wrussels, Belgium J.R. Buchanan, St Louis

y J.E. Filer, Brussels
Pebruary 22, 1967 "f-'Soo.uy;?R/, D,V. Bardy, MCL

Eugene Wilde, St louis

DWW

Dr. R. Bmnet Kelly
8t. louis

Dear Dr., Kelly,

I should like to refer t;a your letter dated the 10th of
February and our telephone discussion of yesterday's date.

1 enclose a copy of 88ren Jensen's original paper which

in fact was presented in English - Dr, Jensen apologises
for the typing etc, but this copy is taken from his original
paper which has not yet been re-typed and tidied up.

J asked our agent in Sweden to dig out the various pieces
of information that you requixed and Y attach a copy of
his reply dated February 17th which I think fully covers
the point raised in your letter,

If there areany small poiunts outstanding, plesse let me know
and I will try to get you further information.

I am sending the only copy of Mx., Jeusen's paper to you and
therefore if any of the other recipients of this letter nceds
to have access, they can take & copy from yourself,

I would however emphagire the post script on page 3 of

Ola Pulm's letter in which he states Mr, Jensen has consented
to send us the full copy of his paper on the understanding
that this is used only internally within the ¥onsanto
organization.

MON-MT-008559
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RISING & STRAND

op/ao AKTIEBOLAG
YELEFON: 340188 TELEGRAM : MENNIS TELEX: 1624
POSTGIAG: S ¢4 4) BANKGIRD - T73-0448

sTocknoLm va February 17, 1lGco
SVEAVAGEN 47

Mr. David Wood
Monsanto Europe
BRUSSELS 3
Belgium

Dear Devid,
re: AKROCLORS

pefererice is made to our telephone conversation ard

I have tried to dig ocut the information you as<ed foi.
Befcre going into any detail, however, I would lixke
to refar to your letter tc Mr. Soren Jensen , dated
February 8

Mr. Jensen would be interested in samples of as many
tscmers as you can put at his disposal. The quantities
¢f course are very small indeed and he would need only
about 10 mg of each. In theory you could put the lot
behind a stamp and mail 1t to Mr, Sdren Jensen but in
actual practice it 1s of course not as easy as that.

Anyway, Mr. Jensen would be interested in both the low-
chlorinated and tne high-chlorinated types since thnis
would help him to get a better picture of t{he metabolism.

Now to the various points you raised. Enclosad you will
find the original articles as published in "Dagens
Nyheter" and "3venska Dagbladet" on Nevomber 23, 103,
The pecple who organised the meeting wnere Mr. Jersen’'s
paper was presented was a Committsee - 1904 &rs Natus-
virdskommitté - operating under Statens Naturvet:znsdap.i.
Forskningsridd (The Swedish Natural Science Heszaren
Council). The Commitree (for Conservaticn of Natuial
Resources of 1964) is werking under the chairmansnip oi

a Dr. B. Lundholm.

The meeting was organised under the auspices of Natur-
virdskommittén and was called apparently only in order
to give Mr. Sbren Jensen an opportunity to publish his
findings. The timing was made so as to coincide with
a visit of Dr. A, Holden from Scotland.

R L

MONS 090516
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=1S5ING & STRAND  Mp, D. Weoé - MCL

P rau

Dr. Alan Holden - address l'resihn Water Flcheries Laboratory,
Pitlochry Pearcher, Scotland - is the courdinator for thu
twelve OECD cocuntries, as far as the influence of blocidcs
on Nature goes. Dr. Holden apparently is a spectalist

on such guestions and particularly on fish. There is

no intention that Dr., Holden, or the group of twelve

OECD countries as such, should carry on any further
investigations on the particular problem unearthed by

Mr. Jensen. Any continuation will be carried on in
Stcekholm by Mr. Jensen or cooperating Swedish labora-
tories.

The meeting of November 23 offered only cne paper, i.e,
that of Mr, Jensen. No decisions were made on any
furtner action,

The work done by Mr. Jensen was paid for by the above-
mentlonad Committee for Conservation of Natural Resources,
The further studies planned for on toxicoclogy have not
been started on yet since there is no money avallable,

It is possible, however, that the same Committee of 1906«
will be asked to subsidise even that work.

If toxicological studies are to be made, these rrovably |
will be carried out at Karolinska Institutet, Division

of Toxicology under Professor Bo Holmstedt. The full
address of this institute is

Kgl. Karolinska Institutet
Avd. Toxikologi

Solnavégen 1

Stockholm 60.

Since no decision has been made on tovicological invest-
igaticns, obviocusly no information can be given as to
the scope of the planned investigations.

The LXB press release of January 10, 1607 mentionsc tne
research of twelve OECD countries. As was mentioned
above, there 1s no question of any central investigations
to be made under the auspices of the twelve countries,
There is only the question of coordinated efforts by

way of interchange of information.

Enclosed you will find photo coples of the original
paper of Mr. Soren Jensen. We have taken this copy here
and Mr. Jensen apologizes for the state of the paper
which is his own typing. He has not yet had an oppor-
tunity to have it properly retyped for publication,

I nope the above answers your guestions.

Yours funncereliy,

. | MONS 090517
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rRisinG & sTraNnD Mr. D. Wood - MCL 2,

ARti4PLLAD

P.S.

David:-

For the sake of good order, I would like to mention
that Mr. SOren Jensen has sent us these papers

with the understanding that they are only for
internal use within the Monsanto organisation.

Cla.

MONS (090518
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Mr Chairman, Lodies and gantlenon. v
In honor to our Brititish aost I will 4xy to hold this lecture in

English, )

As tho titlo of thie locture etates, I am today going to tsll about
tho dipscovory of mome hithorto unobperved chiorinatod hydrocarbons
baving up to eight chlorine in tho molocule and found'in reoidus ann~
lyovig. Tho chomioal name of polychlorinated bifenyls ( In the following
oalled PCB)., To get fenilier with PCB I will start with the chomietry
ond toxioologl. . g

\\Ag {homistry
\ f;ﬂ" ) i

The main-charadterietic of PCB is 1. Thesr very high stability. As on
exuuple they can boﬂ boiled with nitrin acid without being deatro;red.-

2, They are hardly metabolised in living orgenism. 3. 4f more than 4
chlorine are (prd‘nnt they .axe von inflamable. It 1s cloar that these
threo chnrac‘i;brintiu does 1% easy to undorstand that when they havo
sntorod the ,liv:.ng arganiss.. the will have a low persistence . But it o
difficult to.o:plain how they find their way into the living organicz.

Ono thing eeeums to be clsar, they don’4 come from sgricultural uee,

but from a technical one and most probable it tomes to the nature via
wostes that ars tried to be burnt up, decause then we have them at .onco
in the air, beoauss of their non inflamability,

‘ ‘i\} J‘roxicolog ; ’ . MUNS 049048

—— . -

reported that 23 out of 24 mon enployed in manufrcturing of PCB suffercd
from an acno form cruption of the akin. Acne did not appear until 6 to
' 8 months after the matorial was 2irst usod. Iz 1937 Drinker reporied
D . that rats exposed to chlorinated biphenyle in c-onc'e_ntution of approxie
nately 1 lng/m5 for 16 hours a day i'ox; 6 weeks thowdd damage of tho livor,
After that time tho allowed voncentration of PCB in air 104‘0,5 nr,/a’. ,
(Por DDy the same value is 0.5 ~ 1 mg/m’). The zame authors £inished
. ©° thodr sxperiments in 1938, and related that those compounds have n
‘ 1njourioua effoct, maniro'ntoq polely 12 the liver. Chlorinated bipohnylo
appearcd to.be the most injoqriouu chlorinated compounde of all seated, | M.

w . b I3
’\Q\\L/&M Tho PCB woro introduced in 1929 and ag early as 1936 Jones and Adden

TOWOLDMONOQ003204



-

( ) ’ ‘) LY
Creonburg, Mayer and Smith 1939 reported that PCB and polychlorineted
e A S D s wvein. 2t

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

prognant women and persons who have at any time hud any livor discason
aro particularly suspectidble,

' Vedol, Hallor and Renton gave 1942 animals PCB including edminiotration

' by inhalation, ingostion and skin absorbtion, Histological cxamination

. . of tho viascera epowod dmportant toxic erfect oumly in the skin and liver,
and tho dogenoration effects in the livexr are opsentially the panme whate
ovor wap’ the method for the administration, Paribok (1955/ found as en
occupational poison in the electrical industry, mixed totra and ponta
chlorobiphenyl caunos follioulitis, comedo, pyodermia and other okin
affections, and that ite principal toxic effect is fatty deganerntion
of the liver.
Miller (1944) injected 69 mg PCB (4 and 5 chlorine) subcontaneously in
32 guinea pigs. Eight to0 ten Gays after 1njoction, Zat droplets wero
noted in tho liver cells, and after 16 days they were present in moderate
or very large numbers, Rabbits and rate were also teltod in thip invooti-

'::) gation, am well as the PCB was administated both continously, subcuntin-
ously or ingested in the food. In the feeding experiment 8 guineca pigs

’ received 2 dopes of 69 mg of the chlorinated biphenyl 1 week apart.

Death occurred in 11 to 29 days.

Pinolly Mc Laughlin 1964 reported a method to test the chemical toxicity.

and teratogenic effect by injection into the yolk sac of fextile eggs

prior to inocuvation, PCE was found between the eight compounds among

1 100 tested having the highest order of toxicity. No hatch was found at a

lovel of 2% mg p™ egg. At a lesvel of J0 mg per egg, one chick hatched

out of 20 injected egzgs, but died 2 days later, Some embryos which were

exanined after they died, showed weak deformities (often a short upper brak)

and growth retardation, Lead acetate resulted aes an example in no hatch

st & level of 1 mg per egg. Autopey of the dead embyos have showed exten

esive bdrain damage. Mercuric chloride showed no hatch even at a level of ,

0,5 mg por egg. MONS 049049

—me m——

As the analytical chemistry is a promounced service science I have been
in contact with many scientists from other fields during the work with
:) residue analysis, snd I have always found this contact very stimulating
for my own worke. This co-operation often demands that wo are talking the
same scientific language, Because of this need I will today try to give
b & lecture in low level analytical chemistry for bioclogists, 1llustrated
by the residue analysis of polychlorinated biphenyls,
The lecture will be divided in the following threc sub-divieions:

TOWOLDMONO0003205
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‘:’ 1. Chemistry of PCB and their tonicology.

2+ Analytical methods for xosidue analyeis and proof of structurca,
3. ‘Behaviour of PCB in nature, differencies in metabolising zato

of the PCB componente, potensation in an ecological perie, con-
centration.lovoln and examples of samples which have boen proved to con-
tain FCB, '

A xepidue analysie 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, ldentification analysis by moan of gas chromatography. Thin-
laysxr chromatography and mamss specironetry.
3+ Quantitative analysis.

4

At on ocolo;i@al laboratory in Riksmuséet in Stockholm 1-2 g of a sample
48 cut out of the biofogical material and transferred into a weighed and
oarefully cleanocd test tube, and stored ai -20° uatil analysis., Smaller
(:) ssmples have been used, min., $ mg of body fat, and with dry materials such
P as hair, feathers, pine ncedles 100 mg are sufficient to reach the deoired
10 ng/g level in residue analyeis. In cases of water proofs 1 1, is used
for reaching the 10 pg/g. level, A
3,1(homog) In order to facilitate complete extraction of the Tatty materials from
tho blological sample, the doulbe amount of finely powdered anhydrous
nagnesiun sulphate is added to the sampling tube, and the whole is’homo-
goniscd -itﬁ‘un insertadle homogenizex, The resulting powder is tranaferred
into a special Soxhlet extractor. After 4 hours of exiraction the solvoat
) is evaporated, leaving the fat in s small weighed test tube at tne bottom
‘Sox.~tube) of the extractor. This fat is discolved in methylene chloride in such a
vay that 100 wl (0,1 ml) contein 20 mg of fat.
The 100 ul solution is now transferred to a little object glame, 3 x 7 eom,
covered with & sillcagel layer 1 mm thick, in order to form a line 0,7 em
Irom one end of the slide, Inserting this thin-layer plate into a veescl
the bottom of which is covered dy a few mm of methylene chloride, the
::, solvont will be sucked up in the drylayer of silicagel, and at least
reach the upper end of the plate. The fact 1o that the fat has & grecter
affinity to the powder on the plate than the chlorinated hydrocarbom
have, -~ and we get a separation, The fat being more polar than the
chlorinated dydrocarbone will never go longer then 2 ecm before tha

MONS 049050
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solvont roachos the upper part of the aluse.'
Tho fron% of the fat appoars quito visible against a lamp, and with the
aid of a razor blado tho Qono above the fat is trencferred to tho olution
tubo and the chlorinated biooldos absorbed on the povder can now be
olutsd by ono ml of othexr. The concentration is sufficient for detoction
of tho chlorinated hydrocarbons down to tho 10712
Tho noxt stop in tho analytical procodure concerns the soparation of the
difforont chlorinated hydrocarhtons that the semple may contein, Ap a
rattor of fact, thio is & broublosome task, It is easy to estimate what
is not prosont, but more difficult to say exactly one 4a present, Ve
outfor from tho nogative demonstration, as will be shotm lator, e
At firot o fow worde about the separation of the components present in the
sazple and their visualirzation,
Tho poparation is acoomplishod by meon of a gas chromatograph fitted to a

F-4 levol.,

.

dotoctor that trangfers ite impulse to a recorder,

Tho systom ip shortly .described: )

A spirally formed glass tube with an innor diameter of 2 mm and about 2

z in length is filled up by a support, covered with an thin layer of an
0il, The tube is hoated in the chromatograph to about 200°, Through the
tube & stream of nitrogen continously followa. When about 10 ul (1/100 of
4 ml) of the purified sample is injected into the tube, the components of
tbe sample will be evaporized and go forward through the colums with the
gas gtream, As the consiituents have dgfforont affinity to the column
£illing thoy vill pass the column with different spood and it will take
di2feront time for then'to roach the detoctor at the other end of the
glass tuba. IT the temperature and the nitrogen flow are held constant
thio time, tho retontion time, has a spocifiovalue for a cortain compound,
This is tzwe, but'unrortunatoly 1t 45 also a fact that two compononts can
bave tho-samo retontion time. This {s one of tho bigger problems in gas
chromatographic analysis of unimown samples, an will soon be obvioua,

To make it pospible to ostimato the rotention time it is necesoary %o
visualize the chlorinated hydrocarbous, Por that purpose more or loss
spoecific detoctors are used. The dotector most often usod in poaticide
analyein 48 the s0 called eloctron capture detecior, which can detect dowm
to one picogram (= 10712 € of lindan)., Unfortunately this dotector is no:
specific for chlorine, bu gives eanswer also for oxyzencontaining cozmpounda,
The response here is much lower but can be counterbalanced if the concone
irativn of the oxygen oontaining is much higher, . MONS 049051
Tho principlo for the electron capture detector is shortly:

At the ond of the gas chromatographic tube ia placed a 1ittle tube con-
tainine a foi) madn af titanivm tritido. This 4ir an-radiant. The o~
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particles are reacting with the nitrogen molecules coming from the column,
Then we get + N2 -— 4 N;. Over the detector we have a tcnolon
of 90 volt and by mean 0f the electrons we will get a constant electrical
curront over the detector, This standing current is transferrvd to a
onv~mV rocordor as a constant baseline, VWhen now a chlorinated hydrocarton
loaves tho oolumn thio compound han & high affinity to the elcotrons and
this moans that the amount of elootrons will diminish, and they will
dimpinish préportionally to the anount of chlorine, The electrical curront
will also diminigh and this 4e noted as a peak on the recorder, Tho crea
of the peak will be proportional ¢o the amocunt of substance in the sazple.
By moan of a standard injection it is now podsible to compare the reten-
tion timo and the aroa of an uninown component with the retention time
and area of the imown standard. As said before this detector is not speci-
fic for chlrine but anyhow very useful, because of 4its high sonaitivity,
The systom described has, as we have seen, two disedvantages:

1. Two éifforont compounds can have the same retention time and be
detected aa ono peak.

2. A registrated peak does not need to be chlorinated , because the
detector im not specific.
If the sample is injected in two different columns with different chemical
properties we have increased the chance for a good ceparation, If two '
gompounda have the same retention time on one column they may not have it
on another. When a result seemn doubtful, - if the compound being
responsible for a certain pesk contains chlorine or not -~ it ias posaible
t0 concentrate the sample and analyse 3% on a less sencitive detector
such as the microcloumetric one, which is specific for chlorine. The
oompound is burned in a furnace ;nd teh generated chlorine titrated
directly. MONS 049052 :
As is seen from the two last mentioned possibilities it is anyhow possible
to get a 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 chromatograms from residue analysis of most
carefully purified samples still contain a large number of peaks, Namy
of these have retention times that 4o not agree with any knowvm chlorinated
posticides, or their metabolites, This chromatogram con serve as an
example, It was obtained by residue analysis of a sea-eagle found deed
in the archipelago of Stockholm. In the range of the'known.peaks, there
are 5o many unidentified that there alno muct be an obvious risk of the

known penko to boe covered by unknown ones.

12 thir remark 4n Tound trne. +tha ranarted veenltae AP mnny Awaviana Anena
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"and op., thoe two new were unknown,

. concentratod sulfuric acid in other, This treatment made it rather gure

titabivo nna{;,ls must be brought into que;x‘)n. In the present invecti-
gation it is shown that most of the unknown peak of chromatogrems at
repidue mnalysis of chlorinated pecticides are due 0 polychlorinated
biphenyls.

I will show a chromatogram of human fat analyped on & 80 callod SP 96
colunn, the most often used typo in pesticide analyses. Early retention
timeo were in agrecmont with DIE, DDTop and DDTpp. Noxt slide ghows the
same sample analysed on a QF-1 column. Now the former 2 DDP peaks have
dividod into 4 pénks,and two of them are still in agreemont with DDipp

Logically, those unknown components were at first thought to be metadolitos
of the insecticiden. Against that spoke that neigther treatment nor

that the compounds 4id not contain oxygen, In Swoden residues of organic mex
oury have boen investiigated rather intensively inm the Swedish fauna,

As those compounde give very high responses to the electron capture doteo-
tor it wae also investigated if the unknown yoika could have a mercuric
origin, ’

It was found that the water-ecological series had high residues of both
aorcury (Weatermark,Johneln) and the unknown ones, when the same indivi-
duals were analysed. Anyhow, the pheasant suffering most from mercury
poisoning only contained low levels of electron capturing eonpounda and
thepe belonged

to the normal insectisides, Therefore the unknown could hardly be mercu=-

rials or metabolites of ‘them. MONS 049053

As the eagle sample giving the chromatogram showm in fig. 10. could de
estimated to contain IDT and DIE up to 13 g/kg in extractadda fat, the
anount of unknown compounds also were suggested to be in the samo range,
and tehn sufficiently high to 4o a run on the combined gas chromatograph =
wass spectrometer. If this oould be done sucoesefully it would be possidle
to get very important informationsabout the chemical nature of the unknown,
for ex, the molekular weight numbers of chlorine etec. This method is up %o
now the pethod giving the highest degree of certainty in the low level
snalytical chemistry, amounts of 100 ng substance being encugh.

As 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 a river die) it maybgossible by menn of this method to
Zind out exactly what compounds are responsible for the death.

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

In the actual case we took the extract from 20 mg cagle and concentrated
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(:’ it ap much am possidble and made an injection on the gaa chromalograph
combined with the masp spectrometer. The result was the chromatorram
ghown on the next plido. Every time the recorder shewed that u compound
is 1og§ink the column, the effluent is led to the mass spectromstor. Now

just a fow words about the mass spec,

The moleculees leaving the column are bomdod with electrons at E. Wo have

fow got the molocule positive charged, but with the same mago no bdefore,

ohis X* is sccvlorated in a vacuum and will then g9t a kinetic oneorgi.
whero is the speed. Next comes the magnetic fiold that

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

big for.a small molecule and less for

b O IZ we have a siove in the other end we can direotly read the molecular
welght. Added to this parent molecule u* we will aloo got addition in-
formations, because of the fact that ut may not be stdble, a part of
them will be broken down before they reach the sieve in the other end,
Poex. W' W ce1,

’ Vass apectrogrems from the different unimown peaks in the cngle sample as
shorm. Tho masgs numbers equal to the poloculnr weights of the unimowas
could be read to 426,392, 358, 324, Astonishingly, the molecular diffe-
rences were constantly 34 mass unite., This difference shows & femilarity
in origin of the unknown. Now the fact is that chlorine exsivtc a6 a

' mixture of two isotopes with atom weights 35 and 37 in proportion 75:25, 12
the molecule has one chlorine, this will give two molecule peiks, one for
0135 and one for 0137. If there are two chlorine wo have the poosibility
of one with only 0135, one with both 0135 §nd 37 and one with 2 0137 and
therofore

MONS 049054
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' Tho woot probable formula with carbon and hydrogen giving this nélocular

\ .
The roiation of the peaks found on the different mass spec wore:
Molecular Wcight?f.f 324 358 392 426
Chlorine content 5 : 6 T 8
An explonation of the familiarity of the compounds oan be ziven if one

substance is built from the former by substituting a hydrogen with
chlorine

AR RCY '
+ HC1
ut * 0% w'e 34

Thon 1t 18 poseid) o caloulate the moleouler weight of the poront
hydrocarbon PﬁC.

MPBG -} ~-x ”01 + x'MH s where ¥ is the molecular weight of the componont
having x chlorine atoms, P.,ex. for m = 426 and 8 C1 we will get Moo ™

426 - 280 + B = 154 and equsl with the other molekyln.

wolight is 012 H1° and ‘this can only be satisfied when the parent-hydro~

carbon is biphonyl, and the unknovn being polychlorinated biphenyls.

This explanation was later fully verified by injection of a synthetic

PBC on the mass spec,

Furthermore extensive gas chromatographic investigations proved that the

PBC standard gave peaks with the same retention time as the unknovm

peaks from the sea sagle. )

With the meihod just desoribed I suppose that we have s new possibility

to study the residues in the air because the pine ncedles can allways be
) + Yo have had great difficult; in quantifying the 2CB,

but when getiing a little more time it will be possidle. We have

done a Tew caloulations on a few speclies, and I suppose they are right

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

.

It has been my statement hers to-day to pressent +this method for ostudics
of dofiling of the nature, and with this method a new typo of doliling
agents has been found to be present in nature, and a few experiment have
shown whexe they may be found, ' .

Now this method is going to bLe used in the first hadn to estimate how the
pituation is in nature as a whole, and in the other hand to find the
leaks throug which they find its way to nature. Scem meybe are present
here today to get news about the leaks, and to thems I want to nay.co:e
back in a year.

MONS 049055
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S0 much I think I can gay sgein that the PCB hardly can come from

_persiptant to chemicals and to fire, I think the poison Jury should tzy

9.

agriculture., As suppoft for this suggeotion I can say that we have found
PCB in eaglo foathers from Riksmuseot Ifrom 1944, whero hardly any
chlorinated posticides were used in ngricuitrue. One more thing that I
find important io say is that in contrast to the mercury problem thie doos
not poom to bo a pure Swodish problem., I have just studied chromatograns
takon from London alr, ond they cloarly contain PCB, and dr. Holdon han
$03d no that ho also f£ind them in his fishsamples, Dut finally in waiting
at morc rooults Inphould like to pointogﬁa morething. It is proved that PCI
comop to maturo, wo dont Wnow now where they are usod, but theoy are vory

to state that a content of PCB shall ailways be found in an open declarn-
tion.

MONS 049056
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