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b Toxicolopy
. Teratalopy

the workshop was opened by Dr. Gehring stating the objectives of
ti.. vonference. These objectives werc to answer a series of questionms
wivivh had been poged to che particlpants prior to the meeting, to test
v validity ol the data, and to discuss and hopefully elucidate the
Ceaningtulness of the data for assessing the risk of uging 2,4,5-T for
carrently registered purposes, A list of irdividuals attending the
contference is attached,

In order to initiate the conference discussion, Dr. Gehring presented
tine csosence of bis testimony on the pharmacokinéties of 2,4,5-T and
ey, Immediately following, br. Scliwetz presented the essence of his
testinony on the teratology of 2,4,5T and TCBD.

Pertinent points alluded to in a short dicussion following these
presentations were more thoroughly discussed when the participants
addressed themselves to the questions posed prior te the workshop.

The gquestlons and the subsequent signifigant discussion were as
toliows:

1, llas an adequate no~cffect level for teratogenicity been
determined in experiments for 2,4,5-1 and TCDD?

The consensus of the group was that a no<effect level cannot be
vitablished statistically, UNo-effect is an absolute term and it cannot
be rigorously demonstrated experimentally. Dr. Gaylor pointed out that
an experimental no-effect level may be established but that the large
contidenee limits for ecven an experinental nowreffect preclude utilization
ot the terminelogy in the absolute sense 1t implies, Thus it is necessary
to use the judpment of the experimentalists and other qualified people
to assess the hazard of any material,

. -l

There was some discussion abouf the pertinence of the pharmacokinetic
studices in the projection of a dosc-response curve. As indicated in his
progresied testimony, Gehring asserted that it is scientifically unsound
te vabimate the incidence of an untoward effect of a trace dose of an
vt brom studies in which does superseding excretory and/or degradation
tirceuhokds bave been administered. Urs. Gaylor and Holson from the NCIR
tock done Jssue with the assertion, idndicaving that the mechanism for
sueiy etiects, whatever they may be, may be the same at smaller doses.
r. Gebring agreed that the mechanisw, that ils the wolecular interaction



between 2,4,5+7 and various receptors, may not;change qualitatively with
the dese. However, the a prlori assumption of dose-response methodolony

annutes that the kinetles for the clearance of a chemical from tissues
ol the body do not change. Otherwise, one is in essence comparing two
Jifferent populations, It would be dinvalid to compare the dose~response
for animals exereting or cleari@&'the material from the body with a
batl=lite of 48 hours with the Jose-response curve for animals excreting
the waterial from the body ir 24 hours.

bru, Young and Holson indicated that they are initiating pharmacokinetic
studics in mice and relating the results to teratogenicity.

2. What arc the guantative and qualitative teratogenic
charag teristics of 2,4,5-T and TCDD?

Yhis subject was covered very adequately by Dr., Schwetz and thus
there wns little additional information presented during the discussion.
. Moore stated that 2,4,5~T and TCDD have very little teratogenic
potential in rats. In mice, 2,4,5-T and TCDD produce terata--cleft
palates and abnormal kidneys.

The question was raised as to whether the mouse may be a false lead
in assessing the teratogenmic bhazard of either 2,4,5-T or TCDD by
br. Gehring, The mouse is very susceptible to stress of various types
including airvplane rides and it has been demonstrated that such stress
may cause terata {cleft palates). Dr. Holson from the NCTR pointed out
that although this was the case perhaps humans are also susceptible to
such stress and we must, therefore, use the mouse to assess the hazard
of 2,4,5-T and TCDD. Dr. Gehring asked Dr. Holson if they had measured
witter consumption and urinary output in the teratogenic studies of
2,4,5-T {n mice. He indicated that this was not done, however, it was
buebng considered., Urinary output appears impertant because 2,4,5-T does
cause diuresis, -

3. jb What extent are results of extreme dosage tests relative
to the evaluatien of teratelogical potential at anticipated exposures?

This question was alluded to in Question 1 above. The consensus
wias that when regimens supersede thresholds for excretion and/or degradation,
the data have very limited value for assessing what effects may be
incurred with regimens which do not supersede the thresholds.

[



Ur. Moore indicated that it was lmportant to ascertain whether
retandoed kidney developnest may continue with continued postnatal
exposure of mice to 2,4,5-T or TCDD. This is important because kidney
develepment is not complece at birth,

|

pr. Gaylor ralsed the point of whether alli defects in teratology
stmlivs should be combined and evaluated in toto or should specific
detocts be evaluated., Dr. Schwetz stated both should be done. Dr. Holson
apreed saying rodents are polytocious species and embryos dn the same
uterns may be In different stapges of development., Therefore, the same
aguent may produce multiple effectsin the same litter; the specific
cticet sicen In each individual will depend on its stage of development
when exposure to the agoent occurs.

br. Colberg stated tnat metabolic data are essential for assessing
the tevatogenic potentiol of different species, In man, Imipramine is
vapidly demethylated to ieswethylimipramine, Rabbits are unable to
demelhylate imipramine as readily and in rabbits the compound is a
. teratogen, Teratogenicity in man given recommended regimens would not
be oxpected. .

Dr. Poland indicated that thus far experiments have demonstrated
that TUbD is not degraded to a polar compound and is not very reactive.
Therelove, one s hard pressed to conclude that TCDD reacts irreversibly
with penelic material to induce teratogenesis.

4.  What is the statristical reliability of teratology tests?

Since projections of dose-response curves to guesstimate what may
occur al lower doses is stochastic, such procedures are useful only to
puesstimate the extreme of the potential risk. Dr. Holson asked if
elfects discerned at doses below those superseding thresholds be used to
predict responses to lower doses.. Dr. Gehrinpg agreed that this is

vl Dl However, it must be pointed out such projections are stochastic.
The tailing of a normal distribution curve for dose-response to either
fower or higher doses is ficticious but useful representation of data.

L}

.
i

5. What is the teratogenic impact of other dioxins?

This question was, for the most part, skipped over because very
litLle information is available. That which is available was presented
in Dr, Schwetz's summary. : :



6. What are the factors to be considered in extrapolating
Trom the Leratogenicity animal testing to humansg?

The consensus was that the factors are mapy and many are unknown,
Basleakly, it boils down to a matter of judgment. Dr. Golberg indicated
that dilantlin may be a human teratogen, He suggested epidemiclogical
stwdics should be conducted to ascertain whether 2,4,5-T is 3 teratogen
in wan, Ly, Holson asked if an cpidemiclogical study had been conducted.
Gehring sald no and suggested that such a study may be impossible because
e doubts whether many women have been exposed in a manner which would
allow characterization of the degree of exposure even if it had occurred.
Dr. Schwety added that for the most part such studlcs are only feasible
For prescribed drugs., P

7. YWhat is the sicnificance of the thalidomide instance to
the current teratological propgnosis?

This wns only briefly discussed. Dr. Gehring indicated ia 2
reference by B, B. Brody it was stated "that there was a very good
corrclation between the blood levels of thalidomide and its teratogenic
clrect in various species". Dr. Holson from the NCTR, pointed out,
however, that the determination of thalidomide is a very difficult one
and thus any such correlation may be meaninglegs. Thalidomide is too

Fabile Lo allow gathering of data that could maaningfully be interpreted
selentifically.

8.  What is the sipnificance of the chick embryo tests?

This question was discussed for a very short Lime, because the
proup quickly reached tiie concensus that chick! embryo is a very poor
tost system {or teratogens as well as toxic effects of chemicals,

Dr. Golberg indicated that in work supported by the TFDA the chick
*#ubryo tost system was clearly shown to be inadequate. The chick
cmbryo is in_a captive environment with no possibility of eliminating
the chemical from its environment, In addition, the chick's metabolic
capabilities to degrade and detoxify chemicalsgiare minimal at best.

9. By definition, what is a teratogen?




Althouph this question wasn't In the set of questions supplied to
the participants, it was alluded to in Dr, Schwetz's presentation. In
penperal, there was a consensus agrecment with the definitions proposed
Ly Ir. Schwelz. lHowever, again judgment must be used to differentiate
between Lhe Tine lices in these definitions, TFor example, delay in
essification may not constitute a teratogenic response if ossification
leffowing birth is sulficient to quickly catch up, Lf ossification was
so lacking that it would result in physical deformities or abnormal
mobi lizatien, this would, of course, have to be termed teratogenic.
by, Helson pointed out that it is important to consider not only physical
deformities, terara, buet also funcfional deformities. For example, the
elffects of a chemical on the central nervous system function. It was
concurred that such assessment is indeed in oxder. Also pointed out by
br. Schwetsz was that tevatologists are now beginning to involve themselves
in such evaluations.

At additional poirt which was not alluded to above is that an
experimental no~effect lavel for TCDD has not been established in the ’

_mowse.  Lvidence of cmbryo and fetotoxicity has been shown at 1 ug/kg
whoen given from the day & through L5 of pregnancy. Dr, Moore indicated
that esscentially equivalent results were obtaived in a study in which
.1 p/ke/day was given to miro.  Anntbar naint which tas net prosented
above was a short discussion of the approach of Jusko for evaluation of
teratogenic effects. The consensus was that Jusko's approach is appro-
priate only for irreversible terategens. That is to say for materials
which react drreversibly with blologieal material such as protein and
INA. ' ' : '

Finally, Dr. bougherty discussed briefly his data collected from
teratolopy studies of 2,4,5~T in monkeys. His studies confirm the
previocusly observed negative results reported by Wilson. Dr. Holson
pointed out that in Wilson's studies a higher incidence of abortions
vcceurred in monkeys given the higher dose levels. Dr. Geolberg responded
that in Willson's studies the bhigh incidence of spontaneous abortion in
monkeys precludes interpreting this as being telated to treatment. The
gormal incldence of spontaneous abortion in monkeys is 15-20%. Dr., Dougherty
“nlded that in his studies the incidence of spontaneous abortion in
monkeys was 207, In monkeys receiving the hlghest dose of 2,4,5-T (10
mg/kg) the incidence was lower,



2 iz toxicelopy ' 6

b, kramer reported on the medical surveﬁllanec of the Dow 2,4,5~17
went ber population with exposures dating back to 1940. There was no
stalictically significant increase in morbidity of discase processes
wenritored or mortality when CO%Eared to standard male population in the
i ted Btabos,

-
-

Tine Chairman, V. K. Rowe called for information regarding medical
surved llance of any Vietnamese population and mnone was presented.

4. dnn;ﬁn discussed some of the symptoms rc]ayed by applicators
such o hewndoche, dizziness or not feeling well; and Dr. Kramer related
thot this was not a pattern heard from 2,4,5-T workmen,

The report of finding prophyria in 2,4,5-T exposed workmen by
P, Jacob Bleiberg was discussed at some length. Fhis finding has not
booen duplicated by other investigators in the field. It was the consensus
ol the yruup that investigation of this parameter would not be productive
vl suceens in developing a monitoring technique for 2,4%,5~T exposure.

I

Dr. Kramer reported on the study of 61 workers exvosed to dioxins
in it chlorinated phenol proecss. Forty-nlne workers developed some
depree o) citioracne and medical surveillance o this group is continuing.
The present epidemiological survey revealed no increase in mortality or
change ia the morbidity rate except for the skin disease itself. Dr. Rramer
will have a detailed report of this study at a later date. He emphasized
that ne casce of chloracne has been seen in any of the 2,4,5-F workmen.

The question of lmmunological significanée of 2,4,5-T exposure was
tiised and ne one had any data to answer this question., It was suggested
that lollowing the human expesed population for infectious disease
incidence or absenteeism rate could provide méaningful data in this
arei,

br. Kilinn reported on the cytogenetic]studies done on 2,4,5-T
workoers. A proup of 49 workmen were evaluated approximately two vears
ager and recently a follow-up reevaluation of 40 employees was done.
Neither proup revealed eytogenetic evidence of an effect from 2,4,5-T
exposure,  He pointed out that groups of humans had been identified who
biul had exposures to uranium dust, radium and. benzene and studies had
shown a correlation between and an increased incidence of concer. The
nepalive cytopenctie data and the normal epidemiological findings are
sutualy supportive of the conclusion that 2,4,5-1 exposuvre to this
proup ol workmen had no effect on their health., I 2,4,5-7 had mutavenic
sivnlt leance, then one should sce a change in- the disease patterns of
this group, and also sec sonme significant chromosomal abuormalities in
their serial chromosomal analysis, '
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hr. Golberp raised the question ¢f what realistic human exposures
vaisl with the use of 2,4,5-T in our sociecty. Data has been developed
but wis nel available at this meeting showing that a several thousand-
fold safety factor exists if one were to directly extrapeolate animal
data Lo man. 5

.

Considerable Interest was expressed by the group in population
monitoring Lo determine the discribution and concentration of. 2,4,5-T
and dioxin in huwnans., Dr. Killan pointed out that it had been a rclatively
sojmple macter to enlist the aid of lactating mothers to cooperate with
this type of study. Dr. Jack Moore related that he was familiar with
anlwal work whiceh indicated that TCDD was readily excreted in milk, It
wire Lhe consensus of the group that fat bicopsies of a large population
srvienp would nol be practical since a considerable amount of tissue would
b requited for a part per trillion assay. However, a smaller human
sty proup iavolving surgical biopsies or autopsy material would be
P bble, )

The workshop recommended. that:

1. Dr. Bleiberg be contacted to see if he has any additional
intormation on porphyrisa since writing this paper;

2. Be looked at closely in order absenteeism and infectious
dinecase palterns to evaluate evidence of possible effect on immune
sysblems;

E

4. A larger study on distribution and concentration of 2,4,5-T

aud TCDY weibizing human milk as the sample tissue be considered;

h. A study urilizing adipose tissue from postmortem and surgical
specinens be undertaken to determine if they contain 2,4,5-T and TCDD.

1, Uther Toxicolopy

This workshop discussed acute and repeated deose toxicity, and
absorption, excretion and tissue distributioniof 2,4,5-T and TCDD, This
v driwn from informaeion presented in the Dow pre-hearing memorandum
Aoy 2 oad in two drafts of testimony (P. Gehring and J. Norris) in which
studies conducted by The Dow Chemical Company as well as literature -
reports were discussed, including, for example, those of relevance from
Clee 1971 American Chemical Socicty "Chlorodiexin" Symposium and work
reported at the NIEHS Meeting in April, 1973,



specit ically vefervenced information was as follows:

bow Pre-hearing Memovandum No. 2, corrected copy February 8, 1974 for 2,4,5-T:

Sinple done toxicology: pages 9-10, pages 15-16.,
Ropeated dose toxicology: papes 16-19, pages 108-111,
Melabolism:  pages 20-22, pages 32-37.

Metabolivm from P J. Goeliring dralt tvestimony: puges 3~20.

For 27,0, /,8=-telrachlorodibenzoparadioxin:

Sinpgle dose toxicology, draft testimony J, M. Norris: pages 3-11.

Kepeated dose toxiczlogy: opage 22

Metabolism, P, J. Gehring draft testimony: bepinning page 20 and
Mo Dow pre-hearing No. 2, pages 111-113,

The aente and repeated dose toxicity information of 2,4,5-T was
substant ially that which is widely available, Much of the information
on TCHY, however, is of recent date. o fact, Dr. George Fries, USDA;
D, Johin Meoere, NEENS; and Dr. Alan Poland, University of Rochester
preseided data rom corrent, ongeing investigatious., Dr. Fries reported
on a ral Tecding study involving TCDD at dietary concentrations of 7 or
20 ppb (parts per Lillion) given over a period of over 42 days., He will
presenl this paper at the National Meeting of the American Chemical
Socicty beginnikng March 31, 1974 in Los Angeles, California.

Ol particular importance to the wvorkshop was the presentation by

br, K. J, Kociba (Dow) ol the results currently available from a 90 day
Costudy in whicl rats were given vepeated oral dose daily by gavage of 1,
UL, 0,01, or 0,001 microprams FCDD per kilogram per day. Light and
w&UIL cltron migrogeopic examination of the tissues is in the f£inal stages.

e most important Vindings were from the patholoblcal examination in

which Lbhere-appears toe be definite liver changes and minimal changes in

tire thymusg scen in those animals maintoined on the 0.1 micrograms/kilogram/

day dose. Nery minimal to minimal ¢loudy swelling in liver tissues

(male rat: only) was sgen at the twe lower levels, 0.01 and 0.001

mltlUV“dm'kaLUE'dmidJy by light microscopy. Preliminary examination by

viectron microscropy indicate normal appearawce of the liver cells, but

with dizpersion and a possible incrcase of the smooth endoplasmic reticulum



veen In botlh male and female vats. These hepatic alterations are similar
to those reported with many other compounds and indlcate a physiological
adaptation on behall of the liver to metabolizing forelgn compounds.

The results ol the metabolism studies for 2,4,5~T and TCDD (P. Cehring
draft testimony) were reviewed by James Rose. It was cmphasized that a
"ateady state' was indicated as having been achieved in the C-TCDD work
in rats. Therefore, it is suggested that a steady state would have also
been achicved during the 90~day study perlod reported by Dr. Kociba.
dSteady state in this instance is believed to mean that the body burden
had been established at a maximum level and that the additional input of
TCLD into the animal was matched by the rate-of excretion.

There was a considerable amount of discussion about all the aspects
ol the single dose, repeated dose, and metabolism of both 2,4,5-T and
TebD., Insofar as possible, this discussion was, dirccted toward evaluating
the adequacy of the "other toxicology” irrespective of the other workshops
on metabolism, teratogeniclity, carcinogenlicity, or mutagenicity.

The general concensus of the gscientists in this workshop was that

lduquate data on 2,4,5-T was available on which conclusions for the
pilory evaluation ai levels of expogure to regildoes which might be

inrustud due to their ocrurrence under practical conditions of use ot
the herbicide could be based. In the government regulatory sense, it
was pointed out that negligible residues (less than 0.1 ppm) were indicated
for any food crop use. Actually, results of "harket basket” studies
reported from the U.S. Department of Agriculture would indicate nil
residues of 2,4,5~T occurring in the human food suvpply. Even so, the
90-day dietary feeding studies done in rats and dogs show a "no i1l-
effect” level of 10 mg/kg/day. Should the total diet of humans contain
as nmuech as 0.1 ppm of 2,4,3-T (2 highly unllkely assumption), a safety
factor of 5,000~fold exists for human consumption over that which caused
no ill-effect in the total diet of rats and dogs.

One or two of the particlﬁants indicate -that the results of long-
wgorm fecding and multi—generatlon studies of 2 J4,5-1 in rats would be
desirable,

The workshop did not have sufficiern't qualitative and quantitiative
data ou the.amount of TCDD that are occurring in the human food supply.
This must be Lurther defined by the analytical and residue chemists,
Finalization of these analytical studies and those of the repeated dose
toxfelty studles on TCDD (90-days) are necessary before it will be
possible to judge adequate margins for TCDD, " These may well prove to be
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saliicient. Slowever, due te the very intricate toxicological and biological
motitestat bons ol Lhis extremely toxic material, the workshop recommended
th.t soevleus consideration be given to conducting longer term studies,

t.e, 2 oyear dictary feceding studies and multi-generation studies in

vats. 11 was reported that a 2 year study on T¢DD may be in progress at
tihe Hilinois lastitute of Technof%gy. However, information relative to
this atudy was not forthcoming™.n this workshop. It was recognized that
viuch ol the preliminary toxicodloglcal and pharmacological data essential
tor the proper planning of such studies has become only recently available,
However, IU is wow belleved that these essential data are in the hands

0l the toxiceolopists who should now be in a positicn to plan the protocols
aivl proceed to organize the accomplishment of such long-term studies.

4.  Carcinogencity/Mutagenicity

hr. Legator gave a brief discussion on the relevancy of current
nutagenle test systems, He pointed out that the relevaacy of these
“tests were similar to other animal tests. Dr. Legator classified the
current tests based on relevancy to man and ease of performing the test.

: kase of
Test Relevancy®* - Performing#

Iln vityo bacterial cest | 10 ; 1
Hoss femied Lat 3 3
specifle loéus . 2 f _ 10
In vivo cytogéﬂctics 2 ! 3
Duminant. lethal . 2 _ 4
Hisan eytogenetics 1 . 3-4
Losdy Mluid nnnlyaié (blood, urine)/ :
boacterial gystem _ Preferred Test

Y0 ruelevani or easy [

o - not relevant or difficult
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. Legoter emphasized the necessity of using test systems employing
metabol ie activation and mentioned that the bady {luid, analysis technioug
could be used In the human,

e, Kilian agreed with Dr. Lggator and relerred to the old proposcd
FDA protocols on mutagenesis. D¥. Kilian brielly discussed the collaborative
work with various laboratories~".o evaluate some of the current mutagenic
tesit systems. Also some of these tests are being used to evaluate GRAS
list compounds. DLach test has its specific advantages and disadvantages
and the investigator must select the most appropriate test for the
speciliic purposo.

Dr. John Moore reported that NIEHS had conducted a dominant lothal
test in rats with TCDD and 1t was négative. His group of workers does
vol cousider FCHD to be a mutagen.

Dr. Robinson mentioned the dominant lethal test conducted with TCDD
by br. Khera which was also negative. Also the host mediated and dominant
lethal tests conducted with 2,4,5-T by Buselmaier which were also nepative.’

Dr. Alan I'oland also reported sending TCDD samples to Dr, Bruce
Ames Lor testing, using his toster strains of S, typhimurium; these test
results were also negarive,

Br. Kilian reported that human cytogenetic and epldemiological
studices had not rovealed adverse effects in humans working in the
production of 2,4,5~T. Dr. Kramer further defined the human cytogenetics
studics as onge study being conducted while the individuals were actively
involved in the manufacture of 2,4,5-T and the second study was a follow-
up oo tie original group two years later when they were not 1lnvolved in
Lhe production of 2,4,5-T,

A brief discussion {collowed on the human exposure dosc of TCDD.
. Gehring briefly summarized the comparative pharmacokinetics data on
2,4,5-T in man, rat and dog, Dr. Kilian pointed out that most carcinogons
roequire metabolic activation and if TCDD is not metabolized there would
be Less potential for carcinogenesis. Dr. Gehring stated there would be
no reason Lo suspect TCDD as a mutagen based on the rat data as the
miterial is removable and there is no permanent association, Dr. Legator
mentioned in vivo eytogenetices studics in man:  dominant lethal, host
mediated, and body fluid analysis if population is available. Dy, Robingon
reiterated the tests and results that have been reported in the literature,

Drs, Robinson and Emerson stated that there was a correlation
between mutagenicity and cavcinogenicity., Many scicentists feel that
citre Lnogenicity is the result of several mutationnl events within a
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cell,  Dr. Kramer mentioned “"Down's Syndrome' and the abnormal karyotypes
ancocdated with it also the Philadelphia cliromosome, Dr, Legator
peinted oul that about three~fourths of the carcinogens require metabolic
activation. . '

br. Kociba bricfly discugsl and showed slides of the multinucleated
atid endarged hepateeytes of ghe rats which were treanted with 1 g
Tebh/ kg Lor 13 wecks, These changes were similar to those of Buu Hoi
amd ethers.  Ur. Kramer asked iffeta protein determinations were made
and Dr. Roetbasaid no. Dr. Cehring briefly discussed what Dr. Colberg
lad said in relerence to the hepatocytes — "that multdnucleated cells
are observed notmally in aging rats". Dr. Emerson stated that the
besilon was ditlerent from those induced by AAF aud that mueltinucleatead
cells could be found in aging rats and dn vitamin deficiencies of primates.
hr, Kramer suggested that the lesion may be reversible.

br, Moore read several sentences from Gupta's paper ~ "Besides
these degenerative lesions, large multinucleated giant hepatocytes were
. also seen in liver of TCDD treated rats. The presence of these cells,
Increased numbers of mitotic figures and pleomoxrphism of cord cells
sugpest that a long term study should be done to assess the possibility

ol the dovelnpment of hyperplactic nodulec and/or nesplasa®,

br, Gehring mentioned that in the Blonetics study the mice were
treated with an estimated .7 g/kg/week for 7 - 28 days of age and then
L2 op/kg of TUDD/week as a contaminant of 2,4,5~T [or 17 months.

by, Moore relerred to an article in press!(Tox. App. Pharm.) that
reported the LDgg of TCDD in C57BL mice as 114 ug/kg. The authors also
reported simlilar hepatic lesions, as described. by Gupta, ct al, in a
subacute study, and stated there was a need for long term studies to
vvitluate these changes. Dr., Gehring pointed out that the Bionetics
sludy has done that.

Dr. Robinson mentioned the work of IIT on TCDD oral rat and mice
studics,  DBr., Emerson claborated on the IIT studies by saying that the
objectives of this pregram were to determine the chronic toxieity and
carcinogenleity of chlorinated dibenzodioxins (dincluding TCDD and
ltexachlorodioxin) and related compounds by skin application to mice and
by oral administration to mice and rats., Dr. Emerson mentioned the 3
mowse carcinogenie studies in Europe on 2,4,5~T that were reported by
the International Agency for Research on Cancer, 1973, Dr. Kramer ashked
il we needed inbalation studies on TCDD. Dr. Gehring said there was no
evidenee that TCDD was metabolized and that it was not volatile,
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pr. Lepateor stated that data now available is negative on the
gquent ion ol mutagenicity and careinogenicity of 2,4,5-T and TCDD but
ambditional tests can be added., There is not enough information available
al this time, :

-

%

fu swmary, it was general’y agreed that data presently available
do ol suppest that 2,4,5-T is o mutagen or a carclnogen. Additional
studies might possibly lend more confidence. The Bionetics study In
wice wias long~torm, The TCDD contained in the 2,4,5-T amounted to
approximately (.7 micrograms/week for 1 month and 0.2 micrograms/weck
tor 17 months without an increase in incidence of tumors. Long~term
studics on TCRD in rats now in progress at 11T Laboratories should help
clarily the hepatle lesions seen at- high dose levels in subacute studies
fir mlce and rats.

1Y, Chemistry

L., Jnvironmental Impact

Sceveral participants presented data from laboratury and field
studien with TCLD, alone or in conjunction with 2,4,5-f and 2,4-D. The
infarmatlion presented horeldn woe daveloped from notes takon during the
workshop supplemented by published and unpublished reports of the individual
studies as listed under references., Proposed answers to the assigred
questions are cutlined brielly at the end of this report on Workshop B,

Discussions during the workshop included:attempts to define terms
uned vo desceribe the relationship between concentrations of TCDD reported
to bu ossoclated with different components of ithe ecosystems studied.
Althouply agreement was not reached among all participants, the following
dellnitions are hereby proposed for further consideration:

{#1) Bivconcentration - the concentration of a chemical in_or on an
organism compared to its environment, dué at least in part to
physical adsorption on the organism.

{b) Dbivaccumulation - the accumulation of a chemical in an organism
from irs environment. '

{«} biomagnilication - the increase in concentration of a chemical in
suecesslve organismg 1n ascending the tropphie food chain.
The terms used in the following reports are the terws used by those
mak iny, the presentacions and do not necessarily conform to the above
proposed Jefinitlons.
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Studles by Isensee and Matsumura were done- quite differently but

(he data obLained were similar and generally bupﬁgrtiVL of each other,
The peneral conclusion from Isensee's work with 7 C-TCDD was that the
distribution ratie for the radioactivity in water/soil was about 1/10,000
and the vatie for organisms/wateg was, about 10,000/1. - The bleaccumulation
ratio calculated for TCRD (based on © C count) was about 10 times less

than tor DDT in Isensee's exper.ments and abnut 10 to 100 times less

than ifor DO in Matsumura's studies. According to Matsumura, no evidence
wis obtained te indicate biomagnification of TCDD in the food chain.

luensec's data were reported in part on page 34 of the EPA January 18

prehearing brief, His studles were conducted in a glass aquarium containing
4 liters of water and various amounts of Matapeake silt loam or Lakeland
sandy loam in three distinct experviments, The soll was pretreated with
4¢-TCbb at nine levels ranging from 7.45 parts per million to 0.0001

ppim.  The amount of TCDD per tank was 149 g in 20 g of sodl in the first
experiment, 63 g in various amounts of scoil in the second experiment,

and ranged from 10 to 0.0l g in 100 g of soil in the third experiment,
. Tiie organiems were introduced .intoe the tank in sequence as follows:
Abgae, duckweed, snalls and daphnids for 28-29 days, then Gambusia
(mosquito Lish) for 3 days, then catfish for & days.

The following table taken from Isensee's manuscript represents the
distribution ol apparent TCDD in the various componetns, all based on
Hhgn -counting. Almost all the recovered radloagtivity was asgsociated
with the scil, regardless of level added, indig¢ating that soild would
be the main rcservoir for TCDD in the environment. The amount recovered
in the water ruanged from 0.05 to 3.61% of the amount added, with no
apparent relation to the amount added.

The TCDD. levels reported were all based on 14C—c0unt1ng. The
nature ol the vadioactivity was examined by thin-layer-chromatography
(Llc). About 86 to 947 ol the recovered accivity was found in a single
mobile spot for cach extract, with up to 64 at, the oripgin and vp to 107
at o strcak between the ovigin and the mobile spot. The major spot for
Lissue and water extracts had a semewhat lower mobility compared to the
standard TCHD (Rf 0.71), attributed by Isensee to the presence of socluble
erganic material, (However, it dis possible that the 1% radicactivity
found in the organlsms and water compared to the soil represented scluble
impuritics or photodegradation products of TCDD rather than TCDD itself.)
The levels reported for sell and water are shown on the following page
of text, giving an average distributon ratio of 1/11,350 for water/soil.
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Table I1I, Recovery of € in Ecosystem Components,

Expt. Soil ' Percent of 1 2-TCDD originally added :
no. conc. Scil H20 Algae Duckweed Snails Daphnids Gambusia Catfish Total
ppm ‘ :

I 7.45 84.90 3.61 1.90 na® 0.44 0.16 0.06 na 91.07
il 3.17 97.79 - 1.51 0.67 na 0.23 0.02 0.04 0.20 100.46
II 0.53 95.08  0.30 0.12 na 0.04 nd® 0.02 0.04 95.61
II 6.29 . 88.45 0.1l 0.06 na 0.02 ad 0.01 0.04 88.69
11 0.15 87.57 0.05. 0.04 na 0.02 nd 0.01 0.02 87.70
Ii1 0.10 85.46  0.31 0.26 ' 0.03 0.21 0.01 - 0.11 0.47 86.53
111 0.01 86.73 0.32 0.28 0.04 0.15 0.01 0.07 0.53 85.13
111 0.001 87.59 1.32 0.55 © 0.04 0.18 0.01 0.06 0.47 90.22
111 0.0001 98,56 0,79 . 0.28  _0.26. .  0.68 . . . 0.02 s . 0.43 - - 101.17 -

b
2 not analyzed. not detectable.
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Lxperiment rpm_in soll PPt in water water/soil

, ] 7.45 1330 1/5,600
iy 3.17 239 | 1/13,260

Ll 0.53 48 1/11,000

Ll 0.29 18 1/16,000

il 0.15 : 7 1 1/21,400

Pl 0.10 7.13 1/14,000

11f .01 0.66 1/15,000

111 2.001 0.126 1/3,850

11 © 0.0001 0.05 1/2,000

average 111,350

in experiment I at 7.45 ppm  TCDD in soil, the apparent 1330 parts
per trillion (ppt) TCDD in the water exceeded the solubility of TCDD in
prore water (0.2 ppb or 200 ppt). This discrepuancy may be due to increased
solability of ICDD in water containing dissolved organic matter from
compenents in the ecosystem, or to adsorption of TCDD on colloidal _
particles in the aamplg of water which was counted, or because part orx
all ol Lhe dissolved “7C~activity was not TCDD. A concentration of 3.17
ppie in sell gave 239 ppt TCDD equivalent in water (close to the solubility
vl TCDD in water). lixperiment I1I was conductied using higher specific
wiivity *7C-TCDD than in Experiment 1 and 11, and the lowest levels
“tudicd approached levels which might be encountered in soil treated
with 2,4,5-7 containing measurable levels of TCDD.

Y Apparent TCDD levels in the organlams reached as high as 2 ppm in
daplmids in Experiment 1 at 7.45 ppm in soil vs. 1330 ppt in water. The
vreanjums survived tliese very high concentrations, possibly because the
Ii(‘lt[thLy was not TCDD or was ‘TCDD adsorbed on the surface rather
fhan absorboed fnto the organisms, This view is supported by the fact
that the organismfwater ratio of C-activity ‘was lower for 'catfish than
1oy the smakler Gambusia (mosquito f£ish). ‘'this is the opposite to DDT
in Lish in uaturdf_ayatemb where larger fish have higher residues;
however, Lhe egxposure may not have been leng enough in this study to
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droaw Cirm vonclusions. At lower concentrations the relative amount in
vat toud species changed, Indicating that there is a difference between
nivvoncentratlon and bicaccumulation. Raising g' the concentration in
water two-fold resulted in a decrease in the apparent bicaccumulation
rativ by half. (Ip all cases, the biocaccumulation ratios were cal-
cilated {rom the l“C—acLivity in tissue on a dry welght basis compared

to bthe *TfC-activity in water, emphasizing differences for tiny aquatic
orpganisms which consist of up to 90% water.) (See Table II from Isensee,
which tollows.)



-

[ B PUREY o L s B W B i Y i

Table I. Ziocaccumulaticr of C-T1CDD by Several Acuatic vrganisms a3z Al ezted v foil and water Concentraticn
E}:pt.a S5coil fo0 \

ne, conc. Cene, Algae Duckweed . Snails Paphnids Gazbusia Catfish

ppC PPL 1 e e o PPDmm e smmm e meem e s e

I 7.43 1330 9,690 + 960° na“ 01,820 + 176G 10,400 + 250G 1,380 + 220 na
1T 3.17 239 - 2,500 = 120 na © 2,780 % 400 7,430 + 30 2,200 + 680 720 + 13
11 0.53 48 390 + 20 na 1,970 + 630 70 + 540 + 250 1ic + S
Il 0.29 18 230 + 20 na 290 + 30 70 + 420 + 196 120 +

il G.15 7 130 + 50 na 330 + 80 70 + 90 + 20 80+ 5
111 ¢.10 7.13 79.3 4+ 12.5 30.7 + 1.3 125 + 23 163 + 10 439 + 76 103+ 4
111 0.0l 0.66 5.0+ 1.0 3.3 + 0.5 9.7 + 1.4 17.7 £ 5.9 41.8 + 4.5 18.4 + 5.
I1I 0.001 .26 1.4+ 0.2 0.3 ~ 0.0 1.4 + 0.2 4,7 + 2.2 5.9 +2.7 1.2+0
111 '0.0001 0.05 0.1 + 0.0 0.2 +0.1 1.2 + 0.6 2.4+ 1.1 1.2+ 0.6 0.1+0.

Bicaccumulation Ratio®

I 1330 5,000 na 1,400 7,800 1,000 na

11 239 10, 500 na 11,600 - 31,200 9,200 3,000
It 48 : 8,100 na 41,000 na : 11,300 2,300
11 DR : - 18 - - 12,80 .- - na - . 16,100 - na . . 23,300 . 6,700
11 7 18,600 na 7,100 . ' na 12,900 11,400
111 7.13 11,100 4,300 17,500 22,900 61,600 14,400
111 0.66 7,600 5,000 14.7C0 26,800 63,300 27,960
111 0.26 5,400 1,200 ' 5,400 18,100 22,7006 4,600
111 0.05 2,000 4,000 24,000 48,000 24,000 2,000

ATCDD of 2.8 uCifmg specific activity used in experiments I and II; 460 uCi/mg specific activity used in
experiment I1I1. “Standard error of the mean for 3 replications {experiment 1) and 2 replications
(experiments II and III). ©“na - Not analyzed. bConcentrai:ion of TCDR in tissue (dry wt.) divided by
concentration of TCDD in water.

* Selubilicy of ‘iCDD in water to 200 pypt
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The January 1974 prehearing brief submitted by EPA contained data
derived lrom lsensee's study. Volues cited were 0.08 to 0.44 ppm TCDD
in various aquatic organisms exposed for 28-29 days or 3 days to water
S contacl with sodil containing 0.1 ppm (100,000 ppt) TCDD., They cal-
culated Chat treatment of rice with 2,4,5-~T containing 0.1 ppwm TCDD
would result in 12 ppt TCHD in the top 1/4 inch of soil and 0.0l ppt in
the water in contact with it. They extrapolated this to result in 140
ppt in fish within 3 days exposure to rice flood water. (This was based
on the 1/14,000 concentration factor for water/soil at the 0.1 ppm level
in soil rather than for the lower L/2000 factor found at the more reason~
able level of 100 ppt in soil.

Matswoura measured the uptake of radiocactivity by a variety 3f

orpanisws in a 200 ml mini-ecosystem to which he added the same
TUoD usied by ksensece in Experiments I and II above. In one series of
vaperiments the TCDD was added directly to water as a solvent solution
along with the primary feod organism such as algae and yeast. In a
serond sories the solvent sclution was evaporated as a thin film on the
inner surface of a glacs container in which the food organisms were
Hrnwn prior to transferring them to the aquarium. Ir a third series the

4¢-TCBD solution was added to sand, the solvent evaporated, and the
sand added to the agquarium. All sLudies were conducted for only 4 to 7
days under siuiic conditions wiih sinple aud wixed pupulaiivas of
orpantsms to compare the bloaccumulation ratios for TCDD, DDT, Y-BHC and
mexacarbate (the active ingredient in ZECTRAN(R) insecticide).

In che first study, concentration factors for TCDD in organisms
compared io water were 49 {or daphnia in the presence of algae, 218 for
ostracods in the presence of algae, and 121 for brine shrimp in the
presence of yeast. llowever, the theoretical water concentrations of
32,4 and 16,2 ppb TCOHD equivalent far exceeded the solubility of 0.2 ppb
lor TCDD In watey =0 absorption of the TCDD on the food organisms must
have occurred. In the second experiment with algae containg 162 ppb
TCOD, Lhe concentration factors were 2198 for Daphnia compared to water
ventalaing 0.4 ppb TCRD equivalent, and 10? for Ostracod in water con-
IdlanL 2.6 ppb TCHD equivalent, * i

ln the third series ol experiments using 1.62 ppm (ug/g) léC-TCDD
on sand, Lo (ouad 157 ppk TCDD equivalent in brine shrimp vs. 0.1 ppb in
water, and 4,150 ppb in mosquito larvae vs, 0.45 ppb in water, Under
the same conditions only 2 ppb was found in fish (silverside) and none
win detecled in water.  Iln a two--tep study with mosquite larvae followed
by fish, thoe level in fish was 708 ppb 1CDD cquivalent compared to 3700
ppb in thoe mosquite larvae and 1.3 p»b in the water. This gave a
concentration factor of 54 as comparva to 306 for DBT (not 540 as cited
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tu the January 1974 prebearing brief submitted By EPA). Based on these
experiments, TCOD has a biocaccumulation factor about 1/10 to 1/100 that
of DDY for che organisms studied or about 1/10 of that found in ILsensce's
gludles,

MaLsumura stated durlng the workshop that we have no proof that
TCHY is bilomagnit ied, i.e, that its concentration increases as it ﬁocs
up the lfood chain. lowever, he did find bioconcentration of the Lac.
activity in or on organisms compared to water under the conditions of
Lhe studies, Ue also found that the bioconcentration factor was 10
times less when he used lake sediment rather than sand in his mini-
ceonysten.  Mle also found 1~2% degradation of the TCDD in the presence
ol lake sediment and a variety of organisms. He plans to do more work
on microbial degradation using higher specific activity TCPD and lower
concentrations in the soil reservoir of his system.

Bauphman and Meselson of Harvard reported-finding 18 to 810 ppt
TCLD in crustaceans and Sish caught in rivers and near the coast of
Victnmn not lay from Saigson., 7The samples were collected in August and
SSeprewmber 1970 and were kept frozen under ligquid nitrogen until analyzed
2-1/2 years later using baughman's repeat scan mass spectrometry technique.

Now has reguested camples of the fish and/or ghrimn for econfirmatory
analysis using combined gas chromatography-mass spectrometry (GC/MS),
but thuse requests have not yet been honored. Dow is interested in
perlornlog conlirmatory analysis because it is tpossible that the TCDD
geported to have been found in these samples may represent inadequate
separation from high levels of interfering PCB's or DDE, or to the
presence of terruchlorodioxins other than the toxie 2,3,7,8~isomer
referred to as TCDD. Such "dioxins” could originate from pentachlorophenol
used in Lhat region for treatment of aquatic areas. Analyses of Asiatic
pentachlorophenol revealed high levels of "dioxin'" compounds including
TCHY whereas no TCDD has been detected in Dow pentachlorophenel.

Use of lerbicide Orange {Agent Orange) for defoliation in Vietnam

was at 3 pal/A (approx. 13 1b 2,4,5-T acid equivalent per acre plus
3 1b 2,4-1 ac/A, both as butyl esters), Captain Young stated that

herbicides were applied as a spray released at 150 ft elevation at 130
(Kknots Indicated Air Speed) with average particle size 250 microns and
984 of all particles greater than 50 microns in diameter., Thus most eof
the material was intercepeed by foliage of :the target forest area,
Sitce TEDD 1s considerably more soluble in Herbicide Oranmge 'than in
water, and esters of 2,4-D and 2,4,5-T are readily taken up by the waxy
surlace of leaves, wost of the TCDD in the herbicide remained on the
foliape where it was subject to photodegradation withoutr ever reaching
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t1- water, Young added that some arcas may have received four or five
appld icatlens over the years and a few spots may have been grossly con-
tandinated when defoliant loads were dumped by pllots to escape encmy
dattack. :

Leng has calculated that difbet applicatien of Herbicide Orange to
a4 pond one foot deep would resul . in initial levels of 5 ppm 2,4,5-T
plus 5 ppn 2,4-D as butyl estews. Such levels would be lethal to fish.
1f the 2,4,5-T contalned 1 ppm TCDRD (the specification level for Dow
2,4,5-T in the 1960's) the water would contain 5 ppt TCDD at the time of
appl ication., However, the dissolved TCDHD could undergo photodegradation
in the presence of dissolved organic hydrogen donors and could also be
largely absorbed on the pond sediment resulting in much less than the
calculated 5 ppt TCDD in the water., The chances seem slim that con~
taminated sodiment from treated aquatic sites could end up in any one
location to provide levels of TCDD sufficiently lhigh to cause residues
up to 810 ppt in fish or shrimp caught up to 30 kilometers from shore,
as mplied in reports on the work by Baughman and Meselson.

The general concensus of opinion among participants in the workshop
wis that it was unlikely that the residues found in Viernamese fish and
shrimp collected in 1970 were due to TCDD in the 2,4,5-T used for
Jdeloliation in that area during the 1960's. Further information should
be obtalned as Lo how the analyses were coanductéd, i.e. whole fish
including heads, fins and viscera, and whether most of the alleged
residue 1s associated with scales and skin or with fat of the fish, or
with heads and tails ol the shrimp as has been rumored recently. The
“sanples should be made available for analysis in other laboratories,
using alightly different methods, to confirm the nature and level of the
residues clalmed to have been found by Baughman.

Crummett reported on analyses for TCDD in samples collected by Dow
in a rangeland area in Texas and in a rice growing area in Arkansas. HNo
TCDD was found in catfish caught in a pound draining an area of about a
willion acres of rangeland, According to Bovey (USDA, Texas), the area
had been trcated with about a million pounds of 2,4,5-T since 1949. The
(iC/MS methods bad a sensitivity of 1 to 2 ppt TCDD and a detection limit
of 6 ppt in Lbhese fish,

Simiiarly, no TCDD was found in catfish and bass collected in a 200
avie pond adjacent to a 6000 acre rice field where 2,4,5-T had been used

For many vears and where the water 'had been recyeled over the field each
Year. The tower limit of detection for TCDD was 8 ppt in these fish duce
to backproound interfercence from high levels of DDE and PCB's. No TCDD
Wt detected in sediment from the pond (detection limit 1 ppt) nor in

water trom he pond (detection limit 250 parts per quadrillion}.
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samples of human milk from women in the rice growing area in
Arkansas were also analyzed.  No TCDD was deLectad with a sensitivity of
1 te ? ppt bascd on recovery studies on cow's m;]k with much interference
dae Lo hiiph Itvu!q ol DDE and PCl's.

Paper 30 of the EPA prcehearing brief reported finding 6 to 41 ppt
TepD fn fat and 1 ote 5 ppt in liver of calves, goats and sheep fed
imnediately atbLer application of 2,4,5-1T to rangeland. According to
information obtained from LEPA, the animals grazed for 38 days prior to
slaughter in dn area treated with 2,4,5-T7 at 0.5 1b/A. The 2,4,5-T
contained 0,05 ppm TCPD. Leng calculdted that measurable residues of
e are not likely to occur in fat and still less in liver of these
awdmals,  As shown below, the maximum theoretical residue of TCDD would
bee 117 ppr in Fat if all the grass caten contained the maximum cal-
cubated residue of & ppt TCDD for the entire 38 days, znd all the
inpestoed TCHE reamined ifa the fat on the qnimalSJ

tn reality, most grass would contain less than the maximum residuc,
the T content ol the giass would decrease with time after application,
“wecht ol the TCDD ingested would be excreted during the 38 days, and only
part ol the retained TCDD would bLe in the fat. This view is supported
by data Irom independent analyses by Dow and EPA of fat. and liver from
cattle ted 50 to Y00 ppt TCLD with 100 to 1800 ppm 2,4,5-T continuously
in the total diet for 28 days. According to the EPA adata (table fol-
lowlng pe 30 ol the January 1974 EPA prehearing brief) the levels of
Teul JTound in lat were about 2.1 times the level in the diet and were
Tower iw liver., Therelore, ingestion of less than 4 ppt TCDD in the
prass {82 ppt on a dry weight basis) would result in less than 25 ppt in
the Fat of the animals., Dow values for TCDD in fat were considerably
less than thoeose found by EPA at levels of 50 or 150 ppt TCDD in the diet
and were much higher than EPA values at 450 and 900 ppt TCDD in the
diet, indicating that EPA had more background interference and poorer
recoverivs than Dow.

EPA aiso reported finding up te 397 ppt.TCDD in shrews trapped in
riphts=ol-way treated with 2,4,5-T, Addicional information obtained
vecently Erom BPA indicated that residucs found in four samples of
shrows rangied Irom 54 ppt to 397 ppt (average 202 ppt) from arcas
treated with 2,4,5-T at 10, 16 or 8 ib/A, No information was provided
as to how the material was applied, nor the dates of treatment and
sampling, nor the nature of samples analyzed. lFurther inquiries will be
mwde to obtain full details ¢ £ how the animals were exposced and how the
maalyses were conducted,

Dow wlll pursue obtaining monitoring samples from EPA for confirmatouvy
analyses by the combined GC/MS procedure,
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Captain Youny, reported on studies conducted in a U.5. Alr Foree
(0t ile CTent Area G=32A, Fplin Alr Fotce Base Reservation, ¥lorida).
o eve ameunts ol herbicide were applicd undifuted by adr during 1962~
AUt o arey of approximately one square mile.  In 1962-64, Herbicide
varle (Agent Purple) was used, It contained n=batyl ester of 2,4<D and
ived buryl oand izobutyl esters of 2,4,5-T, and is estimated to have
caoutafned as much as 40 ppw TCRL. [t was applied along the flight path
on a 92 aere arca at a total rate ol 1894 pounds 2,4-D plus 2,4,5-T por
acre. Another Tlight path Lo the 92 acre arca was treated in 1964-66
with lerbicide Drange (Agent Orange) at a total rate of 1168 pounds 2,4~
i+ plus 2,4,5-1 per acre.  Another 240 acre area received lower rates of
flerblcide Orange and Uerbicide White (picleoram plus 2,4-D) in 1966~70,

The test site was very sandy (927 sand, 4% silt, 4% clay). Spring-
ted ponds originated on the test grid. and drained across the {light path
into the adjacent plant and animal community. In 1970-71 samples of
sofl were analyzed for TCRI and none was detected by the methods availablie
ot fhat time (sensitivity 1 ppb rather than 1 ppm as given in a USDA
. summary report}. Recent analyses ol samples taken in June and October
t%/3 indicate levels of 10, 11, 30, and 710 ppt TCDD in the top & inches
vl soil from various locations in the site. Residues found at lower
depthy were probably due to contamination from the upper level during
the sampl ing procedure.  The highest level (710 ppt) was in a sample
(row the area thal veceived 947 1b 2,4,5-T/A during 1962-64. Young
estimatoed that initial residucs may have been.as high as 1 ppm TCDD in
sofl on one of the oldest £light paths treated at these high rates with
Herbicide Purple in 1962-64, The 30 ppt level was at the intersection
of Flight paths receiving Herbicide Orange in:1964-66 and 1966-68.

Analysis of scediment from a bavhead near|the test area revealed
tevels of 13 ppt near the 1962~64 flight path and 11 ppt in a pend
adjacent to the intergection of the 1966~68 flight paths., The soil
sround the ponds also contained low levels of TCDD (10 and 11 ppe} but
none was detected in aquatic organisms collected from ponds, bayheads,
or streams draining the test area (limit of detection 10 ppt).

livers of beach mice trapped in 1973 were reported to contain 300
Lo %40 ppt TCLBD afrer an estimated 30 generations of exposure time in
this arca. Cotton rats trapped near ponds on the 1966~68 test area were
reported to contain 210 ppt TCDD in the liver. Analyses of livers f{row
mice and rats trapped about a mile from Test Area C-52A were reported as
JU oppt, I

Photopraphs ol the test areas in 1969 ciearly showed the elicets of
the misnive herblieide treatment but phetgraphs in 1970-71 and in 1973
showed relatively complete recovery ol the vegetation cover within a low
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years,  bamples i seed Jrom panicum grass in the treated area are
available bor TEOD analysis to confirm the belief that this chemical is
nol taken up by plants from soll residues. '

Vouiy, abkso reported on wnass degradation studles where llerbicide
vrage wan Incorporated below the seil surface at rates of 1000, 2000 or
G000 Ih/A, The Intitial TCPD fevel was about 148 ppb in sites receiving
Aoy Ih/a. the hall life found for TCND was only 88 days in the presence
ol massive amounts obf 2,4-D and 2,4,5-T under the alkaline desert con-
Jitfeas of this scudy in Utah. This is considerably faster than the
vne-year hall 1ife found by Kearney et al. when only TCDD was added to
soll at levels of 1, 10 and 100 ppm. It is likely that the TCDD was
more evenly dispersed in the soil when added as a ppm solution in
Herbicide Orange {(butyl esters of 2,4-D and 2,4,5~T) and was cometabolized
with these massive awounts of 2,4-D and 2,4,5-T in the soil, The soil
win initially at o pli of about 8 but rapidly became acid when the esters
woere hiydrolyzed to 2,4-D and 2,4,5-T by soil micreoorganisms, The degra-
dat ton of TCBY 1s belleved to occur via bacterial action.

Noreils commented bricfly on his work with TCDD in three species of
iish (guppics, cohe or silver salmon, and trout) and three aquatic
invertebrates (a snail, o worm and mosquito laxrvae). The levels studied
ranged From 0,054 o 10,900 prt TOLD dn waeier for 24 wo 306 hwuurs und
obuervations were made Lor up to 80 days., The TCDP level in water with
vostng, satimon declined significantly with time. A 50 ppt solution
decreased to 507 in 24 hr. and to 204 in 96 hr. The initial rapid loss
in probably due to adsorption since a similar test without fish declined
to OB i 4 br. Some volatilization may also have occurred. :

;

The toxic responsce to TCDD in fish is delayed as it is in other
auimats,  Initial vesponse to the chemical did not occur for 5 to 10
days ol ter the beginning of the exposure period and mortality often
vrlewded over the nextt 2 months., The levels of exposure were expressed
in nanoprams per gram of total body weight (ng/g) of the organism based
ar the anount of wmaterial in ithe container relative to fish biomass at
Litee beptinningy, of the cexperiment; this is not equivalent to total body

ceiitden in the Cdsh.
’ |

serrin Gt al, coneluded that TCDD iy water or foed is toxic to fish
abd duriition of exposure is less important than level of exposure,
lireversibte-offects were produced in young salmon exposed to TCDD in
wiler at levels greater than 23 ng/g of fish and death resulted in 10-80
gz ihee eritical expesure period may be somewhat less than 24 hours
Poostal e water toxicity teste in which TCDD concentratiens may change
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mirkedty with time. Swall fish are more sensitive than large fish on an
cquivalent expesure level basis indicating adsorption on the surface may
be the major route of uptake [rom water. Levels of 2.3 ppm TCDD in food
marked by roduced prowth of younyg rainbow trout in tests where 10 fish
were exposed Lo 603 ug per tank per week for 6 weeks, However, no effect
was noted in tish wbhen the food ¢pitained 2.3 ppb (2300 ppt) TCDD.

Pupation of mosquite larvac was not alffected at 0,2 ppb TCDD in
water (its solubilitvy) but this level reduced the reproductive-success
of the species of snail and worm studied. '

Av noted previously, all thesce siudies were conducted at TCDD
bevels tor in cxcess ol what might be encountered in the enviromment
rowm Lthe ase ol 2,4,5-1 containing 0.1 ppm TCDD. Norris estimated that
levels ol 0,00010 Lo 0.001 ppt TCDH might occur in streams shortly after
avrial application of 2,4,5-1 at 2 to 4 1b/A in Western forests.

Batied on the above dinlormation, the following answers to questions
presented Lo Lhe workshop were suggested:

k. The reported fioding of up to 800 ppt TCDD in Vietnamese
tish and shrimp has little or no significance to current
oo, mapuiacuure and use.  Dava reporied by Young
imlicate that the residues found in 1973 are not
derived [rom use ol 2,4,5~T for defoliation in Vietnam
during the 1960's, '

2. The results of laboratory studies on "bioaccumulation”
ol TCh indicate that TCDY is prelerentially associated
with soil in the notural envivomment, but that the very
small gquantities in water in contact with the soil may
become bioconcentrated infon aquatic organisms. However,
the studies also imdicated that the levels in/on the
orpanisms would not exceed the levels in the soil
gsource.  Current U.S. manufactuvre and use is not likely
to regult in detectable residucs of TCDD at the ppt
fovel in woter, [ish, soil, crops, meat or mililk., Care
mesL be taken in interpreting analyses for TCDD in the
presence” of much larger amounts of BDE and PCB's in the
samples.

3. There Is lictle significant hazard to the non~human .
envivenment resulting from current U.S. 2,4,5-T manufacture
and use,  This conclusion is based on the lack of
pathological effect poted in animals exposed to high
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Tevels in the environment at Eglin Air Force Base as
woll an in the dilcet in exapgerated feeding studies
alovy, withh 2,4,5=T in lLivestock, Calculations indicate
that levels ol TCDD which might occur in the environment
Crom use of 2,4,5~T are far below those which might
cause an untoward effect ingtnimals, birds, fish, or
other living organisms, ﬂ;ﬁ

7

- %

2. Aualytieal Methods

The workshop brielly discussed the following analytical methods;
(1Y analtysis of 2,4,5~-trichlorophenol, (2) analysis of 2,4,5-T acids and
et ers, (3) decermination of 2,4,5-T acid in plant tissues and products,
(4) determination of 2,4,5-T acid in animal tissues, (5) determination
ol 2,4, 5-trichlorophenal in animal tissues, (6) TCDD in 2,4,5-trichlorophencl,
TLoAL.0-1 acld, and 2,4,5-T esters, (7) TCDD in envirommental samples and
(8) other dioxins in 2,4,5-T acid and estexs.

Mrtleipants in the workshop saw no problems with methods 1 and 2.
A question was raised evncerning methods 3, 4 and 5 as to whether these
methods detoermine total 2,4,5~T acid and woial 2,4, S-tricdhlorcphenel cor
it bound residues of these materials remained unextracted by the method.
No problem was found with method 6., Considerable problems remained in
Lthe Interpretation of the meaning of low part per trillion results in
melhod 7, however, It was also generally agreed that methed 8 was not
completely developed due to lack of analytical standard of certain

dioxinu.

The workshop thus agreed that the two questions proposed by those
who set up the work shop were the correct ones to which it should
address itsell, 7These were: (1) what is the ability of current methods
utsid to determine bound residues of 2,4,5-T and 2,4,5-trichlorophenol?
Those In attendance were in agreement that thpse methods determine total
residoes including "bound" residues in animal and plant tissues, (2)
vhnt are the criteria to be used in arviving at a determination of the
valid level of detection for TCDD? This question was considered by a
poup-ol Analytical Scientists, December 13, 1973 in a meeting at the
Environmental Protection Agency. The results of that mceting were
sumparized by Carrol Collier in a letter to the participants on Januvary 25,
1974, tle swmarized the conclusions in seven points. The first five of
these points were in agreement with the notes’and recollection of the
workshop participants who also participated in the December 13 meeting.
liowever, points six and sceven were not and Dow Chemical was instructed
to respoud to points six and seven in a letter to Collier.

e e e e A ——— e e at e e = 2
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Present methods for determination of TCDD at low [ evels in environmental
" samples inelude: (1) gas chromatoyraphy/low resolution mass spectroscopy,
(2) high resolulion mass spectroscopy, and, (3) gas chromatography/high
resolubion mass speetroscopy.  These methods are the most specific and
sensitive methods known, But in spite of this, the exact meaning of

small sipnaly produced on the mass spectrometer is not clear. The

reasons lor this aret (1) control samples are not available, (2) ions
having the sume mass have been shown to arise from other materials

present in the eonviromment and, (3) interferences are easily picked up

due to contamination. 7These reasons make interpretation of results at

low parts per tyillion levels very uncertain.

One way Lo increase the certainty of an analytical procedure is to
have an alternative equally specific and sensitive technique. The
participants in Lhe analytical workshop had no; such technique, although
rindkio fmmunological assay was suggested as a possgible solution into the
problen, A sccond suggestion proposed to add more credibility to the
analytical results was to have an exchange of samples between partic-
_dpating laboratovies., In particular, the group suggested the Dow Chemical -
andd Environmental Protection Agency exchange samples from the envi-
roument where the TCDD level was expected to be in the range of 0-20
parts per trillion.

A suggestion was made by Phil Kearney thdat TCOD levels in environmentcal
gamples be reported in groups or levels of data; for example, (0-10 parts
per trillion, 10-50 parts per trillion, etc. This, it was thought,
would be all that would be necessary to make judgements as to the meaning
of levels in the enviromment, '

Lu general, however, the group felt that it was in no position to
vesolve this question at the level ol 10 parts per trillion TCDD duriang
Liw workshop., 1t suggested that we encourage the Lnvironmental Pro-
Lection Apency to ask the American Chemical Society to select a peer
proup Lo review the methods and determine the true level of detection
Lor these methods, . -

Finally the workshop acknowledged that more work would need to be
done to determine dioxins other than TCDD in 2,4,5-T acids and esters.
Althougi estimates of these materizls can be made, standards are not
avallable and the precise stru.ture of the material being measured is
cstill in doubt., Lfforts arc being made by all participants to obtain
standards and have them examined by Dow Chemical in relation to its
products,
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4. Residues
In this session, we were primarily concerned with two questions:

l. Wihat dis the significance of low~levelgresidue
{iodings in fat?

2. What reslidues of 2,4,5-7 and TCDD are likely to occur
in human food as a result of registered uses of current
2,4,5-T manufncture?

A summary of the uses permitted by the label was gilven by the
chalrman, Data were then summarized by the chairman on residues of
2,4,5-T which have previously been reported, starting with sugarcane.

On prowing sugarcane, two applications of 2,4,5~T at the rate of
one pound/A gave an average of 10 ppm of 2,4,5°T immediately after
the scecond application, This decreased to 0.05 ppm by harvest time, 24
weeks laker, When sugaycane containing a residue was processed, the
‘rentdue was distributed ag follows: Stalks contained more than tops,
the concentration in bagasse was greater than that in juice, syrup and
wolasses contained 5 and 12 times the concentration of the julce they
were mude Crom, and raw sugar contained less than the juice.

Next a summary of daca of 2,4,5-T residues on grass was discussed
(Getzendaner, M. E., "Fate of Herbicides in lorage Crops', Joint Session ~
Agronomy, Animal Science and Dairy Science, Southern Agricultural Workers,
ALlanta, Georgia 2/6/73, slide 3). Specific residues averaged 100 ppm °
per pound per acre at time of application, and decreased with a half-
lite of 1-2 weeks., In the Texas experiment which comprised one of the
expoeriments cited, grauss was also analyzed for:TCDD., This treatment was
made in 1969 before the specification for TCDD in 2,4,5-T was lowered
irom I ppm to 0.1 ppm maximum TCDD, It is estimated that there was
Jpproximately 0.5 ppm of TCDD, in the 2,4,5-T used in the formulation.
Preliminary data were given showing that one.day after application of 12

agounds of 2,4,5-T per acre about 600 ppt of TCDD was on the grass. This
deereased to about 200 ppy of TCDD one week after application, compared
to 200 ppm of 2,4,5-T. Sixteen weeks after application there were
vesidoes of 10 ppm of 2,4,5-T and about 15 ppt of TCDD, It was emphasized
that these are preliminary figures, and that the TCDD in the 2,4,5-T
applicd was much greater than the present maximum allowed. HMore samples
need to be analyzed to get more precise data for this, but these data
show the TCHD as well as 2,4,5-T disappears at a very rapid rate frow
nrass after application,
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A discussion of a mi’k residue study followed., (Bjerke, E. L., et
al "k(.lduv study of Phenoxy Herbicides in Milk and Cream', J. Agr. Food
Chom, 20, $0l3-967 (1972)). Three cows were given diets which contained
28451 aL successive levels of 10, 30, 100, 300 and 1000 ppm, based on
total feed weight, for two week periods. The 1000 ppm level was given
for 3 weeks, then feed without 2,4,53-T for several weeks. The 2,4,5-T
used in this study was found to contain about 0.5 ppm of TCDD, or about
five times the maximum level permitted in 2,4,5-T manufactured today.

Avevage residues found in milk were 0.1 ppm of 2,4,5~T and 0.1 ppm
(rivhlorophenol at the 300 ppm 2,4,5-T feeding level, and 0.4 ppm of
2,4,5-T and 0.2 ppm trichlorophenol from the 1000 ppm 2,4,5~T feeding
tovel.  Thesce decreased in 3 days after withdrawal of 2,4,5-T from the
fecd Lo levels below the level of sensitivity of the method, 0.05 ppun.

Preliminary results on aualysis of milk from the 1000 ppm 2,4, 5-T
Fewdding Level, show aboul 50 ppt of TCDD. It was emphasized that these
are preliminary data,  Thoese same animwals had received increments of
2,0,5~0 gonlalning COD in the diet before the start of the 1000 ppm
2y, h=T feading adding up to 22% of the amount consumed during the 21-
day feeding of 1000 ppm wivich would have made a contribution to this,
Also, it must be romemberad that the 2,4,5-T used contained about five
Edwmes Ve concenivalbion of TODD a8 curveat production. Further, veory
Pimited numbers of samples bave been avalyzed.

seven days alter withdrawal of the chemicals from the feed, a level
ol 40 ppt ol TC was reccrded, while about 15 ppt of TCDD was found in
a sample 60 days atlter withdrawal. .

Diceussion of thoese data, method of analysis and possibility of
rontaminotion i the laboratory followed. Dr, Kearney pointed out the
critical nature of the data, Lynn stated the need to analyze samples at
lower feeding Levels which would more nearly reflect the levels of TCDD
on grans sprayed in a pasture at rates actually used and with milk
andmals kept off Lor 6 woeeks, as stated on thg'label, which would allow
dinsipal ion of the residuc. ’ '

soudf
Dr. Bovey stated thal on pastures for dalry animals, 2,4-D was
it lye aiiod  dnstead of 2 2 4,5-T. '

Discumsion of these data and consideration of the probability of
TCHD being a residue in meat and/or wilk from actual use patterns, led
1o the reconmendation that we draw together information from the field
people who knew how 2,4,5-T is used and put that together with the data
we have on residues to come up with a complete plcture as to what the
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potential is for TCLD residue in human food. Further, it was recommended
thal we try to find arcas where 2,4,5-T is used 'in conjunction with

datry herds and get milk from the markeL there, Also recommended is

thit we btry to get milk samples from EPA from a study they have conducted
(hr. Bovey) grazing cattle on rangeland sprayed with 2,4,5-T.

hr. Bovey described a study of movement of 2,4,5-T in water which
he bad conducted on a 3 acre plot given multiple treatments with 2,4,5-
T. 2,4,5-1T was detected at only very low levels, the highest belng 26
pph.  He concluded that the possibility of contamination of ground watex
wan unrealistic.  lLven wash-off from a treated area would be very slight.

Discussion next centered on "residue data in tissues of beef
animals and sheep given 2,4,5-T" in the diet (Jemsen, D. J., Et al
Yinvestigation for Bound iesidues on Tissues from Cattle Fed 2 4, ., 5=-T"
presented at the 165th National Meeting of American Chemical Society,
April, 1973,

Animals were fod for 28 days with a constant level of 2,4,5-T in

the diet.  This was tie same chemical which was used for the milk study,
containing about 0.5 ppm of TCDD, roughly 5 times the amount permitted
by the nresont gpeeilication on 2,4, 5-T.

2yh, 5T data were reviewed briefly. At the maximum feeding level
1,4,5-T residues in muscle and fat were around 2 ppm, and about 8 ppm in
liver. Levels were roughly proportional to the amount in the diet.

r. Jensen discussed the trichlorophenol data results. After - -7-day
wilhdrawals ol 2,4,5-T from the diet the phenol did not disappear. A
new Lot has boen started feeding sheep the more realistic level of 300
ppae 2.4, 5-T for 4 weecks followed by withdrawal for perieds up to 56
davs,  The tissues are in hand and an analysis for 2, & 5~T and
trichiovophenol, as well as 1'CDD is planned.

Un analysigs of liver from the‘cattle experiment, TCDD levels

- ionle animal anaylses) were 13, 61, 150 and 360 ppt from feeding of
o, 300, 900 and 1800 ppm-of 2,4,5-T in the diet. .Half of the TCDD
disappeared From the Iiver in 7 days. Fat from cattle on the 1800 ppm
feeding level contained around 2000 ppt of TCDD. There is a big drop-

alt ol TePR level dn fat in the first 7 days to about half of the level
At O-day withdrawal,

In Lhe sheep experiment, composite samples of fat and liver from 3
andmals after various periods of withdrawal of 2,4,5-T have been analyzed.
Apaain o rapid drop-off of 7 days after withdrawal of 300 ppm 2,4,5-T
containing 0,5 ppm of TCDD was seen - from about 170 ppt to 40 ppt.

Little decrease has been observed from 7 days to 28 days withdrawal. In
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Livers al O-days, a level of around 200 ppt wasffound, decreasing to
dbout 70 ppt with 7 days withdrawal and to about 40 ppt with 28 days
w il hdrawal.

samples from a group of sheep, slaughtered 56 days after withdrawal
ot Lhe chanienl from the feed ar?‘yct to be analyzed, and some values on
individual animals as well as oner tissues have yet to be completed.

.‘l

Dr. Crumuctt veported that in fat heated to 160° ¢ 3-15 hours, con-
taindng 10060 ppw of trichlorophenol, no TCDD was found with a limit of
senaltivity of 50 ppb.

This concept was discussed at length with the final peneral agreement
that formation of TCDD as a result of cooking fat containing 2,4,5-T or
1rrichlorophenol does not pese a potential problem, With the experiment
whiclh has been done, it has been shown that there is a very low potential
bor TCBD vto be formed in this way, especially in view of the low level
ol trichlorophenol in fat of cattle consuming 2,4,5-T.

Residue data on rice was reported. The rice had been given two
applications of 2,4,5-T of 1.5 1b/A., Rice grain at harvest time had no
doteetable residue of 2,4,5~T with a method sensitive to 0.025 ppm,
while the straw contained about 12 ppm of 2,4,5-T., These samples will
be analyzed lox TCD.  Rice samples from an area in which 2,4,5-T is
uned are being procured [or-analysis for TCDD, to determine if this crop
can be o source of TCDD in buman food.

Another residuce study reported was on wheat treated with 1 1b.
2,4, 51 percaere, in which no residue was found in grain 56 days after
application,

Dr. UuLLou reported on the fate of radioactive TCDD which had been
added Lo soybean oil during the processing of the oil. About 50% of the
radioavt ivity followed the oil through the processing, It can be removed
duwn to the order of 3/10% by adding norite -carbon black to the bleach
slep in the process. It is also removed by inkreasing the temperature
ol the deodorization process to 260°C.

A discussion followed on the question of whether TCDD might be
tound in lood in the market. It was proposed we collect beef fat, as
well as milk, from areas where 2,4,5-T is used, and analyze them for
Tenpn,
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I . Young desceribed some geed he has collected from areas In which
TR i 25 ppt in the soil-—-no TCDD wae found in the seced., lle still
has sead Trom plapts growing in soll containing 710 ppt of TCDD, which
ave beingy analyzed now.  This will give a geod fix on the translocation
ol HChd Trow 50l to the seeds. He indicated that he has some sorghum
camples collected from areas where 2,4,5-T had been placed at a 6" depth
in the soi), al the rate of 1000 1b/A.

Furthoer discussion on g market surveillance followed with ideas
coprossed as Lo how to proceed. It was concluded that a protocel should
be developaed at Bow after giving some thought to what we can expect to
decompd Lsh,

. Bources of Dioxin

“Iheworkshop first consideved to what extent TCDD is formed from
Abe therwel stress of 2,4,5~7T under environmental conditions. As has
bewonr previously reported (BPA, Dow-langer), the apparent maximum amount
ol conversion of 2,4,5~-trichlorophenol (or salts) to form 2,3,7,8-diexin
Crenpy io bherweeon 0.1% and D37 eortainly less than 17 when heated
wwler laboratory conditions,

The work of Buu-loi is not sufficiently dgscribed te be repeated

conversion. T

The apparent dioxius content of a material called "Toxic Fat” has
been attributed to gross contamination by "bad" pentachilorophenol and
Letrachlovephenol.  Work by USDA and others has shown that pentachlorophenol
in also u source ol "dioxions". The use pattern determines whether any
ol these contaminants will be as bad as 2,4,5-T".

The possibility of 2,3,7,8-dioxin formation from combustion of
wpterinln coated with various 2,4,5-trichlorophenoxy~contazining compounds
has heen investipated, Recent work at Dow indicates that less than
000017 of aivy 2,4,5-T specics is converted to. 2,3,7,8-dioxin on con-
bustion (i,e, less chan 1 ppt 2,3,7,8-dioxin formed from each ppm 2,4,5-
T Ll y

Wark at FBA and Dow which has subjected fat containing 1000 ppm ot
various 4, 5-trichlorophenolics to "deep-fat frying"” conditions found
that atter 14 hours, no 2,3,7,8-dioxin was detected, with a detection
Pimic ol 0.05 ppm.
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We then considered to what extent other compounds bearing the
DA etrichitorophenol meoiety contribute to dioxins in the environment.
vhia T investlgated the photolysis of di- and trichlorophenols, both
with aud vithout o "photoactivator”, riboflavin, They have identified
Lot h chiborinated phesoxyplicnols and diliydroxybiphenyls, but have not
dvtvctod Mdioxins”.  This appears to suggest that the photolysis to form
"dioxing' is slower than the photolytic decomposition of dioxins,
cupecially in alcohel or water. OSimilar experiments which subjected
Dyh=D and 2,4,5-T to metabolic conditions in soils (incubation) showed
no detectable "dioxins". '

xamivation of 40 fish (107 determinations) from 2,4,5-T use arcas
showed no 2,3,7,8-dioxin detectable in 38 of these and "slight" positive
responses Lrom 2 samples which could not be repeated on resampling.

Examination ol current Dow ronnel production showed no 2,3,7,8-
dioxin with a detection limit of 0.01 ppm.

xamination of Dow pentachlorophenol showed no aetectable 2,3,7,8-
dioxin (0,05 ppm Limit cf detection). All current preduction 2,4,5-T
materials (2,4,5-1CP, 2,4,5-1 esters, Silvex esters) have less than 0.1
pra, 2,23,7,B-Dioxin ie detrerted (0.02 to 0.099 me) most often in .
2,0,5~1T esters, WBillerent chemical conditions exist at several different
steps for the differcent products and some processing conditions can lead
Lo 2,3,7,8~dioxin but these condtions can be controlled. Dow employs
rood Light process quality control to keep 2,3,7,8~dioxin content in any
products o Less chan 0.1 ppm, '

The workshop then Lurned its attention to the question of contribution
by otherv chlorophenols to “dioxins” in the environment. There appears
to be uo signilicant problem from pentachlorophenol, except for some
nmcertainty about the toxicity of hexachlorodibenzo-p-dioxins. Dow is
currently investigating the identity of various "hexachloro-dioxins'.
Althougly there ig no detectable 2,3,7,8-dioxin in Dow pentachlorophenol,
i has been detected in sceveral Asian pentaclilorophenol samples. Similarly,
el ingy pentachlorophenol with hiydrocarbon 0ils and metal appears not to
produce 2,3,7,8~dioxin, althoupgh some work is still in progress. (Crummett,
Langer) - -7

Therve is some possibility that anacrobic reductive dechlorination
ol hesa- or octachlorodibenzo-p-dioxin may give rise to "tetrachloro-
dioxins',  This should be investigated.

The following experiments were suggested.
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, 1. Combustion of wood or grass which has been treated with 2,4,5-
t should be done, Norris reported 100 ppm 2,4,5-T on “twigs" after
gpraylng at 2 lbs/acre, One monrth later, this had declined to about 3
ppm. One should, therefore, burn wood which contains these residual
amounts of 2,4,5-T, 'Kearney suggested that one should also examine
whether any 2,3,7,8-diloxin so formed is priwarily in the vapors or in
the ashes,

2. Examinétion of “"heating" products of pentachlorophenol should
be done to determine extent of dechlorination. (Langer has some work in
pProgress. ) '

_ 3. Examination of varlous hexa~-dioxins to determine identity.
Dow has work in progress. :

5. .Statistics

" The purpose of this vorkshop was to evaluate the statistical
questions raised in the 2,4,5~T Advisory Committee dissenting opinion
report and later expanded in Science, 174, 1971, pp. 1558-1359.

Specifically, two main criticlsms were discussed:

1. The authors of the major 2,4,5~T studies did not
"milk" the ddta by attempting to extrapolate the -
dose-response curves to '"wvery low dose' levels in
an-effort to learn about expected teratogenic
. frequencies at these low levels,

2. Multiple t-tests and chi square tests were used
in place of their nonparametric equivalents or
one way analyses of variance. :

Regarding the fivst criticism it was atated that to carxry out this
extrapolation required the assumption that the dose-response function is
the same for lower doses as it is in the experimental region. This is
not a reasonable assumption unless we know the mechanism by which the
teratogenic responses oceur., The probit, logit and one hit model all
fit equally as well for most experimental data but give dose estimgges
orders of magnitudes apart when cxtrapolated to risks as low as 10 .
Lower additlonal dose levels could perhaps havé been used in some of the
studies but we then get into the mega-mouse argument. Even if 100,000
animals show no difference from control this does not demonstrate a
"gafe" dose, it only shows 99% certainty that the true risk is less than
4.6/100,000,
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Flee queestion was ralsed as to whieh is worse, extapolating dose
esponst bunctions assuming lincarity, or applying somewhat arbiltrary
lactors Lo the highest no-observed-effect ]cvels in animals? No real
answer was given {sce recommendations).

Some concerp was expressed about the size of the type II error when
estimating no observed effect levels. It was felt that perhaps type II
vrrory should Lo considered when planmming the experiments if no observed
cilect Tevels are important. h

Regarding the sccond criticism, that the most appropriate statistical
tests were not used to evaluate the data, it was pointed out that the
critleism was somewhat self-contradictory. Thé author recommended that
more "sophisticated" statistical methods such as multivariate analysis
should have been used, but he also pointed out that the data is non-

. normal and generally dlscrete (frequency of teratogenic occurrences).
With the present state of statistical methodology multivariate analysis
ol discrete data is uot practical., Multivariate analyvses are generally
less robust against noo~normality than their equivaleut univariate

"methods, '

Part of this second criticism is technicaily corsect, however.
Chi-square tests and t-tests were used whon thelr nonparametric
counterparts, Fisher's exact probability test and the HMann-Whitney U
tust (or Wilcoxon's test), would have besn more appropiriate, Multiple
t-tests were used when a one way analysis of varlance should have been
done. lowever, when the data were reanalyzed using the other methods,
the results were no different. In fact, the more appropriate tests will
tend to show fewer statistical differences than the tests that were
used., :

The experimental design of the studies was discussed. It was felt
that log or geometric spacing of the doses was the best cholce of scale.
lt was suggested that sample sizes inversely proportional to expected
respuonse would enhance the power of the statistical testing for the
small doses where it is most needed. From an Intuitive point of view we
would be learning more about the lower doses than the Ligher doses,
which seems yeas onable,

To summarize the workshop's feellnvt apout the criticism, it was
ledt that the Eirst criticism about extrapolation to lower dose levels
was questionable, with our present knowledgze of teratogenic mechanisms.
The second criticism was felt to be technically justified but different
nethods would not affect the conclusions.
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The workshop recommends that we obtain hetter estimates of

henssline tovels of anomalies both hy pooling data when appro-
priate amd through inter~laboratory data sharing, consider
aample sisen inversely proportional to e*pected responses; and

routinely perform dosc response analyses, using for instance
probil or logit models, in an effort to build up enough back-
pround fnformat lon to consider establishing conservative
"gale” levels using procedures such as Mantel-Bryan.

TH Rale of Reason

At the Rule of- Reason seminar on Friday March 8, 1974, the
participants engaged in a general discussion of risks versus
benefits, The lollowing points were made:

I. Risks aml henefits may be divided into the following
catepgoricos:

(a) Voluurary vs. involuntary. For example, smoking vs.
environmental impact of DDT. i

(b) Controlled vs. Non~controlled. .
(c) Pﬁblic vs, private. -

(d) Informed vs. uninformed.

(e) WVital vs, non-vital.

Primarily, one wmust ask when is individual risk justified for
public bencfit., Example: the publie risk of smallpox is now
80 low that the risk of Individual inoculation is not justi-
ficd. Applying this theory to the case, 1f rice cannot be
grown without herbicides, as the Rice Institute contends, then
the public henefit as well as the private benefit in using
herhleldes is great and the individual risk is low. Generally
in speaking of risks, it is the involuntary risks which must
be evaluated by declsion makers since the individual cannot
make that decision on his own. Voluatary risks are usually
definable and aspuminvg that the hazard cdn be understood by
the nser are not often the source of maJor controversy in
technology assessment.,

2. Alternatives must be evaluated in terms of benefits vs
rlsks., From that evalvation, soclety can make value judge-~
ments. One method by which to do thils is to consider the
possible worst outcome of all alternatives and then to select
the one alternative whose worst outcome is better than the
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warst outcome ol any other alternative. In saking this eval-
nat lon, the public must be made awaré of the nonexistence of
absolute safety. The alternative of absolute safety in many
tisitances would be worse than the rigks of a certain alter-
it lve. Example: in the minds of many persons, the alter-
native of absolute safety would be worse than the risk of
using chemical substances to produce food even with their
implicd risks. The public wants to know what the worst outcome
could be and then it will make its judgements, DIxample: the
worsi that could happen to a truck going through town filled
Twith gas is that it will crash and burn. If a circumferential
hiphwiay s available, the truck should- go around the town. If
the truek 1s carrying vital provisions, and no route is avail-
able oxcept through the center of town, the public must make
its deciaion based on the worst outcome vs the benefit.

1. B was proposed that the upper Limit of risk that should
be accoepted dn any situation should be no greater than the
risk of natural disease. But, 40 percent of the population is
killed by heart attacks from too much fat in their diet. Yet
a 40 percent fgure as an upper limit of risk is too high.
Query: “what standard should we use as the tool to measure the
upper Jimidt of rcisk.

4. Risks and benefits were defined. A benefit confers an
improvement in status. A risk confers a derogation in status
in an area cssential to life. Nonvital risks and benefits can
be valued in the market place. It is easy to make judgements
with skilled advice in vital risk areas, For iustance, a
dector can decide when to give penicillin and when the patient
should accept the risk of the side benefits of penicillin.

The dilficult question is the acceptance of vital risks for
nenvital benefits. However, the public on an individual basis
makes such judgements every day. For example, the nonvital
bonefits of driving are so great to the individual that he is
willing to take wvital risks., This -is partly due to the fact
that the risks can be casily visualized and the feeling on the
part of the individual driver that such risks are control-
lahle. [n an area such as pesticides, the risks are not so
easily visualized and the individual fears them more because
he cannot control them. Morever, food is a nonvital benefit
for the most part. It is only when an individual is starving
that he would take a vital risk to eaty for example, eating
food from a swollen can.
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e The B bra was partly based on a judgement that the risks
ol DIV were not as woll known as risks of other substances and
tat das controllable by the individual.

fr. In some instances, were functional alternatives available
there would be no question but that the altermative would be
uged. Fxample: if there were an alternative to nitrate, it
would bhe nsed without hesitation since the risks of nitrate
are well known. The same applies to cyclamates. The only
question which remains is cost benefit.

7. After weiphing the risks and benefits, the decision maker
iz ultimately left with the prospect of making a value judge-
ment. Society and its values are diverse. The judgement
depends on where you stand:  in rural society, weeds are bad,
pulling them takes time, 2, 4, 5-T gets rid of them, and all
of this increases beef production. ,The faet that it may
decrease wildlife habitats is peripheral to this segment of
society. A vilue judgement then become a question of trade
offs among special interest groups. Congequently, it becomes
much more difficult for the regulator to decide.

B. [Tt is the ohligatinn of a socdially resronaible agency tn
interproet the judgewents of society as to what risk is accept-
able lor what benefit and then to réspond to that interpre-~
tation, For instance, presently, the public will accept more
air poflution when there is a gasoline shortage.

9. Coming up with the criteria to make judgements hased on a
rule of reason is difficult. Several approaches have been
sdvaneed: :

A, Daaliey of life review—--send proposed decision to
interested ogoencies who will thrash out the impact given

the fukerests they represent.

it. The markel place-~-to the extent it is safe, leave the
decision to the market place. - This results in a personal
translation of risk: how does this affect me.

(. Environmental dose commiZment--the prediction of the
probability of radiation getting into the environment and
then the use of the Pier report to translate that into
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the probability of causing cancer. In this way the
regulator .ets the magnitude of risk acceptable: the
long term risk of cancer versus the ilmmediate benefit of
more nuclear power for man.

. The probability approach--we can have cheaper rice
with the use of herbicide which carries with it one
chance in a million of a birth defect., Compared to the
risks of birth defects from other substances, this fades
Inte the background of Importance. Although the proba-
bility of botulism from eating home canned food is 70
times greater than in eating processed food, much of the
public is willing to assume that risk hecause of per-
ceived benefits. They see the probability of botulism
from eating home~cammed food as very low, even though it
is not, because the percelved benefits are high.

10. Unknown risks enter into decisions. First, quantify the
facts you do know and then give that, along with the uncer-
- tainties involved, to the decision maker. Then the decision
maker uses his judgement,

11. It is well known that the public makes conscicus choices
anong, varying hazards and nonvital benefiits. 1L we could
qumtify the differences in risk the public 1s willing to
take, we could make soclally acceptable decisions based on
this quantification. For example, the hazards of smoking
during pregancy are better documented and more immediate than
the hazards of smoking generally. If statistics on how many
women give up smoking during pregunancy and then return to it
ialfter birth were avallable, we might be able to make one
judpement on how individuals quantify differences in risk. If
such information were available on a variety of issuesg, it
would be possible to quantify acceptable risk and therefore
make socially acceptable decisions fdor the public.

12. We covld also quantify the benefit: how much death is a
certain benefit worth? The examples are not widely applicable
since those decisions which we know will result in death are
not” widespread. The public is willing to support the building
of Golden Gate Bridge though they know at least 5 lives are
likely to be sacrificed. However, the perceived benefit to
milllions of people is great and the imwedincy of the risk is
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more distant, Each individual feels that the lives sacrificed
are not likely to be thelrs or their family. The public is
willing to take much greater risk whcn the risk is not perw
celved as a personal one.

Risks & Benefits of 2, 4, 5-T

A. Risks of 2, 4, 5-T

[ Risks to Numan Health

1. Toxiclty factor (300 to 500 mg/kg anute oral 10 mg/kg
chronic 90 day).

2. Chronic toxieclty
1. residnes in food
4. extra-sensitivity
a. teratogenicity

6. populatisn at risk
7. metabolltes

8. anxicty

g, cconomic cost

N Risks to _the Environment -

L.  toxicity to fauna (acute and chronic)
2. phytotoxicity
3. habitat modification

4. increased erosion & runoff



T1

41

mobility
acsthetles
alternative products

fire hazard {oak)

B. Benefits of 2, 4, 5-T

Range Weed Control

Increased food supply
aesthetics

wildlife habitats

clemination of harmful plants
secondary tsetse fly contrél
reduced evapotranspiration’
water erosion

economic well-~being of ranchers

reduced manpower requirements

Weed Control

increased food supply

o

reduced mappower requiremeht

cconomic advantage to growers

increased hird populations
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Ueblity & "Yphts-of-Way

l‘

lower cost vegetation management

2. cheaper, more dependable power and communication
3. lower personnel hazard
A, reducéd erosion
n. habitat diversity
a. faunal diversity
G, reduced fire hazard
Forestry Uses ;
1. increased commercial timber gfowth
2. lower production cost
3. [altered habitat]
[ increased personnel safety
5. .

Fire protection

Readside Uses including Rail

less traffié hazard to man & deer
aesthetics

cheaper maintenance e
reduced fire hazard

wéter erosion reducdd

personnel safety
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Miscellancous Uses

1. general Lire control
2. peneral floed contrel

3.  general industrial vegetation control

Risks & Beneflts of TCDD

Risks to Man

1. acute toxicity 0.6 ug/kg (LD-50)
a. dermal-chloracne

2. chrecule toxicity (1 x 10-10 gm)
a. enzyme inhibition?
b. intracellular (endoplasmic vitriculum)
c. liver

3. teratolony
a. potential ~ not proven
b. rat [no effect level 3 x 10~8 gm)
oral dose of 30 mg/kg
1.25 x 10~7 -pos.
in othet labs: no effect at 3 x 10-6 (various
species & gtrains) '

4. residues in food {fish)

Environmmental Risks

i. toxicity to fauna (inter-& intra ~ specific variation,
including teratogenicity)

2, bioccumulation

1

3. persistence (inéestion and retention within an
organism) .
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4, phytoreproductive effects
[ mobi )ity
6, conversion through fire

7. uncertainty due to limited scope of testing

Order of Benefits
1. Feonomie
Food
Timbetr
Industrial factors
Alternatives
T, mechanics
h. other chemical combinations
. nothing
Ordey_of Risks
1. heatth

a,  occupational {(mfg., trade, application)

LR teratogenicity
women of child bearing age.

2. Nazard to wildlife

Noted Reference Material:
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