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IN THE CIRCUIT COURT
TWENTIETHR JUDICIAL CIRCUIT OF ILLINOIS
ST. CLAIR COUNTY .

FRANCES E. KEMNER, ot al.,
Plaintiffs,

ve. NO. aO-L"970

MONSANTO COMPANY, st al,,

b P L T Y

Defendants. )
Bafore the HOM, RICHARD P, GOLDENHERSH, Judge

REPORT OF PROCEEDINGS

JURY_TRIAL
April 12, 1984

APPEARANCES

MR. REX CARR and MR, JERRY SEIGFREID, Attorneys at Law
Appeared on Behalf of the Plaimntiffs

MR, KENNETH R. HERINEMAN and MS, JANE RUDOLPH,
Attorneys at Law _
Appeared on Behalf of the Defendant Monsanto Company

MR. ALBERT SCHOENBECK and ME. STEPHEN M, SCHOENBECK, .

Attorneys at Law
Appeared on Behalf of the Defendant Norfolk & Wasterm

MARSHA SCHNIPPER
O0fficial Court Reporter
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_resuming the witness stand, having been previously sworn,

BE IT REMEMBERED AND CERTXFIED that heretofore, on
to~wit: Thursday, April 12, 1984, being one of the regular
judicial days of this Court, the matter as hereinbefors set
forth came on for hearing before the HON. RICHARD P. GOLDEN=-
HERSH, Circuit Judge in and for the Iwentieth Judicial Circuir
State of Illinois, St., Clair County Building, Bellaville, St..
Clair County, Illinois, and the following was had of reecord,
to-wit:

X R EE R R

THE COURT: Cood morming. We have a fine artist
in the group. 1'm sorry we're running a bit late, I had a
criminal matter that had to be taken care of and that raquired
that I do it and s0 1 appreciate your patience. Mr. Carr,
you may procead.

MR. CARR: Your Honor, I can identify everyons on
this drawving. I ses that the jury is so much larger than the
rest of us and I understand that with the exception of your-
salf, The lower right-hand corner, who is that?

JUROR: That's Marlene.

MR, CARR: All right, ékay.

ELLEN KOVREE_SILBERGELQ,

testified as follows:
DIRECT EXAMINATION (Continued)
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BY MR, CARR;
Q Dr. Silbergeld, we were in the midst of examining

you relative to the 75 publications that you authored,and I
would just like to read excerpts from gome of the titlas to
you as I go along just from time to time and ask you about a
fow additional of these. And don't hold me 1if 1 can't pro-
nounce soms of these words. I think we were at about the
releass of dopamine in substantia nigra, You've also written
in monitoring for pharmacology research, the quantitative
aspect of normal ~- we've read that one already., Leat ma
pass that, You've studied at length and published at length
on the sffect of ergot drugs. Ergot drugs, what is that,
what does that encompass? What {3 an ergot drug?

A Ergot is a natural fungus which occurs on wheat
and the fungus sscrates a number of chemicals., Ons of them
is LSD and others of them, which have recently been purified
by the Sandosz Pharmaceutical Company h@s & very great promise
for treating cartain neurologic and psycéiat:ic diseasss.

Q And you've studied the effect of those drugs, is
that what this means?

A Yoo,

Q And published, You've also published -~ there's
an Erythrosin B as it inhibits dopamine transport {n the rat.
caudste synaptosomes. What does that mean? What 1is the sig-
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nificance of that, Doctor?

A | Erythrosin B is Red No. 3, a very widely used food,
drug, and cosmetic dye and we wers looking at a possible
neuroactive effact in preparations from the rat brain.

Q And did you conclude that this food additive had
harmful effects on beings, living beinge?

A We concluded that in the test tube this compound
was very active in affeacting brain function.

Q And has that study been used in dstermining to what
extent this food additive should be used in our sveryday life?

A I beliave it has been used, that and other publi-
cations of mine in instigating a review of the safety of Red
No. 3, yes.

Q Doctor, you've also published in Environmental
Reseaxch the effects of lead:and other things upon seizure
activity, and the effects of ergot drug on serotonergic
function and the effects of kainic acid on behavorial and
biochenical aspscts of cholinergic function on dopaminergic
and serotonsrgic interactions in the some kind of syndrome,
the role of striatal cholinergic nesurons and the effacts of
intrastriatal kainic acid, problems in studying lead poisoning
estrogen treatment enhancing a receptor sensitivity in the rat
striatum, electron probs microanalysis of isolated brain

capillaries that have been poisoned with lead. What's the
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purpose of that study in prain Research?

A That was a study to detarmine where lead actually
goes in the brain, and we used a very sophisticated instrumen
which 1s able to detect molecules and atoms of a substance
in very small spaces,

Q And & number of other publications here relating to
cortical neurochemical changes after injection of caertain
drugs, fhs effect of ergot derivatives on post-decapitation
convulgions, hypophysectomy praventing soms kind of dopamine
receptor supersensitivity produced by chronic haloperidoel
treatment, I'm not going to ask what that means. Neuro-
chemical investigations further in lead exposure, and the
role of the altered heme synthesis in lead neurotoxicity.
Doctor ~- and that was published in tha Journmal of Occu-~
pational Madicine. What role did you find this partieulaf
poison, that {s, lead had in alcoring.thc synthasis for blood
cells and heme synthesis? | |

A Lead 1s & vary powarful inhibitor of heme synthesis.

Q Heme is another word for blood or heme is a part of
the bload, the word hemoglobin, part of that is heme?

A Yes, heme 13 one of the molecules in our blood, but
hexe bas a very major role to play in many other systems in
tha body, including the bdrain,

Q Othex than just making blood? '
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A Absolutsly.

Q What is the role of heme then in other parts of the
body?

A Hems is a very important part of many snsymes in the
liver which take care of normal things in the body such as sex
steroids, cholestarcl, and also handle a variety of compounds
that ars introduced to the body such as drugs and chemicals,
Heme is also important in maintaining the insulation sxound the
nerves of our body and has a variety of other functions of
carrying oxygen within cells to maintain cell snergy and
activation, so that anything that interferes with hems synthesis
has effects far bayond an effect on rad blood cells, and
indeed the purpose of these studies was to examine how an
interference in heme synthesis migl'u: lead to very serxious
sffects on the nexrvous system.

Q And did you concluds that the interfersncs with the
heme synthesis did indeed have as far rafchtng offecce?

A Yes, we did.

Q And you published accordingly at least as far back
as 19807 |

A Yes.

Q And Doctor, have you also published for the FDA
methods of detection of neurotoxicity using nauxéchmal
methods in so detecting? '
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‘animal models in studies of various disesses, more npcdiﬂc&ll&

the clinical director of the Neurclogy Institute at NiI.E,

A Tes,

Q' And you've also published Erythrosin B as a specific
inhibitor of high affinity -« why don't you read that title
for me., I'm messing it up.

A Exrythrosin B 1is the food dys Red Ko, 3 specifically
inhibits, prevents, the binding or the interactions of the
chamical known as ouabain to the rat brain, Now ocuabain is
a drug used in treating heart disease, It's a very important
drug and it's also a drug which has a very specific inter-
action with membranss, it has a rsceptor and you can use that
interaction of ouabain with membranes as a vay of studying
the chemicsl state of a nervous system and other calls,

Q And you also published as to the efficacy of using

in the study of parkinsonism?
A That's righe.
Q Did you conclude that ~- you and your auﬁchta
thers -- that ui:lml models were effective in such studies?
A Yes, my associszte, Dr, Calus, who was at the time

and I conclude that snimal models, that's the use of rats and

nice, have been very, very important in advancing our under-
standing and developing treatusnts for human parkinsonism,

Q And Dogtor, did you also publish another study dealing




a

aroo foRM 1L

PFERCAD €O, BRTONNE, W

10

12

13

14

15

16

)

18

9

20

21

22

23

24

with the hypersensitivity of certain receptor activation in
some experimental animals and the effects of certain drugs
on various eystems of theirs in Brain Researchf

A Yes. That was the paper with Dr. Gadjusek, who
won a Nobel Prise for his work in flow viruses.

Q Gadjusek, your associasta, associated with you in
that, won the Nobel Prige?

A Yss, he won the Nobel Prize, I think, in 1980.

Q And, Doctor, have you also published for thas E.P.A.
on an international symposium on heavy metal as to the effect
of heavy metal neurotoxicity and porphyrinepathic mechanisms?

A Yes., This is <« was further research on the 2ole
of altering heme syuthesis and porphyrin matabolism on tha
nervous system,

Q  The jury has heard for the last several days con-
sidexrable about porphyrins and did you in faet study and
publish as to the effect of various substances, heavy metals

‘in this instance, on the porphyrin system in our bodj?

A Yes, I did.

Q And that was in 1981t

A Starting in 1980 through the present tima that's
besen an ares of my research, yes.

Q Did you coneclude that toxic substances can indeed
affect the porphyrins? '
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A Yas.

Q Doctor, have you also published with relation to
children as to sxcretion of homovanillic acid, on parkinsen
dissase published as to another ergot derivative to the
dopamina, have you publighed in neurochemical and kainic
nechanisms of lead neurotoxicity; published with relation to
prolactin f{ncreases of the density of striatal dopamine
receptors in normal hypophysectomized male rats; and the
sffacts of estrogen on the dopamine receptor in male and famale
rats; and in the effects of artificial food colors and child-
hood behavior disordars? Have you published in those aress?

A Yes.

Q - Reagarding that last publication did you and Dr.
Anderson conclude that artificisl food colors did play s role
in childhood bahaviox and disorders in behavior?

A This paper reviewed both the clinical, that is, the
atudies in children, and the expeximental studies on Red No. 3
primarily and childhood bahavior problems and learning problexs.
We comcluded that the animal studies were quite persuasive of
neurotoxic affects of thies dye, that the human studies suggested

that there might be a small group of children who were predisposed

to respond abnormally to high amounts of these colors,
Q The conclusion would be that for some children they
are not misbehaving other than reacting to this particular foqd




HnoaE

FEInGAD CO,. BAYONNE. W) B2OOE FoAM

10

H

§2

13

14

5

16

17

18

19

20

21l

22

. 23

24

additive?

A That is s very etrong possibility.

Q And that's something that they would not have any
control over, but it would depend on whether or not they are
in that group of people that are sensitive to this kind of
dye?

A That's righe,

Q And, Doctor, did you also publish in Trends in
Neuroscience, did you review the current status of the field
of neuratoxicology, baasic and applied?

A Yoo,

Q What did you do in that publication? What was the
rvola of that publication?

A The rols of that paper, which was an invited paper
by the editox of that journal, was to look at both clinical
studies, studies in psople which have bsen developed to txy
and detect neurotoxic symptoms in the work place or the general
snvironment, to correlate thess with thc.adﬂlncon in basie
research, studies with animals as to developing more sensitive
and more reliable indicators of meurotoxic effects.

Q Now in the ares of neurocoxic effscts, would that
include the effects of toxic substaunces such as 2,3,7,8 TCDD?

A Yes,

Q Now, Doctor, have you also published in the area of

10
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interaccions of these Erythrosin in the cortical membranes;

neurotoxic aspecte of porphyrinopathies, lead and succinylacs-

tone?

A Yes.

qQ Doctor, referring to the neurotoxic aspects of
porphyrinopathies and ths succinylacetone, that again is right
in the area that we have just concluded these depositions
dealing with the porphyrins. Did you find that there were
additional neurotoxic affects that causes these alterations
in the porphyrin pattern?

A Yes, vhat we were looking at were what can really
be called acquired porphyrias.

Q What va'va callad intoxication or can be called
intoxication porphyria?

A Yes. Lead can cause a typs of acquired or intoxi-
cation porphyria and succinylacetone can also cause such a
condition, and both of thase agents, lead and succinylacetone,

have very significant neurclogic problems when exposurs

occurs in humans, and we ware exploring the role of the alter+

ation thess chemicals indeed in hene syntheais, that is, the
porphyrias that they produced, the role of that biochemical

change in producing the neuroclogic syndroms and deficits., We|

concluded that that was quite significant,

Q Doctor, did you also publish relating to experimentsl

11
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and environmental neurotoxine making an attempt to correlate
bshavior problems and biochemical effects of certain neuro-
toxins?

A Yes.

Q And did you -~ did you succeed in making such a
correlation?

A In part. We were looking at a raunge of -~ T was
looking at a range of compounds including some of the poly-
cyclic halogenated hydrocarbons such as PCBs and kepone that
wve talked about yesterday, and I concluded then i{in some cases
there ars good correlations between the biochemical ox
molaculay effects of these chemicals in physiologic symptoms
and the kinds of symptoms you would observe in the whole
animal or the person. _ _

Q Doetor, did you also publish in the publication
called Neurobehavior Toxicology work on your research ss to .
the effacts of altered porphyrin synthesis on brain neure-
chemistry? '

A Yes.

Q And did you =~~ that again is ralated to the heme

procass?

A That's right.

Q And, Doctor, did you publish ssveral other s:udial_

desling with lead and various drugs and then in a journal

12
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called Acta Psychiatric Scandinavia & work dealing with neuros
toxins that don't act directly but act indireectly?

A Yes.

Q When was that, when did you publish thera, Doctor?

A 1983,

Q And did you digscover that there were neurotoxins
that actad indirectly?

A Yes, this paper graw out of my research on both the
chemicals that caused porphyria like lead, Dioxin, sucecinyl-
acetone, and some of the sex hormones like estrogen and pro-
lactin, and the paper discusses the role of these kinds of
chenicals which are not thought to be primarily nsurotoxing;
that {s, that their primary site of action is not thought to
be the nervous system but the liver; for example, for a
chemical ;hich causas poxphyris, for the gonads for a sex
hormone, but indirectly alterations in those systems outside

the brain may have very sserious consequances for the brain.

Q And that was the conclusion that you feached. Doctoz?

A Yes,

Q The journal Acts Psychiatric Scandinavia, whers does
that stand in the tier of authoritative publications?

A It is very highly regarded. I believe {t's -~

Q Internationally, is it not?

A I believe it's published by the Karolinska Institutl

13
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in Swlgcn. which is the institute that awards the Nobel Prizaﬂ
in sclance.

Q And before this article dealing with these indirectl
acting nsurotoxins was accepted for publication by that pro-
fessional publication was it so-cslled pser reviewed and
examined for authenticity and the correctness of the conclueig

A Yes,

Q And, Doctor, have you also just recently had pube
lished additional work as to the terato -~ it's early, 1
can’t -~ my tongue {sn't working right this morning -~
behavioral teratelogy? That's not right, is it?

A Teratology.

Q Ma'an?

A Teratology.

Q Qteratoto;y. all right. Did you recsntly have a
publication there?

A Yas.
Q And what did that deal with other than the fact thaf

X can see that it deals with lead, but what's ths rest of that

mean?

A Behavioral teratology is a branch of the study of
birth defects, which deals with those defects which are
detectable primarily as an alteration in behavior or intelli-

gence and may not show up as a groas malformation in the

14

y

na?

L
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physical makcup'of the child or the animal,

Q In other words, you can't see the change physically
by looking at the child, but you can see that thars is a
defect by the way the child behaves?

A That's right.

Q Is that what you're saying?

- A Thare may well be a structural defect in the bxain.'

but, of course, we can't sea that,

qQ And Doctor, have you also recently published in
the mechanisums of metal toxicity and the field of genetics of
ovarian bengo pyrsne, metabolism, cocyte destruction and
impaired fertility?

A Yes.

Q  What does that mean, genetics of ovn;ian benzo
pyrens and metabolism?

A Bengo(a)pyrans is probadbly ~- well, along with’
Dioxin ons of tha refersnce compounds for studying cancer and
othar adverse affects,

Q Now when you say reference compounds, you'rs already
bayond me. What do you mean when you say it, along with
Dioxin {s a refsrence conmpound?

A It's a compound whose eaffects axrs so well known, so
predictable and have been so often found that scientcists aren’

Teally interssted in describing further what the effects of

L3}

15
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these chemicals are, but more {n using them as a tool to
undcrsfand proceases in the body,

Q And Dioxin is used in that way, Doctorx?

A Yes, Dioxin, benzo(a)pyrens, thers are several
substances whose effacts have been z0 well verified,

Q When Dioxin is uased in the laboratory that way is
there a spscial method for handling Dioxin «- and by Dioxin
1'm using - 1 mean to say 2,3,7,8 TCDD. Is thars 2 method
of handling that in tha laboratory?

A Yeas, thare are very stringent rules for handling
TCDD,

Q Would you describe how one in the laboratory goes

16

about ~= first of all, let me ask you this: Do all scientists

and rvesesrchers in the areas whers they are working with

where ons might want to discover the effacts of toxic sub-

stances, do all scientists, have they all agreed to or ave they
all willing to work with Dioxin?
A No, many scientists of my acquaintance w;ll vot work
vith Dioxin because it's so toxic.
Q Are thers stringent rules and ragulations established
for those researchers who indesd are willing to work with
Dioxin?
A As far as I know there are. There certainly arxe at

the National Institutes of Health.
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Q And who sets the rules? Is Lt the National Institute

of Health that sets the rules?

A I belisve so.

Q And have you worked with Dioxin?

A Yes, I have.

Q What are the umethods used or established for the use
of Dioxin? Just exactly how do you go about using ic?

A Basically the laboratory 4is supposed to be sble to
have all thalaafhty facilities of a lab that would use bac-
terial viruses, chat i{s, a Iaborsiory that's cloning genes,
and thoss are among the most stringent rsgulations for safety
in bandling and personnsl that I know of., Special clothing
has to bdba worn vhen Dioxin is being prepared. The Dioxin,
fixat off, must be stored in & locked safs.

Q -In & safe?

A In a safe. It is usually contasined in a metal
c¢ylinder and several inner cylinders of glass and plastic
before you come to tha final small vial of the chemical ftselfl

Q What do you mean by that? You mean it's inside a
vial that's inside a vial and then insids a viazl and then
ineide of a metal cass?

A That's right, and then inside 2 safe,

q And then inside & safa. All right. You have to

take & -~ one bottle out of one container and then another

17
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18

bottle out of that bottle and then another bottle out of that
bottle. Why so many bottles in there?

A Well, it is considered a very, very toxic chemical.
for the scisentists who are handling it, It must be kept in
the safe which is kept in a special voom which has been in-
spected for its safety by the Safety Cormittee. All preparations
of Dioxin must bs done in this room and final dilutions of thﬁ
Dioxin powder made in that room and then only the very dilute
material taksn out of the room and administersd to animals,
to cell cultures and very careful collection of all the
syringes, cloths, gloves, and other material which you use
when you inject Dioxin into an animal or apply it to cell
cultures. The animals must be collected at the end of the
experiment and disposed of properly.

Q  The vial that you take out of the last vial, what
size is that vial that you get to that finally contains ths
Dioxin? -

A Well, in our laboratory it's about this big.
(Indicating) .

Q All right, Indicating about an inch in height?

A And about a quarter of an inch in width,

q After you take that vial out of the final container
then what do you do with tha Dioxin in that vial?

A You weigh out as small an amount as you can waigh
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accurately while wearing gloves and a mask and a laboratory
coat and then dissolve that amount in golvent or an oil, The
- for the expsrimants we've conducted dilute that by approximat
ons to & hundred, take that very dilute solution and dilute
it again and only that second step dilution is taken out of -
the chemical room and adminiastered to animals.
Q And the pure Dioxin and the diluted Dioxin iz re-
quired to remain within that room and within that locked safel
A That's right,
Q And then you take the dilute, finally diluted sub-
stance out to inject into the animal?
A That's right,
Q How much of that do you inject in the animsl or doni
it vary from experiment to experiment?
A It varies from experiment to experiment, but it
certainly is a very, very small amount.
Q What happens to the animal?
A Wall, the experiuments we've bdee&n doing have been to

look at the effects on reproduction and on the gonads and at

very low doses -~

Q When you say gonads, does that maan the msls tuticlit

A Well, the particular experiments we've most racently

done have been female, so this is the ovary.

Q What does gonad mean ~-

19
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A The sex organs,

Q | Depending upon tha sex, the ovaries for ths femals
and the testicles for the nale?

A That's right. _

Q So when you use gonads it's interchangeable or all
inclusive, male and famale sex reproductive organs?

A That's right.

Q All right, Go ahead, Doctor,

A Well, after one administration, that's just one
injection we've then examined them at various time points
and treatment and found at the lowest doses we have given -~-
of course, we're not trying to establish the lowest possible
dosa. We're using Dioxin, as I mentioned, as a kind of toel
for understanding how the ovary can he damaged and how mhﬁioL
can be suppressed and how a range of other effects might |
happen after Dioxin exposurs, and we have certainly found that
thase do happen at very, very low doses,

Q What happens to the animal?

A The animal is infertile.

Q Now, Doctor, back, if you will, back to your publi-
cations, I think I'm c¢lose ta through., You mentioned ﬁh:l.n
articla as to the genstics of ovarian metabolism. The word

genstic there means the genes that we pass on from generation

to generation?
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you have ather booke in preparation, a textbock on neurotoxi-

A Yas. What's been shown is that for benzo(a)pyrene
and prﬁbably for Dioxin as well in specislly defined strains
of rodents there are differences in response and s¢ in this
work we lookad at the varying strains of mice and attempted
to see whether all the effects of benzo(a)pyrene followed
each othaer in terms of tha genetic responsivenass of the
animal,

Q  Doctoer, hava you also publishad a review of all
occupational health studies on PCBe? Have you published the

effects of Dioxin, TCDD, on rsproduction?

A These papers are in prass. Thay have been accepted

for publication.

Q@ - They've been accepted for publication, they're bcinq
-~ waiting a publicatioﬁ date now, ia that correct?
A That's right.

Q And, Dr. Silbergeld, are you also working and do

¢ology?
A Yes.

Q And that's to be published by whom?

A Guilford Press.

Q  And i{s this textbook - well, dascride what this

textbook 1g, 1f you would?

A I was i{nvited by Cuilford Prass to prepare a text-

21
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~ dicates that at extremely low levels these chemicals are

book for tha use of medical students and graduate studentg in
the subject of naurotoxicology, which would cut across the
disciplines of nauroscience, pharmacology, naurology, aad
paychiactry,

Q And that's what you've done then?

A That'a what 1'm working on.

Q Doctor, have you also either had published or in
the process of publication a work dealing with the -- also

on choioffocca of TCOD on <~- that is the reproductive
toxicity of TCDD?

A Yes.

Q And work placs hazards on reproduction and managing
risks in hazardous wastes and exposurs to chemical carcinogens
and effecte on murine reproduction?

A Yes.

Q What does that mesan, Doctor?

A  Murine reproduction is réproduction in 'thé mouse.

Q All right. And you're publighing or going to pub-
lish whether or not -- what cancers may bs caused by exposurg

to certain chemical substances?

A No, our interest iz the action of chemical carcinogets

like Dioxin on the reproductive system, and our research in-

highly toxic to the reproductive system.
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. in addition to the 75 publications?

Q Now, Dr, Silbergeld, how long have you yourself
actualiy been working with and researching on the subject of
thie lawsuit, that is, 2,3,7,8 TCDD?

A About a ysar and a half,

Q All right., And, Doctor, in addition to the 73 or

so publications that you've made, have you been called upon

by various -~ a large numbsr of scientific and authcritativ
publications to abstract and review various works dealing wicL‘

all thess toxic substancas?

A Yas, I've published abstracts which in sons cases
ars sumaries of presentations at international and national
meetings on these topics,

Q And you've done s0 on at least 44 separate occasionm

A Yos.

Q And have you dona it most recently on the neurotoxic
ioplications of altered hems synthesis on the effects of
ococyta destruction by polycyeclic aromatic hydrocarbons on
reaproductiva toxicity of pelycyelic aromatic hydrocarbous, on
the genstics of ovarian benzo metabolism, on the effects of
benzo pyrena on the fertility and ovulation of mice, and in
occupational risks to reproeduction?

A Yas.

Q Now, Doctor, could you == I know we've hit upon ic

23



. PLNGAD CO.. BAYOWARE. &), 0700 FORA AL Rab

10
1
i2
13
14
15
i6
17
18
i9
20
2
22
2

24

24

in passing, but could you tell the jury just what a toxicologist

is? What does the word toxicologist mean and what do you do
othar than thess things that you have described or is that
wﬁac a toxicologistc is, just as you've described in theae
various articles?

A A toxicologist is someone who studies the advarse
effacts of chemicals and other substances on living systems,
and my entixe ressarch career has bean in that avea,

Q Doctor, in order to become a toxicologist is. it
necessary for you to achieve a certain level, high level of
learning and knowledge in areas dealing with chemistry, areas
dealing wich medicine, 'phy siology, neuroclogy, fmmunclogy,
genetics, and in addition to those is it necassary for you to

know how these various toxins and toxic substances can come

into contact with human beings and how these various substances

can be absorbed or taken into a human being after being and
coming into contact with such humans?

A Yes, all those disciplines are necassary to toxi-
cology.

Q Is there any other professional field that (s equiv-
alent to or encompasses the same broad range of learning and
knowledgza specifically with toxic substances and how those
toxic substances affect human beings and how they may coms

into contact with human beings other than toxicologists?
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A Probably not, though some biochemical epidemiologists

way have a large part of that body of knowledge as part of
their diacipline.

Q What is a epidemiologlsc?

A An spidemiologist, which is also a field I was
trainad iﬁ as part of my training in toxicology, is a person
who studies the incidence of the disesss or other effects in
populations,

q Now, Doctor, I want to direct your attention to
Dioxin. Could you tell the jury what Dioxin is, how it comes
into being?

A Dioxin is a synthetic chemical that {s -~-

Q By synthetic you mean it's made and mot -- and not
a natural substance?

A As far es ve know it doesn't occur naturally,

Q. So 1t's made by man or made by some process?

A That's correct.

Q When you say synthatic,

A That's right. Thers's soms evidence that combustion
of certain products can produce Dioxin, but as far as we
presently know, as Dr. Rappe pointed out this wesk in St. Loui
one of thosa products that has to be burned has .to be gyntheti
80 ultimately we don't know of any naturally agccurring process

in the absence of man mada chemicals which produces Dioxin.

[ ¢ ] o
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. Garmany sand some discussion that something was happening in

Now Dioxin is one of those polycyclic aromatic or halogsnated
hydrocarbons, That is, it has thrae ring structures which
are joined in a flat molacule. TCDD hag four chlorines aa
the vame indicates, tetrachloro, and 2,3,7,8 TCDD has those
four chlorines attached to that tricyclic riug at the four
positions which chemlste standardly label as the 2,3,7, and

3 positions,

Dioxin was probably produced as sarly as the 1890s
when trichlorophenols were first synthesized by BASF in
Garmany, although their detection and reliable identification
probably didn't occur until the 1960s. However, as sarly as
the first decade of this cantury -~

Q Now that would be from 1900 to 1910 or thereabouts?

A  That's right. You can ses in the occupational
medicine iittratu:t, ﬂattinularly in Germany, discussions of
chloracne and liver disorders in workers in the trichlorophend

and chlorinated napthalene, a relataed chemical industry in

the processes making thess chemicals which caused these sorts

of very serious reactions which no one had described befora,

As a matter of fact, chloracne was first callad naptha diseasd,

although we now know it has nothing to do with naptha,
Throughout the 1930s and '40a aimilar kinds of ob-

sexvations and case reports of workers in these industries

1
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wera published indicating a range of relatively serious dis-
orders, but it wasn't until really the first major industrial
accident that wa know of, that is, the 1949 axplosion or
exothermic reaction at the Monsanto Plant in Nitro, Wast
Virginia that atcention clearly focusaed on the production of
a contaminant in triclorophenol manufacture, a contaminant
vhose production was enhanced with high temperatures, that
research really focused in on this chloracneagen, that {s,
a substance that produces chloracne, in the sarly '50s .and
'60s and in that period a definitive identification of Dioxin
molecule was made and we bagan to reach the understanding we
have today that 2,3,7,8 TCDD of all the Dioxins is the most
powerful toxic agent in these and a variety of other effects.
Q Now, Doctor, you mentioned that effacts were seen
or were known as far back as 1910 or thareabouts in the
Gexrman chemical industry whars they wers manufacturing this
chemical that ultimately, I supposs, One concluded containad
2,3,7,8 TCDD, did you? ‘
A Yas, sir.
MR, HEINEMAR: Your Honor, may counsel approach the
bench?
THE COURT: S8ure.
(Ths following proceedings were had at the bench
out of the hearing of the jury.)
|
|
|
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MR, HEINEMAN: Your Honor, Monsanto at this point

would like tb interpose an objection to this witness testifying

on a coupla of lavels,

THE COURT: Couple of what?

MR, ﬁBINEMAN: Couple of levels. Your Honoy, first
of all, I don't think this witnese has been properly qualifie
for chemistry, Secondly, she's testifying about things that
occurred twenty years bsfore she was born, and if we're
talking aﬁout things she might have raad about or things she

might have laarned from somebody else, that's one thing, but

I object to her testifying as though it wers personal knowledge

with zespect to things that she was not even alive at the tinT.

The second thing 4{ia that I object to her giving

testimony with respect to chemistry, bacause she's not qualify

or has not basn qualified by direct sxamination of Mr, Caxy
to give opinions with respect to chemistry. She's already
testified in her deposition in this case. that she doesn't

| * 7]

ed

know anything about the chemistry of the process involved horJ.

Therefore, I strongly object to hexr being psrmitcted to testif
on those subjacts. I think it's beyond her ability, and I
don't think she's been properly qualified. |

MR. CARR: Your Honor, that objection is so ridlcul&ul

I won't bother to respond to it, absolutely absurd, she's not

qualified, She's fully qualified in every way.




PENGAD COo.. ATOMNE. .5 G163  FOAM IL 248

10

n

12

13

14

15

16

7

i8

19

20

i)

22

2

24

1l

- chemigtry.

her birth and any of ours for that matter. So I think she's

THE COURT: Okay. Are you -~-

MR. STEPHEN SCHOENBECK: We'll join in the objection
of Monsanto.

THE COURT: OQkay. Objection ia overruled. She has
been qualified to have expertise, she has shown herself in
that qualificacion to have familiarity with both the actual
physical properties, existence and literature concerning the
particulaxr chemicals she's talking of Dioxin. Objection's
overruled.

MR. HEINEMAN: Plesase understand me, your Honor, I
do not object that this witneas testify in toxicology.

THE COURT: I undsrstand that.

MR, HEINEMAN: Just chemistry. I'm talking about

'THE COURT: It's rather obvious from her -- from
her direct examination that she has to have a working chemical
knowladge of the substances with which ahe works, with which
shaefs working on a toxicologicai level, and I think that'’s
been fully qualified on her expertise in that as well as her

familiarity with the literature about matters occurring before

fully qualified. Your objaction's overruled. For purposes
of the record just to move the testimony along I'll consider

it a continuing objection by both of you,

29
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MR, HEINEMAN: I would appreciate it if it would bd

a continuing objection throughout her testimony at any time

that she's starting to offer opinions with respect to chemistry

or with respect to incidents where there's bsen no foundation
laid as to her knowledge with respect to those incidents,

THE COURT: As to thesa particular matters that
have been pointed out this is a continuing objection by both

of you.

(The following proceedings were hid in tha hearing
and presencs of the jury.)

Q Doctor, when you practice your profession of toxi-
cology, is it absolutely necessary and essential that you
learn everything that there is to know about the chemical
structure of the toxic¢ substances upon which you do research
and work ;nd attempt to discover the sffects of?

MR, HEINEMAN: Your Honor, may I object to tha form
a3 leading and suggestive., 1'd like to hear what ths witness
has to say on the subject, not Mxr, Carr,

THE COURT: All ~- the objection is overruled.

1 don't thiok it is leading snd suggestive.

A My particulayr interest in toxicology, as you can sea

from my papers, is very much in ths ares of molecular toxieolo;y.

that is, how a chemical actuslly produces its toxic effect &nd

thearefore, 1 must know sbout chemical structure, structure

30
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~works in scientific literature desling with the areas in whieh

activity with relation to the impact of small changes in the
chenical nature or the shape of the chemical.

Q And, Doctor, in the practice of your profession do
you draw upon the body of knowladge in printed forwm and in
sone ingtances in oral form by conferences with others in
order to gain the expertise that you need to have in order to
function as a toxicologist?

A 0f course,

MR, HEIREMAN: Same objection, your Honor.
THE COURT: Objection is overruled.
MR, HEINEMAN: Thank you.
Q Have you drawn upon in the course of your training

in the scademic world and thersaftar, do you go to the great

you have an interest and need to be trained therein?

A Yes.

Q And in working with 2,3,7,8 TCDD could you state
pPlesse how far back in literature or what investigative resear:
did you do as to the history of 2,3,7,8 TCDD and as to when
it came into existence and its history thereafter -~ .not by
exigtence, I mean when in fact it was known about.

A I've consulted the work of Wilhelm Huepper, who is
probably the father of chemical carcinogensesis and himself

lived through the great explosion of organic chemistry in

31
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the 1880s and 1890s in Germany. With respect to Dioxin speci
fically tha works by Dy, Renate Kimbrough, Dr. Fraderick
Couleton and Dr, Alistair Hay have provided a great deal of
my knowledge and citations to other references on tha histoxy
of Dioxin and chloracns illnasc industry.
Q Now you obviously -
MR, HEINEMAN: Excuse me, Mr, Carr, I didan't hear
the second name, Doctor.
" THE WITNESS: Dr. Renate Kimbrough, Dr. Frederick
Coulston and Dr. Alistair Hay,
Q And Dr, Silb.rgeld,lin your study of this Dioxin,
of this chemical do you read as =~- well, is thexe any way

of learning about substances that -- whers past research

has taken place other than read what others have learmad unchs

you mus:‘psrforn all cthat sxperimentation and all‘tha: original

investigation yourself? How slss do you learn other than
reading what others hava done actually, I suppose, Ls what I
vanted to ask you.

A Well, I don't know. Thaere are a variety of very
comprehensive literature data bases as they're known which
allow scientists to go into the world literature ou a subject
way back in the past and the present.

Q And {s that -~

A And find out everything that'es bean done on the toplec.
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Q Is that a standard method of learming about things
that séiencista such as yourgelf use and regularly rely upon?
A Yes, 1t is.

Q Is there any way of learning other than that unless

you undertake to start research from the very foundation your
self? )

A When it comes to looking at the history of events,

unless one wers to reconstruct that history, I can't imagine,.

Q@  All right. Now, Doctor, relating back to the histoty

of this Dioxin in ascertaining the toxic effacts of Dioxtin
upon human beings was it essential that you investigate the
history of Dioxin?

A Yes,

Q And we ware talking about the effects in 1910 or th
first decade of this century. Was the state of knowledge at
that time with relation to Dioxin is that something must be
in these chemicals that these German workers are handling

that causes & particular disecase, effect, or problam, but thap

scientists didn't have enough knowledge then to know what it
was in that chemical that was causing these problems?

A Yea, I think that's an accurate description.

Q Now the chemicals that were being wade in Germany
at that time as far back as 1910 did the American chemical

industry manufscture these products ox products akin to those|
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products in West Virginia in 1949 in a town called Nitro?
MR. HEINEMAN: Let me object to the form, your
Honor, only that I don'‘t know which dats he's talking abeut,
Ts 1t 1910.or 19497 1'm confused by tha question.
THE COURT: I think the question was clear., Gould
you restate it?

Q Dxr, Silbergeld, :h; chemicals that the Germma
chamical industry was engaged in manufacturing in the first
part of the century that caused these diseases and toxie
effects that you have described, did the American chemical
industry manufscture relaced or akin chemicals in Nicro,

West Virginia in 19497

K MR, HEINEMAN: Your Honor, may I please objeé: to
the form of the question as to the nonspecificity of the
words rol;tod or akin, pretty broad categories when you'rs
talking about chemistry, and object to its being too gensral.

THE COURT:. Overruled. I think it's a proper
question. I don't think it i» too general or nonspecific to
be answerad by this witness.

MR. HEINEMAN: I respsctfully disagree, your Honor.

A Yes. The trichlorophenol and phenols and benzine
compounds which were the industries cited by the early German
occupational physicians were indeed being made in Nitro, West

Virginia by Monsanto.
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Q Now, Dr. 8Silbargeld, is that a vare or esoteric
or secretive kind of fact or {s that fact well known and well
published and known by everybody that that is in the chemical
and toxicology business that it was trichlorophenol and the
benzines and the phenols that the Germans were working with
in 1910 that were the same, in the same halogenated hydro~
carbon family that Monganto was working.with in 19497

A I think for anyons who's thought about it it's
obviously the same,

- Q And this 1is not something, some unique knowledge
cthat you have, Anybody that picke up a book that wants to
read the history of {t would know that, would they not, Df.
Silbergeld?

A Well, the easiest way to find it out is to take tha
Merck Index, which is the chemical industry's own record of
the history of chemical production, if you will, in & kind of
skeleton form, and in the Merck Index you can ses the first
date at which a chemical was synthesized and registered, for
instance, trichlorophenol, the company that did it or the
laboratory and then the initial dates at which the chemical
was synthesizad and produced by other companies around the

world,

Q Dr. Silbergeld, thess effects that you have describeéd

as having been known as far back as 1910 or {n that first
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decade, were these effects'published. that {s, in magazines
such as you have described by doctors vho were dealing with
these German workera at that time?

A They were puﬁlished in the German medical literaturd.

Q And are these literatures and are thess publications,
are they available and have they baen available in the United
States?

A Yes.

Q | Nﬁw, directing your attention to ths occurrence
that took place in Nitro, West Virginia at the Monsanto Plant
was that plent indeed manufacturing trichlorxophenols?

A Yos, it was,

Q All rigﬁt. Was -~ could you please dascribe what
occurred there and more specifically what occurred to the
workers that were exposed to these trichlorophsnols?

MR, HEINﬁHnNs Your Honor, if the Court please, 1
don't think thers's any doubt hare as to what occurred at
Nitro, West Virginia, and sll I'm objcctiug to iz from this
witness' standpoint it's clearly hearsay, and I would object:
to it on that basis.

MR, CARR: Your Homor, everything that we know,
that we have learned in school up to date is -- falls in
the realm of hearsay. There is no dispute abou£ these facts.

Coungel well admits that. If he's saying that Dr, Stlbergeld
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. ground literature on Dioxin and other related subjects. Overs

as a scientist may not rely upon what she has read on uncontht.d,

undisputed facts because it's written as hearsay, I have to
learn sowe other rules of evidence.

MR. HEINEMAN: Your Honor, as I said, I'm not
disputing the facts of what happened at Nitro, West Virginia,
but I'm just gaying that for th;s witness to testify about
what happened ac Nitro, Weat Virginia, but I'm just saying fogx
this witness to testify about what happened at Nitro, West
Virginia has got to be hearsay because the witness wasn't
thera,

THE COURT: Overruled. I think it's properly a
subject of testimony by this witness on the basis of her shown

expertise sand familiarity with the existent contemporary back-

xruled, _

Q Could you please now, Doctor, state what occurred
&t Nitro based upon the ressarch that you conducted in order
to gain your expert knowledge in the ares of toxicology
insofar as it relates trichlorophenols, chlorophenols, and
2,3,7,8 TCDD Dioxin?

A I'd first say that the Nitro explosion is indsad a
very well known event in the field of toxicology, and it's
one that's been described and discussed axtensively in the

sclentific literature, including literature published by
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consultants or scilentists. employed by the Momsanto Company,
notably Dr. Suskind and Dr. Gefney -- Gaffey and Dr. Zack.
In addition it has been described in a number of chapters --

Q Let me intarrupt you. My question is please
describe what occurred in 1949 at Nitro, West Virginia.

A In 1949 i{n the Monsanto Plant in Nitro there was
an uncontrolled chemfcal reaction in the trichlorophenol
phenoxia acstic acid area of the plant such that a great deal
of heat was genarﬁtcd in the process area and an explosion
or rapld release of chemical occurrad from the batch wixing
area and batch drying area. As a consequence & number of
workers in that building and nearby were directly exposed to
trichlorophenols and TCDD and othor compounds which escaped
during that explosion. However, in addition, the literature
makes clear that industrial hygiene in that plant for some
time up to 1949 and thereafter was such that workers at
Monsanto in Nitro were clearly being exposed to Dioxin in-
depsndent of this single event of an exothermic or explosive
reaction,

Q About how many workers were exposed in the explosior
itsalf and by the sxplosion itself to these trichlorophenols
that were being manufactured?

A That's a matter of some discussion depanding on

whether or not one uses a set of health effacts to indi{cate

)
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" examine those people at that time?

exposure. Clearly somewhere between 100 and 600 persons were
exposed.

Q All right. Now, Dr. Siibergeld, does the literaturs
show and reveal that Monsanto had physlcians to examine those
peopla at that time?

A Yas, it did.

Q And did they hire outside pecple to come in to

A They did,

Q Does tha literature reveal that Monsanto has followed

those workers and the health effacts of those workers from
that time indeed up to the very present time?

A To a certain extent Monsanto has, yes.

Q Now, Dr, Silbergeld, at that tims in 1949 had
2,3,7,8 TéDD. that Dioxin, had it been then identified as the

subgtance in this chemfcal that was causing certain health

effecta?

A No, it had not.

Q Was it known, howevar, at that time that there was
somathing in that chemical causing health effecta similar to
the health effects that had been sarlier identified as having
had occurred in Germany in the first decade of this century?

A It wag ~-

MR, HEINEMAN: Excuse me, your Honor. May my objec-
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© Very recent and 1it's still not entirely certain that the major

tion be a continuing one co this entire line?
THE COURT: So noted as continuing objection.

A It was known that there was something in the process
of trichlorophenol and 2,4,5-T, that's cthe trichlorophenoxia
acetic acid herbicide, there was something in those manufac-
turing processes which appeared to be very toxic and that was
known in 1949,

Q All right. 1Is it necassary that one identify with
specificity the exact makeup of the chemical that's causing
the adverse health effect for one to be able to have knewledgs

a8 to those health effects? That's poorly stated, I'm surs.

Maybe I should phrase it a different way. Do you have to know

what's specifically tha chemical description and structure
of something that's in a poison to know thag it's poisoning
you? '

A No, and the best &ample i{s cigarette smoka. It‘s

ingredient in cigaretta smoke, which is responsible for lung
cancer and other types of cancer is probably benzo(a)pyrens,
but certainly enough was known long bafore the fdentification
of benzo(a)pyrene to know that cigarstte smoke was dangerous
to humsn health.

Q Now, Dr. Silbergeald, leave cigarette smoke alona,

That's another problem. We're interested in TCDD, if you woul

40
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. and obvious, Mr. Heineman.

My question is did Monsanto have to know that it was some-
thing called 2,3,7,8 TCDD that was causing these health effects
in order for Monsanto to conclude that what {t was producing
was indeed a toxic substance?

MR, HEINEMAN: Your Honor, I'm going to object to
that. 1It‘s surely cealling for speculation on the paret of this
witness, and I think it's a question for the jury as well.
It invades the province of the jury,

MR, CARR: Your Honor, I don't think it's any such
thing. It's an open and obvious question, your Homor,

MR. REINEMAN: Well, if it's open and obvious, it
doesn’t need to be tastified to.

MR. CARR: It sure isn't speculation if it's open

'THE COURT: 'Overruled. You may proceed.

THE WITNESS: Could you read back the question?

(At this time the court reporter read back the last
question.)

A No.

Q All right. Now, Dr, Silbergeld, in the years that
followed the Monsanto Nitro explosion was there snother event
that occured in Germany following that again dealing with thatr
chlorinated carbons?

A Yes,
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Q And what wasg that, Doctor?

A A similay type of accident at the BASF Plant in
Germany,

@  What is the BASF Plant?

A Bayerische Anilin und Soda Fabrik, I think is what
it stands for, it's & major chemical company in Germaay,

Q Go ahaad, Doctor,

A And it was indeed the synthasizor of trichlorophenoc]
Thcy had a eimilar uncontrolled chemical reaction in their

plant and cleared out most of the workers fairly rapidly and

then attemptad to do sowe on tha spot toxicologic invaestigatian

after the explosion, which I think werae rather imaginative.
They took some cages of rabbits and put the cages in the room
where the explosion had occurred. This was several weeks
aftar the explosion. Within a week all the rabbits wWers .dead.

Q Now.at this time, Dr., Silbergeld, the explosion had
taken place, the atmosphere prasuxably had cleared of ths
iﬁitial explosive effect. The room was closed, nothing going
on in the room, you could go ;nco that room and couldn't sao.
a thing and they put rabbits in that room?

A They put rabbits in the room in cages, Within a
week the rabbits were dead. They then brought in some new
cages Qith new rabbits. Within, T thing, ten days all those "

rabbits wers dead. They then took the cages out of tha room
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plosion occurred also died. On the basis of that BASF's

and put some rabbits in che cagss back in the laboratory and

thoase rabbits, which never went into the room where the ax-

toxicology staff determined they were dealing with something
very, very toxic and indeed began to charactariza it as the
most toxic substance they had encountered.

Q And this was in 19537

A Between 1953 and *'S7, I think, was the devalopment
of this knowledge by BASF,

Q And again was this knowladge, was it koown, was it
published, was it disseminated on the basis so that American
industry would know of that having taken place?

A Scientists from BASF did make contact with the
American chemical industry and reported these findings. I
don't kn0§ whether the findings were reported to the acientif
world at large, but there are rscorded communications from
BASF to Dow Chemical and to Monsanto,

Q And does the reports indicate that Monsanto was
advised because of its prior experience or was it conneated
with 1ts prior experience in 19497

A I believe so.

MR. HEINEMAN: Your Honor, may I objact to this as
blatant hearsay unless we find out what the source of this

information is.
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~ into a2 scientific book atore and buy a book on that?

MR. CARR: Let me ask,

Q Where 1s this information that you're relating hereL
Where is it reported?

A Some of it is reported in Dr. Hay's book on the
hietory of Dicxin and others in materials from Monsanto in
the Nitro case.

MR. REINEMAN: Your Honor, 1 do object to her
testifying about that.It's hearsay.
THE COURT: Overruled.

Q Is Dr, Alistair Hay an internationally known
researcher into the toxicity of 2,3,7,8 TCDD?

A Yes.

] And has he published, is Lt a book that one can go

A Yes.

Q And are these facts that you're relating about this
history of Dioxin, are these facts laid out in that book by
Dr., Hay?

A Many of them ave, yes.

THE COURT: Ladies and gentlemen, we'll take a
break in proceedings now, and I would admonish you now on this
break and this admonishment holds true for all breaks in the
Proceedings today that you're not to discuss this matter among

yoursalves or diecuss it with snyone outside the jury panel or

4ty
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as yat form any conclusiouns e¢r opinions about the mattars on
trial. Court will be in a short recess.
(At this time a short recass was taken.)

Q. Dr. Silbergeld, in addition to the effect upon the
rats in the BASF accident --

MR. HEINEMAN: Rabbits.
MR, CARR: Rabbits,

Q In addition to the effect upon the rabbits were
there workers exposed in that explosion as well?

A Yes, there were.

Q And were there certain haalth effects that were
recorded and to some extant followed thereafter?

A Yes,

Q Were these health effacts published and made known
in the literature and publications and health related publi-
cationas and chemical related publications in the scientific
world thereafter?

A Yes, they were.

Q Now, Doctor, was there other industrial accidents

subsequenc to the 1953 BASF accident involving trichlorophenol?

A Yes, there have been.

And was there one in England?

Q
A Yes, there was the Coalite accident as it's known.‘
Q

And about when did that occur, Dr, Silbergeld?
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plant belonging to ICMESA, which was related to Hoffman

A T think the late '50s, I'm not sure.

Qb And again were workers exposed ro trichlorcphenol
at that time?

A Yes,

Q And were the health effects upon these workers, was
that followed in literature and published, was it lmown
through the '70s ar least?

A Yes.

Q And ware there other accidents involving the'uanur
facturing of TCP that involvad portions of the public, more
specifically in Italy, assoclated wich an industrial accident}

A Yes. |

Q Now, the jury’s heard about that., Both counsel have
advised and mentioned about the Seveso, and other wictneases
have mentioned it. Could you pleage tell the jury in 1976
in Seveso, Italy?

A In 1976, in July, I believe, in Seveso a chemical

LaRosche had a similar uncontrollad chemical reaction occur
in their trichlorophenol process which led to the rupture of
a pipe and a release of a fairly significant amount of tri-
chlorophenol heavily contaminated with 2,3,7,8 TCDD into the
genaral enviroamant outside the plant. This chamical ecloyd

wags carried over che town of Seveso and then ovar the course




e PEWGAD CO.. BATONWE, M3, OFO0F  FORM W 4R

11

12

i3

14

15

16

17

18

19

20

2

22

23

24

of the next couple of days there was rainfall and precipitati

of the particles so that the chemicals emitted from the plang

would indeed come inro diract contact with people and animalg
and vegetation and surface water in that communicy,

Q What happened to the animals?

A Many of the animals dled acutely.

Q When you say acutely, what do you mean?

A They died within saeveral days after the accidant,

Q And what happened to the -~ did the Italian
authorities take measures to evacuate the people from thae

contaninated areas?

A Yas., Within approximately two weeks after the
explosion the town was evacuated and sealed off,

0 And 18 8 ~- that occurved in '76%

A That's right,

Q Is a portion of that town yet sealed off to the

public to this very day?

A I beliave the area which was considered to be most
contaminated is still sealed off.

Q All right. And Dr. Silbergeld, has the health effec
upon the -- to some extent at least upon the part of the
Italian populus-that had been exposed to this industrial

acclident, had those health effacts been followed?

A Yes, they have, by an international comnission,.

Lon
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Q Have they been -- again those healcth effects,
wera they publishad and have they been published, 1s it knowm
by persons involved in toxicology and the health industry and
in the chemical industry aa to these health effeacts following
this explosion?

A Yes,

Q Now, Dr. Silbargeld, by this time has the coxicologdlt.

have they now and the chemists, have they now identified this
toxic substance in trichlorophenol?
By the present tine? Yes,

By '76, by '77, by the time of the Saveso accidant.

I = S

Yes, _

Q And do thay know then that it 1is 2,3,7,8 TCDD that's
in the trichlorophenol that causes the health effacts?

A "They know that 2,3,7,8 -~ thay knew 2,3,7,8 TCDD
was in trichlorophenol and that along with trichlorophenol
themsalves they were responsible for the health effects.

Q Now when you say along with the trichlorophenols
themselves, 1s thers an -- 1ie thare an acknowladged end
known health effect or toxic reaction to the substance called
trichlorophenol independently of its 2,3,7,8 TCDD contaminant?

MR, HEINEMAN: Your Honor, excuse me, May I object
to the general form of tha word trichlorophenol without

identification of an iscmer.
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THE COURT: Overruled,

Q And how long has it baen known that trichlorophernoly
have health effects, adverse health effects?

A That knowledge -~

Q Indapendently now, independant of the 2,3,7,8 TCDD
contaminant,

A That knowledge zoes back a long way., Certainly
their properties as irritants and ag agents which damage the
liver has been inown for decades.

Q Now, Dz, Silbergeld, has there besen -- strike thag.
Is the substance known as Agaent Orange that was used in Viet-
Nam in the '60s and I guess the ‘70s as wall, early '70s, has
that substancs in Agent Orange been identified, that is, thea
substance that's responsible for the health effects of those
expossd to Agent Orange? Has that been identified?

A Yes.

Q What is that substance in Agent Orange that 1s known
to be toxic to those exposed to it?

A 2,3,7,8 TCDOD.

Q All right. Now is that the same 2,3,7,8 TCDD that
we have been discussing with relation to these other accidents),
Saveso and up to the -~ well, that's the basis of this case.
Is that the same 2,3,7,8 TCDD? T

A It is the same., The name means {t's exactly the samp
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moleculs.

Q And is this a fair statement, that when 2,3,7,8
TCDD is present in any substance or any chemical, it is the
sane wolacule or some constructive molecule regardless of
what it might be in at a particular time?

A Yes.

Q It can be in & herbicide, it can be in a pesticida,
it could be in & paint, it could be in water, it could be in
any substance, and when you say 2,3,7,8 TCDD, you'rs talking
about the same thing, is that correct?

A That's right.

Q All right, Now has tha ~- there besen in the '60s
and ‘708 up to January of 1979, has there besn extensive
investigation and publication as to the results of that in-
vestigation as to the sffacts of Agent Orange and its con-
tawinanc, 2,3,7,8 TCDD, upon human beings? |

A Thera have baen published r-pq?ta on the effacts
of Agent Orange and also on the effects of one of its consti-
tuents, which is 2,4,5-T, which {s where the 2,3,7,8 TCDD
comes from. Agent Orange is just a blend of 2,4,5-T and
2,4~D, |

Q 2,4-D 18 2,4 dichloroﬁhcnol?

A 2,4, diphenoxia acetic acid.

Q  Well, lat's just call it 2,4-D then, all right?
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A That's all righe.

Q Now ~- and was Monsanto one of the manufacturers
of tha substance called Agent Orange?

A Yes, it was,

Q And do you know from your own research and docu-
mentation that Dow Chemical exchange informstion, gave infor-
mation to Monsanto as to the contaminant that was in Agent
Orange, that ie, the 2,3,7,8 TCDD, that was responsible for
certain adverss health effacta?

MR, HEINEMAN: Your Honor, may I make the same
objection with raspsct to hearsay.

THE COURT: Same objection, objection is overruled,
sams basis,

A Yes, Dow Chemical did comrunicate a number of :iﬁec
with Monsanto. -

Q And is that fact a mattar of public record?

A Yeos, it 1is.

Q Now with regard to Dloxin, I've got some charts,

1 think <~ T believe I usad them already in the opening
statement,
MR. CARR: Can you all see that all right?

Q Dr. Silbergeld, when we have used the phrase Dioxin

in this case we have most of the time referred to the 2,3,7,8

TCDD as Dioxin. Are there other isomers of Dioxin that are

3l
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created in the chemical process, in the manufacturing process

in addition to 2,3,7,8 Dioxin?

A Yea. Depending on the process and the precursors,

y‘. L

Q Now these other Dioxinsg, they have for instance on

this chart ==

MR, CARR: Let's mark «~- this hasn‘t been marked.
Pleass put a label on this one, Counsel, you -- wherve did

you go?
MR, HEINEMAN: I'm just sitting over here, Mr. Carr,
MR, CARR: You've previously seen this, have you
not?
MR, HEINEMAN: Yes.
| MR, STEPHEN SCHOENBECK: What's its current identi-
fication? -

MR, CARR: It's now Plaintiffs’ Exhibit 230,

Q Dr. Silbergeld, does Plaintiffs' Exhibit 230 repre-
sent a chart as to the relative toxicities of certain isomers
¢hlorodibenzo-para-~dioxin?

A Yes.

Q And is the drawing on this chart, at the very bottom

of this chart, does it represent a drawing of the molecular
structure of 2,3,7,8 TCDD?

A It does.
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Q

Whare there's the little Cl at four different places

on this drawing what do those latters Cl mean?

A

They indicate an atom of chlorine, and the places

that they are marked indicate whare on the ring structure

they ars attached.

Q

Now the Cl that I'm pointing to now is at what place

on the ring structure?

A

Q

> Lo > L > o > L rFr L

2.

And the next Cl?

3.

And the naxt onae?

7.

And the next one?

8.

And thereby the name 2,3,7,8 TCDD, is that correct?
That's right.

All right, NUW’Uhlt’l‘th.lC little 08 in between?
Those are oxygen atoms,

And the big O in the widdle, vhat does that nean of

sach of these two wvhatever they are =--' thosea are not trape-

zoids
A

Q
A

well, whataver they arxe.
Hexagons. -
What are they?

Hexagons.
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 dibenzo-para-dioxin, snd isomers that are showu are several

different dibenzo-para-dioxins which diffar only by the number

Q Thank you, Doctor, What are -~

A That means that those are saturated rings, That
means that every position which is free on that ring is
occupied in this case by either g hydrogen, & chlorine, or

an oxygen: atom,

Q All right. And what does the hexagon {tself, what

does it represent?

A  It's a benzine ring.

Q All right, Now, Dogctor, the use of the word isomer,
what does isomer mean?

A lsomer 18 & name chemists give to molecules which
are basically similar and differ only slightly in additions

to the basic structure. The basic structure here is the

and placement of attached chlorine atous.

Q All right. And approximately yow many Lsomars are
thera that are called Dioxins?

A There are approximately -~ ‘somewhare around 250
chlorinated dibenszo-para-dioxins. It's also possible for
Dioxing to have bromine, which {s another halogen at the saxe
places where you have chlorine, so you can add another 250 or
so; somevhere in the neighborhood of 500 to 600,

Q  All right., Now we're dealing with one of these
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part and not at the low end of the chart?

Dioxine called 2,3,7,8 tetrachloro-dioxin, all right.

& Yas,

Q All right, Now, Dr. Si{lbergeld, om this ~- this
is a scales that represents what as far as these various
Ploxins are concerned?

A It reprasants the relative toxicity, that's the
relative hazard of these molacules to -~ I think this &s
from rat lethality tasts, tha dose required to kill a zat
acutaly, within a short time after treatment.

Q All right, Now do all of thess Dioxins, going from
the ons that's called 2,3 Dioxin and 1,6 and 2,3,7 and 2,3,7,9
Dioxin do they all have some degree of toxicicy?

A I'm not sure of that. 7The ones -~ very lower
chlorinated substances probably have no more particular toxi-
city than chlorinated phenols but they 4o have some biologicall
propaerties, yes, they are active molecules,

Q And by the-lower you mean as far as this chart is

concernad, Exhibit 230, you mean those that ars at tha top

A That's right.

Q 4ll right. So the ones at the top of the chart have
& lesser toxicity than the one at the bottom of the chart?
A That's righe.

Q All vight. DNow the one -- one of the top is in-
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dicated for a standard as has a toxicity of 1.0. What does
the next one have a toxicity of, Doctor?

A 3.0, five tinmes as toxic ss the first one.

Q Now you mentioned that toxicity in the -- did you
say phenols in which thia isomer occure?

A Yas.

Q Ia there ~~- are phenols themselvas toxic, do they
have toxic qualities?

A Yes, they do.

Q And are thess -- we'll get to those ~perhaps.later,
but are these toxic qualities of phenol has that besn researchad
and published and are the toxic qualicicf of phenole known in
the scientific world and in the chemical industry?

A Very widely.

Q  All right. But on a relative scale are -- do the
phenols stand in the same relative scale of toxicity as Dioxin?
A No, and you must keep in mind this is a specific

toxic effect, that is, lethality, the ability to ktll,

Q And by that you'rs suggesting, I take it, that there
ate a lot of toxic affacts other than or in additfon to the
abiltﬁy to kill?

A That's right.

Q We'll get into & lot of those later today or tomorrow,

Doctor. But now on this scale you mentioned that the Lisomer
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known as 1,6 Dioxin, chlorobenzo-para-dioxin is five times
more toxic than 2,3. What about the 2,3,7, how does {t com~
pare to the 2,3?

A It's 30,000,000 times as toxic as the 2,3, because
now you;vo snterad that molecular structure where you're
occupying what toxicologists consider to be the critical
sites of the Dioxin moleculs.

Q And those sites are what?l

A 2,3.7 as can be seen haere,

Q In other words, the one that's 30,000,000 times mnrl

toxic than 2,3 has thess three points occupied by a chlorine
atont '

A | That's right.

Q And have you toxicologists determined that it is
the occupition of these pointe in the ring that makes this
substance so highly toxic?

A That's right.

Q Now, Doctor, the next drawing is known as the
2,3,7,9 Dio¥in, and the 2 position, the 3 position, the 7
position are oceupied, and we know, and what is this position
that's occupied at the top?

A That's the 9 position on the ring. _

Q All tight. The 8 position was skipped in the pro-

cass that this molecule was formed and.tnlcccd of occupying
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the position No. 8 it occcupled the position Ne. 9?7 How much
more toxic is that than the one -- than the 2,3 Dioxin?

A 34,000,000 times as toxic. Again it's got those
three critical positions ocecupied by a chlorine,

Q Now, Doctor, the one at the bottom, the one that we
are talking about, the 2,3,7,8 Dioxin, how many more times
toxic, that is, for a lethal effact upon the animal to which
it was subjected or injected or exposed, how many more times
is it more toxic than the 2,3 Dioxin?

A Over 2,000,000,000 tines as toxic,

Q New, Doctor, ou the scale of toxicity have thers
besn experiments and studies carrisd ocut to indicate how
tﬁxic Dioxin is as compared to other types of poisons that car
be encountered in the world?

A Yes, there have bsen a number of rankings for variov
toxic effects.

Q And are there certain naturally occurring toxins
that are extremsly polsonous, axtremely hazardous?

A Yes, there are.

MR, CARR: Would you mark this 231 pleass.

Q Now, Dr. Silbergeld, with regard to Exhibit 230 is
the information that's contained on Plainciffs' Exhibic 230
is this known publie information, known in the health world -

and in the chemwical industry?

58
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Yes, it is.
And wag it known bafore January the 10th, 19797

Yes, it was.

Now, Dr., Silbergeld, I'll hand you -- I won't hand

ro B

1t to you but I'll push it over towards you =-- what's been
marked Plaintiffs' Exhibit No. 231 and ask you to look at tha?
and study that 1if you will, 1Is this a chart accepted as
authoritative in the world of toxicology as to the relative
toxicities of certain poisons?

A It da.
Q All right. And is this chart something that has

baen published and i{s known in the health world and in the
chemical industry?

A Yeaa *
Q And is this ~- 1is the toxicity of these various

poisons, was this something that was known by the chemical
industry and by the health professfon befors January 10th,
19797

A Yes, it wae.

Q All right, Now, Dr. Silbergeld, can you see that
all right?

A Umhm,
MR, CARR: Can you all see. that?

Q Directing your attention to the substance at the

39
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very top, what is thac?

A Botulina toxin A is the lethal ingredient in
botulism or food poison, which is what makes food poison so
dangerous., It's sacreted by & micro organism and as is shown
here for its weight, that is, for the size of the molecule,
it's probably ona of the most toxic things we know of,

Q How is that a toxin that cccurs in nature?

A Yes, it does.

Q All right, It's not made by men?

A No.

Q All right, And the second colum whare it has
molecular weight, 9.0 times ten‘times to the fifth., What does
that meant

A That's the size of the moleculs, how big 4t is, and
this indicates that it's a very big, complex moleculs as are

many naturally occurring poisons.

Q All right. And on the third cplumn where it says
minionum lethal dose moles/KG, what does the words wminimum
lethal dose meant

A  That's the smallest amount of this substance which
will kill an animal when given once.

Q And what do the words molea/KG masan?

A That indicates the dose of this chemical which cause

this, It's expressed in terms of moles rather thsn nilligrams
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Q What is a mole? It's an animal to me that goes in

61

and ruins your lawn, but what fs it in chemistry and toxicolopy?

A A mole is & way of describing a quantity of a

chemical which takes into account its molecular size, so it's|

just not a milligram. That's a mass weight. It indicates
that within a milligram of botulina toxin and & milligram of
sodiunm cyanide you'll have much fewer molecules of the
botulina toxin because each molecule weighs much more, so
it's a much more accurate indication of the potency or hazard
of these poisons rathsr than just listing milligrams.

Q 1 guess I underatand that. And, Deector, 3.3 times
ten to the minus seventeen. What does that mean?

A That means that it takes about three, I think,
fentograms -

Q  Femtogram?

A Or possibly even less of this stuff to kill an
animel, It's a very, very, small amount,

Q The ssventesn msans zeros behind that ten, doesn't
it?

A It means in fromt of the tan.

Q In front of the ten.

A That's right. It means there are seventeen zerocs
in frout of that ten.

Q So 1f we were to describe :hiQ in decimal form,
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. which causas death.

you would put seventean xzeros in front of ten, is that corresctf

You'd put & decimal point --

A Decimal point, seventesn zerocs.

Q -+ seventsen zeros,

A That‘s right.

Q And you multiply that times 3.3 to show the weight

A The molecular weight.

Q Minus wniéhtt

A -- that you'd need.

Q And the next one is tetanus toxin. That is --
again is that a naturally occurring substance, a toxin in
nature?

A It is.

Q ‘Not made by man?

A No. -

Q But it's for that toxin that we have to get tetanus
shots? |

A That's right, We developed antibodies to it and we
have wvacecination to prevent tetanus, which before vaccination)

of course, was a very deadly disease for young children.

W

Tetanus toxin is the active principal in the tetanus infectio|

Q And i{ts relative molecular weight &s showm {n COIUML

62



PENGAD CO.. BAYOMME. R.). 87002 FORM L 4B

-

10

i1

12

13

14

15

16

17

18

19

20

2

22

23

24

2 and {¢s miminum lethal dosage shown in Colummn 37

A That's right. _

Q And it's one times ten to the minus fifteen that
appears to be -~ in other words, it would be fifteen zeros
aftar a decimal point to indicate how you arrive at its
weight?

A That's right.

Q The next one is diptharia toxin. Again is that a
naturally occurring substance?

A Yes, it 1is,

Q And again we have vaccinations ageinst diptheris,
we can protect ourselves agsinst that?

A That's right.

Q So af these threa toxins so fgr we can protect our-
selves against two of them but not the botulism except other
than make sure we don't eat spoilad food?

A We can give some emargency treatment for botulism,
We can't inoculate curselves against 1:..but people who have
botulism poisoning can be put on respirators, maintained with
certain drugs until the botulism toxin, botulism toxin is
degraded by the body, but in most cases people die,

THE COURT; Gentlemen, could I see you at the bench

for a minute pleass.

(A short conference was had at the banch off the
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record,)

THE COURT: Ladies and gentlemen, we're going to
take a break in the proceedings for lunch. Court will tccuan
again at 1:30, The admonishments that I've previously given
to you will apply throughout this lunch break. Court’s in
Tacess.

(At this time couré recessed for lunch,)

THE COURT: Mr. Carr,

Q Dr. Silbergeld, we had at the lunch recess, I think
Just been discussing the diptheria toxin for which there can
be & vaceination, and this again indicates as far as {it'; %he
minimunm lethal do-.-ic‘n a minus twelve which would indicate
it means twslve zeros after a decimal point and before the
4,2, correct?

A Bafore the tan, yes, ,

Q All right. Row the next substance on this chart of
selectad pofsons is the 2,3,7,8 TCDD Dioxin., What do the --
is that correct, ma'am?

A Yes, it le.
What does the TCDD stand for?
Tetrachlorodibenzo-para~dioxin,
Now tetra means what?

Four,

O » O > 0O

And doas that refer to the four chlorine molecules?
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Q

1t does.
An& the C stands for --
Chloro.

Again that‘s referring to the fact that thare are

chlorine molecules, four in number, attached to this molecule

as you prsviously dascribed?

A

Q
A

Q

That's right.
And the naxt letter, the D atands for what?
Pibenzo. |

And that on the chart indicates that there are two

-« the 44 stands for two, does Lt not?

A
Q

That's right.

All right. And that means there are two benzine

molecules?

A

L Y -~ B -

Dioxin?
A

Q

That's right.

All right., 1Is it atoms or molecules?

Molecules.

Molecules, all right. The other D stands for what?
Dioxin,

All right. It's that last D then that stands for

1

That's right.

So this -~ and this ie & description of a particul

isomer known as & tetrachloro iscwer?

85
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A That's right.
Q All right, Now of the tetrachloro fsomers snd that

would -- on this chart of these Dioxins thera are two

tetrachloro =~- would you have to have -- you would have tag

have those four numbers oxr four numbers describing the chlorin
molecules for it to be tetra, is that correct?

A There would be four chlorines attached to the
Dloxin molecule, that's correct,

Q And that's signified in the number -- 4in the word
tetrs meaning: four?

A That's right.

Q Now of thase tetra Dioxins, tatrachloro-dioxin
how many isomers are there of the tetrachloro~dioxins?

A I believe there are 22.

Q  All right. Now and of those 22 -- of those 22.
isomers it is on this chart at least there's two shown, that
is, 2,3,7,9 and the 2,3,7,8 Dioxin?

A That's right,

Q -« {igomer, is that correct?

A That's right,

Q And by this chart for the record I mean Exhibit 230,
Now of these 22 fsomers 1: is the 2,3,7,8 isomer that ie
shown on the vrelative scale of toxicity in chart, Plaintiffs’-
Exhibit 231, is thet correct? |
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A That's right,

Q  Now the 322, what doas that stand for that's in zh-f

second column under the word molecular weightt

A That {s the welight of the compound in tarms of the

atoms, the elemsnts that make {t up.

Q And does the 322 indicate that it's & much lighter

substance than the substances above it, if I'm saying it
corractly?
A i1t means it's much smaller --
Much smaller,

Q
A «= 1t has fewer atoms in its structura,
Q

Just for instance, the diptheris toxin, the mumber

of atoms would be indicated by multiplying ten with four
£aros behind it and that would be -- four zeros would be
what, a hundxled ~-= 10,000, I guess.

A No, not strictly speaking, You have to transform

that number by Avogardro's mumber to get. the atomic weight.

Q You could have gone all afterncon and not said thac,

Do the «+« which is the smallest molecule, the diptheria
toxin or the 2,3,7,6 molecule?

A 2,3,7,8 TCDD 4s & smaller molecule, which you can

tell by 1its smaller molecular welight.

Q And this would be something mqltipled times 7.2 and

entar Avogardo or whatever it is would be thrown in there
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somswhere, right?

A Right.

Q And so by molecular weight that all of these sub-
stances below heare would be =~ have 1cssq: wolecular weight
than the naturally occurring toxins, is that correct?

A All of them do, yes.

Q Now over on tha thifd column, the 3.1 times ten to
the minus nine for the 2,3,7,8 Dioxin that again would be
nine zeros following a decimal -- 1t would be .000@00'086.
times 3.1, {8 that correct?

A That's righe,

Q Now, Dr, Silbergeld, these are the ﬁoisons that are
balow there, what is saxitoxin?

A Saxitoxin is anothcé naturally occurring poison which
is in a fish, contained in the poison gland of that fieh known
as the puffer fish.

Q And it £{s less toxic according to this scale than
Dioxin 2,3,7,81

A That's correct.

Have you worked with saxitoxin?
1 have. _
In your laboratory?

Yes.

- . -

The next one, tetro-~
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of frog.

o > o > 0 »

A

in a frog.

Tatrodotoxin,

Tetrodotoxin, And what ls that?

It is another naturally occurring poison in a species

And it is less poisonous then 2,3,7,8?7

It is.

And have you workcd with that?

I have, |

The next one ie bufotoxin.

Bufotexin,

Bufotoxin, What is that?

That's another naturally occurring polson whieh is
I think that's the poison that some of the South

. American head hunters dipped their arrows in to kill people.

All right, Have you worked with that?

No, I haven'c.

The next one is curars. I;vt‘haard of that, That
indead is ~- well, you tell me what {t {s.

Curare is a naturally accurring poison extracted

from certain plants and is also quite toxie,

Q
A

Btance.,

Q

And strychnins, we’ve all heard of strychnins.
Yes, that's another naturally occurring plant sub-

And on the scale of toxicity of strychnine relating
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to Dioxin there -- it's kind of blurred, what is that? S8ix
geros behind the -- no, no, I'm in the wrong column., That
would ba six zeros bahind the 1.5 for strychnine, is that
correct?

A Yes,

Q As far as lethality is concerned, Dioxin having nine
zexroe behind the decimal point would be more toxic then
strychnine which has six gzeres behind it?

A 1t wuld be a thousand times more toxic.

70

Q Dioxin is a thousand times more toxic than strychnire?

A That's righe.
Q All right. And the next one is -- strychnine,
that {s a substance found in nature?
A  That's right,
IH&V‘ you worked with that? ‘
Yes, _
How about the next one, muscarin?

Muscarin,

Lo » O > L

Muscarin, what is that?

A That's another naturally occurring substance in

mushrooms, amanits muscaxia, which many people know as the most

deadly mushrooms you can eat, and it's also quite toxic,

Q How many times mors -~ that locks like 5, I guass,

or 6 behind the ten. That would again -+« how nmany times more
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 how many times more lethal than cyanide?

toxic is¢ Dioxin than muscarin?

AI I guess it would be & thousand to ten thousand ticmes
more toxic.

Q And the next one, dilsapropyl fluorophosphate.

A That's a synthetic substance, and it has been used
as a pesticide, commonly known as DFP. It's also acutely
toxic, '

Q It's ten with five zeros, minus five zeros. And
the last one {3 what's known as cyanide,

A That's tight.

Q The word sodium {s commonly dropped when you des-
eribe 1t and you just call {t cyanide Le what we all know as
cyauids,

A That's a certain salt or form of cyanids, right.

Q And ic's gpé ten to the minus four, So Dﬁo:in is

A A hundred thousand times more lethal,

Q Now, Doctor, whan we talk about the effects of
pofson and in particular the poison that we're talking about
in this caze, Dioxin, 1s lathality -~ that's not the right
word «- lethal -- 1is the lethality of these substances or
mora particularly Dioxiﬁ to animals or to humans, is that a
particularly relevent point when we're discussing about how

Dioxin affects human baings?
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A No, it's certainly not the sole or perhaps the most
important consideration for human toxicity of Dioxin.

Q Has there been established for human beings a level
toxicity for hunan beings insofar as Dioxin 1is concernad?

A Ingofar as the lethal doge, that ig the dose that
would cause fairly rapid doaph obviously no one has conductad
experiments to try to determinae that, but if you look at the
date from the i{ndustrial exposure and if you look at Dow's
sxperiments on the prisoners at Holmberg Prison in Philadelphia
ic's pretty clear that Dioxin fortunately is not that acutely
lethal to human beinge.

Q Then, Doctor, if it is not lethal as such to human
beings -- and is spparently lethal to animals, is that
corrace?

A To certain species of animals, yas.

Q All right, Why are ws concern;d about Diexin then?
Why are toxicologists concermed asbout Dioxin?

A The major effect, biological effect of Dioxin which
conecerus toxicologiste, human toxicologists as well as axperi-
mental toxicologists, is its very great potency to cause
cancer, to affect the liver and to ;ffect the reproductive
systen,

Q Doctor, is what you're saying that while 1t may not

=+ or the amount that it would take to kill one has not baen
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estsblished, 18 not relevant, what is relevant is the fact
that it had other effects on human beings other than causing
their death?

A That's right,

Q Now in the course of determining what effects TCDD
has on human beings has it been necessary as you earlier
indicated to conduct :tndlas‘ou animsgls for the purpose of
demonetrating how it might affect or will affect human beings?

A Yes,

Q When did thase studies with animals and Dioxin firsi

114

start occurring?

A  Vell, I suppose some of the first was the studiss
conducted by BASF after that accident we talkad about,

Q With the rabbits?

A With the rabbits. And them other studies by Dow
and Monsanto to try and determine the chemical which was
causing both the liver effect and thj chloracne, the skin
flaccion vhich they had all observed in workers, but the vary
detailed experiments spscifically directed 2,3,7,8 TCDD in
its pure identified form probably began {n the early '70s.

Q Now in the early '70s was it necessary in order for
sclientiets to determine the effect of Dioxin on animals and
thereby on human baings, was it necessary that the 2,3,7,8
Lsomer be {solated and identified? |
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A For many of the studies 1t was indasd nacessary.

Q And sometime in the '70s, early '70s they started
working with that substance with animals, is that what you
Just said?

A That's right.

Q What did these animal studies, and if you would,
-- first of all, who are th..major scientists who have worked
with TCDD and animals?

A Dr. Richard Kociba of Dow Chemical, Dr. Renate
Kimbrough of tha Canter for Disease Control, Dr. Allen Poland
and Dr. Henry Pitot of the ﬁhCardlt Cancer Ressarch Instituts,
Dr. Danfel Nebert of the National Institute of Health,

Dr. Dieter Neubert from the University of Berlinm, Dr. Andrew

Kende, who works with Dr, Poland, Dr. Robert Neal at Vandarbilt

and 1is now at the chemical fadustry’s Institute of Toxicology,
Pr. Thomas Gasiewitz of the University of Rochaster, Dr. John
Moore, who umtil very recently was aﬁ NIH and {s the Assistant
Adminstrator of the E.F.A. for toxie substances, Dr, Voss of

the National Institutes of Health of the Netherlands, Dr., Crow

from England who etudied a gresat deal of the chloracne symptoms,

Dr. Jacob Bleiberg, who I believe was at the State Department

~ of Health in New Jersey when he did most of his research. Theke

are others I'm sure I'm forgetting.

Q Now, Doctor, in thase ;atly studies what were thay
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" to discovsr?

attempting to discover and what in fact did they discover in
the first published works dealing with Dioxin and animals?

A Thae early work was to detcrmiuclthe range of effacts
with Dloxin -- and hers I'm speaking of TCDD --  could
producs., Very soon after that it became very important to
datermine the specific wolecule,which of these 22 four
chlorine {somexs of Dioxin was so toxic, and so in the cn;ly
'70s thexre was a great deal of effort around what is known as
structurs activity studies in vhich --

Q Doctor, what I want to direct your attention to is
the animal studies themesslves, What was it that they were
trying to find out with what anipals and who was the pioneer,

TI-guess you might say, in these studiss and what was he trying

A Thare was early work attempting to discover why
these == why TCDD was so toxic to the liver, I think the
pioneer thare is really Dr, Allen Poland.

-Q And what animal or what spacies of animals did he
work with oxr in anothar way what did he discover occurred with
respsct to the liver?

A He worked mainly with rats and mice, also with
guinea pigs and hamstars, and he discovered the great potency
of TCOD and shortly thereafter the specific potency of 2,3.7.5
TCDD to cause chemfcal porphyria.
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Q All right, And that chemical porphyria is what we

have bean referrsd to by Dr. Ellsfson as intoxication porphyrla?

A Yes,

Q And what did Dr, Poland discover 2,3,7,8 TCDD would
do to thesa porphyrina or what did he discover with the ra-
lation to the induction of cﬁumical or intoxication porphyria

A Ha found that 2,3,7,8 TCDD was the most potent
inducer of a family of enzymes in the liver, and one of the
consequences of that induction of encyme was & huge drain on
the heme synthesizing system of the liver, In response to
that huge demand for heme the entire porphyrin pathway was
shifted into a state of bilochemical abnormality.

Q  Now this enzyme. induction, when you‘re using the uor#
enzyms could you tell ua what -~ what you mean and what
icicntiataAmann when you say enzyme?

A én enzyme is & biological molecule vhich converts onf
substance into another in the body.

Q And do we have suzymes, do all of us have snzymas in
our bodies?

A Thougands and millions of enzymes.
Q Of different kinds of enzymes?
A Differant kinds of enzymes.

Q Not just thousands and williouns. of moliculos but
thousands and millions different kinds of enzymes?
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- body, you're not talking about that particular enzyma, but

Yes, very specific enzymes.

Doing specific joba?

- P » B

That's right.

q Can our body =~-- can wa function as living beings
without these enzymes?

A Without any enzymes we would be dead, Certain
enzymes ars particularly critical for life so that the npocifﬂ
inhibition or blockade of those enzymes which is done by esome
of the chamicals on that list is indeed lethal.

G Now we all kmow -- at least my experience with
snzymes is what you sprinkle on meat to mske it tendar, Accent
That 1is an enzyne, is it?

A It contains an enzyme preparation from papaya, I

Q And that -- when you say enzyms, that is just tﬁcn

one swall kind or one specific kind of enzyme that wa have sowL

use for outside the himan body?
A One set of encymes, yes.

Q And when you'rve talking about enzymes in the human

you're talking about thousands and willions of other kinds of
snzymea?

A Well, an analog to that kind of enzyme does exist in

the human body, but the human body,of course, contains many
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other types of enzymas,.

Q When you say analog, what do you mean, one like it,
an analogy?

A One that performs the same function.

Q In human beings?

A Yas.

Q But now these anzyﬁea that are working with -
there's & particular kind of enzyme in the liver that works
to make this substance called heme?

A Thexre is a whole family of enzymes, which working
togeathar one after the other, in a series of related raactions
or steps make hewme,

Q And Dr. Poland discovered that TCDD or 2,3,7,8 had
an effect upon that particular enzyme?

A It had an effect on that system. There's nofénn
particular engyme in the heme synthetic pathway. This effect
he notéed:was through its action to iﬁduca anothar set of
enzymea which contained hems in them and when their activity
was greatly increaesad by 2,3,7,8 TCDD the body made, that 1s
the body made more and more of this sst of anzymes, which are
known as the aryl hydrocarbon hydroxylases. In orxder teo
keep up ﬁith the demand for making more of this.set of enzymey
the heme system was switched on to produce more and more heme

Q Well, and would that be bad necessarily, bad in the
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. that is, the ability of these compartments with themselves to

body to have more heme? Isn't that & good substance to have?
A  Heme itself Ls a good substance, but the consequence
of switching on to a pathological extent the poxphyrin pathway
has a number of pathologic consequences.
Q And what are these consequences, Doctor?

A As we discussed sarlier, it has consequencas for the

nervous syetem, it has conssquencas for mitochondrial fimetion,

contain and move oxygen and energy supplies in the cell and it
may well have effects on the membrane of thae cell which are
related to cancer,

Q And that's occurring because of the effect upon the
ensymss that act upon heme in the 1ilver?

A As a second stage effect, because of the direct “
effeact of Dloxon on the hydroxylase enzymes.

Q All vight, Now, Doctor, did Dr, Poland discover

that 2,3,7,8 has that effect on tha livers of all these vtriowo

animals that he worked with or was chcr..discriuinacion?

A There was relatively little differance across species

for this effect.

Q When did Dr. Poland publish in this area on that
point?

A Starting in about 1973 Dr. Poland began publishing
on this subject.
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Q Has his ~- has the result that he discovered
relative to the effects on thess enzymes and upon the liver
and upon heme in animals, has that baen subsequently confirmed
as to occur in humane?

A Yes, it has.

80

Q And who confirmed that or how has that been confirmed?

A It's been confirmad in two ways, Dr. Poland, along

with Dr, Blaibarg, investigated some workers from the Diamond

Alkylate Plant in New Jersey who were exposed to triehlo:nphg+oll

and 2,3,7,8 TCDD and found symptoms of chemical porphyxria con
sigtent with what he had produced in animals, In addition,

Dr. Howard Eisen and others at the Nationel Institutes of

Health had actually taken human cells, placed them in culture,

that s, in a small dish and allowed them to grow and live and
exposed those human cells to 2,3,7,8 TCDD and they have ze-
ported that those human cells have exactly the same reeponse

as animal cells, that is, the cells fromaoch.r nammala.

Q Now, as & general statement do all animals, all thcs%

animal species -- you mentioned a word «- the liver result

the hems results were consistent that Poland found in all these

animale, but as we go along here and study some of these other
effects have all animala subjected to TCDD experimentation

veacted in the same way to TCDD or has thare been a difference

in theix reactions?
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A There have been slight differencas in the particularx
expression, rFor example, when mice are treated -- pregnant
mice are treated with 2,3,7,8 TCDD, they tend to produce
offspring with cleft palate., When rhesus tonkeys are axposed
to 2,3,7,8 ICDD, they tend to produce dead offspring, but in
the sense that all the animals which have been tested for
raproductive toxicology ahow'ﬁ similar effact at similar
doses, the answer is yas, The same thing goes for acancer and
for immune effects.

Q All right., Now, Doctor, after Dr. Poland worked in
the area of the liver and it was an enzyme induction effact
that caused this porphyria, am I correct in that statement?

A That was the primary lesion which he identified.

Q All right, Now this -- were thare other works
by other scientists to confirm, not just in humans but with
the other animals and follow up studias that this indeed, his
conclusions were indead correct with regard to 2,3,7,8 and bhoy
it affects the hepatic system or the liver?

A Yes, there have been a number of papers which all
confirm Dr. Poland's work,

Q And when we use ~- when I use the word that has
been used in Dr, Ellefson's deposition, hepatic, is that
another word for liver?

A Yes, it is,
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Q  All right., So one could say hepatic or one could
say liver and could mean the same thing?

A That's right,

Q Why don't you all just say liver? Wa all know liver
wa don'’t know hepatic. Why do you do that? You've got no
answey for that, have you, Doctor? All right. Now, Doctor,
this hepatic effect, this effact upon the liver, has it been
discovered that it will cause a particular kind of porphyria,
and I'm not referring to what we'va all learned to know as '
porphyria cutanea tarda? !

A It does cause a very specific pattern of biochemical
changes in the exposed animal or person, and that pattern has
been called porphyria cutanea tarda, because there are &
nunber of porphyrias, that is, tha ona porphyria just means
a disturbance in the porphyrin system.

Q All right. Now, Doctor, in addition to the --
strike that, Is thera anywhere that you are aware of any
digputation or any diczagreement with the findings of Dr. Polany
and others that 2,3,7,8 TCDD causes these liver enzyme hepatid
problem or porphyria problems?

A No, I1'm not aware of any digagreement,

Q Is there any reputsble scientist anywhere that dis-

putes this occurrence?

A Not that I know of.

d
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Q And how long has it been that this specific dis-
ability, this specific affliction is caused by exposure to
2,3,7,8 TCDD?

A It certainly was well established by 1974 and 19735,

Q Ne question but what {t was known in January and
February of 19797

A None at all.

Q Now what other areas of TCDD effects have toxicologi

and doctors for that matter and other people discovered with
respect to 2,3,7,8?

A It's very great potency as a reproductive toxin.

Q Now does that concern itself with metabolism or
enzyme Induction or lipida?

A It may include enzyme induction as one of tha
machanisms of action.

Q In the -~ ag far as a general effect is concerned
you mentioned that TCDD affects or 1ﬁduces enzyme production
in sanimals and in humans, I8 there other system wide effacts
such as metabolism that ere affected by 2,3,7,8 TCDD or the
1ipid system or lipids?

A Well, by affecting those enzymas, by inducing their
activity as a consequence there's a kind of cascade effect
throughout the body and among those affgcts are alteration in

liver metabolism of a number of compounds, as I mentioned,

83

ats




N4 OTOwd FORM 1L Fam

* FENGAD CO.. RATONNE.

10

11

12

13

14

15

16

17

19

20

21

22

23

24

including sex hormones, drugs, tharapeutic drugs that people
might take and other chemicala. The metabolism of lipids by
the liver is altered, but those are all the result of the
firest step, which is this powarful induction of enzymes.

Q Now this matabolism you mentionad, does that occur
then in the li{ving being just in the liver?

A No, this same metaboliem also occurs in other organg

of ths body.

Q And do the -~ does the matabolism in these othar
organs, is it -~ are they affected by 2,3,7,8 TCDD?

A They are to a varying extent.

Q And who worked in and who discovered that to occur?

A I believe Dr. Robert Naal was one of the pioneers
who demonstrated the changes in metabolism {a the lung and in
certain other organs., Dr, Thorgiersson and Dx., Madison, my
c;llcaguc at N.I.H,, were among the first to show that this
change in mstabolism occurs in the sex organs, that is, tha
ovaries and the testes. I believe Dr. Voss was one of the
first to show that it ocecurs inlchc thymus, that is, the
major gland invelved 4{n regulating {mmune function,

Q All right. Now, Dr. Silbergeld, tell us please
what {s meant when you Qay metabolism, what actually occurs,
what is this metabolism? |

A Metabolism generally refers to the conversion of

B4
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one subatance or chemical into another usually by a series of
enxymes, ‘

Q  All right. 1Is this metabolism, is this important
in the functioning of mammals, of living ‘betngsf

A It’s absolutely essential, It’s how we convert our
food into enargy, how we regulate and handle the various
chemicals the body secraetes in order to communicate from one
organ to another. It's how we regulate things such as sexual
function, how we handle chemicals that come :l.ﬁ.:o aur body
from tha outside world,

Q You said it's how we handle ~- when ve -~ whan
one digests cne's food in the digestive process, are we really
metabolieing that food?

A We arte.

Q In more than one orxgan or in more than one procass?

A Yee, in very complex processes ..

Q And 1f i{nstead of using the word metabolism {f 1
were to say changa, wuld I bs saying the same thing?

A Not quite, 1 guess.

Well -~
A Converting perhaps.
Q Couverting?
A I'd uge,
Q

All right., Metsbolism means ¢convert thent
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A Yas,

Q So’if I say converz food into whatever food is con-
verted into, calories, I guess, -- no, that's not righe,

A Muscle,

Q Muscle? All right, Really when food is converted
into muscle the body is converting or changing that food into

muscle through a series of complicated processes, is that

‘righe?

A That's right.
Q Al} right, WNow what else is metabolized or cou-

verted or changed in the human body?

A As I mentioned, a varlety of substances which varioys

organs secrata.

Q Well --

A FPor instanca --

Q Give ma an examplas,

A For instance, the ovary scérat&s astrogen, and that
estrogen is very ifoportant obviously in human reproduction,
but that eatrogen has to ba broken down, clsared by the body
regularly or elss it would build up and become quite toxic.

Q The body then metabolizes this estrogen, is that
correct? |

A The body takes certain chemicals and metabolizes

into estrogen. Then it takaes the estrogan aund metabolizes
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becoming dilute and then put back down again, reestablishad,

that into substances which can efther be reused or excreted,
Q It's excreted if the body dossn't want it or if tt'T
deleterious, can't use it or it's used 1f the body wants it?

A More or less, yves,

Q All right, What else besidas estrogen is netabolized

or converted or changed in the body?

A Almost all the varfous chemicals that our: cells
mske are'metabolized into being., They are created from simple
molecules such as amino acids and they are then broken down
by other metabolic processes or recycled and reused, and it's
by that process, sometimee known as physiological homecstasis
that the body continues to funcﬁion in # more or less even
manner,

- Q And chen what? 1Is it fair to say that the entire
operation of cur body, tha creation of skin and muscle and
hair and toenaile and sverything else 13 really a form of
metabolisem?

A That's right., Everything in ;ur body is comnstantly

being metabolized, even bone is being resorbed, that is,

Q All right., So when -- what we're most cormonly
acquainted with when we're trying to lose weight soms people
have a different metaboliam than others and therefore, they .

use up the energy or use up the food and it won't turn into
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fat. When we say metabolism that's just one little bitty
aspact of wetabolism in the human body?

A That's right.

124 Do these rates of matabolism or conversion or changes,

do they vary from person to person then in these other areas
Just as one's metabolism with reference to the ability to gain
or lose weight varies from person to person?

A Probably to a varying extent, yes.

Q Some people can eat food just like mad all the tinme
and you hate them for doing 1t and they alwayes stay thin?

A That's righe,

Q Other people can get closs to a milkshake, just smell

and they get fat?
A I don't think that's metabolism.

Q That isn't metabolism? All right. Now, Dr., Silber{
gold, is that the process then that's going on throughout the
human body and that to some extent varies from person to
parson?

A That's right,

Q Now, and {an't that a fact that science has discovered

ic's changed or influenced by 2,3,7,8 TCDD in all of thase
aspects?
A No, only cercain highly specific parts of matnbolii*

appear to be affected by 2,3,7,8 TCDD.
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Q All right., Uhat are those effects, which ones are
affected? Whac merabolism rates or convarsions in our body
or animals for chﬁt matcer are affected by 2,3,7,8 TCDD?

A Well, that's a two leval question. The first level
is, as I mentioned, this rapid and extreme induction that is
the --

Q Induction means -

A Increase in the amount of an anzymﬁ. That's that
AHH or aryl hydrocarbon hydroxylases set of enzymes. As a
rasult of that many nretabolic processes which use those
enzymes -~ enzymes ars kind of like tools and various
functions in the body reach in and grab s tool when they nead
it and then put {t down when they'’rs through. Another funce-
tion will come in and use the same set of enzymes go that,
for example, 1f you were taking phenobarbital because you had
spilepsy, these'enzymas would be called {into action to braak
down the phanobarbital sc you wouldn't ?u killad by it. If
you had a sﬁige of a sex hormone as men and women do during
the day and during the month, those sams anzymes would be
callad into play to break those substances down. As lipids,
cholasterol build up in the blood those same enzymes would
have to come inro play to take care of those substances as
wall,

Q All right, Now, Dr. Silbcrgeid. as far ae thig «-

W
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the specific effects of metabolism, what metabolic processes
are known to be affected by 2,3,7,8 TCDD in the animal and
who discovered it?

A Basically all those processes that use that set of
engyme are known to be affected and a range of workers have
studiad this, starting with Dr., Poland but covering many of
the people I mentioned bafore-and others as well.

Q All right, Now thig effect of 2,3,7,8 upon this
maiabolic process has this been published from the mid '70s
onward?

A Yes, 1t has, -

Q Aund has it baen published in journals that arve
available tc the -~ to I suppose anybody that wants to go
to a store and buy this parcticular magazine that's published
and sold?

A Yas.

Q Something that's known to fhe chemical industry and

the health professionals?

A Certainly some members of the chemical industry cons

tribuced greatly to the research, yes.

Q Now the word I;pid has been used from time to time
in this case. What {a a lipid?

A A lipid is a fat;.,a certain type of molecule.

Q The fat that I have on my body, another name for

g0
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that {s 1ipid?

A That 1s a type of lipid, yes.

Q And there are other typea of lipids other than fat?

A Other than body epidermsl fat.
Q All right., And what vole do lipids play in the
healchy functions of animale and human beings?

A Lipide are essantiil, because all the membranes,

that 48, ths outer layers of all of our calls contain lipids,

and they indeed provide, many people think, the barrifer which

keaps cells from leaking their contents out into the water
and blood that surrounds them.

Q Now have +- has science establiehed that these
lipids are affected by 2,3,7,8 TCDD either divectly or in-
directly?

A Lipid metabolism, cartain lipid matabolism is
affacted by 2,3,7,8 TCDD,

Q In what animals was that first discovered?

A I'm not certain., It was deecribed, I think, by
some of the occupational physicians looking at humans who

reported hyperlipidemia, that is, increases in lipids in

‘blood, but the complete explanation and examination of this

effect was, of course, done in animals, I think probably
rodents,

Q Probably what?

9L
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A Rodents and guinea pigs.

Q All right. And when was that work going on wich
the lipids?

A From rhe mid '70e to the present time.

Q It's still going on, I take ic?

A There's still a great deai of research on 2,3,7,8
TCDD,

Q Now, Dr. Silbergeld, {s thare any ~- has there
been any dispute or question in the scientific world that
TCDD, 2,3,7,8 TCDD has this effect upon the lipids in the
animal and human body?

A UWell, there was a question at one point raised as
to whether the affects of TCDD to increase the levels of
lipids in blood might be the result of another action of this
chemical o cause an anorexia, & failure to eat and a wasting
away of the bodﬁ. and as the body was not taking in enough
nutrisnts from outside, it wag burning itself, if you will,
and releasing a lot of lipids from broken down calls, but
Dr, Robexrt Neal, who {# now the head of the chemical industry!

Institucts of Toxicology conducted some very elegant expariment

I think about 1976, in which he showed that even if you contrd

very carefully the food intake and body weight ¢of animals ~-
obviously this could only be done with animals -- thera was

an additional, separate, important effect of 2,3,7,8 TCDD on
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lipid metabolism, I don't think that's in any dispute,.

Q. Is what you're eaying that TCDD could cause one to
have an increased number of lipids and in some other person
or under other circumstances cause a decrease in lipids?

A No, in general it seeams to cause an increase in
circulating lipids in the blood, but Lt also causes in many
types of animals a wasting away syndrome or lack of appetits
known as anorvexia., WNow lack of appetite, severe lack of
appétita. will itself increase circulating lipids, so Lt was
fmportant to distinguish an effect of Dioxin on the 2,3,7,8
TCDD on lipid metabolism separate from its effect on appetite,
and this has been done, h

Q Now at the time Dr. Neal discovered this effect and
published in this area what was his position?

A He was a professor of pharmacology and toxicology
at Vanderbilt Uﬁivarsity.

Q And he published in it, and at the present tiwe,
howaver, after that publication or at some chronological time
after that he became Divector, Executive Diractor of the
Chemical Institute on Toxicology?

A That's right.

Q This jury has-had a deposition, or portions of s
deposition of Dr. Neal read, so they are familiar with the

nama, all right. This work though was done before he becams

923
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the head of that industriasl organization?

A As far as I know, ves.

Q All right, Now has anyone disputed these results
that Dr. Neal and others in the same vein discoverad insofar
as lipids and anorsxia is concerned?

A I don't believe a0, no,

Q Now is there a diffarence betwesn ~- you've used
the words and others have used the words betwaen acute affect
and chronic affecta?

A Yes, thevas le.

Q What 1is known as an acute effect?

A Generally speaking, an acute effect is one that
occurs shortly after administration or exposura to a toxie
substance or it {is an effect which occurs after very limited
exposure, |

Q All right. An acute effect then of a poison, say,
that one is given, 1f you've given a large enough dose can
cause his death immedfately. That would be called an acuts
effect?

A That's right.

Q But 41f he's given that dose, that poison in small
doses over a period of time so that it doesn't kill him but
-~ gud say in the cagse of lead poisoning, for 1nst§ncc,

makes him sick and tired all the time and uoc'inough to kill

94



FENGAD 0., BATONNE, M.J. @TO0} foRm L 4N

F -

W

- 3

-3

2

13

14

15

16

17

9

20

2t

2

23

him, but enough to make him sick, the effect of masking him

sick and tired would be considered a chronic effect because {(}

didn't ki1l him and it took place over a long period of time?
Would that be correct?

A Well, in part the use of the word chronic like the
use of the word acute describes hoth the type of axposure,
that ia, in vour example the exposure of was a series of sub-
toxic, sublethal doses and also that the effects observed
occurred over a period of time, but there is & warning. When
you'ra dealing with substances like 2,3,7,8 TCDD or into lead|
which are accunulated in the body, it'e sometimes difficult
to waks thesse distincrions between acute and chronic, bscausa
a series of smell doses will accumulate {n the body and it ia
poesible to achieve & level at which acute sffect will occur,

that is, you will suddenly start to see a different-type of

very ssvers toxicity at the point you give the last little dosa.

Q That would be like you can =~- you c¢ould kill somes
body with 1ittle doses of arsenic, for instance, over a lomg
period of time, It's that last dose that accumulated along
with the arsenic stored up in his body, I take it, that caused

the acute effect of death?

A I believe that's been known to happen in murder trials,

Q That's what I was thinking about, Arsenic and pld

Lace and that sort of thing. Or you cﬁuld cause that acute
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effact by one large dose at the beginning?

A In ‘5enera1 terms, ves,

Q Now has TCDD known to have -- to accumulate in
the human body and in the body of animals?

A It i3 known to accumulate in the body of animals,

Q What animals? |

A A whole range of animals from invertebrates, frogs,

fish, all the way through mavmals, primates, monkeys.

Q And can the effect of those -- of that accumulatioL

over a longer period of time be the same as a larger dose at
the beginning of that period of time?

A It may be for certain effects.

Q All right., Now ~- Doctor, that's another point
that I want to explore subgequently, but as far as the acute
versus chronic toxicity, when you talk about chronic toxiecity,
then you're talking about the effacts over a long period of
tine, so to-spaak. or a longer period of time, 1is that correct

A That's right.

Q All right. Now insofar as other organs of the body
are concarned, for instance, the kidnay had, have there --
has there been work to dqmnnatrate that 2,3,7,8 TCOD has
deleterious or harmful affects upon the kidney? .

A Yes, there has.

Q And what -~ 4in what ~- who demounstrated that
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and in wvhat animal or animals or humanas?

A The animal work wag begun by Dr. Richard Kociba of
the Dow Chemical Company in which he showed a varisty of
biochemical and pathological effects in the kidneys of rats
he exposed to 2,3,7,8 TCDD,

Q Now is the word renal the same as saying kidney?

A Yeas, it 18,

Q All right., We got hepatic means liver and renal
means kidney? |

A Right.

Q So if I say effect upon the kidney, you'll know
I'm talking about renal and {f you gay renal, I'll know
you're talking about kidney.

A Right,

Q All right, Now what effects has been known or
demonstrate renal or kidnay effects with 2,3,7,8 TCDD?

A As I said, changes in the biochemistry of the kidnay
particularly the porphyrin synthetic pathway «-

Q Porphyrine ars involved in tha kidney as well as the
1iver?

A Yes. Porphyrins synthesis 1z an important metaboliec

pathway in many cells, inéluding nexve cells, In addition,

~ treatment with 2,3,7,8 TCDD also has pathological damage to

the kidneys, that {s, ectual destruction of kidney cells.

4
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Q All right. VUWet just talking about then affecting
the kidney in its function, but you're talling about destruc-
tion of the kidney cells itself?

A That's right,

Q Is that correct?

A That's right,

Q And this was damonétrated as to be an effect from
2,3,7,8 how long ago?

A I think as early as 1976, 1977 by Dr, Kociba,

G And when these scientists for Dow, for instance,
whan they discovered that, again was it published or wes it
kept secret?

A Oh, no, it was presented at international meetings
and published in prestigious journals.

Q Meetings that you might, if.you had been a toxicol-
ogist at that time that you might have attanded or that
madical directors of various corporations might attend, they
would be privy to that information?

A Certainly,

Q Now what s the system known as the endocrine system?

What {s that, what does endocrine mean?
A Endocrine describes a sat of organs which secrete
chemicals, naturally formed chamicals and direct metabolism

and other functions in the body by means of these chemicals.
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Q Now, I don't know that I undsrstand that. I know

~ wa've got an endocrine system and I know it does something,

but I really don't understand what you're saying. Could you
explhin that a little bit, what is the endocrine system and
what it does to us on a practical hasis?

A Well, T can give you an example of an endocrine
syetem. There are many such systems in the body.

Q There's more than one endocrine system in the body?

A Well, there are a number of organs which can all be
called part of the endocrine system, but usually scientiscs
distinguish a particular endocrine system. For example, the
endocrine system which controls reproduction or the endocrine
syatam which controls insulin production, they are all part
of the endocrine aystem., But, for f{nstance, the reproductiva
systen involved in en&ocrine network which {ncludes a part
of the brain known as the hypoty,lamus, It includes the
pituitary, which 1s another part of the brain.

Q The pituitary, that's also known as the growth
gland, 4s it not?

A One of the things the pituitary does is secrete a
hormone known ss growth hormone, so it's then an endocrine
system controlling growth,

Q All right. So the pituitary gland is part of tha

endogrine system?

9¢
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A That's righe,

Q All rigqhe,

A The plituicary secretes chemicals, prolactin which

induces milk in women shortly after they deliver babies and

does other things, Those hormones travel through the blood

to tha sex organa, the ovary or the testes and cause cellular

changas to occur in those organs. Thoee organs themselves

then sacrete chemicals, They are endocrine ovgans aleo in

this sense. Those chemicals go back up to the pituitary
through the blood stream and to the part of the brainm, the
hypothalamus, and regulate the entire function. So that's an

endocrine eystem,

Q Well, I think T heard what you said, but I must

confess I'm not really sure that I know what you said, The

endocrine system, 1 take it, 1g an important part of the
living being's funetioning the way we're functioning?
A That's right. _
Q\ Growing and changing and everything like that?
A That's right.

Q All right, Now has there been work done in animals

to demonstrate whether or not 2,3,7,8 TCDD affects the endocrtnL

aystem?
A Yes, there has,

Q And who did that and when?
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A I think probably Dr. Kociba again was one of the

first to do thease studies.
Q And again he's the toxicologist working for Dow

Chemicalt
A That's right.
Q Al) righe.

A This would be 4in the mid '70s, and there have bun
a nmbu' of other people working in this area, including

myself,

Q You have worked in this srea of the endocrine systen?

A Yes,

Q Vhen we read off thess papers dealing with the re-
productive work that you did that was in fact work in the
sndocrine system?

"A  That's cértect. |

Q And has {t been established then that 2,3,7,8 TCDD
does have a2 harmful effect on the fincticning of the cndocring
systam?

A Yes, it has. .

Q And that's been known since the mid *‘70s?

A Yas, it has.

Q Is there any ons scisntist or group of scientists
that dispute the effect of 2,3,7,8 TCDD upon some aspects or

parte of the endocrine asystem? -
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. doing it you don't know?

A There is no dispucte that 2,3,7,8 TCDD can affect
aspects of tﬁo sndocrine system., The entire rangs of its
effects on that system is, of course, not presently known.

Q Why isn't it known, Doctor?

A These are very complex systsms and, as I mentioned,
they exist in a relationship with each other. For exampls,
ve found that 2,3,7,8 TCDD o£§pp ovulation in female mics.
Now that effect could be because the chemical ia affecting
the ovary diregtly or the chemical could just be changing
hormons metabolism in the liver or it could bs acting on the
pituitary or the hypothalamus.

Q You know ﬁhnt it's doing something to cause these

ovaries not to fumction; just exactly the machanism how it's

A That's vight.

Q All right. Now, Doctor, is the reproduction of the
species then, is that the net result of the functioping of &
lot of thess systems that we're talking about?

A That's one of the rasults, yes,

Q Nov in the work in reproduction in what species have
definitive or exparimental work daen done to determine whether
or not 2,3,7,8 TCDD affects reproduction?

A In mice, rats, guines pige, hamsters, rhesus monkcy;
and there hnﬁu basn epidemiological survays of humans.
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~ chemical industry that deals with these substances that may

Q Now when you say epidemiological surveys you peole
went out and checked with humans that had been sxposed to
2,3,7,8 and found out whethexr they had somea effects upon
their capacity to raproduce, is that corract?

A That's right. They didn't go out and expose people
to 2,3,7,8 TCOD, but they went out and tried to find pseople
wvhom you could assume might have been axposed. For instance,
the Defensa Department's study of Alr Force people involved
in the packaging and dropping of Agent Orange in Viet-Nam.

Q And vhat sbout the Seveso people? Would thay be
part of the study groupst

A That would be another such study,

Q All right. Now that's study with humans, Insofar
as the study with animals is concerned, £s thers -- s
thers any species of animal who have been discoverad that
2,3,7,8 TCDD does not affect their or its rcproductivu system?

A No. As I mentioned before, there are sounse vnticctonL
in just how the affect o;cuxc. but I'm not aware of aﬁy species
which 1is resistant in terms of the reproductive effects of
2,3,7,8 TCDD,

Q Row is this somathing that has been published and
is known at large by the hnllth professionals and by the

contein 2,3,7,8 TCDD?
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A Yes.

Q  Doctor, a system known as the immune system, has
there baen work done in laboratory and elsevhere to ascertain
what effects 2,3,7,8 TCDD has upon the immuns system of animal

A Yes, there has.,

Q Who's done that wor? snd vhen?

A 1 think that work was started by Dr. Voss of the
Netherlands, alea Dr, John Moors from NIEHS, now at the E.P.A.

Q NIEHS means what?

A National Institute of Environmental and Health
Sciences. It's part of the NIH, It's a Federal agency.

Q And the NIH is the National Institute of Health,
a Yederal agency?

A That's right.

Q éo shead., I didn't mean to interrupt you.

A Dr. Voss, Dr. Bekesi and Dr. Nebert. A variety of
people gsvc workad on this subject.

Q Now, Dr. Silbergeld, ws will have after you testify
an immmologist that will testify in depth and in detail about
the fomune system, but for our purposes of presenting your
testimony as a toxicologist I'd like for you to explain to the

~ jury what is the immune system, how it functions.

A  The {mmme system {s basically the body's defense

systam against agents which cause certain types of disease.
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- substances that produce allergies or irritations :fn: the body.

It includes certain organs and circul;cmg cells in the blood,
Q And how does the immune system opsrats to prevent
you and I from being sick? 1If I've got a cold and I comes and
breathe upon you, you wight get sick and then the next guy
might not get sick with that cold. Somedbody's immune systenm,
1 take it, is operating to prevent the cold baing -- ¢to
affect him, Could you tell t:tl plasase how that occurs?
A Basically in two fundamental ways; obviously it's
& very complex eystam as wa'ra discovering, but the body nakes

cells which can actually chew up substances such as germs and

also, through another series of very special cells secretes
chemicals which dre known as antigens or antibodies, and thesd
actually bind the substance which causes the dissase and
neutralize 1it.

Q Now, Doctor, have thers beem scientists who have
worked with animals to determine whethex or not 2,3,7,8 TCDD
affacts the immme system?

A Yes, as I mentionsd, thers have.

Q And how long ago was the work taking place? When
did it starxt with 2,3,7,8 TCDD?

A About 19373,

Q  And have science concluded that 2,3,7,8 does affect

the immune system?
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- least that that pus is reslly the good white cells fighting

. those germs. Is that corrvect?

A Yes., Most sclientists agree that 2,3,7,8 TCDD is
& very potent toxin to the fmmune system,

Q And how does that occur?

A One way in which it occurs is by attacking the
thymus gland itself, which is one of ths glands which produces
colls which give us our immune competent or our defense
againet these agents. Thers mey also be other effects on
the production of white c¢alls and:on choi&biliﬁy;bf»thnsiiéell
once they're produced to actually engage in the warfare
against infectious agents,

Q When you say these white blood cells, when I was a
kid and I'd get a cut and there was ysllow substance, pus,

around that cut if I wasn't Zoo clean, and I was told at

In part, yes.
Just in part, correct?
Yes.

How 1g it wrong?

» 0 > O >

Vell, {t's a more much complex reaction than juat
white cells grouping togather to fight an infection., There
are also chemicals secreted by endocrine organs and other

parcts of the body which participate in this as well as !tctor;

from the red cells.
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Q All right. Now in what animals has it been dis-
covort;l that fhcir {mmune system could be affected or is
affected by 2,3,7,8 TCDD?

A Again a range of animals from mice and rats and
hamsters and guinea pigs and humans,.

Q And again has that basn published and £{s it knowm?

A Yes, it is, '

Q Is there any dispute about that fact; that Lt does
have an effect upon the human immune system? |

A 1 don't believe so,

MR, CARR: Your Honor, it's -~ {1f the Court's
willing, this would be a good time for a refreshing break.

THE COURT: Fine. Court will be in a short recess.|

(At t:h:lsl time & short recess was taken.)

Q Dr, Silbergeld, we were discussing at the break the
demonstrated effacts upon the immune system, When you use
the words thymus or thymus. TIs it thymus?

A Thjmn.

Q Is that the gland or organ that produces tha cells
known as T-calls?

A Yes, it is.

Q And is it the f—coll that -- aocong others that

works in the immme system to make us immune to certain l:h:lnsq?

A That {8 one of tha ifmportant ;:tlla in the immune
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~ strated «- vhat hematologic effect has been demonstrated as

systen defense systems, yes,

Q' How has there been experiments performed upon
animsls to demonstrate that the T-cell is affacted by 2,3,7,8
TCDD?

A Yas, there have.

Q And who did that work?

A Dr. Voss has done soms of that work, Dr. MeConnall|

Dr. Moore, both of them are at NIH, Dr, Nebart at NIH, Drx,
Goldstein and others.

Q And is the work in that ares as to the extent of
the effect upon the imoune system by 2,3,7,8, is that work
still ongoing to thig day?

A Yes, it is.

Q Row, Doctox, has TCDD baen demonstratad in animals
and otherwise to havq a hematologic effect?

A Yes, it ﬁu.

Q And 1is hematologic affect the same as saying, as you{
have described sarlier, as tha effect upon hewe or is that a
diffarent effect?

A It's part of that effect. It's one expression, if

you will, of that affact.

Q  All right, What has -- what has it besn demon-

being associsted or caused by 2,3,7,8 rcﬁm
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has aniadvdrse ox harmful effect upon the hematologic system?

dustrial workers in some of the industrial settings where

A  An effect on the stability of the red cell and uponJ
the avﬁlnbilicy of heme for incorporation iunto hemoglobinm.

Q And s hemoglobin essential to healthy animals,
including human beings?

A Hemoglobin {s that part of the red cell that urriaT
oxygen from our lungs to all bedy organs.and cells. It is
absolutsly essential for life.

Q All right, Now has it besn demonstrated that 2,3,7,8

A It‘s been shown that 2,3,7,8 TCDD raduces the func-

tion of the red cell system or hematologic system,

Q In vhat animals has thet basn demonstrated?

A A range of rodents, and I believe also rhesus monkcyr.

Y think also cows and horses.

~'Q  Has 1t been confirmed that similar affects oceur in
human beings?

A It has,

Q And vho did ths confirmatory work and where has it

been counfirmad?

A It's bean confirmed, I believe, in some of the
studies on the Seveso population and I think some of the in-

there was high exposurs.

Q Now again has -~ 4s thare any dispute about the
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fact that TCOD can bave such an adverse sffect in animals and
in hMu?

A Thers is no real dispute. There is discussion as
to the axtent of this effect, but no dispute that TCDD ean
actually affect this system,

Q And was this something known prior to January 10th,
'79 or February 8¢k, 1979

A Yas, 1t was,

Q Dr. Silbergeld, has there bean work done in animals
and work with human:beings as to the effact of 2,3,7,8 on
the neurological system and on the nsuropsychifatric system
at least insofar as it affects humans, if not animals?

A Yes, thers have.

Q In the original industrial acéident in 1949 at
Ritro, Wast Virginia was thare reported and demonstrated in

the very first group of workers that were exposed neuro-
paychiatric effeacts?

A Yes, there were,

Q What wvere these neuropsychiatric effects that were
demonstrated back in '49t

A There were a variaty of signs indicating damage to
the paripharal and central nervous system, that is, to the
nsrves outside the brain and spinal coxd as vell as to the

brain. They included sansations of dburning, fatigue, and




M. bFR0d:  FoRw 1L 240

- HEWEAD CO., PAYONNE,

10

n

12

13

14

15

16

17

19

20

21

22

23

4.

muscle -~ neuromuscular weakness. In terms of the cemtral
narvous system, psychiatric kinds of effects, insommias, that
is, inability to fall asleep, suppression of appstite, de-
preseion, lathargy, and tiredness, a range of neuropsychiatric
sffacts.

Q And did, as far as the published literatura is con~
cerned, did those doctors an;l scientists working for Monsanto
at that time in ‘49 and thereafter, did they publish and was
it known from that time forward that the exposurs to this
2,4,5 trichlorophenol which had the 2,3,7,8 contaminant, that
these neuropsychiatric effects did occur?

A I don't think the medical officers associated with
Monsanto published much of their findings .I but thu'."o were
findings published by Bleiberg and Poland on tﬁt Diamond
workers @d some of the ineidents in Cermany as wall as work
from Czechoslovakia, which was sufficient to demonstrate by
the mid *70s that there were significant neurologic effects
of these compounds.

Q Doctor, what is a peripheral neuropathy?

A Pexipheral neuropathy is demaga to the nerves out-
side the brain and spinal cord,

Q Haa there been work to demonstrate that 2,3,7,8 has
such an effect? “

A Yes, thers has,
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* pheral system.

Q. By whom and when?

A  The clinical studies we've touched on, The animsl
studies have baen done by étrﬁ.zk's Group in the Netherlands,
by Elovaara'’s Group in Finland and by the workers at NEIHS
and Dr. Moore's Group, among others,

Q What is s pertphera-l neurcpathy?

A It's, as I said, dazage to tho nexves of the peri-

Q ¥Which would be the arms or the lo‘gs or the fingers?
A Those would be some of them. Thexre are other nervaes

which control our hesrt, stomach, and a variety of other

organs and systems in the body which are part of ths periphersl

nervous sytem,

Q Dr, Silbergeld, a significant amount of your work,
your publication work has been dealing with neurotoxic effects
of diffexent substances?

A That's tight.

Q Have you been able to demonstrate or have others
demonstrated just what it is that 2,3,7,8 does to nerves?

A My work has focused on tho consequences for the
nerves of altering porphyrins biochemistry, and what I've
shown is that there are sevaral effects associated with that
ultinate mechanisn which are particularly dangerous for the V
nervous system, First off, since the porphyrin systes produe+
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heme, that molecule which carries oxygen in tha body, a
reducction in the amount of heme through the draining off inco
that enzyme system that's induced, a reduction in that amount
of heme deprives cells of their oxygen carrier, if you will,
Nerve cells have the highest need for energy, for oxygen of
all colil in the body because they're always active and there-
fore, thay are among the firét to dis or be affected when
thera's a lack of oxygen, We all kanow the syndrome, the
dangers of drowning or short pariods of submersion in water,
the organ that's affscted most severaly is the brain. That's
because of its high demand for oxygen. The ssme thing happenﬂ
1f the cells can't get oxygen because they don't have a
carrier for oxygen, hems, Another way in which altering
porphyrin chemistry affects the nervous system is this
insulation, this fatty wrapping around the nerves which is
made out of lipids, ia very depandent on active porphyrin
systen in those same cells and its porphyrin aystem is

deranged as has been shown by workers at Rockefaller University

and elsevhera, some of the firat calls to die are these
wrapping cells, what's known as myolin around nerves. Then
the nerve becomes like an electric wire that's been strippad
of {ts insulation, and as you know from short circuits and
other problems in elactrical appliances, this means that the’

system can't really work very well, That's known as demye-
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lination neuropathy and indead has been described as a con-
saquenca of exposure to 2,3,7,8 TCDD, The final way in which
altering porphrin pathways can affect tha brain or nerwvous
system very spacifically is that some of the chemical in the
porphyrin pathway are themsalves neuroactive, that is, they
have properties like drugs to affect certain parts of tha
nervous system with a very g;uat deal of specificicy and
action,

Q  All right, Then thosa parsons that may have

chemical or intoxication porphyria or for that matter inherited

form of porphyria are having something done to their aystems
that would affect this covering on the nerve?

A Yes., As a matter of fact, that's why 1 becane
interested in this problem as & researcher because of the very
complete descriptiona of tha neuropsychistric and neuropatho-
logic signs which have been described {n many types aof
porphyria, yet no ona really knew why these diseases, which
are primarily diseases of the liver or of the kidnay ox both
could really bs affecting the narvous system so sensitively,
and that's why I becams interested and have devoted & great
deal of research to this issus of connections batween altering
porphyrin metabolism even outside the brain and the very

senesitive response of the brain to that altaration,
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nervous system on this lining around these nerves had that
besn p{\bnumdr

A Yes, it has,

Q- How long ago were the first articles appearing
dealing with this demyelination or porphyria effect upon the
nerves and the lining of the narves?

A Of TCDD? '

Q Yes.

A 1 think starting around the mid 1970s.

Q All right. And again were thase articles published
so that anyons that wanted to read them could find them?

A Yes. I would add also that for anyone concerned
about 2,3,7,8 TCDD, anyone who knew anything of the Ii!:mturer
on porphyria, both the genetic inherited porphyrias and the
other kinds of chemical porphyrias produced by hexachloro-
benzens, by lead, by a variety of chemicals although they:"ro
all slightly different. Anyone who knew, about the porphyrias
would have been able t0 suspect reasonably that an agent
vhich vas s0 powerful s porphyringen, that fs, a substanca
that produces porphyria, would be a very powerful nourotox!.é
agent,

Q All right.

A And indeed that had been npccqlated and discussad

by a number of workers in the *60s.
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Q_ Now, Dr. Silbergeld, what does the word taratogeni-
city mean?

A That's a property of & substance or an exposure
which causes deformities or alterations in a fetus.

Q Now you mentioned in passing the cleft palate in ths

mice?
A Yes,
Q Is that a teratogenic affect?
A Yes, it is,

Q And has there been considerable work done as to
the teratogenicity of 2,3,7,8 TCDD?

A Yes, there has,

Q Beginning when?

A I believe starting in the early '70s the work of
Dr. Gourtﬁny and others.

Q And has 1t been demonstrated that TCDD can causas
genetic dafacts to pass from one genﬁration to another or
cause thase taratogenic effects that you have described?

A Teratogenic effects axre not genetic effects. The
vords sre slightly similar.

Q All right, Bqt they're not the same?

A They're not the same. Teratogenic means producing
or capable of acting. It means producing literally a monster}

a deformed offspring., It may involve e £fects on the genetic
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component of the body system, the developing fetus, or it may
not.

Q All right, What you're saying s that -~ {f I
understand you corractly then, is the toxic substance causaes
the fetus or the embryo in the animal or wvhatever the living
being may be to become deformed or to hava defacts?

A That's right, That’s a teratogen.

Q And those defacts are not nscassarily a genetic
defect, that is, passed from father to son or mother to son
or through parents, is that correat?

A That's correct.

Q It is a direct effect then by exposure of the embryq
or the fetus to ths substancs oxr is {t an effect by exposing
the parent to the substance that this daefect occurs in the
offapring?

A It 1s usually ~~ the word teratogen is usually
restricted to exposures with occurred dufing the davelopirent
of the embryo or fetus so it would be restricted to a direst
exposure of that embryo or fetug =«

Q All right,

A -~ or the exposure of the mother. It doesn't mean
that's the only way birth defects are produced but that is the
strict definition of a teratogen,

Q  Is what you're saying then a mbehc:. not pregnant,
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being exposed to this toxic substance that that could cause
her offspring to be deformed?

A Yes, that is a mechanism of action by which birth
defects can, of courss, cocur, and the best example of that
is Down's syndrome or mongolfiem in which the defect is in
the mother's eggs and comas out when reproduction occurs,
but «-= and Dioxin may well have such effect on cells in
the human ovaries as well as other animals, but =& teratogenic
effact 18 ususlly used to describe effects after veproduction
is starcad, gestation ig ongoing and the fetus is developing.

Q All right. 8o ordinarily when ymi use the term,
you mean the effect upon the embryo or ths unborn child or
offspring, is that correct? |

A That's right. .

Q  Now in how many different varieties of animals
has it bsen damonstratad that 2,3,7,8 TCDD will have thess
-~ will cause a defact in the offspring?

A In a wida range of species, many rodencs, primates,
monkeys, and there have again bsan epidemiologic studies in
humans .,

Q Now what doeas -~ again has all this baan published
this ability of 2,3,7,8 TCDD to do that!?

A Yes, it has.

Q What's meant by the word fetotoxicity or embryo

ils
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‘genic affect, but they would be more general as wsll. For

toxiecity?
A Those are toxic affaects which are specifically

occurring in the embryo or fetus, They might include terato-

instance, 2,3,7,8 TCDD exposure of pregnant females is kuown
to alter the livers of their unborn offspring. That would
bs a fetotoxic or embryoc toxie, depending on the time and
development effect as opposed to a teratogenic. effect, which
is defined as involving a real structural changs in the
snbryo or the fetus,

Q And has {t been demonstrated that 2,3,7,8 TCDD has
a fatotoxic effect?

A Yee, it has.

Q And has that been published?

A Yes, it hae,

Q@  How long has it been known that 2,3,7,8 has such
an effact?

A I think cine§ 1976, 1977.

Q All right, Now, Doctor, what does cocarcinogenicit:

A Carcinogenicity means the propexty to p:oduco.cancom

that is, a tumor or leuksmia.
Q All right. Now has there been work done in the
area of producing cancers with 2,3,7,8 TCDD?

A Yes, there has.
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Q When was this work started?

A‘ I beliave about 1976 or 1977 by Dow Chemical,

Q Now, have -- has it been demonstrated that 2,3,7,%
TCDD can causs cancer itself?

A Yes. It is generally statad that 2,3,7,8 TCDD is
the most powerful chemical carcinogen identified.

Q Now, Dr., Si{lbergeld, axre thera certain substances
that while thay may not necessarily causa a cancer by itself,
in itgelf, can -- that {s, won't initiate ths cancer ox
can initiste a cancer but aleso promote other substances in
the creation or growth of cancers?

A Well, 1it's customarily accepted in molecular
blology now that the progress of developing a cancer {nvolves
several stages, wheraby a normal cell fs changed into an
abnormal cell and then that abﬁ;rmal cell begins to divide
and proliferats rapidly and abnormally and that's what forms
the visible, operabla, we hope, cancer. In that process
there are a number of blological events which occur. Now
the studies from Dow show quite clearly that exposure of
animall to 2,3,7,8 TCDD alona can cause cancer; that is,
2,3,7,8 TCDD 1is a complete carcinogen. It does everything to
the animal that's necessary to go from a healthy animal with-
out a cancer to an animal with a cancer. In addition, peopld

have looked at animsls in which various preceding steps in thﬁ
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progress of cancer have already been done to these animals,
The Animnla have had cells initiated, as it's usually called
in moleculay biology, and then Dioxin is applied co the
anfmal. Under those conditions of what's called two-stage
carcinogenises Dioxin has been shown to be the moat powerful
second stage or promoter typa carcinogen we have aver identi-
flad,

Q Doctor, in this promotion of & cancer has it bean
demonstrated that certain substances and many substances for
that matter do in fact or can in some individuals and in
some persons depending upon their fmmune system, upon their
genetic makeup, that these carcinogens, these substances can
cause cancers in some people and not cause cancers in othars?
If mwy question is unclear, I'll try to rephrase it, Doctor.

A It's true that there are some people born with, for
instance, genetic defects in the skin who already exist with |
some of the stages of cancer, skin cancer unfortunately
alrea&y havtngtakin place in them, These people ars very
sensitive to UV light. FNow --

Q UV 1ight meaning sunlighe?

A Sunlight or a sunlamp. Now prolonged sxposure to
sunlight, as we know, is not recommended for anyons and there
is concern about skin cancers in people who spand a lot of

time trying to be suntanned all the time, but &n thess people
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. of cancer we haven't talked about yet, and this is the in-

it takes very little exposure to sunlight to make them progress

very rapidly into s melanomea or skin cancer. So there are
differences of that type, but when dealing with a compound
1ike 2,3,7,8 TCDD, which {3 a complete carcinogen, 1'm not
avare that there would be sxpected to be people who wouldn'e

develop & cancer., Now the other possible variation in

response to this chemical, 2,3,7,8 TCDD, relates to a mechau1+n

volvement of the immune system {n cancer. It's recognized

]

that a number of cancers, including human cancers are aetuﬁll;
csused by viruses., Many of us have these viruges in our body
all the time, Fortunataly our immune system is abls to take
care of them and'thay don't manage to invades celle, transform
these calls and insert their malignant genatic informacion
into our own genetic tnfbrmnci&n and cauee the cells to be-
coms cancsrous. However, 1f the ifmmune system is depressed
saverely these cancer causing viruses then are unchecked by
the hédy's defense system and can cause & cancar. A very
good sxample of this is the concern that we all have about
Acquired Immune Deficiency Syndrome or AIDS and the incidence
of cextain types of sarcoma or cancer in people who have AIDS|
They get that sarcoma bacause their immune system has baen
totally wiped out by the disease.

Q Now, Doctor, insofar as the aﬁiltey of 2,3,7,8 TGDJ
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to promote cancer, does that take place when there is already
somothing in the body, be it & germ or a virus or a chemical
or a foreign subatance that does by iteelf cause cancar, does
the existence of that with tha 2,3,7,8 TCDD have an accalerat!
effect upon the ability of the initial carcinogen to cause
cancer?

A It has a greatly increasing affect.

qQ All right., Could you -~ and {s that effect
known as the ability of 2,3,7,8 TCDD to promote cancer rather
than to initiate {¢?

A  Thet ia its promotional power, That's right,

Q Could you explain that please? What does it do
to promote or to permit these other substances that aren’t
by themselves causing cancer at that point in time, what does
2,3,7,8 TCDD do to causa that other substance or to promote
that other substance fn the growth of cancer?

A Well, that's an avas of very great regearch. I
don't think anyone doubts that TCDD has this property. This
is work primarily by Dr. Henry Pitot and his colleagues, and
it is indeed a very powerful promoter in aniwmals who have
already bean exposed to these initiating carcinogens. How it
does this is an area of very great active research. My own
colleague, Dr, Nebert, at NIN bellaves it {s connected very

closaly with the abilicy of 2,3,7,8 TCDD to {nduce that set
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of enzymes which wa talkad about a while ago, those AHH
enzymas, because ha's shown that a variety of chemicals which
induce those enzymes are promoters and indeed based on thelr
potency to induce these enzymes to have a similar rank order
of potency in being promotional carcinogens.

Q Now again {s this -- you mentionad youxr colleague
and others -~ is this ability of Dioxin to promote cancer,
promote other organisms or other materials to cause cancer
ia this quality of it known and has it been known for a periogd
of time?

A Yes, it {s.

Q ~= by the health professionals and by the chemical
industry for some time?

A Yes, it has,

Q How long hai it been.known, and by known I mean
published, that 2,3,7,8 TCDD is a promoter of cancer?

A I think from about 1977, '78, .

Q Dr. Silbergeld, I have had some charts prepared
over here. Bafore I get to that, has there been an area

relating to either the acute toxicity of 2,3,7,8 or chronic

toxic effects of 2,3,7,8 that I haven't asked you about, that|

I may have missed?
A Ve haven't talked about the other types of reproduct

tive affects of 2,3,7,8 TCDD in addition to the effects on the
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pregnant woman at the time after the fetus and embryo begins
to deveiop, but there is considarable evidance in the animal
literature and some evidence now coming from epidemiologic
studies that exposure of the male or female parent prior to
conception can also have offacts which show up in the offspring
of the child and those are vary different kinds of effects,
although the end result might be quits similar, as we dis-
cussed above.

In addition, we haven't talked adout chloracne,
which 18 a very characteristic reaction of dermal csalls to
exposure to 2,3,7,8 TCDD and indeed was one of the earlier
effects described under conditions of very high doss exposurs
in the cccupational setting primarily. °

Q That would be relating to & high dose exposurs,
chloracne?

A The human evidence certainly suggests that it takta-
a rather high acute dose of 2,3,7,8 TCDD to producs chloracna.
It iz not a reliable indicator of exposure and certainly not
an indicator of low exposure or chronic exposure.

Q You mentionsd these other reproductive effects.
Have you explained that reproductive effect so that we under-
stand it now, Doctor?

A Well, there appeared to be effects -- there ars

effects which have been reported in animals primarily on the
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cells which are involved in reproduction, which {s the sperm
of the male and the cocyte or egg cells of the female, and

these effects occur before reproduction occurs, before the

male and female get together and produce a child, and depending

on the dose and the timing of these effects they can indeed

be axpressed as damaga in the ¢hild, Now with the woman, with

the female this is particularly fmportant, because women are
born into the world with all the egg cells they are going to
have, We don't turn them over and make new onas.

They‘ra there all the time?

They‘'re there from bixrth., That's it.

The total supply?

The total supply is there from birth.

One s month -~ one a mouth untll menopause?

Thac'’s {¢t.,
It*s all there?
It's all there,.

All right, Go ahead.

> O > 0 P o > Lo > D

So anything that happens to that population of egg
cells from birth onward is going to be with the woman for har

life, and 1if that damaged egg cell is ovulated and fertilizaed

by a sperm, then that damage will be exprassed in her children |

Now with the male, the male Ls constantly producing

new spaxm in & cycle of somewhers under a month in ths human
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male, but the male &{s also born into this world with the
machinciy that makes sperm and that fen’'t renewed, and so
damage to those cells which has been shown to occur in animalg
with 2,3,7,8 TCDD is aslso kind of a permanent raproductive

effect on the male,

Q Dr. Silbergeld, does this damage now to the egg cells

in the female, are you talking about the female in all kinds
of animals, including tha'humgn?

A Yas.

Q And has it been demonstratad in these animal studies|
and others that 2,3,7,8 TCDD can and does damage these egg
cella?

A  That's indeed the subject of my'own research.

Q What did you do to =~=- could you explain please how)
you discovered that or found that or deminstrated that efféct
in your research? wWhat did you do? |

A We took animals, mice {n this caee, and treated ﬁhuJ
once with a single dose of 2,3,7,8 TCDD, We purposely chose
very, very low doses of 2,3,7,8, because we didn't want to
cause an avwful lot of toxic effect in the animal and that's
hard to do with this chemical, but we weren't trying to find
the lowest poseible dose, because, as I mentioned, we're in-
terested in studying how these effects occur, so we took a

range of doses vhers we knew something was going to happen to
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reproduction in the female and we went over a range of those
doses to explore what that might ba, What we found was that
for many weeks after this single exposure in these mice Cthere
is an alteration, a pathological alteration in the cells of
the ovary of these animals,

Q How did you demonstrate that? What did you do te
find that?

A We removed the ovaries from the animal and we d_id
two things., We measured -- thrse things -- we mazsured
the atate of metabolism in the ovaries, we measured levels of
hormones in the ovaries and them we actually took soms ovaries
and prepared them for pathology; that is, we put them in a
preserving solution, made microscopic slides from these glandl
and then looked at the cells under a microscope.

Q And you could see ,wli:h your own eye undaer the mierogq
scope that those cells wers changed by 2,3,7,8?

A That's right, .

Q Now why do you believe, Dr. Si{lbergeld, as obviousl%
you do, that that which has occurred that you' demonstrated
occurring 4n this mouse will occur to human beings exposed to
2,3,7,8 TCDD?

A Well there's a tremendous amount of work in basie
sciences and clincal, that is, medical sclences showing how -

various parametars in the mouse ovary arevery aimilar and can
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be used to predict what will happen in the human ovary.
Q Is this something that you have concluded by youx-

salf or 1e this something that is an accepted scientific fact

by the science community?

A As far as T know, it's an accepte& scientific fact.
That's why in the laboratory of reproductive toxicology at
NIH we use mice, I don't know of anyone who {a suggesting
fhae there {8 no relationship between what happens in the
matmalian reproduction in the mouse and rat and what happens

in humans,

Q Well, the animal in fact, the rat, the mouse, the
hamster is in fact not a human being. Why do you all concluda
that doing somathing to that rat or that mouse iz equivalent

to doing something to the human being?

129

A Because of a large body of physiology and biochemistry

which have studiad in great detafl the anatoumy, biochemist:y‘
and functions of the reproductive system in these animels
and the reproductive system in humans. Also, of course, ve
are not going to expariment on human beings,

Q Does the FDA require that with any drugs, new drug

that comes on the market, that its safety is first demonstrated

with certain animal models before they even ellow it to be
tried out on human beings?

A That's right.
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Q And 18 the fact that our government requires that,
is this done in other countries throughout the world as well,
that s, the animsl is first triad out to see vhathar it's
gsafea in the animal before it's allowed in human beings?

A That's right.

Q Is that an sccepted, long time accepted sclentific
method of discovering or demonstrating the safaty or on the
other hand, the unsafety, the dangerousnsss of drugs, chemicals
and materiala?

A Yes, 1t ia,

Q Where would we be {in tha area of demonstrating safe
drugs and manufacturing safe drugs without animals to use for
this purposa? How could wa do it otherwisa?

A Well, I think the other point we would be nowhere
abviously, but also it's fmportant to remember, as much of my
research in pharmscology was based, that we use animals to
find the good properties of chemicals, too., When we’re trying
to devalop a new drug to trealt a dread di;datl, even cancer,
we use nnim#la 80 we use them for good purposes as well as
toxicology testing.

Q Doctor, I had some charts made earlier., I'd like
to have you explain some of them, if you will, Now, Doector,
the first one I have here ~-

MR, CARR: Mayhbe we batter put a mark on {it.
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(At this time Plaintiffs' Exhibit 232 was marked for

fdentification,)

Q Handing you -~ pushing at you what's been marked
Plaintiffs’® Exhibit No. 232 and putting 1t on the chart, 1if
you would ~-- can you see that, Doctor?

A I can.

Q@ ALl right, Would you tell us what that chart is
and what it purports to demonstrate.

A This is a2 chart taken from the work of a colleagus
of mine, Dr. Howard Eisen, who's at NIH, and it's looking at
the relative ablility of a range of chemicals, including
chemicals that are normally in the body like bilirubin and
cholesterol through some common drugs like phenobarbital,
progesterone through DDT, and insecticides, through some vexy
well charaéterized carcinogens like benzo(a)pyrens and 3-Mhtﬁg
cholenthrene and then the Dioxin, including TCDD, by which he
means 2,3,7,8 TCDD for their abilicy to bind to a receptor
molecule in cells. Now if I might have a chart, perhaps I
could explain what this has to do with the toxicity of Dioxim.

What, this chart on toxicities, you mean?
A Yes., Do you have something perhaps to draw on?

Q Ch, sure,

MR. CARR: We got some blank sheets loft in your padp

MR. HEINEMAN: Sura.
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MR, CARR: May we use them?

MR. HEINEMAN: Help yourself,

132

A What this chart {8 about, looking at something which N

has besu called the Dioxin receptor, vhich we now know exists
in a variety of cells, including human cells, end is probably
why TCDD, 2,3,7,8 TCDD {s e#o extraordinarily powerful and so
toxic, because a very resal question to escientists who have
bean scudying thie chemical is why something that was made at
the earliest in 1889 could poeeibly be so powerful an agent in
80 many different animals --
MR, CARR: We're going to have to move this up hera,
I'm sure, (Pause) We have socme magic markers in hera,
{Short discusaion off the record.)
MR, HEINEMAN: WMr, Carr, do you happen to hava a
small sheet of that g0 we can make a copy of {t.
MR. CARR: Small what?
MR. HEINEMAN: I mean this big chart. Do you have
a small sheat? ‘
MR. CARR: No, not me. I'm sure it's available.
MR, HRINEMAN: 1Is it published somewhere?
MS, WITNESS: Yes. 1It's published in g paper by
Dr. Eisen., I think it's in the Joufnal of Blological Chemistry,

1983, but {f one were to go to Index Medicus under El{sen you
would find {e,
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A Now what this is about is really petting at why thi?
material can possibly be so toxic, particularly something so
recent, It's mot like diptheria toxin or other poisons which

have bgen around for so long and that is that we now know thaf

within many cells -- this is s cell and here's its membrane
vhich containeg lipids and other materials, that within many
cells there L8 2 molaecule which {2 normally made by the body.
This is a biological molecule which appears to be able to
recognice TCDD with extraordinary ability.

If you think about tha system as a kind of lock and
key system, the recaeptor {s a ;ock and {t opens soms doors
which are very important in biology and in cells. Now there
ars keys that fit this lock mors or lass well, and sometimes
you can take a key that doesu’t fit quite that well and
Jiggle it around a little and get the lock to open. That's
what you see up here when you sae, oh, this 2,3 dichloro-
dibenzo~dioxin has some activity with thfa receptor. That's
kind of like saying it's a roughly shapaed key which can enter
the lock and 1{f you wiggle it around biologically speaking
you get the lock to open a littla bit. Put clearly the sub-
stance vhich opens, fits this lock the best 1is TCDD, In
fact it fits it s0 well that this wolecule is known to
scientists as the Dioxin receptor. That's the name that'e

been given it becauee of the key that £ite it the best of
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of everything we know. Now what happens --
Q‘ Is that the reason that you've got four pluses --
A "' _That's right.

Q -- across from TCPD, because that is the bast in
fiteing this lock, so to apeak?

A That's right.

Q Of all these substances?

A 0f all these substancaes it is the best, and that's
why it got this nanme.

Q And 1s the fact that it is the best has that --
has that got a direct relationship to the fact that it can do
all these thinges that you've been testifying to that it can
do 18 that the kﬁy, 20 to spesak, to its potancy in this arvea?

A In tarms of the molacular toxicology, that 1is,

when one molecule {s speaking to another thisg is what acten:iTts

think lies behind tha extraordinary power and danger of TCDD,

TCDD comes into the body, and it goes into cells pretty easil
It is lipid soluble, {t can ba dissolved in fat, and biologth
membranes are made largaly out of fat so the membranas can't
stop it from coming across.

Q The TCDD actually dissolves the membranes then?

A No, the membranes dissolve the TCDD, 1if vou will,
ag a fat barrier. TIf you think of a cell as a cup of water

and there are some magic tricks in kid's chemistry sets vhere

134

»

1



FENGAD CoO., BATOMNME. N.J. 280X FoRrM 1L 48

{0

1.

12

13

14

s

16

17

19

20

21

2

23

4

you can do this., You put a layér of water here, you put a
layar of oil here and you put another layer of water. Some-
timas they're different coloxs and kids generally like that
a lot. This is what a cell is like. Here's the water and
blood on the outside of tha cell, hera's the cell membrane,
and here's tha inside of the caell. Now something that 4s
only dissolved in water can't get across. Lt sits up here
in this water layer, but it can't get into the fat layer and
oil layer into this bottom layer., That's exactly what the
call is like. But if you have a substance like TCDD and a
wide range of materials which are called lipid soluble, they
can move from water through the fatty layer. As a matter of
fact, they like to be in fat bettar than water -~ {nto this

lower water layer or in biological terms from the outside

water or the blood or water around cells through the cell wnli

ins{de the cell,

Now once inside that's where chis receptor comas
into play. 1It, as I said, recognizes Dioxin, TCDD Dioxin
batter than anthing else we know of in the world, and so it
biads it up. The lock goes -- tha key goas right ianto the
;ock. Then this lock and key complex moves into the nucleus
of the cell and when it'es in the nucleus of the cell it associ
ates itself with part of the nucleus known as chromatin,

which is that part of tha nucleus where DNA and RNA and all
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the genetic machinery controls what the cell {s doing is

~ located. Now once it gets into this level -~ we now got it

from outside the cell through the cell wall, bound to its

receptor moving into the nucleus of the cell. This is where

it really starts to cause its destruction of cellular processes.

One of the things that the genetic machinery of a cell doss
is maintain all those metabolic procasses we talked about.

It keeps them going_at the right level, it makes new proteias
as we need them, it makes nmew enzymes as we need them, Lt
even repairs the membrane of the ceall as ve need i{t, and this
whole process fs directed by DNA through a series of staps
through RNA -- thase are all part of the genetic materials
of ths call -« and then RNA sends the message to turn on
protein synthesis, to activate certain parts of metabolism.
Now what this Dioxin receptor locking key complex, which has
gone into the nucleus does, is that it intervenas in this
program and it changes the messags. It‘doesn't intervens,
as far as we know, directly changing DNA, but what it does
DNA means & genetic m#terial?

That's the hereditary code.

Tells other cells what to do?

- 0 > L

No, 1it's the part of the cell, the genetic material

which 18 reproduced.when the cell dividas but DNA, 1{f you
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will, doesn't talk directly to metabolism. DNA, if you will,

has to make a telsphone call to RNA, and then RNA makes a

telephone call downt to various parts of the call which actually

make proteins or angage in other parts of metabolism,
So using that analogy, what the Dioxin receptor
complex does 1{s gets on that telephone line -- DNA has

called up RNA and said, would you please make a certain amouni

L1

of this enzyme, ARH we've been talking about, but Dioxin
raceptor gets on the line and says, don't listen to that
message. I'm going to pive you a modification of the message
Don't make ten units of AHR, make ten thousand, and what
happens is you get an overriding of this message and that {i»s
indead what goes on, what we call enzyme induction.

Now this is a very, very sensitive, fine tumed
process and what makas 1t 80 sensitive and so fine tuned is J
actually the structure of this receptor and {t's been what I
call structure activities studies where peoplae have taken
the basic Dioxin molecule, which looks like this, and they
put things on various parts of {t and seen what that does to
thias whola system. 1It's a lot of the work of Poland, of
Efeen, of Nebert and others. That's where they found that
when you put things here, particularly 1f vou put chlorine

thare it £fits the best,

Yow obviously thie receptor wasn't put in cells in
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1890 when Dioxin was first made. TIt's been in cells for a
long time and we can show it in the cells of a variety of life
forms 80 we can show a kind of evolutionary presence, so it
doesn't just sit there in order to do something nascy when we
get axposed to Dioxin., Clearly there's something which {a
inside our bodies, we don't know what it is yet, which
normally does this ragulating. There's a reason for it, Ve
want this enzyme system to turn on and off., As I mentioned,
ona of the things this enzyme system does 1s metabolize sex
hormonea. Now sex hormones rise and fall in the body over a
course of a day or a month, There are great increases and
dacresases in the amount of sex hormones that are produced.
You want mora or less AH# activity to take care of these
peaks and valleys so it's a matabolic system pu want to have
some control over, and the way in which we have control over
it 18 through this vreceptor. Now there must be something in
the body which normally does this kind of switching routine,
binding to the receptor, going i{nto the nucleus, getting on
the line with the RNA message and changing it. We haven't
fdentified that yet, and that is an area of great research,
Now it is probably very unfortunate for us as a species that

we managed to eynthesize something by mistake which {s go

powerful at mimicking the normal key that fits into this lockl.

Q What vou're saying, if I understand you correctly,
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Doctor, is that we haven't yet been able to discover the
combination to this lock ourselves, bug TCDD has?

A That's rigﬁt. It is a key that we've put into the
body. There's obviously another key which was always there
in our body. Now there ara many examples, For example,
about ten years ago scientists at John Hopkins and elsewhers

found a simélar kind of thing, a receptor which was the lock

for morphine and heroin. They called it the moxphine recepton.

Now obviously our bedies didn't make this receptor just to
take care of morphine and heroin, You can find it in people
who 'z never had morphine or heroin, so it served some type of
normal purposs, which as you might expact, had a lot to do
with responses to pain., Morphine and heroin are pain killers.
It took about three more: yasrs until people isolated the sub-
stance in the body which acted with those receptors normally
fn the absence of morphine and heroin, and those ars actually
called morphinoid neurotransmittars or the brain's own oplates
in honor of morphine ox opium, and they are structurally vary
similar, and rhat's kind of a clue that scientists used in
order to find the substances that are normally there, and
people ara using this recaptor, which they've now purified,
to find vhat this "X" substance might de which ig normally in
the body, but clearly the best tool for studying this receptorx

and its role that we now have is Dioxin.
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| number T forget -- that there's another Dioxin that's got

Q Now, Doctor, I notice on thie chart, ths exhibit

three pluses or doesn't have four as TCDD does. It's
1,2,3,4,7,8. That would be -- Dioxin is tetra -- oh,
here it is,

A It hes six chlorines.

Q Six chlorines?
A Right,
Q@ - That 1s a Dioxin, but itr's not one of the 22 --

A Tetras.

Q Tetra~dioxin, but £{s another form of Dioxin?

A Right, and you'll notica «-

Q I8 that present in thase trichlorophenols or do you
know?

140

A I'm not auﬁc. It has been measured in some chlorinated

phenol manufacture, particularly pentachlorophenol. You'll
notice again f{t has those chlorines in t?e bad places.ﬁZ.B,
end 7, which {s probably why it's so active and yet when you
get to oxtachloro, which is chlerines at every possible place,
the molecule {s now much too highly charged and it won't go
inside thig lock,

Q So octa meaning eight, so if you have a chlorine
molecule at all eipht positions that L{t's possidble toc have one

it becomes inert and has no potency whafsoevar as an inducer,
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as a key to this lock, is that correct?

AI That's right.

Q But the hexachlorodibenzo-p~dioxin that has some
ability -~ well, right divectly below the ability of TCDD
so to act, is that correct?

A That's right.

Q Now «-

A And also, in addition, some other vary potent
carcinogens like benzo(a)pyrene and pMethylcholenthrens has
some ability to act with this -- with this lock as well.

Q Doctor, I have anothar -- 1is there anything else
on that chart or on the drawing that you want to explain,
Doctor?

A Well, T think the other thing to emphasize is that
kind of effect has been demonstrated in many species and -
indead colla'taken ftbm human beings have been run in thase
kinds of experiments.

MR, CARR: Would you put a number on that one
please,

(At this time the exhibit was marked for i{dentifi-
cation.,) |

Q Doctor, the other exhibit you mentioned where it
came from. I think 1t was No. 232, That is published and

one can get to that by going to this Index Medicus that you
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mentioned, is that correct?

A That's righe,

8 All vight, And Efsen, he's a recognized authority
in this particular field?

A He is.

Q Is what he digcovered as to tha ability of TCDD,
that TCDD is the wvery best key to this lock that there is,
has that been published and well known and is that diaputed
by anybedy that you know of?

A No. It was first suggested by Dr. Poland in the
-~ about 1974 or '75 and what Dr, Eisen's work is a building
uponn and furthar refinement and really & very fine statement
about current knowledgze of this system and what it means,

Q Now, Doctor, Exhibit 233, I think it is, is chac
correct. -~ {s another chart that has Dr, Eisean’s name
appended to {t, Could you tall us please what that chart is
and what it purports to show?

A Okay.

Q You can't gee that, can you?! Caa you see that all
right?

A This {8 an attampt by Dr. Bisen to take thege aventﬁ
we've just been talking about and put them into a whole cell
system and try to explain what this means for the whole

organism, why should these kind of molecular events be associ-
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ated with cancer or with suppression of the immune aystem?
So what he's done is to take a great deal of blochemical and
biological literature and integrate it together and show why
exposure to these polycyclic compounds with 2,3,7,8 TCDD being
the most powerful of all of them, interacting with this
receptor which we just talked about, the Dioxin receptor
activating genetic controlled protein synthesis we just talked
about and inducing all these different substances including
some of these enzymes, why this would then be connected with
changes in the membrans of the cell which might wall have a
lot to do with the promotion of cancer and with prodlems in
the immuns system, because immune cells work by recogniszing
things outside them and taking care of them through recognicio
sites on the membranes, so anything that's going to change

the membrane surface will have soma very saricus effect for
cancer promotion and for immmmosuppression.

Q Doctor, lat's start up here at the beginning with
these polycyclic aromaric compounds which'yuu have previously
described as deing those halogenataed hydrocarbons.

A Right, |
Q 0f which 2,3,7,8 TCDD is a contaminant?
A It i3 one of those compounds.

Q All righe,
A

Yeas,
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Q And the larpe black arrow aimed to the cytosolic
Ah rec;ptor -~ fg that <+~ {8 that Ah, £s that the enzyme
that you've just -- that we just discussed?

A That {3 the Dioxin receptor, It's given this namae,
Ah, because of some very elegant studies now showing where
it's located on the «-

Q You've just shown us about this receptor and how
TCDD {uduces ~-

A Right,

Q -~ the best, All right, It goes -- then it
goes to this receptor and then it goes to the activation of
structural genes, 1Is that also what you've just had on that
lietle drawing of the RNA and the DNA?

A That's right. It interferes in thac communication.

Q And that's shown here?

A That's this right here.

Q When 1t says activation, thac‘in affect i aaytng'
it's coming in on that party line on that telephone and giving
a different message? That's what's in this chartt

A Right.

Q Now there are -~ there's one, two, threa, four
arrows going from -- after the genes have been\ac:ivated ic

goes over to this one that says UDPG -- well, what doas that

mean?
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A What this means is that talking through this ganeci.
system the Dioxin receptor complex leads to an increase in
the activicy of these engymes.

-Q And these UDPGC transferase, ODC, DT-diaphorase are
a1l names of enzymes?

A That's righte,

Q All right,

A It leads to an increase in the lavel of alpha-
fetoprotein.

Q And that is a protein?

A That 13 a protein that's specifically frequent -~
commonly associated with periods of fetal development.

Q And when you say fetal development, you mean when
the baby is growing in your abdomen?

A In the wonb, yes.

Q Womb, thank you., Well, I've got lots of kids, fiva'

I knew that word. All right, Anyway, when the child {=s
growing in the mommy's tummy. That's the way I've known it
for years -- {t'as receiving protein?

A No, 1t is making a very special protein, alpha-

- fetoprotein, but it's since been discovered that that's not

the only scurce of this protein, and one of the things that
Dioxin does {s to cause an abnormal amount of this protein to

be produced.

L
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. a question mark, What does that mean?

Q There's a question mark «- at least that looks 11%;

A It means that the avidence i{s so far limited to one
speciss in which it's baen studied.

Q All right, And the significance of this is that
Dioxin has an effect upon this fatoprotein, is that correct?

A That's right. It increases lavels of 1it.

Q All Tight. And does that have an adverse effect
upon the fetus, on tha baby?

A No one knows.

Q You don't know that?

A We don't know that. High levels of alpha-fetoprotein
in pregnant women are associated with certain types of birth
defects, but we don't know, because it hagn't besn measured
in that setting as to whether this kind of effect would have
an implication for adverse effect on the fetus,

Q All right, It may have an effggt. but as to what
the extent is at this stagse is unknownt

A That's right,

Q All right. Now the arrow aiming down here to

aldehyde dehydrogenase, Y-glutaﬁ -~ that's not a Y, that's

Greek,

A Gamma,

Q Gamma~glutamyltranspeptidase, éholine kinase -~-
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you mentioned cholina the other day, didn't you? Ethanolaminpg
kinasa; phospholipase., What are all these?

A Those are other enzymes,

Q Enzymes just like this business up at the top?

A That's right.

Q All right, Other names of other enzymes that do
other things?

A That's right.

Q And what is <~ {1t indicates by the arrow that
TCDD, having given a false massage to the genes, that message
1a then being passed on in the creation or induction of these
abnormal amounts of these enzymas, is that correct?

A That's right. Ehe false massage that the Dioxin

Teceptor compiex is giving is make a lot of these enzymes and

this protein, and that's not a message that the cell was giving,

it's not somsthing that was normally being called for, but
it's an intervention and a false message being ineertad by
bloxin,

Q All right. And do we know -~ does science know
the effect of this manufacturing of excessive amounts of these
enzymes?

A There are some thoughts about some of tham, but ne
one has yet -- ag I said, no one's really taken these obser-

vations and put them togsther with tha toxic aeffects of Dioxin
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to see whathar these might axplain anything.

Q All right. We know the toxlc effects, they've bsen
diacovered, we juat haven't demonstrated whether the toxic
effect is cauged by this enzyme, this enzyme, this enzyms, or
perhaps some other vehicle altogether?

A That's right.

Q Is that correct?

A That's right,

Q Now there's another arrow going from the activation
of these genes I suppose indlcating another false message to
multiple forms of induced P-450, What is that?

A This is thosa AHH or mono-oxygenase enzymes we were

talking about earlier, They're sometimes known as P-450

because you measure them in an {nstrument which reads when sat

at 450, an old fashioned name for this set of enzymas.
Q These are still enzymes then that we're talking abou
A That's right,
Q And do we know the effect of that -- thera's a

kind of a circular arrow going there to reactive intermtdiatCJ

and also an arrow coming directly from the arrow -- the
polyeyelic compounds to this reactive intermedistas,

A That's right,

Q  What does that mean?

A Well, Dr. Eisen is trying to éxplain why Dioxin and
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other chemicals are complate carcinogens, that is, administra
or axpésure only to Dioxin ie enough to cause cancer. And
what he's showing here 1s that when this enzyma system is
induced, one of the things it does 1s go back and take the

Dioxin itself, metabolize it, and one of the products of that

matabolism of Dioxin is a new molecule which is very reactivaej

that {8, it can interact with DNA, with other parts of the
genetic code of the cell and cause initiation, that first
stage of the carcinogenic process. |

Q All right., So this demonstyates that these inter-
nedistes that initiate cancer and the toxicity can come
through the false mesasage process indicated by the activation
of the genes or can come directly from the Dioxin itself,
is that correct?

A That's right., Moreover, it says ~-- this again
I think helps to explain why Dioxin is so toxic. Dioxin {
enhances 1ts own toxfecity.

Q Well, you got me there.

A Dioxin directly has this range of effect which are
toxic, but then a macaboitte;.a conversion product of Dioxin
is also toxic and adminstration of Dioxin increases the speed
at which Dioxin 18 made into this toxic metabelite., It's a
very viclous biocherrical system.

Q T guess I understand that. It not only is toxie

149
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itself but it creates something that helps it be more toxic?
Is that whac you'ra saying?

A One of the effacts that it has directly --

Q Is that what you'rs saying, cause I can understand
that,

A Let ma sac {f I can say it also. One of the effects
of Dioxin, direct effects of Dioxin acting as Dioxin is to
change itself into something even worse.

Q Change itself into something worse?

A That is, it enhancas its own wmetabolism. One of
the metabolic products, perhaps more than one, is highly re-
active as shown hare by Dr. E{sen. Those cowpounds, unlike
Dioxin, can initfate cancar.

Q Okay. That which it creates by itself is more toxig
than it {8 and can then initiate or cause cancer?

A That's right,

Q Now there is another arrow with a question mark thatg
Dr. Eisen has put in hare down to a double arrow pointing over

to the -- to the enzymes that we discussad and pointing ovey

to the cell main -- membrane surface receptor at or near
EGF receptor site, What does that mean, Doctor?
A Wall, whav Dr. Eigen {s trying to do in this whole

part of this chart {s to understand why Dioxin is the most

150

potent promoter we know about., He's dealc with how 1t initistes,
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its first stage carcinogen, He's now trying to explain on th&

basis of what we know about it why fit's so potent at promoting

sescond stage carcinogen and to do that he's hypothesized, and
the quastion marks mesan that this really {s 2 hypothesis o=
Q Well, 1{t's a theory and not proven fact -
A That's right,
Q Not damnnstr&tad in the laboratory.
A There's no disagreement that this Dioxin causes
this, What we don't know 1s how you get from here to there.
Q All right,

A That's, of course, a main area of Dr. Eisen's

. regearch. What ha's hypothesizing is that one of these

metabolic products that Dioxin has caused to form itself be-~
cause it enhances {ts own metabolism has an interaction on

the membrane of the cell now EGF i{s epidermal growth factor

and there's a great deal of research {n cancer bilology right ]

now that suggests that this is what's invoelved in promotion
and that's why Dr. Efsen thinks that th;t might be how this
is acting. It causes the surface of the cell to proliferate,
that's hyperplasia, to grow abnormally «-

Q Hyperplasia means great growtht

A Abnormally great growth,
Q All right.
A

That ==
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Q Epf{dermal means skin?
A Or surfsce. In this case it's surface of the cell,
gkin of the cell, {f you will, Tt doesn't mean literally the

skin of the animal or the skin of the human, but that effact

i3 in fact promotion. In addition, 1f thase surface receptors

are on T-calls, the cells that are in the {mmme system, then
that could lead to immumosuppression and then promotion of
cancer or viral cancer or other kinds of cancer which the
immme system usually takes care of.

Q But since Lt can't take care of it --
That's right,
-~ the cancear is sllowad to grow?
That's right.

Anything elsa on that, Doctor?

QO > O =

Well, thers's another vary interesting part which
Eisen didn't i{ndicate here, but which 1s an area I am very
interested {n and others, Dr. Weinberg at MIT and others,
and that is whether this effect might have scmething to do
with cancer. It's been shown recently that the gemetic
material in many of our cells, vhether or not we have cancer,
contains parts which actually causa cancer. Fortunately,
wost of the time these aren't active and our cells go on as
1f those parts of the penetic code aren’t thers, -Thoso are

called oncogenes or cancer genes, and a.gruat deal of recent,
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very importart discoveries have shown that when you have cancpr

what happenslia the genetic structure doesn't change but
suddenly tha cell begins to read that part of the gena that if
skipped over before. 1It's as 1f you had a sentence and then

a word that was nonsense. You read it and said, okay, I'll g

on, but in the procass of cancer you read this word, you read
the nonsense word, thﬁn you o on. Unfortunately, 1f you're
2 call, reading that nondense word meansg let's proliferate
and become a cancer, and what Weinberg and others have showm
is some cﬁemicals which don't alter tha genes, not rsally
altaring the genes, because that stuff was always thers,

that gobbledygook word, but some chemicals cause the cell to
read that oncogene and become active.

Q And thus activate it?

A My current area of researchlia to look at whather
Dioxin can do that. Many of these or sevaral of these
polycyelic compounds do tndeed do that, Thay activate onco-~
genes,

Q But you haven't yet completed your research in
order to say yes or no -~

A No.

Q -- ag to that situation?

A And that could be 2 very powerful initiation step,

and then gince Dioxin is also a2 promotar that might explain
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why, to explain why it causes it, is that correct?

why {t by {tself 1is such a powerful careinogen.

Qb What you're looking for is not does it cause it but

A That's right. There's no doubt {n anybody's mind
that cancar, cancer is an end rasult of Dioxin exposure.
What makes Dioxin interesting for toxicologists and biologists
to study is not to show that it's carcinogenic., Nobody dﬁubtﬂ
that, but to show how it doasz that and perhaps to gain some
understanding about other compounds, other cancers as a result
of this unique tool we have to study.

Q Anything else on thig, Doctor?

MR, CARR: Does the Court want to continue working
today?

THE COURT: Gentlemen, could I see you at ths
bench for a2 second?

(A short conference was had at the bench off the
racord.) _

THE COURT: Okay. Ladies and gentlemen, since this
is & convenient point in the testimony, wa'll break the pro-
ceedings for today. We will resume at 9:30 tomorrow morning,
at which time I'd like you to be here s0 we can resume
testinmony in thia cause. I think I had told you befores,

I'1l remind you again now that the testimony in this case

will end at noon tomorrow, becausa tomorrow afternoon, due
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to othar responsibilicies that I have, I have to try a criminafl

matéer and it has to be triad within a certain amount of time,
g0 it has to be tried tomorreow.

ME, CARR: Your Honcr, before we rascess and before
T forget it could we hava thisz marked as an exhibit so I don't
forget.

THE COURT: Sure.

MR. CARR: COﬁld you give me a number for Lt?

THE COURT: What number are we on?

MR, CARR: 234, your Honor.

THE COURT: Anyway, ladies and gentlemen, thia
crininal matter has to be taken care of. Criminal takes
priority over civil so it hss to be taken care of and it will
be tomorrow and we will stop at noon tomorrow,., As usual I
admonish you the normal admonishment. You ars not to discuss
this matter among yourselves, discuss it with anyone outside W
the jury panel, or form as yet any opinions or conclusions
about the mattexs on triasl. I'd further admonish you that
you are not to either rsad, listen to, or wateh anything
about this trial in particular or tha subject matter of this
trial {n general in either the print or electronic media,
Thank you for your attention, your cooperation, your artistic
endeavors and the general cooperation you've given us in this

trial. Court's adjourned for today.
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STATE OF ILLIROIS )
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Reporters in and for the Twentieth Judicial Cireuit of the
State of Illinois, and the O0fficial Court Reporter who re-
poerted the proceedings nad at the hearing of Frances E.

Kemmer, et al. vs, Monsanto Company, et al., No. 80-L-970,
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day of April, 1984, do hereby certify that I have examinaed
the aforesaid transeript of the proceedings and further
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