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In honoxr to our Brittish goat I will try to hold this lecturo in
Englioh.

Ao thb'titlo”of'this'lhbfure”statoa,'I an today going to tell mbout

tho discovory of some hithorto unoboerved chlorinated hydrocarbons
baving up to oight chlorinoe in tho molocule and found 'in reoidue cno-

lyvis. Tha choniocnl name of polychlorinotod bifenyls ( In tho Iollowing

oallod PCB) To got fcuiliar with PCB I will start with thoe chomiatry
and toxicologi. :

Th

The nain- characteristic of PCB 4is 1. Their very high stability. 4 an
oxunple they can ba boiled vith nitrin acid without being deatro}ed.
2. They are hardly metabolinad in 11v1ng organism. 3. if more than 4
ochlorine are(prokaant they -are non inflamable. It is cloar that the=ze

threo charactériatics does 1t easy to undorstand that whon they havo

enteorod the }iving arganism.- the vill have & low perspistonce ., But it is

difficult to oxpluin how they find their way icto the living organicez
Ono thing seems to be clear, they don’t come from sgricultural use,

but from a technical one and most probable it tomes to the nature via

wostos that aro tried to bo burnt up, bdecausse tren we have them at.onco

in thn'éir, because of thoir non inflamability.

’

Tho PCB wore introduced in 1929 and ao early as 1936 Jones and Alden

reported that 23 out of 24 mén.omployed in manufecturing of PCD sulfcaod

from on acno form orupiion bf the skin. Acne did not uppear until 6 to
8 months after the matorial was first usod. Iz 1937 Drinker revor+ied

that rats oxpooed to chlorinntod biphenyls in concentzntion of approxi-
mately 1 mE/m for 16 hours a day for 6 weeks £howdd damage of tho livor,

After that time tho allowed concentration of PCB in air iB.O 5 U&/EB-
(Por DDt the same value is 0.5 - 1 mg/m3) The xmame authors finiéhcd

thoir sxperiments in 1938, and rolated thet those compounds have cn
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injouriouas effoct, manirented oolcly in the liver. Chlorinated bipohnylo} ?

appearcd to.be the.mont 1njoqriouo chlorinated compounds of all tested.

\
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Greenburg, lMayer and Smith 1939 reportedAthat PCB and polychlorinated

naphttlcnos are blamed for the death of three young workers, and that

e
prognant women and persons who have at any time hud any livor discasos

~ nro particularly suspectibdle,

'Wodol, Hallor and Denton gave 1942 animalé PCB including administration
by inhnlation, ingostion and skin absorbtion. liostological exoaination
of tho viscerxa nhowed importont toxic effect only in tho skin and liver,
end the dogenoration effects in the liver are obsentially the pome what-
over was tho method for the mdministration, Paribok (1955/ found as en
oocupational poison in the elesotrical 4industry, mixeh,%otra and ponta
chlorobiphenyl caugses folliculitis, comedo, pyodermié and other nkin
affootions, and that its principal toxic effect 1s fatty degcncrntion
of the liver.
Miller (1944) injected 69 mg PCB (4 and 5 chlorine) subcontaneously in
22 guinoca pigse. Eight to ten days aftor infection, fat droplets wero
noted in tho liver cells, and after 16 days they were present in moderato
or very large numbers. Rabbits and rats were also tested in this inventi-
gation, ae well as the PCB was administated both continoualy, subcuntin-,
ously or ingested in the food. In the Teeding experiment 8 guinea pigs
received 2 doses of 69 mg of the chlorinated biphenyl 1 week apart.
Death occurred in 11 to 29 days. )
Pinally Mc Laughlin 1964 reported a method to test the chemical toxicity
and teratogenic effect by injection into the yolk pac of fertile eggs
prior to incubation. PCB was found between the eight compounds among
100 teosted having the highest ordexr of toxicify. No hatch was found at a
level of 25 mg p> egg. At a level of ]b mg per egg, one chick hatched
out of 20 injected eggs, but died 2 days later. Some embryos which were
exanined after they died, showed weak deformitles (often a short upper brnk)
" and growth retardation. Lead acetate resulted as an example in no hatch
at a level of 1 mg per egg. Autopsy of the dead embyos have ehowed extoen

sive brain damage. liercuric chloride showed no hatch even at a level of

0,5 mg por egg.

As the analytical chemistry is a pronounced service science I have boen
in contact with many scientists from other fields during the work with

residue analysis, and I have alwaye found this contact -very stimulating
for my cwn work. This co-operation often demands that we are talking the
same scientific language. Because of this need I will today try to givo
a lecture in low level analytical chemistry for biologists, illusirated

TRAN 056037

by the residue analysio of polychlorinated biphenyls.
The locture will be divided in the following three sub-divisions:
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(:) 1. Chenistry of PCB and their tocicology.
2. Analytical methods for rosidue analysis and proof of structurcao,

J. ‘Behaviour of PCB in nature, differencies in metabolising rato .

“of the PCB componunts, potennutzon in an ecological perie, con-
contration lovels and examples of samplos which have been proved to con-
tain PCB, '

A repidue mnanlysis can be divided in:
" 1. Extraction of the pesticides from the biological material,
followed by a careful cleaning-up to take away interferring
substances, most often fats. .
v & 2. Identification analysis by mean of gas chromatography. Thin-
layer chromatography and mass spectrometry.
3. Quoxtitative analysis.

At oan ocological laboratory in Riksmuséet in Stockholm 1-2 € of a sanplo
is cut out of the biologicnl material and transferred into a weighad and
carofully cleanod test tube, ond stored at -20° until anelysis. Smallcr
<:> samples have been used, min., 5 mg of body fat, and with dry materials such
) a8 hair, feathers, pine ncedles 100 mg are sufficient to reach the desirecd
10 ng/g level in residue enalysis., In cases of water proofs 1 1. ia_uaeq
for reaching the 10 pg/g. level.

B.\(homog) In order to facilitate complete extraction of the fatty materialo from
thoibiological sample, the doulbe amount of finely powdered anhydrous
nagnesium sulphate is added to the sampling tube, and the whole is-hcomo-
goniscd with an insertadble homogenizex. The resulting powder is transferred
into & special Sozhlet»extractor. After 4 hours of extraction the solveat
is evaporatoed, leaving the fat in a small weighed test tube at the bottom

- ‘Soxe=-tube) ' of ‘the extractoi. This fat is diasolved in methylene ‘chioride in such a'

way that 100 w1 (0,1-ml) contain 20 ng of fat,

The 100 ul solution is now transferred to a little object glass, 3 x 7 cm,

‘covered with a silloegel layer 1 mm thick, in order to form & line 0;7 cm

Irom one end 0f the slide. Inserting this thin-layer platec into a vessel

the bottom of which is covered by a few mm of methylene chloride, the

i;} solvent will be sucked up in the dry layer of silicagel,_ and at least
reach the upper end of the plate., The fact is that the fat has a grecter
affinity to the powder on the plate than the chlorinated hydrocarbom
have, ~ and we get & separation. The fat being more poler than the
chlorinated dydrocarbons will never go longer than 2 cm before thé

TRAN 056038
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solvont roachos the upper part of the glasa.'

Tho Ifront of the fat appears quite vigible aogainst a lamp, and with the
aid of a razor blede the zone above the fat is tranoferred to the olution

tube and tho chlorinated biocidos absorbed . on the. powder can now be--

cluted by ono ml of ethor. The concontration is sufficient for detoction
of tho chlorinatod hydrocarbons dowvm to tho 10~ -2
Tho noxt stop in +tho analytical procedure concorns the soparation of the

g level,

difforont chlerinatod hydrocarbons that the samplo may contiain, Ap a
nnttér of fact, this is a droublosome task. It 15 easy to estimato what
is not proaent, but more dirricult to say exactly one. is pfosents Ve
ouffor from tho nogative domonstration, as will be showa lntor;, e
At firpt o fow wordo about the separation of the componenis presont in the
scaple and their visuelization.

Tho soparation is accomplished by mean of a gas chromatograph fit.ed to a

~dotoctor that tranofero its impulse to a recorder.

Tho systom is shortly described:
A spirally formod glass tube with an innor diameter of 2 mm and about 2
m in length is filled up by a support, covered with an thin layer of an
o0il. The tube is heated 1n the chromatograph to about 200°, Through the
tube a stream of nitrogen continously follows. When about 10 ul (1/100 of
1 ml) of the purified sample is injectod into the tubo, the components of
the sample will be evaporized and go forward through the column with the
gas stream. As the constituents have d%fferent affinity to the coluzn
Tilling thoy vill pass the column with difforent spoed and it will teke
differont time for thenm to roach the detoctor at the othor end of tho
glaps tube. X2 tho temperature and the nitrogon flow are held constant
thio timo, tho retontion time, has a spocificwaluc for a cortein compound,
Thin 1sg truo, but unIortunatoly it is alao a fact tha* two. compononts.can.

f havo tho BEDO retontion time. This 18 one of the bigger problems in gas

chromatographic annlysis of unknown samples, as will soon be obvioua.

To nake it pospible to estimato the rotention time it is necesosry to
visuelize the chlorinated hydrocarbons. FPor that purposo more or loss
specific detoctors are used. The dotector mcat often used in posticide
analysis is the so called electron capture detector, which can detect dowm
=12 g of lindan). Unfortunately this dotector is no%
specific for chlorine, bu gives enswer anlgo for oxygeancontaining cozmpounds,

The response here is mucl lower but can be counterbalsuced if the ccnson-

to ono picozram (= 10

tration of the dxygcn oontaining is much higher.
The pripeciple for the electron capture detector is shortly:

At the ond of the gaw chromatographic tube is placed a little tube coa-
tainine A £03) made of titAnium tritido. This im an-rndiant. The o~

TRAN 056039
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particles are recacting with the nitrogen molecules coning from ihe colunon.

Then we get + N2 —e 4 H;. Ovor the detector we have a tengion

-of 90 volt and by mean of the -electrons-we will get- a -constant eloctrical”

current over the detector. This standing current is transferrcad to a

~onu-mV rocordor as a constant baseline. When now a chlorinated hydrocarbon

looveo tho oolumn thio compound has a high affinity to the olcotrons and
this moans that tho ocmount of electrons will daminish, and they will
diminish prdportionally to the amount of chlorine., The eleciric2i current
will also diminish and this is noted as a peak on th;.ieoordor. Tho crea
of tho peak will be proportional to the amount of substance in the sample.
By moan of a standard injection it is now poésible to0 compare the roetcn-
tion timo and the aroa of an uninown component with the retention time
and area of the lnown stendard. As said before this detoctor is not speci-
fic for chlrine but anyhow very useful, because of its high sonsitivity.
The systom described has, as we have seen, two disedvantages:

1. Two differcnt compounds can have the same retention iime and be
detocted as one peak.

2. A registrated peak does not need to be chlorinated , because the
detector is not specific.
I the sample is injected in two different columns with different chemical
properties vwe have increased the chance for a good separation. II two )
compounds have the same retention time ¢n one column they may not have it
on another. When a result seems doubtful, - if the cbmpound being
responsible for a certain peak contains chlorine or not -~ it is possible
t0 concontrate the sample and analyse it on a less sencitive detector
such as the microcloumetric one, which is specific for chlorine. The
compoﬁnd is burned in a furnace And teh generated ch;q?;neut§j?§§eq o
As 16 seen from the two last mentioned possibilities it is enyhow possible
to get e rather high degree of certainty in residue analysis, but it is
e rather time-consumeing work.When using this method just describded, we
very often found that many chromatograms from residue analycis of most
carefully purified samples still contain a large number of peaks. Hamy
of thesc have retention times that do not agree with any knovm chlorinated
pesticides, or their metabolites., This chromatogram con serve as &n
exanple. It was obtained by residue analysis of a sea-eagle found deecd
in the archipelago of Stockholm. In the range of the known‘peaks, thore

are 50 many unidentified that tihere also must be an obvious risk of the

TRAN 056040

¥novn penko 10 be covered by unknovn ones.

If this remark 4in Thiund tvne. thae rennrtad reanlte Af many nwmaviAna nnnn.
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titabivo anafygla must be brought into queex‘>n. In the present invosti-
gation it is shown that most of the uninovm peak of chromatogrems at
regidue analysio of chlorinated peosticides arc due to polychlorinated
biphonyls.

I will uhow a chromatogram of human fat analyced on & 8o cullcd S¥ 96. .
column, tha most ofton used type in pesticide analyses. Early retention
times wore in agreemont with DDE, DDTop and DDTpp. Next slide shows the
pane sample anelysed on a QF-1 column, Now the former 2 DDT pchka heve
divided into 4 peaks,and two of them are s1iill in apgreemont with DDZpp
"and op., tho two now wore unknown.

Logically, these unknown components were at first tliought to be metaboliton
of the inpecticidesn. Against that spoke that neigther treatment nor
concentratod sulfuric acid in other. This treatment made it rather sure
that tho compounds did not contain oxygen. In Swoden residues of organic mex
cury have boen investigated rather intensively in the Swedish fauna.

As these compounds give very high responses to the electiron capture detoc-
tor it was also investigated if the unknowvn peaks could have & mercuric
origin, ‘

It was found that the watcr-ecoiogical series had high residues of both
mercury (Westermark,Johnelo) and the unknown ones, when the same indivi-
cuals were analysed. Anyhow, the pheamsant suffering most from mercury
poisoning only contained low levels of electron capturing compounds and
theee belonged

1o the normal insectisides. Therefore the ﬁnknown could hardly be mercu-

rials or metabolitos of ‘them.

As the esgle sample giving the chromatogram shovm in fig. 10. could be
estimated to contsin DDT and DDE up t6 13 g/kg in extractable fat, the
amount of unknown compounds clso- were suggested to be in the saze range,
and tehn auffzc1ently hlgh to do a run on the combined gas chronatograpn -
“nass spectrometer. If this could be done successSully it would be POSSible
to get very important informationsabout the chemical nature of the unknown,
for ex. the molekular weight numbers of chlorinec ctec. This method is up %o
now the method giving the highest degree of certainty in the low level

analytical chemistry, amounts of 100 ng substance being enough.

A8 this method for identification of totally unknown residues surely
will be very important in the future (when f.ex. a biologist has found
that fishes in & river die) it maybgossible by memn of this method to

find out exactly what compounds are responsible for the death.

TRAN 056041

For this reason, I will go into come details with this method.

In the actual casc we took the extract from 20 mg eagle and concentirasied
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it as much aas possible and made en injection on the gas chromalopreph
conbined with tho mass spectrometer., The result was the chromatofram
chown on the next slide. Every time tho recorder showed that o compound
1e- loaving the. column, the effluent is led to the wass apectromotor. Now

Just a fow words sbout the mass spec.

The molecules leaving the column are bomded with electrons at E. Ve hove

now got the molocule positive charged, but with the same mass oo before.”

Thie M* is mccolorated in a vacuum and will then get a kinotic energi.
whexo is the speed. Next comes the magnetic fiocld that

trios to bend the direction of the molecule. This will be

big for.a small molecule and less for '

It we'hnve a slove in the other end we can directly read the molecular
weight. Added to this parent molecule 3" we will also got adéition in-
rormationa, bocause of the fact that N* may not be stdble, a part of

them will be broken dovn before they reach the sieve in the other end.

S+ +
P.ex. N 07 N IDT - 0913

Mass spectrograms from the different unknown peaks in the caglc sample as
shown., Tho mass numbers equal to the molecular weights of the unknowns
could be read to 426,392, 358, 324. Aetonishingly, the moleculer diffe-
rences were constantly 34 mass units. This difference shows & femilarity
Cin’ origin ‘0f "the unknown. Now the fact ia that chlorine exsic.s 88 &
mixture of two isotopes with atom weighta 35 and 37 in propor‘ion 753 25 17
the molecu’e has one chlorine, this will give two molecule pciXG, one for

. If thore ere two chlorine we have the ponsibility
35 gnd 37 end one with 2 0137 end

0135 eand one for C137

of one with only 0135, one with both C1

therofore

TRAN 056042
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2he reiation of the peaks found on tho different mass spec woro:
lolecular weidght * ' 324 358 392 426
Chlorine content - 5 6 : T .8

““An“explanation of the fomilfarity of the compounds oan be given if one

substance is built from the former by aubsfituting & hydrogen with
chloxrine

RH RC1

HC1
M+ ¥ 012 M++ 34

Then 4t is possid) o calculate tho molocular weight of the parent
hydrocarbon PHC, '

HPHC - N - x MC1 + x MH y where I is tho molecular weight of the componont
having x chlorine atoms. F.ex. for m = 426 and 8 C1 we will get i
426 - 280 + 8 = 154 and equal with the other molekyls.

Ke ©

The most probable formula with carbon and hydrogen giving this moleculur

woight 1s C,, H,, and this can only be satisfied when the parent-hydro-

carbon is biphenyl, and the unknovn being polychlorinated biphenyls,

This explanetion was later fully verified by injection of a synthotic

PBC on the mass spec.

Furithermore extencive gas chromatographic investigatlions proved that the
C standard gave peaks with the came retention time as the unknown

poaks from the sea eagle.

Vith the method juet described I suppose thot we have & new possibility

to study the repidues in the air because the pine needles can nllways bo

« ¥We have had great daifficult; in quantifying the »C3B,
but when getiing a little more time if will be possidble. Ve have

done a few calculations on a few species, and I suppose they are right

~~~within a factor 2. We have~found the-residue ‘to be from" -

.

It bas been my statement here to-day to presont this method for siudies
of defiling of the nature, and with this method a new typo of decilling

agents has been found to be presont in nature, and & few experiment have

shown where they may be found..

Now this method is going to be used in the firct hedn to estinate how the
situation is in nature as a whole, and in the other hand to find the
leaks throug which they find its way to neture. Soem neybe are prescent

here today to get news about the leaks, and to thea I want to pay coze

back in a year. TRAN 056043
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So much I think I'can cay again thet the PCB hardly can come from

.agriculturc. As suppoIlt for this suggestion I can say ihat we have fouad
""PCB in oaglo foothers Trom Riksmuceet from 1944, where hardly eny

chlorinatod pesticides were used 4n ngricuitrue. One more thing that I
find inoportant to say is that in contrast to the mercury problem this doos

not ooom to bo a pure Swedish problem. I have just studied chromatograns

takon from London air, and they cloarly contnin PCB, and dr. Holdon haan
1013 no that ho also f£ind them in his fiehaamplee._But finally in walting
ot mwore rosults I-should like to pointogke morethiqé. It is proved that PC
comos to naturc, wo dont lmow now where they are upsod, but thoy aro vory
porsintant to chemicals and to fire., I think the poison jury should try
to state that a content of PCB shall always be found in an open declarn~
tion. ' )

TRAN 056044
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