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AbSurnnese

In a proviouo otudy (Voo & ioeznu, 1970) u alrasificant
diffcrcnce in toxielty was found vetwaeen 3 coasucrelzl FCH propora-
tions; high noxtelity, liver necrosis aud chioel ocdona-like lceolonn
occuvrred in 2 iCi's.

In t!}o pregsoat stuly it wiio fouud,. by reoong of colwan
chrouctosraphy ead gos ciwouatojre iy, that 4n the 23,0 dlothyle
othor fructions of these 2 PCI's polaxr cotipounda ere preuont,

A chicken onlzyo eagay proved the hich toxicity of thio fraction,
Subsrqguont naus spectrouetric and Licrocowlor trie analyaco
xovoaled the ldentiiy 2f those cowpowndsy 2.0. totra~ end penta-
chloreclvonsofurun, The gijnificauce of thecue inpuritien aro
discugoed. It is concluded tihat evaluation of animalsoxporiuents
with FCi's 1o extrencly di;;icult cue t; tho preconce. of chlyri-

natod dibvenzolurcno in uoro conrucréial FC.2A'sg,
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Introduagtion.

i Yolychlozinated biphonylis (¥c5) have been identified

in tissucs of Lish and wildlife (Jonzexn, 1955; tloluca, Sinwoas

& Tation, 1967y Golden & Hcroden, 19671 Koonan, Ockuup, Veen,

. Brouwey, Hooth, swert, van do Broel & wvin Gondoren, 19673

. Ripabrouzn, Riceha, Foakall, llernan & iirvon, 13033 Koznen,

ton ligevor da irnuw & de Voo, 19373 Jonson,. Jolmula, Oloson &
Ottarlind, 1552), and have been rocszutly bean fuplicatod in the
nortality of sea birdo in Britain (Lourne & lecad, 1563).

Counsoroial FCB preperations are oxtrowmoly stable ond
only olighily eoludle ia vwater. Thoy are used as lubricaago, 28
heat t.cansfor medla, in protoolivo cocatings for vwood muad rsiol
and concroic, ani in nmany othor &prlisaticns, Taoy ure computible
with paints, synthetie resins, varulshos cnd wsnaa, end faprove
pwoh prepartles of thosoe precducts ag Lhelr clusalcal regislanco,
vator rosictance, cdhesivonoss and flexibility (Anonyuuu, 19603
lubbard, 1;64).'“0&%0:. it haa not yol voan ontadlished which
of tuo aatexlelp tycated ultn ACO hac comtributod to the preocnt
énv&ronmcnial contucinction. '

Erpexrimentc wlith rato and guizce pipe lisve chown that
tho lugcstion of ICU ney give isu Yo liver injury (ilfllior, 1944).
llyaroporicaradui, occeslonelly iccuisgenied by eidonincl oedewue,
wvas fouad in oliicko (flcCune, Cavegs & O'Pell, 15623 ilien, 0'fell
& Childs, 19655 Voo & Koeuan, 197¢) wnd Japuncco quall (loenun et
oley 1909) arftor ingestlon of ICH of Auorlcan (areclor) cnd \
Frouci (rhonoélor) oririn, respectively. & wvaricod regoctlonece
batween the gas chrvomatosrans and bees spoctira In nocs opectironotox
aunlyces of 5 comuarciol FCE prepavations (Zhenoclor DEG, Clophen
AGD, ond Avoolox 1260) Qau fouud (Koeman et &l,, 1969).
The occuyronce of "Ehlok ocdena®” 1like lesions dn bixds feod FCH

(Koonan ot al., 1969) JioCuno ot ol., 1962} Flick ot al. 1955) wao
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the recnon for (;. racent conparative toxicolozicxl teod uith tho
3 oentioned I'CH proparcticns in chickens (Vos & Kocmon, 1970)e
In thic etudy a significont difforanco In toxieity boiween t‘hc 3
tuoted coapounds ves, founds cm:’i’en £#60 and Thonoclor DF6 shouing
the highoot, szoclor 1260 showing tho lovest moxrteliiy, Subcutoncous
cnd abloninel ocdena, &ud centrolovuler livcz' neerocls wvoo recoxded
ouly in thvwo ohiciis fed with Clepi:on and rhenoclor. Irdropericare
diuy wvep zevorded in nearly oll chicks fod with Cloplien end Fhonoe
cloxr and only ocennlonally in chiclo fod with Awroclor. Chomical
porplyrie vus found as o gencsal I'CB eficct. |

" In the poerent study, the soyuol to that nentioned

abovo, vo dosoxibo tho montirioé.tion and oveluation of compownda ‘
rooponaiblo for tho dtfforonco in toxziclity botweon the 3 commoraiel

PSB proparationcs
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hzpnrdvontsd. e

ho PCB propaxutions,_whioh contain nn avexase of
60;% chlorina, wezn obtainod from Frodolec, Frence (Fhemoolor Dif),
Bayer, Gormony (Clophen A0Q, Lot nos 912434), and Honganto, .
U.Sehe (Aroclor 1260, Lot mos Ak=3).

The screcening nethod, used for detection of ohickoodena

factor (inonymug, 1960a) was modificd and usod to 4solcto frowm tha

_ECB nmosazationa, conpound(s) respenoivle for differonces in

toxicity, Tho ocloan-up stop of this procaduro wao omittoed. In tha

colunn chreantograph; 0g. activated floricil (column ¥ 10mn) wao

used instocd of 159, ectivoted cluninz, ror frzctionation rediad, .

hexane wag uged ag elution solvont inotoad of patrolouwn cther.
e e T———

Two mg PCB wao dipsolved in 2 ol hozaune and fractlonated on tho
{loriodl colum, “his column vas cluted witha hoxano until noarly
£1ll PC3'o woro oluted {tootod by geo. chromatography)e. The 2nd
fraotion (5% dletiyylothor in hoxane) wvas ‘o.lco tosted until no nore
PCB could Lo dotectodes Tho final fraction (fraotion 3}, elutod
with 25% diothylothor (recgoat trade) 4in hexane; wos evaporctod

.to f m. An aliquot of tivlo conceantrete wao_injocted Into o 204=11
VYoriah Adorofraph gaa chromatogrepht with eloctron cepturo dotuciion.
The Fyrox glnos coluan (% fuet x 1/0 inch), filled with 10, DC 200
on Gaochzom ¢ (80100 nogh) ywas oparuted at 260°¢ with nitro,;0n

ap oardior geo (about %0 ml/nin.). “ho coazv procedurc was uged

.$o frectionate aliquots of abous %50 mg of tho PO prepavaiions in

P P T——

order to obiein sufficient quantitics for & chicken eutryo nsuey
n‘.nd for ncas épectronotcr anelysesc. The FC3 wes digselved in 2060 ol
hoxanos The colw:n (f 32 ©a) ves filled with 180 ¢ activated florinil.
The more poler conpounds wero eluted in the £inel (3rd) freciion
end, aftor ovc-.poration,' tooteod by, Gao chronatogrophye

A ohicken enbryo aocay.(‘lcrrew, ilurliac & jicLaughlin,

1964) wos uged to doteruine the toxlcity of tho 5 FC3 proparationc,
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v

(donos 3¢5 s/ ddovolved and Xopt ot 37°C fu ethranol. Group 1
= Aroclox, guoup £ = Fhenoclor and group 3 e Clophen) ard of the
3rd {reation of Clophen (doses 3rd fraction obtained fron 35, 3.5,
and C.35 and 0,035 ngs Clophen in gaoups 4, 5, § 228 7 respoctively).
Tho pamples, after diasolving in 0.05 ol ethanol wove injeested into
the 2ix» coll of freah Wnite Ieghorn egpgs prior to incubetion. Sho
livorsof ell hateked chiclio were xeuoved foxr hictologlcel exunines
tion, fixcd iu 10,5 bufferpd foranlin und procassed in o convoniional
manners torcover, cryostal scotions werxo otudiocd in a fluorcsoccico
nicroncone.

Manz spoetrometxry was uged to identify compowids prepant
in tho polaxr 3xd fractions. This anelysin wae carried out using
ﬁ ¢an chronntogranh-noso spoctresoter cbnbinntion. I'gr thin purpono
a CIi4 nass vpectronotoer (Varicn liate Genebale) vza coupled to a
Vaxian Aorosroph oveny, type A5303, with a Fyrox glans colunn
(5 foet » 1/8 fnch) falled with 10; DC2Z0U on Uoochron ¢ (G0-100 mesh),.
Partioular attention wag paid to the denigh of the intcrfoce botvoon .
tho gn3 ohro-atograph and the maoa sractronster in ordsr to obtinin
the beet oparating conditions (ten ioover de Drauw & brunnde, 1967),
fiigh roonolution naos orootra wors talien on o doﬁblo {focus npectro-
noter type Sil (Variaa liate G.meb.lis). Lzact onos moesurcomis ware
dopn with the »eak » natohing nethod (lisapuromonts wero aloo dane

fron gpoctra which wore rocorded cn pheotograpnic plates proceossed

by Vorlan Hat, on e leitz comparator auM). §

To obtain inforaation atout thse quantitien, nicrocouloe- §
netric enalyses of the 3zxd fraetlons wore carriod ocuts Thio equip- -
nont uzsd was a Polirmeonn microeouwloxzotar, coupled to a lilerxotel -

i 220 gao chromatsgraph, with o glass eolumn (6 fcot x i inch).
The scme 107 DC 200 column packing wzg uoed. The column offluents
vore cxidized in a Dohruenn coabuntion rurﬁacc anl tho lCt, pro<uced

by chlo1xnatod compoundo, ¥ag dstnctod and quantitatively neigurad
tw a -2 t-;‘-- e n de |



" 1he :oc.\..l ing goa chromatogran of fneciion 3, ovtaiued
uith +he soall column (¥ 10mm) rovealed %uo promonce of polar
eompoumla.in Zhenotler and (nopfzon (£15.1)s Thoao vere not fes-.md
in tio Aroclor exiraot. The scme rosults vero found with fraction3
e s v ‘oubccauomtly wnad 4n the shisken anbiyo
aséaye Thio assay (table 1) confirzed the differences in toxtcity
botwaen the 3 tested FCD proparatiouns found in the previous stuldy
(Voo & ancaoui, 1973). liortelity in groug 1 (Arcelor) did wot diffex
sianificanily (xz tost) fron mortality .i.n-croup 9 .(oontrnl).
Foxriolity in group 4 end 5 ip doso rclatod; oerly morielity in tho
foraer, ocattered portality in tho laiter grours Corzesponfing
mortality in group 3 (3.5 ng Clophen) and group 5 (3rd Lroation
froo 3.5 ng Clophon) indicctos otrongly-thas the polar rowiduo
in the lotter detexminoc the toxicity ol: tho coczoxrcinl ICL,

E&nccotion of all Cxogh cobzyosand of tie ouc-day-old chioks
revolled no abaorinlitios oxcent for ono o3brye of croup % widch
phaved.n sovere tubcutnuopus cadea, Lodona end teak dof omition
aro davorihed after yolk nac iujasilon of 25 du and 10 mz arocloxr
1242, rapultinc in reopectivoly 100,5 and 95,5 enbryonio mortality
(lteLaushlin, lhu:liac, Voxzroly Mutchler & Piizhush, 1963) af,Lis ntc!ne&'
livoy weotiione roviolad no morpiweiogic altoxratienas. In tuv expocict
poction of tho liver of tiw only hatchivd weak ciicken ol group 3,

a rod fluoroncence in cono lobules vas sexa in tho u.ve nleconco)o.

".'."h.i.a fluorescence {0 indicative of tho porphyrin bieaynticeis
disturbance found in the prior otudy (Yoo & Yeozmu, 1970).

ltega aixectro;aetrio eaclycas revezled fdentical clilorinnds2
oonpoun&o in fraoti;n‘s Lron Fhenoclor and Qlonion in contiuant with -
Aroclor. Tho roeults are given in teble 2. ilngs gyectra of compouvnda
vith maus nuwber 304 end 330, ovtoined fron poak 1 and 4 (Tig.t)
aro ¢ilven in £ig.2 and 3+ Fron exuot nago noasureronts &t uvas found

036895
thet tho formulew ol tho mclecvle poalis 304 end 330 wero €. NEV .
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0123405 5014 m;d 012135035019. 1he i‘ormrlun of the fraztent fons
241 and 275 sxo c11u455-)15 end G“II;)C.‘..“_. From this éota it
oan be concluded thet the porent lon hes o proferenticl froasuene
tation Lfor the logs of ¢ oingle ClCO unid, iinca npectra were
coirarned with the opoctzun of & coapousd imolated from toxic fat
(viooiton & Couxchene, 1964}, Suhsecuent eiudy, using Y-rey @iffrace
tion, koo rove eled that the Ideniity of one of the toxic frnctors
wizd Ty 29 %y Te &y 9-hc£achlorodiLcn:o-p-dioan {iiootton £ Courchens
1964 ). Tho maoo-gpretrus of this compornt hes o oimiler froguentatio:
patioin 1.0..1050 of svecenuive 2 poos units 63 bugrests r losa
of 2 CLCU. unitu,

Jidicxocoulometric anclyces of tho 3rd fraction of Clophon
end Fhenveloxr yevealed chrouatograns uiph tho sare poak paticin
ags in £ig.1. Tho Ypeck" of the iigg.racizlorodibnnzai‘urzu; {meiss nuwber
%04} Lo too uarked by the proximity of the hoxachloxonaphtholeno
poak (pouk no.2) to make cuaniituiivo celewletions poguvible, For
aimiiur yoeeuvon peuk nos4 An tho cicouatoinran, found to bo o
pixture of hevtachiorobiphenyl z=u:d pentechlorodibonzofuran, could
not Lo necpured dirveoilys However, whon nnuumih,r; that the wicle
poak &5 produced by the dilensofuran coipound zlons, a cortuin
noxirun Jevel cou o indicalods This lavel ves fownd to Le 5 ppm
'pent:.c‘nioro(uhu:;so.‘furwx in Clophen aud %0 ppia in Fhenoolox, iHovover
the niniiun level condd be indicatod with the esticated lowor linit
‘ot dotection of tho wnug opectroneiric eqt:.ipmnt. tndor the condi-

tiony usod thio level was 1 ppm.

NEV 036896
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Dizsussion.

licys ppoctronotrio results have not conelusively proved

the idontity of thwe chlorinatod dibenzofuranse Dut cyatacols of thosa

_compounda, ngcessery for compordson with tha naes epectra ohtaine&

exporinentally, was found extremely danserousy a sinzle oral

‘doge of 0,5«1.0 n/kg tri- and tetracnlorodibonzofuran eaused

sovere sud often lethal liver necrosis in rubeits (Bawer, uciuls

& Spisgelloxys 19613 :Eofmu.*a, 1954). '.'xppl:l.ct‘xtiou ou tie ear of o
rebidt rosulted in cblorzone (Bavex ct cl,, 1961). e relntod
conpound 2, 3, 7 C-totracilorodibonzo~p~dio:in (followinz tho
deacription of Chealcal Abatractis), waich may appoar in tho oyne
theois of 2, 4, S=-trichlorphenol bty bydwolysis (under prasoura

end with the precence of podium hydroxido «and mothanel) of 1, 2, 4,
S=totrachlorsbenzena (Bavor ot ale, 1961), usually ccusead o

lethal liver neoxenis {n the xabWit after e singlo orel dozo of
0405=0.1 15/kgs Sor application, &loo in & 10 tinds lower doog
oocparoﬁ with chloxineted dibonzofuran, resulfed in chlouricane ‘
(Boucr et cley 15613 Lina Joros < Erimel, 1982)s 1,2,5,729=i0%a=

chloyocdibencowp~dloxin, which can ariso iu the pyrolysis of

- 29398 ¢0=tutrnchlorophonol (lldeginbothen, Luunz, Firuntone. Verrett,

Peos & Coocpbell, 1968), heo boen izolutod wnd fdentificd as ona
‘of tho toxic navbotancon of the Chick Codena Factor (i'ootton &
Courohone, 1964; anonyuuc, 1960b). Tho relationship botwzen tho -
toxio noture ¢f 7GB. end the Chici: Cedoun Factor hao already beoon
dinoussed (Fidck ot ule, 1963).

iiy cell injection &n chickon egeo of 0,05 ux lexa-

. cortaldsyr
chlorouitonzo-p~dioxin rasulted in 100, embryonic (eginvothon

NEV 036897

ot ol., 1568). Wie oxporimart using an fnjoction of tho 3xd
From )

fraction obteined” 35 mg Clophon into the air cell reovlézd In
1005 mox4elisy {tablo j)o It oen bo -colculatod that the naxiuuu

’ |
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_dono/bcz 3o 0.2 ug pentachlorsdibonzoluran (wsing a valuo of
nexe 5 ppmi. This confiras the order of toxiecity digeusacd
above. . _

The conbination of toéicologicul. pathologioal and
chomical analyticel datn makop it olussb corbein that the
conpounds of nase pusbers 304 and 333_3:0 rospootively totra-
and pentachloxrodibenzofuran. The oxigin of thoso toxlo frotoxs -
in Clophen AG0 and Phanoclor DEG con poopibly e oxplainod by

"differoncop in nonufacture. Forticularly in the diotillation
procoduro of orude PCD, in vwhich codium hydroxido can bo usod
(Pay & Richavds 1947)e POB roacts with oodiumhydroxide at

‘ elovated taapo&ntuxca to yiold plianolic conpoundo, ¢.ge PCB i

eoponified into polyvlilorohydroxybipihonyls by moans of sodiun

hydroxide in & polyhydric slcohol modiun (Anonymuc, 1957).
A furthor laas of hydrochloric moid could produce didvenzofuran
dorivativean.

chlqrinatod naphthalonoc aye foxr loaso Yoxic than ohlorie
! : . ' natod dibenzofurans (Hofmunn. 1950). Theroforoc the lattor may .
Ya aspuncd to dotorniﬁo tho toxioity 6: fraction 5
! Tho ooourronco of hydroroericardiun in chicl: fod with
Araclor (Flick ot ol., 1965), ooy indicato tho prooonce of a

vory smell quantity foxic factor.

. Fron thio ptudy it i3 concludod that ovaluation of PCD
rosiduos in vildlifo enimale, baced 69 on offects and rosiduea

e ——

in tost aninalg, is extremoly difficult duo to differoncos in
toxtoity botwoon conmorcidd FCB proparaltionss
Vork 4o in progreas fo dotecaot and identify ohloxinanted

dibenzofuron £roa wildlifo ppociriona.
’

i
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"Table 1, Chicken Enbryo Assay of Chlex=inatod Biphenyls Arocloxr 1260, Phenmoclor PP-6 and
Clopken AGD and the 25 per cext Diethylether Fraction of Clophon A60. '

Group Compound . Dosefogz® Iimber Fumber of Por cont Hatch _ _
Infortile Egss of Fertile Egss . Renarks
1 Aroclor 1260 . 3.5 ng . 15 0 , 60
2  Phenoclor DP 6 : 3.5 ng 15 0 . 0 ¥oat embryos died during firs
- ' _ half of inoubation period.
3 Clophen A 60 3.5 mg 20 1 5 Moat embryos died during firc
LT ' half of incubation perdode
4 Clophen & 60 3rd fraction of 35 ng 15 0 , o A1l cobryos dicd during first
- . four days of incubation poxio
5 Clophen A 60. ) " 3.5 ng 15 (4] T * Jost embryos diecd during Lirc
. fen half of insubation poriod.
6 Clophen 4'60 - n 0.35 mg 15 2 92 »
T .Clophen £ 60 . =» 0.035og 15 2 100
8 Ethonol L 20 2 94
9 Cemtrol x| - 20 0 90

-

S1he aamj_:les, dis.solved in 0.05 nl ethanol, werc injeoted into the aircall of frex:l; cizs before incubation,
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Table 2. Retentions and Collected Mass Spcctromotric Data of the Peaks in flg.1.

Peak no* Relative liass nunber(s)”, and msnber Identity of the
rétention& of chlorino-atonB/nolecule conpoond(s) -

1 1.40 = JC4(4Cl) tetrachlorodibcnnofuran

2 1,53 332(6«) hexachloronaphthalene

3 1.74 350(6C1) hcxachlorobiphcnyl
392(7«) hoptachlorobiphcnyl

4 2.42 538(5«) pentachlorodibenzofuran
592 (7«) .Iieptachlorobiphenyl

5 5.48 366(7«) heptachloronaphthal cne

détention related to dieldrin m 1
“Macs nunbcr calculations b8sed on ClI « 55

NfcV  03090<



