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In honor to our Brittieh }eot I will try to hold thio lecturv in - \
Bnglich. \

Aa the title of thie lecturs etates, I on toduy going to tell about
the dipoovory of somo hitherto unobeervod chlorinatod hydrocerbeas
bhaving up to oight chlorine im the molecule and found in residuc ana-
lysie. The chomioal nome 02 polychlorinmated bifonyle { In tho following
called POB). To got familior with PCB § will etart with the ohomistry
and toxicologi. Yoo
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Zhe main charaoteriatic of PCB is 1. Thefr very high stability. 2o aa
oxample they ocan be boiled with nitrin aoid without being deetroyed.

2, Thoy are hardly metabolised in living organism, 3. 4f moro than 4
ohlorinoe are proysent they are non inflamablo. It Ae olear that thoue
three charaoteristice does it easy to underatand that wlen they havy
entered the living argonisam. the will have a low permistonce . Buv it ia
diffioult to explain how they find their wey into tho living orgeniiii.
One thing seems to be clear, they don’t oome from agricultural ucy,

but from a techunical one and most probable 1t &omos to the nature via
wastos that are tried to bo burnt up, because then we have thoa at onco
in tho air, because of their non inflamedility.

Zoxicologd MONS 035760

The PCB woroe introdusod in 1929 and as eerly as 1936 Jonea and Aldon
reported that 23 out of 24 men employed in manufacturing of PCB suffciod
from an acno form eruption of tho skin, Acne 4id not appoar until 6 to
© monthe after the maserinl was first unod. In 1937 Drinkor roporied .
that rate oxposed to chlorinatod biphenyls in conceniration of approxi-
mateldy 1 -5/1:3 for 16 hours a day for 6 weoks ohowdd duu' of tho livor. H
After that time the allowed concontration of PCB in air io 0 5 ug/u B
(Pox DDt the some value 4s 0.5 ~ 1 na/m!). Tho xuame authore finiohcd '
their experimento in 1938, and rolated that thooe dompounds heve an
injouriouo effect, manifested solely in tho liver. Chlorinmtod Mpohl\yln'l ?
.

appeared to bo tho most injourious ohlorinnted oompounds of all tested. (
I
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Groenburg, Noyor and Smith 1939 reported that PCH and polychlorinated
::p_h_-ta_lanun arc blamed for the death of three yommond thn‘._
pregnant women and pereone who have at any time had any liver discaopen
aro particularly suepeotibdle. .

Vedol, Haller and Bsnton gave 1942 animale FCB 1;|c1ud1ng adzinistration
by dnhalation, ingootion and skin aboorbtion. Histologionl exaainntion
of the viacera showed important toxic effect only in the okin and livor,
and the dogenoration effects in the liver arc essentially the sazme white
svor was the method for the sdminiatration. Paridok {1955/ found as an
oooupational poison in the electricel industry, mixed tatra snd ponta
ohlorobiphenyl causos folliculitis, ocomede, pyodermis and other okin
affections, and that ite principal toxic effeot is fatty degemeration
of the liver,

Miller (1944) injeoted 69 mg PCB (4 and 5 chlorine} sudbcontaneously in
32 guinon pigs. Eight to ten days after injection, fat droplets wero
noted 4n the liver celle, and after 16 dayo they were present in modcruic
or very large numbers, Rabbits and rate were also tested in this invooti-
gation, ae well as the PCB was administated both oonu;'ously, uuheu;:tin-
ously or ingestswd in the food. In the feeding experiment 8 guince pigs
received 2 doses of 69 mg of the chlorinated biphenyl 1 week apart,
Death oocurred in 11 to 29 daya.

Pinally Mo Laughlin 1964 reported a method to test the chemical toxicity
and teratogenioc effeot by injection into the yolk mac of fertile egge
prior to inoubation. PCH was found between the sight compounds emong
100 tested having the highest order of toxicity. No hatch was found st a
level of 25 mg po egg. At & level of 10 mg per egg, one chick hatched
out of 20 injected eggs, but died 2 days later. Some embryos whioh wore

exanined after they died, ochowed weak deformities (ofton a short uppor brak)

and growth retardation, Lead acetate repulted as an example in no hatch
at & level of 1 mg per egg. Autopsy of the dead embyos have showed euton
sive brain damage, Mercurio chloride showed no hatoh even at a level of
0,5 mg per ogg.

As the analytical chemistry {8 a pronounced gervice science I have baon
in contact with many acientists from other fislda during the work with
residue analyeis, and I have always found this contact vory stimulating
for my own work., Thia co-operation often demande that we are talking the
same scientifioc language. Because of this need I will today try to give
a leoture in low level analytical chemiotry for biologisto, illuatrated
by tho reesidue enalyoio of polychlorinated biphenyls.

The lecture will be divided in the following three eub-divisions:
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1. Chenistry of PCB and their tozicology.
2, Apalytical methods for reeidue analysis and proof of structurco.
3. Behaviour of PCB in nature, differencies in metabolioing zato
of the POB components, potenocation in an ecological gerie, con-
oentration levels and exnmples of samplee which have been proved to oonw
tain PCB,

A xesidue onalysis oan be dividod ib:
" 3. Extraction of the pesticides from the biologicsl material,
Tollowed by & careful oleening-up to take away interforring
substances, nmoat often fate.
. Y 2, Identification analysis by mean of gas chromatography. Thin-
. layer chromatography and mass spectrometry.
3. Quantitative analysie.

At on ecological laboratory in Riksmuséot i Stockholm 1-2 g of a sample
is out out of the bdiological material and transforred into & weigbod and
oarefully cloanod test tube, and stored at -20° until analysis. Smoller
seaples have been ueed, min. 5 mg o0f body fat, and with dry materisls such
as hair, featbsrs, pine needles 100 mg sre sufficient to reach the desired
10 ng/g level in residus analysis, In oases of water proofs 1 1. is used

. for reaching the 10 pg/g. level,

B.\(holog) In order to facilitate complete exiraction of the fatty materials from
the bdiological sample, the doulbo amount of finely powdered anhydrous
magoesium sulphate is added to the sampling tube, and the whole is homo~
genised with an insertadble homogeniser. The resulting powder is transferred
into a spocial Soxhlet oxtractor. After 4 hours of extraction the solvent

. 18 evaporated, leaving the fat in & small weighed test tube at the botton
: "Sox,~tube) of the extractor. This fat ie dissolved in mothylens chioride im such &
' .way that 100 wl {0,1 nl) contain 20 mg of fat.

. ', The 100 ul solution is now transferred to n little object glaes, 3 x 7 ca,
i

covered with a siliocagel layer 1 mm thick, in order to form o line 0,7 o=
from one end of the slide. Inserting this thin-layer plate into a veaeol
the bottom of whichb 1s covered by a few mm of methylene chloride, tha
solvent will be sucked up in the drylayer of silicasgel, and at least
reach the upper end of the plate. The fact is that the fat has a greater
affinity to the powder on the plate than the chlorinated hydrocarbom
have, - and we get a separation. The fat being more polar thon the
ohlorinuted Jydroocarbone will never go longoer than 2 em bofore thy
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solvont roachos the uppor part of the glasa.

Tho front of the fat appears quite visible against a lamp, and with tho
aid of a razor bdlado the zone above tho fat 1s traneferrod to the oluiien
tube and the chlorinated biooidos abeorbed on the powder oan now be
elutod by ono ml of ether. The concentration is sufficient for detootion
©of the ohlorinated hydrocarbons dovm to the |0'12 8 level,

2ko next etep in tho analytical procedure concernn the £e3ArASlau af Gia
different chlorinatod hydrocarbonu that the macyie say 4amle. s «
n&tﬁr of foct, thin is a broudblecons task. It is Ay Y9 esTiTaty WL
in pot prosoat, but more difficult to say exactly ons 1is pressct., Te
guffor from the negative demonstration, as will bs shown lator. @
At first a few words about the separation of the compononts present in the
saople and their visualisation.

The separation is accomplishod by mean of a gas chromatograph fitted to a
dotector that transfere its impulse to s recorder,

The eystem is shortly desorided:

A spirally formod glass tube with an innor diameter of 2 am and about 2

m in length ie filled up by & support, covered with mn thin layer of en
0il. The tube i»s heated in the chromatograph to about 200°, Through the
tubo & atreaa of nitrogen eontinously follows. When about 10 ul (1/100 of
1 ml) of the purified sample is injected into the tubs, the components of
tbe sample will be evaporized and go forward through the column with the
gaa strean, As the constituents have different affinity to the column
£41ling they vill pass the column with difforent spoed and it will teke
different time for then to roach tho detoctor at tho other end of the
glass tubs. IZ the temperature and the nitrogen flow nre held constant
this time, tho rctcl;tlon time, has a spocificwalue for a certain compound.
Thie 4s true, but unfortunatoly it is also a fact that two components cen
have the same retention time, Thie is one of the biggor prodleus in gas
ohromatographic analysis of unkoown samples, as will soon be obvious.

%o make 1t possible to estimato the retontion time it is necessary to
visualise tho chlorinated hydrocarbons. Por that purposo more or loss
spescific deteciors are used. The detoctor most often usod in posticide
snalysis 1a the s0 called eloctiron capture detector, which can detect down
to one pioogram (= 10.12 € of lindan), Unfortunntely this doteotor is not
specific for chlorine, bu gives answer also for oxygonoontaining compounds,
The rosponse hers %s much lowor dbut can be oountorbalanced if ths conson-
tration of the oxygen oontaining 49 wpuch higher,

The principle for the electron capture detector is shortly:

At tho end of tho gas chromatographic tubc is placod s little tudbe ocon-
taining & foil made of titonium tritido. This ie ap-rediant, Tho p~

—
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particlos are reacting with the nitrogen molccules coming from the column.
Then we get + Ny =0 + N;. Ovor the dctoctor we have a tenoion
of 90 volt and by mean of the electrons wo will got & conptant electrical
ourront ovor the detector. Thic standing ourront is transferrod to a
one~-n¥ recordor as a conntant baseline. When now a ohlorinated hydrocarbon
leaves the ooluwun thio compound h;c & high nf(tnxty %0 tha sloot¥rons and
this means that the amount of elootrons will diminish, and thoy will
4iminish proportionslly to the smount of chlorine. Tho electrical currvnt
will algo diminish and this 45 noted as & peak on the recorder. Tho area
of the peak will be proportienal to the amount of substance in the sample.
By mean of a standard injeotion it is now possible to compare the reten-
tion tims and the ares of an unkuown component with the retention time
and area of the known stendard. As eaid hefore this detector is not speci~
fic for chirine but anyhow very useful, because of ita high sensitivity,
The system doscribed has, &s we have seon, two disadvantages:

1. Two different compounds can have the pame retention time and be
detected as one peak.

2, A renqtrntod peak does not need to be chlorinated , becauce the
detector is not apeoifio,
I1f the sanple is injected iu two different ¢olwans with different chemical
properties we have increased the chance for & good separation., If two
compounds have the eame retention timo on one column they may not have it
on another, When a result seeme doubtful, - if the compound being
responsible for a oertain peak contains chlorine or not - it is possible
10 concentrats the sample and analyse it ou a lees sensitive detector
such a® the microocloumetric one, which is specific for chlorine. The
compound is burned in a furnace and teh generated chlorine titrated
direotly.
As Lo meen from the two last mentioned pospibilities it is anyhow posoible
.10 get & rather high degree of certainty in residue analysis, but it is
a rather time-consumeing work.When using this method just described, we
very often found that many chromatograng from reeidue analysis of wost
oarefully purified samples still contain a large nunmber of peaks. Nany
o7 these have retention times that do not agree with any known chlorinatad
pesticides, or their metabolites. This chromatogram oon serve as an
example, It was obtained by residus analysis of a sea~eagle found dend
4n the archipelago of Stockholm. In the range of the known peaks, thers
are po many unidentified that there aloo must be an obvious riocx of the
knovn penks to be covered by unknowvn onon.
1f thia rewmark io found true, the reported resultc of many previouo guel~

o et e e e
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titabive snalysis must be drought into quention. In the propent inveoti-
gation {1 is ehown that most of tho peak of chr

w0 at
Tesidue analysis of chlorinated pentiociden are due to polychlorinpted
biphonyls. )

I will ahow a chromatogram of human fat analysed on a so called SF 96
solumn, the most often used type in pesticide analyses. Farly retention
times woxo in agrooment with DDE, DDTop and DDIpp. MNoxt slido ghown tho
same sample analysod on a QF-1 column, Now the former 2 DD? peaks have
divided into 4 peaks,and two of them are »till in agreement with DDipp
and Op., the two new were unknown,

Logiocally, these uaknown componenta were at first thought to be metabolites
of the insecticides., Against that spoke that neigther treatment nor

., concentrated sulfuric aoid in othor. This treatmont made it rather sure

that the compounds did not contain ozygen. In Sweden residuss of organip mer
cury have been investigated rathor intensively in the Swedish fauna.

As these compounds give very high responscs to the electron capture detoo-
tor it wns also investigated if the unknown peaks could have a mercuric
origin.

1t was found that tho water-ecological sories had high residues of doth
meroury (Wentermark,Johnels) and the unknown ones, when the oame indivi-
duals were analysed. Anyhow, the pheasant suffering most from nercury
poleoning only oontained low levels of electron capturing compounds and
these belonged

to the normal ineectisides. Therefore the unknown could hardly be mercu-
rials or metabolites of them,

As the eagle sanple giving the chromatogram shovm in fig. 10. could be
estimated to contain DDT and DDE up to 13 g/kg in extractable fat, the
axount of unknown compounds also wers suggested to be in ths sane range,
and tehn sufficiently high to do a run on the combined gas chromatograph -
mags spectrometer. If this oould be done successfully it would be possible

' to get very important informatiorsabout the chemical nature of the unknowa,

for ex. the molekular weight numbers of chlorine otc, This method is up to
now the method giving the highest degreo of certainty in the low level
analytical chemistry, amounta of 100 ng substance being enough.

As this method for identification of totally unknown reeidues surely
will be very important in the futuro (when f,ex. s biologiat has found
that fithes in a river die) it nAyBSosunle by mean of this method to
find out exactly what compoundo are rosponaible for the death.

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

In tho actual case we took the extract Srom 20 mg eagle and concentruted
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it as much 68 poeoible and made an injection on theo gas chromatograph
combinod with the mass spectrometer. The result was the chromategrom
shovn on tho next elide. Every time the recordor showod that o compound
18 loaving the oolumn, the effluont is lod to tho mase speotromotor., Now
Just ; fow words about the mass apec.

Tho molecules leaving the column are bomded with electrons at F. Vo bavo

Bow got tho molocule positive charged, but with tho same mass as before. ™

this K" 4s socolerated in a vacuum ond will thon get & kinotio enorgi.
whexo is the spood. Noxt comes the mognetic fleld that

tries to bend the direotion of the molecule. Thie will be

big for a small moleouls and less for

If we have a siova in the other end we can directly road the molecular
weight. Added to this parent molecule 4" we will also get addition in-
formations, becsuse of the fact that u* moy not be etbble, a part of
them will be broken down before they reach the sieve in the other ond,
+ +

F.ex, ¥ D2 b e - 001,
Mase spectrograms from the different unknown peaks in the eagle sanple 8o
shown. The mass numbers equal to the molecular weights of the uniknowno
could be read to 426,392, 358, 324. Astonishingly, the molecular diffe-
rences were oconstantly 34 mass units. This difforence shows a fanilerity
ate as o

in origin of the unknown. Now the fact ia that chlorine .
mixture of two isotopes with atom weights 35 and 37 in proportion 75125, If
the molecule has one ohloripe, this will give two moleculs peake, ona for
01” and one for 01’7- If there are two chlorine we have the possibility
of one with only 01”. one with both (:|35 and 37 and one with 2 013.’ and
therefore
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2hol rolation of tho penks found on tho difforunt mase opec wore:
Uolecular weight 324 358 392 426
Onlorino contont 5 .6 T 8
An oxplanation of the familiarity of the oompoundo can be givon if ono

subotance ie built from the former by substituting a hydrogen with
ohlorine

RH Rf’ + HCl
H W+ 34

Thon 1t is possible to calculats tho molecular weight of the parcat

hydrocarbon PHC. .

Ilmc - ¥eox uc‘ +x llﬂ » where ¥ is the moleoular weight of the componoat

having = chlorine atoms. F.ex. for m = 426 and 8 C1 we will get Moo ™

426 - 280 + 8 = 154 and equal with the other molokyle.

The moat probable formula with carbon and hydrogen giving this nmolsoulir

woight ie C,, H,, and thie can only be satisfied when the peront-hydro-

carbon ie biphenyl, and the unknown boing polychlorinated biphenyls.

This explanation was later fully verified by injection of a synthetic

FBC on the mass speo.

Furthermore exteneive gas chromatographio investigations proved that the

FBC standard gave peako with the game retention time as the unknomn

peaks from the sea eagle.

¥ith the method just described I supposs thot we have & new posaidility

to study the residues in the air because the pine needles can allways ba
« We have had great diffiocult; in Quantifring the FPCB,

but when getting & little more time it will be poesible. We have

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

within a factor 2. We have found the residue to be from

It has been my statement here to-day to presont this method for studlos
of defiling of the nature, and with this method a new typo of dofiling
agents has been found to be presont in nature, and a few experiment have
shown where they may be found.

Fow thie method is going to be unod in the first hadn to eatimate how the
situation 4e in nature as & whole, and in the other hand to find the
leaks throug which they finé its way to nature. Soem maybe are proscat
here today to get news about the leaks, and 10 then I want to gay coae
back in a year.

MONS 035767




0 o

80 much I think I can say again that tho PCB hardly can como from
agriculture. As suppoft for this suggeotion I can say that we have fourd
PCB 4in oaglo foathero from Rikonuseot from 1944, whore hardly any
chlorinatod pesticides were used in agrioulirue, Ono moro thing thcot 1
f£ind important to soy 1s that in contrast to the mercury problem thia doos
Rrot soom to bo a pure Swodish problom. I have juat studied chrozntogrino
tokon from London air, and they cloarly contain PCB, and dr, Holdon bao
tnld mo that ho also find them in his ficheamploos. But finally in waiting
at moro rosults Inshould like to point®8Xe morething. It fe proved that PGB
comos to naturo, wo dont imow now where they are usod, but they are vory
poreistant to chemicale and to fire. I think the poleon jury chould try
to state that a content of PCB shall always be found in an open declarn-
tion.
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