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2 5 JUN 1~30 

UBJECT: Herbicide Orange storage Site Reclamation - Naval 
Co~struction Battalion Center (NeBe) I Gulfport, 
I'Li s ::;i s sippi .- I "JFO?~-:ATION !-F~;10RANDU!'-1 

A pro~ocol for follow-on resc2rch to determine the 
:lti~ate f2te of dioxin (TCDD) is 2ttached. The protocol 
;Dvisions a four-year program with an estimated financial 
-c'-=Iuire;T\crlt of $985K. These funds arc.: not pl.:-ogram.n:ed in 

-~:----:::-

current t}SAF ~[1~ budget. --::;---

-:,:;---

'fhe rccc:x:1c:nGcQ organizstion for the overall management 
)~ the effort is the Air Force Engineering and Services Center 
U::-Jgir:eering end Services Laboratory). .I;dditional support for 
the proj ect -.. :ou ld be rcqulxed fro::1 '~~'j\TL/i?_~V ,li\~_~~!:,_.OEJ5~ and 
~1 ,5j\Fl .. /DFCBS • 

1 At L.::.c'hl;1ent 
Rc~,c2.rch Rcquirertlents for 
Recl~mation of Herbicjde 
Cr2nge Storage Sjtes 
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1 . A 11 : e s e 5 r c h e f for t s s h 0 U 1 d bed ire etc d a t fin d i r. 9 a ~,o 1 'J t ion 

(~nterim and final) for herbicide/TCD9-conta~inlted l~nds previously Lsed 

for storage vf Herbicide Oran;e at the Havel Construction Ba~talion C2n~er, 

Gulfport MS; Johnston Island, Pacific O:cJn; and Hardstand 7, Eglin ~Fb FL.) 

2 . A f 0 ~~ r - yea r (F Y SO·· r Y 8 : ), b rca d - b G S (' d pro 9 r a r.i (s i x t ask s) i s p r 'J ;; ~ ~. t~ d 

~':ith a tctal fin,~ncial c>penditurc of S9351~. The Incjor finl'!ncial expcndi-

deccnt~~inate leDD-laden soil or silt. In the interim period, before a 

j" Th:: responsible laboratory for th~S research prl)grcrr. should br: t~e 

FL. 



1. ,';11 rescsr:.:h efforts sh:n.Jld he .. directed at finding a solution 

(~n~eriill ar.d final) f;)r ht:i--bicider:CDJ-contar.iincted lands previously ~Jst:d 

for storage of Herbicide OranS2?t ~tle j~aval Construction Ba~tolion Cerl:'cr. 

2. A fo~r-year (FYSO-FYS?), brGad-b~scd program (six tasks) is propcs~d 

~~'ith a to~al fi:-;ancial c)'.~)enj~ture of S93:d~" The Incjor fincncial exp:?rtdi-

sr;Quld be directed ti',:ward the development of a method t~ 
--- -.--------- ---------- --_._--- . . 

deCCrtt2~inate TeDD-laden soil or silt. In the interim period, before 3 

'. 
cecontcr~iination r;!~thod is ovcilcble, a scientifically valid cJ2.~JJt~l~L rE-s.tQ_!d.::, 

t;q_lQgj_~al al~d :-nicrobi9J ___ ~~;Jlitor~nJ progrcr:: shouid be._SQ_~_tinued for a11 
~ __ . _---~ _._._ - - __ .. ____ .. __ ., __ 0.- __ _ _ _ _ ____ ~ ~ __ . __ _ _ __~_.. _ .. _ ._._ 

t ~l r L ere :- b ; c ide 0 ran u eSt 0 r (; 0 ( ,; r c :: S • 
- --.-- -' ., 

- r ~ r r- t· l' C (" D ,- .,. " r 'r-' :11'," ,'" ~ l-,.,::,_, .. I.>_I, 

fL. 



Ti'blc i. SUrTl~'lry InlOrT,ll1tion on 1'~,1jor Stor.1 1]C ,\reas or Field Site:; ContaiidnJtcd by 
Herbicide Orange und 1CDD 

Locat.ion 

NllVil1 Constr"uction 
HiltLjl ion Centcr, 
Gu1 r~ol-l ;·~S 

Jo:mS~0n ISland, 
~lrlcific OCCJ!l 

1l,11'd s t t3 ; d 7, 
['.i1 in id B Fi. 

Gr i d l, 
Tr::st j,trJ C-5'lA, 
[91 in {,ru rt. 

ENGCm~ 
(tIQ iifl.VFfl.C) 

OtlA 

f\.STC 
. (AFSC ) 

(\rca 
(llercs) 

12 

12 

2 

92 

Con c e :) t l~ c1 t ; 0 n 0 f 
Hrrbicide jn 
$ 0 i 1 ( P pi:! ) (\ 

33,940 

iiO P 

Concentration of 
reDD in 

( \ b 
~~)il (ppm) Silt u~ 

O.141i 

0.081 

0.127 

-3 . 3.G x 10 

3 2 '0-4'- r- x 10- 5 
• Xi J.::l 

-3 
7.2 x 10 

·'DC 
I' 

-:~ 
1.5 x 1C 

-3 2.91. 10 

a I'lcon conC(?I,tration, parts per million, of 2,4-D plus 2,I1,5-T fro~n 14 spili sites for f'ICBC and JI; 1979 datu. 

b~icJn (oncentration, parts p(?r million, of TeDO; latest ·3v(li1ab1\~ data (1979 for rtC[3C & JI; 1978 for Eglin Sit· 

c -7 NO = Not Jetccted at 1 x 10 ppm in 1973 

dNA - Not an~lYZ2d 

(lim = ~iot d~~("ctcd "t 0.001 rpm in 1972 



c r f:' ? S • I n a c1 d i t i 0 r., thE: f a ~ e 0 f the r f S ~ c! u e s (0 \' (: r tim e) end vi i t h i n 

into r:c:thJdOlogies for c:nhancir:g the dcgrad~tion of TC['D or its d(:Cof!t.~[ni-

I, c t "1 J n f nS1 S 0 i 1 s nee d to be i ,: ve s tic c ted. 

RES~~RC~ APPROACH 

E91ift !~FB arid pre1iril1fiary C'icta fro;:) ~J:e ,h)hnston Is1and Storage Area 

f",cnitoring F'rOljiam Sl1g~lest that it is l!!cppropr;C.te to c!ddress the 

rc:cl('~'l:t;or. of the Her~icide Orange Stc:-aoe Arei'. at /,[3: as ar. 1sc12tcd 

tiD n 0 f ~ h f: her j i c ide./ TeD J - l G n t lX, ina ~~: d 1 an J a t r ~ c : C b € (: 1 sob r 0 ad UIG ~I!J i 

... r' r -.- ~ - <:: c t \- D 0 ~ r ere "j ,- ... a r~ : 11 - t :CJ d r:'" Cl $ l. 0 (: II.- \J I r : tJ ~ _ ..> I I \_ \' , , ... , 'L. I :. Ie ... \.. :) I L... • ?revious r~search results a~d 

study proto=ols inv2sti~dting the pErsist~nc~ of TCDD suggest that & pro-

' .... 0 "~ce orcJ'r:""-":~rc \.: 1 ~", n '" n ~ _, w' I I ,. eLI V : .. '. 

3 



Research require~ents fer recle~ation of Herbicide OranJe Storage 

Areas or TeDD-contaminated field sites can be divided into six tas~s: 

Task 1. Trac~ Contaffilnant Analyses of Herbicide Formulation. The 

i~port~nce of charactcrizins the tr~ce con:aminants in Herbicide Or2nae 

has be~n de~Dnstratc~ at NCPC. Dioxin rC5i~ues found more than two 

miles dJwnstream from the Storage ATea wer~ presu~ed to be fro~ the 

herbicide rather than from other drain~::E' sources. Ho\,/cver, since 

trace cor.~.1rI11nG.nt 3nal)'s(~s of 3ctu~)1 pr, . .:ducts v"cre; nG~ a:lolyzed. the 

~,oCrce cannot be confirn,cd. {-.r:hivrd Sdj,ipies of Her)iclce Orange fror~j 

lets should be QnalY2t~j fOl' trace conta::;inants. These analyses shtjuld 

i!.c1uj;: 2.n iS0iT12rlc Gnalysis of- tetr(-~c~11orodiLenzo-p-dioxin (TeOn) end 

~_etrcchlorodibenzo-::-uian (I'~DF) cS h::l1 i:S othfC:r dioxins, furcns and 

o ; ph e n .Y 1 e t r. c r S • C (; t a fro:: I t h (. S E 111'1 3 1 Y 5: ('~, 'r..1 11 a 1 sob e () f val u e tot h ~~ 

current Air Force epidemio1ogic stud), of hr:alth effects in Air Force 

per~o~nel exposed to Herbicide Orange. 

Task 2. Trcce Ccnt21i:inant ;,naly~)es of Soils from St.orage Sites. 

S tj ~ S e ~ u c : t tot h e c h:: r a c. t E' r i z a t ion for t rae e con t a IT:; n E: n t S 0 f the S d :-:~ ::> , c s 

cf Herbicid~ Orang~ formulation, ~ralyscs for these 5am2 contaminan~s 

shcul~ b~ undErt~ken in ~~lectcj s0ils from the various storage sites. 



only orlce, t\'l'~ or three soil sar:~les h'i 11 r, e C'd to be c011 ec ted from each 

Storage Site and shculd represent, in the case of r~CBC and J I , sites ("jf 

"old ll end "new ll 

sr- ills . Thus, no more then t'l'/(' 1 ve ( 12) s3i.1ples wi 11 nC~f:() 

to be ~nalyzed for trace contami~ants. 

T~sk 3. S"' tP Pes,' du p r"on~ + r)I',' no I"),·oc" ,", I '\- \ J 1.._ I ~ \..~, :;:J r _ I c~ ill. Technical Report OEHL-TR-

rJ'i:P~ /'9-159 deta i 1 s the object i veSt protcco 1 and sU;J .. 71ary of resul ts of a two

~ yeGr site ffionitori ng prog:-am ccnductcd from 1977 to 1979 at IKBC. Ana th':r 
.. 

t~chnical r0port de~c:rihing the S0r~:e objectives end protocol for a triO-O 

year site r~')nitori!ig p;'ograrn conducted du:"ing th~ st}me tim~ period on 

J 0 ~m S ton 1 $ 1 c:l d is in p " c~ par d t i (\ n .A t e ~ c h of these locations, 4 2 S 0 i 1 

SCI..pli r ll} points \\'cre establi:,h0d ~lnd foch POif:t h3S been sampled ~t le{!~t -
thr~e tir.es over the P21st t\:o ),t;crs. E c C h s (., i i S (j r.; r:: 1 e r, a s bee nan a i y 7 e (~ 

I 1- 3t 4-
for :he h::rbic),1'2S 2,4-D arId 2,.t:,5-i~ t h -:: p h ~~ n G ; s d i-a n d t ric h lor 0 ;; ~·I':.' Ii '); : ----s 
and T CD D . I t \.,' ill t Q i Ii.~) e r i! t L' e t hat t his IT; 8 ni t c r i n 9 pro 9 r a fT1 con tin u e 

(usins the pre~ent Pl'uto:ol) if data dre :0 be o~taired on th(~ soil 

persistence and fate of HErbicide Oreflge and it~, cssociat('d dioxin(s), 

Technical Repurt AFATL-n:-92-2C Las d('sc;--ibc'd (1 sampling protocol for 

r-:ordstand 7, Eglin AFB FL. S~Hi',~1in9 2t this site should also ccntinue. 

The need to re-samplL Grid 1, 1est Area C-52A, Eglin AF8 Res~rvatio1 r~~ds 

to :,e ev~1Jcted. 

Task 4. An31y~,is of TCDD ;n Silt and 8iologicals. This task 

involves analysis of TeDD in sPlect~d silt and biological samples Ly 

h ;~h resolu~:'"'n "-'S Chl'C~'~~""'-~Db" "')('$ c,..,cr-trr""ptry (r:C ,/~) l"j. J I·~.U. ~(... 1'","",l...J;,.t~,I;~(-j'l~..) .Jt~~'- \.),ll_ .-; -.~_. Edrly 

d ? :. e c t ion 0 f G n.y 1"10 V c:~ 2 n t 0 fTC D D i Ij c qua tic 0 TO ten-est r' i ale cos ~"s i. E:;j] S 

is ~~pen~2nt upcn ~ayir;a the capability of detecting TCDD at the p~rt~ 



p:: r t r; 11 ion 1 eve 1 0 f r c :., i C ~I e ,It i s i1 n t i ( i pat edt hat ~ 0 -50s a I.. p 1 e s 

(Lioiogiccl pr'imarily, but ~,O~:le silt ~am~les) will need to be collected 

per each year of r..onitor':ng,. The selecti~n locatioo aod the type of 

(~Ch sa~?le at each stora~e site will be important . 
.... _------ ------' 

Task 5, Microbial Analyses of Soil. So~e silrpling or ~oni~or1ng 

r.lethej is n?quired to cC.'ten~,ine tr,e !1i1nimum 1evel of resiGue thet could 

~- 2 C ens i C 2 rEd t i 0 1 O? 1 can y and e col 0 9 i cal 1 y ace e pta b 1 e; 1. e., a de t e r -

\.1 i rl a t ~ 0 n 0 f a II n 0 si S i, i fie (; r, t ~ f ~ t C t." res i d J \: leveL Pas t s: u die S 0 f 

th'2 ~C3C 2r.O JI stor2.<;2 sites have sho',.m that microbial orgi:lniS~lS are 

2yce11cnt indic2tOls of residuE lev~ls. Q~aGtitative and q~alitative 

organis~s \'J111 pruv;cc c. 9~lid~ t.c the qU21ity of soil f'Jund at E:cch 

storage site. 

1 c :: r E. 09 con t a fr.i nat i 0:; Stu c i l5 , T he II \' ail 2 b 1 e do t a fro IT: t; Ie 

various site mD~ito~ing pro9r~ms 5u99~st that lCOD (iso~er not identifi2d 

b~t ~resu~~bly 2,3,7,8-TCOJ) is very persist~nt in the soil with a half-

1 i .( e 0 f per r, a p s b.,. 0 tot h r e eye a r s . 1 nth cab sen ceo f finn G d t a J n how 

long the Storage {,reeS :iF':y 1'(["1=.in contaminated \',-ith lCD] and other Herb;-

other uses [j.ust be rf:~trict~d, lhc~ on1.v ap~rO)Cr1 to cssurin9 tr.at ~r,e 

cont2~ina:ej 12Gds will be re~urnej to fu11 2Gd beneficial use i~ the 

f ... r- p ;- to 1~\·r'"I(~' .:.nd ~""""-IC.\' ., :·:(){~ •• "17;·"'.·.·~n::.t::,or, ~,'.,0t~.IC:·';. Ii:; a r U l J _ .::, . \. c: , - r l. ~:,. r '-, a _ ~ - v ~ """ I ". - - u Occon-

in si~~ st.ud·i·::~ 
. --~---



S:8rage A~cas; 2) b(~ch-scale (laboratory) st~dics of methods that can 

be eventually sC31ed-up to d~co~ta~i~ate 1JrS2 volu~es (millions of 

pou::CS) of ~oi 1. 

Ihe sf;ial1 sCJle ~ si_!.~ studies should be directed to methods that m~y 

enhence ::le in situ dCQradation of rcsidt:es. Thl2se methods rTiay likely 

i~clude ~~crobial degradation, chemical ~estruction, photolytic degra-

de. ~ i en drd clrga n i c sol vent extra c t i 011 \'.'i t.h su~seCiuent line tura 111 photo-

c~£:-adcticn. It should be emphasized th·"!t th'~se decontar.1ination method$ 

[:,3), be prllctic~l and s!Jit?'blc for use in such a highly visible locations 

2: S ~ 11 c: t,;: 3 C . The 1 a~' c: rat J r y stu j ~ f: S \.: i 11 f (0 C us, for e x a rr.p 1 e, 0 fl sue h 

:'ion. Fecsible bench-scaie fl:ec.rods wi'll be prototYtlt?d so as to furnish-

de s i 9 n cat a for (! full - sea 1 ~ dec I.J n t a r:1 i rlt! tic:I S y s t erl. 

COST. TH',c AIW H~NPO~.TR EST H'.,';TES 
--~--------.-------- ._. __ .. _------

Tne six tasks outlined above will require the efforts of both 

:ontrzctor and in-ho~se l2~orataries. A single lead Air Force agency 

(laboratory) must be responsible for the entire project. The Project 

Officer ~ust insure that all ,t~e tasks within the project are closely 

s~~~le collected at a s~~~ling site at ~cec COJld yield data applica~~e 

tJ thE monitcring prosram (T~sk 3), iso~eric co~pcsition studi~s 

(Tas~ 2), n1c~o~i31 analyses (Task 5) 2S well 25 t~ing useful in 1~t~r3-

:Of) decQnta~iGetion trials (~as~ 6). The PrOject Officer shou~d be 

., 
I 



C 0 i i e c ~ l c riO f s i.; :; i p 1 e s, the 1 r pre par d t. ion end t ran s r\(; r !. 

:0 suppcrting 'a~orator1€S, ~:lC r.·,cint~::i3ncr. of recor'd~, and the prep~ratiCirl 

cf cO:':;JGS)te project :,ul:i:-:iaries 2nd finc1 reports. 

for each task is Sr.O\·UI in lable 2. 1 i~t; cost estimates for FY80 are bC!:;:~).{ 

the h ~.: C \' Y fin a r \ cia 1 in\' c s : f;, e fI tin t ~', i s pro 9 ram ;~, i n dec 0 n t Gil, ina t ; 0 f; 

st'J'~ics. The oeler costs re';:"Ii::ct :ht: effm"ts re-quired to conduct scien-

tifi~lly valid monitorina studies in tLe absence of a proven d(:cont.c..iT.ir'?.-

S;.t'·:~\L It~G ,'..:;2 J..;~':'L'~, 1 S ~Ct~~nE. ----------- ----------------.-~ --~--

Ie b 1 e 3 p r (1 \' i d c· s a ~\ c f,' P 1 i n 9 s c.l,:; ~~ caL d a fI a 1 y tic c 1 r e qui r e;-;1 en t s for 

s~l£cted research tas~s" In the abs2~ce of a m2thod to decontaninate 

• . t . th·=, Stor2~c ,~.reas, 1 IS 

to ti n 9 p r iJ 9 '" d m b C! co:! tin u e d . Sari p ! e ':, 0 f s i 1 t nee d to bee 0 1 i e c ted Cur i !l j 

tLe period f'i.pril/:by 19t',Q at !~CGC fo11n;·:ino completion of th~ const,-u:t'lcn 

~:jifications of the ~erbici~e OrJnSF S~orage Are~ aGd adjacent drai~Fge 

s y s t ': rr; s . ;- his S Co ; r ~' 1 i :--, 9 h' ill i:w 81 \' e ( 0 11 (' C tin 9 a~) pro x i IT; i:1 tel y i 2 to 1 5 
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TUTI\L 

Trace Contaminant Analyses of 
Herbicide Formulation 

Trace l':ontarninant Analyses of 
50115 from ~)torllge Sites 

Site Residue MonitorinG ProgrJm 
(Herbicide, Phenols and reoo; 
Lo\.; Rcsolution GC-~IIS) 

TeDD Residue in Silt and 
[} i oi 0 U i cal s ( H i 9 h Res 0 1 uti 0 n G C - r,~.s ) 

t'l i c rob i a 1 1\ n (l 1 Y s e s 0 f So i1 

Decontamination Studies 

rroject Monitor Respnnsibilit: 
(Sa n1 pling, TUYs, ~!eetings) 

F'(80 

15K 

35K 

15K 

lOK 

90K 

FYSl FY82 FY83 

nOK 130K 

60K 60K GOK 

15K 

250K 250K ? (SOOK) 
; \ 

20K 20K ')n " l.,u!, 

425K 410K 60K 



1~bl€' 3. Proposed Surr,;Ji11:g SChefTl2 end Ana1ysis R~qu;r~rnents for 
Stlected Research Tas~s. 

la ~ k E r i i? f Df:: S c r iJ) t ion ~_!~~E_1_~:] __ ._Dd tes An J 1 Y s i~ _~~~ It" .~ e d 
-.~----... -- --_._.-- --- - -.--...• -

Fc'rlo,ulation f ... n,~ 1 y5 is f~pr/!'~3y 80 30 Sep 8Q 

2 Tr,;ce A.!ltl1.vses of S011s ~.1u 1/ (;,u 9 80 31 uec 80 

3 ~',:ni tori ng Prorram Jt., ~ / !:""Jg 80 30 Sep 81 

Jul/Aug 81 30 Sep 82 

Jul/..u.ug 82 30 Sea 83 

lCC] Rf:sicuC A~r /!':3Y 80 (l-iCBC) 30 Scp 20 

Jul/i'lug 80 30 Sep 8) 

Ju1/;,uj 81 30 ,,,-. 
-''-t- 82 

\"J 1 / A t1 9 82 30 Sep \'-. 
L-J 

5 t,~ i c r 0:1 i ,} 1 /:..na 1 '/S'; S ~J u 1 / ;"J 9 80 31 Lee C~ 
I.,,J 

\)IJ1/f .... u; 81 31 O~C 21 



in T2~'e 2. During the sum~er of 1930) all of the Storage Areas 

(~cc:. JI and H~rd~tand 7) shDuld be re-s2~pled so as to provide con-

t ~ ru i n 9 des ,-a d a t ion d a t a ( ann :J a 1) for the ~ e 1 0 C c t ion s . i h e s e s a ,'"'"'I P 1 e s 

sho~ld be subdivided, with one pDrtion ir:rredic.tely sent to USt~FAiDFC~S 

~ . ". 1 l' (: ' -) tor m1crC' )12 ant:! YS1S ,aSI(:J. The remaining samples should be frozen 

2;-d r ,:: t c i n,t::: un til a C 0 ;y~ rae t ~ S f: S L:: > 1 ish e d for Ta s k 3. A s i r:l il a r 

It is reco~:iendC'd t.hat the re<:",poLsi)ie lc:bc;ratory fur this rese2r(:h 

,...~, ,'" ." ~ i. <=> ... 'r e (" n .: \, r.j r' • n n p, v.;;, \. III ,_, '.:.. I.. I ... I '(J I ,, __ ._ r 1 I :;, Grench) 

tcries th~t may be available to assist in this project (e.g., collecting 

Sc!T~1es, anc.1Y2ing for sel('ctt;:d :esi'~u2S or IT'lcroorganisns) include: 

111.~;',TL/DLV 

Personnel: Dr Joe A Farmer, Mr Dan 0 Harrison 
Eglin AFB FL 32542 
i~V 872-L,~~6 

USAF O~:HL.' :c: 
Per sonne 1: L t 
5r''c;ok: AFL TJ 
;. V 2= CJ - 3 66 7 ' 

'lc:::.~r/Dt:r:.>,: ~,~ .. 1 h'l .... '-' •. ' 

p~; r son n e 1 : Via j 
~~)':.F r,':c1Ce"11Y CO 
A \' 2:3 9 - 2720 

~ 1 
Ii 

(01 Charles E Th31ken 

~illia~ J lairn~y 
SC2·~O 



· '. Con t rae t !.J all y - 2 v a i 1-":'1 1 e I (' ::: 0 ," a tor i est hat pre S r n t j ~ _ v e U, f 

capability and experience in conducting an~lyses of H~rbicide Ora~oe 

cc~~onents and/or !CDD incluJe: 

Gulf South Research Institute 
P. O. Box 2S518 
~e~ Orleans LA 70186 
~hon~: 504-283-4223 
~~y Scientist: Dr 8 Mason Hughes 
'- ~'1'" - k ~ 2 6) lCcpai...!' 1 .. )': las s " , 

The Brehm Laboratory 
Dcpartrn[:r.t cf Chemistry 
~riaht State University 
35~6 Colonel Glenn Highway 
Dayton OH 45431 
Phone: 513-873-2202 
~ey Scientist: Dr Thomas 0 Tiernan 
(Capdbility: Tasks 1. 2, 4) 

Fia.~:;I(~~,;1ity R~seaj"'ch Center 
DepJ rt~;ent cf Chemi s try 
lIr.ivers;ty of Utah 
Salt l2~e City UT 8~112 
Phor.e: 301-581-7307 
Key S~ic~tist: Dr Jean H Futrell 
(C~pability: Tasks 3, 6) 

~'~ic'~'~st Center for ~'ass Spectrometry 
D2part~ent of Chemistry 
H a ii' i 1 t. 0 n !: a 11 
l1T1iver~,ity of :iebrasr.a 
L i nco 1 n tiE 68588 
Pkme: ~02--~72-2794 
Kev Sci~:i:.ist: Dr ~~ichael L Gross 
(C~~2bil~ty: Task 4) 

SaL.~E~ le COLW'i:;US Lcbaratories 
505 Ki ng r~ven~le 
Colunbus Oh 43201 

/ P i'l 0 n e : 6 1 !; - 4 24 - 64 2.q 
~ey Scieritists: ~r Gary l ~cko~n 

Dr Fred DeRoos 
(Ca~ability: Tas~ 6) 
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1. 

2. 
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