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AbniTLCy .

In a provious otudy (Vos & Kocuan, 1970) w elgailicont
diffcrence in toxicity was found bLetweenr 3 ecaneorelcl iCH preperes
ticnzg Bigh mortelity, liver necrosio and chick oodema=1ika lesiona
occurxred in T iC5's.

In the presecat otudy it wis found, by wmemna of coluun
chrosctorraphy and gos chrousbo reyuy, that in the 25,5 dicthyl-
otiex fructions of these 2 PC3's polar coupounds vro prouenb.

A chiclken ombryo asgay wroved the hich toxicity of thig fractica.
Subascquont naud speactrvietrio and wierocowle:--~trlc analyse:
rovoaled tie ldcntity of thowe coupoundss 2.0, itotra~ ond penta-
chlorociVvonuofurans The gignificauco of theue inpuritics arc
discusgsed. It ip concluded that avaluation of enimeloorporiaenis
with PCi's 1y cxtrencly di;ficult ¢uc to thu presonce of cliluri-

natcd dibenzofurrno in gouo cuimcrélal TCi's,
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Introdaetion,

solyehlorinated biphenylo (PC»)’ have boen tdentifisd
in tisjuos of fioh and wildiife (Jonsexm, 1965; ilolues, tim-ons
& Tatton, 190673 loldon & Narsden, 1967y Koeuan, Oockanp, Veen,

 Drouwer, Booth, Zwert, van de Brock & van Genderen, 19673

Risabrougn, Eleche, Feakall, lloxruan & iirven, 13634 Rosunn,
tan loevar da Drauw & de Voo, 19333 Jonson, Jolnels, Olason &
Ottsrlind, 15562), and have been rocontly beon fuplicatod in tho
nmortality of eea birdo in Britain (Louxne & !lcad, 196)).

Comuoroiul FOS preperations are oxtrowoly atablo and
ouly oliguily coluble ia waier. Thoy aro ucod as lubricaais, as
heat iransfor nedio, 4n protactive coatings for wood msad motlcl
and coacxeic, &na in nany otlor epplicaticnc. Taoy ure coimpuiible
with painta, synthetic resins, varulshec and wanas, end iagrove
owoa proparties of those precéucts ac iuelir clisaical resistanca,
vater rooistance, adlicoivonoes and flexibiltity (Anonywue, 1960;
Hubbexd, 1594). um?'.'or, it hco not yot voon csiabliohod which
of tue wutexitlo tyeated witiu iCo hac countributed to the prugent
euvirenmenial contoninction.

Expeximoats with rats ond guipes pigu hevo chown that
tho lugostion of IC3 may give zise to liver injury (Zillor, 1944).
liydrvopericareiws, occeagionelly acceizpanied by aldonincld vedoue,
vus found in ohitcko (licCune, Cavago & 0'Loll, 19623 Flici, 0'Dell
& Childu, 19653 Vos & Koeuan, 1Y70) and Jopencso quoil (iloencn ct
alas, 1909) artor ingestion of FUb of Aserican (Arvclor) and
Freuci (Fhonvelor) origin, respaotively. A usrkod rogoublence
betwcen the gas chromatograng and maes opoctra in macso opeolrouctor
analyceo of 3 comorcied FCEH preparations (Fhenoclor DFG, Clophen
AGO, and Aroclor 1260) u.au found (Koeman et el., 1969).
The occwrronce of "Ehxc}: oodemat like lesions fn birde fod INH

(kooman ot al., 19693 lioCuno ot al., 1962) Flick et al. 1965) wco
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the recron for A recent conparativo toxicolociocml tost uith tho
% meantgorcd PCB preparcticns in chickeas (Voo & Kocoon, 1970).
In thic study o signifieont difforconco in toxiocity botwoen tho 3
tuoted coapoundo wee foundsg clox}en £60 and Fhonoclor DES shoving
tgq{!%ﬂh“@bwwmm
end abdoninel ocdena, cid controlobular liver neerocis was rocorded
oily in tihous oliickis fed with Clophien and Phenoclor. Mydroprricare
Gdiws weo zrovorded in ncarly ell ohiclis fed with Clophen end Fhono-
clor ard nwmw_mnw. Chomtcal
porpi,Ti: vus found as u guacral YCB eficct.

In the paecent study, the soquol to that nonticned
nbovo, wo desoribo tho 1dcnt9.ficz:ztion and ovrluation of compoundo
reoponaible for tho differonco in toxicity botwoon tho 3 oomuswolal

PCB pruparationge
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Exnordnontsd.

iho PCB propnrutionu,‘vbioh uu;tnin an averase of

60,4 chlorino, wore obtained from Frodalec, France (Fhenoolox ng),
Bayer, Gormany (Clophoa AGO, Lot no. 912434), and Hongcato,
VeSeas (Aroclor 1260, Lot no, Ake3),

The acrcen}ng method, used for dateotion of chiickocdena
factor (anunymuc, 1960n) was modificd and uwsod to isolcto from tho
¥CY nroparations, compound(s) reupenoiblo for differcrcon in
toxicity. Tho cloan-up gtep of this procedure waa ondttod. In the
colunn chrenntosraph; 8g. activated florisil (ecolumn '] 10xa) wag
uged ingtond of 1%2. sctivated cluninc. For Cractionation rediusd,
hexarie was uscua as elution nolvort instead of patroloun othor.

Two ng PCB vwap dissolved in 2 nl hoxano and fructlonatod on the
florioil column, This colwan wes cluted witi hoxano uniil noarly
&1l PC3'o woro clutod (tosted by cra chromatography). The 2nd
frzction (5 ddeihylothor in he:xano) uuu‘nlcu tostod until no uore
PUD could to dotcctods The final fraction (fruction %), oluted
vith 25% diethylothor (resgeat prade) in hexano, wes evuporriod

to 1 ul. An aliquot of tinis concentrute wao injoctod into a 20«10
Vorian Aorocruph gao chromatogroph with eloctron eapturo dotuotion,
The F;'z;ox Gleoo colwn (5 foet x 1/0 inch), f1lled with 10,5 DC 200
on Gascirom ¢ (80=100 mosh) was oporuted as 200°C with nitioen

ap oartior cas (about 50 mi/oin. j. Tho souu prooceduro wan used

to frectionate aliquots cf about 550 5 of tho PCL prepadations in
ordoer to obtein sufficiont quantitios for e ohicken eubryo asuey
oand for nres opectronoter anclyszecs, The FCO wos disgolvod fn 200 wd
hexane, The colu:n (@ 32 £n) wes filled with 180 g activated florisil.
The more polar conpounds wero cluted in tho finedl (3rd) fraeiloa
and, aftor evaporation; tootod by gas chrouatography.

A ohdokon onbryo ascey (Verret ilaxrlinc & licLeughlin,

1964) wao uged to dotormine the toxicity of tho 3 FC3 proparations,
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(donos J.. #:/cCiie digsolved and kopt w. 5'[°C in athanol. Grouy 1

= Aroclor, (=oup 2 = Fhenoclor and group 3 = Clophon) &nd of the

3rd freotion of Clophen (dosos 3rd froction obtained fron 35, ZeSy
and (.35 and 0,035 nge Clophen in gmoups 4, 5, ¢ ad 7 reapeetively),
Tho veaples, efter dlosolving in 0.05 ol ethanol wore injested into
the zizr cell of freoh White Leghorn cgpo prior to inewbeticn. “he
livorvol ell hatehcd chicl:is wore removed for hictologicol ercrincs
tlon, £ixel iu 10,5 buffercd fornalin urd processed in o convontienal
nanner, Horeover, cryoatal sactiona wexe studfod {n o fluorcasccnce
nicrogeone.

Mons spoctromotry wes uced tc identify conpownds prcoent
in tho pelar 3rd fractions. This anclynio was carricd out uoing
(; gan ohronatograph-nnss spoctrcuotor c.onbmnuon. Por thin puzpono
a 04 nasa gpectrorotor (Varica Jiat. G.neb.H.) wao coupled to a
Yarian Aorocraph ovon, typo AS;03, with a Fyrox clasc colunn
(5 foot x 1/8 inch) fdlled with 10,5 DC20U on Ceochron @ (L0«100 mosh).
Partiouler attention was paid to t!io decodgh of tho intcrfceo betwoon
tho ga3 ohrouatograph and the naoo opoctroucter in ordsr to obtain
tho best oporating conditions (ton iicover de Brauw & bruunde, 1967).
High reoolution nans opcotra wor:s taken on o Jloubls focug spectro-
notar type SH‘ (Varian liat. C.m.b.k.). Exact naos moasureoants wore
don? with the peak » mebching nethod (llbasurements wore elso dsne
fron sx:ctrn which wore recorded on photograpnic plotes proocessed
by Varian llat. on a lLefte cowparator JAI).

To obtain information atout ths quentities, nlcrocouloe
oetrio enalyces of tho 5xd fractions wore carxriod outs Tho equip-
mont ugad was a Dohirmann microcoulanotar, coupled to a lderotel
KI 220 gap chromatozraph, with o class eolumn (6 feet x § inch).

The ecme 107 DC 200 column packing wae ucod. Tho eolumn offlucuia
vere cxidizad {n a Dohriie:yy eanbunstion S’urnac‘o enl tho HC1, proiuced

by ohloxinatod compoundo, vas detcotod and quantitotively noansuzod
v a T-300-6 ¢iteadtion Ceil,
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Haoulty.

1he rooulilog gon chrouategran of freciton 3, ovtaiued
with the anall colucn (f 10mm) revealed t.e progunce of palar
coapounds in Zhenoclex and Clophea (£13.1)s Theac vewe not found
in {hc Aroclor exiraot, Ihe samo results were found with fraction 3
obtained with the large column (# 32 nmm). The 3rd fraction
3, edisdwed of Clophen was oubscouontly unad in the chicken enlryo
accaye Talo asnay (table 1) confirrzed the aifferences in toxlcity
beiwocn the 3 {teoteld ¥ proparcticus found in the previsun study
(Voo & wneann, 1974). ibrtedity in groug 1 (irccler) did not differ
simuiticantly (X2 tost) fron mortality in crou; 9 (control).
liortality in croup 4 end 5 io dooo related; oerly mortality 41 the
foruer, scuttorcd wortality in the lattor grours lorzesponding
mortality in gxoup 3 (3.5 ng Clophen) and (roup 5 (3rd frection
frou 3.5 ng Clophon) indicates otrongly thai tho polar rowiduo
&n the 1ottor deterainoc the toxdcity o&: tho comroreial FCL.

Eim:ootion of 2l) frogh cavryosand of tie oud-diay-old ohiochs
rovadled no abnormnlities oxcent for ono eabryo of group 3 which
shoved .o sovere suboutenopus oadenas Oodona and beak doloruitios
aro dansribed after yolk sae iujooilon of 25 duw and 10 ug arvclor
1242, rogulting in rogpectivoly 1005 and Y5, embryonic moriality
(ucu‘usldin, linxliac, Verrolh Mutchlor & Fitehugh, 1963) L. atoloed
1ivor seoifons reveoled no morpiologic altorations. In tuu exyoctat
acotion of tho liver of ths only hatched weak cuicken oi Group 3,
a ru—d fluoonconce in sone lobules was soom in tho u.ve wnicconcoype,
This fluorcacenco io indicetivo of tho porphyrin bloaynticuls
dtaturbance found in the prioxr study (vos & ¥eezen, 1979).

Haga spectronotric canlyc#s revealed idantical chilorinated
conpounds in fraction 5 froa Fhenoclor anl Clopiiea in conirant with
Aroolor. Tho rcsulta are givon in table 2. llgs opeotra ol coupounds
with mase numwber 304 and 330, ovteined fron poak 1 and 4 (fig.1)
axre ¢iven in £1g.2 and 3+ Frou exsot onga poasurements it 23 fuund

that tho formula® of the molecvle poalin 304 and %30 worxo Cg.,
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612114035614 ux;d 01211}055015. The forwwlaep of the fragment ifoas

241 and 275 sxo C,,0,3%01, end ¢,,H,3%c1, iron tnia cata it

oan be concluded thot the parent ion has a proferenticl frasumen-
tation for the los: of e singlz C1CO uniti, iiasc npectra vere
conponed with the spectrun of a coapound inoletod from toxic fat
(vootton & Cowrcheney 1¢64), Subsocucnt otudy, using Xerey eLffrace

tion, lco rove eled that the Ldeniity of ono of the toxic f:ctoxs

vug 1, 2, 5 7, &, 9=hcuachloroiilenzo-peiioxin (Hoottsn 4 Courchona
1964 ). The masp~spectria of this coipovrnd hes o eimiler froguentatior
pattorn i.o.' loss of succensive 2 masy widis 63 sugseots ~ losa
af 2 C1C0. unita.

Iderocoulozeiric analyces of tho 35rd fraction of Clophon
and Fhonvclor revealed ohromatograms wi't:x tho same poak pattern
ag in fig.1. The "perk” of tho toiracilorodibanzofuran (meca number

%04) iv too macked Ly the proximity of the hoxachloronuphthaleno

pook (pouk no.2) to make quaniitutive ccleulutions pooville. For

Csimilox rocuan peuk no.d dn tho ciconatoyran, found to Lo o

nixture of hevtaclLlorobiphernyl aud puu'wchiorodibonzofm:m. could
not Le meecured direcily, Mowover, whon aosuaing that the wviole
ponk: £3 produced by tre dilonzofuran coupound elone, & corinin
nuxicun level cau Lo indicalods This level wao found o bo § ppr
bent:.-_-lslorm‘d\:u:xzui.‘umx in Clophen and 20 ppm in Yhenoelor, Mowuveyr
the ainliuuw level cowdd bo dindicated with the eutivatod lower linit
‘of deteciion of tho wnuo opeetrometric eqt(ipnont. Undo::v the condie

tiony uwvod thio level was 4 ppm.

MONS Q63127



} ‘ )

hl:custion.

liuun opoctromotrio results have not concluuively proved
the idzntity of the chlorinatod didenzofurans. Dut cpationis of thodo
compoundo, nocessexy for compcorison with tha maso epectra obtainoed
experinentally, was found extrerely dengerous; a cin;le oral
doge of 0.5~140 m3/kg trie and tetracihlorodibonzofuray caused
severe sud oftea lcthal liver necrosis in rubiito (Bauwor, Jciulsz
& Spisgellery, 19613 dofian, 1938). apoliocation on tue ear of o
rebidt roculicd in ohlorzeme (Bausx et el,, 1961). ihe relatod
conpouand 2, 3, 7, C~totracilorodibonzoep=diozin (followinc tho
doaczipiion of Chemicul Abotracto), #atch pay eppoar in the oyn-
theoio of 2, 44 S5-trichlorphencl by bydwolysis (under prasovzo
ond vith the presence of sodium hydroxide -and mothanol) of 1, 2, 4,
Setatrachlovotenzene (Bavor ot al., 1961), woually ccused o
lethal liver necresis in the rabbit efter a singlo orel dosze of
0,05-0e1 ns/ks. Gar epplication, &lso in a 10 tinoa lower doas
oomperad withs cllorineted dibouzofurnn, resulfod in chlurucne
(Boucr ot cley 1561). Linn Joros & Exisck, 1962)s 1,2,3,7,2,9=i0%0
chlorocidento-p-dioxlin, which can arisco u tho pyrolyols of
2,3,4,6=totrnchlorophonol (Us;cinbothen, Hueng, Fircstons, Verrett,
Peoy & Cooplell, 1960), has Loen isoluted wnd Ldeutificd es oro
of the Yoxic svbotances of tie Chiclk Codenmo Factor (iootton &
Courchone, 1364; Anonyuut, 1960b). Tho reletlonohip botwzen the
toxio nature ¢f 26D end tho Chiclk Uedoun Faotor hat already becon
disoussad (Flick et ul., 1965).

i4r coll dnjeotion in chicken eggs of 0.05 ug lLiexa-

vortality

ohloxvuiloxx.o~p-dioxin réoulted in 100,: enbryonic (lua,lnuotl 1w
ot al., 1569)s 4 ..c exporimort uuna injeotion of the 3rd
fraotion oatained }5 ng Cloplhion into the air cell romdtsd In
100,> mor4nlity (tublo 1)e It oan be celculatod thet the noxlouu
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dot. Jogp 40 0.2 ug pontachlorods, Jzoturan (using a voluo of

maxe 5 ppnj. Thio confirns tho order of toxioity discuased
abovoe . .

The combination of toxioological, pathologleal and
chomical analytiocal data mokeo it aluost sortein that the
compounds of mase nunmbers 304 and 338 aro rospoctively totra-
and pentachlorodibanzofuran. Tho origin of those toxio fuctors
in Clophen AGO and Fhonoolor DPG con poosibly be oxplained by
differoncon in manufacturc. Particularly in tho disiillation
procoduro of orude PSD, in whioh podiun hydroxide can bo uoed
(Foy & Richoxds 1947). PGB roacts with sodiunhydroxide ot
elovated §enporntmn to ylold phenolic conpoundo, ¢.ge PCB 1o
esoponifiod into polychlorohydroxybipihonyls by woann of codiun
hydroxido in a polyhydrio nlcohol u?dlun (Anonymua, 1957).

A further looo of hydroolloric ccid oculd produce dibsnzofuren
dordvativao.

) Chlorinatod maphthalonea are for loos 2oxioc than chlorie
notod dibenzofurans (lofmann, 1950). Theroforo the lattor moy

bo a 1 to dotoraino tho toxioity of fraotion 3,

The occuxrenco of hydroperioardium in chiclk fod with
Avoclor (Fliok ot al., 1965), nay indicato the prosonco of a
vory omell quantity toxic factor.

Fron this study 4t is conoluded that evcluation of PCD
roaidues in vildlifo enimalo, baced 8o on effeotn and rosiduos
in tost animalo, is extremsly aifffioult duo to difforoncoy in
toxioity botweon conmorcidd FCB proparationss

Vork is in progress to dotcot and identify chlorinatod
dibonzofuron froa wildlifo ppooinonc.

-
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‘Table 1, Chicken Enbryo Assay of Chlorinated Riphenyls Aroclor 126C, Pheaoclor DP 6 and
Clophen eGO and tho 25 per cent Dicthylether Froction of Clozhen A60.

Group Cozpound

Dose/osc® Kumber Kumber of

Por cont Hatoh
Infortile Egss of Fertile Egsos

Renarks

1  Aroclor 1260
2  Phenocloer IP 6

3 Clophen A 60

3.5

3.5

& & &

3.5

4 Clophen A v60 3rd fraction of 35 mg

5 Clophen A éo ) "
6 Clophen A’ 65(;‘ v , "
T Clophen A Go} ' ]
8 Ethanol o

9. Control

3.5 nmg

0.35 mg

0.035a¢

15

s

20

15
15
15
»20

20

80

92 -

100

94

90

Fost eadryos died during Tirm
half of inoubation pcried.
Most ombryos diod during fixm
half of incubation perdoed.

411 cabdryos diod during firs
four deys of incubation pori.

* Most embryoa died during fim
half of inoubation poriod,

®rhe gonples, dicsolved in 0.05 ml ethanol, were injeoted into the zircell of fresh egss before incubation.
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Table 2, Retentions and Collected Mass Smtro.netrio Data of the Peaks in fig.1.

Peak no. Relative

‘© Hass mber(s)b. and mmbex

Identity of the

‘retention® of chlorine’stous/nalecule coapound(s).
)
1 1.40 * 3c4(401) tetrachlorodibenzofuren =
2 1,58 332(6C1) hoxzachloronaphthalene
3 1.74 353(6C1) hexachlorobiphenyl
392(701) heptachlorobiphenyl

4 2,42 338(501) pentachlorodibenzofuran

* 392(701) heptoohlorobipheryl
5 3e48 566(701) heptachloronaphthalene

%Retention related to dieldrin = 1

hl"us muaber eclculations based om C1 = 55



