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,MI. T 0' Bryan ,
Documant Gontro) foicnr
Information Management D1v1s1on
- (TS=793)
Office of Toxic Substances
401 M. Street, SW . -
' HashingTOn, D.C., 20460

u. S A.

',Dear Mr. 0! Bryan.

, ~In reply to the June 6, 1985, letter from Frank D. Kover, Chief,
Chemical Screening Branch/ECAD, soliciting unpublished information con-
cerning polychlorinated styrenes and triphenyl phosphite, I am pleased to
- be able to provide you with copies of a recent unpublished study and
- three recently published articles dea11ng w1th LQX]C effects of ‘octa~
ch]orostyrene. : :

Please find enc]osed copies of the f0110w1ﬂg publwcationS'

© Chu, I., Villeneuve D.C., Se cours V. Ev, Vulli, V. E., Leeson, S.,'and E
~Shen, ' S.Y. Long“Ter Toxicity of Octach?orostyrene in.-the Raﬁ ~ Funda-
19nta1 and Applied Tochoiogy (in press) '

"i'Chu, i,, V111@neuve ‘b.C., Secours, V.E., ¥agm1nas, A., Reed, B., and
Valli, V.E. OctachTorcetyrene A 90-Day Toxicity Study in the Rat.
rFundaantalrand Applfﬂd Taxicology, 4, 547- 537 :

,'Lhu, I., Villeneuwve, D.C.y Sacours, Vg, Benoit 9 and V1au A.r(1982)
~The Tissue Distribution, Metabolism, and Excr@tfon of Octachiorostyrene ' :
in the Rat., Drug Mefaho1ism and D%spos1t1on, 10(6), 632-635. 7 : AL

Chu, 1., sﬂcauvs, V. E., Vi?ieneuve D.C., and Valli, V.E. (1982). Acute
~and Subacute Toxicity of Octauh}crostyren in the Rat. J. Toxico1cgy and-
- rhnv1ranmnental Hea1th, 10, 285-296. :

: ATSQ enc}nsed is a draft rhport prepared by staff of this Direc- -
t)raxe, entitied ”Polychlor1nated styrene: An Environmental Health
- Perspective” which deals with the environmental health implications of
“Polychlorinated styrénes. This report has as yet not been approved for
publication and 1 would therefore be grateful if th1s drafu was not
*quvte& ¢1tad or c1rtu1ated
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1 hqpe,tha%'the'ihformdt1on provxded wx?l be usefu1 for your' ,
review. 1 regret, however, trat 1 am not able to p"0v1ce any re1evant
*1nformat1on regard1ng tr1phen 1 pnnsphate,, R : ,

Yours s1ncere1y,

f’abfo/c-
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I hope that the 1nfarmat1on prov1ded w1‘1 be usefu1 for your
review. [ regret, however, that 1 am not able to pravxde any ?eievaﬁﬁ
?anrwaf1cn regavdxng tr;nhenyl phcsphatea

,Yaurs sincere]y,

. Toft e e
e : Ch1ef
' L ﬁon1tor1ng and CPItEF!d D1v151cn
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ABSTRACT

Long-term toxicity of ~octachlorostyrene in the vat, Chu, I.,
Vi?}eneuve,”D;Ca, Secours, V.E., Vall{, V.E. and Leeson, S.s Shen, S.Y. (0000)
Fundam. Appl. Toxicol. (000000000}, | |

© This study was designed to inVestigate the toxic effects produced by
: thé‘jongaierm,exp03ure torotﬁachiprostyrene (0CS), a demonstrated environmental
'céntaminaht in the Great Lakes region of North America and the Norwegian Coast

: in EdfOpeé ’Groupgroff20'ma1é'and 20 female rats were administered 0CS in diets

: af1O.005, 0.05, D.S;,S.O or Sﬂ'ppm_for 12 months. Hgight gain and food
' cbnsqmptibh:were not aFfeéted; fncreaéed ]fvér wéights,were observed in: the
ngoupé féd:the h}ghest:dcse of OCS; Hepatic microsomal aniline hydroxylase and
"aminqpyrinerdémethyiéSE activities weﬁerinduced in ma]errats fed 5.0 ppm OCS'
rénd'higher ard 1hrfema1é rats fed Sﬁrppm of the;chémicaT., E1é9ated se%um
VehoieStéro1 Tevels were seen ;1nr,ra£§ of ,bcthr'sexes fed the highesi, dose.
Treaiment~réiated histcTogica1 changes 'qécurred in the ,thyréid;"1iveh and
",;kidﬁéylbf,rétsg rﬁ,ﬂoseédepeﬁdént:acﬁqmuiétian OF,CCS fn,the fat and liver of

“theiraﬁs Was Fcung; Baséd on'the data bresented, it was concluded that the no

';:advéfse eFfeét'1éveY of 0CS was 0.5 ppm,
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INTRODUCTION -

,Octéch¥9rostyréné (OCS,fFig; 1) “is an envirbnmenta]tpoi1qﬁantrthat
“has been identified in Great Lakes fish (Kuehl et al., 1976) and herons
:(Reichei et al;, 1977)'at cahcentrations of 0.01-0.43 ppm.  This chemical has

,aiso been found in fish (Ofatad et al., 1978) “and up to 5.0 ppb in human serum

,sampies (Lunde and'BJorseth 1977) in Norway. There is no fcmmerciai'appli~
;cat1on of OCS and. the source of contamlnat1on is not known, but it is believed

to. be a byproduct in 1ndustr1al processes 1nvo1v1ng reacttons of carbon and
'Vch1or1ne at h1gh temperature. Bucause of itsrw1de presence as an envxronmentai
'jcontamwnant concern has been raised regarding po*s1b]e b1a?og1ca1 effects upon
,rhumans or'animals from its toxxcity and bioaccumulatxon. ,Prev1ous acuterand
7subchronic',stud1es have :demonstrated that DCS produced serﬁm rbftChemicé1
,'changes,"hepatic mjcfosbmal:eﬁzyme inductfon; énd:histologiéé1 changes 1in thé

';1iVer;rfhyfoid_and*kidhey,éf,ﬁats'(Chd et'a1,,'1982a; 19é4; ‘Holme and,Dybing,

1983). In a nmtab61ism'study,in rats 1t was shown that most of the admini-
. Stérad,ocs was stored in the fatty tiésues whilst a small fraétion'af'thé dose.

was:;GXcrétéd ih feces as" pentach]oropneny1dicn]oreacetic acid (Chu et .al.,

1rf719826). The purpose of the present s,udy was to determine the effects of 1ong€

':term feedfng of DCS to rats.
- METHODS

Obtach1orostyrene was- synthesized based Qn a precedure described

previeus1y (Bieniek and Karte, 1§78) ~ The procedurerinvo1ved chiqrinatlon of
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2;6-dié510r6$tyréne'Vwith réhioriﬁe gaé, foilowed by perchlorination with
°ant1mony rpent35h1orfdé; The preduét obtained was pur1’1ed by  column
',Lhromatography with 51}1ra ael and fractvona? crystal?12dt10n in 95% ethaﬂoi to
_7 "a'pur1ty,of greater than QQ% as'indwcated by TLC and GC. Therme!ting point was
| fm”eo be 100.5-101°C (Lit. m.p. 99-100°C, Ruetman, 1973).  The fdentity of
Vtheicompouhd:was confi?med by GC/MS ngrat m/e- 376) (Flnn1qan Instrument Mode!
'46067 datéfsystemJSOOO). - A1 chér'chemica%s dﬁed were of cOmmonly ivailable
r”reagent grade. | | o o
7 Groups of 20 ma]e and 20 fema1e weanling Spraque Dawley rats (CharTes
River, Boston) were fed peﬂeted diets (Master Fox, Pur1na Rzﬂston) containing
?0,709005, 0.05, 0.5,,5.0a0r 50 ppm OCS for 12 months., Corn oil (4% of total
diéf) was used as a vehicle to dissolve the test,bhémicai and to facilitate its
"liﬁ¢drpgra%i0n inté'the d%et. The'controi groups rece ‘ved diets containing 4%
"COrn oil The respect1vn diets were then pelletcd and offered to the an1ma1s.
AN animals were housed ind1V1dua11y 1n stainless stee] mesh cages wit% free-
"3accessrtﬂ food and watera C11n1ca1 obse rvatians were  made dai)y, body we1aht
igain anJ food consumption'were nmasured weekly. At the termination ofr:he
?:feeding' period ,a.lr anxma15j,were 1ight]yr anesthétized Qith ,etﬁewr and
Légéénénfﬁétédrvia the aédaminal ao?ﬁa{r Ail animals were examined gfossiy at
,ﬁﬂé tfmerof ﬁec&opsy;' The brain3 heart, liver, sp1een and kidneys were excised
' _7ahd‘;ﬁeighéd Sérun\ bicc1emica1 detern1natfcns were made using a Tecunicon
77 m1groana1yzer; mnde] 12/60 and inc1uded sodium, potabsium. ;ncrgaﬂir phosphate,
f':;tota1 bil1rub1n, aTkaline phosghat&se, g1utam1c oxalacetlc transaminase (GOT),
tota} protein, 'ﬂalcium,'rch01@steroi, gTucgse, Suric acid aﬁdr lactic -

'::déhydfcgénasea,f VSQrbitpir1dehydﬁogenase"(SDH), activity"was determined
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";éccording',ﬁo an  automated lmethodf as prev10us1y descr1bed (Yagminas and
Vi?]énedvé,'197l)l' Hepat1c mfcrosoma] enzyme act1vitte< were dete*ainﬁd by an

éutomateﬁ methqd deve1oped 1nrour Taborateries and,}nc]uded,an1ljﬂe hydroxylase

'::(AH‘ Fcu€s,f1963); énd'aminopyrine demefhv1ése 2 t3v1t1es (APDM;  Cochin ahd

Axe?rod 1959) f L1ver porphyr1n concentrat1ons were measured accord.ng to the
'fmethod described by Schwartz and H,Koff (1952) , A se?ect1on of tissues was
"ftaken and fixed 1n 10% buffered forna]1n \pH 7.4) for routine hx:to]ogfcal

",examxnation. : The t1ssues exam1ned histo?ogically “included brain, pxtu1tanys'

rTiver, adrgnal thyro1d parathyroid thymus, Tungs, tracheas bronchi, thoracic

aorta,'esophagus, gastric cardia, fundus and’ py]orus, duodenum,'jejunum,,ileum,
'pancreas, co?on, kidney, spleen, bone marrow, mesenteric and mediastina\'iymph e

'nodes, testus, epidwdymie, skeTeta] ‘muscle and hea 7. 7ty change P 1iver

' ffwab,determined,Jnrfrqzen sectionsras,previqusly'ow 2o villeneuve et al.,
:',:1979); . The f011ohing, hemato1ogica1  §aranﬁte*s CWEY o gctérmiheq from 613§d ,
'fsaWpleb taken from each anima] at the necropsy: hémog%cbih, packed'éeii]vo?qme
'ff,(PCV),: red b]ood cells count, mean corpusculr" vélhmé;rrméan ¢0Fpuscu1ah

hemog]abin concentratien, p]atelet count, - and- *atal (Baker 7000 cell counte
ffand uiffﬂrentia1 count-of whfte b]ood CE]1S: 'In additibn;:bone maerW'Qas

'baspirated from the femur' n crder to “prepare smears for differential counts

V(Vilieneuve et a1i, 1979).
'7 Eagh batch oF pelieued dléts was ana]yzed by GC to ensure tha* the
;7vﬂﬁest an1ma1s were Fed intended 3eve1s of OCS. Residues of OCS in diets, liver

V'and adipose tis ue were analvzed in- a similar manner described pvevious]y'ri""

'-; (Viileneuve et 31., 1979) Statistical anaivsis of data was carried out usinr '

'f;one way ana1ysis of variancp., Hher ;1gnif1cant difference wa, nnﬁ@d the dataz
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viere further tréatedrwfth-ﬁhe'Duncéﬁ’s multiple range test {Nie et al., 19277)
in order to indicate specific groups that were s gnificantly differeat from the

cénirols.
RESULTS
~Clinical Cbservation
No c11nlca‘ Qigns of toxicity were observed. 0cs treatmenx hdd no

°erfec*s on the weighf gain and dietary coasumption of female rats. Tre male

rats fed O 005 O.b and 56 - ppm ef the test chemical showed 1nrrea¢sd 6

'  weight, but not fon,consumption (Tab}e 1), Seven male rats among the various
"fgrcups died before termfnatfcn of the stunJ.' The cause of death in most cases

:,was unknown and 1t did not appear to be. treatment re1ated (one anima1 each from

“the cantroi,,n.cﬁ and 0.5 ppm groups; two anima1s each from 0.005 and 5.0 ppm
'lgrcués,' Iﬁ'thé 5.0 PPt nmles, one anfﬁal had multiple foci of pépiliaﬁy car-
'fﬁinama in the ?ungs and probab1y died of respiratuhy fai?ure, while ihe othcr

had immuncbiaqt:c sarcoma. of the so?ecn. One female rat from the contro1 group'

prqbab!yidied of'thymiﬂ }ymphama. “Two females, one §a€h'FromﬂO;005 and 5.0 ppm
7 f,g?oués,died'sﬁénténeéﬁs!Q,"A?I oi therdeaths occurred between 6—12 mohths'of

: ékﬁériﬁent;r Based on. the bndy weight aﬁd dietary cnnsumption data,  the “CSi
VV;Jznggsteu fanged frmn O 000? 3. 1 mg/kg b.w./day and 0.0004-4. 4 mg/kg bow. /day'

:far the ma?es ar F@ma1es ngpect’veiv (Table 1),
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Gross Changésrr

Hapatdéegaly rwaé  6bséf#ed in bothr ma}e':énd feméle rats fed the
highest dose of OFQ. : Changes of "a époﬁadic nature ‘included unilateral
'catafacts, gg}acLocnies and ﬂ@mmary g]and tumours in femate “ats, enlarged
p1cuitany and adrenal g1ands, and nephrosws fn both sexes. 7These changes were

~ found inrbcth contro]Vand;treatedranrma?s;
"'Gkgan,wefghts

Incr ased wef 1iver and kidney weightc were observed in some groups,

7{ hhen these va1ues were expressed as percentaqn Dody weight “only - the Wiver

'fweignts of maie and female r t< of: the highest dase groups were sign*Ficantiy

'higherjthan:cpntro}s C1ab1e ?)
;Bibcﬁemeif:ChangéS;r

"fo'the iséfﬁm biachemicai pa:ameterq éxawined the 1eve1 of'
fchoiestgral was signif%santly eTevaued in female ?abS reCﬁfving the highesti
':'f,desc, (t’:ontra1~ 109 14 treated 165 a2 mg/dL s p < 0.05). Thére Was a
,'tﬁend toward rhigher 7c1ctesteral '1éve1§ in the male rats but th1s was, ot ,

1sté€§étiéal1y éignifiCadt;ﬂ Decreased $GOT 1evels were seen in nm?es fad 0.05

:,,ar O 5 ppm, while degreased alkalfne phc platase was observeﬁ 1n the inmaies in

:“fths 50 ppm grcup.r' The fo110wing biocﬁemvral pdﬁamétEFS u@re noi afFected' 

fcaiciuﬁu 1nc¥ganic phosphate, giucase uric azid R T 1 protein, biTirubinii,:;

'?agtic_;dehydragenasg' ac§iv1ty? sﬂdium,,,pctassium;i'5orb1tei, déhydrgggnase;j

: ;;aﬁi%yfty‘én& 1ivehg§retein,:
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‘Measurement of nhepatic microsomal enzymes showed increas~  aniline
hydrcxylase and aminopyriﬂe demethylase activitize at 5.0 ppm and highev for

“male rats and at 50 ppm for females (Table 2).
'HematoTOgy

7 “The an?y' héﬁatoiogicaf parameter -affected byrrtrﬁatment was the
hémoéfobin value (Eantro?: 13.9 & 0.5; t-eated: 13.5 + 0.7 g % P = 0.02) of
thé,fema?e rats fed'50 pémiocs; There was a trend tdwéﬁds Tower red cell
counts anﬂr'ﬁacked' cé?l ,vé?umar in thisr group butrrthe chenge . was not
"'§tat§stica11y signiffcaéti 'FerVer, al henato?agica1 péraieters determined in
nhe present study still fel? w1th1n ‘the normai range fur Sprague Dawley rais

established in our'.aboratorfes.
V,Histepatﬁélagg

7 o Tﬁé'1i¥er;'thyﬁaid aﬁdrk§dneg were the targét,organs'affeéted by QCS
'ireétméﬁt;  HQr§ho}og%ca1 éhangésrﬁere'quaiitatively similar for both male and
'ftﬁaie vats, aﬁd geaaFaily these chaﬁg;s were moere severe in the iarmerﬁr The
Piéﬁﬁue af ;he%g Lhange; is pPeﬂenieé in Table 3. Base»depéndEﬂt increases
'{"f% ?hg kéh@v1§? ﬁﬁ'inezuénﬁe at changas were cbserved.r |
7 At 3tm m&qaifxﬁéiiﬁns ths liver a?C?itéGtﬁ“? had a Woderaté to marked
"Qrﬁgcentua%éﬂ &Gﬁ&ti&&& wﬁ;na %hwweﬁ 1ncréaseﬁ ffequpnczes at higher dose 1evels!:
1:% pazae@?lg?az ﬁuciﬁi Q? thg trggted aﬁima?s had mild to marked anisokaryosis.

& ftagiésnie gacsﬁTntisg and s incy rea ased qr znd«s?ass appearance of  the




'cgtop1asm in the pe 1venous and m1dzone areas éére seen in the Q 005 - G 5 ppm
| qroups. chever these changecrdere veby mild. At the S,O'anarso ppm ieve}si
:,Qrmoderate' to mark@d cytop]asmtc Vvagu011?at10n 'taqetheb,'with' péripehtaT
7eosinoph111a and aggreqated basoph‘11a in the periphery of the hpgatocytes wer@

observed thesa fhanges weru consxdered to be moderate to severe in nature.

TrEatment-re]ated changes were seef 1n the thyrowd and conswsted of

7 reduced co?]oxd density, facai collapse of fol1ic1es and 1ncreased ep1the}tair
i hezght. At the C. 005 ~ 0.a ‘ppm rangn very m11d reduct1on 1n colloid density
'~?ané scattered 6911apse of. Folllcles were noted.. In animals receiving 5.0 and
7151 ppm, moderafe reduction in. c911o*d dunsity ond 'thickening nf epfthé?iai

'7c911s to cclumnar Farm were seen. . In addltiun, foca] vacualat1on and paptT!any~

prctheration were seen in the epitheiia1 tissues -and were con51dered Lo be

':,moderate tc severe in nature.

Morpholag cas changes in the kxdney were 1053 severe than thosg found

':in the .fver and: thyrc1ﬂ. Oﬁb at ievels up to 0 5 ppm produced changes such as
wimu!tiple adh£JiQns in glamﬁruit and thigkenwng of the basement membranes. The
,,giomerularrthanﬁes were censidered to be mxld in nature and frequent1y occurred
Tn'aging rats.r At S O ppm and higher treatment rslated changes were ohaerved ;,'
:'and CGHSYSted cf dilatxan of praxrma;, xubu1es and increased eosxnnph1\1c: 
'531niracytepiasmic inclusians asaocxated with prcteinaceaus loss and fcrmiizan of

"irgranular casts.,rf

The incidenge ef tum@rs found §n_ vaFiaus organs and tissueg i;f 

. preseated 1n Tabie a. Rdenamés of the p1tu1taty g?anés were cemmcn in the,
";cantrnl aﬂd zreatéd animais. A few ekin and mamma?v tumars were obﬁérved in o

V?the'femaleerats; Ihare Hera ﬁa ap?arent t?eatmeatnrelated effects aSSQC1at@d_

g wzih théS& tumar%. r_;ff




0.

'{Kuntzﬁaﬁ,fi§6§)‘:: A caﬁ#&r?séh'wé? made eﬁ the rats %édVOCS for SVéﬁd'IZ
f ﬂanths in order te determine if pra?enged exposure woqu result in an increased
;teverigy of ﬁxsto?ogicai changes in. the target organs (Table 6). 'The thyroid
V'wasrthgrqnly organ whx;h exhibited more severe changes of the similar nature in
',:thérlz,month exposﬁre;' Theidbse,1éQeYSIat which theée'changes occurred,were
' around 5. 0 ppm and 50 ppm. At dose ievels'iOwer thénrthese, no difference in
',sever1ty was abserved o S | '
7 “A11 of the tumors observed in the present study were consxdered to be
: incideﬁtal and not treatment re}ated. ;7P1tu1tary and ad?enal Vadenomas are
comman in aglng SpragueuDau1ey rats (Fuﬁ*ﬁ et al., 1976) Similérly, the
Vspontaneeus lactation observed was due te increased secref1on of proiact1n in

b ag1ng rats (Berg, 1967)., It %hou1d'be recognized that the study time was f0r

one. -year, therefore “the 1nab111ty of 0CS to produce tumors should not be
interpreted a; negative Larcinagenic respanse.
| Octach]orostyrene is a campound of very high 1ipophil1c1ty with a 
'part}txan coeff1c1ent log P = 5 8- 7. ? (Chu, 1984b) - It would be expected uhat
“this compound wqu]d a;cumu]ate,at high concentrat1onsrin’the adipose tissué;
';Cémparfng,fhe levels of 0CS résidde’in rat;tiss@es from this and previous
"i stdﬁiesr(TabXé'S); it ﬂé&ld'apééa* théﬁ,theré fs,sdme increase after the SOQday
 expssure,7 Hew&vers due ‘to ‘the varaab111ty of data, At ws unable to precisely
ée*erm,ne whether the Teveis QF 0cs p!ateaued or further lncreused after ﬁhe
'} aa day exp@sure., ' 7 7 7 ' '
In a chrenic stuﬁyg Grant et a? €I§?§§ repahﬁeﬁ that hexachlore-

banzgne rairriigd hepatoa&ga?g at 80 ppmg Vaﬂd “increased 1§vé?r aniline
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7 GC ana]ysxs showed a doseudEpendent accumulation of OCS r951due 1n:
faé 11ver and kldney (Tab]e 5) The levels of 0CS in fat were much hxgher
éhan those ln 11ver'and kldney. The res1due data fram the 28- ~day- and" 90- dayrl
feeding experzments are;,éiﬁo r1nc}uded in the table for the purpose of .

i comparison.
DISCUSSION

- oo The resu}ts of tne 12—month study presented above are in general
agreem nt with those of “a prcv1ous 28- -day (Lhu et aT., 11982a) and 90 day :
7:1stud1es (Chu et 31., 1984&) 1n wh1ch rats were treated with OCS in the diet up
~to - 500 ppm. ' The effects observed 1n those stud1es included hepatomega}y,
1nareaqed serum cholesterol hepat1c mlcrosomal enzyme 1nduct1on, and
7'h1stalog1ca1 changes 1n the 1iver, thyro1d and kidney However the erythro1d
- cell depressian and mye]o1d hypertrophy reported 1n the 90 daj study were nci
seen - in the Iong term experlment (Chu' etr al., 19843) e Reasons for the
d\screpancy in erythro%d depression were not - clear but may represent some,,
adaptive chang 1S seen 1n the 90-day study. Morphclogica] rhangei in the 11ver,'
rikldney and Thyreid were sxmr1ar to those observed in the 28- day and 90 day 35
r"atudles.-, Changes iin' the 11ver cans1sted Qf cytop1asm1c enlargement
’:aﬂlksok363031 ané aggrggated basgpnilxa‘ The cytoplasmic enlargement obﬁervedfr
vas prﬂbably due to the preiz?erat1en of smooth endcplasmic ret1cu1um and wou]d
gﬂuCGHHL for the m1cr030m&1 enzyme rxduétian. ParaT?eT tc these chaﬂges was the
 1ﬂCf%gSéd ﬁerum cholestérnt ieve&s‘ It has bnen reparted that cholesterofgr

'}xggngﬁes;sr;and;or,,megabqusm 15 medlateé hy an hepatig,‘mlcrasamal en;ymgr




7 ﬁyd%oxy1asé activity ét 1é ppﬁ énd'émihcpyriﬂerdéﬁetkylase activity ét 20 ppﬂ@r'
' Thus it would qppear that ihe poiency as an enzyme 1nduce? of the structurally
31m1Tar compound 0CS is comparébie to that of hexach]o?abeﬂzene. On the other
N hand, uniike. hexachlornbgnzene, OCS 1s: not porphyrogenic in rats (Sur1 ~and
Keemaﬂ, 1975). | ' 7' 7 ! 7 | 7
Data from the chronwc study indicates that the hx;to]ogxca1 evalua~
tfon is the most sensitive index of 0CS exposure since changes were observed in
r'the target argans at 1eve15 between 0. 005 - 0 5 ppm Ieve?s. QOwever, these

'Lhanges are considered to be mitd - and adaptatfve in nature. Significant

7'i' histcloglcai changas on¥y occurred at 5.0 ppm and higher dose levels. Based on

the bicchemica? hematologwca? and histo?og1ca] evaluation data observed in
, ,thi& and prev:aus short- term studies (Chu et al., 1982a; Chu et al., 1984&) the
Vﬂo adverge, effect level was Judged to be 0.5 ppm in_ the diet (31 ng/kg
~b.w./day). The h1ghest reported 1eve1 of CCS- in fish was 0. 28 ppm (Kuehl et

»1., 1981) which would gvve rise to an average daily intake of & 6 pg/peFSOH o
';G 078 pg/kg bew./day (60 kg persan) assuming that the average daily 1ntake of
'ftsh was 16.6 g/persan/day (Statlst1cs Canada, 1Q83) This means that there is

"f; appraxinaﬁe?y a ~400-fold safegy factor betweon potentwa] exposure in humaﬂs'

,ceﬂsuwing contenrnated fish and the na»effect Ievet ObSEFVEd in the rat.
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~ TABLE L meaq,gmmasﬁ_mnm,moam nn:mgaﬁﬁ@os ow,mmwm;nmg,qn&mﬂsﬁowaw@wﬁm;mm,

e S U TIpdtialo o S approximate
, qﬁmmﬁsm:ﬁ o weight ~ Fina! weight Food consumption’ . . amount of a:mzwﬁ
anﬁgnjdaﬁomﬁgxmsm (pom) gl o gl = g/animal/day® . ingested ﬁau\wg,@wzexnmgw.

BT A N

i | S MALE B | |
  nc:ﬁﬁod,,”,, o 1se Co77ss9y 32 e = : 0
05 1 857:050 . 3m26 0.0003
005 ishas R TTCUE 2.2 ;Q,@owaf
S0 s eseed sz S gl 031
| m.@,, e et - ,“mmwmw,, 799s79 - >,_,mmww»m_“ i _,_. ___,,,,,,,@ 31
S Cotems mmm*mwu o _1_mwwmpw,,  U O ,wlﬁ,
: :,  |  , ,_ il  ,,, R ,  mmz>wm T =
_w _;nw;ﬁsow @/ , w., _,_, , _,ﬁ 131 1 ,;,; ,,umo+wH, i B - 20+2,5
0005 ﬂ_,.,,, S L 3665 .,m._mefm 7
 ,.c.om o ;, _,,,,,”.,_  , W, 14+ - e_._mmmnmm ,q B w_q _ , 2041, mw
e U L s 6853 2028
5.0 _, , | ,., ,. 7 amar . @W, g_Nan“m.
woo ”_,__ ,__:_H~wWNH. s g

,mmmgﬁew xmnqmmm:ﬂ mean & S.D.. ouﬂmdamg m1¢3 wmqmm mndsmam.
Nifferent from nozﬂsodm at the P ¢ 0.05 level. o :
% The food consumption represents the average ﬁmdcmm oawmﬁzma oy ﬁoﬁmﬂdﬂsm ﬁ:m ds@ﬂ< ,mwg coa daﬁmwmm
oo at different times and dividing ‘the sum with the number of measurements. . :
e ,.;ﬁsm mmaﬁcyﬁamrm amount of test chemicals dsmmmﬁma based on 3@\&@ b, \mmﬁ “m nfﬂxumdwma ﬁx ﬁwm aaﬂazﬁm

d:dﬁamq zwcmcwﬂzua wEr X vvs X ﬁccn ngzwgamﬁdes.

4 X wmoa




v,,wﬁmzwﬁ%nms@dg,gwﬁﬁmwmaﬁ from control at the P <

(.05 level,

~ Table 2. ,m%@njmaﬁnmﬁ,mymj@mm,aﬁ Rats ﬂmg,gmﬁmnsgawomﬁwwmjmm ,ﬁm
S - , Aminopyrine ,,mw
- Teeatment Wet Tiver Liver weight Antline hydroxylase - demethylase Lo
Octachlorostyrene {ppm} weight {(g) % body weight nmol HCHO/mg protein/hr ﬁaa@xgg.mﬂsﬁmggxﬁﬁ
| | - MALE
Controi o 23: 2.8 3.1¢0.28 11.0 = 3.3(18) ,,a&,& 8.7(16)
0005 27+ 320 3.2+ 0.18 9.7 = 3.7(15) 40 + 9.8(15)
0.05 R 3.2 + 0.23 1.3 £ 37(18) 45+ 11{14)
0.6 27+ 5.4b 32+ 0.26 10.2 + 3.5(14) | 42 = 9.8{13)
5.0 T 325030 16 +5.8(135 58z 161330
50 . S  ,, e ,wazw,a.mw 3.6 + 0.54D 17 s 6.5(18)0 s 631 13(143P
,,, 2 | | | FEMALE |
,__m@:ﬁﬁo&,, L usrzae 3.1 + 0.24 13:3.808) 37+ 7.7(16)
S0 12+ 1.8 3.3+ 0.38 1223 ,,, . a4
0.05 . 12s2a 3.2 0.3 122460 310
0. T AT e 17 3.1+ 0.45 B:24  3:se
50 12x1s 3.3:0.26 15245 e |
8 asszab a1 guech 21: 240700 55 g
& caJmmw,gw:mmz%mm,ﬁzamnmwmm in wmﬂmnﬁsmmmwa mmm:ﬁww represent mean + S.D. obtained from 18-20 animels.




Tablo 3. incidencs of Histological Chongos (In Rats Trovted :::,oﬂ,en,iogaiéae for 12 Months e oy
LIVER R k . : ; THYRQUD : ) ; ) K ADREY ™
Troatmont , : Hopotoonl luler | Hepatocediuler ~ Bile , , , S : R R , , e K :
Qctach torostyrens {opml Architecture Nuc lof - Dvbonlass duct - Interstitium freniroctyre . Eplthellun  Colicld interstitium Architecture | Glomeryil Tubulbs - IndweredT47 oo
MALE
“gantrol : , 420 3/20 , L BI20 or20 o0 &g N2t 9 oy B/ -7 - BRI ¥4 1
h 0.00% /19 &/1% 819 3715 R 7434 -7 - R 15/ E: 74 1 R ' ; 8,19 919 10419 - LG
009 . By ' ,m\uo, . 19/20 - 2020 b7 T v . L7« B | T RR]- Y] 020 , 14720 15720 1420 15120
Q.5 S R 74 1] . 19/1% : 19719 S 39 B 743 : 1299 1819 718 v G ' B/18 12799 ,3\3, PR 3 74 5 A
, 5.0 VIR 20020 . rasTgrinl /20 LW . . 14720 - R 1] 168420 LRI o B 1920 AR " BS20 :
L 50 . . 19719 19/19 : 19/19 p7at S 18/19 /19 1819 R4 ] : 1419 16419 1849 Z\N@,
Cantrol T Y Coum 320 R T , 77 SO 7 3120 /20 2z w20 s s
005 . 2219 819 §2/19 /8 (72t L YA 1S QY 1712 B/19 12718 1B o 74 1]
Q.0 SRR Fav.o ] R &/20 ' 020 >R p7gisd ) 1520 - 16720 T [ 7] : 5720 {37 : _N.Qn, e B
0.5 . L 6/20 o wm 34720 S 2o BRI 7. SR LSS0 nr &/20 sz L LY r I 15,20 o] . a\u.o ) '
9.0, , SA15 aznel LA319 3 or1% : 18719 1919 eme. o .0/19 S 1119 14719 1819 279
w s by e e ! : 18/20 . 20/20 Co WA 8120 pigad . N0 R Y] 18520 . /20 | B8/20 6120 Noxuq_ . LEF o] s
: 2" Results denote. number of anlmals showing changey b : L , :
SRR number of snimols exominad : L L S :
b Spaciflc changes . b PR . ) e : . R ' , . ) , .
, SoLiver:s ArenThocture - sccentusted zonations ‘Hepatocel lular nuclei~anisckeryosis. =anu)§ﬁ luilsr cytoplasm = [ncressed cyfcpiasaic volums and eoslnophiile sggregeted Besophlite, erraptessie :
g s vecuolation.’ Blle duct = hyperwiasis, sclercsls, focai cutiing. Interstitium-ymphold agncegates, focsi injury, - B : s : ' ' LT P

' Thyrold: Archltecture = reducad folliculer slze, snguler coliapse of folllcles. 'Epithetiwl = lncreased eoltheilal. helght. Collold-reduced deasitys L e
, L interstitium - projence of T3quemous Cystsa . o : , o , , S R o R
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Table 4.  Incidence of Tumors in Rats Fed @ﬁwmnsgmﬂamwww@sm

mgmﬁmﬁg aﬁamezmSﬁ {ppm @nwmaﬁwoﬂemﬁ%ﬂagmw
- o : e - Female
Ssﬁi e.ém, ,,m.@,% Qaﬁg.a.gw, E.ew

@gﬁg%wuw% o o o , , | - , | ,
adenoma 0718 0/16 . Ofi S48 0/ 4126 2/1 1719

Adrenal L B IR SR
cortical @amsgam , 07200 - 0/18 , , prac - 3 1720
medullary adencma 0/20 1/18 0 0720 - 0/1 0/20

Skin : SR S S ,
©osarcoma oo 0/20 1718 , i 0r18 0/ /20
CFibreme 1200 0/18 .0/ 0718 . 0/20

,zmssww% @ﬁg:m,, T S , SR
- -adenccarcinoma T e , - S S S ¢ Y i1
mﬁvﬁcmgmsggm S e g o S RO ral
.;,mﬁﬁmsa :;,,, LA : BTN e s
o @aagsowﬂmmwgw mmﬁnenw oo 0f20. 0 0f200 0 g, 2 5 1720 18 o/20
;,awgsoﬁg o ,@ O FERT VR, T R |
ooooccarcinoma o oo 0/19 618 ¢ B/ 1718 0718 g/20
4s%3cu. S _ - o o
ﬁs%san dgaﬁsoaw ” 0718 B/19
Lungs B | |

hemangioma Lo of20. 0719
vmwewdgxa n@anﬁsesg : 0/20 0718

a ﬁmﬂs@m @mscﬁm ﬁmgwmﬁ of @:dsmdm msaxaﬁ tumors
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Table 5. Residues of Octachlorostyrene in Rat Tissuesd .

Treatment

Male M | . Female

_Kidney

Kidney  Fat

Control e £ 0.07 £ 0.01 .69 £0.07  0.07: 0.03

i+
o

0.005  0.07%0.04  0.07: 0.0 0.48 0.05 ¢ 0.02

i+
i+
i+

0.05 0.14 £ 0.02 4.7 : 1.8 0.0620.03

i

0.40% 0.14 17+ 3.0
o 16
7.7 ¢ 1.2€

S 0.22: 0.03

[EEEE ST
N

R

28
9.8
i8¢

1.4 185
19

80

1587
974 -

682

5.0 2 2.7

O
o
L e L
SR S N

308
6860
123¢

50

ER TS
[E TP
M1
R

2 Results vepresent mean t S.D. ppm (g wet tissues) obtained from five or more rats.

b @cy@w% wxnumsﬁm,gmﬁm,m:a ﬁ mwsapwgmxwamc1m data from the groups xmnmwﬂéam,mjm same doses of wﬁm”
test chemical, these data are presented nmamﬁmoa,ﬁ:m,wsaﬁbmm,c%,nagmmw@mca,ﬁnwm et al., 1984z},




Table 6. Severity of H

ist

ological Charges in Thyroids of Rais

1.6 |

0.80

S

Treatment : o S
{ppm OCS} A atacture Toithelium Interstitium
MALE RATS ;
2 3

0 Aﬁggwﬁaﬁw + 0.56 1.3 + 0.47 0.50 1.6 + U.51 1.1+ 1.0 s 1.0+ 0
0.05 0.810 1.6+ 8.7 1.1 2.1 £ 0.5 2.0: 1.3+ £0 100
0.5 £ 077 2.1:0.88 £ 0.69 2.4:091 1.4 1.6 2 £0 100
5.0 £1.2 1.9 £ 0.5 0.93 2.5 :0.74 2.4+ 1.6 + £0 1.0:0
5 S0d 22so0.m 1.8 2.5 :0.82 2.8 1.9 L0 10s0
i e | FEMALE RATS

0 (Control) 0,32 0 0.42 1.1+ 0.26  1.2s . 0 s Lis
,98,,, 0.3 e.70 0.816 1.6 :0.72 1.7 s 0 £0 10s
05 . 0.91 .01 £0.61 215078 1.4 ooz L0 104
5.0 + 8.7b 2.6 0.01 0.93% 2.2 +0.86 1.7 0.2 £ 0 1.0 FS
50 L0900 1. 1.ib 1.8 2.6 % ; 9 i

H‘
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Results represent mean *

Architecture:

Epithelium:

Colloid:

Mitd 1mmcnﬁdo; in ﬁoéwdnﬁm size to 75% of fsm scw?md size in. @w
Moderate reducticn in follicle size to 50%
gmsxma ﬂmmznﬁgos in feilicle size to 25%

Mild w:ﬂﬁmg 5@

Histolegic nﬁmamzmm mﬁm,wa“mmﬁﬁmﬁmm,mm follows:

1 is designed to normel tissues

in smﬁmsﬁ ao,gaamwmfm cuboidal in 503
Moderate increazse in height to high ncradgmﬂ 43 75%
3wwrmg increase in smdgww to no@zaamﬁ dg u

£ the

iea

F the normal size in uc
oﬁ wmwp %T normal sizein u

of glandular ar

of the ares
area

,z*ﬂa smg:nﬂdcv in nad“gdgm@ amsmdﬁk in 50% aﬁ mwmsAgMﬁﬂ area

Moderate reduction ian the’ aozmdﬁ< in 75% of the area

m,g,,n@ﬁmmamm,%xgs,wu!mo wﬁ

mwea mqacu

, ,3mﬁrmg reduction in the density in 75% of the area

ga:

to facilitate computation.

3Qrﬁ@ﬁ gﬁmm

m mmg ha wm mﬁﬂsaan wwea ma@g@ wbgg

exﬁmmﬁa;awnm <mﬁgmm nﬁo% mﬁocmu P mam m mﬁm sign mw@n@gﬁ@%,ammﬁmamnﬂ;mﬁgn,ar@mWy;,
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Figure 1. Structure of Octachlorostyrene
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. FUNDAMENTAL AND APPLIED TOXICOLOGY. 4, 547-357 (1984)

' Qciaéhég?gsiyreng; A rgcfag;g"i‘o}xisityr Study in the Rat

L CHU,*”* D C. VxLLENEUVE,“ V E. SECQURS * AL YAGMNAS,
B‘ REED AND V. E. VALLl‘i‘

‘Eﬁvswnmcﬂlal and Cccupational Touc()xogv Division; Buredi of Chermcal Hazards, Envnonmenta’ Hea:lh
D:rec.'orale, Omma‘ Onmno Ki4 OLZ and TBwpalh Analysts Lid., Guelph. Ontario NIE 2X7, Canada

Qciachlorostyreng: A 90-Day Toxicity Study in the Rat, CHu; L, VILLENEUVE, D. €., SECQURS;

V. E.; YAGMINAS, A;, REED, B, AND. VALLL V. E. (1984). Fundan: Appl. Toxicol. 4, 547-55T,
This study was designed to provide information on the subchronic toxicity of octachlorostyrene
(OCS), 3 demonstrated environmental pollutant in fish from the Great Lakes of North America

- and the Norwegian coast in Europe. Groups of 15 male and 15 female rats were administered
- OCS mixed in the diet at 0.05, 0.3, 5.0, 50, or 500 ppm for-13 weeks. Increased liver weights
were observed i male and female ras fed 50 ppm OCS and higher; while-enlarged kidney and
spleen_nere noted in the highest dose groups. Hepatic microsomal enzyme- induction occurred
at. 5.0 ppm QCS and higher for the males and 50 ppm and higher for the femaies: The chenical
produced. ssrum. biochemical changes at concentrations as low. ag 5.0 ‘ppm.. OCS treatment
-resulted: in bematological disturbances starting with the 0:5-ppm dose group. Dose-dependent
histological changes were observed. in the thyroid, kidneys, and liver of the treated animals, OCS
residucy accumulated in a doserelated fachion: in the-liver and fat of treated animals. These
results indicate that OCS produccd tozuc effects at low levels of exposure-and accumulated in

the nssucs of tats.

Octa hlorostyrene (OCS, see Fig. 1) is an en~
vi-onmental contaminant that hai been iden-

tified in Great Lakes fish (Kuehl et al.,, 1976)
and herons. (Reichel et al., 1977) at concen~
trations of 0.01-0.43 ppm. This cheniical has

~also been found in fish caught off the Nor<
‘wegian coast (Ofstad et al; 1978, The source

. of contamination is not known, but it is-be-

lieved to be a by-product in industrial pro-
cessesimokvi’ng reactions of carbon and chlo-

rine at high temperature. Because of its pres-
‘ence as an environmental pollutant, concern

“has been raised regarding possible effects upon
man: or animals. from its toxicity and bioacs

~_cumulation. Previous work has shown that -

QCS s pomk}ynnogemc in. Japanese- quail
(Strik and Koeman, 1975) and can pscduce

serum bmchem;cal changes, hepatic micro~ -
somal enzyme induction (P-450 type), ‘and -

histological Lhénges in the liver and thyroid
of 1ats (Chu et al., 1982a). In a metabolism
e smdy in rats 1t \»as found that most of the

547 :

administered OCS was stored in the fatty tis-

‘sues while only a small fraction was excreted
-as - pentachlorophenyldichloroacetic acid in

feces, (Chu e af., 1982b). The purpose of the
present study was to determine the eflects of
prolonged feeding of OCS in. the rat.

"METHODS

- "Octachlorostyrene was sys ‘lmsmcd based on.a procedure
described previously (Bieniek and Kortg, 1978). The pro=
cedure involved chlorination of 2,6-dichlorostyrene with

. chloring gas, followed by perchlorination: with antimony

pentachloride. The product obtained was purifiec by col-
umn chromatography. with silica gel and fractionat crys-.
tallization in 95% echanol to a purity of greater than 99%
as indicated by TLC and- GC. The melting point was
found to-be 100.5~101°C(Lit. ®mp99-100°C) (Rluetman,
1973). The identity 'of the compound was. confirmed: by
GC/MS (M* at /e 376, 378, 380, 382) (Firnmigan In-
strument, Model 4000, data system6000), All other
chemicals used were of commonly availabiz réagent grade:
Groups of 15 -male and 15 female weanling Sprague-
Dawley rats were fed diets (Master Fox, Purina-Ralston)
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 The tissue. distribution, metabalism, and elimination of *C-acte:-

chloreatyrene (QGS) ware studied in the rat, QGS was ahsorbed in
the gastraintestinal trac! after oral administration and distributed in

. all'tisayes examined. The highest concentrations were found: in fat
. fesggwqq*ng. adrenal glands, skin, and lings. Decay of rashaactivity

in the tiasuee followed tirat-ordar-kinatics: A;;pthimé_’ta&y 8% ofan -
Iv-dese was axcreted in tfaces: during 7 dava after: admini&'tm_ﬁqn,, -

while negligible amounte were found in the urine. More than 90% of

the radicactivity in. feces was due to the unchanged cempound,

whita pantachlorophenyldichloroscetic agid and haptachlorostyrens
in.eyual proportions accounted. fos the remaining 10%. A small
amount (15) of the dose waa datected in tha expirad alr as carbon
dioxide. : : S

*Qatachlorostyrene is an environmental contaminant which has
been identified in Qreat Lakes fish (1) and herons at levels of -

~0.01-0:43 ppm (2). This chemicel has also been found in fish

- caught off the Norwegian coast (3). The source of contamination -

is. not clear- but it is believed to- be a byproduct in industrial.

- processes. involving -carbon and. chloring in high temperature:
- reactions: (3), - s :

Because of its presence as an environmental pollitant, concern
has been raised Quer its toxicity and: bicaccumulation. Strik and
- Koeman have reported that 1JCS is a potent porphyrinogen in the

rat and Japenese quail (4). Recent acute and- subacute studies.
have shown i OCS can produce serum biochemical changes,
hepatic: microsomal-enzyme inducticn (cytochrome P-450. type),
‘and ‘histological changes in the liver and thyroid of rats (5): In
vigw of-its presence in the environment and: the potential for

human exposure, the present study was. carried out ta investigate -

- tha metabolism of QCS:in the rat. 7 :

e s Matarlein and Mathods. . - —

j\ \ Syntheses, 26-Dichloraphenyl('*Clmathylearbinol. M C-Mathyt lodide (5
x;g. spacifle activity 5.7 mCi/mmel) with o radiochemical purity-of 98%.

- (Now England Nuclear, Boston, Mass.) was diluted with uplabialed methyl
iodide (0.9 g) in -anhydrous ether-($ ml) and. allowed to: react with dry

magnesium turnings (160 mg) to- give methylmagnesium: iodide. The:
Grignard: reagent was adéed: o an’ ethereal ‘sclution. of 2,6:dichloroben-.

~zaldehyde. (1.0 g) to yield the desired alcohol (1.0 g). PMR (Brucker §0. -
= 70 Hz, CHy), 5.5 ppmc (@, LT =

. MHI’; DMS,Q-ds):‘ §i;47~ peny (d; 3
“1:0-Hz, CH), 7.2-1.8 ppm (5 aromatic protons). :

2.6-Dichloro[8:"*CJstyrene. A mixiute of 2,6-dichloropheny![Clmeth-

- ylearbinel (1:0.g) and polyphosphoric acid (10 g) was heated with vigorous

- stirring: for-5.min, The reaction. was stoppad by addition. of crushed: ice:

: (100-g) followed . by “ext7aition with two. 50-m} portions: of ether- The

combined extfacts-wiere evaparated to dryness and:the oily residue which.

hexanes w give 0.7' of 2,6-dichlorostyreng,

= ~ remained was. purified: by column. chromatography “using Flotisit and’.

' " Monitoring.and Gritoriy D) nlon, Enviropmental Health Directerato. -

" Sand: faprint requests; tos I Cliy, Ph.D,. Environmental. and: Qecunations].
- Taxicology Rivislon; Bureau ot Ghemical. Hazards; Envirgnmental teaith Direc~

< orale; Tunney's Rasturs, Qitawa, Ont. K1A 0L2; Ganida. [

e &_rug;; In-aquegusimedia,
632 -

S 'g'c,tac,hiqro{"a."C[sl}"rene!This compound:was sy:itheéi;ed, from 2,6-dich~.
“lorostyrene (G:7 g) acecrding to & method reported previausly. (3). The -

. yiald was 0.75 g, The radiochemical purity was >99% as analyzed by TLC

witit use of radiochromatagram.seanner-(Actigraph 11 Nuclear-Chicago).

- The spoovifie activity was 0.54uCi/mg. M.p, 100.5-101°C; lit, 99-100° (6):

- Erocedure. Groups-of four male Sprague-Dawley rats (Biobréeding
Labs,, Montreal, Que.) weighing 300-350 g were administered single doses
of "C-QCS (40 mg/kg; 21.6 xCi) dissolved in Emulphor/ethanol/physi-
ological saline (1:1:8, v/v) via-the femoral vein, The animals were kept in
Stainless-stenl: metabolism cages: for the separate collection of uring and
feces and were killed at various times after dosing to. harvest tissues for the

-&stimation: of radioagtivity.. i : :

- The bilg duats of-three rats were cannulated with Silastic tubing (0.031"

‘am i.d,,.0.064.cm 2.4, Dow-Corning, Toronto; Ont.). Singie doses of #C-. -

- QC3 (20 mg/kg) in: Emulphor solution were administesed vig the femoral
- .veins Serial bile samples were taken houtly. for 8 hr and: then at 24 hr-for

‘the estimation of radioactivity, To determine if radioactivity was gxcreted
in the. expired. air, - two. rats were given by gavage “C-OCS; 20 mg/kg in

= cornoil, ang ware keptindividuslly in Jenconsmodel Mark IY matabolism
--cages (Hemel Hempatead; Harta, England). The expired air was allowed
e pasa through two traps, The first one contained 300 ml of toluene and

the sesond, 300 ml of ethanolamine/2-sthorysthanol (1:2, v/v). Piocedures.
for the analysis of 1+ {loactivity in the tissuey, bile, and trapping solutions
have beon described elsewhere (7). Radiqactive taateials:in fat; liver; and:
feces were extracied, isolated, and identifled by G Sand GC/ MSaceording
to-a method. praviously: described. (7). The S and GC/MS. conditions
used:for- the analysis of the extract were as foliows: : A
A Hewlatt-Packard model 5710A gas chromatogtaph was equipped-
with: 3 6.1-mm i.d. % 100-cm glass colymn packed: with 3% QV-17 on.

= Chromosorb WP, and a: flame-ionization: detector: The oven, detector,

and injection-port temparatures were-set at 250; 300, and 300°C; respec-
tively. The flow rate of carrier: g8% (Nz). was. set. at 40 ml/min; A capillary
GCcolumn (DB-5; 30 m % 0.25 mm) was connected directly to.a Finnigen
model 4000 mass.spectrometer: with. data systent model 6000, operated-at

- 10'eV. The. oven temperature. was: initially held at 40°C for 0, L min and:

then incrensed at 15°C/min to 225°C. Helium was the carrier- gas ata

- head pressure of 14.psi; The-injection-port teraperature wag 225°C;

"Results.

. Radioactivity was distributed in al'l,rti.ssilérs examined after ad- -
ministration of QCS (table 1), The fat retained the highest levels: -

* Emulphor-(Damtar; Canada) is a surfactant usad 1o holp. dissole ipophilic
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et

CPREFACE

The«ch10r1nated styrenes had been 11sted as cand1date chem1cals under

fthe Env1r0nmenta] Contam1nants Act QF Canada ~in 1980 but were: removed fromi
the 1ﬁst in: 1981 Qw1ng tQ the lack of commerczal actlthy 1nvg1v1ng these chemq,r;
rr1cais. HQwever there rema1ned uncerta1nty Qver whether these substances wereJV
!wnr*ent con*am1nnnts in the Canadtan &nv1wonment po;s1h7j pu<1nq a4 hd?d?df,;'

t hunan health Thig report was prepared to revwew the QCcurrence of polym{jrrf

,r‘orwnated styreres in the Canaﬁ1an env1ronment and aSaess'Vthe,'

nv1ronmenta1 health 1mp11cat1qns of these chem1cais. Sq1ent1fwc 11terature,r'

1iwou1d pPQVTde a basws fqr dsc1 1ng whether any further 1nvestlgat1on mlght be;,;;

5 requ1red under the Env1ronmevta1 Centamwnant Act.
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% was revwewed Lt was intended that the repartrl'
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1. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
1}71 l Introduct1qn

Chlerfnated styrenes were 1tsted as C?nd1date Chemzcals i7 1980 underr ;2
’2:,,the En¥1ronmenta1 Contam?nants Act of Canada (1) Candwdaie chemxca1s are th0¢ef;'7'
'  substances wh*ch are be1ng evaluated For thexr pqtentwa1 to be dangerous to:

  'human heaTth or the env1r0nment. The ch]or1nated styrenes were: r9moved from*,

"1the 11st QF‘ “andvdate Cnamxca1s 1n 1981 0w1ng to the 1ack of commercla?,rii
* act1v1ty 1nvo1v1ng these ccmpounds.r In thvs repart the sc1ent1fﬁu 11terature :

"'{:"grtavn1ng tQ the potent1a1 hea]th eFfecLs of ch]er1rated Stvrenus, ava*lab’n:;ré
: ’ras of Decenber 1983, is rpvvewed tQ ascerta1n whether any further 1nvestxgat1on .

ohi be hurrantgd in Ca ca‘rri

1.2 Sumnary

Octacthrostryrene (OCS)' heptachiorastyrene (HCS) and;hexaChToﬁostvrénér'x
'i(GCS) are hwgh1y 11prh111c and perswstert compounds‘f The \se1at1on of QCS 1n'j"7

*;thfdlee was. First reporteq 1n 1963 by Koeman and CQNO”ke”S 2, who detectedf:

~ the | substance in sandw1ch terns (Sterna sandv1cens1s)' and ‘eider ducks

'r(Qcmaterwa\ mQ1T1Jsxma) from the wadden Sea in The Netheriands. ,jFuﬁthebl '

f51nvestwgat1on u51ng gas chromatographyumass spectrometny,r anirmed tﬁatrthe;;r
"”:compqund was fndeed OCS~ and in addwtwon, ‘three rsomers of HCS were;i 
| detecfed( ) ?; Subsequent1y,r a mu]tacomponant m1xture QF pa1ychlor1nated;fii':
: ;styrenps was 1d°nt1f1ed 1n fxsh From North Amerwcan and Eurcpean waters.,_Tﬁéi
fish were co?lected Fer Lake Ontar1o and Lake Nuron (“) ~the Detroxtf
t’RTVéP(“ 5) the Aahtabu1a RJver Ohxo( =) the Sag1naw R1ver M1ch1gan (5);:
 :1v:and the Frierfaord in Norway ("11) o OCS ‘also has been 1dent1f7ed .

1' ,;chmQrants (Phalacrocqrax carbo) from the Hether?ands (3), Great-81ue Hera@ -

'V,i'(Ardea herodias) from Lake St. CTair H?Chwgan (12) herr1ng gu?ls F?am Lake
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G

o Onta ria

;Lak& Erfezand the Detrdwt River5 13) thne R1ver watpr(‘“), and 1n'

°'»:surfece f)]m o water oﬁ the Frwarfsord Ndrway (15)

Po1gch?dr1nated sﬁyrenes are nor prddUued conmercxaliy, but seem to be,'

,Lfifdrmed asa anpraduct in. 1ndd5tr1d] pPQCGSSQS 1nvo1v1ng carbon and ChTQPIﬂe in
; 5;{ih19h temperature react10ns(9) The Qour“e df‘uqntam1nat1on in. ‘the Fr1erf30rdf:'

Vﬂfi“i NOPNay has been 1dent1f1ed ds' & mdgnes1um peruct1dn p]ant(&) Thpr

quychTQr1nated styrenes~ usua]ly are present &70n9d with hexach]orobenz&ne

fflg(HCB) ancd QCS has been shdwn to exhnb1t s1m11ar tdx1c effects to HCB

’,,chrdzlsdns are made 1n thws report Qn the cnv1rdnmenta1 behav1our Qf tnese'

8 Qompoundsu fr,i

1he b?dcqncentratiqn fagtar whwch re]dtes the concentrat1on of a chem-

, f1cal res1du@ 1n fISh and 1n the water was Fqund tQ be 33 QQO for -Qcs, a]mdst

:tw1ce tbe va?ue fdr hexach?orobenzene (HCB)( )

The degree of human exoosure to QLS 1n Fanada 13 uncerta1n.' OCS has

1ibeen detected in w11d11fe \n the fqur Great Lakes 1n Canadq aq we]] asin Lake

'St C1a1r dt 1he Un1ted States-Canaua erder, Leve]s QF OCS in ed1b1e F1sh in

'iCanada haveAth been reported.,

LGDQPatth studxes show that h1gh 1eve1s of 1ngested OCS are stoyed in-

: 'the Fat and otxer tlssues of Fata. ,Ih&'hlghhSL concentrat1onv were fdund,Tn
'l,ffét,% fc?lowed by adrena] g%ands; skxn, Tdhgs; gasurolntest1na1 tract and;
',ff 1iQeﬁ. The nalfa71fe of QCS 1n the rat fO1TONTng a ¢1ng1e THuPiVQHQUS ddse,,

- was qund io be b & weeks.' unly unchanged acs. was found in fat and Liver

amp?es. - (HQ metabdlxtes were found 1n the faeces ﬂgwever~ 90% dff'the'

1'f;mdter1a1 ana'yzed in the Faeres was unchanged OCS

I rats. OCS can prddur¢ increases in 11ver' mxcrescma] enzymes,

ai,fdecreases in haematqlqucaT paramsters, 1ncreased weﬁghts oF‘Iiver kidney andd

i 71;spTeen\ and h1sthqg1ng changes 1n the 11ver k?dney and thhyq1d acs s




. :pbrgagﬁfﬁégénfe fh"

gt It has bean determwned to be a phencbarbxt&T type fnducer@ Same c? the tox1c '

'prrapertxes oF’OCS are swmv!ar to thase cf h@xachlorabenzenea

low order ef'acute tox1c1ty, hepatic effects of the same. magn1tude~and pQrphy~r'
:,;rrinegen1u ty.nr"' o i e

7 1 ; Three StUd]Qa have been ccmp?eted recent]y on the #oxwuwty QF QCS 1n the’f

?7;1mg QCS/kg budy we ght ;n;the dvet o 5-500 ppm OCS'wn the‘dwet for 28 days;

ats and Japanesa qua11 and th13 effsct may- be sex—i1nhedf’ g

These 1nc1ude af;f'

In QCUte' SUQaCUte- and SUbC*P0n1c"stud1es (doses*i 1300 37005,"“ :

or -

:_‘-OJ~QQU ppm CS Fhr* EQ dﬂys resnactrveiv) Chu and cowor”e:s(** zg),,'

'[ ;1'gxam1ned the gwoss path@]ogy, organ wexghts, serum bwochem.stry andgé

‘<{'falo l\u] p‘ﬁf 1\s,u!u h&puu7u Lﬂ¢yh '3CthTtTCq.r CCJ Yﬁ”‘dtusr?n tﬁé  o

1.1ver and: f&t uere analyzad The max1mum no observable adverse effect 1eve1 1nrf

":fr*he dwet appeared to be O S ppm ( 0 Q4 mg/kg/day) for 90 days.,

1.3 Conclusions

The prlnc1pa1 route intc the env1rcnment For 0cs qnd HC9 is Tndustrlar 

f‘effluhntk s has been detected in a11 stagps of - the aquatwc ecosystem, “

? ,hwqmagn ﬁrcatwon thrcugh the aquatwc food chavn was observnd Itxhasrbeeﬁ:

’f :anQ1gzed 1n t1ssues and egys: QF F1sh~eat1nq b1rds 11 Canddaﬁr If OCS and HCS-

were to be e11m1nated from industr!al eff1uEnt thgy wouXd cont:nua to enter;f
,the aquatwc eccsystem for some time —svnce sedwments iq_cgntﬁmtnqte¢jafea35
‘contain 0C3 and HCS‘ ‘ i f' : : i 77 |

There are fnsuff1g1ent taxicologwcal and env1ronmentai data to assessf 1

1,,the hazard posed by QCS to the ganeral pub?ic in Canadaa The resuits oF one: 90;j 




':féég g & fe@d?ng study 1nd1cate that 1Ptake 1eve?¢ fﬁr humans should net exceeq,
73}1;@ 4 JlQ/kg/dﬁy (t e1, L% nf the. maxvmum noacbservable adverse effect ¥eve1
7;;gﬁwnnsterad ﬁg Pétt,dally over & p&r10d of 90 days) o FUrthar Tong teﬁn
. §3aud1ms (SJbChPQRTC'aﬁd chrqn1c) are requ:red to confwrm thTS f?gure‘ e
| There are nQ data from whtch Canad1an exposurm “to GCS can: be esttmated
 :HQwevv T, r&sults QF sqme Marwegwan stud1es 1nd1cate that for a sma]l se gmenb :
: ;laf th@ popu1atwon whlch cqnsumes f1sh on a regu]ar basvs, swgnwfzcant exposur 7
7 fiIS pQ sxb?e‘ Thus consumptron Qy a 70 kg person of a meal ccntaTnxng fish
,;1f1..uus aortamwnated w1th OCS (Q. 25 mg OCS/kg .1qh x Q.28 kg kah/m&d1) wouid

'5,'resu7t 1n,an exposure;af 0.9 pg/kg'body weight‘

1.4 Recdmﬁenédtipns

Further research should be dwvected towards determ1n1ng t\e potential-
for numan exposure tc OCS in: the Canad1an envwronment Therfollowtng;agproach
;iws reuammended | s S ‘: ' 7 e 7 S
'i? lndustr1a1 prqce ses,' Tn wh1ch pQTychTannated, styrenes may be , '
'fformad as byproducts, shou1d be 1dent1f1edtand 1ocated These processes w111:
1nvu1ve the use Of'organlc nmter1a1 and ch]orine at high temperatures, for
r ,exampTe. carban emquyed as a reducwng agent in. the prnsence of L] gs OF eTec~
'1 ,:ftro1ys1s QF chlorine: canta1n1ng cumpounds using: graph1te eiectrodesar
' : &Ff]uent Fraom —Identlfledr chemrcaT p]ants should be mon1t0red
111.' Fdsh and sedJants near: these plants shou]d be ana]yzed faor poly-

' ' ch1or1nated styrenﬁ§.
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7rranadJan water,, wh1ch haye a pqtentxai for contam1n—,'7

};bi ,PQTY 77QPT”ﬁted : yrenes, sbou1dv be analyzed, fcr polychlor1nated{ . e

F1Tlet and Itve? samples from khese f?Sh shculd be analyzed?ii

iéthat pQTych]or1nated styrenes 1n Canad1an waters may °P191nate 1n:?"'

,ﬁffithe UnTted States.r Thus, 1t is. recommended that apperFthe agancwes in the;r

| ijto veduce the amounts Qf thes 5C0mpounds entarlng the env1r0nment
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; jf;,g;ggsgfal"lgégtgtggfﬁgmbéféégifxififér:i', B NS
,i;heptachloroethenylbenzene o o 6l2ss-l-0

| ;;pent&chTQrQ(dychlgrqethenyl)beﬂzeﬂeﬁ 61593440 :
e T e engge
"f _ﬂtranS~a,B-HC5 o 9086-38-2
el g
L haxacmemethenylbenzene 61128“00-5 .

'1;;z;z;f ;StﬁuctﬁfQS}fft .

The strucrwres oF OCS and thn

thfeq iscmeté eaCh,Qf'HCSLAthSCS'are
' "QIVgﬁ in F?gure k.l;r;'; : G e e

ff,ffftrans~m,g 2, 3 a, 5’6~HCS ,§i§;§,3;2;3,4?5;6§Hes'}1,;5;5,2;354;5,6*HC$;,
, / }{\\ Sl

:,Lfrangfﬁ,2;3;4,5;6}663 ;,f'_5}355;2;3;4;5)5?5655”1 7 :¢;2;3Q¢;5,6~5C557

"'Eﬂff;Eigﬁéefg:if:-&tﬂéturés erﬁhE'PolxéﬁlérinateﬂQS§yrenesj'




: . 2 3 Physica1 Properties

ComEGund ;ﬁrr', ;'fv,mh1arr Mt Melting point (°C) Appearance

ocs T c3c1é':*'7 3797 100- 5’1g18) - pale needles

G R e e R L 99-100 T
”'i;ciSéd,B%HCS':‘r:'*"'CBHC17 z,,;,f345;3,,ﬂ,, ' ', ) " colouriess

S e e T S e o

wmyasm5‘cgm7“‘m&3-.wmn$) tan crystals

'w Ho> GG, 353 108105

) Crystallized from 95% ethanol, ref. 21,
b} Crystaliized from acetone/ethanol, 1:1, ref. 26.
¢} Ref.25.

The soTubi]‘ty of 0"5 1n water has been measured as &.5 pg/LflO), which

'flimay be compared to S.¢-7 5 pg/L' or hexach1orobenzene.

':' ;2f4;'Syn£he3isf

| ”:2 4. 1 Octachlorost?vrene. OCS can be a)nthes1zed by snvera1 routes, which are

':jidesc“ibed 1n equations [l] - [4]

nnnAni 7




jgff:ffffs 1 C1=CC12 607 yield Réf',25,f;

:Z; 2. SbC15,190 c

7":i(~§4 (:}{ CIZ/CHC13/F6C! 2 K

i B ~ LGHSCHC1 CH2b1+bGPSCHc1 cncazrr B
' | sbe1g, 175°c
5cc1 -cc1, lRef,,ﬁ"

Shnohieni e c501

1. C?Z/CC1

o —_ C C1-CC1=CCT+C.C CC1,-CCY1, Ref. 4
s "hy,( 54 nm) 675 18 2767 '5" 2,7 73i S

vapor1zat1on at 185 C
Cl (L? /CBHIO’ 19 1)

— L c15cc1 =CC,  84% yield
7-,sos;c, 12.5 sec. ol % Refaa

"?'*2;4f2f Heptaca»orcwtjrene. Three isomers of HCS “can be prepared us1ng OCS a:'

:start1ng nat9r1u1, as skown:in equatvons [ I  and [ ](25)

{5];: T R e1ectro1ytfc reductlon

*;,,;:6;:15;“5@2 Gt




i::F'iQ'"'fi, B

272 :'§5, mov1ng Hg cathode 1 1 methanoT/dimethoxyethane so?vent rontain1ng 5% voter

5 '5nd HHQOAC e?ectrolye. 23 nm?% y1e1d of crude produce (yie?d corrected for
e 20% unreacted ocs) 7 ’

rb) ,?b cathgde, 1 1 methanoT/dlmethoxyethane soiyentriaﬁd HCT electrolyte

(s1ight1y ac1ﬁ1c cond1t10ns) 24,mo]%7y1e]d of,crUde product (corrected).

'7,2L6?:‘: '6C15 le + 26 + H ——-% C6C15C CH+C1
J Cl /CCl
urans—C601 CCl CHCI + C1S CGCISCCI CHCI
ratio 2 5: 1 '

o 2 4 3 Hexachiorostyrene. 'ﬁqrrépéffédr§ynthé§i§ wés'fbunu.'
2.5£ Reacttons o e e iy
T Few react1ons of the h1gher chlorwnated styrenes are known. OCS HCS and
' 6Cs are res1stant to concentrated sulphur1c ac:d(e)
, ChTorwnated etheny1benzenes can be produced by e]ectrochemical reduct{on*
: of octachlorostyre & (equations [:] and [6] above) or,by reaction,ofiocs with

irﬂ;? zinc in ref?ux1ng d1oxane(27)

: OCS undergoes ﬂuc1eoph11ic substitutions when treated w.th sod1um,: 5
Z;fmethox1de 1n methano! givang a mixture of 4-mehhoxyheptachlorostyrene and

‘f v, 8- dimethoxyhexach1orostyrene(23)

3. AWALYTICAL METWODS AND EXTRAGTION PROCEDURES

(31 Malytical petrods

e 7 VGas chwomatagraphy is tha mosx frequentiy used m@thad oF detect1ng and"
’iif}quantifying po?ych?orﬁnated styrenesa, Mass Spectrcscapy is rarely used aionn to
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T detect these compounds 1n extracts ef env1ronmenta1 sampiesa ?he most. powerfu11;,,i

';method of ana]ys1s of the po?ychlorinated sytrenes 15 comb1ned gas
chromatographg—mass specfroscopy (GC MS) The nass spectrum of each compound"

'emerging from the -gas chromatograph can be obta1ned and the fragmentat1on data

 , o Watched with retent1on times.:,

Detectaon 11m1ts of electron capture-gas chromatography (EC GC) depend
Con the equ1pment used and have been observed to be 0.5 ppb ocs w1th an error of
ff+ 2%(6) or 1 ppb OCS(ll) The 1owest ccncentrat1ons of UCQ and HCS that have

f—beeh quant fwed ln samples are g1ven be.ow.

"VComgohhd' Lowest amount ' fAha1ycTca]‘f,ifsamp1e*typer ~Reference

7 guantvfied Lo mzthod
'i7;70CS'—h‘% lrf;0.0IIlppm::"',r ,'VGC BT rheron=Carces$ L 12
o 002 ppb OEC6C “human blood 16
HCS 002 ppm g  sprat ofl g
002 ppy ECeae  human blood 16

:'_3f1,i:mGes,chrpmatogrephy

The re]ative retention times of OCS HCS 1somers and GCS 1somers dependi

"“fron several characteristzcs of ‘the GC co]umn, such as polari+y of the pde?ﬂQ'

’jfmaterial temperature programme to heat the column, flow rate of carrlrr gash
g and 1ength uf column" Tabie 3. 1 gives re?at*ve retentlon times for the po1y=,
' ejch?orinated styrenes‘ In these reporus, no attempt has been made to re]ate the

’7retention times of HCS or GCS isomers with specific structures owung to the:'

"'{iack of reference samples. Data have been recalcuTated in th?a report to give 

:?e relative retention time of 1. 00 for OCS in order to compare the results usingJ'

';}different apparetus.'

000016




*18}138381W YEaw ampnoow,ﬂmcqmacou somcr f11 .ka aumuxu,.ﬁmwumume,nmwe cmwycmas&ﬁv vw;uwn,mcEJmou 11y (8

000017

B - 3,081 fuwnToR
, , 2 rewseyjosy 3daoxe y eI Jogsy - 6yl 00°L

& : Do e mom,, JARERRRN M

| -urw/mes 3,002 $STAQ Ry w0STRANG w0 S o S 3 oo e
£1 . L0UZ dS %6 eL-D6ZZ-dS NEUL ftwwg X wg . g0th ) et 3

*upm/ Qg £TUTW/3.€ ‘2,052-000 (965 , , o o : S
gy fusngod Asefridsd eselb uwuggtg x eyg - oact | SO NI Cggeg

T utw/egg R , : RS
PSR | »u 0oz uaouxm g£°4e3 doy 8y 2yl oRb : , L T 5¢°0

e SR B s T 80 eLo ERRN [T ARET+ L I RN R
ST e i U gso ogem gen

' 8 : PR - 67383 835 - 00% €60 8°0 - AB°D . , L tse

R e suTH/3,Z ¢3,002-090. 4 WOIYZ EBY VO DOZ . R R L e L e Do

. L ¢ %0 ,AEEM.x,smwpu,.cﬁ,muw.a,x,uumﬂ,,; 00°L 260 8T0 MBTD =
e A LU eypww gz Suta/, 2 49, cmwnccp S e N  ,,, SRR S o T T L
ﬂ,;  i SN R 1 “ahoaouﬁuaam o L-AQ %l fwwy X WZTL . 00%%  €8°0  OL°0 €670 . BET0 PR 740 R S
,,_.” SRV [ L L tuTw/eey ncﬂs\u AR R ;,,_,,,. SR T o S R ey , . i E
m , SRR 2 o f3.s22-001 yneuuo wo4ay dogsy 00T - 88°0 £8°0 08°0 - BLTB o

bl U t3,662 03 CuTw/3,0 Gz tutwg EEE R ,
v tpleompeeyw jpiopb s tmzx ez 00Lo 160 @0 T 2030 - | W
| , 0 Tggey zen sete eLtm

P S urw/ugz .:ws\u 8 u cmua:ap,.;, EIR R S o ST e B L g R
g : T PR T i o .au@couﬁoa:m , e , L4670 B BLg S e v
v , uo nmem m N uy. ez a xowg L .,,moowpg -1 S 4- ) 1 RS 1: bt [N 7 ISR & 1 2970 g9t D ,,,.__,g A e

PR mmhuwmu,mnﬁu,mmm R ,, FE IR s i , | ,h‘,,w‘@w " ,,,”._,,;,, o
IR 1973362 fawweibord esnjesaduay - 3G SI0- (E)SIMH: ANvmuz ﬁpvmuz ”nvmum {23529 {3)53%  BM

. esuaIagey, oo uwniod: feseyd dIeuorieie I R LAt : e e R
R . Lol fgusreuaR P, inT03) uwnTol . o el T b ST R e L , ,

_acfwwmuc, Jvmm:_m:ouumvcmuaum,vcw_cwruh>uw pay cﬂgowcuxwon,m;w,uu,wusmu;cuautaamupa>ﬁumumxu «Lm,uﬂnww_




' 'f3 1 2 Maqs spectrosccpy

i The po]ych1or1nated styrenes possess a d1st1nct1ve mass speciral pattr-
5{due to the h\gh re]atlve abundances of the two natura11y DCfurring 1sotopes of
' f:;cn1or1ne.'_""' 4 : ' o

G Octachlorostyrene'” The'tneeretica1 fntensieies of thernareni:ionrpeaks

of OCS can’ be calculated us1nq the asu'dance of the 3501 and 37F1 isotopes.

; Tab1e 3 2 shows the c1o e agreemene of neasu"ed w1+h ca1cu1ated va?ues of 0CS
w'n, peak 1nten,1t1es.' In the mass spectra1 fragmentat1on of OCS the base group is :
fcgvls,rand there are seven groups nf netastabln peaks correspondxng to gucreSe'

i°c*ve 1oss of ch1or1ne atoms (30) The compound decach1o*oethy benzene (DC;B),V

Ee iabjeiB‘ZV:Measnred and Caieu]ated intenEftiee‘of the'GCS parent ion CBCT&+(4)'

~ Ton Mass i;,':!f': 6 a8 ‘O /2 I 386

 Calculated intensity  33.55  87.58 © 100.00  65.24  26.60 6.93
T 'Measured'intensityf '339,39; T 12 1100600_'_; 62\12,,,' 26.517 '7;57;,

ier;cﬁclb.CCIZ.CC13; also has CBC]8 as base group, but its mass spectrum can be
o d1st1nguished from. that of OCS by the presence of a QPOUP of peaks due to therr',
- fraqment 37517. (DCEB -CC1, o Th\s fragment, at: m/e 329, is not observed 1n'}i
Vtﬁelthe mass SpectrUm of OCS., Furthermove, confus1on between OCS and DCEB can be?
7 ;7? ‘,e11minated by use of GC~MS, sinee DCEB has a retent1on t1me 1 68 times greaterj
7:"5;;than OCS(“) '7', , , s | : E
7 Heptachlorostyrene and hexach1orostyrene The mass spectra of HCS andef‘
| ai GCS show the same. fragmentation pattern as OCS(“) with parent 50"5 at m/e 3427i7
;",zfrﬂand 308. respect1ve1y-, = . i | 7
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T 3 1. 3 Combined gas chromatogrephy«mass Spectroscopy
: Eff.uent emerging from the GC coiumn is scenned continuousiy by a mass

7 spectrcmetera' The time at whicn 3 Sp&Cif?C chlorinated styrene emerges from

o

~the co?umn can be determined from a se1ected mass plot (mass chromatogram) for
Its most character1st1c masses‘ Mass number of M+, (M- C-)+ and (M- 261)+ are
7376 341 and 306 for OCS 342 307 and 272 for HCS and 308, 273 and 238 for
GCSL' The presence of up to three 1somers -each of HCS and 6CS can be conflrmed
:jsince the 1somers have 1dent1ca1 mass spectra but d1fferent retenilon Limes.
: The po1ychlor1na€ed styrenes can be detected in comp1ex mixtures of - )
: persistent ch10r1nated compounds by the use of the seTected ion summat1on |

‘rtc'xnlqu An ion- cuvrent prof:!e of selected fons s gennratcd only if all-

" the selected ions are observed above a set thresho]d(s) Groups of 1ons hh1ch

' _:may be used in se1ected ion summation searches are d1sp1ayed 1n Tab]e 3 3.,

fab1ef3;3 Tons of po]ych]orlnated styrenes usediinese1eeted'ion summation =
: searches (°‘ , L g B RS L e

| fCompound £ "71'f . Tons

= *s¢51, T 308, 30, 312, 273, 275, 271
L HCs 342, 344, 366, 307 309, 311'
Coes ;375,' '3’78 380, 341, 343, 345

1*;?3 1 4 Infrared and nuciear magnet1c resonance 7
? :lf€i_ 'f',, Infrared and nuc|ear magnetic resonance (ir and nmr) data are summarized
o fiin Tab1e 3. 4,7 A?though the BoB-. and trans—a B— isomers of HCS have very simi-
g Ter neiting points ~and ir and nr. ebsorptionsﬁ they can be dist1nguished by

thetr GC retention times.; Ir and nmr methods genera11y are not used owxng to

."i_,their 1nebi11ty £0 detect the veny low concentratfons ef substances usua11yf

i:175;,feune in environmente1 samp‘ies°

000019
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' 773 1 5 Th1n Tayer chromatography . | | 7 7
: Gctachloros+yrene has an Rf value of 0. 86 (so1vent hexane; stationahy
1tphase*511ica ge! 60 Fzsu (Merck) (26) o
3.2 tract1on pvocedures

In general the method chosen to extract OCS does-not depend on the type

= of samp1s (e g., Van1ma1 t1ssue,r human b]ood or. water) buf rather rq tne
'fjinstrumentat1on to be used' Electron capture-gas chromatog raphy has a h1gh
if;degree of se1ect1vity and sens1t1v1ty for. h1gh1y ch1or1nsfnd chem1ca1; and
':un11ke the Tess se]ectwve electron 1mpact mass spectrometry, it is not subject

;:fif ito 1nterference from natural |1p1ds. ,j

 _tap1é'3;4 ”iR and MR data for HCS isomers :nd 0CS

VV;VCompouhdfs':i" ;';ih(cmf¥5ﬁi S WMR 8 (ppm) ',Referéhoo

| ;Cis-a,s 2,3,4,5,6-HCS 159@}(C;C),::1H 650 25
© trans-a,s,2,3,4,5,6- HCS 1595 (C<C) 1, 667 25
,'5,5,2 3,4,5,6-HCS 1600 (c=c)r;—1H?e - 6.66 . . 25
";,ocs: e s g 1881 (C-1y 26

125,29 (C-8)

1132.66 (C-2,6)
132.60 (C-3.5)
134.13 (C-1)
135.74 (C-4)

fj'*In”most cases extraction was performed as fo1lows- .
75;6 sample dried with sodium sulphate (often om1tted), :
'j,:—:'extraction using Soxh]et apparatus or mechan1ca1 shaker,,wlth chosen"
= - solvent system'° T L ' St
- ”organir phase washed with dist11led water. dried with sod1um sulphateig
,',ﬂ';or magnesium su1phate-'ﬂ ' i '
:f?gtreatment with concentrated suiphuric acid. T

000020




:n% this stage mast sampies are neady for GC ana‘lysess but further clean-up on

’['aiumina on fiorssi1 chnomatograpn1c ceivmns may be necessary.- Analysis by MS

rrfr nequines speciai ciean up by geT permeaﬁ1on shnomatography, alumina or florisil
"rcoiunns which absonb the bulk of th Tiplds. '

5 Extnaction of cod f]esh samples affords nesu1ba which are not particu-
1an1y neproducib1e owing to their Ton'tat content (about 0.3%). A pro¢eﬁgre

:For this type Gf sanp]e has bepn deveioped by Norheim and Okland(‘l) The

7rmethod Involves so]ubi‘iz1ng a sma1i amount of samp]e (O 5 g) with concentrated

1H250“ {6-mL) in a Sover11 uTass tube f1tted witn a screw cap. The mixture is

"frlma1nta1ned at 60 c for 4 hours, fo]]owed by oo!1ng and add1tion of 1.0 nlL of'

| :fhep»ane. The tube is shaken and - centr1fuged after whlch the sampTe is ready

f' gas chromatography The - level of OCS 1n eight para11e1 samp1e° was 

i'f, determﬁned to be -0. 18 0 017 pnm, a 9 5% coefficient of varxat1on.
The recoveny of OCS and HCB from homogen1zed cod flesh using the above,_

f method was compared with two other nethods, name?y, d1rect thractfon w1th,_,

| ihexane/1sopropano1 fo11owed by part1t1on w1th water, and column extract1on witb

;‘dny;d1ethy1-ether. The results are. presented in Table 3 5.

o Tab]e 3. 5 Recovery of OCS a?d HCB from homogen1zed cod flesh by
o ' d1fferent methods ,

SR Recovery (%) -
Method ncs HCE

CH,S0,, heptame 95 95
:Vjﬁexane/{soproﬁnno1rri BN S ,8617, - 87
dry diethyl ether 88 32
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The accuracy of Norhevm and Okiand s procedure was tasted in a c011a~,
fbora*ive study 1nv01ving faLr ot\nr 1aboratories using aTternative ﬁethads.

"~ Fatr agreemeﬂt (uoefficient of variat*on, 27”) was obtained for the
',ccncentration of HCB in fhe homcgen1ze# cod flesh, wh1lst that for OCS was poor
:(coefficient of variation, 45%} Two 1aborator1es found the 0CS levels to be
:one third of the va1ue of ‘the other three laboratories. Better agreement was

‘,fobtained for the levels of HCB and eSpec1a11y of 0esS fcurd in homogenized
: herring conta1ning about 10% fat.rir

: ' Norhe1m and Okland s method 1s not su1tab1e for samp1ps with vaery h1gn

ﬂ'fat content because of emu151on farmat1on after the extraction with heptane.
4. SOURCES AMD ENVIRONMENTAL TRANSPORT

: *4 1 Sources

In the Canada Gazette of August 1980 (1), not1ce was given under the

"Env1ronmenta1 Contam*nants Act to determine whether polych1or1nated styrenes

were o would be nwnufactured 1n, or imported 1nto Canada 1n 1979 1980 or

7 1981. The response ident1f1ed neither manufacturers nor importers of OCS HCS -
:'for 6CS 1n Cana a (31), | T |

| Veith and cownrkers were unab1e to find any 1ndustny in. the United,

States in 1979 which produced polychlorinated styrenes (J) " Reichel et aT

a,i*have analyzed about 1500 sampTes of heron and othnr estuarine erds fram the

?': Un-ted Statesr(lz) OnT) spec1mens co]Tected from the Lake St. C1a1r area were -

':'rr_faund to contaln po?ychlorinated styrenes. A1though the scurce af tbese

' ’;fresidues was fot known. it shou?d be noted that Lake St. C1a1v 13 down river

ﬁfrom a nwjor s1te of chemica1 industﬁy. 1
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"The éource:of eontéminétion inrthe Frierfjord in Norway has been identi-

' ?ied ee the'Norek Hydro magnesium'production plant (1¢). Magnesium is produced
“in two stages in the Norsk Hydro Process. First, magnesium oxide is mixed with
7 n: o ’carbon reducing agent and rydrated magnesium cn1oride(32)a Tee mixture 1s
1'fovmed into peliets,,dr1ed and fed into. a heated furnace with Cl1, to produce
enhydrous magnesvum chloride. This is~ fo!lowed by e1ectr01ysis of MgCi, using
graph1te eIertrcdes which ywelds magnes1um. A recent mod1ficatlon of the

'_}process uses. only MgC]2 br1ne in the first stage ap! involves drying hydrated

!{':Mgc12 pe11ets in an HC1 envwronment producing anhydrous MgCTza, This procedure
' was to be started in 1977 and was: expected to result in a 40% reduction in-

‘,rilorinated furnace wastec and a. simxlar decrease in the : ffluent(33) Both

r'the ch]orinating furnace and the e]ectro]ysis proresses involve high tem-

' :,peratures, carbon and . ch1or1ne and as- a result sma11 amounts ‘of chlorinated
hydrocarbons are formed(lé) These byproducts were d1scovered origina11y in

the waste water from the plant and 1ater in the water and sedi1ents of the

?fsurround1ng ares. 7
7 The use of anhydrous MgClz, during the e1ectrolys1s process, a110ws for
'flminima? consumpt1on of graphite electrodes. The Dow-Chemica1 Seawater Process
rlin Freeport Texas, however, uses anhydrous salt (MgClz.ZHZO) as 4 precursor
}which resu1ts 1n ] h1gh graphite e1ectrode consumption rate of 100 g per kg of

- 7 magnesium‘produced; It 1s possible that the Dow Process nmy be a wajor source

.:of ch?orinated hydrocarbons. = e
. ﬁagnesiuni production in 1979 and capacity in 1978 are disp1ayed in
 'Teb1es 4.1 nd 4 2(32), k Norway. the United States and the USSR are the only

countries in whicn an e1ectr01yticai process iy used the remaining production

‘of negnesium occurs via the thernai reduciion of ﬁgo
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,?ff§b1é 4}1' Hbrld'Producfioﬁ'offﬁéghésfum for 1979(32)

| Cénéda ;77;,77' 'i,ij 777' Q,IGOVﬁétric tons
Ccnina® 2,000
f@amg], } ;‘,f 8,700

Italy  'f,rJ'f;‘9Jm

Japan 11,000

W L e
Cussd 72500
U 145,150

'" fa)' Estimate.¥ 

Tab1e 4 ? Tﬁsta11e? M?gnesium Product1on Capdcity, 1978 (mc r!c"
S tons/yr) o T

Country ~  Producer . - Production Tyge  Taonesium
PR S Vel ©.. 7 Capacity Process o hNce

©seawater;
: do1omite5)
“brine
prine—
“dolomite

S YS r,,Thn Dow Chemical Lo., F eeportr ©-115,000
ol 0 Texas - B T

2 NL Industries, Rowley, Utah 22,000

- American Magnesium, Snyder, Texas 5,000
',Morthwest A]loys, Addy, Nashington 22,000

Mmoo e ]

- brine or

~seawater -
and S

doiomite

",Nbfsay  ,Norsk Hydro, Po:sgrunn ' ,:"  . BG,500

;Canédagg'chroﬁasép,fﬂa1ey;ﬂontAh{o[r; 9000 T dolomite

Vrf'a) E e?ectroiysis, ;théfmal’redgctiong .

"v;ffb) doiomite CaMg(CDa)z.
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: 0”3 and HCS ‘were 1dentif€ed and ccnfirmsd amcngst 60 chlorinated
: ccmpcunds in Rhine River water‘lk) | 7 '
7 ' Incineration of po?y viny? ch10r1de) (PVC)' produces measgrabTe
: gaantiﬁieS' ef sg1pnuric acidsresistant chlorinated hydrocarbdné. | Cﬁmbusifon
5,f exﬁe%iméhts,lfh,ﬁhich the'ccﬁbustién'teﬁpérature tfans{t,time and oxygen Tevel
—ifwere varied indlcateﬂ ‘that higher temperatU?es (up to 900°C) and - shorter
"tranfit t1mes 1ﬁcreased the formation of ch1orinated hydrocarbons(29)

":Theiam0unts cf*OCS HCB'and total organ1c chlor?ne—emitted are presented'in

','Tvxle 4 3 The va]ue nf 2 5°mg OCS/kg PVF was nine times: that of the next

r'highest figure for amount of OCS emitted/kg PVC burned and occurrﬂd at thc

vst 1eve1 af cxygcn in the .1ue guc (0.551.1

' ;ifgéle*4}3: Lev?is of ch]orinated hydrocarbons emitted from combuqtion of
o opycle Sy , ,

'eEmitted amounts (mg/kg PVC)

'Mean '5, Mpdian ' "7 Range
ees s ey 7,:1:,',0:.728 —_ 0'.,07 '?-' o 0-23
s 7}"}-:{f oz e 0.08 - 14.4

f';Total organic Cl  ;;,;; ' ,*f 23, 1 ,f '24@31'7f' : 2.2'r 60




é?lé
'1'f1:'§125:F'Eﬁv§r§nm¢nta1 Transport
A]thoagh the polychlor1nated styrenes are ext*eany hydrophob ¢, they

: can be transportpd 1n water by adher1ng to part1cu1at“‘(1°7 0CS has heen

,::detected both in_ 5ed1ments and in. the fatty snrface filn‘ of water of the

:',7;Frierfjord'1n Norway.'r OCS accumu‘ates in the seﬁ1munts through contact with
;'Vzthe 'efflueht :frpm an ident1ried '1naustr1a? source. 0CcsS from ‘the water fs
{rgqhéeﬁtréféd'ih'sedimentsfto aihféhér déﬁree'fhah is HCB or pentachiorobenzene
"f(fCu‘;'?Tabie di4rshdﬁs rn1ative 1nve1s of these residues 4n water and ‘in
';'bottom sed:men*s(9) -and 7 ves concentratxons found in samp1es taxen from
gy ;erent cepths of svdxmenub(lo) |
: TranSport of the po1ych10rinated styrenvs 1n Norwegian waters hdS beenr

-studwed by measuring the 1evels of OCS and “HCS. 1n ﬁsh(8 9) , Samp]es of

'sprat (blupea §prattus) were colleuted from the Frierfsord three nerghbouring
7'fjords, and the west coa°t of chqay (see Figure 4. 1) Concentratxon Tevels
if were highest in samp1es c011ected near the 1ndustria1 effluent outlet an the
'::Frierfaord and dimxnwshed wwth 1ncreasing distance from the out]et Tab1e 4.5,
V{The same SN iuction 1n residue levels was found for severa1 fish ,peCaes from'

 i:fthe Eidangerfjord compaved ﬁo matching samples from the Frierfjoru.

7", L Koeman and coworkers believe “that the source of 0CS residues h;b@rdsr
:'7from the wadden Sea 1n The Netheriands 15 the Rhine Ry ’r(Z) 'i This
'4jrconc1usvon 13 baaed on the cTose simf\arity of the poTych1or11ated bzphenyfé
ﬂi;f(PCB's) identified inrdamples from the Rhine River.rthe west coast and the' 
1:f5Hadden Sea, coupled with xhe fact that the coastal water mainly fTogsrr

7fnorthwards and chemlcals in the Tittorai current watnwc are di1uted to alow
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:rfﬁuie 4. 4 Leveis of chen1ca3 ?esxdues in water and sediments of the

Frxerfjord

0CS  HULB  5CB  Reference
"=,Re1at1ve ccngentracaons. water 1.00 1.68 1.8 9
sediment 1.00  1.25 0.87 9
'COﬂcentrat1ons 1n bottom sediments, pém'weﬁ wi.
0-5. cm, 43% water 0.062 0.227 0.037 15
7 7 10 cm, 3 s water U.034 0.112 0.023 1V
Con;enﬁratiuus in battom sediments, ppm dry wt.
0-5 cm 0.145 0.528 0.087 10
5-10 cm 0.005 0.317 0.084 10
1Tab1é QES' Residue 1evels in sprat oil (ppm){8)
Sampling site . Date (whole fish) 0Cs HCS HCB
' Feierfjord Sept. 75 18 11.2 4.0 13.7
Eidangerfiord Sept. 75 13 3.8 1.1 5.9
 ormefjord  Sept. 75 20 2.0 0.6 4.2
~ sandefjord  Nov. 75 16 <00 < 0.02 0.13
ilféﬁviR9 EQm§dal}' July 75 12 - - 0.04




‘ - 23 = 7 :
L.
: : szf, - Sy

quure. 4, 1 anatinné of samplingraféas in No&way:

1,Frierfjord; Z,Eidangérfjofd;
-3 Drmefgord‘ a Sandefjord T : S :

:»Figﬁgé‘i;é, Samplzng areas in the Netherland ;15RiVerrRhiné§ 2,West ééést;
B R The Hadden Sea. ' s v
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degree(ﬁ F/iuura 4. 2. Fp%tﬁeméfe, {’}CS has"béen identified in Rhine River
'ﬁater(l“34/ g e '
7 7 The %atty surfac# fiim and water fram po? uted and unpo?iuted fjords and
' ‘rir?akes 4n ﬂorway were anaiyzed for persistent chiorinated conpound%‘lS}
'iExtracts of water samples frcm the Frierfjord were composed of PCB s (4 6 ﬂg/L)
f and substanpéa1 amounts of 0Ccs- and 5CB, whilst surface samples ccnta1ned
 ,ﬁéiﬁ?y PCQ‘S { 5-40° pg/g 1ip1d} and only small amountﬁ of OCS and 5CB. The
'i?aﬁfd;éf'fhe;concentrat1on in surface;fi?m,to the concentrat1en in water is
;snlba'iimes,ioweé for 0CS and 5CB than for PCB's. The pollutants found in the
surface film are be1ieved by Ofstad et 31(15) to be supplied princvpaT?y
~fiom the atm03p“~re. S1nce the tynicai'effluent chemicals, 0cs and 5CB, are
| :not cnncentratﬂd in the surface film to the same extent as - PCB' s, 1t is less
"}1ke1y that thev are airborne in orxgin. Hence their source i; probably via
]tranqurt from;the under1y1ng water, which,is a léss fmﬁortant route to the -

surface f{lm:thAn”is the atmbsphafe(15);'
5. OCCURRENCE AND EIOLOGICAL ACCUMULATION

5.1 Fishand Birds :
 ?ﬁ15 1.1 Levels in wi?d]ife f: i | |
f; 6CS; HCS and GCS and HCB coexist in bict1c systems and nave been{
";detected aﬁd quaniified in numerous fish and bird species. Quantxtativerdata_'
";: @btaineé from these species can be used to cempare 1ue extenﬁ of env1ronmaﬁta1:
7':i§§ﬂt6m§ﬁatfﬁﬂ by the chicr%ﬂated styreﬁes with respect to zhe well-documented

lff?peiiutant HCB,
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| ’fResidue Teveis QF DCS HCS SCS and HCB found in f1sh and birds are given in
7Tab1e 5 1.

rTSh' - on a wet weight basis, the concentrations in fish flesh and in
fish 1iver differ by a factor of 100. This difference, in part at 1&@5%, is a
| 'refiection of the d1t. rent proportions of fat in flesh and in liver. However,
'71t may,be observed that residuér1evels on a fat weight basis are of the same
prdér rsf nmghitudé in thé fTesh,aﬁd fiver'of cod and saither(TabTe 5.2).

';abae 5.2 F111et and Tlver OuS conuentrations (fat and wet wemght\ in two
T : spec1es of f1§h '

ﬁ;w;fe  % Fat . 0CS, pom wet wt.: - 0cS, ppm fat wt. Reference -
Cend fillet 0.7 0331 60 10

cod 1iver 441 497 . 885 10

safthe fillet 0.9  0.227 o 39.5 10
Csaithe liver ~ 66.3 19.3 297 10

7 rThé fatfdc of Hver to fiffei cohcentratioﬁs:for 0CS, HCS and HCB were
jéa‘lcu'!atnd from the ?evels (on-a fat weight basis) given in Tab1e 5,3' fhese

Zfigures iﬂdzcated that the internal d1stribupuon of 0CS aﬁd HCS is ve?v'
Vsiniiar, whilst n@ conc?usion cau]d be drawn about the Pe%aiionship between the

 k,d1stt1but19n of 0CS and HCB.
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‘Tabie 5 3 Ratio of 11VEF téifilleifOSp,:Dnéeﬁtiatichs aéidetermine&,by fat

weight

§péciesr Location —OCS Livef/flaégt rathECB | Reference
cod  Frierfford 0.5 0.4 0.5 9
 Frierfjord 25 2.3 1.65 9
Frierfford 15 1.6 10
© Eidangerfjord 3.6 2.2 2.9 9
Cuhiting  Frierfjord  1.66 1.61 2 9
pollack  Frierfford. 035 0.9 0.5 9
o Eidangerfjord 2.5 - 2.8 1.2 9
is:éfther CFrierfjord 075 0.82 10

7 o D{ffergntrjife ﬁatfefnérgndffe§d§ﬁgrhabits'wf]l affect the,amOUnt of
'pp11utanfs%takenlﬁp byfthé'vafious specfe$.~ To ease the comparison of Spegies,
'rélevaht daté'Haverﬁéen:éb§£EQCted,ffdm:Tabie 5.1 fbr fish from ‘the Friérfjérd'
i,For each species, an average of the residue 1evels 1n fat for whole fish

'jfillet Tiver and skin may be caTuu]ated (Tab]e 5 4) If the presence of
 residues were simply a resu1t of uptake direct1y from water, one would expect a

E isma11 range in Ievels of these compounds for all spec1es. ~1In reaiity,

: 'f;fconcentrations differed by a factor of 650 for - OCS ar 1f the sea star Was-

',fomttted by a factor of 26 and by 48 or 11 respect1ve1y for HCB; Thus, it is

'—;necessary to take feealng and 1iv1ng habits fnto account.
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o Tab?é 594 ﬁverage residue concentvation in fat {body burden) of 0OCS, HCS, and
TR ,HCB for aquatic spec1es in F?ierfjcrd ,

- -Species - Feeding and Tiving habits Bodv burdens, ppm fat wt. Ratio

- L = - S i) Aes “HCH 0CS/HCB
ceod fish, crustaceans S 137 31 49 2.8
“whiting e T 99 14 32 3.1
_poliack -~ ' ' 16 , 8 33 0.5
© . saithe - , - 45 34 1.3
~ plaice e ffsh bottom dweller 35 12.5 20.5 1.7

- sprat . ,;piankton : 13 4.6 20 0.65
-~ - snaf?l - algae; rock dweller = il , 3 17 0.65
. eel < bottom dweller : 5.3 4.3 1.2

- ‘harmit crab . carcass scavenger - 10.3 -~ 13,09 .74
0.2

$7a stav - - o mussels (wh1cn -are filter - 0421 : -1.03
: i feeders); slcw moving ,
ce s bottom dwel?er S :
brittle star detritus; fast moving 59 - 21
, = bottom dweller , g R

™
*
o]

S Mcst fish either directly or 1nd1rec»1y, are aependant on phytop1ankton
- for the1r existence, since - it forms the first stage of the aquat1c food-
:;cha1n(3?). : Zooplankton, and ‘somerzsmall fish feedx on phytop1anktqn,, “and
 ithe§é1én%ma1s 157 turniaré'eéten;by 1arger fish.;i Ph&topTaﬁkﬁon from the
'”uppéfmoétté ﬁmtkés,of'ihefFrieerbrd éas found,tq contain 0CS and HCB(36)i

'1'1HtélécnceﬁtF3tioné var1ed from,Q,OZ to 0,94 ppm dry weight. From tﬁe OCS:HCS
'}éti‘bs’ 37(éve'v?'age 0.20, Ea'ngefio"iaa-o' "38,\51'1:: was c’é'i'c'u"iat'ed that the OCS

':!'ccncentrations in phytop?ankton raneh f?om 0.004 to 0 2 ppm dry weight. Sc,;it,

7'f:can be seen that 0cs is present at ai‘ ?eveTs in the marine food cﬁain.,r

The Teve? of calorinated hydrﬁcarbans in F%sh from a polluted area wil?
"”idepené on the extént to whach they aﬁd their. food source conceniraie a given
fjf campounda Dn exaﬁination of the figures in the table aboven severaI trends are

 '*appaFeﬁt The 1@west ievels sf QCS W§re found 1in- sea stars whose diet %s

'*7;;i§gs§§?so: ﬁusseie are ﬁiiter feeders ané as expected ‘the D?Gpﬂ?i?@ﬁ of OCS'
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HCB—ifn, muése?s' was"fodnd7'to',bé;;vety'fSimiidr to thét fn'rwater(3§}; ?hé
'n'eonééntnation ‘ot,ocsi in'npssé?s was éétiméted (ir|'this veport) o bt about
'G 025 ppm dry wetght (using the GCS HCB ratio and the HCB concentrations given'
‘by Rygg and Bokn,,ref.,36) Hence, the 1JW level of 0CS 1n the sea star
reflects the manner in which OCS is accumulated in 1ts source of food
: The exposure routes for sprat sna11 and eel w111 be through p1ankton,
d,a1gae and ‘the respiratory system. jThese species- had intermediate Tevels of
,OCS., ' A1though the rhermit rcrab 1s a carcass scavengér, it also had an
't 1ntermed1ate OCS 1eve1.r One may. specu]ate that the remains on the carcass are

'flesh tissues rather than high fat organsri In contrast to the other she]]r

"f';!5ﬁ, ihe brittle star, which is a detritus tceder, had-high conoentvations ofj

'wOV ~The detritus fs composed of unconsolidated sediments and has been shown

- f::to' contain 0. 062 ppm OCS wet weight 1n the first 5 cm(1°) : Th1s

7rconcentrat1on 15 25 times higher than tbe so1ubi11ty of 0CS ip water,. 2 5 pg/L
, '(0 0025 ppm) and may result 1n h1gher concentrations of 0CS in the brfttTe
;star compared to other bottom dwe]Iers. :
7 The gadoid fxshes. (cod whitino, pollack and saithe) and plawce had
'trnotab1y higher concentratinns of OCS and HCS than other species. With then
i exceptton of pou?ack their OCS/HCB ratio was,greater than,one, whi]stitnef
;;ratio for all the: other species (exc?ud1ng the eeT) was 1ess than one. - Tnué,
ftnot only do these species have sign1f1cant1y higher- concentrationa of 0CS and -
'd:HCS but a1so they concentrate the po1ych1orinated styrenes preferentva11y.v"
~tThe dlet of the gadoid f1shes and plaice is fish. ‘ Fish ,acoumuTate

= Vpoiych1orin&ted hydrocarbons very efffcient1y(37) ‘s0 :it, iS' reasonabie:,to .

:';ff'expect that fish-eating aquatic species wi11 acquire the highest 1evels of _'d‘
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| ‘?bzsi H‘és 'a'ﬁd HCB. 'LiTh-is; 'irideéd has é’eeﬁ' 'cbs’med in the gadoid fishes and
' 'pTa1ce and ina%céiss the imporkanre of b%omagn1f1cat1on (accumu?at1on by
7xff'§ingesti0ﬁ) for fish«eating speciesc
i_ . The skin of cod and saithe had high v 1eve‘s of OCS and HCB on a fat
"weight basis than liver or flesh From the sanie sampi@s. The outer cell layer
of fish skzn is protected by a ICOUS substance which could attract hydrophobic
' "contaminants.' rHowever, “t, 1s not possibie to distinguish between dermal
iabscrption ag a route. te the skin or-an internal pathway
B1rds: apar» fr01 the exder ducks, the bird species in Table 5.1 eat
V;main1y76f dh1v fishn feeding habitsrseem,to be'a significant factor in the
,.ale of rhemica] contaminants. Hoticeab]y higheﬁ*concenﬁfatiOn of ?CB‘S and
'DUE were detected in herring gu11 eggs than in common gu11 eggs for e1ght yoCa=
. +*ﬁns in Norway(39’  The herrirg gulls dwet was ccmposed of fish and
~ other ﬁmrine organisms, whilst insects were of very 1itt1e importance, In
| contrast, the coinmon gu1|s ate ma1n1y 1nsects and “vegetables, whereasrf1sh,
s crustaceans and other marine speries were 1ess important. ~Herring gulls ofrthe
VVGreat Lakes'eat:ma1n1y a1ew1fe and:sme1t° furthermore, ocs, threé isomers of
f HLS and three 1somers of GCS have been detected in aTewives from Lake Ontario
: and,,the 7Ashtabu1a :Rivgr, Ohio(“ 5) ,7 The, eider ducks" diet consists of
'a'fbléntsglfﬁsétté and sbmé swa11 anima1s, ;The ?atio:of'eﬁsrio'HCB levels ranged -
71;,from G 5 to 1 1n herring gu‘l1 Jeggs co?]ecied in the. G%eat Likes
'ti?eg1on(38) o : 7 77 s e i 7 S
5 !t appears that aceumu?ation thrcugh food chains piays an important roiei
 '1;;£fin the residue 1eveis of poiychlarinated styrenes in fish, shel1-fish ahd:
:iiffb%rdse L | 7 B
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& Bioconcentration factors ere used to estimate the residue-forming poten~
?;;1,7 :d':{tiai of chemica?s. : Spef1f1ca11yf bioconcentration is the accumu]at1on of a
: "7’}schemica1 res1due in fish via the gil]s or other membranes, but exc]udes aecumu—"
- 1atien thrﬂugh the d1et. ; The b1QCu1centration factor (BCF) resates the'

drjcen;entration{of,the ehemica1,1n,fish (CF);end in water (Cw) as,fc]?ows:,"

= Ihe re?atlonship ho!ds if the concentration in f1sh 15 d1rect1y proport1ona1 to,
'the concewtration 1n water. The concenfration of a chemica] ~in f1sh winl
'f17,1ncrease unth a 7fteady state 1s reached (rate— of uptake equa1s rate of

,depuration) Measurements near the steady state are requ1red and these can be'

7,fac11iteted by acce1erating the uptake process through the use of sma11 fish at

' e,high temperatures. iVeith and,coworkers'determined the BCF'of oetach]prostyrenes

- jin fathead- minnows (Pimepha?es promelas) and related the result to the
7fn-nctan01/water partition coefficsent P,r for OCS(IB) Thetr resdjts for

1;d0CS and HCB are. presented in Table 5 5. o
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o Tabiérégé Execanceatratioa factors or OCS and HCB determined in faﬁhead
S : minnows, 32- éay exnasures : ,

s I Mean expasure . o "giQCOncentraticnr S
Chemical . Cy (99fL} - BCF . potential® Log BCF Log P
Soocs 7.1 33000 6 452 6.29
COWCB 2.6 18,50 3 427 5.23

:a)f'Bﬁdcopcehtratfaﬁ'peirntialzcéfculated,re1ative_t0 p,p'-DDE=100.

Yetth et al. estab%xsned an empxrical re?at1onsh1p beuween 109 BCr -and
Iog of the n-octanof/water partttlon Cﬁe‘fxcxent (109 P) fron the rﬂsults

V'Qf 30 ergantc chem1caIsQ Th}s was expressed as:
Iog BCF 0 85 10g P~ 0 70

f,ahicti had a 'é:orreiam'n ceéfﬁciéht of 0.897. Using this 'expréssmn,'the'
calcu!aged Yog BCF. V?1ues for OCS and HCB are 4. 65 -and 3.75 respectively Log
733 whlch 13 frequent¥y used tc indicate the Tipophilic nature of chem1ca13, 
;,gives a vety good estlnate Qf the bxecancentration potent1a¥ of OCS.
| The results of the ¥aberatory stuﬂv ef’ Ve%ﬁh ‘and couorkers ‘can be
?compared to actuaT residue vatues fOund f sprat oil samp?es., Spratsrare:
'i 'ptanktﬁn e&ters, sQ res1dues wx}l artse from biocgncentratlen through the g11isr
'and biem&gni?ication af the chemtca1s in faod.;'There are insufficient data
f;7§vaf}& e to determfne the b¥oconcentratien patentw;? in phytepfankﬁon of %ﬁe"
'};chemiéaTS —af -interest se the prqpawtten of residaes arising from

| 7bi0c0ﬁcentvﬁtfon &né hiom&gniffcatign is aﬁknown.'
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The ?eiative anéuﬁts @f OCS HE hexaarrrpen;én tetra» and
ifish¥afobeﬁzeﬁe (HCB 5£B éCB and 38, Fespectigeiy) ﬁave been ca?cu?ated for
;aﬁples af sprai aii and extracts fran & carbon fi?ter placed 1n ps?1uteﬁ
é?f?ﬁentfﬁ} ‘?abie 5 6. The soﬁeeﬁtrgtians of ‘each campouﬂd uaried by a
fac%er sf aba&t five between sampTesﬁ neverthe?ess, ﬁhe ratfos wWere reiat1ve1y,
ceﬁstantar Ceastant‘ratios imply that'the uptake,an§1metabolismraf a specific
campeund is ﬁraportxonai ﬁo its concentration in water and is 'réféﬁiveiy
Tndependent of ether' compounds‘la) Relative b1oconcentratxen facters can
B ﬁetermined by compar}ng the ?at1os in sprat nii te the correspond1ng rataos,

found after analysxe ef the carbon filter extracts.

:Tab}§,5;6€>ReIét€¥e céhcentraticﬁs ef'Chiofingted hydrccarbdnS'toracs(s)

o .

Sewple  QCS:0CS HCS:0CS HCB:OCS 5CB:0CS 4CB:OCS 3CB:0CS

gaééén]fiitér'extractg',i 1 :0;28 25 L7 L2 35
Sprat éi?Fleiérfjardf 1 0.38 1A 023 - 0.017 - 10.030
: Eféangerfgord 1 0 5 1.4 0.21 0.015  0.09
Brmefgcrd | 1 030 2. ,7' 0.25  0.015  0.030
ug?ét ‘0il ratio (av.)/carbon 1 1.18 7:7 0.65 :&.14', 0.013  ~ 0.014

fz%t&? extracts ratio

(Reiatigé &iogqnséntﬁaticn'factﬁss)

The Feiatfv@ BCF*s g@mpare fa¥ourabiy wiﬁh the éata of ¥e1th et al.
g?&?aif%é BEF S, HQB QFS»Q 56; 1, 2 4~ 368 06S=0. 38)




'75 2 - Humaﬁ Exposure
‘5, 2 1 Leve?s {n expased aﬁd unexpused werkers
' Humans may be exposed to polychlerinated styrenes through contamxnated
l;érinkfng water or food : or 'by 0ccupattona1 eAposure to chlorinated
'1[hydracarbeﬂs. Lunde and Bgnrseth ana?yzed bTocd samp1es taken from exposed and
non-exposed Norweg1an workers(lﬁ 17}, {, lhe subjects were arranged into
:three groups' those 1n greup A worked in the mercantixe d1v1310n of a magnes1um
*”rproductlon plant group z: workers aere empieyed in & paly(v1ny1 chlor1de)'
rfrrpfant' and those fn group C 4erked at varxous stages in the magnes1um'
, ;pradGct1on process. The resu?ts fn Table 5.7 and Figui e 5 1 show the mean andrr
':frange sf res1due 1eveis in- each':group.r Compounds were jdentified andr

':'quantifteé by E£~GC using two coTumns of dtfferent po]artty.,

Table 5a77'PciychXorinatedﬁﬁgdrocafbcns fn,humanrblobd samplés(167

2 jNambéfr" ffggﬁidue 1eveT (ppb)aﬁ. mean and range
;ch'Subjects , :

oes w0 we

o 0.2006/9)€)  0.46 (4/9) - 1.08 (9/9)
0-0.43 00,75 0.19-2.49

0.2 t8/9}':, 0.26 (8/9)  1.54 (9/9)
0-0.38 0063 0.56-3.10

o rzv't:"', 1.24 (16/17)' 030 (1317) 29.61 (17/17)
C o496 0076 4.755158;62

faﬂtecﬁfan limits were. not stated but the ?cwest Tevel bath of OCS and
HCS, quoted was 0.02 ppb.,

'77‘ng of tuo ar more isomers.

;NUﬁbe? @f subjects in whem the cheaﬁcai ﬁas 1é@nti§feée

ﬂccu44°
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Gﬂiy swa?f dxfferences exfst in the average concenﬁratigﬂ va?ués for.
:fgfoups ‘A and B whilst the leveTs in group ¢ (the exposed Horkers) are
rfirsign1f1cantly h}gher for. OCS and HCB. Hum&n fat has ﬂat been anaiyzed for OCS
:  0? HCS, but the trends for other chiorxﬁated hy rocarbons detected in b?ood and
;fat samp!es give an indxcation Qf what Teve?s cf OCS and HCS may be expegted in
7 thman fat.rw The concentratians of these ccmpounds, al? analyzed by the same

- EC GC techanue, are- dtsplayed in Tab]e 5. 8. L , , ,
| The average of the fat/b]ood ratvos for PCB HCB - and PsP «DDE is 140.
 F°1ng th1s value of 140 one. zan est1mata the 1evp1$ cf 0CS- and ‘HCS in. human
 Edt.: The concentrat1on of OCS wouid be approxtmately 30 ppb and 170 ppb in
';*ﬁaxpoqed and exposed Norwegxan workers respectxveiy, and of HCS 60 ppb and 40.

E pb respective?y.

'VTabie 5,8  CthFinate&'hydrgéarbﬂns/inrbiood'and fatrsamp1és(15.l7)r

, , a)
- Residue levels (ppb} 7
- pCB- . HCB  p,p'-DDE  0CS  HCS
Vi:lHuman fat " ', o "bi L L ,
' non-exposed person (]0 1,000 80 '7'340
' f:,Bleed samp?es s o : ,
" pon-exposed (5) - 4.9 0.5 5.0 .
exposed to- cutting oils (B)J 6.1 0.5 3.9 o 7
- non-exposed (9) =~ . .. e~ 1.04 - 0.20 0.46
Mg p?ant workers tl?) oo 015 29.6 ‘1.2 0.30
~ Ratfo fat/bioad : _v, L = i R
non-exposed o 204 160 - 68
exposed to- cutting eiis Do 7' 164 160 8T

“a} Average values for each group.
',b) Rumber of subjects in the groug.
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Zt is ev%éeﬁt *hmt pe*yeh?e?iﬂated styrene byeg?o&ucts ?Pcm the magnes-

' %an p?@éuctfgﬁ piaﬁt are’ acc@niia%ed éﬂ p3snt workers at sig%%?icaﬂtfy higher

'ieveis thaﬁ in the QQRQFET §o§uiation. The caicu?&teé 0cs @@ﬁcenirst1ons in

fat Q% engéad and aﬁexpused workers. were 0.085 ttmes (1112@%3 and 0.015 times

7'(1[67th) ?espectiv&ly,rﬁhe 1evel anaiyzed in the fat of male rats fed 0005 ppm
0CS 1n the diet for 90 days (Table 6.4, ref. 22). i -

_5 2. 2 Est%mated axposure ?wcﬁ centzm1naﬁeé fish

| , Data on concentratzons of 0CS in ftsh in North &merzca is qv1te Timited.
,One s%udy feund 0.5 ppm 0cs in whole fzsh sampies collected in Ohio (5). Since
':ﬂgter fish sampies' f;;?ude hwgh fan t1ssues where OCS accumulated N
prefereﬁtia%iy,'itf%$‘1ike}y~that,fisﬁ fillets wili'contain somewhat Tower OCS,

;V¥eve?s‘

Iﬁ 15 neeessary to use &orweg}an data in order t0 ﬂake sare est1wate of
'rpass1bie expasure to OQS fram cantamtnated fish. The average 0ce con"enﬁra%1on
if in cad aﬁd saiihe f111ets from the FrierfJord in Norway was 0.25 ppm on a wet:
 we?ghi béSiSQV Coﬁsumptﬁen of a 250 gram portion of fish fillets containing
6 25 Ppm-0CS wsu?d Tead to iﬂgestfon of 62.5 ug of GCSo The ansunt ingested by

| a 70 Eg man #ﬂgié be 0 9 pg/kg or 0.0009 ppm 1n one mea?.

ﬁ re?%abie ‘estimate of Canadzan exgosure to 0CS from eaiiﬁg contam1ﬂated

 ?1sh canaet be made untiil 0§S 1&?@15 iﬁ edible fish in Caﬁadiaﬁ waters are

Sy 'iifqgaﬁ%ff%eéé
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6. EXPERIMENTAL TOXICOLOGY

25  : o 77  ',7' Chu and cowsrkers have studxed the tissue diSt?ibUtiOﬂg metaﬁoiisms
: e§C?et19ﬂ and tgx151iy ef 0CS. in the vat (20 22). |
| o The tissue,dxstr1but10n metab011sm and elim1nat1on of OCS in the rat
"',was studied after oral dri'intravenpu§i administration rof 14c.0cs - (20).
Radioact1v1ty was dxstrIbuted fn' alir tiﬁéueﬁ examined' after 14C-0CS was
administered Table 6. 1. The highest Ieve1s of radwoactiv1ty were . detected in
Qas, fol]awe& by aurenal g?anus, sk1n, lunqsa gastroxntest1na1 tract and
';1xver, The high l“c cancentrat1on in the adrena1 g]ands was accounted for by

'ﬁ”;fe g ?1p1d cont ewt of that organ.r The elimxnat1on rate Was best descr1bed '

by the equatton'
" log gr; a + Bt +7Ei“ i= 1,7;..h)

where S is concentratlon, t is tlme, and E1 1s an error terna wh1ch was
iassumed tc be nermaTTy dwstr1buted about the mean of the n observatmns° The'
:;rate constant B, was simi?ar for a?l t1ssues examined" even though there was a':
’;1arge'variattonrin 1n€t1a1pconcentratlons., The mean ha1fn11fe of elimination
ﬁo? OCS from fat adrenal, sktn, 1ung, g.(' tract and 11verrwas found to be 6.6
weeks.' Excret¥on of OCS is described in Table 6.2. ‘fﬁe major routé 'of;l"

excretton was v1a the Faecesw

1000048




1.¥. dose of 40 mg/kg 0CS

4 rais,

E‘Vatsw
oral dose -
of 20 mg/kg

Table 6.1 Tissue ﬁistrﬁbutioh of kadfoactiyfiy‘ﬂh rgtsflﬁéaﬁ s 5.0. ppm‘equﬂvaients‘of 0CSi {re€. 20}

“fey. dose
of 20 ma/kg®

“3raks,

&

re -

16 @@es

‘12 wéek3

4 weeks.

BB R 1 week

24 n

Tissue

8 weeks

2 week;
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Serial bilg‘sarzles were téken at‘24‘h for the éstimat?bn of‘radiaaCQﬂvﬁy.‘

8 . ne bile ducts of tne 3 rats were cannulated.




-P§i€ 7

Table 6.2 Excretion of 0CS in the rat (percentage of dose) (ref 20)

 Time éften]dose

7 24 h - 48h 1 week 16 weeks
' 'ﬁ'QPaT:doéef,nfaeces o Coed o 16% - .
o - expired air (as 602) - 1% e -
7 7 ',urine o - 0.266. - - =
. {.v. dose: faeces et L 8.2% o 36%
- ccurine o s - e - 0.4 o=

bile SR e e -

'73;nénptés;péréentage1daselnot'detérmined'at;that'ifmé,périOd ,

e A11 of the rac1oactfve material found in fat and 1iver “samples, and 90%
7"7ilof the radxoact1v1ty 1n the faeces, was unchanged OCS Two metabc11tes, ‘which
"Vfg,were tentatjve1y 1den*1f1ed as pentachlorophenyld1ch10roacet1c acxd and hepta-

'  Vhlorostyrene, each accounted for about 5% of the rad1oact1v1ty present in the
{Vfaeces.; The fxndrng of a high I“C content in the lungs of rats was a unlqupt

feature of 0cs, ccntrasting it to other: 1ipophi1:c organoch]orzne compounds.
"iIt was. thought that the rate of e1im1nat1on of 0cs was not Timited by the ratei

of nﬁtﬁb@?ism stnce 90% of the rad1oact1vity found -in faeces of intravencus_"

n,dosed rats was unchanged 0cs.

Chu- and coworkers have studied the toxlcity of OCS 1n male ‘and Fema1er

i ';Spfague Daw?ey'rats (21 22)
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Acgte study grgups o? ED maia rais were g%vEﬁ siwg?e ora? égses of 0CS

' idt 1306 1590 2190 2850 or- 3?10 ﬁg/kg, dissaived in . covrn 9?%.7 The control
"g?@up was- fed an equa1 vo?uma ef corn. aiia lh@ rats, none @f which had dieéﬁr

 were sacrfficed on the fourteenth day afte? oosing. ﬁypbkiﬂesia'and muscle

- :rrtFena?s vere neted iﬁ animais which ﬁere fed ihe twa highest dages of OCSe

|  Eﬂ1a?ged Tivers were found iﬁ groups dosed at 1690 2850 and 3710 mg/kg 0cs.
:Livers in the - groups fed at 1300 and 2190 mg/kg were ?arger than those of “the
,',cantroTs but were not sign1f1cant?y differenb (p 20.05). An111ne hydroxylase,
,(AH) and;am1nopy?1nekdemethy]ase (APDM),enzyme nbiivii1es were raised in all
"'doéeéingupé; asrwefe—the sergﬁ,hriéraciﬁzieveis; The serum,cholesteroT levels
vere. highér:’in’ gro'ups dosed w%th' 1690 , 2190, and 2850 mg/kg. The levels were
a]sc e1evated in the 1300 and 37‘0 mg/kg groups, but not to a statistically
: sxgn1f1cant extent. M11d to moderate histo?ogica1 changes were observed in the
- 1hyro1d of treated rats. o 7
: j Subacute udy groups of 10 male and IO female weanTing Sprague-
VDawiey rats were prov1ded w1th food conta1ning 0, 0.5, 5.0, 50 or 500 ppm 0CsS
',for 28 dayso Mo deaths occurred over the 28-day per%ed noyr were any clinical
signs of tox1c1ty cbserved in ‘the treated animais. T?eatmeﬁtrdid not - affect
rfcad consumptfon or body we1ght gain. Changes in patholcgy, biochen1stry and
rirhgematGTGgy are summarized in Tab?e 6 37
, . Sﬁbchronic stuay' greups of 15 ma?e and 15 female w&anlina Sprague=
| Daw1ey r&ts weﬁe fed d%ets coatainiﬁg 0 0.05, 0. 5 5.0, 50 or 500 ppm OCS for
13,§aeks¢ ao rlinfcaT sigﬂs of toxicity were observed th%oug%gut the treatmeﬂt

:;§§?§§d= 'Gae msie,rat'frcm the,csatro? group and one fiom the QQOSVppm group -




. 60§
.005°08" m

.,maz

00s
005°05°S
00§

00505

- 005°05°S

posRaLoU} - S33183R1d
paseadduy, | judouisca
pasea4du} sazhocydwiy
paseausu} | jydosynol

SL1ad . poolq pad
% }430)0waRy
#}qoybewsny
tUy BSEaUIP
,.mmmzmgu Pquwmopauesma;

uumwmuumm wunyssejod

paseadou} umam

,vuMQULuc. upayodd {2303

aemumsuev {04953 10YD
hg»mvsugucwn s:;mm;

) mlm

150 >u_>*uue ummnmspcv,

zgu»nm

A3upy

o deARl
mo @zmwon wumuo;ucw

ayeuay

“aeuay

hpmas Kep os . . pmys kepoge

600 > d 33| dueajypubis e pa12944¥, {wdd) sdnoub abesog

192433




L 46 -

5070 < ¢ 3u831s1uB15 90N g
250uaboJpAYEp 167140S,

050 L AN0PAY Bupjauy q

eszyAulsuep oupdhdou puy,

S 05°5°5°0°50°0 pesesdou} 93 0ucu-a340dudl

005°05°5°0 005°05°5°5°0 poiedsdu} 04304 34

05°6°0 , 005°05°6°5°0°50°0 paseaddap plosuidis

05 o 005°05°§ posesdsu} projad

, , : :4Bogo34a §.§§ auog
005 S 005°05°5°5°0°50°0 {@3e4cpou 03 pile) Asupiy
uos°6°g§°0 Yo 008°08°§°9t0 {PL1) pioshul
005 - - , 005" 0S (822485 &3 ojR48p0W) JOALY.

; , %mgﬁ Eu?ﬁeﬁz,

‘2| cmal T o gpew spewsy . ajem 329532

S kpmays Aep 06 Aprys Aep g2

'§0°0 5.6 1240} m,ucS:Emrm 32 paisejse (wdd) sdnob sbeseq

panuj3u0l £°g ayqeL

Y

00005




oo

ai'd1ed during the treatment perioﬁ AYthough the cause of death was UHRFOhﬂ ft
"sldid not appear to be treaﬁment-related Effects -on pathoiogy, biochemwstﬁy and
:i:haeﬂatology are presented in Table 6 3.
ﬁose dependent increas s'in am1nopyrine demethyiase (APD%) and anwilne
'7‘ihydroxy1ase (AH) enzyme activ1t1es were observed Ma?es were more responsive
"stto the enzyme indu;tion than females. Serum cho?estero1 1eve!s, total protefo
- and sorbitolfdehydrogenase (SDH);were,elevated.,Serum ‘potassium levels de~ri
:icfEaseoifntfemalé ratsfféd derppm OCS. 'ée#éra1 haemato?dgical disturbances
;'were observed in the ‘treated - animals, includ1ng reductlons in haemog10b1n
:i],haematocrit Ievels and erythrocyte numbers. Increased . numbers of neutroph11s,
:';*ﬂsinOph1ls and 1ymnhocytes were found. In bone marrow smears, a reductwon 1n
the ratio of ce1ls undergoing proliferat1on relat1ve to those matur*ng {P/M),
“was observed., 7 S
. An 1ncrease in the wexghts of liver, k1dnay and sp*een were observed.
ﬁThe T1vev kidney and thyroid were the target organs affected by 0CS treatment,
: The prevalence and severaty of lesions uere dose-dependent The changes in the -
;iliver were nwderate to severe, those in the kldney m11d to moderate, whllst
mild changes were seen 1n the thyroid.
| Neuro?ogfcal effects such as tremor and 1rr1tab111ty, which are common
'afol1ow1ng exposure to organoch]orinated compounds, were not observed in rats
7 if;'fed 500 ppm ocs. The ﬁetaboiism study using l“C-OCS demons%rated the presence
:;of relatfve1y h%qh evels of DCS in the brain. Thereforev the Yack. of neuro-
7 iogfca1 s1grs cou?d not be ascribed te the inabi]ity of OCS to ‘each the
i ceﬁtra1 nersous jstem. 7 7 | - 7 o
: Hepatfc saf‘fects of OC< were found to be of thﬁ same order of magnituoe,:

5{735f HQB,Q Th9 1ncrease in hepatic microsomaT APDM bui ot ethoxyresorutin
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'Véééégiésé (E@i aéttg%iiesg wss %hagght to fﬁdica e that the enzyme induction
rpygégceﬁ by QOCS was S‘ﬁf?é? t0-a gheﬁcba?thaT typeg From tﬁe histo?ag1cai and
f'bfgcheﬂzca] détag it appgared tﬁat Q.5 ppm was tn@ ‘maximum no effect Tevel,

: : Tissues and d1et to be naalgzed f@? OQS res’dues Here hoﬁageﬁvzed in a
'1,mixture»9§ aater and aceton1tr?Teg extrécted with Fexaﬁe, ana *rexted wath con-
':Jzeﬁtrateé su?phuric, Tou | d; OCS res%éues ware quantif1eé'usxng,EC=GC apparatus

",'aaé:stsnéard soluttuns; Bé3e¢ énr¥6od conéumgtion data, the amount of OCS

;inggéﬁed*rangéd'f§ﬁm10.03¢ 7; 35mg/kg/day (maies) and 0»0437m 42 mg/kg/day
i €Fémé? 3} in tﬁe 28- d&y studyﬁ and’ frem 0. 9036 = 41 mg/kg/day (males and 0.0043
- 47 mg/kg/day (fema]es) in the 90aday Feedqu study.

. Theocs residues in liver and fat are shown in Table 6.4. From the data

1,1n Tabie 6.4, %t appears that the Tevels of 0CS 1n the liver and fat of male

rafs are stxtt increaswng after 28 day@ Qf expesure. In contwast,rigveis of
UQCSrln the twssues of femaYe rats fed OCS forzza days'afe approaching steady

"}'state COPCEﬂiF&t?QnS, whererthe rate ef excretxcn is approximately equal to the
'r&%e 0? 1ngestfene o

Hs?me and Dybrng studxed the 1nduc1ng effects of 0CS on the mwcrosoma?

'fégtééhfcme,Pséﬁorsystem in rats (23). Groups of male and female Wistar rats

o were gigéﬁ;siﬁglé iﬁjeétf0n§ ef'iﬂ, 50, 100 Qr*zoﬂpmg/kgrocs intraperitoneally

~ five days before being killed. Other groups were treated with 200 mg/kg 0CS

L int?égerftcneaiTy‘ then kjlieé 1, 2, 3 or 5 days later, ir ofder to obéerve the

71&iﬁawfeurss of the fndusing effects. Ina iﬁf?é study, & group of rats was
'iiﬁéegtéd with 250 ﬁg/kg QCS %eek?y far eighi w@eksﬁ then were ki??ed one week

;iaterxr?hg results ﬁ%?&f&@ﬁ@é?ﬁd tarégpfic&ﬁerexperiments using»HCB,




Both compounds caused

5QCS and HCB werérfound'té'act'wenyrSfﬁi¥aﬁiy}‘

"1ﬂcreases in the 10110w1ng Itver mxcrasema% pzrameters. 'mié?ssama1,protein

'cytqchremeree45d Tevel, and activ1ties of cgteghrOﬁe P 450 reducta;e, ethyl-

métpﬁihe- (Eﬁ) N demetny1ase, 4- nitroanisole (PNA) 'Oudemethyiasev and

'acetanilide (AcA) hydrexylase1 No s1gnff1cant changes were observed at the 10
rmg/kg SCS dose, wh1lst max1mum effects were found at 100 -and 200 mg/kg of 0CS

) rand HCB respect%vetya The Teve] of c"tcchrome b5 Was unchanged and the arylr
thydrccarbon (benzo(a)pyrene) hydroxy]ase (AHH) act1v1ty showed a decrease anly
fan the 200 mg/kg dosed group. In the t1mé;course,study,ra dose of 200 mg/kq"

e was ebserved to cause a rxse 1n induc1b1e monooxygenase act1v1t1ms ‘one day

‘ after treatments, These act1v1ty 1evels 1ncreased daz]y, w1th maxima atta1ned'
;7or the fxfth day, The effects of 8 week]y 1n3ect1ons of - 250 mg/kg ocs were
5ampa ed to the rcauats from acute exper1ments. After the repeateu “doses, no
"1ncre S€- tn cytochrome P 450 was: observed whereas the cytochroma b5 1eve1
,V'1nereased¢ The Tncreases in m1crosoma1 acttvxt\es were s1m11ar to those in ther
' acute experwments. - '

In agreement wrth Chu et ai (21) 0CS was determined to be a phenabar-

r”i;bltal type 1nducer‘ 7 7 7 7 B
7 | 7‘ Strlx and Koeman studted the pbkphyrihdgenic'éttiOn of 0CS and BCBVin
fFEma1e Japanese quatt and ma?e Hxstar rat< (L9y. The'qua?1 were'drale doéed
 ,;1with 500 mg/kg/ddy ocs or HCB for 3 days. Hacroscopxc f]uoresyeﬂce of pQPphyw
‘rins was observed 1n 7 out of TO kidneys of OCS dosed quai? and in 1 out of 10
r'f'k1dn&ys of‘HG&'desed annmais. Macrosccpic flugrescence of liver porphyrxns was
°‘rinot detacted 1n either group. Male N1star rats vere fed with 400 ppit 0CS or

7',380 ppm HCB f@r up to 12 weeks. No fTuorescence Was obserwed‘in the livers 0?5




50

':{iﬁeéé‘éﬁiméiéa Femaie ?ats t? aéed with 3@0 ppm hCB shoaed,fiuefesceﬁce in 2
',@ut &? 6 1§wers éfter 8 weeks of €Eedtngﬁ iﬂ 6 out ef 5 ?ivefg after 12 week
;-1§$ Eﬁeatm%nt and aQﬁTﬁ in aTi 6 Tivers 2 veeks after withdrawal o% HCB : It
= sha;ié be ﬁateé that Chu et alg d1d not ffnd OCS to be porphyrin@genfc in ma?er

'r@F f@maie rats in a ZS—day study (21, The ccncentratlons of HCB and one

'f: g€ tts me*abo?ftes, pentach?eromh?ophenoT decreased s?éﬁer fn'fema?e than in

'maTe ?iversar H1stologxc&1 exam%natton Qf lfvers from QCS dosed male rats

'PeveaTed fcrmation of - mﬂgalocytosma basoph11fc spots, whor?s and hypertFOphy

"f'of hepatccytes.

There was an 1ncrease in the act1v1ty of S-am1nolaevu11n1c acid synthase"

7',(ALAS) and the cytuchrome P= 45@ cantent in Tlvers of OCS treated animaTs. The
'Aﬂ and APDM. act1v1ttes,1ncrease¢ w#thrlergth of tre&tment. Actithy 1evels'7
; Found‘ after> 8. weeks ~of feedxng' at 400 ppm- 0€S were comparable, aTthough
"s?xghtTy greater, than ﬁhe 1eve1s found by Chu et a1 (2}) in Sprague Daw]eyn
'Pats ngen a,dlnt contawn1ng 500 ppn OCS for 4 weeks. G1utamate'dehydrogenase,

rxiact1v1§y was not changed by QCS treatment. : |

It was conc?uded that OCS ts nmre pcrphyr1nogen1c than HCB and that

,,pgrphyria and whor] fOrmat1cn resultwng,from OCSrtreatment may be

sex«tinked. Hawever thes& conc1usions are not in agreement with ‘the results

"::,,frem tha mare extensxve work,cqnducted Qy Chu et al. (279 22)
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