:

' vee:{_R. E. Kollar - QULENY,

Pobxunxy 27, 1967

Dxe. ‘3. Ta Thoman
Ronrrrca Divisicn
Bullting o, 33
tiational Canh Ragister
Dayton ¥, Ohio

Depx Drr. %howmas:

Attashed &5 o phot.om:nt of tha opriginal papex of

Dy. Jernsen in Sweden, Xalating to polychlozinztoad
biphoawvls, X will ba happy to havo yowr dudons aftex
son romt L. .

NB T RO END scetion on tonicolongy iz concoxmod, it
in troo £del L.xlox;nm;a mdg Livoxr tronole, can result s
f=Fm Arvee Anscp, S Wethory -pr not thap is at all relovant
o arekl grestitdes oxisiing in humsa dat i3, oF cotwxne,
rn onptix8ly vifforent Quaution.

At ony xXate, X beliovo bofore wa woxry about tha
toxivologlcal part of the pm‘:lcu:, wo should nattle
*tho unnlyt-_:.cnl paxt, °

Sincaxoly,

Re Fymwmt Xally, . Da.
Yedicadl Divectox

RI/Ln - .
Rttt

VE&31h49

R s e T T e e T e S
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Y - Lol - " ‘.
‘ t’"/ ‘ The 208 wore introduved 4n 1929-an4 &u early p 1936 Josos.and Aldon

.

:\} cxteologh - oL -

Y e . R -
- . * rd . L4 PN
()~ A . ;.} . LY e
Mr Chatrmon, Lndles and gowtlenow, ) (54 ’
xnuno:wmmmmi.?‘:-mmuhmm.mmu
Fogidabe B ) .

An ghe t1tdo of shis locture statos, I on Sodny puq 1o tad2 nhom

" ¢ho dls8overy of woms hithorto unobuervod chl x %
baving up $0 0ight ohloring in e aolooule end Lownd® n residus cno~
Jyvic, Zho ohoxical nane of pblyoh‘l.or!nntal tiferngls { In the following
0rdloa PGB). 20 get Trmiliar with OB I wil) stars with the ohomistry
L so:doolou.. ‘- L - .

W Saomisy S ) ’

r'ﬁ’) ¥ , . -, . : . o

- s . . ”, e 'y o .- .

. . :

: 5 . ’ * .

¥b pain.charaiteristic of PCB fo 1. Thekr very bigh stability. Av wn I
axEmple’ they oan by boflod-with nitris sold without being dovtreyeds :
2, Thoy ars hawdly metebolised $n Mying organiss. Jp A€ nore Himn 4 ’
shloxins’aré \profpont 4hep oio mon InMesnblo. T4'iv cloar thay thope
$hroe cbarwéﬁd-ﬁ.aa @oed 4% sasy o uslerstant that whon thoy huvo
tniorod the zuving trganime: the will Save a low prdnhnu- o But 1% 1o
ntncu,lt ‘to -u!»:.nu hw they Tind their way into the iving eorganism,
Ono thdng upemd to deo ohnr, 4thoy don’t oone from -yacu!wd use, ’

*but frou e hnhrdo&& ons and wmost proh»lo 1t mu %o “the nnh:ﬂ Yin
urtn tbnt ere tried to be burn$ up, docaunss ﬂ:n s have thu a% .ondt *
in the -!.r, - beonune of -thlh- am Mnnmity. et et :

LR .

reported that 23 'out of 24 mon onployed in manufaoturing of PLB sufforod
fron an BEap fors exuption of the sikin.-Atis 018 mok appesr wntil 6 10
B montts afber the materasl wa» £5xsd wesd. In 1937 Prinker xeporsed

. that rato expoped to shlorinated Mphenﬁ- in o on of Bpp
pately 1 u/u’ Zor 16 hours & doy Tox 6 weoks' thowdd- gazage of tho Iivor.
Aftor that timo ths ollowed bomosntration of ¥CH in adr’ an.o,s n;/n ’

. {Por 205 the ssue yalue 1s 05 ~ 1 ne/a%)s Tho zuss wnthors Finainod

+ * 4boir sxperiments im 1938, rolutod thet thoss coupowndy bave ea

1njmlﬂouo -tt-vt, n-:ttontd aolo!:, 2n the yex, mwnm upohﬁn‘?
appouzvd to. be™ e xopt ingourdovo ohlo:tm povad

(24424 ]
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C). -, 0‘ .
Greenburg, Moyor and Brith 3939 reported that 2B and pelyehlsrisetsd
zizhtxlean ars blawed for the death of three young wozkers, sod that
proguant woven and persove who have ot any time had sy liver $iadspon
are partieularly suspectidle, »

Vedad, Bellor and Bontoa gave 1942 entvals MCB inolubing sdeizdstratitn
by tnkinketion, fngowtion wnd okin EbovxbtAvn. Mirtologlesd sxecinstion
oF he vigvera thowed juporient w;tn‘?:xm oy in the skin and dver,
sod 3ho Qopenoratimn vRfecty in the Yiver are oppoxtinlly the cane whate
over wap’$ho mythod Zor tbo almindetretion, ParibeXk (1955/ found as on
ovcupational poison in the adeotrieal indusiry, mixed totya e pente
ehlorobipheryl tenoes follicnlitis, vomodo, pycderais and ether skin
offeotions, and that %6 principal loxic offeot in fatty degenaxation
of the 1iver, . . M
E&llox [1944) injeoted 69 wg 2B {4 and 5 oblorine) subosmtmnoouady In
52 guinon pign. Bight to ton days atier injecyion, £ad Groplets woro
nofel in tho liver oslls, a3 after 16 daye they vero prepent in modrrato
vr vory largs numbers. Rabbits and rate wera alpo tosted in tihle 1nvooti-
gotlon, 65 woll ag the POB wan sdndnistated both sontinonsly, subovusine
onply or ingested 4n the food, In the foeding experinsmt B guinoa pigs
reosived 2 8ppos of 69 wg of the chlorinntod Viphenyl 1 wesk mpart,

Death ocourred dn 11 %o 29 doys. X
Fioally Mo Laughlin 1964 repexted s 3othod to tost the chomlonl taxicity
ol toratoganio srfeot by injoction into the yolk sao of Loxtlle egas
prior $0 inoubativn, PCH wes Found betwoon the s3gh$ vompouds smong
100 .4ooted baving tho highest oxder of toxicoity. 5o datoh wac fonnd at a
Jevol of 25 ng p> egg. At a laved of JO-ng pox vEE, cno chick hatehad

out of 20 injevted ozgs, dut disd 2 dnyy loter, Some emdryos which were

cxanined- after they died, phowsd wosk defoyrmitice {often a shoxs uppor brak)

snd growth rotaxdatien, Desd acatats resulted ae an exemple 4n mo batch .
at & Loved of 1 mg Pox ofEs Awtopsy of tho dood smbyos hove shoved exton

sive brain danage, Merourig chloride thovod ng hatch sven at o level of

0,5 »g por org.

.

A0 4he mnalyileal ohemietry iv a probounced syrvics asiense X bave Doen
10 contaot with maxy solentista from othor fiolds during the work with
rooddue mnslynils, and X bave nlways found thbis contmct veiy stivulzting
téx &y onn work., Zhis pp-operation often donaxds that wo &re telking the
sony w:l;nnno languags. Bocause of thie need J widl today try to &ivo
a letture in Low lovel analyttoal chomletry for bivloglste, illustrated
by the reoidus mnalysis of polychlorinated biphenyle,

ghe lestufc will bo divided in the following three sub-divisionss .

Ecialidil

N tes Ty

PTIR NET TN
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B.1(honox) In order to facilitate c'omplata extrbotion of the Tudiy mntexials from

’ Boxe-tude)

* coversdl vith a s2lfomgel leyer | ma thick, In oxder to foxru a dine 0,7 &=

1. Bhvniv‘rq o2 m vod prem zm»mu.
. 2 Analyt$ioe) myihods for Fosidus analysis add proof e strusturco.
30 'Bobovionr of PO Su maturs, 8ifforenvies in watadolisizg rato
.of $he P{B compononte, potonoation An ad eoolegical serie, con-

oontraiion _1“'1. end sxaxplos of pxxples vhith have bees proved %o con.
fain 28, )

A residue onAlysis oon be uﬂdal ins i ‘

* %o-Extraction of the postioides Irom the blolos!.nl material,
£ollowed by m onreful oleaning-up to tnke sway interferring
substancon Moot oXton fato.

° 2, ldontification enslywds by mean of gas ohromatographys rnm-
, layer awomatography mnd mase 'puh'mm-

3+ Quuztiiative analysis. U .t
At an onolag:ml hbmtors 45 Ri¥smuadet 3n Stockholn 1-2 g of & wanple
£9 out out of ho uoxn;tm tarinl and tre B inte 8 welghod and

cersfully oleanol test tubs, aud storsd st ~20° until amalysis. Smaller
sEoplos hiavo boda Woed, mdn. 5 mz of boly fad, and with &1y materisls such
ao daly, Toathora, piue noelles 100 mg ire cufficient to xsadb the desirad
10 »g/§ ave) in rozidus enslysis, In onmses of wator proofa 3 X, 3® uasid
for roaching tho 10 pa/g. deral, )

ihe biclogicel sampls, he doulbe amount of finely powdered, ankydrous
nagueedun awiphate is added to $he smmpling tude, umd the wholo 1g-dozo-
gendecd with an Inpertadle homogeniser, Fhe resnliing powder is trensferrod
Anto & ppentil Sexilet extrasiox, ATTex'3 houre of extraction the solventi
ip evaporatsd, lesving the fat in & twall weighoed dest tube et the bovkom
of the pxtraster. Thie Fat io (u-so.'t.v-a in wetnylenc chlo:ruu in puch a
way that 100 ul (0,1 m) comtain 20 xg o: Iat,

The 100 Wl solution Ls now krsunforxed %o m 113tlo odiset glaws, 3 x 7 o,

fxom pny £2d OF the slide. Ibsexting this thin-layex plate into a vessol
the bottom of which Lp coverol BY a fow mn of methylene chloyidlo, the
solvont Wil Yo bucked wp An the dxylnywr pf sdlicagel, and at least
ronod the mppex eud of the plate. Fhe faot 1p that the fat has A grextor
affinity to the powlexr on the plate thon the chloridnated hydrocardom
have, — and w» got & pepuraiion. The fat deing morn poler thom the
ohloxinated bydrocrrbome will never go lenger thas 2 om bofors the

P ' 0281422
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ST e ,
20lvont rorchos the wppor part o ihe Woss,
Sho o8t ©f the fob appecrtu quite visiblo ngainet 2 lempy, and vAth the
243 of & xuzox Blado the ;ono adove tho Iat iy trameferrsd 30 the slution
$ubo u5d the pXlorimated Yioo1don sdporbed on the pooder cxa nov Do
oluted by ono ul of ether. Tho PonodRIraticn ia saffisient for dotection
oL tho ohlesdnstod hyarcorbons dma %6 tho 10712 g levol.
oo poxt olop in 4ho avolytical P dv 2o sop ton of tho
#3£2oront ohlorinatod hydrecarbons thot the oample may contain, As &
nottor 0f Zoot, thin 10 a broublosoue task, It is seay to ertimato whot
40 5ot proavnt, but mors ALfrienlt to say exsolly cos s present. We
satfor frow tho nogotive demonstration, sy wil bo sbowa 2ator. e
At 24irs% B fow worde about the $ion of the P ds prosont in the
snaple, znd their visualizaiion. .
Zbe sopurntion 15 acocuplishod by mean of & gas chromatograph 2i3ted to o
dotootor that transtery Aty impules to a rocorder. T '

7ho systonm 1o sboxtly Llesordidess .

A spirally formod glaes tude ¥ith an dmuox dimeoter of 2 mm Bnd abdumt 2

o 1n lovgth 1o £11104 up by A support, covercd with au thin layer of wn
il fhe tube L» hented in the chromntograph to sbont £200%, Zhrough the
tube a stroen of uitrogon sontinously Lollows, Whon wbowt 10 wl (1/100 of
% W1} of the purified ‘sszple ia dAnjscted into the tubs, the oompouonta of
$he pxmple Wil bo evaporizbd mod go forvard through the todumn with the
gas An the $3tuonts havo a'i'tttront affinity t0 the colwm
23224ng thoy vIIl pnoe Ibe coduan with dStferent speod mmd At will trke
aifforent $ine for then'to reagd the dotoctor st tho other end of the
slase tuba, I the temperature snd tho nitrogen fiow nxe held conmtent
4hip $3mv, 4ho rotention 4Sme, Jub B pptoificwalud for n tertedm cvmpownd,
This 1s frue, but unfortunntely 1t 4y Kiso & fact that two Oompononts can
bave the-sams Tetonilon time. 13ds is tme 0f tho bigger problems in gas
oheomatographie annlyois of mimown pampXes, an vill soon be pbyious.

Yo make 1t powsidblo tv estimoto the rotontlon tine 1t 1s nooespary to
vipualise the ohlorinnted hydroenrbonw. FOr thot purpops moxs o lose
»pooifin dntontors wxo msod. The dvteotor wost ofton usod in posticide
wnlysier is the po onlled oluotron ompturo detostor, widch can dctect dowm
$o ono pioogran (= 30712 x o2 lindan), Unfortunotoly thie deteotor 1» not

poodziv Tor chlorins, du gives nloo Tor oxyg g oozporadn.
The resyonat hexs s miok lowor dut com bs oountprbdedanced iT the contons
tration of the oxygen ocoptaining 15 puch higher, .. 0281423

Tho privciplo for tho dleotron ouphure detector ip ohortly:
At the wnd of the gmo ohronatogrophic tubs fa placed & 11ttle tubs coa-
andpine & 2ol oado of titantnn Sritido. This in An-rodfant. Ths v-

Cerm b
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partlclon aro roscting with the nl‘h‘o;ﬂf le'ehl.b'uda; from thoe oolwon,
Then we god tHy i;. Over the’ dvteotor we have & tensicn
of 90 volt snd by woan ¢f the electrons wo will get » oomstant elestrichl
vwrrent ovex the detector, This ptending current Ls trenstedrod to &
eno-u¥ rosordor ns a cometant busoline, Whon now & ehlors - oo
lonvoo tho Qolsna thic compound oo & high offinily te the sleetrons ond
this nomne that tho moount of clectrons will dininish, snd tbey will
dindnish proportionsdly 30 the ewvunt ol chlorinb, Zhe clestricsl eurront
¥il} Glsp dininiah and hie 45 notod np'a POAX on the reccrder. Tho Lrea
of tho peak i) be properiionsd to the axoust of Exudbatawce 3 the saplo,
By moan 0F a otandard injection 1t £s now ’os'nn:h to sompare the roien-
. %408 %220 ond the aron of an wiknown oomponsnt with the retsntion timo
oal aren of tho lmowa edamdard. As seid before this dotector 1 not epesi-
+1) f.vr thirine but mxphow very uesful; beceuse of its Migh pensitivity,
%ho byeten described has, as we have seon, two disadvantaguo:
1+ Two 41fSoront conpounds oan heve the nane Yetention time and Yo
dotooted.'sp oho peake . .o
*2» A reglstrated poak dorn not noed to be ghlorinated , beoause the
detettor ia mot speciric,
12 the-sample ip injected in two 3ifferent polwms rdth Aifferext chemical
yropéxtice wo bavo dnaroasel’ the chzmcs for m govd coparatiom. IF 40
coppounds bave the sanv rotention tixe on ome toluan .they may not heve it
o another. When B result ecems doubtful, - if the compound being
seopoopible For a cortain peek econtains ehlorine or not - it 1s possible
$o ouncentrete the easmple and mualyse A4 ob a leas pensitive doteotor’
suoh & the microcloumstric ons, whicth L3 speoifiv Svr ehlorine. The
pound ‘is b dina and toh gouerated chlorine vitrated
v directly. .
A9 ip sosn Crom the two 1ast memiioned possibilitise it is anyhow possibdlo
1o got a rather high degrve of cortainty in yepidue enalyels, but it is
. g rather tims—ponmmeing work.$hen nsing thds nothod Jast Avacyibed, we
- wery often fownd that pany chromatograms from yesddne analycis of wost
carsfolly purdried plos 5EiXX 3adn K axge bor of ponkv. Mgy
of those havs retontion t1mon that 20 not agree with any known chlorinatod
postioddex, or thetr metebolites, This chrametogranm oom perve as an
exanple, J1 wap obtainod by resldue analysis 0f & peo~eagle-found deed
in the nrchipelago of Stockholw, Jn the rangs of the known _posks, Shoro
are po Hony unidontificd 14t there aloo must be an obvious risk of the .
known peakp 10 be covored by unknorm oneo. :
IP thin yemark in Fovmd tve. the vensrtsd vasulis AP manv avavinis pana

»7v1820
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titadive unnf,..l- mst be brought inte qnon )n In the prevent invocti-

gntion i3 15 chowa thet most of tho wikiomm peak of eir grane
rooldug mlym of ohlorirated pesticidso aro dne %o polyoMdorinated
biphenyla, .

I will sbow & chromstogram of humen fat analyued oa & s called 82 §6
solum, the most often ussd type in pestiside amalysess Barly sotontion
oes wory In agreenont with VB, IDFop mnd DIPpp. Fext elide sbows tho
seae przple annlysed o & QP-1 columa, Now the forser 2 T2 peaks bhave
81vid0d 1uto 4 ponks,end two oI $hom nre 5311l in apresment with DDZpp

“and op., o tso nowW Wers wrknova,

Yogioaddy, thoos unkuown oowponbAts Wers Bt Tiret thought $o be netabslitos
of tho inpevticiden, Azminyt ¥hBt dpoke that noigthor troatmeat nor
ooncontrated sulfurdo soid in other, This ireaiment nale it rathor. swre
4has the pounds 0id not o=ygen. In Swedsn readdues of orgenio mex
oury have boen invesnsigated rather intmnsively in the Bwedish fauns, .
Av thowe compounde give Yery high responses $0 the slectron capture dotec~
tor i1 vas Rloo investigsted 1f the wnknown ynka could have a mereuric
oxrigin.

It vap found thai the weter-soologiosl series had bigh veaiduss of both
soroury {Weptormaxk,Johnsls) and the unkuown ¢npe, when ths same indivie
éuxlp wore analysed. Anyhow, the pheavant sufforing wodt from meroury
poisoning only contained low leveln of slectron eapturing oonpoumlc and
thozo belongod " M

10 the normsl insoctisidss. Thersfore the unkuown pould baraly Be mercu-—
rialy or.metabolitos of “them.

A» tbe »aplt vample piving $ho thromatogram showa in £ig. 0. zovld be’

cotinated to centain IDP and DIB up t¢ 13 g/kg in oxtractabds fat, the .

t of wmikn poundp nloo- wero sggooted to bo in the samo rauge,

and tohn sufficfently high to 80 n ran ow the oombined gas chromotoprsph =
mEBs bpactromster. Yf this oould be doms munu!un,y it would Bo possible”

Y get vory important informatiomsadout the ohniul anture of the unknowa,

for &X, {he molskular wpiphi wurberxs of vklorine »to, This wothod 1s up to
pow the nethod giving ihe higheot depres of oprtainty Sn the low lovel
analytica) cheuistry, ewoints of 100 ng substonce boing enough.

45 thio pothod for fdemtification of totally wiknows residubp murely

will be vory inportant in the Mun {when Z.0x. @ bLologist has found
that fishes in & xiver dSo) it may Bossidle by mems of this method to
£ind out oxaotly what poundn are FUBp ble for the asath.

yor this roonon, I wild go into como dotndls with this method, -

In the actudl oanc we took the extract fxom 20 mg ongle and ponoenu:nwd

G210
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. Just & Tow worde abous the maso Bpet,

1% ap wmuch as posaSble and nnde An injoction on the gas chromatofrEpd
oonbined with the mess spootrowotor. Zhe result was the ekrvantogran
phown on tho ot nlido, Bvery tine the > Gsr shewsd that o P

1 havug She oolwmn, the offluent 1p lod 1o ihe nass spsotremstors How

..

Pho molecules deaving the colums Are bomded withk odectrons et E, Wo hove

Aow got tho molooule ponitive oharged; Yui with b9 pane muog oo dofore.®

n1a ¥* 10.a000lorated in & vepwmss and wil) {ben get a kinotlo susrgl. .
whoro ~ 1s tbo ppesd, Next comer the magneddic 2ie1d hat

x40 1o bend tho Airection of the moleculs, $his will de

big Lo p=all noioouln axd lopo Lor

'
32 we have & olove in the other ond wa van dirsotly read the moleoular
weight, ARdsA to thie parest molecwls N' wo will also got addition 3o~
fornations, becsuse of the fact thot N may not be sthble, & pors of
thon wil) be broken down boforo they reavh the sitvs in the other ent,

Fooxe Wopa  Wipe ooy

Mass sponirogrome fxom the Aifferent unknown peaks In thy oople 2xuple an -

sbovd, Tho mepy munbore equel 0 the moloouler weighta of tho unknowns
oould be xoad to 426,392, 358, 324. Astonlehingly, the molooulsr diffe-
renves wero conptacily 34 pase utnits. Thie 8ifforsnce shows s femdlarity
in ordgin of the wnlnown, Now the Zach 3s ihnt ohlorine exaintp as &

mxture of tro igotopon with atom wolghiv 35 amd 37 in yroportion 75125, I2

<the movloculs has poe uhlorin-, this will give twp moleoulo pesks, one Tox

. 01” snd one for U1 7 If there aro two ohiorimo we have the porsdbility
. of ons with enly 01)5. one vrtth both (1135 and 37 and one with 2 01’.‘ ang
" thexetore : .

02ul426
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Rbt ﬂlnticn ot tbt yoﬂu :to\m! on th' ditzervnt nass spec woros

lblnrmlur wcighv S

Onlorspe content 5 . 6 7 8

An explanation o! 1bo Taniliarity of the omymml- oxn be gives 1f onme

eubstance 1 buils from thy former by m.nmu; a hydrogan I:Lth
oXdorine .

i: S RO‘I

u#

% R o . ' .

Tron 3% 40 poasid) o caloalate $ho modecular weight of the parent

bydrocarben PEO.

Bmc-'\-~::u \;x'!ﬁ‘ 9 Wher» ¥ ip tho wolovilar weight of the obmpunont

baving x chlor:bn Dtomps PooXe L0 ® o 326 2nd B €1 wo VALY gBY M, = o

426 ~ 280 +.8 = 158 and egunl mith tho othor motekyls.

Tho woet probables foxmula with oarbom and hydrogen gving this uhmnu-

wolght 1» e, 2 31 0 ond this omw ondy de petisfied whenm -thv paront-hydxo-

garbon iw biphonyl, and tha unknown being polychlordnated biphenyls.

2his explenntion was dater fully verifiod by injeotion of a synthotic

¥BC on the puap spes,

Furihernoxe’ axtencive gan ohromatographioc investigations proved thet the

PA0 atandard Buvs penky with the sawe retonijon time as the uninown .

poalis from thu vea segle. . ’

Vith the muthod juns Asvorived I ouppony thot we have a new ponibinty

40 #vdy the repiduss in ths mdr bocouse the pive needled oan Bllways be
. Yo have had grest Sifficult; in guantifying the PCB,

but when gotting & little wore tine £ wi12 vo pousiblu. Wo have

dons & fow palonlations on & Lot spedies, wnd X euppose they are right

within s Thotor 2. ¥Wo have found the rosddwe to bo Lrox

It bhas boen my mtatoment hsre te-dny to prossnd this method for otudies

+ of dufiling of the yature, aud with this mothod a mew Ypo of dofiAiny

agents has beon found 10 de pa-asnnt in n-‘hn-o, na & fow experiment have
ohown where they may be found.

How this method Lo going 30 be used in the fiyst hadn $o estinate hov the
sifuntion 1p 4n nature a3 a whole, and in the osther hand to Lind the
lonke throug whioch they Liud 1ts way 0 ueiure. Sosm neybs sre provont
hexe todny to get nswn nbout tz;u leaks, mnd to then I want 10 ony "oome
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