 

Because of the absence of published dose-response parameters for lead, the exposure and potential risks 

associated with lead are addressed through the u'se of the USEPA IEUBK Model for the child (0-7 years). 

Adult exposure to lead in soil is addressed by an evaluation of the relationship between the site soil lead 

concentration and the blood lead concentration in the developing fetuses of adult women presented in the 

Technical Review Workgroup Lead Model for Adult Exposure. These models are designed to estimate 

blood lead levels based on either default or site-specific input values. 

The U.S. EPA IEUBK lead model is an iterated set of equations that estimate blood lead concentration in 

children aged 0 to 7 years. The biokinetic part of the model describes the movement of lead between the 

plasma and several body compartments and estimates the resultant blood lead concentration. The rate of 

the movement of lead between the plasma and each compartment is a function of the transition or 

residence time (i.e., the mean time for lead to leave the plasma and enter a given compartment, or the 

mean residence time for lead in that compartment). Compartments modeled include the erythrocytes, liver, 

kidneys, all the other soft tissue of the body, cortical bone, and trabecular bone. Excretory pathways and 

their rates are also modeled. These include the mean time for excretion from the plasma to the urine, from 

the liver to the bile, and from the other soft tissues to the hair, skin, sweat, etc. The model permits the user 

to adjust the transition and residence times. 

U.S. EPA guidance established a soil cleanup level for lead of 400 parts per million (ppm) to be applied at 

Superfund sites. This range is considered by U.S. EPA to be protective for direct contact with lead- 

contaminated soils in residential settings. The guidance adopts recommendations of the Centers for 

Disease Control and is to be followed when current or predicted land use is residential. 

21.3 Carcinogenicity 

U.S. EPA has classified lead in cancer weight-of-evidence Group B2 (probable human carcinogen), based 

on inadequate evidence of cancer in humans and sufficient animal evidence. The human data consist of 

several epidemiologic occupational studies that yielded confusing results. All of the studies lacked 

quantitative exposure data and failed to control for smoking and concomitant exposure to other possibly 

carcinogenic metals. Rat and mouse bioassays showed statistically significant increases in renal tumors 

following dietary and subcutaneous exposure to several soluble lead salts. Various lead compounds were 

observed to induce chromosomal alterations in vivo and in vitro, sister chromatid exchange in exposed 

workers, and cell transformation in Syrian hamster embryo cells; to enhance simian adenovirus induction; 

and to alter molecular processes that regulate gene expression. U.S. EPA declined to estimate risk for oral 

exposure to lead because many factors (e.g., age, general health, nutritional status, existing body burden 
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and duration of exposure) influence the bioavailability of ingested lead, introducing a great deal of 

uncertainty into any estimate of risk. 

22.0 MANGANESE 

22.1 Noncancer Toxicity 

Manganese is nutritionally required in humans for normal growth and health. Humans exposed to 

approximately 0.8 mg manganeselkglday in drinking water exhibited lethargy, mental disturbances (111 6 

committed suicide), and other neurologic effects. The elderly appeared to be more sensitive than 

children. Oral treatment of laboratory rodents induced biochemical changes in the brain, but rodents did 

not exhibit the neurological signs exhibited by humans. Occupational exposure to high concentrations in 

air induced a generally typical spectrum of neurological effects and an increased incidence of pneumonia. 

U.S. EPA has established an oral RfD of 0.02 mglkglday for manganese based on drinking water and an 

oral RfD of 0.14 mglkglday based on food. The U.S. EPA presented a verified chronic inhalation RfC based 

on a LOAEL for impairment of neurobehaviorial function in occupationally exposed humans. The inhalation 

RfC is equivalent to 0.000014 mglkglday, assuming humans inhale 20 m3 of airlday and weigh 70 kg. The 

CNS and respiratory tract are target organs of inhalation exposure to manganese. 

22.2 Carcinogenicity 

The U.S. EPA classifies manganese in cancer weight-of-evidence Group D (not classifiable as to 

carcinogenicity to humans). Quantitative cancer risk estimates are not derived from Group D chemicals. 

23.0 MERCURY 

Mercury is a naturally occurring element existing in multiple forms and in various oxidation states. It is 

used in a wide variety of products and processes. In the environment, mercury may undergo 

transformations among its various forms and among its oxidation states. Exposure to mercury may occur 

in both occupational and environmental settings, the latter primarily involving dietary exposure. 

23.1 Noncancer Toxicity 

Absorption, distribution, metabolism, and excretion of mercury is dependent upon its form and oxidation 

state. Organic forms of mercury are more readily absorbed than are inorganic forms. Ingestion of mercury 

metal is usually without effect. Ingestion of inorganic salts may cause severe gastrointestinal irritation, 

renal failure, and death with acute lethal doses in humans ranging from 1 to 4 g. Mercuric (divalent) salts 

are usually more toxic than are mercurous (monovalent) salts. Mercury is also known to induce 
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hypersensitivity reactions such as contact dermatitis and acrodynia (pink disease). Inhalation of mercury 

vapor may cause irritation of the respiratory tract, renal disorders, central nervous system effects 

characterized by neurobehavioral changes, peripheral nervous system toxicity, renal toxicity (immunologic 

glomerular disease), and death. Toxicity resulting from subchronic and chronic exposure to mercury and 

mercury compounds usually involves the kidneys and/or nervous system, the specific target and effect 

being dependent on the form of mercury. Organic mercury, especially methyl mercury, rapidly enters the 

central nervous system resulting in behavioral and neuromotor disorders. The developing central nervous 

system is especially sensitive to this effect, as documented by the epidemiologic studies in Japan and 

Iraq where ingestion of methyl mercury-contaminated food resulted in severe toxicity and death in adults 

and severe central nervous system effects in infants. Blood mercury levels of <I0 pg/dL and 300 pg/dL 

corresponded to mild effects and death, respectively. Teratogenic effects due to organic or inorganic 

mercury exposure do not appear to be well documented for humans or animals, although some evidence 

exists for mercury-induced menstrual cycle disturbances and spontaneous abortions. A subchronic and 

chronic oral RfD of 0.0001 mg/kg/day for methyl mercury is based on a benchmark dose of 1.1 pglkglday 

relative to neurologic developmental abnormalities in human infants. A subchronic and chronic oral RfD of 

0.0003 mglkglday for mercuric chloride is based on immunologic glomerulonephritis. A subchronic and 

chronic inhalation RfC of 0.0003 mg ~ g / m ~  for inorganic mercury is based on neurological disorders 

(increased frequency of intention tremors) following long-term occupational exposure to mercury vapor. 

An inhalation RfC for methyl mercury has not been determined. 

23.2 Carcinogenicity 

No data were available regarding the carcinogenicity of mercury in humans or animals. U.S. EPA has 

placed inorganic mercury in weight-of-evidence classification D, not classifiable as to human 

carcinogenicity. Weight-of-evidence classifications of C (possible human carcinogen) have been assigned 

to mercuric chloride and methyl mercury by U.S. EPA based upon limited evidence of carcinogenicity in 

rodents. No slope factors have been calculated. 

24.0 CMETHY LPHENOL 

24.1 Pharmicokinetics 

The assessment of exposure to cresols can be accomplished through measurement of o, m, or p-cresol. 

However, cresol in urine is often measured to determine exposure to toluene or other aromatic 

compounds, of which cresol is a metabolite. 0-cresol is a frequently used test used as an indicator of 

toluene exposure. Although o- and m- cresols are not normally detected in urine, p-cresol is excreted 

daily in the urine as a result of the breakdown of tyrosine. Measurement of cresols in urine for assessing 

only cresol exposure is useful for identification of exposure only. Measurement of o- or m-cresol are the 
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better choices of tests, since they are not normally present in unexposed people. However since other 

compounds produce cresols as metabolites, it may be necessary to rule out these exposure prior to 

evaluation of results. 

24.2 Noncancer Toxicity 

The oral toxicity of 6methylphenol is low; the LD,,,,,,, in rats is 1800 mglkg (ACGIH 1991). Ingestion by 

animals or humans of mixed isomers of methylphenol was associated with corrosion of the GI tissues, 

kidney tubular, pancreatic and liver damage, and nodular pneumonia. Occupational exposure of humans or 

inhalation exposure of animals to mixed isomers of methylphenol was associated with neurological effects, 

impaired kidney function and irritation of the respiratory tract. The EPA (1997) presented a provisional 

chronic oral RfD of 0.005 mglkglday based on an NOAEL for decreased body weight and neurotoxicity in a 

gavage study in rats and an uncertainty factor of 1000. Principal target organs are the nervous system, 

respiratory mucosa, liver and kidney. 

24.3 Carcinogenicity 

Methylphenol isomers are tumor promoters in the two-stage mouse skin tumor initiation-promotion test 

(ACGIH 1991). The EPA (1999b) classifies 2-methylphenol as a cancer weight-of-evidence Group C 

compound (possible human carcinogen), but derives no quantitative risk estimates for 

either oral or inhalation exposure. 

25.0 PERCHLORATE 

Perchlorate ((3104-) is an anion that originates as a contaminant in ground water and surface waters from 

the dissolution of ammonium, potassium, magnesium, or sodium salts. Because perchlorate is nonlabile 

kinetically (i.e., the reduction of the central chlorine atom occurs extremely slowly) and sorption or natural 

chemical reduction in the environment is not significant, perchlorate is exceedingly mobile in aqueous 

systems and can persist for many decades under typical ground and surface water conditions. Sources 

for the contamination include chemical fertilizer and various other chemical and industrial uses. One 

major source of contamination is the manufacture of ammonium perchlorate for use as the oxidizer 

component and primary ingredient in solid propellant for rockets, missiles, and fireworks. Perchlorate salts 

are also used on a large scale as a component of air bag inflators. 

The concerns surrounding perchlorate contamination involves its ability to effect the thyroid gland, which 

can affect metabolism, growth, and development. The limited database on the toxicology of perchlorate 

confirms its potential to disrupt thyroid hormone production in mammalian test species, but no robust data 

exist to evaluate the dose-response for this thyroid effect or to evaluate other potential target tissues or 
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effects. There are no existing data to evaluate the effects of perchlorate in developing fetuses or other 

populations that may be potentially more susceptible or to evaluate its effects on ecological systems. 

The provisional RfD values (1992 and 1995) were based on an acute study in which single doses of 

potassium perchlorate caused the release of iodide from the thyroids of patients with Graves' Disease. 

The no-observed-adverse-effect-level (NOAEL) was determined to be 0.1 4 mg1Kg-day based on release 

of iodine in the thyroid followed by incomplete inhibition of iodine uptake. Uncertainty factors that ranged 

from 300 to 1000 were applied to account for data missing on additional endpoints and extrapolations 

required to calculate a lifetime human exposure level. Standard assumptions for ingestion rate and body 

weight were then applied to the RfD to calculate the reported range in the ground water cleanup guidance 

levels of 4 -18 parts per billion (ppb). The California department of Health Services (CA DHS)adopted 18 

ppb as its provisional action level. 

26.0 POLYCHLORINATED BIPHENYLS 

26.1 Noncancer Toxicity 

Epidemiologic studies of women in the United States associated oral PCB exposure with low birth weight 

or retarded musculoskeletal or neurobehavioral development of their infants (ATSDR 1991). Oral studies 

in animals established the liver as the target organ in all species, and the thyroid as an additional target 

organ in the rat. Effects observed in monkeys included gastritis, anemia, chloracne-like dermatitis, and 

immunosuppression. Oral treatment of animals induced developmental effects, including retarded 

neurobehavioral and learning development in monkeys. Oral RfD values of 0.02 uglkglday for Aroclor- 

1254 and 0.07 uglkglday for Aroclor-1016 were located. 

Occupational exposure to PCBs was associated with upper respiratory tract and ocular irritation, loss of 

appetite, liver enlargement, increased serum concentrations of liver enzymes, skin irritation, rashes and 

chloracne, and, in heavily exposed female workers, decreased birth weight of their infants (ATSDR 1991). 

Concurrent exposure to other chemicals confounded the interpretation of the occupational exposure 

studies. Laboratory animals exposed by inhalation to Aroclor-1254 vapors exhibited moderate liver 

degeneration, decreased body weight gain and slight renal tubular degeneration. Neither subchronic nor 

chronic inhalation RfC values were available. 

Target organs for PCBs include the skin, liver, fetus, and neonate. 
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26.2 Carcinogenicity 

The EPA (1 997) classifies the PCBs as EPA cancer weight-of-evidence Group B2 substances (probable 

human carcinogens), based on inadequate data in humans and sufficient data in animals. The human 

data consist of several epidemiologic occupational and accidental oral exposure studies with serious 

limitations, including poorly quantified concentrations of PCBs and durations of exposure, and probable 

exposures to other potential carcinogens. 

The animal data consist of several oral studies in rats and mice with various aroclors, kanechlors, or 

clophens (commercial PCB mixtures manufactured in the United States, Japan and Germany, 

respectively) that reported increased incidence of liver tumors in both species (EPA 1994). 

The EPA (1998) presents a verified oral slope factor and an inhalation slope factor of 2.0 per mglkglday 

for PCBs based on liver tumors in rats treated with Aroclor-1260. 

27.0 SILVER 

27.1 Pharmacokinetics 

The GI absorption of ingested silver in animals was estimated at 01 0 percent; however, absorption of 18 

percent was estimated for one human subject given silver acetate (Fowler and Nordberg 1986). Highest 

tissue levels are located in the liver; lower levels are located in the lungs, brain, spleen, bone marrow, 

muscle, and skin (Fowler and Nordberg 1986; Goyer 1991). Excretion is virtually entirely through the bile. 

The excretion kinetics appear to be species- and organ-dependent. In humans, the apparent half-life for 

silver in the liver is approximately 50 days. Silver in skin also appeared to have a long half-life (not 

quantified). 

27.2 Noncancer Toxicity 

Silver compounds have been used in dentistry, medicinally in the treatment of burns, as a local 

disinfectant, and as a drinking water disinfectant (Fowler and Nordberg 1986). The classical syndrome of 

toxicity, called argyria, is a blue-gray to nearly black discoloration of areas of the skin or the viscera 

resulting from deposition of microscopic granules of silver compounds in the affected tissues. Argyria 

results from occupational (inhalation), parenteral, or oral exposure. The EPA (1 993a) derived an RfD of 

0.005 mglkglday for chronic oral exposure based on a '2 to 9 year human i.v. study, where a total i.v. dose 

of 1 g metallic silver (in the form of 49 silver arsphenamine) resulted in minimal observed effects (argyria) 

in patients. This total i.v. dose for metallic silver was converted into an oral dose (LOAEL) of 

0.01 4 mglkglday. The chronic oral RfD was derived by dividing the LOAEL by an uncertainty factor of 3, 
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which was applied to account for minimal effects in a subpopulation that has exhibited an increased 

propensity for the development of argyria. 

27.3 Carcinogenicity 

The EPA (1997) classifies silver in cancer weight-of-evidence Group D (not classifiable as to 

carcinogenicity to humans). The human data consist of no evidence in the literature of cancer despite 

frequent medical use of silver compounds. The animal data are limited to studies of implanted silver foil 

or injected metallic silver that provided unconvincing indications of a carcinogenic response relevant to 

humans. 

28.0 THALLIUM 

28.1 Noncancer Toxicity 

Thallium is highly toxic; acute ingestion by humans or laboratory animals induced gastroenteritis, 

neurological dysfunction, and renal and liver damage. Chronic ingestion of more moderate doses 

characteristically caused alopecia. Thallium was used medicinally to induce alopecia in cases of ringworm 

of the scalp, sometimes with disastrous results. In industrial (inhalation, oral, dermal) exposure, neurologic 

signs preceded alopecia, suggesting that the nervous system is more sensitive than the hair follicle. The 

U.S. EPA presented verified chronic oral RfD values for several thallium compounds (thallium acetate, 

thallium acetate, thallium carbonate, thallium chloride, thallium nitrate, thallium sulfate, and thallic oxide) 

based on increased incidence of alopecia and increased serum levels of liver enzymes indicative of 

hepatocellular damage in rats treated with thallium sulfate for 90 days. Risks from exposure to thallium are 

evaluated using the chronic oral RfD for thallium, 0.00007 mglkglday, listed in the U.S. EPA Region 3 RBC 

tables. 

28.2 Carcinogenicity 

No information was located regarding the carcinogenicity of thallium. 

29.0 TRICHLOROETHENE 

Trichloroethene (TCE) is an industrial solvent used primarily in metal degreasing and cleaning operations. 

TCE can be absorbed through the lungs, mucous membranes, gastrointestinal tract, and the skin. 
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29.1 Pharmacokinetics 

TCE is extensively metabolized in humans to trichloroacetic acid and trichloroethanol, as well as to 

several minor metabolites, with most of the absorbed dose excreted in urine. 

29.2 Noncancer Toxicity 

Human and animal data indicate that exposure to TCE can result in toxic effects on a number of organs 

and systems, including the liver, kidney, blood, skin, immune system, reproductive system, nervous 

system, and cardiovascular system. In humans, acute inhalation exposure to TCE causes central nervous 

system symptoms such as headache, dizziness, nausea, and unconsciousness. Among the reported 

effects from occupational exposure studies are fatigue, light-headedness, sleepiness, vision distortion, 

abnormal reflexes, tremors, ataxia, nystagmus, increased respiration, as well as neurobehavioral or 

psychological changes. Cardiovascular effects include tachycardia, extrasystoles, EKG abnormalities, 

and precordial pain. The use of TCE as an anesthetic has been associated with cardiac arrhythmias. 

Cases of severe liver and kidney damage, including necrosis, have been reported in humans following 

acute exposure to TCE, but these effects generally are not associated with long-term occupational 

exposures. In animals, TCE has produced liver enlargement with hepatic biochemical and/or histological 

changes and kidney enlargement, renal tubular alterations andlor toxic nephropathy. Also observed in 

animals were hematological effects and immunosuppression. Inhalation studies with rats indicate that 

TCE is a developmental toxicant causing skeletal ossification anomalies and other effects consistent with 

delayed maturation. TCE may cause dermatitis and dermographism. 

Reference Doses (RfDs) and Reference Concentrations (RfCs) for subchronic and chronic oral and 

inhalation exposure to TCE are presently under review by EPA. However, EPA-NCEA has published an 

oral RfD of 0.006 mglkg-day for TCE. 

29.3 Carcinogenicity 

Epidemiologic studies have been inadequate to determine if a correlation exists between exposure to 

TCE and increased cancer risk. Chronic oral exposure to TCE increased the incidences of hepatocellular 

carcinomas in mice and renal adenocarcinomas and leukemia in rats. Chronic inhalation exposure 

induced lung and liver tumors in mice and testicular Leydig cell tumors in rats. Although U.S. EPA's 

Science Advisory Board recommended a weight-of-evidence classification of C-B2 continuum (C = 

possible human carcinogen; B2 = probable human carcinogen), the agency has not adopted a current 

position on the weight-of-evidence classification. In an earlier evaluation, TCE was assigned to 

weight-of-evidence Group 82, probable human carcinogen, based on tumorigenic responses in rats and 

mice for both oral and inhalation exposure and on inadequate data in humans. Carcinogen slope factors 
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are 0.011 (mg/kg/day)~' and 0.006 (mg/kglday)~' for oral and inhalation exposure, respectively. The 

corresponding unit risks are 3.2 x 1 o - ~  (pgl~)-l and 1.7 x 1 0-6 (pg/m3)-', respectively. 

30.1 Pharmacokinetics 

Zinc is a nutritionally required trace element. Estimates of the efficiency of GI absorption of zinc in 

animals range from <I0 to 90 percent. Estimates in normal humans range from approximately 20 to 77 

percent. The net absorption of zinc appears to be homeostatically controlled, but it is unclear whether GI 

absorption, intestinal secretion, or both are regulated. Distribution of absorbed zinc is primarily to the 

liver, with subsequent redistribution to bone, muscle, and kidney. Highest tissue concentrations are found 

in the prostate. Excretion appears to be principally through the feces, in part from biliary secretion, but 

the relative importance of fecal and urinary excretion is species-dependent. The half-life of zinc absorbed 

from the GI tracts of humans in normal zinc homeostasis is approximately 162 to 500 days. 

30.2 Noncancer Toxicity 

Humans exposed to high concentrations of aerosols of zinc compounds may experience severe pulmonary 

damage and death. The usual occupational exposure is to freshly formed fumes of zinc, which can induce a 

reversible syndrome known as metal fume fever. Orally, zinc exhibits a low order of acute toxicity. Animals 

dosed with 100 times dietary requirement showed no evidence of toxicity. In humans, acute poisoning from 

foods or beverages prepared in galvanized containers is characterized by GI upset. Chronic oral toxicity in 

animals is associated with poor growth, GI inflammation, arthritis, lameness, and a microcytic, hypochromic 

anemia, possibly secondary to copper deficiency. The U.S. EPA calculated an RfD of 0.3 mglkglday for 

chronic oral exposure to zinc, based on anemia in humans. 

30.3 Carcinogenicity 

The U.S. EPA classifies zinc in cancer weight-of-evidence Group D (not classifiable as to carcinogenicity 

to humans) based on inadequate evidence for carcinogenicity in humans and animals. The human data 

consist largely of occupational exposure studies not designed to detect a carcinogenic response, and of 

reports that prostatic zinc concentrations were lower in cancerous than in noncancerous tissue. The 

animal data consist of several dietary, drinking water, and zinc injection studies, none of which provided 

convincing data for a carcinogenic response. 
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APPENDIX D-2 

SAMPLE CALCULATIONS 



CALCULATION WORKSHEET Page 1 of 2 

V 

PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from incidental ingestion of 
sediment at Mattawoman Creek. 

CLIENT: 
INDIV-NSWC, INDIAN HEAD, MARYLAND 

EQUATION: 

JOB NUMBER: 
401 9 

Where: 
I EX 
Cs 
IR 
E F 
ED 
F I 
CF 
BW 
AT 
CSFo 
Rf Do 

IEX = 
C S x I R x E F x E D x F I x C F  

BW xAT 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SEDIMENT 
CURRENTIFUTURE CONSTRUCTION WORKER 
BASED ON: 
USEPA, DEC. 1989 

estimated exposure intake (mglkglday) 
exposure point concentration in soillsediment (mglkg) 
incidental soil ingestion rate (mglday) 
exposure frequency (dayslyear) 
exposure duration (years) 
fraction ingested from contaminated source (unitless) 
conversion factor (1 .OE-6 kglmg) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mglkglday) 

BY: 
D. SCHLOER 

RISKS: 
ICLR (Carcinogens) = Intake (mglkglday) x CSFo (mg/kg/day)-' 
HQ (Noncarcinogens) = Intake (mglkglday) I RFDo (mglkglday) 

DATE: 
06128102 

ASSUMPTIONS: 
Cs - - 13.6 mglkg Chemical: Arsenic 
I R - - 240 mglday 
E F - - 60 dayslyear 
ED - - 1 years 
F I - - 1 
CF = 1.OE-06 kglmg 
BW - - 70 kg 
ATc = 25550 days 
ATnc = 365 days 
CSFo = 1.5E+00 (mg/kg/day)-' 
RfDo = 3.OE-04 (mglkglday) 



CALCULATION WORKSHEET Page 2 of 2 

EXAMPLE CARCINOGENIC CALCULATION 

CLIENT: 
INDIV-NSWC, INDIAN HEAD, MARYLAND 

lEXc = 1 3.6 mglkg x 240 mglday x 60 dayslyear x 1 years x 1 .OE-06 kglmg 
70 kg x 25550 days 

JOB NUMBER: 
401 9 

IEXc = 1.09E-07 rnglkglday 

ICLR = 1.09E-07 mglkglday x 1.50E+00 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

ICLR = 1.64E-07 

EXAMPLE NONCARCINOGENIC CALCULATION 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SEDIMENT 
CURRENTIFUTURE CONSTRUCTION WORKER 
BASED ON: 
USEPA, DEC. 1989 

IEXnc = 13.6 mglkg x 240 mglday x 60 dayslyear x 1 years x 1 .OE-06 kglmg 
70 kg x 365 days 

BY: 
D. SCHLOER 

lEXnc = 7.66E-06 rnglkglday 

HQ = 7.66E-06 mglkglday 1 3.00E-04 (mglkglday) = Hazard Quotient 

HQ = 2.55E-02 

CHECKED BY: DATE: 
06128102 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from dermal contact with 
sediment at Mattawoman Creek. 

CLIENT: 
INDIV-NSWC, INDIAN HEAD, MARYLAND 

EQUATION: DEX = C s x C F x S A x A F x A B S x E F x E D  
BW x AT 

JOB NUMBER: 
401 9 

Where: 
DEX 
Cs 
CF 
S A 
ABS 
AF 
E F 
ED 
BW 
AT 
CSFd 
Rf Dd 

estimated exposure intake (mglkglday) 
exposure point concentration in soil/sediment (mglkg) 
conversion factor (1 .OE-6 kg/mg) 
skin surface available for contact (cm2/day) 
absorption factor (unitless) 
adherence factor (mg/cm2) 
exposure frequency (dayslyear) 
exposure duration (years) 
body weight (kg) 
averaging time (days) 
dermal carcinogenic slope factor ((mg/kg/day)-') 
dermal noncarcinogenic reference dose (mglkglday) 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH SEDIMENT 
CURRENVFUTURE ADULT RECREATIONAL USER 
BASED ON: 
USEPA, DEC. 2001 

RISKS: 
ICLR (Carcinogens) = Intake (mglkglday) x CSFd (mg/kg/day)-' 
HQ (Noncarcinogens) = Intake (mglkglday) I RFDd (mglkglday) 

BY: 
D. SCHLOER 

ASSUMPTIONS: 
Cs - - 13.6 mglkg Chemical: Arsenic 
CF - - 1 .OE-06 kg/mg 

S A - - 6000 cm2/day 

AF - - 0.07 mglcm2 
ABS = 0.03 (unitless) 
EF - - 16 dayslyear 
ED - - 30 years 
BW - - 70 kg 
ATc = 25550 days 
ATnc = 10950 days 
CSFd = 1.5E+00 (mg/kg/day)-' 
RfDd = 3.OE-04 (mglkglday) 

DATE: 
06128102 
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CURRENTIFUTURE ADULT RECREATIONAL USER 
BASED ON: 

CLIENT: 
INDIV-NSWC, INDIAN HEAD, MARYLAND 

JOB NUMBER: 
401 9 

EXAMPLE CARCINOGENIC CALCULATION 

SUBJECT: 

USEPA, DEC. 2001 

DEXc = 13.6 mg/kg x 1 .OE-06 kg/mg x 6000 cm2/day x 0.07 mglcm2 x 0.03 x 16 dayslyear x 30 years 
70kgx25550days 

BY: 

DEXc = 4.60E-08 mglkglday 

DATE: 
06/28/02 

ICLR = 4.60E-08 mglkglday x 1.50E+00 (mg/kg/day)-1 = Incremental Lifetime Cancer Risk 

ICLR = 6.90E-08 

u / 

EXAMPLE NONCARCINOGENIC CALCULATION 

DEXnc = 13.6 mglkg x 1 .OE-06 kglmg x 6000 cm2lday x 0.07 mg/cm2 x 0.03 x 16 dayslyear x 30 years 
70 kg x 10950 days 

DEXnc = 1.07E-07 mg/kg/day 

HQ = 1.07E-07 mg/kg/day / 3.00E-04 (mglkglday) = Hazard Quotient 



CALCULATION WORKSHEET Page 1 of 2 

PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from incidental ingestion of 
surface water by an adolescent recreational user. 

CLIENT: 
INDIV-NSWC INDIAN HEAD, MARYLAND 

EQUATION: IEX = CswxCFxCRswxETxEFxED 
BW x AT 

JOB NUMBER: 
401 9 

Where: 
I EX 
Csw 
CF 
CRsw 
ET 
E F 
ED 
BW 
AT 
CSFo 
Rf Do 

estimated exposure intake (mglkglday) 
exposure point concentration in surface water (ug1L) 
conversion factor (1 .OE-3 mglug) 
contact rate (Uhour) 
exposure time (hourslday) 
exposure frequency (dayslyear) 
exposure duration (years) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mglkglday) 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SURFACE WATER 
CURRENTIFUTURE ADOLESCENT RECREATIONAL USER 
BASED ON: 
USEPA, DEC. 1989 

RISKS: 
ICLR (Carcinogens) = lntake (mglkglday) x CSFo (mg/kg/day)" 
HQ (Noncarcinogens) = Intake (rnglkglday) 1 RFDo (rnglkglday) 

BY: 
D. SCHLOER 

ASSUMPTIONS: 
Csw = 1.27 ug1L Chemical: Trichloroethene 
CRsw = 0.05 Uhour 
CF = 1.OE-03 uglmg 
ET - - 2 hours 
E F - - 16 dayslyear 
ED - - 10 years 
BW - - 43 kg 
ATc - - 25550 days 
ATnc = 3650 days 
CSFo = 4.OE-01 (mg/kg/day)~l 
RfDo = 3.OE-04 (rnglkglday) 

DATE: 
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EXAMPLE CARCINOGENIC CALCULATION 

CLIENT: 
INDIV-NSWC INDIAN HEAD, MARYLAND 

lEXc = 1.27 ug/L x 1 .OE-03 ug/mg x 0.05 Uhour x 2 hours x 16 dayslyear x 10 years 
43 kg x 25550 days 

JOB NUMBER: 
401 9 

lEXc = 1.85E-08 mglkglday 

ICLR = 1.85E-08 mglkglday x 4.00E-01 (mg1kglday)-1 = Incremental Lifetime Cancer Risk 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF SURFACE WATER 
CURRENTIFUTURE ADOLESCENT RECREATIONAL USER 
BASED ON: 
USEPA, DEC. 1989 

ICLR = 7.40E-09 

EXAMPLE NONCARCINOGENIC CALCULATION 

DATE: BY: 

lEXnc = 1.27 ug/L x 1 .OE-03 uglmg x 0.05 Uhour x 2 hours x 16 dayslyear x 10 years 
43 kg x 3650 days 

D. SCHLOER fl&- 06/28/02 
CHECKED BY: 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from dermal contact with 
surface water by an adolescent recreational user. 

CLIENT: 
IHDlV INDIAN HEAD, MARYLAND 

EQUATION: 

JOB NUMBER: 
401 9 

Where: 
DAD - - 
DAevent = 
EV - - 

EF - - 

ED - - 
A - - 

BW - - 
AT - - 

CSFO = 
Rf Do - - 

DAevent x EV x ED x EF x A 
DAD = 

BW x AT 

SUBJECT: 
CALCULATION OF INTAKEJRISK FROM DERMAL CONTACT WITH SURFACE WATER 
CURRENTIFUTURE ADOLESCENT RECREATIONAL USER 
BASED ON: 
USEPA, DEC. 1989, 2001 

dermally absorbed dose (mg/kg/day) 
absorbed does per event (mg/cm2/event) 
event frequency (eventslday) 
exposure frequency (dayslyear) 
exposure duration (years) 
skin surface available for contact (cm2) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)-') 
oral noncarcinogenic reference dose (mg/kg/day) 

BY: 
D. SCHLOER 

RISKS: 
ICLR (Carcinogens) = DAD (mg/kg/day) x CSFd (mg/kg/day)-' 
HQ (Noncarcinogens) = DAD (mg/kg/day) / RFDd (mglkglday) 

DATE: 
06/28/02 

EQUATIONS for DAevent: 

, , 

For lnorqanics: 

D* event = (K ) (' c~w ) (tevent ) 

Orqanics: / I \  
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CURRENT/FUTURE ADOLESCENT RECREATIONAL USER 
BASED ON: 

CLIENT: 
IHDIV INDIAN HEAD, MARYLAND 

JOB NUMBER: 
401 9 

Where: 

KP = permeability coefficient from water (cm/hr) 
cgw = concentration of chemical in groundwater (mg/L) 
tevent = duration of event (hrlevent) 
C F = conversion factor (0.001 ucrn3) 
t* = time it takes to reach steady-state (hrlevent) 
T = lag time (hrlevent) 
B = Bunge Model Constant (dimensionless) 

SUBJECT: 

USEPA, DEC. 1989,2001 

EXAMPLE CALCULATION OF DAevent 

BY: 
D. SCHLOER 

ASSUMPTIONS: 

DATE: 
06/28/02 

cgw = 0.00155 mg/L Chemical: Benzene 
KP = 1.49E-02 cmlhr 
tevent = 2 hrlevent 
CF = 1.00E-03 ucm3 
t* - - 0.70 hrlevent 
T - - 0.29 hrlevent 
B - - 0.050 unitless 

tevent > t*, therefore, 

DAevent = (0.0149 cmlhr) (0.00155 mg/L) (0.001 Ucm3) x 

2 hrlevent + 2 x 0.29 hrlevent x (1 + 3 x 0.05) 
1 + 0.05 (1 + 0.05) I 

DAevent = 5.87E-08 mg/cm2-event 

RISK CALCULATIONS 

ASSUMPTIONS: 
A - - 12,400 cm2/day 
EV - - 1 evenuday 
ED - - 10 years 
EF - - 16 dayslyear 
BW - - 43 kg 
ATc - - 25550 days 
ATnc - - 3650 days 

CSFd = 1.5E-02 (mg/kg/day)-' 
Rf Dd = 3.OE-03 (mg/kg/day) 
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L ' /  

EXAMPLE CARCINOGENIC CALCULATION 

CLIENT: 
IHDlV INDIAN HEAD, MARYLAND 

DADc = 5.87E-08 mglcm2-event x 1 eventlday x 10 years x 16 dayslyear x 12400 cm2lday 
43 kg x 25550 days 

JOB NUMBER: 
401 9 

DADc = 1.06E-07 mglkglday 

DADc = 1.06E-07 mglkglday x 1.50E-02 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

ICLR = 1.59E-09 

EXAMPLE NONCARCINOGENIC CALCULATION 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM DERMAL CONTACT WITH SURFACE WATER 
CURRENTIFUTURE ADOLESCENT RECREATIONAL USER 
BASED ON: 
USEPA, DEC. 1989,2001 

DADnc = 5.87E-08 mglcm2-event x 1 eventlday x 10 years x 16 dayslyear x 12400 cm2lday 
43 kg x 3650 days 

BY: 
D. SCHLOER 

DADnc = 7.42E-07 mglkglday 

HQ = 7.42E-07 mglkglday 1 3.00E-03 (mglkglday) = Hazard Quotient 

HQ = 2.47E-04 

DATE: 
06128102 
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PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from incidental ingestion of 
fishlshellfish at Mattawoman Creek. 

CLIENT: 
INDIV-NSWC, INDIAN HEAD, MARYLAND 

EQUATION: IEX = CFfish x IR x EF x ED x FI 
BW x AT 

JOB NUMBER: 
401 9 

Where: 
I EX 
CFfish 
I R 
E F 
ED 
F I 
BW 
AT 
CSFo 
Rf Do 

estimated exposure intake (mglkglday) 
exposure point concentration in fish tissue(mg1kg) 
incidental soil ingestion rate (kglmeal) 
exposure frequency (mealslyear) 
exposure duration (years) 
fraction ingested from contaminated source (unitless) 
body weight (kg) 
averaging time (days) 
oral carcinogenic slope factor ((mg/kg/day)~') 
oral noncarcinogenic reference dose (mglkglday) 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF FISHISHELLFISH 
CURRENTIFUTURE ADOLESCENT RECREATIONAL USER 
BASED ON: 
USEPA, DEC. 1989 

RISKS: 
ICLR (Carcinogens) = Intake (rnglkglday) x CSFo (mg/kg/day)-' 
HQ (Noncarcinogens) = Intake (rnglkglday) / RFDo (mglkglday) 

BY: CHECK D BY: 
D. SCHLOER I 

ASSUMPTIONS: 
CFfish = 0.0024 mglkg Chemical: Dieldrin 
IR - - 0.1 29 kglmeal 
EF - - 104 mealslyear 
ED - - 10 years 
F I - - 1 unitless 
BW - - 43 kg 
ATc = 25550 days 
ATnc = 3650 days 
CSFo = 1.6E+01 (mg/kg/day)-' 
RfDo = 5.OE-05 (mglkglday) 

DATE: 
06128102 
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v / 

EXAMPLE CARCINOGENIC CALCULATION 

CLIENT: 
INDIV-NSWC, INDIAN HEAD, MARYLAND 

lEXc = 0.0024 mglkg x 0.1 29 kglmeal x 104 mealslyear x 10 years x 1 
43 kg x 25550 days 

JOB NUMBER: 
401 9 

lEXc = 2.93E-07 mglkglday 

ICLR = 2.93E-07 mglkglday x 1.60E+01 (mglkg1day)-1 = Incremental Lifetime Cancer Risk 

ICLR = 4.69E-06 

EXAMPLE NONCARCINOGENIC CALCULATION 

SUBJECT: 
CALCULATION OF INTAKEIRISK FROM INCIDENTAL INGESTION OF FISHISHELLFISH 
CURRENTIFUTURE ADOLESCENT RECREATIONAL USER 
BASED ON: 
USEPA, DEC. 1989 

lEXnc = 0.0024 mglkg x 0.1 29 kglmeal x 104 mealslyear x 10 years x 1 unitless 
43 kg x 3650 days 

BY: 
D. SCHLOER 

lEXnc = 2.05E-06 mglkglday 

HQ = 2.05E-06 mglkglday 15.00E-05 (mglkglday) = Hazard Quotient 

HQ = 4.1OE-02 

DATE: 
06/28/02 
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RAGS PART D TABLES 



RAGS Part D Table 1 

Selection of Exposure Pathways 



TABLE 1 
SELECTION OF EXPOSURE PATHWAYS 

MATTAWOMAN CREEK 

IHDIV-NSWC, INDIAN HEAD, MARYLAND 

Scenario 

Timeframe 

CurrenVFuture 

Medium 

Sediment 

Surface Water 

Exposure 

Medium 

Sedlment 

Surface Water 

Fish 

Exposure 

Point 

Mattawoman Creek 

Mattawoman Creek 

Mattawoman Creek 

Receptor 

Population 

Construction 
Workers 

Recreational 

Users 

Oll-Site 
Residents 

Construction 
Workers 

Recreational 

Users 

Off-Site 
Residents 

Recreational 

Users 

Receptor 

~ g e  

Adult 

Adolescents 

Adult 

Child 

Adult 

Adult 

Adolescents 

Adult 

Child 

Adult 

Adolescents 

Adult 

Exposure 

Route 

Ingestion 

Dermal 

lngestion 

Dermal 

Ingestion 

Dermal 

lngestion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Dermal 

lngestion 

Dermal 

Ingestion 

Dermal 

lngestion 

Dermal 

Ingestion 

Dermal 

Ingestion 

Ingestion 

On-Site/ 
Off-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-Site 

On-site 

On-site 

Type of 

Analysis 

Quant 

Quant 

Quant 

Quant 

Quant 

Quant 

None 

None 

None 

None 

None 

Quant 

Quant 

Quant 

Quant 

Quant 

None 

None 

None 

None 

Quant 

Quant 

Rationale for Select~on or Exclusion 

of Exposure Pathway 

Construction workers may contact sediment during construction activities. 

Recreational users may be exposed to sed~menl in Mallawoman Creek. 

Recreational users may be exposed to sedlment In Mattawoman Creek. 

Off-Site residents are considered to be part ol the recreational user group: therefore. 
off-site residents are not evaluated as a separate receptor group. 

Construction workers are no1 anticipated lo ~ngesled surface water. 
Construction workers may contact surface water during construction activities. 

Recreational users may be exposed to surface water in Mattawoman Creek. 

Recreational users may be exposed to surface water in Manawoman Creek. 

Off-Site residents are considered to be part of the recreational user group; therefore. 
off-site residents are not evaluated as a separate receptor group. 

Recreational users may fish at the site. 

Recreational users may fish at the site. 



RAGS Part D Table 2 

Occurrence, Distribution And Selection 
Of Chemicals Of Potential Concern 



TABLE 2.1 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE WATER - MATTAWOMAN CREEK 
MATTAWOMAN CREEK 

IHDIV-NSWC, INDIAN HEAD, MARYLAND 
PAGE 1 OF 2 

Scenario Timeframe: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 
Exposure Point: Matlawoman Creek 

S39sW0020001. 



TABLE 2.1 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SURFACE WATER - MATTAWOMAN CREEK 
MATTAWOMAN CREEK 

IHDIV-NSWC, INDIAN HEAD, MARYLAND 
PAGE 2 OF 2 

Scenario Timeframe: CurrentlFuture 
Medium: Surface Water 
Exposure Medium: Surface Water 
Exposure Point: Manawoman Creek 

Notes: DeLnil~onr. NA = Nol Mpllcable 

(1) -Sample and dupilcale are counted as Iwo separals samples whendeterm~n~ng Ihs minimum and ma#mum dstsotedurncsntralion~. SOL =Sample Ouanlilalion Limlt 
(2) - Value9 pre5enled are sample-speclc quanlilalion lhmils. COPC = Chemical ol Polen8al Cowem 
(3) -The  manmum delected somsntration is used lor screening purposes. A R M B C  = Appl8cable or Relevant and Mpropnale RequlremsnllTo Be Cons~deted 
(4). No Background data available J = Estimaled Value 
(5) - U.S. EPA Reglon3 Rirk.Based C o w ~ n t r ~ t i o n T a b l e . A I 2 ,  2002 (RBCslor roncarcimgenic compowds ara dwided by 10 lo cor,espord lo a HI of 0.1). C = Carcirogsn~c 
(6). Raliomle Codes Selection Reason: Above Screening Levels (ASL) N = Non-Carcinogenic 

Deletion Reason: Essenltal Nulrient (NUT) 
Below Scrsenlng Level (BSL) 
No Toxlclty Inlormalion (NTX) 

(7) - V a l u ~  1s lor hemvaienl chromium. Detecllon lrsquewytess than 5% (FREQ) 
(8) - OSWER action level. USEPA, 2000. Dnnking Water Standards and Health Aduisones. 
(9) -Calculated value using U S EPA Reglon 3 RBC gmdancs. 
Shadng indicates lhal Ihe maamum detecled concentratton exceeded the screening crilena therelore !he chemical was retained as a COPC. 

Associated Samples. 
lS l lSWol  IS17sWo3 MTCSW00301 MTCSWOlOOl MTCSWO1601 MTCSW02301 MTCSWo3001 S39SWo060001 
IS1 lSWo2 Isl7sWo4 MTCSW00401 MTCSW01101 MTcsW0170l ~CSWo2301.D ~ 3 8 ~ ~ 0 0 ~ 0 0 0 1  
lSllSWO3 IS17SWO5 MTCSW00501 MTCSWOlPOl MTCSWOlBOl MTCSW02401 S39SW0020001 
IS11SW04 IS17SWO6 MTCSW00601 MTCSWOlPOl-0 MTCSWDl901 MTCSW02501 S39SWOO20001.0 
IS17SWO1 MTCSW00101 MTCSWOO701 MTCSWOl301 MTCSWO2001 MTCSWO2601 S39SWOO30001 
lSl7SWOlP MTCSWOO201 MTCSW00801 MTCSW01401 MTCSW02101 MTCSW02601-0 S39SW0040001 
IS17SW02 MTCSW00201.0 MTCSW00901 MTCSWO1SOl MTCSW02201 MTCSW02901 S39SWOO50001 



TABLE 2.2 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN -DIRECT CONTACT WITH SEDIMENT - MATTAWOMAN CREEK 
MATTAWOMAN CREEK 

IHDIV-NSWC, INDIAN HEAD. MARYLAND 
PAGE 1 OF 2 

Scenarlo Tlmeframs: CurrentlFuture 
Medium: Sedlment 
Exposure Medlum: Sedlment 
Exposure Point: Mattawoman Creek 



TABLE 2.2 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - DIRECT CONTACT WITH SEDIMENT - MATTAWOMAN CREEK 
MATTAWOMAN CREEK 

IHDIV-NSWC, INDIAN HEAD. MARYLAND 
PAGE 2 OF 2 

Scenarlo Timeframe: CurrenVFuture 
Medlum: Sediment 
Exposure Medlum: Sediment 
Exposure Polnt: Mattawoman Creek 

(1) - Sample m d  d ~ p l l c ~ l e  d8181wnlsd m No worspdale 9mpleo when ddlezmlnnng Iha mIhnIhmmm and mdmum dalsctsd sdmcen~r~uon(i 

(21 - Vduer prsrsnlsd srs ramplsrpsc8lls quanl8taUon llmlls. 

(31. Ths marleum deteslsdcmcenlsllon Is utedlor rcrsenlng purposes. 

(41. No Backgrounddalaa~llable b mlr rile 

151. U S  EPA R q l m  3 Rlrk-Bared Cmc~I ra I Ion  Table. A 2 2 2  (RBCr lor noncar~ncgpinlc cmwuudd d d  ddmdsd by 10 tooorrrrpnd 10 rn HI 01 0.1) 

(61. Ralbnm~ ccdm Ssiscl\m Rsarm *born Scrsenlng L w s  (ASL) 

Deiellm Reason Errenlld Nubienl (NUT) 

(71 - Vdue Is la msnaphVlsne Bs lw Screening L e d  (BSL) 
(8). Vdue 1s la p y ~ m e  NO Toa~l ly lnlamsllm (NTX) 
(91. VdUe 11 1.1 hemmlent snrm8um 

1101. OSWER rcrwnlnglevei. U S. EPA. 1994: Guldmcson Rerldsnllsl L e a d B m d  Pdnt. LeadCmlmkalsd Durl, m d  LeadConmlnalsd Soll. 

Sheded cells lndlcsls thsl me npglllsd crllerlon har been sxceeded a mat meshemlcsl h m  bsen rs i s l sd  m s COPC. 

DsllnlUml NA - Not Appllcsble 

SOL - Sample Oumlllehan bmll 

COPC - Chemlcd 01 Potenld Conssrn 

ARARITBC - Applbabls a Reievanl and Approprlsls RequlremsnVTa Be Conr8dersd 

J - Erllmslsd vdus 

C - Carclncpnlc 

N - Nm-Cezoncgen8c 



TABLE 2.3 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN - FISH TISSUE 
MATTAWOMAN CREEK 

IHDIV-NSWC, INDIAN HEAD, MARYLAND 
PAGE 1 OF 2 

Scenario Timeframe: CurrenVFuture 
Medium: Surface Water 
Exposure Medium: Fish Tissue 
Exposure Point: Mattawoman Creek 

CAS Number Chemlcal 
~~~~e~ 

Mlnlmum 
concentralion 

(11 

Maximum 
Concentration 

111 
Units Detection 

Frequency 
Background 

~aiuel') 

Locatlon 
of Maxlmum 

Concentration 

of 

~ondetects"' 
U.S. EPA Region 3 

RBC 

Concentration 
Used for 

Screeningll, 

Po'entiai 
ARARTTBC 

Value 
ARARrrBC 

Source 
COPC Flag 

Rationale for 

ci:GEt",:t 
SSIBC~IO"~~) 



T A B L E  2.3 

OCCURRENCE,  D ISTRIBUT ION A N D  S E L E C T I O N  O F  CHEMICALS  OF P O T E N T I A L  C O N C E R N  - F ISH  T ISSUE 

M A T T A W O M A N  C R E E K  

IHOIV-NSWC, IND IAN  HEAD, M A R Y L A N D  

P A G E  2 OF 2 

N d e ~ .  

(1). Sample and dupltate are counled as Wo separate samples when determining the minlmum and maxlmum detected concenlralbns. 

(2) -Value$ presented are sample.speslic quantlatlon Ilmls. 

(3). The maxlmum detected soncsnlralbn is used lor screening purposes. 

(4). NO background values. 

(5). U.S. EPA Regbn 3 Risk-Bared Concentration Table. A p l ,  2002 (RBCr for noncarcinogenic compounds aredWed by I 0  to correspond lo a HI of 0.1). 

(6). Rationals Codes Selsclbn Reason: Above Screening Levels (ASL) 

No Toxktly lnbrmalbn (NTX) 

Delelbn Reason: Essentlat Nutrlent (NUT) 

Bebw SCRsning LBYBI (BSL) 

Bebw Background Value (BKG) 

(7) -Value 15 lor Endasufan. 

(8). Value 1s lor chlordane. 

(9) -Value IS for hexavalenl chromium. 
(10) - Valus is tor methyl mercury 

( I  I ) .  Calculated value using U S. EPA Regbn 3 RBC guidance. 

Shaded sells Indicate that the apecdled crlerbn has been exceeded or that the chemical has been selected as a COPC. 

CAS Number 

ASSOCIATED SAMPLES 
MTCCTOOlOl MTCCT00403 
MTCCT00102 MTCCTOOS 
MTCCT00301 MTCLBOOI 
MTCCT00302 MTCLBOO201 

MTCCT00401 MTCLB00202 

MTCCT00402 MTCLB00203 

Delinlbns: NA = Not Applicable 

SOL = Sample Ouantlallon Liml. 

COPC = Chsmical ol Potential Concern. 

ARAWTBC s Applicable or Relevant and Appmprlale RsquremsnbTo Be Considered 
J = Estimated Value. 

C = Carc~nogenr. 

N = Noncarcinogenic. 

S c e n a r i o  T ime f rame :  Cu r ren f fFu tu re  

M e d i u m :  S u r f a c e  W a t e r  

E x p o s u r e  M e d i u m :  Fish T i s s u e  

E x p o s u r e  Po in t :  M a t t a w o m a n  C r e e k  

Chemical 
Maxlmum 

Concentration 
Mlnlrnum 

Concentration Maximum 
Pval l f ie r  

Minimum 
Qualifier 

o:i:::i:m 
COnCentratlDn 

Detection 
Frequency 

Range o t  

~ o n d e t e c t s ~ "  

Concentration Used for 
Background 

VBIUBI'~ 

U.S. EPA Region 3 
RBC lLl 

ARARnBC 
Value 

ARARf lBC 
Source 

COPC Flag 

Rationale l o r  

C ~ ~ ~ ~ ~ ~ t  
~elect lon" '  



RAGS Part D Table 3 

Medium-Specific Exposure Point Concentration Summary 
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