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@ Mr Chotrman, Lodies and gentlonoxn,
In honor to our Brittish aeat’! Y will &y o hol& this 1setur>
Bnglisho

As the ¥itde of ehie locture ststos, I am %dqy ming te tell abou%
ko dipcovory of some hithorto wnobgerved cblorinatod hyérocarbonn
baving up ¢$0 0ight chlorine in %o moloonle and Lound'in residue anaw
lyuis, Tho chonionl nane of polyochlorinntod bifenyls { In the following
oallod POB)o To ged Lemiliar with POB I will stars with tho choxd atry
. and goxicologic - .

. “}9 Phongetry i . )
! qu) “n ' C T . .A’ N ’ Lt

-!. N co. B _, . L ‘- .

Z;

ba min-oha‘raotarintic of PCB §o 1. Theix vsry high stability. 4p an
’a axcmple they can bo boiled. with ni':riu aold without being dostrojed.
’ 2, They nru xal 1y metabolinad in um; orgenism. 3. 4 more thun 4
chluz-:lne are pro pont they are non dnflamnble. It is olear that these
threo charaquris‘tioa doep 1% esmoy to understand that whon thay have
H ! -ntorod the ﬁiﬂug organism: the will have a low porsistonce . But it So
3 dirficult 'to oxyln!.n bow they find their way into the Xiving organiss.
One thdng upemo %0 be c‘.-em', they don’t come Irom oyicultural ues,
Cbut from & tochnical ons end wmost vroba\ale it 2omes to the natu:ce viu
matoa that are tried to be burnt up, docause then wo have them at .onco
4n the air,, beonune of thn:lx- non innamab:.nty. R

' ".‘\’\ vy,ze.wm |

(‘VM Tho PCB waro iutrod\\ood 4in 1929 and wo eaxly as 1936 Jones and Aldun
W - { reported ﬁmt 23 out of 24 mn oxnployed in wmenufroturing of PCB sufferod
from 88 neno forw sruption of the sicin. Acne dia not appear uniil 6 to
R 8 months after tho matexial was firxet wesod, In 1937 Driuker reroried
3 . that rato ozpoaoa Yo ohlorinsted Piphenyls in ooacentuﬁon of approxi- .
matoly 1 ma/n toxr 16 hours & doy for 6 wooks' Ghowdd: duzege of tho ).Mora
After that time the allowed toncentration of 'PCH in air is. 0 5 ng/n o
(For DDy the same vadue is 0.5 ~ § nx/m )+ The mawe authors rmuhoa
their sxperiments in 1938, and rolated thot those compounds have cn
1njour1°uu eIfeot, mw.irwtod oolow in the liyoex, Chlorinnted bipetmylo
apponrcd %o, bs" the: nHo»t .'Lngou.rloun uhlaﬂxmtoa compownsdp of ‘all testod. % 8

02¥IRZO

P e —
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Greenburg, Mayer an2 Smith 1939 reported t\'uat 0B and polychlorineted
naphtal.eaca are blaned for the dsoth of thres yobung workers, and that
y:mgpunt vomen and pergone who have at any time had any livor disossoa
are perticularly suspeciidle.

Vedal, Haller end Benton gave 1942 animalg ¥CB includi.ng adninictruicn
by inhnlation, ingootion and skin &baorbtion, Histologiosdl oxominmiion
o< b viscera ahcveﬂ iuportang toxio e!teo% ondy in the ekin and diver,

" zod the unganoratinn effects in the nver are opsentinlly the ocone whate

over wap’ tho method Lor the adwindstrations Paribok (9955/ found as an
oocupational poison im tho electriocnl inrdustry, mixed totra and poata
ohlorobipheryl causes follicwlitie, comodo, pycdermin and other okin
affeotions, and that 2te principal 3oxic offeot is fatty degenoration

of the Yiver, . v
¥illox (1944) injeoted 69 mg PCB {4 snd 5 oblorine) vuboontansously in
32 guinon piga. Bight %0 %on deys arfter injeotion, Zat dropleta wero
noted in the liver oells, and afiexr 16 &nyp they were presont in moderato
or very large numbexrs. Rabbites and rats were also tevtsd in thic dnveoti~
gotion, ao woll ap the PCB wab aininistated both nontinounly, subcuntine
ocuply or ingeuated in the food. In the feeding experimsnt 8 gulnen pigs
received 2 dobes of 69 mg of tho chlorinaied bipheny) 3 week apart.
Dooth occurred in 11 to 29 days. .
Pinally Mo Laughlin 1964 reported a method %o test tha chemical toxieity
andl teratogenic effeot by injection into the yolk sas of Lertile sggs
prior to inocubation. PCH wao found betwoon the eight compounda among

100 .tected having tho highest oxder of to:deﬁy. Bo hatoh wap found a% a
level of 25 ug pr egg. At o lsvel of 5701\5 por ogg, ono chick hatched
out of 20 injected egga, but dief 2 dayw loter, Some embryos whioh were

examined arter thoy died, showed week doformities (otten a short upper brax}
and xxovrth rotaxdation, Lead ncetats resnlted as an oxmmple in uo hatch

at & levol of 1 mg por ogx. Autopsy of the dead enbyos hove showed exten
sive brain damage, Mercuric ¢hloride showed no hatch even at o leved of ,
0,5 mg per ¢gge

is 4the analytiical ohemistry ip u pronounced psorvice sclence I bave bosn
in contaot with many sctentiata from other fiolds during the work with

repidue analysis, and I bave always found this contact very stimulating
for By own work. This co-operation often demsnds that wo &xo talking the
pame soi&nuﬁ.o language. Bocause of this need I will today try to give

hrd 28 24

a lscture in Yow leovel analyi{fcal chemistry for biologismtsy illustrated
by the rosidus analysis of polyohlorinated biphenyle,
Zhe leoture wil) be divided in the rollowing three sub-divisionst
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@ ) 1. Ghemistry of PCP end their toni;oloq,
20 Analyticel methods for roeidus analysic and proof of siructurcp,
3o "Bobaviour of PCB in mature; differencies in metaboileing zate
.of the PCB componvunts, potensatlon An an ocological perde, con-
sontration lovols and oxawples of samplee vhich have been proved to con-
tein ¥CB, '

A yosidus mnalysip can be axvusd b1
o Bxtraction of tho pesiicides from ¢he bialogioul material,
followed by & carsful oleening-up to tnke away interferring
substences, wost often Lmtso
o a 2o Jdontification mmelysis by mean of gas ehromatographyo Ehm-
layor chromatography and maps spectrometry. )
S. Quantitative mualysis. o KN ST .
A% an woluaace.l laborutory in Riksmuséet in Stockholm -2 g of a mample
48 cud out Of tho biolng:lcal material and trapsferxef inio & weighed and
sorefully cloansf 3est tube, and stored ay «20° ugtil analysis. Smallexr
O semplor have booa used, min., 5 ng of body fat, sod with dry waserials sueh
ap hair, féathen_z, pine ncedles 100 ng are sufficient Yv reach 3ha Jesirad
90 »ng/g davel in residue annlysis. In cases of water proofs 1 l, is ueed
for reaching the 10 pg/g. levale
B.}(honog) In oxder %o facilitate cbmylvta extraction of the fatty materials from
4he biologicel sample, the doulbe amount of finely powdered auhydrous
: nognesive swiphite 10 added to tho sampling tubs, and the whole ia-homo-
" gonised with nn inoertable homogendxer, Fhe resmliing powder is fransferred
inte a opeclsl Soxhlet extractors Af3er § hours of extraction the molveat
: i» evaporated, lewving the fat in a amall weighed test tube ai the bottom
{ "Soxe~tube) of the extractar. This fat ia o.issolvcd in wethylene ehlwido in such &

I

way thnt 100 w2 (0,1 wl) contain 20 mg ot fat,
The 100 wl solution is now transferxed Yo w 1little odject glass, 3 x 7 em,
" coversd with a silicagel leyer 1 ms ¥hlck, in oxder ¢o form a line 0,7 ¢m
Zrom one ¢nd of tha eslide. Inverting thiw thin-layer plate into & vessel
the bottom of which ip covered by a fow ma of methylene chloride, the
) rolvont will VYo sucked up in the dxylayer of silicegel, and At least
3 roach the upper end of the plate. The faoct 4p» that the Tat hoa & grector
affioity to the powldexr on the plate thae the chlorinated hydrocarbvon
have, — and wo got a gepuration. The fat being mors polexr ‘hanm the
ohlorinated dydrocarbons will never go longexr than 2 om bofore tha

oL 0282422
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solvent roacho% the wppor part of the aluse. ’
Tho front of the fat appears quite violblo against o lamp, and with the
aid of & rasor blado the zone sbove the fat ip transferred to the olution
tube and the ohlorinated biooidos aboorbed on the powdor can now be

oluted by ono ml of other. Tho concentration is suffivient for detvction
0% tho ohlorinated hydrocarbons &owa %o the 3012 & levodo

7ho woxt piop in 4ho avalytical procedurc concerns tho moparation of tho
a&ﬁy‘rnn% ohloriratod hydrocarbons that the pample may contain. 45 a
nottor oF faot, thip 10 & broublosme 2ask, It is onay o cetimate what
is not pl;u:vnt, but mors Aifficule ¢o say exactly one 4s pi-oaantn Ye
suffor £rom the nogative demonstration, as will be ohowa latox. , °
A% Tirst a fow words about the separation of the components presont in the
suzple, and their visualization. .

Zbo meparntitm s accomplishod Dy mean of & gas chromatograph fitted to a
éotoctor that tranefers its impulse %0 a recorder. '

The systom $o shoxtly .desoribeds

A ppirally formed glass tube with an :hmor ddamoter of 2 mm and adout 2

» in Jexigth is £1)1ed up by & support, covered with sn thin layer of en
0il, The tube iz heated in the chromatograph to about 200%, Through tho
$ube a stream of nidrogen continously follows. When about 10 wd (9/100 of
? ml) of the purified sample is injected into the tubs, the compononts of
tho pomple Wild be ovaporired and go forward through the column with the
gan stroum. As tho coneiituents have different affintty %o the colum
7321ing thoy vill pass 3be column with differont speod anld it will take
differont time foxr then 'to reach the détoctor at the other end of the
glass ubs. IT tho temperatwre and the nitrogen flow are held constent
thio ‘iimo, the xretontion time, hns & npboiﬁcml“n for a ¢oxtain compound,
2his 4o txue, but wfortunatoly 4t iz nlso & fact that 4wy oompononts cen
have the-semd retontion time. This is one of the bigger problems in gaa
ohromatograpbis analyais of vnknown samples, as will soon be obvious.

%o nake it posaible to estimato the rotontion time 1t 1n noconpary to
visualize the ohlorinated hydrocnrbons. For thet purpose more or Less
spioﬁlc detootors ars wased, Fhe dotector moat ofton wsed in posticlde
anplysis 45 the po onlled elootron oapture detwotor, whioh can detect dom
$o ono picogran (= 10718 g of lindan), Unfortunotely this detector is not
ppoodfiv for chlorins, bu gives answer aloo for oxygenoontaining compownds.
The repponae hexre is much lower but can be countprbalenced LI tho consonw
ttntiqu of the oxygon containing is much higher, .. ° 2“123
The princijlo for tho eleotron onpture detector 1s shortly:

At the end of the ges ohromatographic tube is placed a Iittle tube con-
eadnine & £oll oade of titanina tritido. Thie ir ane-radiant. The v-
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G pnrtlclgs are roacting with t}pé nitmgaﬁ moleculne'coninz from ‘tho ooluan.
Then we got By o ﬁ;» Ovar the' detedtor wo have a temoion
of QQ volt and by mean of the electrons we will got a constant eleootrical
ourrent ovex the detector, Fhis stending current 1s transfefrod to a
one~uV rooordor B & cometant buseline, ¥hon now a ohlorinated hydrocarbon
loaven tho oodusn this cumpound hao & high affinisy to the alootrons ond
this moans that tho mmpunt of eloctrons will déminieh, and they will
diminish propoz‘tinnlﬂ.ly ®o the amownt of chlorine, The clectriosl curront
vil} also diminish and this 4s noted as @ poaX on the recorder. The erea
of tho peak will bp proportional to the amount 0f substance in the eample,
By moan of a ptandard injection 1% 18 now possible to compare the retep-
- . ion timo mnd ¢he aren of on unknown componend with the retentlon time
and arga of tho known standard. As seid before this detector is not speci-
fig Lor chlrine bui anyhow very \wsful, because of 1ts high senoitivity.
Tho syetam esoribed has, as we have segen, two disadvantageo:
1o Two differont conpou:u!a ocan have the same retention itime and be
detocted.'as ohe peak.
2. A reglstrated peak dors not need '%o be chlorinated , because the
' detector is mot ppecific,
If tho sawple ip injected in two different colums with different chemical
propertice we bave increased’ the chance for a good separation. If two )
compounds bave ¥he prme rotention tixe on one column .they may mot have it
on another. When a resull sesams doubtful, = if the nbmpomd being
repponpible for a certain pesk contsing ablorine or mot -~ it is poasible
to concentrate tho pample and analyse it ob a less senvitive deteotor’
such as the microcloumetri¢ one, which is specific fox chlorine. The
compound ‘is burned in a furnace c;nd teh generated ohlorine titrated
. directly.
Ap 4p poen from tho two last mentioned possibiliviles 1t 1s enyhow posgible
to got a rather high degree of certainty in reoldus enalysls, but it is
. a rather time-consumeing work.¥hen using this mothod just descridbed, we
very ofton found that many chrouwatograms from vresidue analyois of wost
carefully purdfied samples still contain » lerge rumber of peaks. Nagy
» . of these have retention times that do not agree with any knovm chlorinated
C) posticides, or thelr metabolites. Phis chromatogram con serve ss an
example, It wos obtained by residue analysis of & sen~osgle found desd
in the nrchipslago of Stockholm. In the range of the known peaks, thore
are po hany unidentifica that there also must be an obvious riok of the
known penkp 10 be covered by unknowm onsde '

If this yemark dn faumd ¢tvie. the rennrtad vasuTdr AP manv nvavinia mnan.

S ealiabar « o
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titabive nna{;.‘ks mist be brought inte qua:r. )n. In the presoent invocti-
gation it is shown that most of tho walmovwn peak of chromatograms at
reoldus analyuis.of chlorinated peoticiden are due to polychlorinated
biphonyls. .

1 will phow & chromatogram of human fat anhlysed oo & so colled SP 96
oolwm, the most often used type in pestiecido analyseo. Barly rotention
%imen wore in agreemont with DDE, DDTop and DDZpp. Noxt olide showo tho
58ne Ehmple analysed om & Q¥wi column, ¥ow ths former 2 DD? penks have
4ividod into 4 penks,and two 0f ¢hem ere siill in agreemont with DIRpp

“and op.; tho two now wore unknown,

Logically, these unXnown components wers ot Lirph thought to be metabolitos

©of the inpecticiden, Against thet spoke thet noigther troatwent nor
conoontrated sulfurio aoid in other, This treatment mage 1% rather. sure

that the compounds 941G net contain oxygen. In Sweden residues of orgenie mex

cury have boon imvestigated rathexr intensively in the Swedish fawna,

Ap these compounds give Very high responses %0 the eleciron capture detec-

tor %t waa nloo inveetigated if the wnknown peaks could have e mercuric
origin. .

1% was found that tho water-ecologioal series had high residues of both
moroury (Veotermark,Johnels) and the unimown ones, when the caws indivie
dutlp were analysed. Avyhow, the pheasant suffering wost £rom mercury
poisoning only conteined low levels of eleotron capturing compounds and
these belonged : : ' '
t0 the normal insectiasides. Therefore the unkmown sould hq.rdly be mercu-
riale or.metabolites of “them,

As the vagle ssmple giving the chromatogrem ghowa in fig. 10. could be

cotimated to contain IDY end DIE up 0 15 g/kg in extractable fat, the
ansunt of wnknown compounds aloo were suggested to be in the seme range,

and tehn sufficiently high to 3o a rus on the combined gas chromatograph -
niss apsctrometer, XZ this could be done succcosfully it would be possible’

to get very important informationsabout the chomloal naturo of the unknown,
for ex. the.molekular weight numbers of chlorine etc, Thip mothod 1s up %o

now the method giving the higheot degree of oprtainty in the low level
enalytical chewistry, amoiunts of 100 ng substance being snough.

Ao thic method Lor fdentification of totally unkaown residuzs surely
will bo very importent in the future (when f,ex, a bilplogist has found
that fishes in & river dic) 1t maybgonuihle by mean pf this method to
£ind out oxactly what compounds are responsible for the death.

For this reoson, I will go into come dotails with this method,

In the actual onse we took the extract frxom 20 mg engle and conccnt;utcd

G2v1820
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 dust a fow worde sbout the maso Bpec,

I A

it as wuch am possidle and mede an injection on the gas chromatorrzph
comdbined with the mass spsctrometer. The result was the chroantogram
shown. on the next olide. Bvery time the recorder ghowsd that a compouwnd
de 1e¢3vin‘z the coluwmn, the effluent i led %o theo naep spectromeior. How

e

Phe molecules lenving the column ave bomded with elecirons at E. Vo hove

How go? the moloouls positive oharged, but with ¢ho same mase a5 before. ¥

?xis N 15.sc60l0rsted in a vapuun and will then get o kinotic energl. .
whero . 45 4the spesd. Next comes the magneiic £isld that .

trios o bend the direction of the moleculs, Fhis will be

big Lor.n emall moieunlo and less for

'
g2 wo bavo & piove im the other end we ben direotly resd the moleoulsy
weight, Added to this parent molecwle N' we will alpo get sd2ition in-
formations, becarune of the fact that X' way not be sthdle, & port of
thom will be broken down beforo ihey reach the sieve in the other enmd,
Fooxo 8w, cory
Mags speotrograms from the dLrfferent unknown peaks in the ongle sample as -
shown, Tho maps numbers equal to the molecular weighte of the unkuownn
could bo resd to 426,392, 358, 324, lf.noniahingly, the moleculor diffe-
rences were constantly 34 mase unito. This difference shows o femilerity
in origin of the wnknown. Now the fact 4s that chlordne exsinto 23 a
mixture of two isotopes with atom woighio 35 and 37 in yroporsion 75:25, If
the molocule has pne chlovine, this will give ‘two molscule peskn, one for

. 01’5 and one for Cly,. If there are two chlorine we have the popsibility
. of one with only 0155, one with bhoth 0135 and 37 and one witl 2 013.‘ ang
" therefors : .

G2Zk1426

PHGNCR 2000094

MONSFOX00000095

WATER_PCB-00044040



7

B R L L LI VS ST SRS SRVRCIN S AR e

(%)

P perir e

38 392 426

3 T B8
An explanation af the familiurity of the omnponnda oan bs gziven if oneo
substanve im built from the former by nubosituung & hySrogen wnh
ohdordne

RE . RO1

< HCY
P, .

AP 54

Thon 1t 1= possid) o calonlats tho molecular weight of the parent

byfxrocarbon Piwo

Mpe = X = x Mo, N = ¥, 5 where ¥ io tho molecular welght of the componont

baving x ohlorine ptoms, PoeXo for m o 426 and B €1 we will go% Myge =

426 = 280 ¢+.8 = 154 mnd oqual with the othor molekyle,

Tho moet probadle formmla with carbon and bydroegen giving thie molooular

wolght 1o Cyp B 50 and ‘this can only be satisfied when the perent-hydro-

sarbon is biphenyl, and the unkuown being polychlorinasted biphenyls.

Phis explanation was later fully verified by injection of a mynthotie

PBC on the muss spec, '

Furthermoxe’ extencive gan chromatographic investigatione provod thet the

FBO standard gave poaks with the pame retontion time as the unknown -

poaks from tho sea cagle. ' . .

With the mothod just Aescrived I suppose thot we have & new possibility

40 study the residuss in the alr becauso the pine needles can hllwsys de
. We have hal great Sifficult; in quentifying the PCE,

but when getting a 1ittlo more time &t will be poesiblv. We have

done & fow calculations on m for species, tnd X euppose they are right

wlithin 8 faoctor 2, We have found the rosidue to bo Lroa

.

It bab been my statement here to~day to present this method for studiesn
of defiling of the natnrxe, and with this method n new typo of dofiling
agents hap been found 1o be premmt in nnturo, wd a fow experiment have
phown where they may be found.

Now this mathod is going to be used in the riyst hadn 4o sestinate how the
aituation 1a In natuxd mz a whole, and in the other hand to find the
lesks throug which thoey find its way to neturs. Soem meybe are progont
here today to get nows about tﬂe lesks, and to thes I want to ouy'oo-.:.e
!‘nmk in a yeax. } . . © e p2elae?
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So muoh X think ¥ can ooy ngain that the PCB harddy cenm come from

agrioulture. 4s suppoft for this muggestion I can say that ve have Zound
PCB in esgle featherp Lrom Rikemuseet from 1944, whero hardly any
chlorinated posticidss were used in apicuitme. Onp moro thing that I
Zing Inportant %o say is that in contrast %o the meroury problem thio does
n0t peom %o bo & purs Swodish provlem. I have just studied thromatograny
tokor fxom London air, ond thoy cloarly contoim PCB, and &xr. Holdow haa
%013 mo- that ho also ind theu in his fishpamples, Bub Finally in waiting
n¢ wmoro rusulis Xnshould like to point"gka mmt'hinga I¢ is proved that P
sonds $o maturo, we dont kmow Dow whers they are usod, Wt they are vory

.poraintmt 46 chomlonls and %o Tire. I think the poison juwry should ¢ry

to sbate that a content of POB ahall alwaye bo found in an open declere~

tiom.
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