nrussels, Belgium J.R. Buchanan, St Louis

.y J.,K. Filer, Brussels
Pebruary 22, 1967 U500 rg\DeVe Bardy, NCL
7~ Bugene Wilde, St louis
2404

Dr. R. Emet Kelly
8t. louis

Dear Dx. Kelly,

I should 1like to refer t;a your letter dated the 10th of
February and our telephone discussion of yesterday's date.

I enclose a copy of 85ren 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.

I asked our agent in Sweden to dig out the variocus pileces
of information that you required and I 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, please let me know
and I will try to get you further informmtion.

I am saending the only copy of Mr, Jeusen's papexr to you and
therefore if any of the other recipients of this letter needs
to have access, they can take a copy from yourself,

1 would however emphasgirze the post script on page 3 of

Ola Palm’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
organirzation.

MON-MT-008559
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RISING & STRAND

op/ao AKTIEBOLAG
YELEFON: 340183 TELEGRAM : MENNIS TELEX: 1624
POSTOING: S 44 43 SANKRGIRD - 73-0448

sTocknowm va Februasy 17, 16¢7
SVEAVAGEN 47

Mr. David Wood
Monsanto Europe
BRUSSELS 2
Belgium

Dear Devid,
re: AROCLORS

Flefererice is made to our telephone conversation ard

I heve tried to dig out the infoirmation you askec !or.
Belore going into any detail, however, I would lixks
to refer to your letter tc Mr. SGiren Jensan , dated
February 8.

Mr. Jensern would be interested in samples of as many
isomers as you can put at his disposal, The quantities
¢f course are very small indeed and he would need only
about 10 mg of cach., In theory you could put the lot
behind a stamp and mail 1t to Mr, S8ren 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 nigh-chlorinated types since this
would help him t¢ get a better picture of the metabolism.

Now to the various points you raised. Enclosad you will
find the original articles as published in "Dagens
Nyheter'" and "3venska Dagbladet"” on Mcveomber 2%, 103,
The pecple who organised the meeting wnere Mr. Jersen’'s
paper was presented was a Committsee - 1904 4rs Natus-
vidrdskommitté - operating under Statens Naturvet:znskau.. -
Forskningsridd (The Swedish Natural Science Heszarea
Councll). The Committee (for Cons2rvaticn of Natuial
Resources of 1964) is werking under the chairmansnip oi

a D, B. Lundhelm.

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

———t

MONS 090516
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BI3ING &8 STRAND Mr. D' wcod_MCL

A b u s

Dr. Alan Holden - address lresn Weter Flsheries Laboratory,
Pitlochry Pearcher, Scotland - is the courdinator for thw
twelve OECD countries, as far as the influence of biocidcs
on Nature goes. Dr, Holden apparently is a specialist

on such gquestions and particularly on fish. There is

no iIntention that Dr., Holden, or tha group of twelve

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

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

The meeting of November 23 offered only c¢ne paper, i.e,
that of Mr, Jensen. No decisions were made on any
furtnher 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 toxicology have not
been started on yet since there is no money avallable,

It is possible, however, that the same Committee of 1984
will be asked to subsidise even that work.

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

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

Kgl. Karolinska Institutet
Avd. Toxikologl

Solnavigen 1

Stockholm 60.

Since no decision has been made on tovicological invest-
igaticns, obviously no information can be glven as to
the scope of the planned investipgations.

The LXB press release of January 10, 19507 mentionzec 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 cocordinated efforts by

way of interchange of information.

Enclosed you will find photo coples of the original
paper of Mr, Sdren 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 questlons.

Yours c.nc=zreliy,

e | MONS 090517
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rRisInNG & sTrRaAND Mr. D. Wood - MCL

AR14PLLAD

P.S.
David:-

For the saxe of good order, I would like to mentlon
that Mr. SOren Jensen has sent us these papers
with the understanding that they are only for
internal use within the Monsanto organisation.

Ola.

MONS

09905148
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0 ¥y Chairnan, Ladies and gontlomon, v
In honor to our Brittish goet I will 4ry to hold thie lecture in
English.

Ag the titlo of thie locture states, I am tqday going 40 tell about
tho discovory of some hithorto uncbperved chlorinated hydrocarbons
baving up to eight chlorine in the molooule and found'in reoidus con~
lyvig, Tho chenioal name of polychlorinated bifenyls ( In the following
called POB). To got fenilier with PCB I will start with the ohomistry
nnd toxloologi. . :

. 1\&9 fihomigtry
QﬂJ] Tt

?be main- ohartotoristio of PCB 39 1. Their vory high atability. As an
."D exuuple they can be boiled with nitrin acid without being dastro;ed.

2, They are hardly mtubolind in living organism, 3, if mere than 4

chlorine are (pro\nnt they .are mon inflamable, It im Olear that these

threo churaeﬁrint:lu does it easy to undorstand that when they have

sntered the )living arganisn.: the will have a low persistisnce . But it 3o

difficult to oxplc:ln how they £ind their way into the living organies.

Ono thing osemes to be oear, they don’t ocome from sgricultural use,

but from & techniocal one and most prpbablo 1% eon.\u to the nature via
wastes that are tried to de burnt up, because then we have them at .onco
in the air, because of their mon inflamability,.

‘ j\\ Jw. ' o MUNS 049048
Ll |

\ /M" The PCB woro introduced in 1929 and an early ap 1936 Jones and Alden

reported that 23 out of 24 mon enployed in manufrcturing of PCB suffercd
from an acae form cruption of the skin, Acne d4id not appear until 6 to
' 8 months afier the material wes first usod. Ir 1937 Drinker reporied
3 . that rats exposeld to chlorinated biphenyls in conc'sptution of approxie
mately 1 mg/m3 for 16 hours & day i’ox_' 6 weeks thowdd damage of tho livor,
After that time tho allowod toncentration of 'PCB in air it‘O,S ng/a’.
(Por DD4 the same value is 0,5 ~ 1 mg/mB). The zamo authors finished
. ©  4hoir sxperiments in 1938, and related thet those compounds have en
' injourious effoct, manifented solely 1a the liver. Chlorinated bipohnyle
appearcd to.be the most injourious chilorinated compoundo of all tested, | M.

LEXOLDMONO00038
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Creenburg, Mayer and Smith 1939 reported that PCB and polychlorinatod

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

prognant wouen and persons who have at any time hud any liver discasos
aro particularly suspectible, .
' Wedol, Hallor and Denton gave 1942 animals FCB including adminiotration
' by inhalation, ingostion and skin absorbtion, Nistological cxazination
( . of tho viscera sbowed important toxic effect ouly in tho skin and livor,
and the dogonoration effects in the livexr are epgentially the pame what-
ovor waa tho method for the administration., Paribok (1955/ found as en
ooccupationsl poison in the electrical induetry, mixed totra and ponta
chlorobiphenyl ctausos follieculitis, oomedo, pyodermia and other okin
affeoctionns, and that 1ts principal toxic effact is fatiy aogenerntion
of the liver,
Miller (1944) dnjected 69 mg PCB (4 and 5 cblorine) subcontaneously in
32 guinon pigs, Eight to ten days after 1njoction, fat droplets wero
noted in tho liver cells, and after 16 days they weres present in moderato
or very large numbere, Rabbits and rais were also teltod in this investi-
.C:) gation, as well ap the PCB wos adnministated both continously, eubcuntiu-
_ ously or ingested in the food. In the feeding experiment 8 guinca pigs
p received 2 dopes 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 sac ol fexrtile eggs
prior to inoubation, PCE was found between the eight compounds among
1 100 teated having the highest order of toxicity. No hatch was found at a
level of 25 mg ps ogg. At a level of 10 mg per egg, one chick hatched
out of 20 injected sggs, 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 aceiate ressulted as an example in no hatch

e ———

st a level of 1 mg per egg. Autopsy of the deal embyos have showed exten
sive brain damege. Mercuric chloride showed no hatch even at a level of ,

0,5 mg per egg. MONS 049049

Ap the analyiical chemistry is a promounced service science I have buen

l in contact with many scientists from other fields dwring the work with
:) residue enalysis, and I have always found this contact very stimulating

for my own work. Thia co-operation often demands that we are talking the

same scientific language. Because of this need I will today try to give

b 8 lecture in low level analytical chemisiry for biologists, illustrated

by the residue analysis of polychlorinated biphenyls,
The lecture will be divided in the following threo sub-divisions:

LEXOLDMONO00039
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‘:’ 1. Chemistry of »CD and their toricology.

2., Analytical methodes for rosidus analysis and proof of structurca,
%. ‘Behaviour of PCB in nature, differencies in metabolising zsto
of the PCB components, potensation in an ecological perie, con-
centration.lovela and examples of samples which have boen proved to con-
tain PCB. '

A xepidue analysis can be divided in:
" 1. - Extraction of the poeticides from the biological material,

followed by a careful cleaning-up to take away interferring
substances, mest often fats.

v o 2, Identification analysis by moan of gas chromatography. Thin-
" leyer chromatography and mase spectrometry.
3+ Quontitative analysis.

’

At on ecological) ladboratory in Riksmusdet in Stockholm 1-2 g of a sample
48 cut out of the biofﬁgical material and transferred into a weighed and
sarefully cleanod test tube, and stored at «20° untid analysis, Smaller
<:) samples have been used, min, 5 mg of body fat, and with dry materials such
P as hair, feathers, pins ncedles 100 mg are sulficient to reach the deoired
10 ng/g level in residue analysis. In cascs of water proofs 1 1, is used
for reaching the 10 pg/g. level, ’
3,1(homog) In order to facilitate complete extraction of the fatty materials from
tho biological sample, the doulbe amount of finely powdered anhydrous
nagnesium sulphate is added to the sampling tube, and the whole is'homo-
geniscd witﬁ‘un insertadle homogenizexr. The resulting powder is transferred
into a special Soxhlet extraotor. After 4 hours of extraction the solvent
) is evaporated, leaving the fat 1$ a8 small weighed test tube at the bottom
‘Sox.~tube) of the extractor. This fat 1s diseolved in methylene chloride in such a
way that 100 w3 (0,1 ml) contein 20 mg of fat.
The 100 ul solution is now transferred to a little object glass, 3 x 7 eom,
covered with a silicagel layer 1 mm thick, in order to form a line 0,7 cm
Irom one end of the siide, Inserting this thin-layer plate into a veesscl
the bottom of which is covered dy a fow mm of methylene chloride, the
::’ solvent will be sucked up in the drylayer of silicagel, and at least
reach the upper end of the plate. The fact is that the fat has & grecter
affinity to the powder on the plate thon the chlorinated hydrocarbom
have, -~ and we get a separation, The fat being more polar than the
chlorinated dydrocarbono will never go longer than 2 cm before thé

MONS 049050
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¢ solvont roachos the upper part of the glase,
97 ZLUZION Tho front of the fnt appears quito vioiblo against a lamp, and with the
tubo aid of a razor blado tho zone above the fat is trencferred to tho olution
tubo and the ohlorinated biocidos absorbed on the povder can now be
oluted by ono ml of ethor. The comcentration is sufficient for detoction
of tho chlorinatod hydrosarbons down to the 10712 g level,
Tho noxt stop in +ho analytical procodure conceras tho soparation o2 the
% g° 41fforont chlorinated hydrocarhtons that the sample may contain, Ag a
nnttér of fact, thin is a Droublosome tagk, Xt is easy to estimate vhat
is not prosont, but more difficult to say exactly one 4as present. Ve
guffor from tho nogative demonstration, as will be shosm lator, . °
At 2irst a fow words about the separation of the components presont in the
sazpls and 4their visualirzation.
6 go Tho soparation is eooconplished by menn of a gas chromatograph ﬁ.ttod to a
dotoctor that tranpfers ite impulee to a recorder.

Tho sysiom ip shortly .described:
A spirally formod glass tube with an innor diameter of 2 mm and about 2
O 2 in Jength iw filled uwp by & support, covered with an thin lnycr of an
0il, The tube 1s hoated in the chromatograph to about 200°, Through the
tube a strean of nitrogen continously follows. Whea about 10 ul (1/100 of
4 ml) of the purified sample is injected into the tube, the components of
the sample will be evaporized and go forward through the column with the
gas strenm, As the constituents have different affinity to the column
£1114ing thoy vill pags the column with different spocd and it will take
differont time for then 'to roach the detoctor at tho other end of the
glans tuba. 1% the temperature and the nitrogen flow are held constant

thio time, tho retontion time, has a spocificwvulue for a certain compound,
Thias 48 tzue, but uwnfortunately it is also a fact that two compononts oan
bave tho-samo retontion time. This i»s one of tho bigger problens in gas
ohromatographic analysis of unknown samples, as will sooa be obvioua,

To nake it possible to ostimato tho rotention time it i1s necesaary %o
vigualize the chlorinated hydrocarbous. Por that purposo mors or loss
specific detoctors are used. The detector most often used in posticide
snalysis 18 the so called slociron capture detector, which can detect dovm
G:’ - %o one picogram (= 10712 g of lindan). Unfortunately this dotector is no%
specific for chlorine, hu gives euswer also for oxygzencontaining compounds,
The response nere is much lowoer but can be counterdalenced if the concon=
tration of the oxygoen ocontaining is much higher, _ MONS 049051
Tho principlo for the electron capture detector is shortly:

At the end of the gas chromatographic tube ia placed a little tube con-
tainine a fol) madn af titaniuvm tritido. This ir An-radiant. Tha o~

LEXOLDMONO00041
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particles are reoacting with the nitrogen molecules coming from the column,
Then we get + N, ¢ + N;. Over the detector we have a tcnolon

of 90 volt and by mean 0f the electirons we will get a constant electrical
curront over the detector, This standing current is transferrcd to a
onv~nV rocordor as a constant baseline, VWhen now a chlorinated hydrocarbvon
loaves tho oolumn thios compound has & high affinity to the elootrons and
this moans that the smount of elootrons will diminish, and they will
dirinish préportionnlly to the anount of chlorine, The electrical curront
vill also diminish and this i® noted as & peak on the recorder. The trea
of tho peak will be proportianal to the amount of substance in the sazple.

By mean of & ptandard injection it i8 now poéoible to compare the reten-
tion time and the arca of en uniknown component with the retention time
and area of the known standard, As said before this detector is not speci-
fic for chlrine but anyhow very useful, because of its high sonaitivity,
The systom described has, as we have seen, two disadvanteges:

1. Two éifforont compounds can have the same retention time and be
detocted as one peak.

2, A registrated peak does nol need to be chlorinated , because the
detector is not specifiec.
If the sample is injected in two different columns with different chemical
properties we have inoreased the chance for a good separation, Il two '
gompounds have the same retention time on one column they may not have it
on another. When a result seemn doubtful, - 4f the cbmpound being
responpible for a certain peak contains chlorine or not ~ it ia posaidle
to concentrate the sample and analyse it on a less senoitive 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 tine-ponsumeing work.%When using this method just described, we

very often found that many chromatogrems from residue analypis of most
carefully purified samples still contain a large number of peaks. laay

of these have retention times that 40 not agree with any knowvn chlorinated
pesticides, or their metabolltes., This chromatogram con serve as an
example, 1% was obtained by residue analysis of a sea-eagle found desd

in the archipelago of Stockholm. In the range of the’known.peuks, there
are »o many unidentified that there alno must be an obvious risk of the

known penko to bo covered by unknown ones.

1f thia remark 4n Tenund trne. tha vwanarted vesnlta Af mnne nwavianva Anena
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"and op., the two new were unknown,

. concontratod sulfuric acid in other, This treatment made 1t rather sure

-~

titabivo ana ;;la must be brought into que;x‘)n. In the present invecti-
gation it is shown that most of the unknown peak of chromatogrems ot
reoidue analysis of chlorinated pesticides are due t0 polychlorinated
biphonyls.

I will show a chromatogram of human fat analysed on & 80 callcd SP 96
ocolunn, the post ofton used type in pesticlde analyses. Early retention
tines wexe in agreemont with DIE, DDTop and DDTpp. Noxt slide ohows the
sane sanple analysed on a QF-1 column. Now the former 2 DDP pecke have
asvided into 4 peks,and two of them are s2ill in agreemont with DDipp

Logically, these unknown components were at first thought to be metadolites
of the insecticidesn, Against that spoke that neigther treatment nor

that the compounds did not contain oxygen. In Swoden residues of organic mer
oury have boen investigated rather intensively in the Swedish fauna,

Aes those compounde give very high responses to the electron capture deteo~-
tor it was also inveatigated if the unknown poika could have a mercuric
origin, :

It was found that the water-ecological series had high residues of both
merecury (Weatermark,Johneln) and the unknown ones, when the same indivi-
duals were analysed. Anyhow, the pheasant suffering most from mercury
polscning only ocontained low levels of electron capturing conpounds and
theoe 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 ghowvm in £ig. 10. could be
sstimated to contain IDT and DDE up to 13 g/kg in extractadde fat, the
anount of unknown compounds also were suggested to be in the same range,

and tehn suffiolently high to 40 a run on the combined gas chromatograph =
nass spectrometer. IL this could be done successSully it would be possidle
to get very important informationsabout the chemical nature of the unknown,
for ex., the molekular weight numbers of chlorine ete. This methed is up %o '
now the method giving the higherst degree of certainty in the low level
snalytical chemistry, amounts of 100 ng substance being enough,

As this method for identification of totally unknown residues surely
will be very important in the future (vhen f.ex, a biologist has found
that fishes in a river die) it maybgossible by mean of this method to
find out exactly whas compounds are responsible for the death,

For this reason, I will go into come details with thic metiiod,

In the actual case we took the extract from 20 mg eagle and concenirated
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it as much as possidble and made an injection on the gas chromatograph
combined with the maasp spectrometer. The result waps the chromatogran
shown on the next slide. Every time the recorder showed that u compound
is loaving the column, the effluent is led to the mass spectromstor. Now

just a few worde about the mass spec,

The molecules leaving the column are bomded with electrons at E. ¥o have

fiow got the molocule positive charged, but with the same mage 0o defore.

ohis X" is scovlorated in a vacuum and will then g9t a kinotic onergi.
whero is the speed. Next comes the magnetic fiold that

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

dig for.s emall molecule and less for

IZ we have & siove in the other end we can direotly read the molecular
weight. Added to this parent molecule #' we will also got addition in-
formations, boosuse of the fact that N' may not be stible, a part of
them will be broken down before they reach the sieve in the other end,
Poox, W' p. W co1,
Yase apectrograms from the different unknmown peaks in the cagle sample ks
shown, Tho mass numbers equal to the molecular weights of the unkmowns
could be read to 426,392, 358, 324. Astonishingly, the molecular diffe-
rences were constantly 34 mass units. This difference shows o femilarity

in origin of the unknown, Now the fact is that chlorine exsiu%c ae 2
mixture of two isotopes with atom weights 35 and 37 in proportion 75:25, 1t
the molecule has one chlorine, this will give two molecule poiis, one for
0135 and one for 0137. I thore are two chlorine wo have the poosibility
of one with only 0135, one with both 0135 gnd 37 end one with 2 0157 and

therofore

MONS 049054

LEXOLDMONO00044
WATER_PCB-00035511



. SN . . A7
. * ( ) * ' 'l")
* ‘. h.'
] SRR
} o 2he relation of the peaks found on the different maass spec wore:
v Molocular weight )o324 358 392 426
% Onlorine content - 5 . 6 T 8
i An explanation of the familiarity of the compounds can be given if one
j subetance 48 built from the formexr by subsfituting a hydrogen with
'}, ohloxrine
| ! '
X RH RCY
! + HC1
i ut * 01.2 wta 34
‘ : Thon 1t 18 possid) o caloulate the moleculer weight of the parent

hydrocarbon YHC,

. nmc - -x ”01 + x'MH s where ¥ is the molecular weight of the eomponont
having x chlorine atoms. P.ex. for m = 426 and 8 C1 we will ge% W @

. 426 -« 280 + B » 154 and equal with the other molekyln, !

i | oho woet probable formula with carbon and hydrogen giving this molecular

: woight e C,, H,, and ‘this can only be seticfied when the parent-hydro-

carbon is biphonyl, and the unknovn being polychlorinated biphenyls,

This explanation was later fully verified by injection of a synthetic

FBC on the muss spec,

[ S

- e .

¢

Furthermore sxtensive gas chromatographic investigations proved that the

PBC atandard gave peaks with the same retention time as the unknowm

peaks from the sea eagle.

With the method just desoribed I suppose thot we have a new possibility

to study the residues in the air becmuse the pine ncedles can allways bo

" . We have had great difficult; in quentifying the 2B,

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

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

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

It has been my statement here to-day to present this method for studics

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 Tew experiment have

shown whexre they may be found, ' .

Now this method is going to be used in the first hadn to estimate how the
3 pituation is {n nature as a whole, and in the other hand to find the

leaks throug which they find its way to nature. Scem meybe are presont

here today to get news about the leaks, and to them I want to oay'co:.e

. , back in a year.

. . MONS 049055
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S0 mwuch I think I can cey agein that the PCB hardly can come from
agriculture, As suppoft for this suggestion I can say that we have found
PCB in eaglo foathers from Riksmuseet from 1944, where hardly any
chlorinatod posticides were used in ngricuitrue. One more thing that I
find imporiant to say is that in contrast to the mercury problem this does
not poom 10 bo a pure Swedish problem, I have just studied chromatograms
takon from Xondon alr, and they cloarly contain PC3, and dr. Holdom hun
$03d wo that ho also find them in his fishsamples, But finally in waiting
ot moro ropulte Inshould like to point°839 morething. It is proved that PCI
comom to maturo, wo dont hnow now vhere they are umod, but thoy are vory

_persistant to chemicals and to fire, I think the poison Jury should try
to state that a contont of PCB shall always be found in an open declarn-
tion.

MONS 049056
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