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I. INTRODUCTION AND DEFINITION OF TERMS

A. INTRODUCTION

2,3,7,8—Tetrach1orodibenzo-gfdiﬁxin (2,3,7,8-TCDD) 1is the most potent
animal carcinogenrever tested. It is 50 times more potent than aflatoxin Bl on
a per mole basis and 50 million times more potent than vinyl chioride. In
addition to its carcinogenic potency, 2,3,7,8-TCDD is also the most potent animal
teratogen kndwn and it causes other reproductive and immune system effects at
extremely low doses as well.

Because of these severe toxicities, many U.S. federal and state, as well as
foreign, regulatory and health agencies have proposed or implemented regulations
or advisories based on levels of concern for 2,3,7,8-TCDD. Among these agencies,
the U.S. Environmental Protection Agency (EPA) was, to this writer's knowledge,
the first to actually produce an (upper-1imit) estimate of cancer risk for
2,3,7,8-TCDD exposure to humans (U.S. EPA, 1980). This estimate was based on a
methodology that extrapolated from cancer responses ét doses of 1, 10, and 100
ng/kg-day in an animal lifetime feeding study (Kociba et al., 1978; Table 1) to
humans at still lower levels. Initially, this extrapolation was»based on a
simple linear extrapolation frbm the Towest dose to show a significant elevated
response (10 ng/kg-day caused a statistically significant increase in liver
tumors--hyperplastic nodules--versus control). Shortly afterward, however, the
methodology was modified to include all dose-response points in the extrapolation
procedure. The new methodology was based on a multistage model for carcino-
genesis due to a specific time ordering of changes, first proposed by Armitage
and Dol11 (1954) but modified by Crump et al. (1977, 1979) to include dose-~

response for extrapolation purposes. Often called the Tinearized multistage

model, the Crump model is distinguished by its approach of providing upper-limit
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estimates of risk consistent with nonthreshold low-dose 1inear1ty. This model
is presented in section II.A. | |

Following EPA's efforts, two other U.S. agencies, the Food and Drug
Administration (FDA, 1983) and the Centers for Disease Control (CDC) (Kimbrough
et al., 1984) produced cancer risk estimétes based on slight modifications of
EPA's methods but with similar resulting estimates. In another minor variation,
the State of California (1984) used the Crump linearized multistage model to | )
extrapolate the cancer response to humans from a mouse gavage study performed
by the National Cancer Institute (NTP, 1982). Al1 efforts produced results
within a factor of 10. These are discussed in section II.B. |

Within the framework of the linearized multistage model and the Kociba et
al. rat feeding study, two other efforts appearing 1n‘the literature are ndte-
worthy. First, Longstreth and Hushon (1984) applied several mathematical nbn-
threshold, nonlinear models (Logit, Probit, Weibull, and multihit) to the
cancer response in the Kociba et al. study, and compared the extrapolated
results with those of the Tinearized multistage model. Second, Sielken (1§87)
fit the Kociba data with the multistage model (but not the Crump linearized
version applying upper 1imits) and also with a modified version which allowed
the input of actual observation times. He then compared actual estimates
derived from the multistage model with those of the EPA, which used the upper
1imits based on the Crump version. The Sielken paper is discussed further in
section II.D.

In contrast to all of the abové attempts at’extrapo]ating from animaT data =
to humans by nonthreshold models, several U.S. nonregu]atory'agencies have -
applied safety or uncertainty factors, not models. The uncertainty factors of

between 100 and 1,000 are applied to doses that have shown no adverse effects

in animal cancer or other studies, and the resulting numbers are presumed safe

i - .
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for humans. This methodology has been used by EPA and many other agencies for
animal-to-human extrapolations for toxic effects other than cancer, but EPA has
never used this methodology to estimate cancer risk. The estimates of cancer
risk provided by the uncertainty factor approach are in the range of 150 to
1,500 times lower than the estimates provided by EPA's use of Crump's multistage
model. These estimates are presented in section III.A.

The differences in the magnitude of the estimates provided by these two
approaches require a closer look at the methodologies involved in each and in
the reasoning as to which is the proper one to use for cancer risk extrapo-
lation of 2,3,7,8-TCDD. The argument focuses on the model for complete carcin-
ogens versus promoters. Complete carcinogens have both initiating and promoting
ability, and it is the mechanism leading to the initiating part of carcinogenesis,
the attachment of the carcinogen to the DNA, that can be modeled on either a
linear or multistage basis. Those in favor of modeling 2,3,7,8-TCDD as a
complete carcinogen argue that 2,3,7,8-TCDD causes rare cancers of the hard
palate and nasal turbinates, tongue, (in male raté), and a rare form of lung
cancer, and that such rare tumors would be unlikely to be initiated except by.
the 2,3,7,8-TCDD in the experiment. Conversely, those %n favor of the uncertainty
factor approach point to the strong evidence for the promoting effects of
2,3,7,8-TCDD in the liver where most of the tumors are occurring. They argue
that promotion is effectively a toxic reaction with a threshold and that all
promoters show not only thresholds but also reversibility upon cessation of
dosing. Treating 2,3,7,8fTCDD as a promoter and using an uncertainty factor
approach has a further advantage of comparing its cancer effects with its other
toxic effects using the same methodology.

A third approach is also possible.. This is an approach which models for

the cancer effects of 2,3,7,8-TCDD through its known mechanism of binding to a




receptor. (This actual modeling and results are presented in section‘IV.B.)
While the basic model, the Moolgavkar-Venzon-Knudson (M-ﬁ—K) two-stage model,
with a promotion phase, has been used in the literature to explain many cancers,
and has been found to predict well the tumor promotion in mouse skin (Chu et
al., 1987), the approach is new in that modeling for promoters has never been
done before by regulatory agencies.

The purpose of the presentations that follow is to compare quantitatively #
the estimates derived from each of the separate approaches and then to compare

them with each other. In order to do this, common terms must be introduced.

B. DEFINITION OF TERMS

1. Terms Associated with Modeling (defined here as an estimation of the incre-

mental cancer risk to humans arrived at by fitting a mathematical function to
animal response data)

Maximum 1ikelihood estimate (MLE)--The statistical procedure by which the
parameters of the model are estimated. The MLE has many properties,‘in a sta-
tistical sense, which allow it to be referred to as a "statistical average" or
"best" estimate. In risk tems it might be thought of as a term that, if the
assumed model 1is true, provides overestimates and underestimates of the true

risk each 50% of the time.

Parameter--A constant in the model, associated either with the control
response, or the time or dose variable inputs. For example, in the Crump
linearized multistage model, the parameter associated with the linear dose ..
variable is denoted as qj and is defined as the increase in cancér risk asso-
ciated with an incremental increase per unit of dose. For this reason qi is

expressed in units of reciprocal dose such as (ng/kg-day)‘l.

Upper-confidence 1imit (UCL) estimates--The estimates resulting from a
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statistical procedure in which the upper-1imit values of the parameters still
consistent with the data are éstimated. In the linearized multistage model
(Crump), the upper-1limit estimate'associatéd with the linear term is designated
qi. In a statistical sense it is the 95% upper-limit estimate of the linear
term associated with the fitting of the linearized multistage model to the
animal data. In making cross-species extrapolations to humans, however,‘the
"95%" label is dropped, since the uncertainty associated with cross-species
extrapolations is considered far greater than the statistical uncertainty
associated with the model-fitting procedure. Also, because the linearized
multistage model becomes 1inear at low doses, the UCL on ¢f is the same as
the UCL on the incremental risk. This is not true of the nonlinear models such
as the Logit, Probit, and Weibull discussed in section II. Upper-limit incre-
mental risk estimates, however, are comparable, and the ratio of these estimates
from two different models can be expressed as the relative potency.

Risk specific dose (RsD)--A dose associated with a specified cancer risk.
For example, assume a linearized multistage model is fit to the data and the
parameter estimates are g; = 3.0 x 1073 (ng/kg-day)'l, q; = 0 fof all i#1,
and qf = 7.5 x 10-3 (ng/kg—day)‘l. Then for an incremental risk of 1 in
1,000,000, the dose would be the solution to 10-6 = 1-exp(-3.0 x 10-3 d),‘and
RsD = 3.3 x 10-%4 ng/kg-day would be called the risk specific dose. Likewise,
the RsD could be defined in terms of the lower limit of the dose corresponding
to a risk of 107%. In this case qf would be‘substituted for q; and the 'solu-
tion would be RsD = 1.3 x 10-4 ng/kg-day.

A ratio of two RsDs can also be thought of as a measure of relative potency,
but in this case the higher the RsD, the lower the potency. The RsD thus

becomes a common unit to discuss relative potency between different approaches

and different types of toxicity.




Virtually safe dose (VSD)--A dose associated with a very small risk. The
general reasoning in discussing RsDs and VSDs is identical. The only difference
is in one's definition of a “very small risk."

2. Terms Associated with the Uncertainty Factor Approach

The lowest-observed-adverse-effect-level (LOAEL) is defined as the lowesf
dose in an experiment at which there is a statistically significant increase
over the control group in the proportion of animals for which adverse effects
are observed. The no-observed-adverse-effect-level (NOAEL) and no-observed-
effect-level (NOEL) are straightforward negations (Crockett and Crump, 1986).
The uncertainty or safety factor is an arbitrary factor applied to these levels

for the purpose of establishing concern or no-concern lTevels for humans.

II. EPA's USE OF THE LINEARIZED MULTISTAGE MODEL FOR CARCINOGEN RISK
EXTRAPOLATION AND COMPARISON WITH OTHER MODELS

A. DESCRIPTION OF THE MULTISTAGE AND LINEARIZED MULTISTAGE MODELS

EPA's reasons for using the linearized multistage model for risk extrapo-
lalation, in general, are discussed in the Guidelines for Carcinogen Risk
Assessment (U.S. EPA, 1986). For the 2,3,7,8-TCDD risk assessment, additional
discussions are presented in the Health Assessment Document (HAD) for Polychior-
jnated-Dibenzo-p-Dioxins (U.S. EPA, 1985) as well as in the document on the
cancer risk-specific dose estimate for 2,3,7,8-TCDD. TheréfOre, only an abbrevi-
ated review of its development will be presented here. Basically, its génesis
came from Ammitage and Doll who proposed a theory that a cancer cell was generated
from a series of several heritable mutations in a specific order, the end result

of each change being termed a stage. The transitjon'rate from one stage to the

next was hypothesized as being related to a probability of occurrence. The time
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rate of occurrence of the ith event is aj+bjdi, i=1, ..., k, where aj, bj 20
and d=dose. Thfs, a1ong with some other assumptions, leads to a dichotomous
response probability of the form

k

P(d) = l-exp-[c{gi (aj+bid)] ajb; 2 0

where aj is the background transition rate for a progression to stage i, by
is the incremental increase in that rate per unit of dose, c is a function of
exposure duration, and P(d) is the probability of a tumor by some. fixed age t
for a dose d. This model achieved some popularity mainly because of its success
at predicting many of the human epithelial cancers, and because the model now

presented the probability of a tumor as a function of dose. In addition, the

reparameterization of the individual transition rates leads to
P(d) = l-exp-{qy + qid + god® + + qudk)
‘ exp-iqp + 91 42 see T (g

where P(d) is the lifetime probability of cancer at dose d. Since qy is the
parameter associated with the background rate, an assumption of independent

background leads to
P.t(d) = l-exp-(qld t oeee T+ qkdk) “all q.l >0

where Pi(d) is the incremental (often called the extra) risk associated with
dose d. In the linearized form of this model an upper-1imit estimate of the
linear term, g}, consistent with the data, is calculated. At low doses, this

upper-1imit linear term predominates, forcing the model to low-dose Tinearity.

B. USE OF THE LINEARIZED MULTISTAGE MODEL FOR RISK EXTRAPOLATION OF
2,3,7,8-TCDD: COMPARISON OF FOUR U.S. AGENCIES

Besides the choice of the linearized multistage model for animal-to-human

9




risk extrapolation, the final risk estimates are dependent on a choice of
several other factors. Specifically, Table 2 presents a summary of 2,3,7,8-TCDD
cancer risk extrapolation by four U.S. agencies, all of which used the linearized
multistage model. Even with the use of the same model, however, the results
varied over 10-fold due to a selection of different factors relating both to
' the animal data and to the procedure. Such factors are:
« Choice of animal bioassay ' ' .
¢« Adjustment made for differential ndntumor mortality
among the animal treatment groups
+ Selection of tumor types for modeling
* Animal-to-human dose equivalence
* Dose used for curve fit
As seen in Table 2, EPA, FDA, and CDC all used the cancer response data
from the female Sprague-Dawley rat in the Z-year'feeding study conducted by
Kociba et al. (1977, 1978). In the EPA HAD for Polychlorinated Dibenzo-p-
Dioxins, the choice of the Kbéiba study was based on the female rat‘providing
the largest slope factor, gqf, of all the avaiiable‘data sets. However, there
were other, unstated but probably better, reasons for the selection, such as
(1) the high quality of the study, (2) response at multiple sites, (3) more
applicable route of exposure to the human experience than the gavage study, and
(4) less controversial tumor sites than the mouse liver. The State of Califdrnia
used the liver tumor response from the male mouse in the National Toxicology .
Program (1982) gavage study and estimated an upper-]imif incremental unit risk
estimate of qf = 1.5 x 1077 (fg/kg-day)“l,vnear1y the same as that of EPA
(qf = 1.56 x 10’7). Also, in its analysis EPA contracted with an independent

pathologist, Dr. Robert Squire, to provide a second examination of the Tiver

slides in the Kociba study. Even though Squire's anaTysis indicated more liver

10
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tumors in the control and low- and mid«dose groups, the estimates of an incre-
mental increase in cancer risk differed by less than 10%.
Another factor of concern in the extrapolation procedure was nontumor
toxicity among the female rats. In order to correct for high early mortality
in the high-dose rats, EPA's analysis eliminated all animals thaf died during
the first year of the study (before the appearance of the first tumor). The
elimination of nine animals in the high-dose group, one in the controls, and ‘
one in each of the other dose groups, changed the upper—1jmit estimates by a
factor of either +1.7 or 1/2.5 depending on which pathologist's analysis was
used. Since EPA was the only agency to make the adjustment, its estimate
incorporating boﬁh pathologists' analyses actually decreased by a factor of 2.7
compared with the unadjusted analysis.
In selection of tumor types, all the agencies modeled the liver tumor
response. EPA also included the cancer response in the 1ung and hard palate/
nasal turbinates, but this led to only a minor increase in the final estimate
since the liver produced the major response.
Animal-to-man dose equivalence factors are discussed iﬁ‘the HAD. Both EPA
and the State of California used dose/surface area equivalences between animal
and humans. The FDA used dose/body weight which reduces human risk estimates
compared to surface area by a factor of 5.4 for rat—to«human‘extrapo]ation.‘
The CDC used liver concentration at terminal sacrifice, a measure that would
be preferable if human tissue distribution was a]sorknown. In the present - R
case, however, the known rat liver concentration measures of dose equivalence
had to be equated back to the rat administered dose without a cdmparab]e known
relationship in humans. The dose used for the curve fit by EPA, FDA, and the

State of California was the dose actually administered .to the animals. The

CDC's use of liver concentrations at terminal sacrifice resulted in the risk

12
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estimate being increased by a factor of 2. Species conversion factors are
discussed further in section II.C.

The ehd result of all of these factors in the risk extrapolation procedure
resulted in a maximum difference of a factor of 9, that being between the EPA
and the FDA. This can be seen either by comparing the upper-1imit incremental
unit risk estimates or the risk specific doses (RsDs), which are just the

reciprocals x10-6,

C. ALLOMETRIC AND BODY BURDEN CONSIDERATIONS

The dose metric or allometric equivalence for rat-to-human extrapolation
has a potentially large quantitative impact on 2,3,7,8-TCDD risk estimation
because of the large differences in half-Tives in the rat and huﬁan. However,
what Tittle attention this topic has received from regulatory agencies until
now has taken into account only the standard dose metrics. As shown in Table 2,
both EPA and the State of Ca]ifornia‘used the administered dose/surface area

conversion, the FDA applied an administered dose/body weight énd the CDC applied

the actual rat liver concentration at terminal sacrifice. When extrapolating

from rat to human, use of the dose/surface area allometry increases the risk
estimate by a factor of 5.4 versus either dose/bodvaeiéht or liver concen-
tration. When extrapolating from the smaller mousé'tb human, the correSponding
use of dose/surface area allometry results in a factor of 13 greater risk
estiméte.

The EPA has used the dose/surface area metric, often called a species
extrapolation correction factor, as a conservative, prudent policy. It is bésed
on the observations that ambngidifferént mammal ian speciésfmany physiological
rates, and especially ventilation, basal metabolic, and'c1éarancé rates tend to

scale in proportion to a fractional power of body weight. It has also been found
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to hold for the acute therapeutic effects of anticancer agents. That fractional
power, often between 0.6 and 0.8 is very close to the fractional power of 2/3
relating the surface area of cylindrical or round objects to their volume.

Since the density of most mammalian bodies is about the same, mass or body

weight can be used instead of volume, and hence the term surface area or (body
weight)2/3 correction. In simplified terms the allometry of basal metabolism

is often explained by the observation that the amount ofvcalories a warm blooded
animal will consume is enough to maintain body temperature and that loss of

heat is related to surface area and not mass. However, the allometry of species
conversion for carcinogen risk assessment is far more complicated than simple
basal metabolism. Even assuming that the basic mechanism of the carcinogen

stays the same from high- to low doses, there are often large species differences
both in tissue distribution and in metabolic pathways to form the active carcino-
gen. Often, it is not known whether the parent compound or one (or more) of

its metabolites is the active carcinogen. Almost never is there & good under-
standing of the mechanism.

It is just because of these many unknowns that regulatory agencies have
been forced to adopt a general default position of a surface area or body weight
or parts per million (ppm) in air species conversion factor. The EPA most
often uses surface area, but sometimes uses ppm in air as a species dose
equivalence, based on the known cross-species allometry for 0r consumption.

The FDA position is to use dose/surface area allometry wHeh the active carcinogen
1s a metabolite of the administered compound and to use dose/body weight when
the active carcinogen is thought to be the administered compound itself. Their
reasoning for the latter case, of which fhey consider 2,3,7,8-TCDD an example,

is that if the administered compound does not have to bevmetabo1ized to be

carcinogenic, then strict dose/body weight considerations should apply. The
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CDC apparently agrees. The EPA counters, however, that ‘even if the parent
compound is the active carcinogen, its activity‘is related to its time in the
body, which in turn is related to clearance time and hence to dose/surface area
a1Tometry.

At this point, it may be instructive to derive the dose/surface area allo-
metry in'a slightly more rigorous manner. The rat-to-human species correction
factor of 5.4 means that if the human were to receivé the dose/body.weight of a
compound, 5.4 times that of the rat, the different elimination capacities of the
two species would cause both species' concentration x time exposures to the
compound to be equal. In terms of first-order elimination kinetics for a
single dose of a nonmetabolized compound, a rat given concentration Cy with an
elimination constant kg would have a total area under the concentration-time
curve of Cy/ke. A hurian given a concentration of C5/5.4 would eliminate the
material, if allometric considerations hold, at a rate of kg/5.4, so that his
total areé under the concentration-time curve would be equal to that of the rat.

For continuous daily exposure, the total area under the concentration-time
curve is (C/kZ) (TK - 1 + eXT), where C is the daily dose/body weight and T and k
are units of days and reciprocal dayﬁ, respectively. If T is large, say 730 days
for a 2-year rat study and k is not very small, then this area becomes‘approxi-
mately CT/k. Thus, in order for the total areas to be the same for a 2-year
rat and 70-year human dosing period, the hunan would have to be given a concen-

tration C/(5.4x35) or 1/189 that of the rat. EPA's position in this metric is

- that one rat year is equivaTent to 35 human years in the cancer development

process, and that the cancer age-distributions for rats and humans are alike
when T is viewed as representing a lifetime.. Therefore, over a Tifetime a
hunan should be allowed 35 times the C/k that of the rat as an equivalent dose.

Since rats and humans seem to follow closely enough for most compounds,
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the clearance rate dose allometry discussed above, adjusting the spec1é§‘
correction factor for actual clearance rates, is not often done in risk extrapola-
tion. Furthermore, consideration of all the unknowns of actual mechanism and
metabolism make it apparent that the species correction factor is only a rough

approximation, meant to somehow convey the concept of increased sensitivity of

Y

the human compared to the smaller animals. Still, the appropriateness of the

use of the surface area correction factor is not clear in the case of 2,3,7,8-TCDD
because of its extremely Tong half-life in humané compared to rats. The potential
effect of this difference on quantitative risk estimation is now examined.

Rose et al. (1976), examined the fate of 2,3,7,8-TCDD followfng single and
repeated oral doses to Sprague-Daw]ey’rats. For a single oral dose of 1.0 ug
TCDD/kg body weight, they found a half-1life, assuming a one compartment open
model, of 31 + 6 days. For repeated oral doses of 0.01,'0.1, or 1.0 ug TCDD/kg-
day, 5 days a week for 7 weeks, they found a half-1ife of 23.7 days. For the
single dose, after 22 days nearly all of the compound had concentrated in
either the fat or the liver, with equal concentrations in each. For the rats
administered the repeated oral doses, the compound again concentrated mostly in
the liver and fat, with the liver concentration being three to five times as
high as that of the fat at the end of 7 weeks. This observation is consistent
with that of Kociba et al. (1978) who, in his 2-year feeding study, found liver
concentrations three to five times és high as adipose tissue when the daily dose
was at least 0.01 ug/kg-day and about the same as the adipose tissue concentration "
when the daily intake was 0.00l ug/kg-day. Rose et al. estimafed the elimination
constants for 1iver, fat, and whole body all about equal, 0.026 days'l, 0.029
days'l, and 0.029 days‘l, respectively, corresponding to half-1ives of 24 to 27

days. The relationship between half-1ife and clearance times for first-order

kinetics is ty172 = Tnp/ke.
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In humans the half-Tife of 2,3,7,8—TCDD in the bbdy has been variously
estimated as 3 to 5 years, 6 years, 10 years, and if 2,3,7,8—TCDD acts according
to two compartment kinetics with thé fat acting as a "deep" second compartment,
up to 30 years (U.S. EPA, 1988). The CDC (1987) estimates a half;1ife of 6 to 10
years; this estimate will be used here.

An additional complication is that nonhuman primates, unlike rats, appa-
rently accumulate a higher concentration of 2,3,7,8-TCDD in the adipose tissue
than in the liver, with ratios ranginglfrom 10:1 to 67:1. The very limited
hunan data also suggest an adipose tissue to Tiver concentration ratio of 10?1,
with minor deposition in other ofgans. One experiment exposing rats and both
infant and adult monkeys to a single intraperitoneal injection (400 ug TCDD/kg
body weight) found that after 7 days the rat had concentrated 43% of the admin-
istered dose in its liver versus only 10% and 4.5% for adult and infant monkeys.
In monkeys, the larger percentages were found in adipose tissue (U.S. EPA,
1985). Thus, if the liver is the organ of primary concern, for tissue distri-
butions alone a human would have to be giVen anywhere from 10 to 50 times the
dose on a mg/kg-body weight basis to have the same liver concentrations as the
rat. If one is not concerned with the Tiver alone but with total body burden,
it is not these figures but the relative body half-Tives which would apply.

Estimates of the ratio of half-lives in the human versus fhe rat show that
for a human half-1ife of 2,190 to 3,650 days (6. to lO‘years) and é rat half-1ife
of approximately 25 days, the ratios are 88:1 to 146:1, far higher than the
5.4:1 correction used by EPA. If liver is the focus and comparative liver
tissue distributions are factored in, however, the rat-to-human correction
factor ranges from 1.8(88/50) to 36.5(146/4).

The quantitative risk implications of these adjustments for tissue distri-

bution and half-1ife differences between the rat and the human are presented
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in Table 3. As can be seen, if total body burden (area under the time-concentra-

tion curve) only is considered, the very 1qng hal f-1ife in the human 1eads to

risk estimates between 16 and 27 times that in EPA's HAD (1985). If Tiver
concentrations are considered however, the relative riské range from 0.3 to 6.8

times that of EPA's estimate. Al1 estimates are higher than the FDA's. The

Timited evidence suggests that if liver tissue concentration-time Species ‘
equivalence is correct, then the EPA HAD (1985) might underpredict the upper-1imit

risk by a factor of 1.6 to 6.8.

D. OTHER EXTRAPOLATION MODELS
1. Longstreth and Hushon (1984)

Alternative models have been used for extrapolating to low-dose risk.
Three of these, the one-hit, the Probit, and the Weibull, have been discussed
and modeled in Appendix C of the HAD (U.S. EPA, 1985). The latter two, plus
two others, the Logit and the?multihitg have been modeled by Longstreth and
Hushon (1984), but they have not adjusted their data for high early nontumor-
related mortality. This has been done in Tab]es 4 and 5 for the Kociba and
Squire histopathology analyses, respectively. The resulting MLE and upper-limit
risk estimates for several low-dose levels are conéistent for both data sets.

For both data sets the linearized mu]tistage and one-hit models yielded
identical results. Also, for both data sets the upper-l1imit estimates based onv
the multistage model were consistent, while those based on the other three
models varied considerably. For example, at a dose level of 10-5 ng/kg-day the
UCLs for the multistage model were 1.5 x 10-6 and 1.6 x 10-6 for the Kociba and
Squire pathology analyses, respectively. However, at the séﬁe dose level of
10-5 ng/kg-day, the UCLs for the ngit model varied by a factor of 29, from

2.0 x 10-6 for the Kociba pathology to 5.8 x 10-5 for the Squire pathology. -
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Also, at the same dose level, the UCL from the‘Weibull model varied by a factor
of 13, while those based on the T1og Probit model varied‘by a factor of over 50

million. In general, the UCL risk estimates based on these models exhibit the

relationship:
Weibull > Logit > linearized mu]tistage = one-hit >> log Probit .
A1l of these models fit the data satisfactorily in the animal experimental N

range, yet as can be seen from Tables 4 and 5, the estimates can vary over
several orders of magnitude at lower environmental doses. The choice of the
model must rely on factors other than goodness of fit.

2. Sielken (1987)

A second risk modeling analysis of the female rat liver response in the
Kociba et al. 2-year feeding study has been published by Sielken (1987), whose
arguments have also been reproduced by Paustenbauch et al, (1986). Sielken
fits the multistage model to the data but focuses on the large difference in
1ow-dose behavior depending on whether or not the‘high experimental animal dose
of 0.1 ug/kg-day is included. Sielken's measure of risk is the VSD which he
defines in terms of 106 1ifetime incremental risk. The VSD is derived from an
extrapolation model of the MLE of the multistage model and not from the upper-
1imit estimate. Sielken, thus, uses Crump's reparameterization of the multistage
model but not Crump's linearized form.

Sielken's analysis is based on the argument that use of the multistage
model with the 0.1 ug/kg-day dose-response included forces the estimate of the
linear tem to be positive non-zero and distorts the true shape of the dose-
response curve.

In particular, he argues, even though the multistage model fits the data

with the high-dose point included, "the (resulting) fitted models do NOT [his ’
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emphasis] reflect the observed behavior at the Tower experimental doses." A

proper low-dose shape, he claims, is seen when the highest dose is removed. In

this case, the linear term of the multistage becomes zero and the quadratic
term becomes positive. Extrapolafion with the quadratic curve goes rapidiy to
zero compared to low-dose extrapolation with a 1inear model.

An examination of the reéu]ts derived from the type of analysis suggested
by Sielken can be seen in fab]e 6. In this table, both the MLE and 95% lower-
bound estimates of the VSD are calculated using different permutations of the
Kociba female rat data (animals dying before the appearance of the first tumor
have been eliminated). In every case, the model with ésfimated ﬁarameters fit
the data satisfactorily. The first row contains the observed liver tumors for
all doses and parameter estimates, while the second and Tower rows omit the
high-dose group. The third through the seventh rows .permutate the low-dose data
by increments of one tumor-bearing animal. The proportion of 6/48 represents
the 95% upper-limit on the observed proportion of 3 tumor-bearing animals out
of 48.

An examination of Table 6 shows the 1nstability of the MLEs under this
model. As was pointed out above, omitting the high-dose group changes the form
of the model from linear to quadratic, with a corresponding 330-fold increase
in the VSD from 4.8 x 10-8 to 1.6 x 10‘5. The form of the model remains quad-
ratic until the number of tumor-bearing animals is incremented by 2. However,
when the increment becomes 3, to tdta] 6 out of 48, which is the 95% upper 1imit
of the actual observed Eésponse, the pictune again changes. When this 95%
upper-1imit of the observed 10w-do§e resbonse is fit, the model again incorpor-
ates a linear MLE, and the MLE of the VSD returns to 5.0 x 10-8,

In contrast to the!instabi]ity of the MLEs, the 95% lower 1imits of the

VSDs remain quite stable over the range of permutations, varying by a factor of
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2. The ratios of the VSDs to their lower limits reflect the instability of the
MLEs for low-dose extrapo]ation with the multistage mode],

Sielken's results are consistent with the findings of Portier and Hoel
(1983), who concluded that for a multistage model fit of the data, the MLE of
the linear term is usually multimodel, the number of modes being equal to the

‘degree of‘the chosen polynomial. This instability of the MLEs from the multistage
family of models has also been confirmed by several other authors; it is further
seen in Table 6.

Crump (1987) provided a critical review of Sielken's analysis and observed
that even if "the true shape of the dose response is a straight line connecting
the background response and the response at the mid-dose,” the probabi]ity of an
MLE estimate of zero for the linear term in the mujtistage model is about 1/3.
He concluded that while the data are consistent with Sie]ken'é interpretation
of a higher RsD, they are also consistent with those much lower, as displayed in
the conf%dence Timits.

It was based ohlthese types of analyses and a consideration of.the typical
animal bioassay data to be fit that Crump had originally advised that an upper-
1imit estimate of the low-dose risk be used for his model. Under his reparameter-

| izatibﬁ of the multistage model, an MLE of zero for the Tinear term becomes
poséib]e, and this can cause great instability in low-dose risk estimation.
However, under the driginal development of the model, it is not possfb]e to have
higher degree polynomials without havihg a positive linear or first—stége term,
Crump's reparameterization is necessary with quantal data in ordef to Timit the

number of parameters. In doing this, however, the MLEs can become unstable, as

is seen above.




E. TIME-TO-TUMOR ANALYSES
An extension of the multistage model analysis can be conducted when time
to observation of the tumors is known. This extension is modeled into the

formulation of the multistage model:

P(d,t) = L-exp-(qg + qqd + qpd? + qgd3tk)

where qp, 41, 92, 93, and k are parameters estimated from the data and are all
constrained to be nonnegative. This model is often called the weibull model,
but is more appropriately described as the multistage Weibull, since it is
multistage in dose but Weibull in time. Its generalization over the mul tistage
model allows an estimation of the probability of cancer by a fixed age in the
absence of any competing risks. Its superiority over the quantél'or multistage
form is in its ability to adjust for treatment group differences in nontumor-
related mortality, as is seen in the Kociba study. However, the analysis
requires a pathology decision as to whether the tumors of‘interest were faté]
or incidental, a condition not available in the Kociba study pathology.

The results of a multistage Weibull model are presented in Table 7 and are
compared with two quantal analyses using the 1inearized multistage model. In
the first quantal approach no adjustment is made for the high early mortality
in the high-dose group. In the second approach all animals dying before the
appearance of the first Tiver tumor were dropped from the analysis (see section
II.B). These two analyses are compared with the multistage Weibdll under the
extremes of either all fatal or all incidental tumors. ‘ | | ' +

As can be seen from Table 7, the largest diffefence in risk estimates is.
between the unadjusfed analysis and the fatal tumor for this analysis; 8.4

(for the MLE term) and 10 (for the upper limit). However, both these extremes

are thought to be somewhat misrepresentative of theldata, and either of the
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middle two approaches is considered superior. While the present EPA analysis
(see section II.B) yields the Tower of these estimates by a factor of 2, this

difference is considered minor.
III. TREATMENT AS A PROMOTER «

Evidence for the promoting action of 2,3,7,8-TCDD in the rat liver has
been well documented in the HAD (U.S. EPA, 1985). This section compares the
quantitative cancer risk estimates under the assumption that 2,3,7,8-TCDD's
action on the liver is one of promotion. It is shown that even when treated
solely as a promoter the estimates of risk can vary greatly accdrding to assump-
tions that one is prepared to make. In section III.A. the treatment of 2,3,7,8-
TCDD as a classical toxicant or promoter with a threshold is presented, along
with the results of Canadian and several European regu]afdry agencies who
estimate "virtually safe" levels by applying uncertainty factors to dose 1evefs
at which ﬁo adverse effects are observed. In sectioh ITII.B. the results of a
new approach to modeling for promoters are discussed in_Which cancer response

is modeled as a function of liver cell proliferation of initiated cells.

A. UNCERTAINTY FACTOR APPROACH

Several countries and the State of New York have estimated RsDs for
2,3,7,8-TCDD's potency by the application of uncertainty factors to NOELs,
NOAELs, or LOAELs. The general approach 15 to use uncertainty factors ranging s
from 10 to 1,000 based on a rule-of-thumb apprbach (Cobkvand Page, 1986).

« A factor of 10 where adequate chronic human toxicity data as well as

adequate chronic oral toxicity data in more than one animal species are

available;
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. A factor of iUO where adeqyate‘cﬁfonic animal toxicity data are avail-
able 1ﬁ'mofe than one species; bué hﬁman foxiCity data. are Tacking; and
- A factor of"l,OOO where'Timited chronic animailtOXicify data ére avail-
able (in only one species) or inconclusive results in more than one
species.
The National Academy of SciénceslSafe Drinking Water Commitfeé‘was more
explicit with regard %o carcinogenicity studies (NAS, 1977). |
"1. Valid experimental results from studies on prolonged 1nge§tion_by man
with no indication of carcinogenicity.
) Uncertainty Factor = 0
2. Experimenta1‘resu1ts of studies of human 1ngestion nof available or
scanty (e.g., acute exposure only). Valid results of 1ong—term feeding
studies on experimenté] animals or in the absence of human studies,
valid anima]vstudies on one or more species. No indication of carcino-

genicity. ‘
Uncertainty Factor = 100

3. No long-term or acute human data. Scanty resu1ts on experiménta]
animals. No indication of carcinogenicity.
' Uncertainty Factor = 1,000"
Others have sought to break down uncertainty factors into components. Weil
(1972) interpreted the appiication of the unéertainty factor of 100 as a product

> of a factor of 10 to account for differehtial human senéitivities and the
second factor of 10 to extrapolate results from animals to huhéns. When cancer
became the end point of concern, others incjuded a_third factor of 1Q to raise
the total to 1,000. The uncertainty factors, the toxic end points, and the
RsDs used by severanagenciés for the evaluation of 2,3,7,8-TCDD are presented

in Table 8. The table inciudes'Tesu1tsffrom;the agencies that have used the
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linearized multistage model as a'comparison'to those agencies using the uncertainty
factor approach. “As can be seeﬁ, the RsDs generally segregate into two groups
with those in the lower potency groups all using the NOEL approach. The State
of New Yofk, as well as the countries of Canada (plus the Province of Ontario),
Switzerland, and Germany, consider the cancer study of chiba to establish a
NOEL at 1 ng/kg-day. The Nether]ahds also uses the Kociba study asvits per-
tinent cancer study, but considers instead the 1 g/kg-day dose as a non-noxious
dose due to the s]ightvincrease in liver cell changes in the female rats at
this level, Al] the agencies, except Switzerland, chose the uncertainty factor
approach to establish an RsD. Switzerland actually estimated inhalation and .
oral exposure and divided those exposures into the 1 ng/kg-day NOEL to determine
a "safety factor" attributable to those exposures.

As can be seen in Table 8, potency ratios seem to gather in factors of 10,
The RsDs for the five agencies above thevdotted‘line span one order of magnitude
as do those for the agencies below the dotteéd Tine. Separating the higher- and
Tower-potency groups is a factor of 15.6 (10 + 0,64). -The total potency range

is 1,564. Al1 but one agency uses the Kociba data.

B. MODELING AS A PROMOTER UNDER THE MOOLGAVKAR, VENZON, AND KNUDSON

TWO-STAGE MODEL |

A vafiatfon of the multistage model has been developed by Moo]gavkaf,
Venzon and Knudson (M-K-V, 1979, 1981) which models cancer as a two-stage process
with a promotion phase. This model has been shown to predict very well tumor
promotion in the mouse skin (Chu et al., 1987). A variation of this model has
| been developed by Dr. Todd Thorslund to extrapolate from animals to provide

human risk estimates of liver cancer deaths (see the Appendix to this paper).

The model considers that the carcinogenic action of 2,3,7,8-TCDD is through its
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dose-response relationship on the proliferation of initiated Tiver cells. By
including what is known about the receptor-mediated mechénism involved, cell
proliferation is itself considered a function of 2,3,7,8-TCDD's binding capacity,
which can be shown to follow linear but saturable kinetics. When these parameters
are factored into the model, the cumulative probability function, P(x) for‘dbse

x at a fixed time t, becomes

1-exp-M [expG(x)t-1-G(x)t]/62(x)

P(x)

G(x) = G(0) + [G(e)-G(0)I[1-exp-Vx]

the pﬁobabi]ity of a tumor with dose*,

where P(x)
M = the background mutation rate proportional to background tumor rate,

G(x) = the liver cell proliferation rate of initiated cells associated
with dose x, :

G(0) = the background Tliver cell proliferation rate,

G (<)

the maximum cell proliferation rate possible, and

V = the parameter associated with the liver saturable kinetics of
2,3,7,8-TCDD~-receptor binding.

Even though this mode1 is termed a two-stage model, conceptually it is rad-
ically different from the mﬁ]tistage model in sevéra] respects. The multistage
model, as computed by EPA, is a basic curve-fitting model with all parameters
estimated from the data. The two-stage model with promotion as constructed can
actually be fit without the estimation of any parameter from the cancer bioassay
dose-response data. For example, M and G(0) can be estimated entirely fran‘the x
control data, V can be estimated from a separate experiment measuring 2,3,7,8-
TCDD uptake by the receptor, and G(e) can be estimated by the incorporation
of thymidine into the nuclei following administration of a saturation level of

2,3,7,8-TCDD. In theory, then, with the exception of the use of control animals

for the estimation of background rates, all parameters would be estimated
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separately and a gdodness-of—fit test would be angOQ'me§SUﬁé of how well the
model fits the actual data. L |

An extension 6f thé aone distinction bet@eenafhe hu]fiéfagé model and
M-V-K two—stage model is that the parameters derived from a b1oassay based on
one rat strain can be used to predict the response from a second strain w1th
only the background rate M having to be est1mated from the control group data
of the second strain. This procedure was extended from animal-to-human extrapo-
Tation where human liver cancer death rates in the United Stétes from 1980 were
used to estimate the background human rates for M and G(Oy, and the va]ues of
the other parameters estimated from the rat data were géed‘to provide human
risk estimates. | |

In addition to modeling liver cell pro]1ferat1on as a near]y Tinear func-
tion of 2,3,7,8—TCDD receptor binding (called here the negat1ve exponential
form of the M-V-K model), a second form of the model 'results when the 2,3,7,8-.
TCDD-induced cell proliferation rate’ is assumed proportional to the product of
cellular 2,3,7,8-TCDD levels and the number of 2,3,7,8-TCDD receptors. This
results in a model for the induced cell proliferation rate which is 1og-1ogist1c‘
in form. |

Both models are used to extrapolate from the animal to human cancer response.
The results are presented in Table 9 which is reproduced from the Appendix.
While both forms of the M-V-K model fit the observed data quite wei], and both
can be justified on theoretical and some experimental ground, their use for low-
dose extrapolation leads to a wide var1at1on in risk estimates. For a ]1fet1me
dajly dose of 0.1 ng/kg-day, or one order of magnitude below the animal experi-
mental 1eveT, the estimates vary by a factor of more than 10,000. Furthermore,
even though the negative exponential form of the model results in a linear Tow

dose-response relationship, the risk estimates are 2 orders of magnitude below
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TABLE 9, ESTIMATES OF LOW-DOSE INCREMENTAL RISK TO HUMANS EXPOSED TO
2,3,7,8-TCDD BASED ON FEMALE SPRAGUE-DAWLEY RATS@
COMPARISON OF THE TWO FORMS OF THE TWO-STAGE MODEL WITH PROMOTION WITH EPA's
RISK EXTRAPOLATION USING THE LINEARIZED MULTISTAGE MODEL2

P romotion® Linearized multistage model
Dose Negative | Log- =P ' P
(ng/kg-day) exponential - Togistic (Upper confidence limit)
A , >
10-5 1.7 x 10-8 - ‘ 1.6 x 10°6
10-4 1.7 x 10°7/ -- 1.6 x 10-5
10-3 1.7 x 10°6 <10-13 1.6 x 10-4
10-2 1.7 x 1073 8.8x10-10 1.6 x 10-3
10-1 1.8 x 1074 8.8x1077 1.6 x 102
1 2.4 x 10-3 9.3x10-4 1.6 x 10°1

aTaken from Table 11 of the Appendix.

bSquire's pathology analysis adjusting for early mortality.
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the upper confidence limit obtained by EPA, which modeled 2,3,7,8-TCDD as a
complete carcinogen. This difference betwéen the estimates with the linearized
mul tistage model and‘negatiVé exponential form of «the promoter model is due
primarily to the low human background Tiver cancer rates compared to those of
the female rat. However, these estimates pertain only to human liver cancer.
In its present form, the model is target organ-specific from animals to humans.
Estimates with the negative exponential form of this promoter model might
be considered as providing a conservative, on the high side, estimate of
induced liver cancer risk, since cell proliferation is modeled as a linear
function of dose. However, not enqugh research has been done on the low-dose
properties of these models to characterize the variability of the low-dose risk
estimates. While the upper-limit estimates should certainly be below those'of
the linearized multistage model, further research needs to be done before these

models can be used for regulatory decision-making.
IV,' COMPARISON OF ANIMAL PREDICTION WITH ACTUAL HUMAN DATA

With the exception of one study on 2,3,7,8-TCDD in Holmesburg, Pennsylvania,
in 1967, all human exposure data are derived from accidental exposUres of
unknown quantity. In the Holmesburg study, 2,3,7,8-TCDD was topically applied
to volunteer prisoners in ‘total doses ranging from 0.4 ug to 7,500 ug. According
to testimony and exhibits in EPA's 2,4,5-T cancellation hearings (Rowe,vi980),
dOSes below 16 ug did not elicit a chloracne response, while a dose of 7,500 ug
did cause chloracne in 8 out of 10 subjects. This high dose of 0.05 mL of a 1%
2,3;7,8-TCDD solution jn 50/50 alcohol chloroform solvent was applied to one

square inch of the backs every other day for a month and covered by a nonocclusive

patch. If we can assume that the subjects' average age was 35, a 25% absorption
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rate, an infinite half-life, and lifetime (70 years) average daily dose (LADD)
proportionality, one can estimate an internal dose of 2,3,7,8-TCDD that caused
chloracne to be in the 2 to 1,000 pg/kg body weight-day range. If we assume

: either a 5- or 10-year half-life with first-order elimination kinetics and with
the other assumptions the same, then the chloracne causing‘the LADD range is
unchanged at one significant digit. . These figures cohrespond to ah externa] ora1
dose of 4 to 2,000 pg/kg body weight-day.

Human cancer risk estimates based on the Kociba female rat feeding study |

with 55% absorption yield an upper-limit risk estimate of 1.56 x 10-4 (pyg/kg- ‘

! day)-l. Multiplying this upper-limit estimate by 4 to 2,000 pg/kg-day and

adjusting for the different absorption fractions yields an upper-Timit lifetime

incremental cancer risk of between 6 x 10-4 and 3 x 10-1 for humans developing

chloracne. Only 10 of the Holmesburg prisoners were exposed to the highest

dose, and follow-up is unclear. Nevertheless, even if‘their 1ifetfme projected

incremental cancer risks were as great és 0.3, and even if they wéré observed

for their full remaining lifetimes, less than three additional cancers would be

expected. Put another way, with three additional cancers expected, an observation

of no additional cancers would not be highly unusual (p = 0.055). Clearly,

uniess specific types of cancer were to appear in thege tested prisoners, no

conclusions could be drawn.

On the other hand, Tschirley (1986) in his review of the 2,3,7,8-TCDD

literature displays 9 cohorts of some 599 subjects who developed ch]oraéne *

following 2,3,7,8-TCDD and phenoxy herbicide exposure. This is reproduced as

Table 10. Of those cohorts, only the study of the 1949 accident at the Monsanto

plant in Nitro, West Virginia (Zack and Suskind, 1980), and the 1953 accident

at the BASF plant in Germany (Thiess et al., 1982), have sufficient latent

period and other information to allow a comparison to be made between observed
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TABLE 10,

EXPOSURE T0O 2,3,7,8-TCDD FROM INDUSTRIAL ACCIDENTS

Workers Location
Date exposed of accident Remarks
1949 250 Monsanto plant in 122 cases of chloracne being
Nitro, WV studied; 32 deaths vs. 46.4
expected; no excess deaths
from malignant neoplasms or
circulatory disease
1953 75 BASF plant in 55 cases of chloracne, 42
Ludwigshafen ~ severe; 17 deaths vs. 11 to 25
expected (four gastrointes-
tinal cancers and two oat-cell
Tung cancers); most common
injuries were impaired senses
and liver damage
1956 ? Rhone-Poulenc 17 cases of chloracne, also
plant in elevated lipid and cholesterol
.Grenoble levels in the blood
1963 106 NV Philips 44 chloracne cases (42 severe)
plant in of whom 21 also had internal
Amsterdam damage or central nervous
system disturbances; eight
deaths (six possible myocardial
infarctions); some symptoms
of fatigue ‘
1964 61 Dow Chemical 49 cases of chloracne; 4 vs.
plant in 7.8 expected deaths; 3 cancer
- Midland, MI deaths vs. 1.5 expected; one
a soft tissue sarcoma
1965-69 78 Continuing leaks 78 cases of chloracne; five
in Spolana plant deaths; many of the 50 workers
near Prague studied for more than 10 years
have hypertension, elevated
blood Tevels of lipid and
cholesterol, prediabetes;
significant amounts of severe
1iver and neurologic damage
SOURCE: Tschirley, 1986.
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and predicted risks. These involved 177 chloracne cases*and either a 26~ or
30-year latency period. Quantitative cancer risk estimates based on these
cohort experiences are calculated below. However, the 1arge:uncértainty in the
exposure estimates should be emphasized, and the assumptions u;éd to derive

these exposure estimates are necessary simplifications. ' ‘ -

A. THIESS ET AL. (1982)
1. Description ‘

At a factory in Ludwigshafen, Federal Republic of Germany, in 1953, during
the hydrolization of 1,2,4,5-tetrachlorobenzol to 2,4,5-trichlorophenol, an
accident happened exposing at least 70 persons. These 70 as well as 4 additional
persons who were only exposed "for a short time during”" 1954 and 1955 were . -
included in the cohort. Of the 74 persons, 66 suffered chloracne or severe
dermatitis. Al1 74 persons were successfully traced through 1979. O0f the 74"
persons in the cohort, 21 had died during the 26 yearé of observation, just
slightly more than- expected in any of five different control groups. However,
there were seven cancer deaths observed versus 4,03 to 4.35 expected in these
control groups. Of these seven cancers, three were stomach (ICD 151), one was
colon (ICD 153), and three:were Tung (ICD 162). Al11 seven occurred at least 10
years after the accident. A 10-year latent period will be assumed. The results
are presenied in Table 11. The control group represents the expected dea%hs- :
based on the mortality rates of Rhinehessia-Palatinate 1970-75. The mortality
for stomach cancer was statistically significant (p = 0.016), while that for | s
lung cancer was marginally sigﬁificant (p = 0.09).

2. Exposure Estimates*

' Although there were no concurrent estimates or measurements of

*Contributions to this section were made by Drs. Jerry Blancato and Lorenz
Rhomberg of the Office of Health and Environmental Assessment.
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‘TABLE 11, OBSERVED AND EXPECTED DEATHS FROM STOMACH, COLON, AND LUNG CANCER
IN THE 74 CASES WITH CHLORACNE OR SEVERE DERMATITIS FROM THE
1953 BASF PLANT IN LUDWIGSHAFEN
(26-YEAR FOLLOW-UP WITH AT LEAST 10 YEARS' LATENCY)

95% Upper
confidence
1imit based
on Poisson

Cause of death  ICD No. Observed Expected SMR p-value distribution

Stomach cancer 151 3 0.52 5.76 0.016 1.15 - 16.8
Colon cancer . 153 1 0.24 4.17 0.2l 0.05 - 23.2
lung cancer 162 3 1.05 2.86 . 0.09  0.57 - 8.3

Person-years at risk = 972.6.
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2,3,7,8-TCDD exposure, Rappe (1987) reported a mean level of 100 pg/g in adipose "
tissue of four exposed BASF workers some 30 years after exposure. If we are
willing to make several simplifying assumptions, then we can estimate a range
of exposure. The assumptions are:
» The body is treated as a one-compartment open model. | *
+ A range of ha]f—]1ves is assumed to be between 5 to 30 years.
+ Adipose t1ssue in a 70-kg human is about ZGA or. 14‘kg. oL .
+ Absorption into the body is asswned to be between: 5% and 25%. This
figure is arbitrary and is chosen because there is less than 55% absorp-
tion in the rat feeding studies.

Under these assumptions the pertinent equation is:
c(t) = Cq e'kt

the concentration in the fat at the time of analysis,

where C(t) =
Co = the concentration in the fat immediately following abserption in .
1953,
k = the total body elimination rate constaht, assumed to be the sum

of the elimination rate constants by various physiological
processes, and

t = the time since absorption was completed, assumed to be 30 years.'

Further, we note:

k = 0.693/tp.5
where tg g = the half-life of elimination from the body, and
Exposure = CoV/r

where V = the weight of the fat compartment (14 kg) and r = the absorption
fraction. In this case, the weight of the fat compartment is used to calculate

the dose. The other organs may be neglected because of the propensity of
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2,3,7,8-TCDD tovpartition into the fat. For example, fhe concentration in the
fat is about 100 times that of tﬁe blood.

Based on the above assumptions and estimates, the range df estimates of
2,3,7,8-TCDD exposure in the BASF plant accident is between 10 and 1,800 ug.
Based on a LADD, these estimates range from 1.5 to 50 pg/kg body weight-day.
The calculations are showh in Table 12. Clearly, this factor of 180 in the
range of exposures and a factor of 30 in the range of LADDs creates significant
uncertainty in the risk estimate calculations. In order to narrow the'range,
however, we note that in the Holmesburg study exposures below 16 ug caused no
chloracne, while exposures of 7;500 ug caused 80% chloracne. ‘Considering the
probably greater absorption in the Holmesburg study, the exposure estimates in
the top three rows of Table 12, showing the range of 220 to 1,800 ug, seem the
most likely. We therefore adopt LADDs in the range of 6 to 50 pg/kg body weight-
day. The risk estimates below will be calculated on the LADD of 50 pg/kg/body
weight-day; risk estimates based on thevlower'end of the range would be about
eight times higher.

3. Risk Estimates

Cancer risk estimates are calculated for the stomach cancer and lung cancer

mortality presented in Table 11. These estimates are presentedxin Table 13.

Two models are considered, the additive and relative risk models, which have
been used in several EPA risk assessments. They are developed and more fully
explained in the recent EPA update on dichloromethane (U.S. EPA, 1987). Both
models require estimates of LADDs, and these have been estimated above as
bétween 6 and 50 pg/kg body weight-day. Thé results show that‘incrementa1
cancer risk estimates based on these human data are higher than those based on

the animal data in every case, If the lower end of the range of LADDs had been

used, the human estimates would have been greater still. The conclusion based
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on the above analysis is that the upper-1imit incremental unit risk estimates
based on the animal studies do not overestimate the human risk from 2,3,7,8-TCDD

if either the lung or stomach cancer mortality response in humans is bona fide.

B. ZACK AND SUSKIND (1980) : .
1. Description v A . R

In Nitro, West Virginia, on March 8, 1949, excessiye tembératures in an
autoclave involved in the production of 2,4,5-trichlorophenoxyacetic acid
caused a relief valve to open, allowing fumes and residues to escape into the
atmosphere and into the interior of the building. A total of 121 white males
were identified as having developed ch]okacne following this incident, and
these were included in the subéequent follow-up study, with vital status ascer-
tained through the last day of 1978, nearly 30 years.

There was 100% follow-up of subjects; 89 were st1117a1ive and "32 were
verified deceased by death certificate." With 46.41 expected deaths, the
standardized mortality ratio (SMR) for all causes, 69, was significanf]y
(p < 0.05) Tower than expected, The only cause of death that displayed normal
rates was cancer which had 9 observed and 9.04 expected, SMR=99.6. Of those
cancer deaths, five were from lung (2.85 expected, SMR=175), three were from
1ymphatic or hematopoietic tissue (0.88 expected, SMR=341), and one was a soft
tissue sarcoma (STS) (0.15 expected). Only one of the cancer deaths, a Tung
cancer, was a nonsmoker.

2. Risk Estimates

In order to make any kind of quantitative risk estimation of the potency
of 2,3,7,8-TCDD, several assumptions must be made. These are:

(a) Exposure. As discussed above for the Holmesburg study, it is assumed

that the LADD necessary to cause chloracne was in the 2.to 1,000 pg/kg-day range.
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An estimate in the middle, or 500 pg/kg-day, appears to be a reasenable starting
point, as does a value of 150 pg/kg—day,rwhich is close to the geometric mean.
The value of 500 pg/kg-day will be chosen as the LADD dose for those who devel-
oped chloracne, but the uncertainty of this estimate must be stressed. This
dose est1mate is 10 t1mes greater than that est1mated for the BASF study, the
incremental unit risk cancer est1mates w111 be correspond1ng]y lower.

(b) Expectea deaths from cancer. Table 14 presents the observed and
expected cancer deaths for the 29.8-yeer 1atency; ‘However, all the cancef
deaths appeared after at least a 10-year latency, and it seems reasonable that
10 years is an appropriate 1ateht period for any 2,3,7,8-TCDD-re1ated cancer
to express itself. Therefore, the expected deaths preeeﬁted,by Zack and Suskind
must be adjusted by subtracting the first 10 years' experience. An e*amination
of vital statistics rates for lung cancer and STS suggeéts that for lung cancer
deaths approximately 20% of a 30-year‘death experience happens in the first 10
years; for STS the f1gure is approximately 30%. Based on these adjustments,
the expected deaths for th1s exposed cohort become 2.3 and 0.10 for lung and
STS cancers, respectively.

(c) Person-years at risk. A f{gure needed fer the additive risk model
but not the relative risk model is the person-years at risk. Since the first
10 years are considered to be a latent or risk-free period, only the last 19.8
years are counted as person-years at risk. The follow-up was comb]ete and
there were 32 deaths. It can be assumed that the average time until death was
20 years from first exposure‘(for the nine cancer deathé the average time from
the accident until death was 22 years). Therefore, the total person-years at

risk can be estimated as

P-Y = 19,8 x 89 + 10 x 32 = 2,082




TABLE 14, FOLLOW-UP OF 121 CHLORACNE CASES AT THE MONSANTO COMPANY (NITRO,
WEST VIRGINIA) USED TO DERIVE QUANTITATIVE CANCER RISK ESTIMATES

Lung cancer STS
Unadjusted ‘Adjusted Unadjusted Adjusted
Deaths
Observed . 5 5 1 1
Expected : 2.85 2.3 0.15 0.10
Person-years
at risk e 2082 - 2082
SMRs
Observed 175 217 667 1000
95% Confidence 57-410 70-508 9-3707 13-5560
1imits based on
Poisson
distribution
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The results of the analysis using both the additive and mﬁ1fip1icate models
are presented in Table 15. Based on the assumptions discussed above, both
models yield similar results. For extfapo]ation based on Tung cancer deaths,
the MLEs for incremental risks are 9.1 x 102 and 4;5 x 10-2 (mg/kg-day)~1 for
the additive and multiplicative models, respectively. For extrapolation based
.on the one STS death, the MLEs are lower than are those for lung, 3.0 x‘l()'2
and 8.6 x 10'3 for the additive and multiplicative models, respectively. The
95% upper-1imit estimates presented in Table 15 are those based on asymptotic
normality theory and are, therefore, lower than would be produced by applying
the upper confidence limits on the SMRs from Table 14, which are based on the
Poisson distribution. Those Poisson upper-1imit adjusted SMRs, for examp]é,
would yield §5% upper-1imit cancer unit risk estfmates of 5.2 x 10-2 (ng/kg-day)-!
for STS, and 1.6 x 10-1 for lung cancer deaths for'tﬁe multiplicative model.
These values are signif{cantly greatef than those.presented in Table 15 [1.4 x
10‘2,‘and‘ 1.1 x '10"1 (ng/kg-day)~1, respectively] and reflect the high degree of
variability due to small samp1e size. |

Also presented in Table 15 is. the quantitative cancer risk estimaté derived
from the Kociba feeding study (U.S. EPA, 1985). While the MLEs based on the
animal data are slightly higher than those based on the Monsanto data, the
differences are no greater than a factor of 2.4 for lung cancer and 13.4 for
STS. Al1l the 95% uppef-]imit estimates based on the human data are within a
factor of 2 of the upper-limit estimate based on the rat data.

The conclusion based on the above ana]ysié is similar to that derived from
the BASF analysis--the available ﬁunan cancer data on 2,3,7,8-TCDD do not
provide any evidence that the unit risk estimate based on rat data overpredict
the human experience. The information on human exposure is just too uncertain

to allow.for a more definitive statement.

47




* 4 , . P

°sanieA 1Lwi]-Jaddn Jamo| ssonpodd sty nmmu:mwgm> 51707dukse Y3 uo paseq aJde siLul]-Jaddn ayj sueuny 404p

‘lopow aAt3edL [dLl|NW 3Y3 404 ¢ ¥ X 0/ = JTW [9POW SALILPPR 8yl JO4 °OIPWLISD POOYL|SYL| UnwExew

R
)

]

*bu /Aep-6% JO S3Lun uL SJe S9IRPWLISI 3Y3
[apow @AL3eoL [dig|nw 8y) Jo4 °ueah-Bu/Aep-B% 4o sjLun uL sJe sdjeWL}Sd Jojdweded Syl |Spou SALILPPE BY1 J04q

..co_pmmmc_ RLA 3SOp PoOJdISLULWPR 3Y] 03 PIZLpJepuels aJe
S91RWLISd 9A0QR 3Y3 | 1Y .corpagomam %06 pajewL1se yiLm uoLysabul eLA st adnsodxs uaym Aep-mq 63/6d pgT 40 asop
paJajsiuiwpe ue 03 jud|eAlnbe sp uollduosqe 4G paleWLIS® YJiM DIN0J |BJO pue ULYS eLA Aep-mg By/34d g5 40 (ayl Ve

IN/dH “J4oAL] abegsiy|nu so|ewo4

1-01X9G°T  {-0TIXGT°T 0 ‘bum pazZLJesu L /s1ey
| , 8£0°0="4
1-0TXT°1 2-0TXG ¥ 0 76°0 ¢l Bun
_ 66000°0=24 g
2-0TX¥°1 ¢-01%9°8 0 , 0°0T 0°6 SIS ®ALjesL{di3|ny
1-01X2'2  7-01X1°6 0 9-0TX2°1 £-0TXE"T Bum
so|ep
2-0TXG°8 2-01X0°¢ 0 [-0TXE"¢ y-0TXE"Y S1S SALLILPIY /suruny
pitul] 53N Jrul g sajewLlss v adAq pasn X35
Jaddn 466 C JaMo 40 dourLJeA qS93eWL]Sd Jaoue) {9PO} /saL23ds
J1303dwA sy Joj3urdey

aJansodxa snonuLjuod Aep-by/bu T
Jad 3ySLJ J4adued [PIUBWRJOUL DUILIDS LT

(Aep-mq 6%/6d 00S = @QY1 IWNSSY)
S33A071dW3 OLNVSNOW T2T NI ALTTVLYOW VHOONVS NO Q3Sv8 S3LVWILS3 HLIN
ISNOdS3Y (LN/dH) SILYNIGUNL TYSYN/ILVIVJ QYYH ONY “ONNT ¥3IATT LvY 3TvW YEIQ0M 3JHL NO a3Isvd
0001-8°£°€2 0L 3¥NSOdXI IWILIAIT Y04 SILYWILSI NSIY ¥YIINVD IVINIWIUONI 40 NOSIYVAWOD °ST 318yl




V. DISCUSSION AND SUMMARY

This reﬁort has presented the effects on the human cancer risk estimates
from 2,3,7,84TCDD exposure under varying assumptions involved in the animal-to-
hunan extrapolation procedure., It has compared EPA's risk estimates with those
_of other agencies, both U.S. and foreign, discussed the rationale used in each,
and shown the effects of slightly different assunptions on the estimates. In
general, the risk extrapolations divide roughly into two groups, those agencies
using the lTinearized multistage family of models for extrapolation and those
using an uncertainty factor approach. The agencies uéing the 1ineaffzed multi-
stage model all produce RsDs within a factor of 10; similarly, the agencies
using the unéertainty factor approach are also with a factor of 10. The two
groups, however, are separated by a;faqtor of 16, so that the lowest RsD, that
of EPA which used the Tinearized multistage mode],Ais 1,600‘t1mes'1ower'than
that of Health and Welfare Canada which used an uncertainty factor of 100,

While EPA's cancer risk estimates were the highest of fhe agencies pre-
sented, other methodologies consistent with the data have yielded still higher
estimates. For example, fitting the data with both thé‘Logit and the Weibull
models would have produced significantly higher estimates--the Logit by roughly
one order of magnitude and the Weibull by 2 orders of magnitude.‘ In addftion,
even extending the multistage model to the Weibu11—in-tfme model under a time-
to-tumor analysis would have increased the ubper-]imit estimates by as‘much as
a factor of 5. Of even greater uncertainty 15 the exfreme]y 1ong hal f-1ife of
2,3,7,8-TCDD in the human compared to the rat. If half-life is related to species
sensitivity as implied by the cross-species extrapolation factér, then recent

estimates of human half-1ife of 6 to 10 years implies that rat-to-human extrapo-

lation estimates should be significantly higher, probably by a factor of 2 to 7.
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Finally, a new methodology has been presented that models 2;3;7;8—TCDD‘as
a carcinogen promoter only. The methodology models the promotion (liver cell
proliferation) phase of the M-V K two-stage model as a Tinear saturable function
of 2,3,7,8-TCDD-receptor binding. The risk estimates of induced human liver
cancer are 2 orders of magnitude Tess than those using EPA's current method; ' -
ology. However, research on this new methodology is ongoing and, at this time,
not enough is known about the 1ow-dose estimation propefties to make definitive
statements.

Which of these is the "correct answer"? Probably "none of the above."
What the above analyses show are that all the answers are consistent with the
observed data, and all have some credence depending upon the be]ievabi]ity of
the assumptions used. The most pertinent fact is that 2,3,7,8-TCDD causes
liver, tongue, hard palate/nasal turbinates, and lung tumors in rats at doses
and conditions to which humans would never be exposed. As such, even with
animal bioassays, as well-conducted és were those for 2,3,7,8-TCDD, the informa- .
tion they contain for low-dose extrapolation is very limited. Within a 100~
fold decrease from experimental dose levels, the range of estimates predicted by
models that fit the data well, rapidly dfverge to a "pay your moﬁey, take your
choice" level of 3 orders of magnitude. Below that, divergence is even more
rapid (see Tables 4 and 9). Furthermore, when extrapolation is made from |
animals to humans, the uncertainty about the effect of the extremely long half-
life in hunans gives concern about the conservativeness of the upper-limit based
on the surface area correction for extrapolation.

Use of human data for risk assessment purposes is also impossible with
2,3,7,8-TCDBD. First, the evidence for human carcinogenicity of 2,3,7,8-TCDD

alone is judged inadequate (see Appendix B). Second, the studies providing posi-

tive evidence for carcinogenicity are of a case-control design; these lack both
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" level for humans.

a population base and exposure estimates. The few cohort studies éva11ab1e
lack éensitivity because of a combination of factors including exceptionally
small cohorts, insufficient latency, and in some instances, little evidence of
exposure. Only with one study was there even an estimate of 2,3,7,8-TCDD
exposure, and that study lacked power to discredit ény of the predictions
provided by the aniha] data.

Well, the next question is whether any of these estimates can be con-
sidered superior to the others. To answer this, one must first presume that
mathematical models can be used for prediction, and then decide on whether to
model 2,3,7,8-TCDD as a complete carcinogen or as a promoter only. Modeling as
a complete carcinogen, only the one-hit and multistage models have a theoretical
backing in carcinogenesfs; the other models presented are merely well-known
tolerance distribution models. The EPA position is that use of the linearized
multistage model for extrapolating upper-limits of incremental risk is both
prudent and protective. When'both animal and human data have been available
for risk estimation, the linearized multistage model's use with animal data has
provided estimates comparable with those derived from human data. Furthermore,
Tow-dose supralinearity is rarely seen, so that using the linearized multistage

model for extrapolating from experimental levels probably represents a protective

When one models 2,3,7,8-TCDD as a promoter only, many additional uncertain-
ties arise. The two most important for modeling are those associated with
reversibility and threshold. Classical promoters are known to show reversi-
bility of lesions when the promoter és no 1onger adninistered and cleared from
the system. Furthermore, large doses are typically required for promotion,
indicative of a toxicity effect‘eithef leading directly to cell damage and

regeneration, or overwhelming the cell's ability to prevent the promoter from
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reaching its site of action. In the case of 2,3,7,8-TCDD, the eQidence for
liver cancer in animals points to a mechanism of promotion via receptor binding,
yielding a very strongly bound complex., Even if this complex is broken down,
the persistence of 2,3,7,8-TCDD allows it to bind with another receptor. In , {
terms of mathematical modeling, this information translates to a dose-résponse
function for cell proliferation which excludes threshold ahd reversibility, but
otherwise can be defined by Michaelis-Menten type kinetics. When this function >
is substituted into the promoter form of the M-V-K model, the results yield
low-dose estimates of liver cancer for humans which are 2 orders of magnitude
Tower than the upper-limit estimates'provided by the one-hit and linearized
mul tistage models.
While the upper-1imit estimates can be considered upper-1limits for total
human 2,3,7,8-TCDD-induced cancer, the predictions with the‘promoter form of
the M-VK model require further examination. First, they apply only to human
liver cancer, a condition reported only in the cohort exposed to dibenzofuran-
contaminated PCBs in Yusho, Japan (Amand et al., 1984). Theyvdo not include
estimates for STS or non-Hodgkins 1ymphomas. Second, they are considered
"best" estimates compared with the upper-limit estimates calculated from the
linearized multistage model. Third, the form of the M-V-K model used predicts
carcinogenic response only on the basis of promotion. If a 2,3,7,8-TCDD-induced
initiation stage had been incorporated (as is suggested by Ho1der and Rosenthal,
1987) the low-dose cancer predictions would have been higher. | : 5
For these reasons, the estimates provided by the promoter form of the
M-V-K model might be considered prudent lower bounds on cancer risk, while those
upper-limit estimates provided by EPA's currenf methodology are to be considered
upper bounds. While any number of assumptions could pfoduce either Tower or

higher risk predictions, the biological facts incorporated into both models
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provide what should be considered reasonable working Timits. In addition,

‘ 2,3,7,8-TQDD'S many other toxicities should a]so be a consideration in setting

a lower Timit. Any criteria level lower than that provided by the M-V-K model "
would be at a level where these concerns would prevail. A final caveat remains,
however, on the impact of the extremely long half-1ife of 2,3,7,8-TCDD in man.

If 2,3,7,8-TCDD is not sequestered in the fat,‘but is bioavai]able; the

quantitative risk estimates would be considerably Targer,
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1. TECHNICAL SUMMARY

A method is developed in this report for the estimation of
cancer risk associated with exposures to TCDD under thé assump-
tion that TCDD acts exclusively as a tumof promoter.. It is
recognized that TCDD may have other potential effects on the
mechanisms of carcinogenesis; however, evidence suggests that
stimulation of cell growth by direct or indirecﬁ mechanisms could

play an important role in TCDD's carcinogenic effect.

TCDD's ability to affect cell proliferation can be described
using a mathematical dose-response model. A very explicit defi-
nition of promotional activity can be used within the context of
the Moolgavkar—Kﬁudson-Venzon two~-stage model to accomplish this.
It is assumed that‘a prbmoter can act‘by increasing the net
arowth rate of preneoplastic, initiated stem‘cells and has the
abiiity to increase the growth rate to a fixed upper bound. The
difference. between this upper bound and the background growth
rate is the maximum increase‘possible. The mathematical function
that defines the fractional part of the change in the maximum
increases in the growth rate due to a given exposure level of an
agent is the critical element in the derivatibn of a’dose-respOnse
relationship. Information that can be used to elucidate the form
of the critical function that defines the expoéure-dependent cell

growth rate comes from the three sources: (1) theoretical biolog-

- ical arguments, (2) the shape of tumor dose-response relation-

ships from TCDD carcinogenesis bioassays, and (3) studies of




TCDD~induced cell proliferation rates as direct or indirect

measures of cell growth in vivo or in vitro.

In this report, two separate parametric models describing

L)

the dose-dependent changes in cell growth are postulated. Each
model is consistent with a series of studies on the mechanisms of
action of TCDD. The first growfh rate model assumes that the
changes follow first order kinetics. This assumption results in
a negative exponential model that contains only one parameter
requiring estimation. This model is fitted to the most extensive
data set available (liver tumors in female Sprague-Dawley rats)
in order to estimate the three unknown parameters in the tumor
dose~response model. The validity of the resulting model is
tested in four different ways: (1) its goodness-of-fit £o the
tumor data, (2) its consistency with TCDD-induced proliferation
data, (3) its ability to predict the TCDD-induced tumor response
in other sexes and strains of the same species {(rats) using
adjustments only for background tumor rates, and (4) its ability
to predict the TCDD-induced tumor rates in another species
(mice) , making adjustments for background rates and estimating a

separate growth rate parameter for that species.

A second model is investigated that assumes the rate of ‘ -
change of the TCDD-induced growth rate is proportional to the
product of cellular TCDD levels and the number of TCDD receptors.

The resulting model for the increased cell growth rate is log-

logistic in form. This model has two parameters, the slope and




intercept; only the latter can be estimated with the available
tumor dose-response data. In order to use this model, the slope
parameter needs to be specified. This is done by specifying
slopes that span the range of those determined from other types
£ biological systems that are log-logistic in form. The
intercept associated with a slope is then estimated using the

bioassay data.

Both models are used to extrapolate from observed animal
tumor rates to expected human response rates. The age—sbecific
human death rates due to liver cancers are used to estimate two
of the parameters in the human model. The use of human data for
this purpose is mandated by two factors. Under the assumed
model, the agent acts on initiated, preneoplastic cells to
increase their number. As a result, the increase in the tumor
rate should be proportional to the background number of preneo-
plastic cells, which in turn is proportional to tﬁe background
tumor rate. This theoretical prediction is confirmed by the
strong dependence of the sensitivity of the tumor response to the
backgrouhd tumor rates observed in five separate animal bhio-
assays. The usual assumption of the equivalent dose bhetween

species being proportional to the cube root of the ratio of the

species weight is also employed in the development of the human
dose response model. Using the developed models it is
demonstrated that low-dose linearity can result from either form
of the models under certain circumstances. 1In contrast, is is
also shown that the log-logistic model with a slope equal to 3
gives prediction of risk that decrease 3 orders of magnitude for'

each order of magnitude of reduction of exposure.




While both forms of the M-V-K model fit the observed data
quite well, and both can be justified on theoretical and some
experimental ground, their use for low-dose extrapolation leads
to a wide variation in risk estimates. For a lifetime daily dose
of 0.1 ng/kg-day, or one order of magnitude below the animal
experimental level, the estimates vary by a factor of more than

10,000.

Although the negative exppneptial forg 6f the model results
in a linear low-dose response reiationship, the risk estimates
derived from it are two orders of magnitude below the upper bbund
values obtained by EPA when TCDD was modeled as a complete carci-
nogen. This difference is primarily due to the low human back-
ground liver cancer rates as compared to those of the female rat.
Thus, treating TCDD as a promoter could have a strong impact on
any regulatory decision. However, the model is based upon the
assumption that the site of cancer induction‘in humans would also
be in the liver. An analysis of tissue dose distfibution and cell
turnover rates and receptor protein levels for other organs or
tissues should be condqcted before the equivalénce of target site

between humans and rodents is accepted unequivocally.
2. MATHEMATICAL DOSE RESPONSE MODEL FOR PROMOTERS

A mathematical model has been developed by Moolgavkar,

Venzon and Xnudson (1979, 1981) that is based on a two-stage

model for carcinogenesis. This model is depicted in Figure 1.
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According to the model, the population of cells at risk is proli~ |
ferating cells, often referred to as stem cells. Stem cells are

those from which most oﬁher cells in an organ arise; once a cell

has differentiated and left the pool of proliferating cells it is

no longer susceptible to heritable alterations of its DNA. A , i .
normal, susceptible stem cell may do one.of several things. It ‘ !
may divided into two daughter stem cells, terminally differen-
tiate, die, or undergo mutation at a critical site that results

in formation of a preneoplastic or intermediate cell. A preneo-
plastic cell has undergone one of the changes neéessary to become

a cancer cell but is not yet cancérous. The cancerous cell will,
after a sufficient length of time, divide into enough cells that

it becomes a detectable tumor. All of these processes can be
described mathematically by postulating specific rates for the

cell changes. Moolgavkar and Knudson (1981) showed that to a close
approximation, the age-specific tumor rate at age t for their two-

stage model may be expressed as follows:

t ;
I(t) = MOMI\QCO(V){eXP [(B—D)(t—v)]} av (1) :
! where
I(t) = age-specific cancer incidence at age t;
M = transition rate from stem to preneoplastic *
0 .
cell; ‘ : !
M1 = transition rate from preneoplastic to
cancerous cell;
CO(V) = number of susceptible stem cells at age v;
B = birth rate or rate of cell proliferation of
preneoplastic cells; and
D = death rate of preneoplastic cells.

'
)
I . i
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Essentially, the equation describes the progression from a
normal stem cell to a cancerous cell under the assumptions of the
two-stage model. This model is a combination of deterministic
and stochastic components. The numbers of preneoplastic and
fully malignant cells at any time are assumed to be random
variables that are dependent upon these event rates, while the
number of normal cells at risk of transformation at time t,

denoted by Co(t), is assumed to be deterministic and known.

The biological processes described by the equation 1 can be
affected by the level of exposure to carcinogenic agents, and are
more 1ikely to occur as the length of exposure increases; as a
result, thev are exposure and time dependent. Thorslund et al.,
(1987) have described an exposure- and time-dependent version of
the model. In the context of biological mechanisms of carcino-
genesis, the model can be used to predict the risk of‘agents that
exert their effects in a number of different ways. Mutation-
inducingvinitiating agents could affect the transition rates
between cell stages'(MO or Ml), while promoting agents may
increase the proliferation rate of preneoplastic’ cells (increas-
ing B without affecting D). Cocarcinogens may increase the
proliferation rate of normal stem cells (CO), thereby increasing
the size of the target for initiating agents. Inhibitors could
remove cells from the populations of susceptible stem or preneo-

plastic cells through toxicity (e.g., increasing D without

affecting B) or by inducing differentiation.




For the purposes of the model, a mechanism of action for
TCDD has been postulated that is similar to that of a promoting
agent. It has been assumed that TCDD exerts its carcinogenic
effect by increasing the preneoplastic cell birth rate. The
difference between the birth and death rates is the net preneo-

plastic cell growth rate and is dose-dependent. This rate is

denoted as: : .
G(x) = B + Bo(x) - D (2)

where G(x) = dose-dependent preneoplastic.cell growth rate
Bo(x) = the increase in the birth rate due to TCDD
B,D are as defined in equation (1)

Upon maturity, the number of stem cells in the liver may be
viewed as relatively constant. Under this assumption, the term
Co(v) may be taken to be equal to a non-time-~dependent constant,
Co’ Substituting these definitions for G(x) and Co(vf into

equation (1) and integrating yields:

I(x,t) = MOMlco[exP G(x)t-1]/G(x) (3)
which is the age-specific tumor rate expressed in a dose and time

dependent form. The probability of a tumor by time t in the

absence of competing mortality is obtained from the well-known "
relationship:
t
P(x,t) = 1l-exp- g I(x,v)dv (4)

Substituting equation (3) into equation (4) and integrating

vields the expression:
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P(x,t) = 1l-exp- {M[expG(x)t-l—G(x)t]/G(x)z}‘ (5)

where M ; MoMlco is a composite parameter that is proportional to
the background tumor rate. The growth rate has a hormal value
G(o) = B-D in the absence of exposure and has a finite upper 5
bound G(e0) that is determined by how rapidly a cell can go
through its normal proliferative cycle. Using this notation, the

exposure-dependent growth rate of preneoplastic cells may be

expressed as:
G(x) = G(o)+[G(2°)-G(0)IR(x) | (6)

where R(x) is the fractional amount of the maximal increase in
the growth rate that can.be induced byv exposure at level x. The
function R(x) is dependent upon the specific mechanism by which
TCDD induces cell proliferation. A specific form for R(X) can be
derived for each hypothesiéed mechanism of action. The next
section discusses the factors that need to be considered in the

selection of the R(x) to be used in equation (6).
3. MECHANISMS OF THE ACTION

Carcinogenesis is a multistep process which displays at
least two distinct steps. External agents (carcinogens) can act
to augment the process at each of these steps (Weinstein, 1981).
For simplicity, carcinogens are often divided into two classes:

"initiators" (those that act at the first stage of cancer devel-

opment) and "promoters" (those that act at later stages and hence




"promote” the action of initiators) (Weisburger and Williamﬁ,

1983; Weinstein, 1984). However, recent studies have shown that
both initiation and promotion are more complex phenomena than is [
reflected in this dichotomous classification (Becker, 1984;

Upton, et al., 1985; Gallagher, 1986). Promotion frequently

i

involves the action of promoters on cell membranes, including
binding to protein kinases, inhibition of intercellular communi-
cation, and other effects on membrane structure and function, but
also may involve genetic changes, including methylation of DNA,
modulation of expression of genes involved in cell differenfia—
tion, activation of oncogenes, and chromosome damage (Shank,

1984; Yamasaki and Weinstein, 1985; Weinstein, 1984; Jones, 1986).

It is unlikely that TCDD is a typical initiator. There is
little evidence that it causes point mutations in bacteria (e.g. ‘E
in the Ames test) but it has some genotoxic potential, as E
reflected by a clear positive result in the mduse lvmphoma assay | I
(Rogers, et al., 1982). TCDD has little propensity for covalent
binding to DNA (Poland and Glover, 1979); howéver, it is known
that after binding of TCDD to a cytosol "receptor" protein, the
TCDD-receptor complex is translocated to the nucleus of the cell .
where it interacts with different sites on DNA and can affect
various functions. These include regulating transcription of the N
cvtochrome P-448 gene (Israel and Whitlock, 1984; Whitlock, et
al., 1984; Jones, et al., 1985); regulating the levels of other ;
enzymes such as ornithine decarboxylase, DT-diaphorase, and UDP-

glucuronvl transferase; and affecting the regulation of cell

proliferation and differentiation by interfering with the ability
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of other sites on DNA to bind receptor complexes such as those of
epidermal growth factor and glucocorticoids (Poland and Knutson

1982) .

The latter two functions may be those by which TCDD affects
tumor promotion. Agents that increase the number of proliferat-
ing cells by increasing cell proliferation rates or decreasing
the number of cells that terminally differentiate could increase
the likelihood of mutational events by tumor initiators or permit
clonal expansion of initiated cells. The mechanism of enhanced
cell proliferation may involve the interaction of a single TCDD-
receptor protein complex with a single site on DNA (such as that
of a regqgulator gene), which would be consistent with a fractional
change in a growth rate function of the form R(x) = l-exp-Vx.
Alternatively, TCDD's action may require the formation of
multiple complexes with roles at multiple sites on DNA, which
would suggest a log-logistic relationship for

R(x) = [l+exp~-(I+S 1n x)]-l.

Studies performed to date evaluating the ability of TCDD to
cause hepatic cell proliferation are inconclusive. Conaway and
Matsumura (1975), for ekample, found an increase in hepatic
nuclear 3H—thymidine activity as compared to controls of 56% or
94%, depending on the method of preparation, ten days after adminis-
tration of a single oral dose of 5 ug/kg TCDD to male Sprague-

Dawley rats. Dickens et al. (1981) saw an increase of 94% in
3

H-thymidine activity associated with hepatic DNA five days after
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a similar dose although the difference was not statistically

significant due to the small number of animals used. These authors

also noted significant increases in liver net weight and relative

liver weight compared to body weight in treated animals. 1In a

similar experiment, however, Christian and Peterson (1983) saw no »
such increases. Further studies are clearly needed to resolve-
the discrepancies along with studies of thé dose~response and

time-course relationships of any increases observed.

In the absence of detailed, reliable data on the dose-
related effects of TCDD on cell growth rates, we shéll assume two

functional forms for R(x):

(1) R(x) = 1l-exp-Vx which would be appropriate if the
proliferation effect was due to the interaction of a single TCDD-
receptor protein complex with a single site on DNA, or

(2) R(x) = [l+exp-(I+S 1n x)]1 *

which would be appropriate

if the interaction of multiple TCDD-protein receptor complexes at 7

multiple sites were required for stimulation of the grbwth rate.

4. RATIONALE FOR THE SELECTION OF THE DATA USED TO DEVELOP <
TUMOR DOSE RESPONSE MODEL : '
A number of decisions regarding the most appropriate study,

tumor end point, time frame, pathological diagnosis, and exposure

parameter must be made in order to obtain the specific data set

that is used to estimate the parameters in the postulated dose

response models. The rationale for those decisions is discussed

in this section.

| | | |
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4,1 Selection of Animal Tumor Data

As discussed in the Health Effects Assessment Document for
Polychlorinated Dibenzo-p-Dioxins (USEPA, 1985), several chronic
animal studies of TCDD have demonstrated enhanced liver tumor
rates. In its extrapolation from animal data to human cancer
risk estimates, EPA used the hepatic tumor rates in female
Sprague-Dawley rats from the Déw 2-year feeding biocassav (Kociba
et al., 1978). These data are discussed in some detail in both
the HAD and in the issue paper on the quantitati&e implication of
the use of different models. Every U.S. and foreign agency
except one (California) has used the DOW study as its pertinent
cancer study for extrapolating to humans., In this report, oniy
the liver response will be modeled. While the female rats in
this study also developed rare tumors of the hard palate/nasal
turbinates as well as infrequent lung tumors, neither of these
tumor types has been shown to be the result of promotion. On the
other hand, TCDD has been shown to be a potent promotor in the

rat liver (Pitot et al., 1980).

In its extrapolation procedure for TCDD, EPA uses the
pathology analysis results of two independent pathologists, Dr.
R. Kociba and Dr. R. Squire. Even though Squire's analysis
included more liver tumors in the control, low- and mid-dose
groups, the estimates of incremental increaée in cancer risk

differed by less than 10%. . This report will use the Squire

pathology analysis of the data. Although the higher background
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rates based on the Squire analysis lead to higher incremental

cancer risks for animals under a promotor model, the human back-

ground rates are substituted when the results are extrapolated to

humans. The final estimates derived for humans should be

similar, therefore, since they depend onlv on differences in >
response between the animal dose groups, which were about the

same according to both pathologists.

In an attempt to adjust for high early non-tumor related
mortality in the high dose group, EPA eliminated'ftom considera-
tion all animals dying prior to the 13th month, when the first
liver tumor was observed. This censored data set also will be

|

: used here. : ' , }

| |
4.2 Selection of Exposure Variable

Rose et al. (1976) apélied a simple first-order (i.e., one
compartment open) model to estimate the steady-state concentfa—
tions of TCDD in the liver of female Sprague-Dawley Spartan rats.
Based upon their analysis, it was concluded that the administered
dose following oral exposure was proportional to the target organ

dose (i.e., steady~state liver dose) in the oral dose range of

o

0.01-1.0 ug/kg/day TCDD; however, actual steadv-state doses were
not measured. Kociba et al. (1978) measured the levels of TCDD
at the end of a two-year carcinogenesis biocassay in five rats
from each exposure group recei&ing 0.001, 0;001 or 0.1 ug/kg/dav.
Levels of 0.54, 5.1, or 24 parts per‘billion, respectively, were

observed. Portier et al. (1984) used these exposure levels to
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fit dose-response models to the tumor data. To extrapolate expo-
sure levels from those received in the bioassay to the lower levels
encountered environmentally, the relationship between administered
and target organ dose was assumed to be linear from 0.01 ug/kg/day
to zero. This approach has several‘problems. The results are
based on small sample sizes with considerable vafiabilitv between
measurements. Potential biases may also héve beenvintroduced by
obtaining observations only at terminal sacrifice and by having
high tumor rates and liver weight increases at the highest dose
level, which distort the levels of TCDD per cell when measured as
proportional to liver weight. As a result of these problems, the
average liver exposure level data will not be used“to.deriQe dose~-
response models. Nevertheless, since the value of the highest dose
used in the bioassay is the only one that would be altered by using
these data, it can be shown that they have virtually no influence
on the estimate that results from the models employed in the
subsequent analysis. Furthermore, the use of administered doses

is consistent with EPA's previous approaches so that direct

comparisons are more meaningful.
5. PARAMETER ESTIMATION

The two models that will be used to predict risk may be

expressed as:

P(x,t) = 1-exp—M{[expG(x)t-l—G(x)t]/G(x)2} (8)
G(x) = G(0)+[G¥D) -G (o) IR(x)
R (x) l-exp-Vx ., | case 1
[1+exp=~(I+S 1n x)] case 2
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The number of parameters to be estimated is 4 (i.e., M, G(o),

G(e9, V) for the negative exponential breneoplastic cell growth
model (case 1), and 5 (i.e., M, G(o), G(), I, S) for the log-
logistic preneoplastic cell growth model (case 2). This section
explains how the parameters were estimated and presents the results

obtained for the most informative dose response relationship.

As discussed in the previous section, the most reliable and
biologically meaningful data set that can be used to obtain a
dose response relationship for TCDD is liver tumors in female
rats surviving one year in the DOW study using the Squire

pathology analysis. This data set is shown in Table 1.

Of the four or five unknown parameters in the modéls, M and
G(o) do not depend on exposure. The parameter M is proportional
to the product of the background cell transition rates and G (o)
is proportional to the preneoplastic cell growth rates. If
time-to-tumor data were available, these parameters could be
estimated from control data. When x=o the exposure-time model

has the form:

I

P(o,t) l-exp[-MG(t) ] (9)

]

where G(t) [exp(G(o)t)—l~G(o)t]/Gz(o).

In the absence of reliable time-to-tumor data, G(o) may be

specified based upon knowledge of cell turnover rates or time-
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dependent tumor occurrence. The approach taken here was to find
a range for G(o) that is consistent with the age-specific tumor
rate increasing from the 3rd to the 5th power of age. This range
was found by Cook et al. (1969) to be consistent with the tumor
registry data for most tumor sites in eleven different popula-
tions. Using the multistage model, the probability of a tumor

occurrence by time t may be expressed as
P(o,t) = 1—exp—Atk where 4£k%6 {(10)

An estimate of A can be obtained by fixing k and and substituting
a background rate estimate at a fixed time in equation (10),

yielding
~1n[1-P(o,t)]1/t" = a (11)

The background rate is obtained from the vehicle control, which

results in an estimate of
P(o,t) = 16/85 = 0.1882

Substituting t=104, P(o,t)=0.1882, and k=4 or 6 into equation

(11) gives the results A=l.78x10-9 when k=4 and A=1.65xlv0m13 when

k=6. To estimate G(o), we transform equation (9) to the form

3

ln%-ln{l—P(o,t)H = ln(M/G(o)2)+ln[expG(o)t-l—G(o)t] (12)
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which for G(o)tz3 is approximated closely by the simple rela- :

tionship

ln%—ln[l-P(o,t)]}= ln(M/G(0)2)+G(o)t (13)

This equation is then equated to numerical values obtained from

equation (10) at t=52,104, which gives two linear equations and i
two unknowns for each k that can be used to solve for ln(M/G(o)Z)
and G(o). These values are used in turn to estimate M. Follow-
ing this approach the values shown in Table 2 were obtained. The
purpose of this manipulation is simply to obtain'a time-to-tumor
relationship for the M-K-V model that corresponds to that which

has been previously observed often in terms of the multistage model.
Taking the range of the parameteré is done in order to investi-
gate the sensitivity of the assumed parameters in the final risk
estimates. The observed tumor data are not used to estimate G (o)

so that a valid goodness-of-fit test can be obtained from the f
four data points, which is an added advantage of the approach. ‘
The remaining two parameters, G(¢©) and V, are obtained by equating

the parametric form of the model to the observed rates at the two %
highest doses and solving the resulting simultaneous non-linear l
equations for two unknowns. This is done for both values of k

but since the resulting models give virtually identical final x
results, only the Vaiues for k=4 are shown in Table 3, along with

the corresponding expected values under the model.

The log-logistic cell growth model is also fitted to the

data. This is done by assuming the slope is equal to 1,2, or 3
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common values in many biological systems and estimating the
intercept corresponding to each assumed slope value. As can be
seen in Tables 1 and 3, values of the parameters that provide the
best log-logistic fit to the data are S=3 and I=14.5. The
results of this analyvsis are displayed in Table 3. The estimates
for G(«0) and I were obtained from the tumor response data using
the same methodology as was done for the negative exponential

model.

In the next section the validity of the fitted models is

tested in a variety of different ways.

6. EVIDENCE FOR THE VALIDITY OF THE OBTAINED DOSE RESPONSE

MODELS

The validity of the dose response models that were obtained
in the previous section can be evaluated‘in‘a number of ways.
Since the models are a subéet of the M-V-K model, which has been
shown to have a remarkable ability to describe a variety of
different carcinogenic phenomena and age-specific cancer rates in
humans, a degree of acceptance for their application to TCDD

should be accorded on purely theoretical grounds.

In addition, thé‘predictions of the model can be evaluated
using (1) the goodness-of-fit of the model to the tumor data from
which it was derived, (2) its consistency with TCDD-induced

proliferation data from separate experiments, (3) its ability to

predict the TCDD-induced tumor responses in other sexes and
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strains of the same species (rats) using adjustments. only for
background tumor rates, (4) its ability to predict the TCDD-
induced tumor rates in another species (mice), making adjustments
for background rates and estimating a separate growth rate para- .
meter for that species, and (5) its consistency with the predic-
tion that the slope of the linear relationship between the log of
the age-specific tumor rate regressed against age will be a

monotonically increasing function of exposure.

In this section, the models are evaluated using the first
four of these criteria. The consistency of the dose-dependent
slope (i.e., criterion (5)) was not attempted due to time and

resource constraints.
6.1 Goodness-of-Fit of Models to DOW Female Rat Data

The goodness-of-fits of the hypothesized models to the data
set from which thev were derived are shown in Table 1. As is
indicated by the X2 values, both models fit the data adequatelvw.
A better fit could have been obtained by letting the background
rate parameter deviate from the observed‘background; however,
considerable attention has been paid to the fact that the low-
dose tumor response is lower than the control tumor response,
which has been suggested to imply that some type of unspecified
compensatory ldw—dose mechanism is operating (see Sielken, 1987).

The goodness-of-fit test for the model fitted using only three

data points has a more specific meaning and greater power than
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using all the exposure levels to obtain parameter estimates. The
null hvpothesis in this case is that the low-dose information is
consistent with our hypothesized tumor dose response model. As
indicated previously, there is no evidence that is inconsistent
with this hypothesis, which is a stronger criterion than a
general goodness-of-fit model. The better fit of the log-
logistic model compared to the negative exponential model should
not be interpreted as suggesting that the former model is more
valid, since both models fit the data adequately. Equivalently,
the slight improvement in fit due to increasing the slope in the

logistic model should not be viewed as strong evidence for a

large slope. We note in Table 3 that the log-logistic model fits

the data adequately for slope values from 1 to 3, even though; as
is indicated by the estimated rat cancer risks, the implications
for low dose extrapolation are very different. To illustrate the
type of results one might obtain with a log-logistic model, we
use the case with a slope of 3 in the final evaluation in addition

to the negative-exponential model.

6.2 Consistency with Cell Growth Rate Data

The form of R(x) (i.e., dose-dependent change in growth
rate) is obtained from theoretical considerations and the shape
of the liver tumor dose-response model. Ideally, the growth
rates of hepatocellular adenomas would be used to estimate the

parameters in R(x). The hepatocellular adenomas induced by TCDD

are thought to be a preneoplastic stage of hepatocellular
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carcinomas. A more practical but less direct alternative would
be to measure the TCDD-induced growth or turnover rates in normal
liver cells in the same species for which TCPDD-induced tumor dose
response information exists. One measure that can be used in
this regard is the H3 thvmidine levels incorporated in liver cell
nuclei after TCDD exposure. As cited by EPA (1985), page 8-20,

3H—thymidine activity at control and a 5

it was shown that the
ug/kg TCDD exposure levels were 29 and 45 cpm/mg liver,
respectively. We assume that the growth rate is proportional to
this index and that the maximum growth rate is obtained at tﬁe

5 ug/kg exposure level. If multiple exposures had been used, it
might have been possible to define the shape of R(x), as is
indicated in Figure 1. However, it is possible to obtain an
estimate of G( ) from the limited data available. The ratio of
the maximum to minimum growth rates (G( )/G(o)) can be estimated
by taking the ratio of the H3 thymidine counts. Multiplying this
ratio (45/29) by the assumed G(0)=0.0533 gives the value G( ) =
(45/29)x%0.0533=0.0827, which compares closely with the value of

0.0817 obtained from the shape of the biocassay curve.
6.3 Consistency of Model With Other Rat Dose-Response Data

Under the assumed M—V;K model, a promoting agent acts on
initiated, preneoplaétic cells to increase their number. As a.
result, the increase in tumor rate should be proportional to the
background number of preneoplastic cells, which in turn is

proportional to the background tumor rate. The background tumor

|



¥
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rate parameter M should be different, therefore, for strains and
sexes that have varying background liver tumor rates. To test
the validity of the derived model, all parameters éxcept M were
assumed to be known and the resulting model was fitted to the NTP
bioassay data for male and female Osborne-Mendel rats. The
results of this analysis are shown in Tables 4 and 5 for female
and male rats respectively. We note that the resulting‘model
gives an adequate fit to both data sets even though the non-
background tumor rates have little weight in the parameter

estimation.
6.4 Consistency of Model With Mice Dose-Response Data

Due to biological differences, we would expect that enzvme .
and receptors levels would vary between species. As a result, in
addition to background levels, a parameter for the exposure-
induced change in the growth rate V would also have to be
estimated when using a different species. For the male mice data
in the NTP study, two parameters (M and V) were estimated and the
other parameters taken from the previous model. For the female
data, only one parameter (M) was estimated while V was obtained
from the male data. The results of this analysis are shown in
Tables 6 and 7 for male and female mice, respectively. We note

that the resulting models also are consistent with the observed

data.
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7. HUMAN DOSE RESPONSE MODEL

In this final section, human age—sﬁecific cancer death rate
data and barameters estimated from the animal bioassays are
combined to obtain a human dose-response model. The rationale -
for this approach is that the background tumor rate parameter is
the critical factor in determining species sensitivity. This
rationale is supported by the results in Table 8, which demon-
strate the consistency of risks among species after adjusting for

background rates.

The human age-specific liver cancer death rates can be used
to obtain estimates of the human parameters M and G(o) under the
assumptions that most liver cancers are fatal and that these
rates represent actual background rates. Under the model, the

age-specific background tumor rates may be expressed as
I(t) =M[exp(G(o)t)=-11/G (o) A (14)

Since we expect G(o)t>3 for most of the observed age range,

taking the natural log of eq. 14 yields
In[I(t)]¢Iln [M/G(0)]+G(o)t (15) *
Values for I(t) are derived from Table 1-25, Section 1, Vol. II,

Part A, of the Vital Statistics of the United States 1980 (U.S.

HHS, 1985) and the 1980 U.S. Census.
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Using these data, a simple linear regression of the form
In{I(t)]=A+Bt vields a correlation coefficient r=0.99 with values
=-15.6870 and B=0.09381(years)“1 (see table 9). M and G(o) are
then estimated by setting the linear regression equation equal to
eq. (15). Since A and B are now known, the intercept A=1n[M/G(o)]

and B=G(o). Fstimates of the parameters are thus

8 and G(0)=.09381 (years)~! (16)

M=B (expA)=1.44x10"

The maximum growth rate G(o9 is assumed to be the same per-
cent change over background as was observed in the DOW female rat
data. Thus, for the human model GE=0.09381x(0.0817/0.,0533)=0.,1438.
Finally, the parameters V and I for humans are obtained from the
DOW female rat study by using the usual surface area correction

(70/0.45)1/3

=5.38. The value of the human parameters so obtained
are shown in Table 10. The resulting mathematical extrapolation

model using these parameters and risks at various low environ-

mental exposure levels are shown in Table 11.




Table 1 - Comparison of Observed and Predicted Liver‘Tumor
Rates in the DOW TCDD Feeding Study Using Female Rats |

i

Number of Number (%) of Animals With Liver Tumors !
Exposure | Animals , ’
ug/Kg/day | Surviving ~ Predicted :
(X) First Year Observed lst order Equilibrium) Log-Logistic S=3
0.0 85 16 (19%) 16.0 (19%) 16.0 (19%) )
0.001 48 8 (16%) 10.8 (23%) 9.4 (20%) '
0.01 48 27 (56%) 27.0 (56%) 27.0 (56%) '
0.1 40 33 (82%) 33.0 (82%) 33.0 (82%) .
x2 0.96 0.16
d.f. 1 |
P value 0.32 - 0.78
Parameters
Symbols Estimates Values Derived From
l1st order| Log-Logistics
G(o) 0.0533 | See text
G (=) 0.0817 -6 Estimated From Data
M 2.3798x 10 Estimated From Data
\') 109.51 Estimated from Data
I 14,50 Estimated from Data
S 3.00 : Assumed

P(x,t) = l-exp-M [expG(X)t-l-G(x)t]/Gz(x) , t=104
G(x) = G(o)+[G(e®) -G(0o) ]R(x) |
R(x) = l-exp-Vx 1st order equilibrium (negative exponential) .
or X
R(x) = [l+exp-(I+Sinx)]~! Log-Logistic

a Goodness~of~fit assuming that TCDD stimulates cell
proliferation using two forms of the promotion model and the
Squire pathology analysis, adiusting for early mortality.

¥,
A
A~el




Table 2 - Parameter Estimates. For The Moolgavkar~Knudson
Model That Simulate Range of Multistage Time
to Tumor Model for Usual Range of Human Data

Assumed Value Resulting Parameter

N of Time Estimates
Parameter G M
. 4 0.0533 2.15x10”°
6 0.0800 3.03x107/

1980 U.S. A g
Vital Statistics " 0.0631 1.44x10
ICD 155.
Liver Cancer
Deaths

a Value adjusted by .0938(years)—1x(70 years/104 weeks)

"




Table 3 - Effects of Varying Slope Parameter in Log-

Logistic Model on Goodness-of-Fit and

Risk Estimates Based on DOW Study

Low=Dose

Parameter

Svmbol . Parameter Estimate

M 2.3798 x 10~°

G (o) 0.0533

G (c0) 0.0817

I 5.29 9.90 14.50

S 1 2 3 P
Augmented
Rat Risk at

-3 -2 -3 -4

x=1x10 6.3x%10 6.6x10 6.6x10 0
x=1x10"4% 6.6x10"°> | 6.6x10"° | 6.6x10"7 0

x? 2.066 0.245 0.155 0.146

p 0.18 0.62 0.72 0.73




Table 4 - Comparison of Observed and Predicted TCDD -Inducead
Liver Tumor Rates In the Osborne-Mendel Female
Rats From the NCI Gavaqe Study.

Exposure ‘ Number of Number (%) of Animals with Liver Tumors

ug/kg/day | Animals '
(X) Exposed. Observed ' Predicted
Historical
Control 970 21 (2.2)
» - 0 .75 5 (6.7) 2.8 (3.7)
‘1 0.0014 49 1 (2.0) 2.4 (4.9)
0.0071 ' 50 3 (6.0) 5.4 (10.8)
0.0714 49 ‘14 (28.6) 13.2 (26.9)
x2 3.99
d.f. 3
P value 0.28

Values of Parameters (see téxt)
Biological : ' ‘ ‘
Symbols Interpretation Estimates - Values drived from

background cell A '
G(o)- growth rate 0.0533 Assumed (A priori)

: maximum cell .
G (0) growth rate 0.0817 Dow Study

incremental rate
change per , ‘ .
\ unit dose 109.51 Dow Study

background . -7 ‘ Estiﬁated From -
M mutation rate 4.3036 x 10 " Data -
*
P(x) = l-exp-M { [expG(x)t-l-G(x)t]/GZ(XL}

G(x)

]

G(o) + [G(e°)-G(o)] [l-exp=-Vx]




Table 5 - Comparison of Observed and Predicted TCDD-Induced
Liver Tumor Rates in Osborne-Mendel Male Rats from

the NCI

Gavage Study.

Exposure Number of Number (%) of Animals With Liver Tumors
ug/kg/day | Animals

(X) Exposed Observed Predicted
Historical

Control 975 9 (0.9)

0 74 0 (0.0) 0.3 ( .4)
0.0014 50 0 (0.0) 0.2 ( .5)
0.0071 50 0 (0.0) 0.6 (1.2)
0.0714 50 3 (6.0) 1.6 (3.2)

2
x~ 2.37
d.f. 3
P value 0.58

Values of Parameters (see text)
Biological v
Symbols Interpretation Estimates Values drived from
background cell
G(o) growth rate 0.0533 ‘Assumed (A priori)
maximum cell
G(°0) | growth rate 0.0817 Dow Study
incremental rate
change per v -
\ unit dose 109.51 Dow . Study
background -8 Estimated
M mutation rate 4.420 x 10 From Data
P(x) = l-exp-M {[expG(x)t-l-G(x)tJ/Gz(x)}
G(x) = G(o) + [G(°°)~-G(o)][l~exp-Vx]

W)




Table

6 -~ Comparison of Observed and Predicted TCDD-Induced
Liver Tumor Rates in B6C3F1l Male Mice from the NCI
Gavage Study. : '

‘|Exposure Number of Number (%) of Animals With Liver Tumors
ug/kg/day | Animals :
(X) Exposed |  Observed _ Predicted
0 73 15 (20.5) 15.00 (20.5)
0.00143 49 12 (24.5) - 10.40 (21.2)
0.00714 49 13 (26.5) 11,77 (24.0)
0.07143 50 27 (54.0) 27.77 (55.5)
x? 0.53
d.f. 2
P value 0.77

Values of Parameters (see text)
Biological , : : o
Symbols Interpretation Estimates Values drived from
background cell : ‘ ‘
G(o) growth rate 0.0533 Assumed (A priori)
maximum cell ‘ .
G(e9) growth rate 0.0817 ‘Dow Study
incremental rate
change per , “ ' Estimated
\i unit dose 13.19 From Data
background ‘ -7 Estimated -
M | mutation rate - 2.6248 x 10 . From Data
P(x) = 1—éxp-M { [expG(x)t-l-G(x)t]/Gz(x)}
G(x) =

G(o) + _ [G(e0)=G(0)][l-exp-Vx]




Table 7 -~ Comparlson of Observed and Predicted TCDD=-Tnduced
Liver Tumor Rates in B6C3F1 Female Mice from the
NCI Gavage Study.

Exposure Number of Number (%) of Animals With Liver Tumors
ug/kg/day | Animals
(X) Exposed Observed v Predicted , ‘ ‘ bl
0 73 3 ( 4.1) 3.7 (5.1)
0.006 50 6 (12.0) 2.9 (5.9) :
0.028 48 6 (12.5) 4.5 ( 9.4)
0.286 47 11 (23.4) 16.0 (34.0)
x2 6.46
d.£f. 3
P value 0.09

Values of Parameters (see text)
Biological
Symbols Interpretation Estimates Values drived from

background cell
G(o) growth rate 0.0533 Assumed (A priori)

maximum cell - .
G(°9) growth rate 0.0817 Dow Study

incremental rate
change per

\'J unit dose 13.19 . NCI-Méle Mice
background | - Estimated
M mutation rate 5.9884 x 10 ‘ From Data
: P(x) = l-exp-M { [expG(x)t—l-G(x)t]/Gz(x)} ‘ v

G(x)

G(o) + [G(°®)~G(0)] [l-exp-Vx]
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TABLE 9

Estimation of Background Human Lifetime Liver Cancer
Rate (M) and Background Human Liver Cell Proliferation
Rates G(o) bv Fitting 1In[I(t)]=A+Bt=1ln(M/G(o))+G(0)t

! 1980 U.sS.
Liver Cancer 1980 U.S. :
Deaths a Population Rates/ -
Age (Mid-point) ICD (155) (thousands) 100,000 ‘
25-29 27.5 : 36 19,518 - 0.1844 w
30-34 32.5 55 17,558 0.3132
35-39 37.5 53 : 13,963 0.3726
f 40-44 42.5 ' 95 11,668 . 0.8142
i 45-49 47.5 173 11,088 1.5602
: 50-54 52.5 289 11,709 2.4682
55-59 57.5 522 11,614 4.4946 :
60~64 62.5 699 10,086 6.9304
: 65-74 70 : 1795 .. 15,578 11.5227
| 75+ 80 1805 o 9,973 18.0970

a All races, both sexes
In I(t)=-15.687+0.098381¢t




Table 10 -

Parameters in Human Dose Response Model

Parameters
* Symbols Estimates Values Derived From
lst order | Log-Logistics
l_t* B
G (o) 0.0938 Human Mortality Data
G( 00) 0.1438 Proportional to DOW Female
Rats
M l.44 x 10-8 Human Mortality Data
v 589.16 Surface Area x DOW Female
I 19.55 DOW Female + 3 x Log
Surface Area
S 3.00 Assumed




a

b

Table 11 - Estimates of Low-Dose Igcgegegtal Risk To Humans
Exposed to 2,3,7,8-TCDD -~ '~’'"'"°

MODEL
g Linegrized
Promotion Multistage (EPA)

Dose Negatived Log~- (Upper Confidence
ng/kg-day Exponential Logistic Limit)

1073 1.7 x 1078 - 1.6 x 1078
1074 1.7 x 1077 - 1.6 x 107°
1073 1.7 x 1078 <10713 1.6 x 1074
1072 1.7 x 107> | s.8x107%% 1.6 x 1073
1071 1.8 x 1074 g.8x10"7 | 1.6 x 1072

1 | 2.4 x 1073 9.3x10"% | 1.6 x 107!

(P(x)-P(0))/(1-P(0))

Based on female Sprague-Dawley rats uéing the Squiré
pathology analysis and adjusting for early mortality

P(x) = 1—exp-1.44x10_8[exp((70)G(x)5 -1 - (70)G(x)]
- ‘ Gz(x) o
t = 70 years

where G(x) = .0938+[.1438-.0938]R(x); Glbo) = (.0817/.0533)(.0938)
= ,1438; and G(o) = .0938

R({x)
R(x)

Cc

l-exp(-109.5(5.38)X) for negative exponential'

[l+exp-(15.40+3 1n 5.38x)]—1

for log=-logistic

The two forms of the two-stage model developed using the
assumption that TCDD is a promoter is compared with the
linearized multistage model extrapolation performed by EPA.

With anima}7§o—human dose equivalence‘correctionfOf'
(70/0.450) =5.38 based on dose/surface area.

P (o) =l-exp-1.44x10~8 [exp (70 (.0938) ~1-70(.0938)] = 1.1498x107°

(.0938) 2
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INTRODUCTION

Since the publication of the,Hea1th.A§sessméﬁt Document (HAD) for Poly-
ch]oriﬁated Dibenzo-p-Dioxins (U.S. EPA, 1985), many new epidemib]ogic studies
have been reported fn the literature dealing with tﬁe risk of:soft tissue
sarcoma (STS) and/or non-Hodgkin's lymphoma in users and'producers of phenoxy-
acétic acid herbicides and chlorophenols. - Furthermore, fhe major pbsitive
studies have come under intense criticism. The earlier HAD document concluded
that there was limited epidemiologic data regarding the carcinogenicity of
polychlorinated dibenzo-p-dioxin-contaminated phenoxyacetic acid herbicides
and/or chlorophenols based mainly on the Swedish case control studies, but the

evidence regarding 2,3,7,8-tetrachloro-dibenzo-p-dioxin (2,3,7,8-TCDD) was

judged inadequate due to the inability of any of the data up to that time to
‘demonstrate that the risk was due to 2,3,7,8-TCbD a]oné and not to oné or more
of the other 74 isomers of po]ych]érinated dibenzo-g;dioxins found in the.
phenoxyacetic acid herbicides and/or ch1oropheno]s or the phenoxyacetfc acid
herbicides or chlorophenols free of 2,3,7;8—TCDDP

This report is a review and brief analysis of the epidemiologic evidence

to date. -
'SOFT TISSUE SARCOMA

~ The main'studies supporting the finding of an excess riék of STSIWere thé
two independent Swedishrcase control studies of Hardell and Sandstrom (1979) and
Eriksson et al. (1979, 198l). These investigators reported statistiéia]1y sig-
nificant (five- tb sevenfold) elevated risks of STS from ocCupétiona] equsure

to phenbxyaéetic acid herbicides and/or chlorophenols either alone or separately,
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some of which are known to’contain 2,3,7,8-TCDD as an 1mburity. Eriksson et

al. further subdivided their cases and controls into two categoriesﬁbased oh
expected presence or absence of 2,3,7,8-TCDD among the phenoxyacetic dcids

after removing from the group those persons that had been exposed to chlorophenol
and then recalculating the risk of STS. The relative risks were 17 in the

group exposed to 2,3,7,8-TCDD-contaminated phenoxyacetic acids [2,4}5-trich1oro—
phenoxyacetic acid (2,4,5-T)] versus 4.2 in the group éxposed to other phenoxy-
acetic acid herbicides [(2,4-dichlorophenoxyacetic acid (2,4-D) énd 4-chloro-
2-methy1-phenoxyacetic acid (MCPA)] not believed to contain 2,3,7,8-TCDD. This
seemed to imply that either 2,4,5-T appears .to be associated with a high risk

of STS or the polychlorinated dibenzo—E;dioxfn contamiﬁants (such as 2,3,7,8-
TCDD) within are contributing to the high risk of STS.

The Swedish studies have been severely criticizedvin the scientific Titer-
ature because of known or alleged methodology flaws and'biases. These criticisms,
which are outlined in a report provided by the Australian Royal Commission (1985)
on the Use and Effects of Chemical Agents on Australian Personnel in Vietnam
include the following: recall bias, unré]iabi]ity of the exposure data,Ainfor—
mation bias, observation bias, absence of a significant risk at any single
specific cancer site, significant confounding factors, and lack of support from
other studies. (Although not specifically mentioned in the repokt, the Eriksson
et al. case-control study is included in thisvcritique by inference.)

Some of the observations of the Australian Royé] Commission have validity.
Recall bias certainly may have been present. Persons who have been diagnosed x
with a health problem hypothesized to be associated with exposure to a given
agent such as a phenoxyacetic acid herbicide are more Tikely to be reminded of

a possible Tink with that herbicide than is someone diagnosed with a different

health problem not hypothesized to be connected with that agent. Hence, they




v'ere more likely to "recall™ that exposure when questioned about it. However,
given the rather exceptionally high risk ratios found by  both investigators in
their separate studies, it does not seem 1ikely that recall bias is the explana-
 tion. At the risk ratios calculated the power exceeds 99% in both the Hardell |

: 'study as we]] as the Eriksson sthdy. Even if the positive responses given by
the authors to the possibility of exposure were incorrect on.33% and were
discarded, these studies would stil1l retain 80% power i.e., confidence that the 
recalculated significant 0dds Ratio " (OR) measures a true assoc1at1on. Recall
bias was d1scussed somewhat in the HAD for po]ych1or1nated dibenzo-p-dioxins
(U.s. EPA,§1985).

| Also,fthere is a lack of ;ubstantiation of quantity of .exposure to the
phenoxyaceéic acid herbicides as well as to the ch]oropheno1§. Hardell described,
in his docﬁora] d1ssertat1on dealing with the same cases as in his case-control
study, wh1ch herbicides and;chloropheno]s his cases and controls were exposed to,
for how 10Ag, and when they were exposed; actual quant1t1es were not provided
although létency was determined. Unfortunately, neither investigator saw a need
to prov1de a d1fferent1a1 analysis by latency or by quant1ty or 1ength of exposure
to the her@itides and/or,ch]orOphenols.~ But, of course, at the time,vthe authors
probably d?d not think such an analysis would be impo?tant. They did not have
the vision;of hindsight. Hardell and Sandstrom (1979) and Eriksson ‘et al.

(1979, 1981) contacted employers to verify exposures reported in responses,to

: questionnaires sent to study members and survivors. ‘The response from employers
regarding use of phenoxyacetic aeid herbicides was, "uncertain and difficult to
evaluate" due to poor record keeping by the employer. Butffor‘ch1oropheno1

there was "good agreement" with the statements given by examined persons.

With respect to the possibility of information bias being present, this

could certainly lead to an enhancement of the risk ratios as persons with STS's
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would more likely assume their disease was connected with exposure to hérbi—
cides because of intense media nub1icity. However, in a rebufta1 to the con-
clusions of the Australian Royal Commission, Hardell reminded the Commissfon
that debate about phenoxyacetic acid herbfcidés had abated with the banning of
2,4,5-T in Sweden in 1977, thus»reducing media coverage (Axelson, 1986). |
Hardell pointed out that the studies were undertaken during the period from
1978 to 1981. | I .
For the purpose of aséessing the possible presence of obsernation bias in
his study, in 1981 Hardell repeated his analysis usinn colon cancer cases but
with the same controls as in the first study. Hardell found no association
between exposure to phenoxyacetic acid herbicides and/or chiorophenols and the
risk of colon cancer. He pointed out tnat this finding fs inconsistent with the "
occurrence of observational bias in the assessment of eXposure (Hardel1, 1981).
The issue of Tack of site specificity with respect to the occurrence of
STS is clearly not an unexpected phenbmenon. Carcinogens are not always site-
specific. There are many exampies of‘mu1tip1e site carcinogensk(l,3-butadiéne,
vinyl chloride, and arsenic to name a few). Funthermdre, thevhuman‘body con--
sists of two main types of tissue, i.e., epithelial and connective. Epithelial
tissue constitutes all the duct glands, skin, the GI tract, neural tube, the
respiratory tract, etc. Malignant tumors originating in these tissues are called
carcinomas. Connective tissue, on the other hand, consiSts of bone, cartilage,
fat, muscle, and subcutaneous tissue. Malignant tumors originating in connec-
tive tissues are called sarcomas. With réspect'to appearance, a carcinoma is a
hard, adhesive mass with a we]]—defined, advancing front. Microscopica]iy, a
carcinoma of one organ is distinguishable from that of another. - In contrast,
sarcomas are soft, jellylike, and fall apart easily. Microscopically, they are

not clearly distinguishable by site. Corresponding to the diverse nature of
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connective tissue throughout the body,gsarcomas could be found anywhére in the
‘body. They have‘poor1y demarcated an&tomic_boundaries in contrast to carcino-
mas, and‘théy contain 1arge quantities of intercellular materials. As such,
they are subject to the same kind of insult as is the intercellular material of :
epithelial tissue. | |
With respect to other significant confounding‘factors in thése studiés,
there appears to be little substantiation of that criticism. Hardell certainly
~controlled for age, sex, place of‘birth, and place of death. He further analyzed
smoking habits and found them not to be different between the cases and controls.
Hardell does state, however, that other pesticides might constituie confounding
factors. The Cémmission's statement rejarding the presence of "other signifi-
- cant confounding factors" is a quantum leap from Hardell's commentary about his
own data. This appears to consist mostly of inuendo rather than substantive
fcriticism.
 The terh STS s a convenient rubric under which all sarcomas arising out
of connective tissue have been classified.  Individual tumor types, i.e.?
rhabdomyosarcoma, fibrosarcoma, liposarcoma, etc., are subtypes that jdentify

a specialized connective tissue tumor. In the Ninth Revision of the International

Classification of Diseases and Causes of Death, STS's are coded mainly to

category 171x; however, under certain circumstances, they are coded to several
other diffuse categories as well. If the STS is not c1a§sified to a spécific ,
site, it is given an ICD code of 171.9. If the STS is coded to a:site of;the
body .other than certafn organ sites, it is sti11 coded to the 171x category.
‘HOWeyer certain STS's of specific organ sites are coded to cancer of that site.
This could serve to reduce observed STS deaths ﬁhat may be due to exposure to

po]yCh]orihated dibenzo-p-dioxin and spread them out over several site-specific

categories. However, since expected deaths based on population death rates in




category 171x would be subject to the same degree:ofvdifferenéé as'obsékved
deaths, one would not expect that the calculations of relative risks would be
affected although the ability to detect such elevated risks as significant
would be reduced. Clearly, e]ectron microscopy or ﬁse of immunohistological
techniques are needed to distinguish a sarcoma at one site from a sarcoma at
another site, but these techniques are rarely uéed. “This difficulty in diagnosié
is compounded by the fact that even collectively STS's ére an eXceeding1y rare
form of cancer in the population. Age-adjusted (1970) étandard 1ncfdence rates
based on category 171x during the peridd from 1973 to 1977 were estimated by
the Surveillance, Epidemiology and End Results (SEER) group of the National
Cancer Institute to be 1.9 per lQ0,000‘in the United States (Young et al.,
1982). The corresponding age-adjusted morta]iyy‘rate for ICD category 171x was
0.9 per 100,000 (Table 1). STS rates generally follow the pattern of other
site-specific cancer rates by age, starting of% Tow in younger age groups (1éss
than 2 per 100,000 in persons under 50) and increasing with age to a maximum of
12.2 per 100,000 in persons aged 85 and o1der; M6rta11ty rates remain under -1
per 100,000 up to age 50 but increase gradually to a high of 7.7 in,peréons age .
85 and older. - | L
Additionally, the literature is replete with studies of carcinogens that
cause rare cancers. These did not require cohfirmation before the scientific
community was convinced of their authenticity (e.g.,‘DES and vaginal clear-cell
adenocarcinoma; vinyl chloride ahd angiosarcoma of the liver and glioblastoma
multiforme of the brain). - | ' a ' ' ' a

Furthermore, although the Ninth Revision of the Intérnationa] Classification

of Diseases and Causes of Death has assigned a speéific category (171x) to this

cause, it is not always certain that the correct diagnosis will be made. This

was ably pointed out by Fingerhut et al. (1984) in a discussion of seven case
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TABLE 1. AVERAGE ANNUAL CRUDE, AGE-SPECIFIC, AND CUWMULATIVE (age 0-74)
INCIDENCE AND MORTALITY RATES FOR MALIGNANT CANCER
INCLUDING in situ CASES BY PRIMARY SITE, ALL RACES, BOTH SEXES, ALL AREAS

(EXCLUDING PUERTO RICO), 1973-1977

Soft tissues (including heart)ad Non-Hodgkin's 1ymphomad

Age group Incidence =  Mortality Incidence Mortality
Crude 1.9 1.0 | 8.9 4.9
’ Ad justed 1.9 0.9 9.0 4.8
2 Cum (0-74) 0.2 0.1 0.8 0.4
<5 .2 1.1 0.6 0.2
5-9 0.4 0.5 0.9 0.4
10-14 ' 0.5 0.2 ' 1.0 0.4
15-19 0.8 0.3 1.0 0.6
20-24 0.9 0.3 1.6 0.5 .
25-29 1.1 0.3 2.3 0.7
30-34 L3 0.8 2.7 1.0
35-39 1.5 0.6 3.6 1.5
40-44 1.5 0.7 6.1 2.2
45-49 1.9 0.7 8.9 4,2
50-54 2.7 1.4 13.6 6.4
55-59 3.5 1.8 18.9 9.9
60-64 4,2 2.0 27.3 13.6
65-69 4.3 2.9 34.8 19.0
. 70-74 7.0 3.5 45.8 27.3
75-79 8.0 4.1 51.3 34.0
- 80-84 9.3 4.7 53. 2 39.5
85+ 12.2 7.7 51.7 40.8

aper 100,000 population

SOURCE: Young et al., 1982,




reports of STS. Two of thé seven were shown to be Ear#inomas; This difficulty |

and the exceptionally rare nature of this tumor creates méihodofogicalhprob1ems

in the assessment of risk. As most trained epidemiologists are aware, the use

of the cohort technique to estimate }iék of rare cancefs is not recommended.

Even the detection of not-so-rare cancer risks requires the generation of thou-

sands of person-years following the completion of a suitable 1atent period. | ©
Hence, cohort ana]yses.of rare cancers are inappropriate vehicles for the
assessment of risk. They lack power and are insensitive.

The issue of latency is of importance here. Several studies have been
published that purport to show no association between exposure to 2,3,7,8-TCDD
and the risk of STS gs‘we11 as to most site-specific cancers. Part of the
explanation for this may be the short period of time that has elapsed betweén
onset of exposure and clinical manifestation of disease, in this case, cancer.
In most nonpositive epidemio]ogic studies, this period has been under 10 years.
This short period of time is probably inadequate to assess the risk of most
site-specific cancers including STS. Few cancers have been shown to have a
latent period under 10 years. Hueper and Conway (1964) suggested a latent
period for the development of sarcomas of between 15 and 30 years. In the
positive epidemiologic studies of Hardell and Sandstrom and Eriksson et al.,
the latent period has been found to range from 9 to 27 years after initial
exposure to the phenoxyacetic acid herbicides and/or ch1§r0pheno1s with a
median time lapse of 20 years. In the Lynge (1985)'study, the lapse of time
from start of employment (exposure) to diagnosis ranged from 14 to 26 years if
one excludes the one STS in that study with a lapsed period of time from‘initia1 »
employment to diagnosis of only 5 years. ‘That is not Tikely to be due to
exposure to 2,3,7,8-TCDD-contaminated chemicals. If one assumes that the

latent period based on these positive studies is between 14 and 27 years, then



it is not likely that an excess risk of STS will appear until at least the 15th
year after initial exposure. This risk should increase until around the 20th
year. Probably 20 years should be considered the latent period for the develop-
ment of STS from exposure to 2,3,7,8-TCDD-contaminated chemicals if one accepts
the hypothesis of a causal relationship which by no means is a certainty.

It is thus remarkable that several cohort studies of individuals exposed
to 2,3,7,8-TCDD-contaminated herbicides and chlorophenols have produced any
STS's. And, of course, the expectation of their appearance is so small that
significance tests cannot be done. The method of choice then is the case-
control technique. However, the case-control technique is also frought with
pitfalls, many of which are apparent in the evaluation of the epfdemio]ogy data
on 2,3,7,8-TCDD. With this technique, controls are matched with actual cases
usually on the basis of known confounders (i.e., age, race, sex) or suspected
confounders (i.e., time of death, length of employment, and so on). Uncontrolled
confounding, known or unknown, can play a significant role in the determination
of a risk, as well as other factors such as Tatency or selection of an appropriate
index of exposure if exposure cannot be directly measured. The net result can
lead the researcher to attribute a significant risk, if found, to the exposure
being measured instead of to a confounder which may be the real culprit.
Second, if an index of exposure is used that does not truly measure the actual
exposure, misclassification will result. This will force the risﬁ estimate
toward the null. Hence, if a true risk is present, it will not be found.
Persons with no actual exposure couid be classified as "exposed" while persons
with actual exposure could be classified as "unexposed." Hence, it is always
better to choose a surrogate that is as close as possible to the target organ
dose. For example, humaﬁ tissue levels of 2,3,7,8-TCDD wou]dlbe a far better

surrogate of exposure than would information that a person was located in or
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near a spot where 2,3,7,8-TCDD was present.

Biases can also increase or reduce the risk calculation depending on their
nature. There is really no way to control completely for some biases, i.e.,
recall bias and, to some extent, even information bias when dealing with ques-
tionnaire data no matter how hard the researcher might try. And these will
always loom as potential problems in any case-control study, no matter how well
conducted and designed it is. On the other hand, some biases could be elimina-
ted by a suitable selection of controls. For example, if cancer controls are
used, the researcher is obligated to eliminate those cancer controls where it
js suspected that the cancer might be associated with the exposure under inves-
tigation. This is definitely within the power of the investigator. Based on
the previous arguments there is no real basis upon which to conclude that the
Hardell and Sandstrom (1979) and Eriksson et al. (1979, 1981) studies are not
good scientific studies of the risk of STS.

Several other studies provided some support to the finding of an excess
risk of STS among individuals exposed to 2,4,6-trichlorophenol (TCP) and/or
2,4,5-T. Zack and Suskind (1980), in a small cohort study, noted that one
worker among 121 workers accidentially exposed to TCP (contaminated with 2,3,7,8-
TCDD) in 1949 developed STS's. A1l 121 were chosen for this study because they
developed chloracne which indicates substantial exposure to 2,3,7,8-TCDD.

No STS's would have been expected.

Lynge (1985), in an incidence study of 3,390 males employed in two factorieg ¥
manufacturing phenoxyacetic acid herbicides, chiefly 2,4-D and MCPA, found a
nonsignificant excess risk of STS in male employees. The author stated that
these results supported the Swedish observation of an increased risk of STS
following exposure to phenoxyacetic acid herbicides "unlikely to be contaminated

with 2,3,7,8-TCDD." However, after a 10-year latency, the excess of STS was

10




¢

significant (4 observed vs. 1,00 expected; p < 0.05) in male employees of the
single factory where 2,4,5-T had been produced and used and where all five

STS's arose. However, the author cautions that because of the limited amount

of 2,4,5-T processed at that factory, eXposure is unlikely -although not impossib]e.

In a study of 2,189 manufacturing employees of a chemical plant that |
produced TCP, 2,4,5-T, and other chlorinated phenols contaminated with hexa-
chlorinated to octachlorinated dioxins, Cook et al. (1986) reported one STS
which was previously found by Fingerhut et al. (1984) in a case review, through
pathology evaluation, not to be an STS. However, in a 1985 letter to the
Carcinogen Assessment Group of the U.S. Environmental Protection Agency,

Cook reported that another member of the cohort was found to be suffering from
a confirmed STS. This case was not reported as an STS because the person died
after the end of the follow-up period. Cook et al. did not estimate how many
deaths should be expected. Latency was not considered although it appears that
a sufficient follow-up had been achieved in which ]aténcy could have been
evaluated for the risk of cancer at other sites. The authors believe that
their data provide little evidence of a cancer risk from exposure to 2,3,7,8-
TCDD especially STS.

In a later update of this same cohort by Ott et al. (1987), the authors
employed a mathematical analytical technique known as a "serially additive
expected dose model" designed by Smith et al. (1980). This statistical device
has several limitations just as does the commonly accepted method of simply
analyzing for latent effects by calculating observed and expected mortality
after a lapse of a sufficient number of years from initial exposure. Despite
the subjective designation of jobs according to an "intensity of exposure"
scale from 0 to 4, which is not based on actual exposure and is subject to

misclassification bias, it still takes 15 to 20 years for the development and
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detection of a malignancy! If few persons in the cohort have achieved that
latent period, no excess cancer risk will be detected no matter what the
"intensity" of exposure. This method also assumes that one year of exposure at
a high intensity scére is equivalent to 10 years of exposure at the next lower
score in its ability to produce cancer. This is not a valid assumption because <
such an equivalency fails to consider that a brief excursion at a very intense
exposure could affect the metabolism diffefent]y from that of a long continuous

: (or discontinuous exposure). This device, although Timited in some respects,
allows for the assessment of latent effects for certain sites. Only total cancer,
stomach cancer and lymphomas were analyzed for latent effects in this manner
due to the "paucity of deaths through 1987." Except for total malignant neo-
plasms, only six stomach cancer deaths and six lymphomas were separately analyzed.
The authors saw no trend of increasing risk of cancer at the few sites examined.
However, it must be kept in mind that with a long latent period required for
the manifestation of cancer, the power to detect a significant risk of cancer
at these two sites must of necessity be small, even for this technique, although

: the authors did not estimate it. Of course, no other cancer sites were analyzed
for latent effects by this method. Of interest is the persistently high signi-
ficant risk of “"other and unspecified" cancer (12 observed vs. 4.6 expected,
C.I. 135-456) for which the authors could offer no explanation. This cohort or
some portion of it wil be included in the National Institute for Occupational
Safety and Health (NIOSH) registry of exposed workers that will be analyzed by
NIOSH in the near future. One question remains, however, and that is, if - *
2,3,7,8-TCDD tissue levels in a substantial portion of these workers are similar
to 2,3,7,8-TCDD tissue levels in the background referent population and always
have been (thus indicating 1ittle evidence of differential exposure), an elevated

risk of cancer would not be expected to occur. It is possible that due to the
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7-year half-life of 2,3,7,8-TCDD (Pirkle et al., 1987), tissﬁe levels that were
elevated in the past from early exposure to 2,3,7,8-TCDD have returned fo |
background levels, but of course, there is no evidence that tissue levels of
2,3,7,8-TCDD in the past were ever elevated (not always the same as they are
today), and thaf possibly no elevation ever occurred even during times when
potential exposure was hypothesized.

Hence, because of this possibility, and the knowledge that the presence of
chloracne at some time in the past more than likely is proof that a substantial
exposure to 2,3,7,8-TCDD occurred, it seems 1ikely that a cohort consisting en-
tirely of chloracne persons having known contact with 2,3,7,8-TCDD in the past
would provide the most ideal cohort for assessing the long-term health effects of
exposure to TCDD! This is not the same as saying that the presence of chloracne
is necessary in order to have exposure. The major problem with current efforts
to determine tissue levels of 2,3,7,8-TCDD is that they don't reveal what the
tissue levels were in the past.

Smith et al. (1984) conducted a case-control study of STS in New Zealand
and found a significantly high risk of STS among railroad workers. Specific
exposure to phenoxyacetic acid could not be identified. Tannery and meat
workers were also found to be at a significantly high risk of STS. In those
jobs among meat wokkers wﬁere pelts are treated with chemicals such as TCP
(2,4,6-trichlorophenol) that contain 2,3,7,8-TCDD, the risk ratio increases but
is margina]]y significant because of small numbers. Although Smith et al. found
excess nonsfgnificant risks in applicators and users who were exposed to only
phenoxyacetic acid herbicides and/or chlorophenols, their personal exposure
information is not substantiated, similar to the Swedish studies. In a later
update of this study (Smith and Pearce, 1986), which included more cases and

controls that had been diagnosed, the excess was reduced to the null. The
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authors have been criticized by Axelson (1986) for failing to exclude from the
referent group cancers that may be related to the exposure in question (i.e.,
lymphomas), thus potentially underestimating the true risk. Smith et al.
concluded that at the Tevels of exposure experienced by individuals in contact
with ground spraying, it is unlikely that 2,3,7,8-TCDD could cause STS.

Other studies that are consistent or are not inconsistent with the finding
of an elevated risk of STS among persons potentially exposed to polychlorinated "
dibenzo-p-dioxin-contaminated herbicides and/or chlorophenols are Balarajan and
Acheson (1984), Cantor (1982), Milham (1982), Kogan and Clapp (1985), Michigan
Department of Public Health (1983a, b), Fett et al. (1984), and most recently,
Puntoni et al. (1986), Merlo and Putoni (1986), Woods et‘al.'(1987), and Kang
et al. (1987). However, in many but not all of these studies, definite evidence |
of exposure to 2,3,7,8-TCDD is not established. Furthermore, the risk estimates
are based upon generally small numbers as one might expect.

In a case-control study based on data provided by the National Cancer
Register of England and Wales, Balarajan and Acheson (1984) found a significant
risk of STS among farmers, farm managers, and market gardeners, but not among
agricultural workers, gardeners, and groundsmen. The authors hypothesize exposure
to 2,3,7,8-TCDD-containing herbicides in high risk occupational groups as a
possible cause, although actual evidence of exposure is not provided.

Cantor (1982), in a case-control study, noted a significant risk of reti-
culum cell sarcoma among farmers under age 65 in Wisconsin in counties that *
were high in summary measures of General Agricultural Activity based on county-
wide measures of farm-related exposures. However, occupations had been clas-
sified based on what was recorded on the death certificates. O0ften, the infor-
mation is absent, however, or if an occupation is mentioned, it is frequently

the Tast job held or the job of longest duration or simply the word "retired"
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will appear. Such information must be considered unreliable at best and could
lead to misclassification. Furthermore, the use of 2,3,7,8-TCDD-containing
chemicals is only suggested by the authors. . 7

Milham (1982), in a proportionate mortality rate (PMR) study, noted a
significantly high risk of STS among farmers in Washington State. The author
states that exposure would most probably have been to phenoxyacetic acid herbi-
cides (chiefly 2,4-D) and chlorophenols. There are two major problems with
this study: (1) no actual evidence of exposure is provided, and (2) the source
of death information is not given. Additionally, PMR studies are inherently
inferior to cohort and case-control designs.

Kogan and Clapp (1985), in a second PMR study, found a sfgnificant1y high
rate of connective tissue cancer (STS) among Vietnam veterans in Massachusetts
as opposed to non-Vietnam veterans in Massachusetts. Again, service in Vietnam
appears to be the surrogate of exposure and as such may bear no relationship to
actual exposure to 2,3,7,8-TCDD-containing chemicals. 1t is entirely possible
that many Vietnam veterans in Massachusetts were never exposed to large quanti-
ties of 2,3,7,8-TCDD-containing chemicals, while there is no reason to think that
some non-Vietnam Massachusetts veterans may have been exposed to 2,3,7,8-TCDD-
containipg chemicals in other settings such as occupational.

The Michigan Department of Public Health (1983a, b) found significantly
high death rates among females of Midiand County, Michigan, compared to the
national average for the period 1960 through 1978. In contrast, STS death
rates for males of Midland County were not elevated during the same period.

The Dow Chemical Company produced phenoxyacetic acid herbicides and/or chloro-
phenols in this county. Since this is an ecological study, it will of necessity
include in both the numerator and denominator individuals who may or may not

have received exposure to 2,3,7,8-TCDD or polychlorinated dibenzo-p-dioxin-
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contaminated chemicals. Cook and Cartmill (1984), in a discussion of the soft

tissue sarcoma issue, maintained that the Michigan Department of Public Health

found no commonalities among the women that would suggest any single agent

fnc]uding exposure to 2,3,7,8-TCDD-contaminated chemicals as the cause except

that several of the women moved to Midland County with pre-existing diseases.

Whether the diseases they brought with them had anything to do with STS was not »
established. The authors also suggested that several women may have been
incorrectly classified to ICD catégory 171x since the site of the cancer was
not specifically mentioned. However, there is no reason to suspect that the
Michigan Department of Public Health coded their death certificates any dif-
ferently than did the National Center for Health Statistics, the U.S. agency
responsible for generating U.S. and state vital statistics. These death rates
provide the basis for calculating the expeCted‘deaths in that study.

A study of Vietnam veterans in Australia (Fett et al., 1984) eSsentia]]y
reported nonpositive findings, but the veterans also exhibited an excess of STS,
albeit small (i.e., 2 observed vs. 0.64 expected). In the comparison group of
non-Vietnam veterans no STS's were observed versus 0.84 expected. This study
again used "service in Vietnam" as a surrogate for exposure to Agent Orange.

No actual proof of exposure is provided, and one would expect many if not most
of the Vietnam veterans to have had little exposure to Agent Orange.

A recent study (Puntoni et al., 1986; Merlo and Puntoni, 1986) reports a
high incidence of STS in residents of the region around Seveso, Italy, where an
industrial explosion at a factory that produced 2,3,7,8-TCDD-contaminated
2,4,5-T occurred on July 10, 1976. Few specifics are available regarding this
study, but it is apparent that the rate of STS's was higher in residents of the

Seveso region as contrasted with those in the Varese region (2 per 100,000) and

tended to increase with time (i.e., 4.35 in 1981) when so-called "polluted"

16




*

areas are lumped with "non-polluted" areas. The authors suggested thét these
two areas be combined since chioracne rates calculated for each area separately
were inconsistent with the defined soil levels of 2,3,7,8-TCDD in each area,
the surrogate measure used for defining a "polluted" area as contrasted with a
"non-polluted" area. Misclassification of exposure was suggested by the authors
as the explanation for the lack of a positivé correlation with the incidence of
STS in so-called "polluted" areas. Hardell and Eriksson (1986) suggested that
exposure to the chemicals produced by this factory prior to the accident
accounted for the high rates before, during, and after the accident in the
Seveso region since latent factors argue against the accident being the cause
of the excess.

The remaining nonpositive studies are even less Eemarkab]e than those
already mentioned, Thiess et al. (1982) examined a cohort of 74 employees of
the Badische Anilin und Soda Fabrik (BASF) who were accidentally exposed to
trichlorophenol in 1953, 66 of whom suffered chloracne; after a lengthy follow-
up, no STS's appeared. However, the study has little power to detect a sig-
nificant risk of cancer.

Axelson et al, (1980) studied 348 railroad workers who sprayed 2,4-D and
2,4,5-T herbicides from 1957 to 1972 and found no STS. Again, this study has
limited power to detect a risk of STS as well as little evidence to substantiate
exposure.

Riihimaki et al. (1982) studied 1,926 Finnish applicators of 2,4-D and
2,4,5-T from 1955 to 1971 and found no STS's (0 observed vs. 0.1 expected).
However, the authors suggested major difficulties with their paper as follows
“. . . an observation period under 10 years, the presence of selection bias,

and Tow or Tittle exposure." They conclude that it "cannot be regarded as a

negative study."” This study also suffers from survivorship bias.
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Wiklund and Holm (1986) recent]y.studied a massive cohort of 354,620
Swedish men who were recorded as having an agriculture or forestry job according
to the census of 1960 versus 1,725,845 Swedish men in all other industries.
The primary exﬁosure in those jobs was postulated to be MCPA; 2,4-D and 2,4,5-T
were also used to a lesser extent. The authors found that the relative risk of
STS was only 0.9. This study has severa1‘ﬁrob1ems£ (1) a lack of individualized
exposure data; (2) only 15% of Swedish agricultural and forestry workers were

estimated to be exposed to phenoxyaceticvacids and 2% to chlorophenols; (3)
Swedish agricultural workers are known to have a decreased cancer risk and use

health services less frequently; (4) classifying workers according to a l-year .

employment status presents the possibility of misclassification; and (5) the
crude rate of STS in agricultural and forestry workers based on data in the
study is 5.45 per 100,000 person-years, and in the remaining workers it is 5.00
per 100,000 person-years. Both rates are high compared to rates from other
nations (1 to 3 per 100,000 person-years).

The authors of the previous study, Wiklund et al. (1987), recently evaluated
the relative risks of Hodgkin's disease and non-Hodgkin's 1ymphoma in a cohort
of 20,245 Swedish pesticide applicators who were licensed anytime between 1965
and 1976. The authors estimate that 72% had had an opportunity for contact
with phenoxyacetic acid herbicides (chiefiy MCPA, mecoprop, and dichloprop, and
to a lesser extent, 2,4,5-T and 2,4-D). This estimate was based on responses
to a questionnaire that had been mailed to a random sample of 273 persons in | *
the cohort. No actual measurements of exposure were taken. Overall, based on
a rather short follow-up averaging 12.2 years, no significant excess risk of
either disease was found. However, the authors noted a trend of increasing
risks for both diseases with lapsed time since licensing. Further follow-up of

this cohort is needed since presumably the latent period for 1ymphoma is in
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excess of the observation period of this-study.

Another nonpositive study (Lathrop et al., 1984a, b; Woife et al., 1984,
1985) of a-group of young Air Force officers and skilled and unskilled enlisted
men (called Ranch Handers) who presumably were involved with the aerial spraying
of herbicides containing 2,3,7,8-TCDD revealed no excessive cancer risk. How-
ever, only 6 of 1,256 Ranch Handers actually developed cancer in the short
period of time they were followed. Although this study offers little evidence
to substantiate exposure to Agent Orange by itself, recently Pirkle et al.
(1987) reported that some 75 Ranch Handers (6% of the total) had reported a
range of exposure to 2,3,7,8-TCDD (from 16 to 423 ppt) based on adipose tissue
samples collected by the Centers for Disease Control (CDC) and the Air Force.
Furthermore, the study suffers from a lack of power and short latency.

Another nonpositive study by Greenwald et al. (1984) of 281 STS cases from
the New York State Cancer Registry matched with 281 referents taken from New
York driver's license files and 130 from New York death ceftificate files
exhibited only a nonsignificant excess cancer risk for workers in chemical
manufacturing and highway construction. Based on questionnaire responses, the
risk from exposure to 2,3,7,8-TCDD—contaminated Agent Orange was only 0.7 while
that of herbicide and/or pesticide use was 1.0. The risk for farming was 0.79.
Two major problems are evident in this study. First, "service in Vietnam" was
- used as a surrogate for exposure to Agent Orange. This potentially can lead
to a problem similar to that of other studies where exposure to Agent Orange
could not be substantiated, and secondly, those who did not serve in Vietnam
could have received exposure to 2,3,7,8-TCDD through other means. Furthermore,
the average time lapse from Vietnam service to a diagnosis of STS in this study
was only 11 years, a short latent period. Many additional years of observation

must be added before the latency question can be put to rest.
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Kang et al. (1986) group-matched 234 Vietnam-era veterans who were STS

patients and had served in the U.S. military between 1964 and 1975 with 13,496
‘patienfs sytematically sampled from the same Vietnam-era patient population
without a diagnosis of STS. Service in Vietnam (a surrogate for exposure) did
not appear to be associated with STS. However, the authors reported that more
than 1ikely most patients (and controls) had not achieved a follow-up time
sufficient for latent effects to become manifest. Furthermore, actual exposure
as evidenced by in vivo measurements of 2,3,7,8-TCDD were not available or, as
the authors pointed out, Vietnam veterans may have been exposed to such small
amounts that standard epidemiologic designs could not detect an excess risk.

In a second case-control study, Kang et al., (1987) selected 217 STS
patients from the Armed Forces Institute of'Pathology and matched them to 599
matched controls for service in Vietnam, exposure to chemicals, medical history,
and 1ife style. Military service was verified by the patients' military per-
sonnel records. Vietnam veterans, in general, did not exhibit increased risks
of STS. However, the éuthors found that the risk of STS increased in veterans
with combat experience versus those without (OR = 2.57, nonsignificant) and
increased even more for those same combat veterans who were assignedvto the
region where most spraying of Agent Orange took place (OR = 8.64, nonsignificant).
The authors noted that their study had "very low power" to detect enhanced
risks in subgroups of veterans who had greater opportunities for exposure to
Agent Orange. The authors concluded that a possiblity exists that certain
subgroups of Vietnam veterans may be subject to "modestly increased risks of
STS" from exposure to Agent Orange, but it can neither be confirmed nor ruled
out.

Karon et al. (1987, unpublished), at a recent meeting on dioxin, reported

only one army veteran with a current serum 2,3,7,8-TCDD level in excess of
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20 ppt out of some 775 veterans who participated in the study. About 675 of

these served as ground combat troops in Vietnam and included some of the

troops who presumably had had a high likelihood of exposure to Agent Orange.

These levels today are not different from those found in background populations

of industrialized nations. At first glance this seems to argue that veterans

in Vietnam may not have been heavily exposed to Agent Orange, and hence findings

based on the surrogate experience in Vietnam may not be relevant. Such may

not be the case since actual time served in Vietnam occurred a considerable num-

ber of years ago. Elevated serum 2,3,7,8-TCDD levels brought on by massive

exposure to Agent Orange at that time may have dissipated and returned to

background levels during the period following removal of troops from Vietnam.
The Hoar et al. (1986) study is not contradictory to the hypothesis that

2,3,7,8-TCDD 1is the contaminant responsible for the development of STS. The

authors found that 2,4-D, which does not contain 2,3,7,8-TCDD, was identified

by most members of the cohort as being the herbicide to which they were

exposed. Again, the results of this study are based on questionnaire data and

may suffer from recall bias. This study supports only the hypothesis that the

herbicide 2,4-D appears not to be a credible candidate for the carcinogenic

agent responsible for STS.

NON-HODGKIN'S LYMPHOMA

Hardell et al. (1981), in a case-control study of lymphomas in Swedish
workers, found a statistically significant risk of lymphoma in agricultural,
forestry, and woodworking employees from exposure to phenoxyacetic acid herbi-
cides and/or chlorophenols. Risk ratios ranged from 4.3 to 6.0 for both classes

of compounds together as well as separately. However, exposure to organic

—
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solvents such as benzene, trichloroethylene, and styrene was also found to be a
risk factor. Unfortunately, the data were based on answers derived from adminis-
tered questionnaires, and the exact extent of exposure to 2,3,7,8-TCDD is
difficult to determine. As such, this study is subject to some recall bias and
confounding, but the risk ratios are sufficiently high that problems with the
study probably could not account for them entirely. This is another one of the
Swedish studies that had been severely criticized for alleged biases, confound-
ing, and distortions. The discussion following the Hardell and Sandstrom
(1979) and Eriksson et al. (1979, 1981) studies regarding those criticisms
pertains to this study as well.

Hoar et al. (1986), in a similar study, found significantly high rates of
non-Hodgkin's lymphoma (NHL) in farmers in Kansas who use herbicides, particu-
larly 2,4-D and triazines. Few respondents could remember exposure to 2,4,5-T
which contains 2,3,7,8-TCDD. 2,4-D is not believed to contain 2,3,7,8-TCDD but
does contain other polychlorinated dibenzo-p-dioxin impurities. The risk was
found to increase with increasing frequency and duration of herbicide usage.
Although "herbicide usage" could mean any of the herbicides identified by Hoar,
she wrote that this is "essentially synonymous" with use of 2,4-D. The next
most used herbicides (i.e., triazines and uracils) are nonsignificant when
exposures to phenoxyacetic acids are controlled for. However, this study has
probiems similar to the Hardell et al. (1981) study in that there is a lack
of substantiation of exposure, and the information is based on questionnaire *
responses that are subject to some recall bias. Moreover, there is a statisti-
cally significant risk associated with the use of other herbicides as well,

i.e., triazines, amides, and trifluralin.

A population-based case-control study of the relationship of occupational

exposure to the risk of STS and NHL was recently completed by Woods et al.
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(1987). A total of 128 STS cases and 576 NHL cases diagnosed between 1981 and
1984 were matched with 694 randomly se]ecte& controls without cancer. The
authors reported no overall increased risk of either disease from past
occupational exposure to phenoxy herbicides or chlorophenols based on personal
interviews. However, significant elevated risks of NHL were observed in certain
subgroups thought to have somewhat heavier exposure to herbicides, i.e., farmers
(OR = 1.33, CI 1.03-1.7), forestry herbicide applicators (OR = 4.8, CI 1.2-19.4),
and persons potentially exposed to phenoxy herbicides for 15 or more years
during the period 15 years prior to cancer diagnosis (OR = 1.71, CI 1.06-1.7).
Of interest in this study is the finding that presence of chloracne is associated
with a high (borderline significance, p < 0.075) risk of STS and less so to a
risk of NHL. In so far as the information on exposure, based on questionnaire
data, is sémewhat suspect because actual confirmation was not obtained (i.e.,
adipose tissue specimens with confirmed presence of 2,3,7,8-TCDD), the presence
of chloracne in conjunction with known contact with chemicals containing 2,3,7,8~
TCDD could have meant a massive exposure to 2,3,7,8-TCDD above and beyond
background levels. The chloracne was not clinically confirmed. Because the
use of questionnaires to elicit past-history of exposure to specific phenoxy
herbicides and/or chlorophenols has a potential for misclassification among
cases and controls (because of memory problems and lack of confirmation of
exposure), this study seems to have reported paradoxically conflicting results.
Buesching and Wollstadt (1984), in a case-control study, found that white
male farmers of Winnebago County, I1linois, had a statistically significant
risk of 2.65 for NHL as contrasted with 311 white males of that county. Although
the author presents no evidence of exposure to any particular herbicide or
chlorophenol, he suggested that phenoxyacetic acid herbicides were probably

used. Of major concern in this study is the use of occupation as coded on the
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death certificates to classify the deceased By exposure. As mentioned pre-
viously, use of such information may Tead to misclassification.

Cantor (1982), in a case-control study of NHL, found a significantly high
risk of NHL among farmers under age 65 in counties of Wisconsin known to be
high in insecticide and herbicide use, and having small grain acreage, wheat
acreage, and dairy sales. The risk of reticulum cell sarcoma is higher at 3.2
among younger farmers in these same counties. For small grain acreage and
acres treated with insecticides, the risk is 6.6, and for wheat acreage, it is
4.4; all are significant. Unfortunately, information on exposure was derived
based on occupations listed on death certificates similar to that of Buesching
and Wollstadt (1984) and as such cannot be considered reliable. The potential
for misclassification of exposure among the cases and controls is great.
Additionally, no particular herbicide, insecticide, or pesticide was mentioned.
They were only surmised to be in use by‘the author.

Burmeister et al. (1983), in another case-control study of NHL in Iowa
farmers, found a statistically significantly high risk of NHL associated with
farming. It was found to be elevated in those born before 1901 and was associ-
ated with jobs involving egg-laying chickens, solid milk products, hog produc-
tion, and herbicide use. This study, which also depended on occupation as
recorded on death certificates for exposure, may be very unreliable, and it is
Tikely that misclassification could have resulted. The authors suggested that
herbicides and/or insecticides, such as those mentioned in the Hardell and
Sandstrom (1979) study, may be carcinogenic.

Milham (1982), in a proportionate mortality ratio study of deceased workers
in the agriculture, forestry, and wood products industries of Washington State,
noted a significant excess of Hodgkin's'disease and a high but nonsignificant
risk of NHL in paper and pulp mill workers. Again, there is no evidence of

—
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actual exposure to phenoxyacetic acid herbicides and/or chlorophenols cited by
the authors. Furtherﬁore, the proportionate mortality design is- inherently
inferior to the cohort or case-control study design because the former forces
interdependence of the risk estimates.

Cook et al. (1986), in a cohort study of 2,189 manufacturing employees of
a chemical plant that produced TCP, 2,4,5-T, and other chlorinated phenols
found a nonsignificant increased risk of NHL (5 observed deaths versus 2.1
exposed). However, the authors reported that these results do not support a
causal association between chronic disease and exposure to the chemicals in
question. The problems with this study involve lack of evidence of exposure
to most members of the cohort (only 15% had chloracne), and no effort was made
to assess latent effects.

O0tt et al. (1987) updated the Cook et al. (1986) study by using a
statistical technique known as a "serially additive expected dose model" that
assesses latent effects. Based on six lymphomas, no latent trend was found.
The problems with this design were discussed previously.

Other studies, such as those of Lynge (1985), Zack and Suskind (1980),
Thiess et al. (1982), Axelson et al. (1980), Riihimaki et al. (1982), Lathrop
et al. (1984a, b), Wolfe et al. (1984), Fett et al. (1984), and Kogan and Clapp
(1985), did not find an excess risk of NHL in individuals who were potentially
exposed to 2,3,7,8-TCDD-contaminated chemicals. A1l of these studies have
methodological flaws that make it unlikely that they could detect a significant
risk if one were present. The Lynge (1985) study noted only a slight excess of
lymphomas in males after a lapse of 10 years from initial exposure; however,
sensitivity was somewhat reduced. The Zack and Suskind (1980), Thiess et al.
(1982), and Axelson et al. (1980) studies were exceptionally small studies and

hence lacked sensitivity because of their size despite a lengthy follow-up.
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The Rijhimaki et al. (1982) study, although seemingly large, had many methodo-
logical deficiencies as described in the section under soft tissue sarcomas

that precluded detection of a risk of NHL. The study by Lathrop et al. (1984a,
b) and Wolfe et al. (1984) of Ranch Handers also lacked sufficient statistical
power to detect a risk as being significant. Furthermore, there was a lack of
evidence of substantiation of differential exposure to Agent Orange in this
study, a short latent period in which to expect the development of NHL, and a | *
Tack of sensitivity for the detection of NHL. The Australian Veterans Health
Studies (Fett et al., 1984) are much 1ike the Ranch Handers studies in that they
Tack sensitivity, provide 1ittle evidence of differential exposure, and have a
short latent period. Kogan and Clapp (1985) did not evaluate NHL in their

study of Massachusetts veterans. This study also had several Timitations which

were discussed in the section on soft tissue sarcomas.
STOMACH CANCER

Two small cohort studies by Thiess et al. (1982) and Axelson et al. (1980)
reported statistically significant excesses of stomach cancer (albeit three
cases in each study), while a third smaller study (121 persons) by Zack and
Suskind (1980) reported no excess risk of stomach cancer. This exceptionally
small cohort lacks sufficient power. Only 0.5 stomach cancer deaths would have
been expected to have occurred by the end of the cut-offvdate in that study. &
Lynge (1985) reported a nonsignificant excess risk of stomach cancer in chemical
workers in Denmark. Cook et al. (1986) noted a slightly elevated risk of stomach
cancer in his cohort which was also nonsignificant. Cook et al., however, did
not analyze their data for latent effects. The Riihimaki et al. (1983) cohort

study is another nonpositive study with large deficits of mortality. This
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study suffers from major problems not the least of which is a survivorship
phenomenon. The members of this cohort had;po live long enough fo be inciuded
in the cohort. In the Wolfe et al. (1984) and Lathrop et al. (1984a, b) study
of Ranch Handers, no excesses of any cancer of any kind were found. Again,
this mortality study of mostly young men produced only six cancer deaths to
date, and has several problems as mentioned previously. Burmeister et al.
(1983), in a case-control study, noted a significant risk of stomach cancer in
individuals who had jobs in "milk products, cattle production, and/or jobs
involving high yields of corn per acre." The authors suggested as a cause
possible exposure to herbicides and/or insecticides such as those reported in
the Hardell and Sandstrom (1979) study. However, occupation as recorded on
death certificates was the éurrogate used by the authors for exposure, and as

such is a very unreliable vehicle for the determination of exposure.

ALL OTHER CANCERS

Other cancer sites have been found to be significantly elevated among
persons or groups potentially exposed to 2,3,7,8-TCDD-contaminated chemicals.
Ruesching and Wollstadt (1984) and Burmeister et al. (1983) reported significant
elevated risks of prostate cancer in farmers in Winnebago County, IT1linois, and
agricultural workers in Iowa, respectively. Both used death certificate desig-
nation of occupation as their surrogate for exposure. As was pointed out
earlier, occupation as recorded on death certificates is very unreliable. No
substantiation of exposure to any herbicides or pesticides was done,

Milham (1982) .found a significant excess of Hodgkin's disease in persons-
employed in the agriculture, forestry, and wood products industry of Washington

State. His source of data was not revealed. However, there is again no evidence
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actual exposure to 2,3,7,8-TCDD~containing phenoxyacetic acid herbicides and/or
chlorophenols in this proportionate mortality study. ‘

Kogan and Clapp (1985), in his proportionate mortality study of Vietnam
veterans versus non-Vietnam veterans in Massachusetts, found a significant
excess of kidney cancer. Again, no evidence of actual exposure to Agent Orange
was given. This study and its methodological flaws were discussed previously.
In short, service in Vietnam is the surrogate for exposure.

Finally, Cook et al. (1986) found a statistically significant excess of
other and unspecified cancers in his study of employees of a chemical plant
that produced TCP, 2,4,5-T, and other chlorinated phenols. Again, the flaws

in this design were discussed previously.
SUMMARY AND CONCLUSIONS

The evidence that persons who are exposed to phenoxyacetic acid herbicides
and/or chlorophenols are subject to an elevated risk of STS's i§ based primarily
on two independent case-control studies by Hardell and Sandstrom (1979) and
Eriksson et al. (1979, 1981), ‘The problems with these studies, as outlined in
the section on STS, are not sufficient to explain the highly significant risks
of STS found in workers exposed to these chemicals. Power éonsiderations alone
indicate that as many as 1/3 of the positive responses in the cases could be
reversed without a major loss of power in both studies. Additionally, Eriksson's
data further suggest that the risk is greater from exposure to 2,3,7,8-TCDD-
contaminated herbicides such as 2,4,5-T rather than from those herbicides free
of 2,3,7,8-TCDD contamination. Several additional studies tended to support or
were consistent with the Hardell and Sandstrom (1979) and Eriksson et al.

(1979, 1981) findings of an excess risk of STS in certain subgroups of the study
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groups thought to be more highly exposed to 2,3,7,8-TCDD-contaminated chemicals
(Zack and Suskind, 1980; Lynge, 1985; Balarajan and Acheson, 1984; Cantor,
1982; Milham, 1982; Kogan and Clapp, 1983; the Michigan Department of Public
Health, 1983a, b; Puntoni et al., 1986; Merlo and Puntoni, 1986; Wood et al.,
1987; and Kang et al., 1987). However, except for the Zack and Suskind study,
where broof of substantial exposure to 2,3,7,8-TCDD-contaminated trichlorophenol
is evident by the occurrence of chloracne in all subjects, differential exposure
to 2,3,7,8-TCDD, sufficient to produce a detectable change in risk estimates,
can only be assumed to have occurred where proof of exposure is available. 1In
addition, authors of several studies have maintained that their own resuits do
not support the results of the Swedish studies. However, many of these studies
exhibit small nonsignificant risks of STS when it could be measured. For
example, the Cook et al. (1986) study produced one STS where none were expected,
while the Smith et al. (1984) study produced a significant risk of STS in
workers involved in treating pelts with chlorophenols. Even the Fett et al.
(1984) study of Australian Vietnam veterans produced two STS's where only 0.67
were expected. On the other hand, in studies where no risk of STS was found,
such as Thiess et al. (1982) and Axelson et al. (1980), the cohorts are exception-
ally small, and one would not expect to see any of the exceedingly rare STS's
even:though manyvyears have passed. Even the defective study of Riihimaki et
‘a1. k1982) anticipated only 0.1 STS. Wolfe and Lathrop’'s Ranch Handers exhibited
i little cancer mortality, and never achieved a latent period long enough to
detect any STS's. Wiklund and Holm (1986), on the other hand, in their massive
study of STS in Swedeﬁ, although nonpositive, provided enough data to calculate
crude STS rates that appear unusually high compared to that of other countries.
Woods et al. (1987) found a borderline significant risk of chloracne although

clinically unconfirmed with risk of STS. Kang et al. (1987) found a high risk
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of STS in Vietnam veterans most likely to have been exposed to AgentvOrdngé;.
although power was very low. Greenwald et al. (1984) used "service in‘Vieinam“
as a surrogate for exposure. Only five of his nine "exposed" Vietnam sekvicé
cases actually thought they were exposed to Agent Orange, while four “"non-Yietnam
service" controls claimed exposure to.phenoxyacetic acid herbicides in occupational
settings. The Hoar et al. (1986) study seems to imply only that 2,4-D and
triazines could be ruled out as a cause of STS, since 2,3,7,8-TCDD-contaminated ‘ g
2,4,5-T was believed not be present. Hence, this study does not really contradict
the Swedish studies because 2,4,5-T was not considered. Most of these studies
suffer from one or more methodological flaws that preclude any conclusion that
they are nonsupportive of a finding of a risk of STS.

The net result is that basically the Swedish studies of Hardeil and
Sandstrom and Eriksson et al. provide the best evidence of a causal relationship
from exposure to the phenoxyacetic acid herbicides and/or chlorophenols. There
is some additional support from some small cohort studies and a few poorly and
not so poorly designed case-control and proportionate mortality studies. However,
these two Swedish case-control studies, contrary to the criticism leveled at
them, appear to have been constructed and executed along classic lines as
outlined in any good epidemiology course on methodology. The authors appear to
have been concerned about possible bias, confounders, and other problems in
their analyses as well as their critics. Hardell and Sandstrom re-examined their
data by using colon cancer cases and matching them with the same controls in k
order to assess the effect of certain biases with which they were concerned.
Under any other circumstances these studies would be considered reasonably good
studies minus certain analyses relating to doﬁe response that probably were not
envisioned at the time by the authors. Largely on the basis of these Swedish

studies, the International Agency for Research on Cancer decided to reclassify

30

R R R RRRERRRRRR



the phenoxyacetic acid herbicides and/or chlorophenols in 1986 as probable
human carcinogens based on limited evidence of their carcinogenicity in humans.

Although the epidemiologic data appear to provide limited evidence that
exposure to phenoxyacetic acid herbicides and/or chlorophenols is causally
related to the risks of STS, none of these studies could be said to incriminate
2,3,7,8-TCDD directly as the agent solely responsible for the excess of STS's.
The question remains that the risk of STS may be in part due to the presence of
other polychlorinated dibenzo-p-dioxin contaminants as well or even to the
phenoxyacetic acid herbicides and/or chlorophenols themselves, or perhaps some
unknown confounder not heretofore discovered. Hence, based on the epidemiologic
data, the evidence still must be considered inadequate but suggestive that
2,3,7,8-TCDD is carcinogenic to humans.

With respect to non-Hodgkin's lymphoma (NHL), a similar situation exists.
Data from Hardell et al. (1981) and more recently Hoar et al, (1986) support
the findings of an excess risk of NHL from exposure to phenoxyacetic acid
herbicides and/or chlorophenols. waever, this risk is confounded by the
presence of organic compounds also shown to be carcinogenic on their own ih the
Hardell et al. study. In the Hoar et al. study, although 2,3,7,8-TCDD-contam-
inated 2,4,5-T was not identified as being present, other herbicides and insec-
ticides as well as 2,4-D were present and were significantly associated with
exposure. The contaminant 2,3,7,8-TCDD appears not to be present in any of
these compounds in the Hoar et al. study although other isomers of polychlori-
nated dibenzo-p-dioxin were present.  Wiklund et al. (1987) noted a trend of
increasing risks for Hodgkin's disease and NHL with lapsed time since licensing
of herbicide applicators although nonsignificant. Woods et al. (1987) reported
significantly increased risks of NHL in certain occupational subgroups known to

have a high likelihood of contact with herbicides. ' Buesching and Wollstadt
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(1984) found a significant excess of NHL in deceased farmers in Winnebago
County, Il1linois, but this study used occupations as listed on the death certifi-
cates as the basis for determining exposure. No particular herbicide or other
chemical was identified however. Cantor (1982) noted a similar significant
excess of NHL (reticulum cell sarcoma) in young Wisconsin farmers in counties
with a high summary measure of agricultural activity, such as number of acres
in small grain acreage, number of acres treated with insecticides, and number
of acres in wheat acreage. Again, no particular herbicide, pesticide, or
chlorophenol was identified., Burmeister et al. (1983) also noted a significant
excess of NHL in Iowa farmers who were involved with "egg-laying chickens,
solid milk production, hog products, and herbicide use." Again, no particular
herbicide was identified. Similarly, Milham (1982) noted, in a proportionate
mortality study, a higher nonsignificant risk of NHL in Washington State paper
and pulp mill workers. Cantor (1982) stated that 2,4-D and/or chlorophenols
were chiefly used in these industries.

Cook et al, (1986), in his cohort mortality study, also reported a non-
significant excess risk of NHL in chemical workers exposed to trichlorophenols,
2,4,5-T, and 2,4,5-T formulations.

Other studies that report slight excesses of NHL or none at all include:
Zack and Suskind, Thiess et al., Lynge, Axelson et al., Riihimaki et al., Fett
et al,, Wolfe et al., and Kogan and Clapp. However, these studies cannot be
said to support the argument that there is no risk because of problems connected
with each of them, i.e., exceptionally small cohorts, insufficient latency,
insensitivity, and, in some instances, little evidence of exposure. These
problems were discussed previously.

The net overall thrust of the data supports the judgment that there is
limited human epidemiologic evidence that the phenoxyacetic acid herbicides
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and/or chlorophenols are causally related to NHL. However, Qith respect to
identifying any particular isomer, such as 2,3,7,8-TCDD, it must be regarded as
inadequate. |

With respect to stomach cancer, Thiess et al, (1982) and Axelson et al.
(1980), in small cohort studies, found significantly high stomach cancer risks
based on three cases in each study. Zack and Suskind (1980), on the other hand,
did not find any in another small study. Only one other study pkoduced a
significant excess of stomach cancer, and that is the case-control study by
Burmeister et al. (1983) in which the surrogate for exposure was occupation as
given on the death certificates. No other study reported a signficant excess
of stomach cancer, although most studies have methodological flaws. At this
time, the data must be considered only suggestive at best that phenoxyacetic
acid herbicides and/or chlorophenols cause stomach cancer in humans based on
the epidemiologic data. Again, with respect to the potential carcinogenicity
of 2,3,7,8-TCDD, the data must be regarded as inadequate.

Other excess cancer risks by site occur sporatically at best in a few of
these epidemiologic studies. They must be regarded as inconclusive, A summary
of the preceding text will be found in tabular form in Tables 2 through 8

following the section on Future Expectations.
ONGOING RESEARCH

Several agencies of the U.S. government are conducting ongoing research
that may help to resolve some of the issues raised regarding interpretation of
the human health studies on 2,3,7,8-TCDD. NIOSH is conducting both a morbidity
and mortality study of workers potentially exposed to TCP, 2,4,5-T, and penta-
chlorophenol, and therefore 2,3,7,8-TCDD. Using NIOSH-registry data, which

33




includes demographic and work history information on some 7,000 employees of 14
different production plants in the United States where potential exposure to
2,3,7,8-TCDD may have occurred, NIOSH is conducting a historic prospective
mortality study. The results will be reported in the near future.

The second major use of the registry data will be to conduct a hands-on
medical study of some 450 workers at two of the 14 plants. Some 450 referents
were age, sex, race, and neighborhood-matched based on Census biock information. .
Noninvasive medical tests (including blood specimens) will be conducted in
order to evaluate presence or absence of health conditions hypothesized to be
associated with exposure to TCP, 2,4,5-T, and pentachlorophenol and consequen-
tially to 2,3,7,8-TCDD. Only the first phase of this study is complete. That
phase included complete evaluations of approximately 80 cases and their refer-
ents. Two papers are in preparation at this £ime;_they includé an assessment
of chloracne in penfach]oropheno] workers as wei] as a description 6f medical
results. |

The IARC and National Institute of Environmental Health Sciences are jointly
maintaining an international registry of peréons occupationally exposed to
phenoxy acids, chlorophenols, and contaminants during their manufacture and
use. This study will pool together cohorts from over 12 countries. The same
protocol will be used, and the data will be analyzed as one big study. The
NIOSH registry is included as part of this study.

The CDC 1is further conducting pilot exposure studies on former Vietnam
veterans in conjunction with the Veterans Administration (VA). Currently,
blood is being drawn from some 600 Vietnam and non-Vietnam veterans and analyzed
for the levels of 2,3,7,8-TCDD. This information will be used to compare and
validate categories of exposure that have been defined in advance regarding the

degree of exposure to 2,3,7,8-TCDD sustained by these veterans.
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Additionally, CDC and the VA are”porraboréting on a study of about 40
“heayily“ exposed Ranch Hand veterans to determine the half-life of 2,3,7,8-TCDD
' in blood. Apparently, new blood will be drawn and -the levels of 2,3,7,8-TCDD
will be determined in that new blood and contrasted with the levels of 2,3,7,8-
TCDD found in old blood drawn from the same persons at an earlier time. This
project was expected to be complete in September of 1987.

CDC is also planning a series of case-control studies of liver cancer,
‘nasal cancer, STS, and lymphomas in Vietnam veterans to be compieted in 1989.

The National Cancer Institute (NCI) is planning a case-control study of
Nebraska farmers exposed. to phenoxyacetic acid herbicides similar to the Hoar

et al. (1986) study of Kansas farmers. Results will be available in 1989.
FUTURE EXPECTATIONS

The NIOSH studies should provide answers to whether U.S. workers involved
in the production of herbicides and chlorophenols contaminated with 2,3,7,8-
TCDD suffer from increased risks of site-specific cancer mortality as well as
other long-term health effécts a priori found to be associated with exposure to
2,3,7,8-TCDD. The CDC stﬁdies‘wi]] help to substantiate or invalidate subjec-
tively defined 2,3,7,8-TCDD exposure gradients in Vietnam veterans as well as
provide estimates on the half-life of 2,3,7,8-TCDD in blood. This information
will be useful in estimating quantitatively the probable dose received by
Vietnam veterans at the time of exposure to Agent Orange. A series of case-
control studies planned by CDC on Vietnam veterans of cancer sites shown
previously to be associated with a higher risk of exposure to Agent Orange may
provide additional evidence to either refute or substantiate a higher risk of

cancer, especially if it can be determined what the Tikely dose was at the time
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of exposure based on the half-life estimates. The NCI case-control study of
Nebraska farmers should serve as a check on the results of the earlier Hoar et

al. (1986) study of Kansas farmers.

Jt..’:r .

36




_‘hmmmn BuLMO}| {0} Y3 UO Panuijuod)

*pasn 9JaM Sjuel|043p

*uanoud ewod4es0AWoLs | 9JOyM wWeujatLp 40
J0U QQIL-8°L°E‘2 Jjeubeaydelp seaJe ui pauolLiels
03 aJnsodxa ajtutjsQ A /1eana |4 1861 1/6T :pJiul ‘Audy °S°n pdiyy
*aomy “sbuedg
juaby yaim payeos A
-919|dwod fpasn dJaM |
1961 pue SJURL 043P BJBYM ™
eUI02JRS0JqL ] 9961 ul weu seaJe uL pauoLiels -
¢ leutyseipay 6.61 =19LA :puod3s§ ‘autJel °S°n :puodss
‘uaaodd jou *SUOLSSLW *sjuet 10jap
uLxorp-d-ozusqLp anjsad uo --4ysSn J0 3tun (1861)
pajeuLdojydf|od 3LLYM ‘961 anasay J493doot |9y sqooep
40 0Qo1-8°L°c 2 ewo3£o013sLy pue 9961 Siue 40 Jaquew :3sJld pue
01 3Jnsodxa a3LutL4ag ¢ snoJqL4 6/61 ~-L1049p :3SJL4 ssjuarged ¢ euu eg
(spouayd 03
JaljJed sJealk
¥ pesodxa w
. RUWOL |3Y3059U anq) 0861 :
*poidad Aouaje| JJous oN snojewodJesodql4 0861 03 g/61 :u0g *sjouaydosoyos 03 (1861) :
0861 0% pasodxa y30q--u0s pue ‘e 3@ m {
ON ewooJdesod L 0861 1561 :J43y3e4 Jayjey :sjuatqed g uosuyop
‘6961
40 8H6T Ul 1-G°p°¢ 03
. pasodxa 3sJL4 $1-G°v°2
*3oueual pue 491 paonpoud jeysz
-utew ut jueid ay3 33ts Buidanjoeynuew (1861)
qnoybnoayy yuom 03 {eoLWRYd ® ul SsJedl 13091138
pa1oadxa uaaq aey eUIODJ RS (s4eak 2¢) 2€ JOJ JINJOM BILA pue
pLnoM uosJdad styj oN JLuabounay 0861 G/61 03 €461 -J3S pue 3duRUIULERY SISOl
*986T UL usw 681°¢ * (3uauw
40 Apnis Jaje| -34edap ¢91) 2tueydsuw
$,%00) 40 33ep }30 ewo 34201 3s 1Y (s4edk 61) jueld ‘Jojedado (1861)
=N 3y3 Jajje pailqg S9) snoJqty jueubiey 3 2861 03 1661  %(dOL) Lousydodojysrdy 100)
SUJ3adU02 JOo ey audedo LYy adfy uaoue) X POYJOM SJed) auansod x3 (s)Joyany
0021-8°£ ¢ g--s3IaNLS 3SYI °Z 314Vl
> g




(ebed Huimofjol dyYy3 uo panuLjuod)

(100°0>d) 8°€Z = X
¥°c9 = H0
111 L ewoyduk| snoaueind
INOYILM
===== THN
1 ¥ ewoyduwf| snosueind
UM
awes sptoe Axoudyd
Jo 03 aJnsodxa SUOLSa| ewoyduAy sJeak *U-v°2 pue_YdIW
aouasqy [euoiiednsdg snoaueln) s,uL)bpoy-uoy $9 02 01 81 ‘Jauued :YyjJno4
ISMO||0J SB ‘SpLoe SuoLsa| ewoyduk’| *G-v°2 pue 1-G°p°2
Axousyd 03 aJns snoauein) s ,uL)yBpoy-uoy 1S saeak Q2 yoelfuyagqunt :pdiyl
-0dx3 y3im ewoyduly
SnO3ueINI 4O uoLje *S3apLILIIBSUL pue
-100sse juedtjLubis SuoLs3| euoydwk'| Vdow €Jouuey pue
e punoj sdJoyine ayj snosueqn) s ,uL4bpoy-uoy SY sJeaf g1 JauapJey :puodds
*THN 30 Xg 3uadaJ (1861)
e yjlmM usw g21 30 suotsal *G-tv°2 pue jpuedag
Apnis |043u05-95eD ® snosuejnd ewoydus | 1-6°¢°2 031 pasodxd pue
Kiead st Apnys stuj 40 d2Udsa Jdd S ,uLybpoy-uoy ob sJqealk gz yoefuaqumy :3Sdig uoess |0
ule3p adnsodxa
Je aby 40 y3bua
'3u’dzusq se yons
Suoqae304pAy dLjewWoJe
GuLpnjaul “seatwayo euwoyduf| *jue|d sues ay3
J3y30 03 pasodx3 SaA s,uty6poy-uoy 8.61 8L6T 03 [S61 up JojeJadg :puodag
audazuaqg se yons (1861)
suoqued04pAy 2ijeuode (THN) sauop
BurLpniout ‘siestuwsyd euoyduy *HujJanjoenuew jouayd pue
Jayjo o3 pasodx3 SaA s,u6poy-uoN 9.61 2¢L6T 03 6961 -0Jofydejuad :3sJid doysig
SuJa2u0d Joley ausedoly) adAq Jaouey Xq payJOM SJed} adnsodx3 (s Jaoyany
(panui3juod) °z 37aYL .




*Apnis siyy ut

st3tgeday 1
SJU3pLIIL Jlijedl g

*pauoLjuau

10u sem dn-mo|ioj 40
yjbuaq -sueak o1 ueyl
aJow jou Joj pue sJeal
M34 e L|Uo 4O paULURXD
-394 aJam dn-moj|o4

03 1S0| 30U SJINJOM
*epJe] eauelnd erJdlyduod
pajsajiuew TT 3lLlym
‘auoedoyo padoiarsp A3l

(=2}

N

paAaLyde usaq jou sey S1s0d3|osoLJajJe | -Jofew 3yl “* ||l awed3q (1861)
$1994J9 diuabourdaed sewiourdded oLuaboyseuq 2 8961 PUR GQgg1 UdIMIaq *le 19
40 UOL3RULULBIIP JO4 1-6*v2 o uoryonpoud  eaojdniflap

dn-mo|10J 30 yibual 1padJand20 syjeap 9 Ajug ur pabebua sJaxJoM Qg -BAOJB PZ By
*Jaje|
SJ23K 01 pauluRxd
~3J IJOM SJUI)JOM
: ‘8961 ‘pz [Ludy uo

. *Apnys styz ui JuUdpLI2e Ue 03 Inp

paAaLyoe u3aq J0u sey ULX0LpOZUIQLPOJO YD
$129449 dLuabouraded -2J393 03 3aunsodxs
40 uoLjRULUMDIAP JOJ *pajsodad adam Bu Mo} |04 dudedo|yd (2861)
dn-mo0} 104 JO y3bued SJ3oued J0 Syjeap oy pado|dAdp SJINJOM 6/ Key

SuJa2u0d Joley auoeJo Uy adfy Jadue) X3 payJ oM SJe3j aJdnsodx3 (s )4o0yany
(ponuLiuod) °z 31gvl
ad 22




(abed -buimMo| |0} Syl UO PanNULIU0D)

*S1S

£l |eLoadse ‘juasaad
A1nJ3 st 309443 ay3 41
109449 ue 315933p 03
Jamod |eoL3SLielS PO
-3luwry sey Apnis styj

*aamod syoei Apnis
syl °*Jood si ©3uds
-aad AnJy si1 309449

3yl 41 ‘gueorjrubys
A{eoLISLIels se 303448
ue 32939p 031 Apnis

sty3 jo A3rjtqe ayl

(s0°0>d) g6°0/¢  yoewo3s
dxa/sqQ 331L¢
1€/vL
syjeag/Le3oL
-/1 SIS
e/S sun
axa/sqQ EFTES
2e/121
syjeaq/|e3oL

*fouaje| jusLdLiins
pue aJnsodxa jo 3J2udpLAd
poob saptaoud Apnis siyl

*sJeadde Jaoued yoewols
10 SS@7%3 juedspjiubis e
sAouaje| ,sJeslk gl 4814y

*quejdodwy st

aJansodxa jo jooud pue
Kousje} juaiotiins bBut
-ARY SJ3YJOM JO 740HOD
Lieus siy3 ut (5/61)
(SLS) ewoodes anssiLl
31408 dded A|9URJIXD
BUD UIAD JO 3dUaJLJINIY

*stitjeusap

3J3A3S JO BUIRJO YD
paJajins 99 ‘paipnis
suossad p/ JO °€G6T ut
‘gy4 ‘uageysbimpny ui

. KJo30my 4Syg e 3® (QIL
-g¢L ‘g ‘2 buturejuod 4J)
03 3Jnsodxs |e3uUapLITY

*audeJo| Yo padolarep sJsq
-uBuW 340100 LY 6161
ul Juspiode (etdisnpul

ue jJo 3|nsaJ ayjz se
(d21) Loudydodo|yotay
03 aJ4nsodxa jejuaplLoy

(2861)
‘e 19
ssaty]

o
<

(0861)
puLysns
pue jyoe7

'SUJadU0D Jofey

sbuLpuly Jofey

squied quajies

aJansodx3

(s)aoyany

SUINYOM TYITWIHD

. :0031-8°2°e ‘2 ATSVINIILYVd
SNIXOI@-0-0ZNI910 QILYNIYDTHOATOd J0 SITANLS ¥IINVD DI90T0IW3ICI43

't 31avl




(ebed mcwzo__ow 3yl U0 panuLlu0d)

*[eotueyo Aue 03 apedl
sem aJdnsodxa (enjoe
JO uOLIRUILSUOD ON

*9seJ 9UO Ul 3JoOYys

007 SL-potdJad qualed
*pungj 3J3M S,SLS
aALy |Le aJaym Luojoey
awes ayy e paonpoud
osi{e sem [-G°¥°2

1Yl elep Sjuasadd

(A403004 BUO jB
porsad jusajei
Jeaf-Q1 J4934e)

(50°0>d)

(serew) 00°1/¥ S1S
(seteuwds) 1£°2/9

(solew) 08°1€/8¢ fun
(solewdd) [t°1/1

(salew) ze°6/21  yoewo1ls

*s4eak 1 40 potrdad
jquaje| e buimo| (o4
pasn Jo paosnpouad

SeM |-Gy g dJaYM
KJ030e4 3ibuts 3yl 1e
(g0°0>d tdx3 00°1
€sqo ¢) SIS 40 yStd

3y “VdoW pue Q-2 (sorewsy) 12°1/1 $S90X3 JuedljLubls y
03 Aluo sem 340402 (salew) L£°G/L sewoydui *satJoloey ayl
ay3 jo saaquow 3yl £q *4ao1-8°L°c e 40 3uo e paonpodd sem any
paJajunodud aJnsodxa (soyewsl) G/°0/0 ) y3iM pajeulweluod 34 1-G*p 2 J4aASMOH  °QGI1 =
ay3 Jey3 sutejuiew (satew) ¥8°1/§ SIS 03 A9t un sapLolqJay -8°L°€ 2 Ylim pajeul
Joyine ayz ybnoyaly ~ Axousyd 03 s4nsodxa -wejuod aq 03 AadyLLun
“dxa/sqQ 3llLs Butmo| 04 SIS 40 SLJ ‘2861 03 JoL4d (VdIW)
* 140402 $S9IX8 UR JO UOLIEAJDSQO pLoe 21313IeAxoudyd-|Aylaw :
KjLjedas 03 pasn 6%/690°1 so|ewad ysipams ay3 sisoddns SiS -2-040|Yyd-¥ pue ¢-%°2 (edouap
aJdoM saruobajes [ejusw 6S1/06E°E SoleW JO YSLJ SS3IX8 JURILILU  SIPLILQIaY Axouayd 40.34n3 -1oul)
-3J4edag °Opew Jou sem -Bisuou e jo burpulyi 3yl -Jejnuell 8yl ul paA|OAut (5861)
juauwssasse ainsodx3 S3sed J43duR)/|e10] jeyl sutrejutew Joyine 3yj $31403224 2 40 sd9kodug 26uf
SuJ4aou0d Joley sbuLpuly Joley sjutod juaLjes aJansodx] (s)Joyany
(penutiuod) ‘¢ 379Vl
» & 5 .




(ebed 6ulmo}] |04 3yl UO panuLiuod)

*31qe10933p 9q Aew jystd
paseaJoul ou ‘adusy
suotje ndod uosiJed

-wod 3yl jo jeyl ueyy
JuaJaILp 9[1ILL SeM
10yl 4QdIL-8°L°cce 03

aJnsodxa pauLeisns aAey

Aew audedo|yd juedy 3no

-Y3LM %G8 Bututewsd ayy

*fpnas

Sty Joj 9jep J10~-3nd
3yl Jsije 31 JO paip

K |3uanbasgns pue 1§ ue
futaey se poasoubelp sem
‘3uUIRJO| YD Jued) JAey
03 pajuodsd sem oym
fqueid s1yj Jo aakojdus
leuoLlippe auo ‘ew
-0ULIJRD []3D Jed(d ®
384 03 punoj Jaje| SeM
y3eop anssLy aALlodU
~u02 3uo ay3 ybnoyzy

* fousge| 03

SurpJodsde ejep aya £i1l
~2J3S J0U pLp sJoyjne
3yl “JuapLAd sL pordad
dn-mo| 104 Ayabua| A}
-jualatyyns e ybnoyy |y

(50°0>d)
L°€/6 patjtoadsun
pue J3y3p
1°2/§ ewoydu|
s,u1y6poH-uoN
-/1 9ALIIBUU0)
8°¢/9 s|e3Luab apey
0°22/81 Bumn
2°¢/s yorWwoIg
mxm\mno 9318
862/681°2
syjeaq/1e30]

*s3jewLys? YSLJ Y3
uaddaeys Jybrw sysAjeue
Aoudjzel °ajqe3dalapuou
jlaqle “sajls asayl e
Y¥SiJ J3Jued JO SISEIJIUL
303dxa 03 a|qisne|d

Jeadde pinom 3L ®sa3Ls Jud

-43JJ1p |@JOA3S 03 PaLJLS
-se|d2 3q ued s,§]S IIULS

“Juedljiu

-BLsuou 3Laqie ‘d4adued
Joj so1L1s 3abuey a|qLs
-sod se pajsabbns sajlLs
J3JUBD |RJUDADS SSOJDR
JN220 S9SSBIXD “JIASMOY

*239 ‘s3onpoud
9ALIRALJBP S |oudyd
pa3euULJO YD 0] 3J4nsodxd
puR 9SPISLP JLUOCJYD UDSM
-19¢ UOL3BLI0SSE |[BeShed
e jJ0ddns jou op Apn3s
J19Y3 40 s3|nsaJd ayj
jeyy pajeis sJoyine ayl

*pasodxa

uaaq aAey os|e Kew (%68)
2UORJO YD JueJY JNOYILM
suosJad “dnoub siy3

uL urxoLp 03 aunsodxd
feLjuessgns saljdut
auseJdo|yd Jo dduasaud
ybnoyzy -dnoab ayj jo
961 3noge ui paJJnddo
auoeJoty) °sjouayd
pajeulJolyd Jayzo pue
‘1-6°v°2 “doL paonpoud
jeyy jue|d |edLuwBYd € jJO
s93ko |dws Bulrsnioejnuey

42

(9861)
*|e 39

4009

SUJasuod Joflwey

sbuiputy Joley

sjurod juaijes

aJansodx3

(s)Joyany

. (panurjuod)

‘e 379Vl




(abed 6ulMO||0J BY3 UO pBNULIUOD) .

*uotjeubisop aALl
-o3fgns e AJaA S| Siyl
*qsaybiy st aary AJob
-23e) °G-Q pIjed sal
-J0693eD dAL4 JO SISLS
~u02 a|ess aunsodxe 40
A3lsudjul - *pordad ual
-p{ Buo| e Jd3jP UBAD
Llews 3ag fL3Lssadau

40 Sasnui YSLJ4 © 30938p
03 Jamod ay3 (9) ew
-oydwf| Joj pue (g) J43d
-Ued> YoeWO3S JOJ Syleap
© 40O Jaqunu | lews 3yl
J0 asneddg “pazfjeue
‘05’ 3JOM SIILS J4IDOURD
buLuirewsy syl 4O JUON
*S$93LS J49oUBD 3IYT
ALuo uo Asuajze 329Yd
07 sJdoyine syl pamolie
" ,lopow asop pajodad
~=X3 3AL3Lppe K||eLuds,
e se umouy anbiuyoal
(edt3heuR |RILIRURYT e

(50°0>d)
9°¥/21 patjLoadsun
pue J4ay3Q
9°2/¢g ewoydu |
s,u1y6poy-uoN
¥°0/1 S1S J3Yy3o

pue 3AL323uu0)

8°1/8 s|e3jtuab ajey
6°L2/¢€2 wa3sA’s

KJojeurdsay

8°¢/9 yoewois

dxa/sq 91Ls

0L£/261°2

SU3ea (/12301

*pajeAa|d Aijuedrjrubls
suLewad pai4idadsun
pue Joyo jJ0 Jddue)

*sewoyduwf| Jo “Jadued
yoewols “Jasued |e303
40 ysidJ buiseadsout jo
puaJl ou Mes sJoyany

SUJaIuU0d Joley

sbutputy Joley

sjuiod Juatjes

o

<

(1861)

(986T) ° e 39 ‘e 3@
00) Se 3J0Y0D 3wes 3130
aJansodx3 (s )aoyzny

(penutjuod) ¢ gyl




cuoibad

J|0YM Y3 JIAO djed

ayj buiseadour 4O} 21qLS
-uodsaJ aq Aew juapiooe
aya 03 Jorud urxoLrp
d-ozuaqLp pajeutJdolyd
-A1od 03 uoryngjod Jotud
eyl peaisabbns sdoyiny

*ade|d ajey aAey Aeuw
sased j0 uoljeopyisse|d
-S LW pue 3279J400UL dJe
seaJe ,pajnjod-uou, pue
paniiod, jo suoL3LuLjap
qeyy pajsabbns saoyyny
*AWLY YIIM OUIPLIUL
Burseadoul Moys seaue
nPRIN{{0d-uou, 3| LyM
‘swry Jo poirdad sues

Yl JOAO Sded BOUDP
-LJUL JB[} MOYS 0S3ASS
punoJe seade- pajn|jod,

*uoLbod 0saAag

UL DJUDPLOUL PISEIJOUL
Joy apqLsuodsad Guiag
Juaplooe ay3 jsupebe
anbue sJo03oey Jusle]
*ajqgejteae soLjLoads may

*000°00T Jad

¢ Sl SIS J0 3jed 3yl
¢f1ea] jo uolbad asaJdep
ay3 uL ‘uosrJedwod Ag

ve'e 65 18-G/61

GE°h 1T 1861
vo'v IT 0861
6¢°2 9 6461
98°¢ 01 861
¥8°¢ L LL61
88°¢ L 9/61
L2 L 661

ajey sase)

t,paangodun, pue
nPa3n|(od, paulquo)

(000° 001 42d)

S9jeJd @duapLoul

S1S paisn{pe-afy

*3juapLode ayj jJo

aw3} dyj ueyy Jai|Jes
jued siy3 wody paj
-3Lue sjueiniiod urxoLp
-d-0zuaqLp pajeurdolyd
-£jod 03 aunsodxd a|qis
-sod snid ‘9/6T ‘01 ALnp
uo ]-G4 €z pejeuturjuod
-0021-8°L ¢ ‘¢ paanpoud
Jey3 AJojoey uel|ej] ue
je uojsoldxa |eLJ3snpul

*0S9A3S se umouy K|e3l
ut uoibad jo sjuaprsad
ul SIS jo asuapioul yblIy

a4

(9861)
LuogJang
pue OjJoy
pue
(986T)
*le 3@
Luojung

SuJasuos Jofley

sbulputy Joley

sjurod juatles aJansodx3

(s )aouany

(panutjuod)

‘e gyl




(2bed BuLMO}]04 By} UC PBNULIUOD)

*340Yy02 dLySJOALAUNS

e SL siyl . °papnjo

~X9 9J3M 2/61 03 dJorud
paLp Oym sjenpLALpul
Gy 40 |PI01 Y °T/61
03 G661 Butunp auwi?
-3U0S SYIM g JO uwnuil
-ULl e. p3aYJoM dAey 03
pey Asyz uolsnioul Joy
Ky11enb .03 ybnoyj e

€340402 3Y3 ul papnidul 1°0/0 S1S
3J2M 2/6T UL DAL|P dJaM g8°0/0 sewoydwfy ‘1161
oym suoledtdde asoyy 03 GG6T WOJy 1-G°p°2
KLuo “4aAaMoy °2/61 Tdxa/sqQ XTI Jo/pue g-¢°¢ 03 pasod
ul BuLuurbaq €sueal g “PoALJep 3q uRd )SLJ -x3 A|j8L4g " S|0JIU0D (€861 '
Auo sem poiuad uoLieA y1/926 ‘1 J32ued © JO 3IUasqe pooMYsSNJIg Y3LM paA|OAUL *2861)
~-485q0 3y} ‘abue} suLss J0 9ouasadd ayj buy ssafo|dwe ysiuuLd 4noy e I -
140402 3yl ybnoya Ly syieaq/|e30) -pJebaJs suoLsn|ouod Oy J0 sJdojeorjdde apLoLqusH  LyewiyL Ly ‘
: *pajuasaud 4
seM ‘audeuoiyd “*9° i
‘aJnsodxa j0O 9oUdIPLAD *suoLjededasd apioLqday
AJOJeld L Juod J43ylo oy ; oi1uefiyour pue oruebdo
*pasodXxa aJam s|enp ‘ Jayzo snid ‘)1-Gyg
~LALPUL YdLum 03 suoll  (G0°0>d) TL°0/€ ydewo3ls ‘G-p‘2 ‘loJ3tue dJ3M pasn
~-2J3usouod pue. JuasaJtd SOPLILQJOH °*Z2/61 03
sapLoLquay Axousyd dxa/sqQ 33LS 1G61 wod} syoedy buoje
40 s8dk1 jnoge uoLl urxorp-d-ozusqLp paje
-pwiojul Jood se ||amM G4/82¢ *paJeadde J32ued YORWOZS -utgoysfod Burureauod (0861)
se gamod {eoL1SLIe]S 40 ss@7xa jueoLjLubLs e sapLoLqJay padedds oym °le 19
pajLwL] sey Apnis siuyj syjeaq/e10L fAousje| ,sd4edk o1 4934y SJINJOM pROJ{Led YSLpRKS uos [ Xy
SUJd2U0d Joley sburpury Joley saurod juates aJnsodx3 (s)4o0yany
SY0LYIITddY OGNV S¥3ISN  :0QJL-8°L°€°Z ATYVINII LYV
“SNIX010-d-0ZNIFI0 QILYNIYOTHOATOd 40 SITANLS ¥IINYD DID0TOIWIAIAI *p 378Vl
» N



*

*aJnsodxa

Jo uoLjeoLgrsseyostu
03 peal AayLl LLimM

pue aJnsodxa ApLjuspl
01 2|21YdA d|qgetiaJdun
AJaA © S1 $S81LI11LIJ4DD
yieap uo papJodad se
Jsnput pue uoizednado
40 asn  °pasn ajqeqoud
aJam saplLoiquay Axouayd
jeyy umouy siL 3L ybnoyl
-{e ‘gQal-g“L‘c‘e 01
aJnsodxa buLAjLIuaplL po
~juasaJdd Si dJUIPLAD ON

. Apnys aAaLjebau aaLs
-n|ou02 v se papJebad
8q jouued, 1L jeyy
papn2uos sJoyne ayj
*(uoijednp 34oys) aJns
-odxa Mo| pue ‘pordad
juaje| juatLdtijnsut

ue ‘seLq uoL3o9|3as O
9ouasadd ayz paysabbns
S3A[OSWAY] sJsoyne auyl

@.Awmma fuiMO[ |04 3Y3 UO paNuLIu0d)

*sJoyane 3yl Aq
Pa1eNEAD J0U dJBM
SJaoued Uyoewols pue Sis

00°2 eLwajna]

(s0°0>d) G6°1  @3e3soud

(s0°0>d) §9°2 THN

dxa/sqQ CETTS
geL*1/¢

syjeap Jaoue)/|e3o0]

*saansodx2 pajejad-wiey 03
¥SiJ uoumiod ® po3sabbns
sdoyzny *(JHN) ewoyduf)
s,uLybpoy~uou 40 jystd
pajeaa|2 juedtjrubis y

*saJnbLy neadng snsus)
aij1oads-abe jo uoil
-ejodeJ3xa Jeaui| Aq
pajewi]sa dJam saealk

-UOSJd °SJuUdpLSAJ
A3uno0d 3jew aJLyM

yaim ses uorje|ndod
uostJedwod paepueis
*sapLotaisad pue sJdzLill
-J3) 03 pasodxd ‘siou

=L 11 ‘A3unc) obegqauulM
40 sJaugey pasesdsq

(v8671)
Jpe3s| oM
pue
buryssang

A )
<

(panut3uod)

(861 “2861)

*le 39
PlewtyLLy

SuJasu0d Joley

sbuLpuLy Joley

squtod juajleg

aJansodx3]

(s )aoyany

(panuirjuod)

b eVl




(96ed BuiMo| 04 Y3 UO PaNUL3U0D)

weu1d LA-UON

BS *sJeak  [9°d/Y
91 Ajuo Koudze| $0°2/¢€ weula A
wnwixey °yiesp o IEN
sasned oLjioads pue
adnsodxa 8pLaLqudy  $8°0/0 weu3a LA-UOoN
UdaM]Sq UOLIRBII0D  $9°0/2 weuld LA
e Moys jou op sbui S1S
-pur) aAttsoduou yl
*A3LRIJ0U MO| YILM
‘Aypeay AlaaLjelad  0°cd/1v weu3d LA-UOoN
. pue Bunof asam Asyl 6°2E/1¢€ weula 1A KL e3JdoN
_esdoody °S°nN aJ4amM ueyl --Apnis
" pasn sem abuedg juaby  dx3/sqQ Jajued [e310]/31LS SY3L23H
9J9yM seaJe uL 3q 03 SURJSDION
K1y sso| aJam sdoody £92/166°9¢  WeuldLA-uCy weula LA
. pungub uepedisny pue v yeL|eJasny
fuoljqest {dde apialquday 092/602 ‘61 weuad L ‘WReu3s LA UL awLy juads o WRUJD LA (v861)
- uy ajediorjued jou pLp OUM USUWBOILAJIS UL UL 9OLAJDS, SL 9Jns *le 19
' UQUPILAJAS uel|RJISNY syjeag/1e30l EFIYYEN S1S Jo ssadxa bt (S -0dxa Joy 23eboudns ayl 1394
*q0u pnom ususpunodb
pue ‘siauapeb ©suadxaoM =
© |edni|notabe pue €°233 °uswspunosb pue
" €sapLoL3dasul ‘sapLd sJauapJeb ut /°Q = JsSLY
-1q43y 03 pasodxa aq
pinos sJauapdseb javJdew °SJIRJOM |Bdn]
| pue ¢sduabeuew wiey -inotJbe ur 0°T = ysty *aJns
© “sgaudey -3eyy A1aqLLun -odxa Joj ajeboduns e
SL 2L “JOASMOY °saiJob * sJauapdeb 3axyJew pue SL 21313 qOop °So|ey
-2702 YsiJ4 ybLy sadyl ‘saabeuew wdej ‘sdouuel pue pueibuj uL Ja3st
ay3 uryltm uabouidded uL (600 =d) £°T = AsLy -bay Jsoue) |euoLiey
. uouwo? e 031 asnsodxd ay3 Aq papJodaJ s3sed
azisayjodAy sqoyjne *(1/61) SoleH pue ° sdauapJeb joyJeu $1S Huowe pauLuualsq (v861)
ayl cuaaLb sL uotl puejbuj jo snsuad woJi pue °sJabeuew wiey *sdnoub [euoLiedndado uosayay
-sanb ul quabe Aue 03 uotjeindod siL uorjeindod s sJauuey buLsiadwod poje[J pue ‘sSJ4ayJom pue
3Jnsodxd 4o 3U3PLAD O uosiaedwo) -sased §1S $8 dnoub ui /°T J0 S LY leanyinotsbe suswued ueledejeg
SuJ22u0? Joley sburput) Joley squiod juaLjes aJsnsodx3 (s )4oyzny
(penuijuod) *y 318VL
" v




(obed BuilMoj]04 By} UO p3NULIUCT)

*Apnis syl ut je
‘pa)oo| 30U Sem Adud1el
© o tflews st SLy] {98

sJoyane 3yl ufnouiye

€ £ILALILSUDS 3oNpadJ
pLno2 OS|e snjels
jusulo)due s, Jeak

, 1 uo paseq S3J0Yod
4y10q JO SJaquew 3yl jo
UOLIBOLILSSROSEW JO A
-L[iqtssod ay3 ‘A jeuld
*sdnoa4b jeuorjednoaoo

L JBY30 eyl SSI| SIJLA
.. ~J43S yjeay pasn Aayi
g pue € |eJsauab ul 43O

*dnoJb Juauajad ayy pue

140Y0> 3y3 yjoq ut papraosd
sdeak-uosdad fr303 uo

paseq °S°n 9yl uL pajdadxa

eyl ueyjl J43jeaJdb saurl

Z ueyl aJouw SsL $JS J0 J3q

-Unu YsLpams ay3 “°s°n ay3

. ulp punoj Jeak Juad suosusad

000°00T 42d SIS Z 30 ajed
P U0 paseq eyl °Jaramoy

*quaXe

JOSS3| © 03 pasn dJaM
1-6°p°2 pue g-$‘z °@Qll
-8°L°€“2 UltM pajeuiwey
-uod 3Qq 03 paJapLSuOd
30U S1 YdOW " (VdOW)
pLoe or3ededAxousyd

- 1Ay39u-2-040 [Y3-§ 03
K)taewrad sem aunsodx3y

-ued JO YSLJ paseaJdap ‘ajou 01 Buprissddiul st I *S3LJJSNpUL JBYJOo Ut g
< B y3LM dnoub e ag 03 pafo|dws uaw ysipamg
UMOYS UDDQ DABY SJDNJOM o J4oyod GY8GZL T YIm
leanginoLJabe ysLpomg 6°0 I8¢ S1S 12302 8yl uL punoy pa1SeJIIU0D BJaM ABy]
38yl 23PWLISD SJoyine L SEM BUIODJRS BNSSL] 340S *0961 40 Snsuad
©AYl  *2JOY0D uUBURLBJ AsLy sqQ LS 30 jSiJ 3Y3 uL Iseadoul fuiLsnoy pue uoriae)
ay3 Jo 340Yod Apnis dALe| Y pojeaJ~duL] ou ‘g/6T 02 ~ndod ay3 o3 BuLpJodoe
3y3 Jaylld uL elep aJns LP6T WOJLS SBPLOLQUY ploe SJ3yJom £u3sadoy Jo (9861)
,woaxm pazL|enpLALpuL Jo 1£€/029 *45¢ s138oefxouayd 4o asn paseadd feanjnotube aJam oym w) oy
Aoe| dy3 si Apnis siy3 -ut A|3esdb, ayy a3tdsap usu ysipams 029°vSe pue
UM wejqodd Jolew ayj S1S 40 sased/iejo] eyl papniduod Joyine ayj J0 Ppajsisuod jJoyc) pun M
SuJasu0d Joley sburputy Joley sjurod juatjes aJnsodx3 (s )s4ouany

(penuijuod) *y 378yl




{abed m:_ZO_ﬁow m:p UQ panuLiuod)

*dn-Mo| |04

PANULIUOD PUDURLOIII
SJOYINY  *S$3108449
QU831 JO UOLIDIIBP JOJ
awry ybnous 0N *ssedh
2°21 ALuo sem awy dn
-M0||0) dbeudny *KLuo
Letauszod ‘adnsodxa

40 SjudsuweJnsesu Oy

02°1 11 s,ut)bpoy

10°1 1¢ THN

sty sq0  93LS

aALIR |9y

$/512 ‘02

S1S 40 sase)/|e3ol

*Buisuadly Jo awry pasde|
Y3LM S3sSeasLp Yiogq JO4
$¥Sid Buisealoul jo pusdl
P 930U pLp A8yl 3seaslLp
S ,ULY6pOH JO THN J3y3L3
40 YSiJd juesLjLubts

ou MeSs sdJoyine ybnouya ty

*3J40Y03 3yl
40 sJaquel ¢/2 03 Juas
saJteuuoiysanb uo paseq

@G-t pue |-G°p°z ‘Iualxs
Jassa| e 03 ‘pue “doudo

-401{yoLp ‘doudolsw ‘yYJoW
A148LYd sapLolquay piLoe
Axouayd Y3 LM 3003U0D JO4
£3LungJdoddo ue pey %2/
ALuQ °9/61-G961 uaamiaqg
pasuadL[ suoiijesl|dde
apLo13sad ysLpamsg

[o))
<t

(L861)
*le 18
pun |3 LA

SUJ92U0D Joley

sbutputy Joley

sjuiod juaLes

aJdnsodx3

(s)doyany

(penuLiuod)

AR



*ybry

paJapisuod aJe 353y}

Jo awos -3dd gz 03

1dd 91 woudy Burbued gall
-g¢L°CZ 40 S|9AD| Yl

~ suawidads anssiy asodLpe
“apLaoad (12303 9Y3 4O %9)
SJapueq yosuey G/ eyl
paiJodad A|3uad2J (/861).
‘le 3@ 3YJdLld °*3J0YOd
Apn3as J2339q e JINILIS
-u03 ybrw Layy -°soaseq
Jie punode Bupkeads oyl
40 Yonw pLp 9sauweuld LA
yinos syl °saplilqusy
pajeutwe3uod-qadi-8°L ¢ ‘e
01 aJnsodxa 9ALSUD)X?
aAey 03 palodadxa ag jou
ybLw oym usw pajsiusd

“(abed BuiMo}j0) 3Yy3 UOC_p3NULIU0I)

*p3]0U BJOM SISSIIXD ON
*GLS 9JM 9S3Yl JO SUON
*J97ued 03 ANp JaM

pazie123ds pue S4adL)40 syjeap dnodb uosiaeduwod o
9Jam ,sJapuey youey, €9 9LLYM “uadued 03 o
-3Y3 4O 3sow €3oej U]  B|qeINGLJIIR DJBM SYIe3p
*adnsodxa ajeijueisqns JOpuURy Yyouey g Aiug
: 03 dnouf siyz ui juap
;  ~1A9 348M (3udeJolyd se ' syjesp 69z *sapLoLquay bupurel
yons) sdsyJdew esiboiorq /18uuosdad qaoddns pue -U02 (aal-8°/°c*z 02
M34 *sjuaplooe 3dadxd uorssiw obded 1719 aJansodxa bupaey se
€33ep 03 pPaJJNID0 Sey - uostJeduwo) poZ 143308 JRYD BJSM
A3Lpejdow a{3aL] A4ap ‘weulalp ut sapLod
*uaw 6unof jo Apnis e syjesp 44 -tquay jo Supfeuds
ALLeoiseq siL 31 *juedly /sJapuey youry g6z °1 letJae uL paA|oAul
-Lub1s se jYStJd SSIIXI Uue - 3J0Y0) *S3uUapLIde Jo eyl sem 9JBM OUM | “Suadpury (v861)
39338p 031 J4amod JudLd yjeap Jo asned j3sabueq youey, Se umouy *le 39
-134ns syoe| Apn3s sLyj syjeaq/eaol *punoy aJam S,SIS ON LduuosJdad 32404 41y aj oM
SuJacu0d Joley sburpuiry soley sjurod JudL|es aJnsodx3 (s )J4ouzny

(ponutjuod) -y 379VL




(abed HulMo]j04 Yl UO PeNULIU0I)

° quasadd
S| seLq ||eJ9J 2wos
A1qissod °3jqLssod

Janauaym € saafo (du
yaim 0e3uc3 ybnoayl
quauko [dus pajuod

-24 Aj1Jan 03 sdoyine (go°p>d) pauLquol - [°f SeM 3SLY
(g0°0>d) Aiuo 79 - £°¢ sem ys iy
(50°0>d) Aluo Hd - g°9 sem ysLY

3yl Aq spew sem 340148
.~ swos ybnoyije °sjud
' -19404 pue siusried jo

°966 SPI3X3 JIMOY
(2% = ¥0) sSapLdLq
-Jay ploe opjadedxouayd
?a44-0@d1-8°L°c 2

03 paJeduwod (0°/1

= ¥0) SepLoLqudy pioe
a1 3eoelxousyd pajeu

- LURIU03-Q0I1-8°L ‘€ °2
Joy Jajeadb £iqe

SquUaJad 612 ~-J3PLSUOD SOLIBJ YSLY

° saJdleuuotysanb

10 asn wou} aued
8Jnsodx3 U0 uoLjeuuou]
861 03 (61 °“pJeog a.ey
-19} teldos |euoliey 3yl
40 Adasibod Jedurd 01
pa21Jodad pue pssouberp
SIS Y31M sjuatjed suam
$ISB)  UIPBMS UJBYINOS
UL S3LJISNput BNl ind
-1J6e pue AuiseJ0) ayl ui

[1e234 uo AjuLew paseq
SL 3] -°pIjeLluelsqgns S1S o1l s ouaydoJo |y> pue sapLoLq (1861)
. qou s uolasanb u cybry A jeuoLy -43y piLoe oryaselxousyd °le 38
(s)3usbe ayz 03 sunsodx3 seundJes anssty 140 -dooxa SL SIS 40 s 1Y 30 sJasn pue sJgoledt |ddy uossyLJ43
cjuasaJd st setq *sadleuuolisanb pauajsiutupe
{1e294 awos K]qLss0d pue ‘yIWn 40 A3LSJBALUN - ;
*3qissod JBAdUIYM ¢A6ojooug 40 jusugJedag syl ks ,
. s1afo dwo yzim 3oe] J0o sjuairjed wody pa3dd|98s
" -y02 ybnouyl aunsodxs 2J42M SIUBLIRd  °QaIl '
3jeljuelsgns 03 sJoyine (Go°0>d) pautquo) - /°G Sem %S LYy -g¢/c®e Auiew ‘urxoLp ;
+9y3 Aq apew sem 340333 (Gp°p>d) ALuo 1) -~ 9°9 seM JysLY ~d-0zuaqLp pajeutJo|yd
awos ybnoyaje squa (go°p>d) ALuo Hd - £°G sem yS LYy -Kiod yaim pajeulweluod
-J@)aJ pue sauatied jo 3q 01 uMOuy SalJlsnpul
. {le28J uo Ajuiew paseq S1UBJ3434 902 £4159404 pue |euniindtabe (6161)
S1 1 °pejerjuelsqns SIS 26 *466 SPOIIXD JOMOJ 3yl ui s|ousydoJdo|yd pue wWou3spues
j0u st uotlsanb ut *ybLy £ Leuoll SapLILGJ3Y pLoe d1330® pue
{s)31uabe ayz o3 aunsodx3 SPWOJJBS 3Nnssi3 340§ -daox® SL $1S 4O ysty -Axoudyd j0 sJojeot|ddy L L9pJeH
SuJ4aou0d Joley sburputy Joley sjutod juates aJnsodx3 (s )4oyany
SYW0OUYS INSSIL 140S :aadL-8°L‘c 2
ATIVINOILYYd “SNIXOICG-G-0ZNIGI0 QILYNIYOTHOATOd 40 SITANLS TOYINOI-ISYD  °S 378Vl




abed Bulmo| {04 Yyl UO panuLiuod)

*SqUBJ94aJd (2 pue
/7 S3sed (g 30 SSO} 03
“‘anp pL]eA Jabuo| ou st

SIUIJDSRS YILM SBSED
‘30 Burydjew auo-03-3u

*S$BRWLISS St

4o uogan|Lp a|qissod

e 01 Burpea| snyl

- fuorasanb up aJnsodxe
3yl 031 pajejds ulaq
"aaey few jeYyl SJ9dued
asoyl Buraowas noyztm
S3UBJ34DJ SB SBSPDI U430
=Ued J3Y10 pasn sJoyiny

e *sluaJdasad pue
7 S3SBD 0} paJdajsiulupe
~ sadieuuorjsanb uouy
pauLwtalap se aunsodxs

30 ]e%a4 uo paseq

'SL 3] °pajelijuelsqns

J0u St uoLassnb uy

s )ausbe ayz o3 sunsodx3

(3uswyuedap 3|ad
,SAJOM Jeaw Jo AuduuR})
T3 = ¢°L sem ysiy
(syJom qesw)
10 - (50°>0d) 8°2 sem ysLy
(suayJaom Lemired)
"Hd - (50°0>d) z°¢ sem jsiy
(sJeak g1 ueyy sdsou)
A1uo 73 - 9°T SeM ySiy
(40t juea sueak o] ueyz sJow)
Hd - g°7 sem sty
(sqeaf g ueyy auouw)
ALuo 19 - G°T sem ysiy
(481 aee saeak g ueyy suom)
Kluo Hd - 9°1 seM ysiy

(Len3oe zg) sjuadajad 211
(tenyoe gg) SIS 211

SBWO03JeS aNssty 3408

*ddl

02 sJnsodx® wouy (z2°/
= ¥0) juswiJedsp 3iad
,S3J0oM qesuw Jo AJauue]
oyl up Apyerdadss
‘(8°2 = ¥0) SxJom
1230 UL SJINJOM UL
ybty L 3ueoyypubis
seM 31 *(2°¢ = ¥0)
s|eaLusyd padeads

ouM sadJom AemjLed
ut yby A3uesiyiu
-bLs sem §1S 4o s Ly

*sjouaydoJoiyd pue sapLa
-Lquay Axousyd Lo asn ul
PRA}OAUL SBLJISRpUL pue
suoilednoso A)Lquapl 03

PaJ231SLULUpE BJ3M SsaJdleu

-yorysand c°ALuysibau
BURS wWOJ) S$3SED J3JUeD
JBY30 BJadM sjuadeLdyY
‘pue|edz Mey JO A43st
-68Y J3rue) [euOLIEN YL
01 poajJodad sased diew
WoJdj PpO3IBLIS SJdM SISE)

52

(v861)
‘e 3@

yaLus

SuJasuod Joley

sbutputy Joley

sjurod jusl|es

aJdnsodx3

(s)4oy3ny

(panuLguod) *g 37gyl




jed fuLMO|]04 BYJ UO PINULIU0D)

*S1S 40 jusu
~doaaep ayz 399dxd
01 YoLym Ui JUIpLAd

st potdad juaje|
3J0ys e ‘auounayiJnd
;huLyyas |euorjedndoo
1L sapLorquay Axouayd
01 aJnsodxa pauwte}d
$1043U0D ,Pas0dxd
-uou, ¢ atym *sbuedg
\uaby 01 pasodxa 2JoMm
Aayy paaai|aq sased
pasodxa, 6 40 G ALUD
°UaALb sem aunsodxd
JO @ouapLAae |enjoe

(butwaey) 6£°0 = YO

(aptol3sad uo/pue
apLotquay) 0°1 = Y0

(1-6°9°2 Jo

*ystd
pajeaaja jueopjiubisuou e
pajedjsuowdp (A1aAL3oadsad

*butuel |edany|notabe pue
(*939 “o@doueudjuiew AemybLy
SfuLJnioejnuew |eaLwayd)
aJunsodxa apLolqJay yilm
S3LJ3sSnpul Jo suol3ednddo
uL YJom aduarsadxa

oN -abuesg jueby ‘uLxoLp ©obuedg S0G°T = ¥0 Pue //°T = H0) 32LAJas AJejliLm jnoqe ™
03 aJnsodxa 40} 23eH uaby) 0/°0 = ¥0 uoL3ond3suod LemybLy suol3sanb papn|ouL ejep o0
JJUNS 3Y] Se pasn SeM pue Butanioeynuew jedt aJieuuotisan) cejep
SURUIB LA UL BDLAJSS, (uor3onugsuod -weyd UL YJom ALug °c8 91091417432 yjeap 3jels
3J44N320 aJdnsodxa 384 AemybLy) 0S°1T = ¥0 ¢abesn apLotisad 40 IpLd *A°N WOoJ} udye] JBM
ur usym ‘uotysanb ut -Lquay ‘Burudey J1-GH°2 S3UdJD4DJ ped] °SIa|L}
1uabe ayg o3 aunsodxa (buidnioeinuew Jo futxolp, abuedg JSUBIL| S,J3ALJP *A°N
L1e29J4 03 2|qeun usaq [eatueyd) //°T = Y0 quafby o3 adnsodxa ©|esd woJj UdSOYD BJBM SJUd
aAaey Aew sjuapuodsad -uab ul 9dLAadds Aueit|luw -J9jad 3AL] *Au3ysiboy
‘yons se ‘pue saJleu SJU3J49494 peap QgI ‘weuldtph uL 32LAJSS Adell JaJjue) 2315 °A°N WoJj (¥861)
jor3senb o3 sasuodsad SIUBJ94dJ IAL| 182 - LW Y3LM punoy sem S1s paJayieb suam sjuaus e 19
paseq SL uoLjewJojug sased 1g2 40 UOLRLI0SSEe 129JLp ON -13J pue SISeI U0 BE]  Pp|lEMUIIIY
suJ492u02 Joley sbutputy Jofey sauirod JuaL|es aJnsodx3 (s )4oyany
(panuijuod) g Jiavl
» .



(2bed BuLMO}|04 3Y3 UO PaNuLIU0d)
. *sesuey JO UOL3

-e(ndod |eJauab ay3

WOJ} PaLJLIUPL SJIM

SJUBJSSTY °9ILAJ3S o
elR(Q JAJUR) sesuey
40 K31sdaarun ayl
ybnodyz patjijuapt
AJom sase) °*i-G*H°2
‘g-4°2 ul juasadd ag 03 03 3aJunsodxa padsq
*ewoydwf) uMoys jou gaol-g8cLc‘ez -BWaJ Sjuapuodsad
s ,u1ybpoy-uou uo asn spLolquay M34 °soulzers] pue
U0L199s ay3 Joapun Apnis wies 404 6°0 = ¥0 *SapLoLquay wJey jJo @2 ALue|noL3ded (9861)
(9861) e 38 JEROH 3Yy3 8Sn WoJdjJ punoy SeM §iS ¢sapLoLquay asn oym *le 39
UL pauoLjudWw se dueg $9582 SIS 002 40 ySLJ paseadoul oy sesuey UL SsJauu e JeoH
. SUJadU0d Joley sbuLputy Jofey sjuLod juaLles aJdnsodx3 (s Jaoyany

(penuLjuod) °g 379Vl




(abed Huimojloy 3y uo panuLiuod)

*aJnsodxa

40 AJogsiy 3sed

1oL 07 aJleuuoiisanb
o J0 9asn Jo 3asnedaq
aJdnsodxs jo uolLl
=RO1JLSSROS LW dqLSSOd
. *anbea Joyjed
st sl ,"3jqissod
“‘aJaym *sdnoub abe daeaf
~ =0T 40 -G Aq Burjysnfpe

S|eoLWaYD WoJ s

SJ9]SLLq UL)S g/ T Sem XSly
(20°0>d) sudedoyd

10 9ouasaud gg*c sem ysLy
(g0°0>d) suapeab

Jaquni 99°2 SeM jSLY

-abe, £q ajqerdea J0309dsul
7 BuLpunojuod e se abe Jaqun|-60f £g°p Sem ysiLy
40 aJed yoo03 KLayz wie|d . J9%.10M *51S buyrjdodad w0
.. sdoyjne ay| °s9SED LLiw Joue|d GG°T SeM 3SLY SJ4BNJOM BSOY] Ul punoy : nld
4 9yl 9JIM ueyl J9pjo sJojeay |dde SPM DUORJO|YD JO YSlJ 3Jued
9J3M | [RJDAO S|0JJUOD 3pLOLQUdY //°T Sem jsty -LJ1UubLS BuL|JBpIOG SSIXD
ay, “peayojew dnosb  siousaydodoyd 66°0 Sem yS LY ue “J9ASMOH °aplLoLquay
,, 3JOM SOSBI UdyM Ibe sapLILqJay Kxouayd op41o9ds Aue 03
. . Kq abeddi|s a|qissod Axouayd gg°0 sem js Ly 3J4ns0dxd UM Jo dJunsodxd
v -*s3suodsad adieu SIUBJIRIRI P69 1eotuByd jo £3Lsusjul *SM3LAJBIUL |euosuad uo
-uoLysanb | je--uayel SIS 821 J0 UOLIRJNp ||BJBAO paseq s|ouaydoJo|yd JO (L861)
9J3M aunsodxa (enjoe Y3LM paleLI0SSe SeM SIS sapLotqeay Axouayd o3 *e 38
10 sjusuLunseaw ON Se0dJRS SNSSLY 340§ 40 ysiJ Buirseadoul oy aJnsodxa jeuoLyednoag SPOOM
SUJ92U0d Joley sbuLputy Joley sjutod jusi|es aJdnsodx3 (s )aoyany
(penuiuod) g 319Vl
» s




°$399449

Juajle| 9AJSSQO 03 Pasn
seM porusd juajef JuaLd
-1jinsui ue A qLssod

~ cabuedyg juaby 03
pasodxa £|qissod sdnosb
-QNS UL SYSLJ pajeAld|?
12939p 03 Jamod oy
*aJnsodxa |enjoe

J0 SsjuaueJnseaw oy

*aJunsodxa lenioe 01
diysuorjeiad ou Jesq
Aew weuldtp Ut 3dLA
-29s AJdejl|Lul SNOLA3JY
*a|ge|LeAe 30U uoijeuw
~Jojul aJnsodxd |enjoy
*$1209443 judje| 40
UoL3eAJRSqO JOj potdJad
juaje| juaLoLynsug

*pakesds sem
abueJg 3uaby adaym pajedo)
SURJIIDA JeQUOD *3ued
-141ubisuou “49°g SeM SLY
gouatJadxs
qeqUI0D YILM SUBRJIIDA € Jued
~LJLubrsuou ¢/G°g sem jSLyY
L12J9A0 G8°0 SeM YSiY
SqUaJ494dd 66§
S1S L1¢

SIS

[ Le4BAO £8°0 SeM }sLY

SJudJaJRL 96H°ET
SLS ¥€2

SIS

°S1S 40 jstd

Jaieasb qe ag 03 uv3sS aJns
-gdxa afueJsg juaby 40) SaLY
~-Lunjsoddo pajewrysd J4aybiy
DAY OUM SURJIIIA WRUIBLA
30 sdnouabgns ©JaAsmoH
°SURJDBA WRUJS LA-UOU O
paJdedwod usaym SIS JO jSLJ
paseaJoul ue 3Aey 30U pLp
[eJ3Ua6 UL SURJDIIA WRUIBLA

*URUISLA
uL 9dLAJds Adeqt|luw
snotasad pue §JS Jo

uoL3eLo0sse juedlyLubrs oy

*9|A3s-a41| pue

$£J10qSLY |BDLpaW ‘BOLAJSS
Weulaty “s|ediusyd snoLJea
01 aJnsodxa [euoilednado
-uou pue {euoiriednda)

aburJg Juaby

03 aJnsodxs A|geunsauad
pue URUIBLA UL 9DLAJSS
AdeatLw snoLAddd

(£861)
°le 2®
Suey

(9861)
*|e 18
bu ey

SuJaduod Joley

sbutputy goley

sjuiod juaL|es

aJnsodx3

- (s)Joyany

(panut3juod)

‘S 318Vl



(abed Huimo| |04 Byl UO pPaNULIU0D)

* SBLG UOLJRAJDSQO pue
seLq [{eddd 03 3oelqns
aJe ejep ayl ©sasuodsad
aJLeuuoilsanb uo

paseg °pajeLiuelsqns
90U SeM. SJUBULUIRILOD
QQ)1-8°L°c ‘2 03 dJns
~-0dxa 10.3u93X3 100X]

. ° twoyduf | jueuby |ew
Joj J03oRy MYSLJ B 3N}
-135U0D SpLoe dLr3aoek
-xouayd Jo/pue ©s|ouauyd
-0JO YD “S3udAL0S oLueb
-40 01 adnsodxa, eyl
papnouod Joyane ayj
cqoey up cewoydwf| jo
j¥S1J Y3 ul IseasouL ue
pasnpodd pue paJandiIdo
0s |e auaJkys pue ‘dua|
-Ay320401Yydta3 ‘ausz
-UaQ SP YoNns SIUBALOS
a1uebio 03 aunsodxy

(0°0>d) pauLquo) - 0°9 SeM XS Ly
(50°0>d) s ouayd

040U - €°p SBM IS LY

(0°0>d) Hd - g°t sem ys iy

SJUdJD)aJ QEE
sewoyduf | 691

seuoydwk

*s |ouaydoJo|ud

pue piLoe 3139%eLXx0
-uayd 03 adnsodxa woJj
THN 40 dsiJd Juestjiubis
Aybiy  cewoyduk] s, uty
-Bpoy pey %gg  “(THN)
ewoyduwd| s ,uLybpoy-~uou
pey sjuatijed 4o /9

*03 pasodxa

aJam Kay3 s|ouayd

-040 YD pue S3pLILQJdY
Axouayd yorym paxse aJoM
sjuapuodsad pue sjuatled
*yaWn Jo A3LsJaALun

¢ fboooug Jo udugJedag
3yl woJj palodaLas

aJaM sjudalled °@qol
-g¢1%¢ €2 01 aansodxd

Joj A3Lunijdgoddo ue
apLAoJdd 03 uMmouy SalJ3}
~-snpul bButjJompoom pue
€£43s0404 ®|eunynotabe
ay3 ut sjouaydodoys

pue sapLotquay pLoe
a1399ekxoudyd jo sdJasn

57

(18671)
*le 1@

L19pJeH

SUJ2IU0D Joley

sbuipury Joley

sjqurod juat|es

aansodx3

-

(s )Joyany

SYWOHdWAT :0QJL-8°L°€°2 AT¥YINIILYY

‘SNIX01Q-d-0ZNI910 GILYNTUOTHOATOd 40 S3IIANLS TO¥INOI-ISYI

‘9 318yl




Hﬁmmma fuimo| {04 Byl UO panulLjuod)

*pastuwans

Ajuo sL asn yons fpasn
butaq se patrjLjuapt
9JoM s jousydoJojud

Jo piLoe sr3soefxouayd
uane 10y °seunsodxd
_pazi|euossad [enpLALpul
. ou aJe 243yl *uoLl
- ~puLWJa3ap |euoirzednddo
‘ JOJ alqeid2un KusaA
© 8Je S33801413439 Yjeyq

*y°p = abeasoe Jeaym jo

pue $9°9 = SapLoLIddSUL

Yy3LM pajeau) sadoe

pue abeaJoe upedb {|ews

40 pue £3LAL30R |RJNLND
-Ldbe [eyauab jo aunseauw

Adeuuns ybLy yaim saLaunod

uL sJaudey Jabunok Buowe
2°¢ 3¢ Jaybry euwoodes
1192 ungndtiaJd JO ySLY

(50°0>d) £°T = s uy
:g9 abe Japun
suosJdad Jdo) bupue

22°T =3l
:jeasusb uL bBurudel

(sasnes J4ay3o

woJj syjeap)
siuadajad y//
syjeap THN b/LL

ewioydwA) s, ULYDPOH-uoN

*spLoe 21392eAxouayd
paleulJoys wayy bBuowe
‘speoLwayd fednynotabe
340 3sn y3m £|esoduny
aseasoul 03 surbaq ysid
1RY3 SuLejULRW JOYINY
*sa|es AJrep jo saeyiop
pue €afeadoe Jesym
‘suiedb ||ews jo sbedsoe
¢9sn aplLoLquay “asn
aptot3oasul ut ybry
S9LIUNOD ULSUOISEM UL
g9 abe Japun suduwdey
fuowe paAJSQO DJIM
PWOIJRS | {82 WN[NDi3ad
J0oj SOLaed ppo JO
suoLjeAd|a quedtjLubis
*dn-moy 104 Jo yzbuay
Y3iM soseadout ysly

*uoijLuLjap snsud)
*S°n 0961 Bulsn

¢ (uvewsJoy Jo ©jueual
€Joumo) Jaudey “°a°L
€s23e01413492 yjeap
woJJ papod Isoyl

9q 03 paulLydp dJ3M
paesodx3 *uorjednodo
fuiruwuey jo Adusanbady

58

(2861)
Jojue)

SuJdduU0d Joley

sbuipuiy Jofey

sjurod juati|es

aJansodx3

(s )aoyany

(penuijuod) 9 374Vl




(abed BulMo||04 By UO

panuLiuod)

. (g0°0>d) z¢e°
(g0°0>d) 61°
: (s0°0>d) 92°
. *sqoy3ine (Go°0>d) gy°
- ay3 Aq pazsabbns
-~ se ‘(saplLolLquay)
" sapLoLisad ay3 jo
“. Kue 03 dJnsodxd
40 uoljerjuelsqns
OU S| 3Jay3 “adJouw 218°1 -
© -JayjJdng cuoijeu 128°% -
. ~LW433ap [euoll 101°1 -
~ednso0 J4oj 3|qe 05 -

=L [9Jdun KJaa sJe
. §3730213432 yjes(q

Jaosued yorwols

Jaoued 331e1S044
ewoydwf| s ,uL}bpoH-uoN
ewo 3w ddL3Inp

SYSLY - burwsed
ased Jad 2 “mPochou

43oued Yorwo3is

JaJued 33e3S04¢
ewoydud'| s, utyBpoH-uoy
ewo | dAw ad1l LNy

sa5e)

*eLWAYND| 3 jyOO| jOU
pLp sJoyine ay3 ybnoyz|e
¢ (erwaynat pue ‘ewoyd
-wA| s,uLybpoy-uou ‘ewo|
-oAw aidLy|nw) sJaoued
Y3 40 334y3 ybnosya
Buruuna peadyaz eoirbo|
-0173 UOWOD B Sl 9J49Yy]

*SopLIL3IISUL -G p°g

Jo -2 01 8ansodxd
‘asned ajqissod 3uo se
paisabbns sdoyiny cadde
Jad uus02 pue ‘uopjonpoud
913102 *plos s3onpodd
JLLW Yim pajeLoosse

SeM JIJUBD YJRWOIS °3sn
apiotqusy pue ‘uorlonp
-o4d Boy “plos Ss3onposd
FiLw “suayoLyd buife|
669 yjLm pajeLoosse Sem
ewoyduk| s ,utybpoy-uoN

"8L61 PUe 4961
UdSMIDG BMO] UL SI31BD
-1413d80 yjesp J4i3yjl
U0 papPJ0I3J SeMm

qol eJdn3norJbe ue
woum Joj abe jo
sJeaf gg JaAO Sa|eu
91iym 3soyy sq 03
pauLiap aJdam pasodx3y

59

(€861)
*ie 18
gmum_.w__t:m

SUJ3’U0I JolE|y

sbutpury sofey

‘s3utod 3uaLes

aJnsodx3

(s)doyzny

(ponuLjuod)

‘9 314yl




ﬂhumma fuiMO |04 9Y3 UO panuijuod)

o (sapLotquay 4o
2 : sJasn juanbaay)
o 0°'g - ewoydwf| s, uL}6poH-uoN

(ah/skep 0z ueyl
aJow pasodxd)
0°9 - ewoyduki s,uLy6pOH-UON

(asn apLoLquay)
9°1 - ewoydwd) s uLY6pOH-UON

4 p°1 - ewoydwf| s, ulybpoOH-uoN
: *3onpodd uo
- palsLauapt lou
. 9Jam g-p°z ueyl
J3yjo pasnh saouels systy
-gng *3uasadd 8q
" Aew seLq [jedsd
 fyons se ‘pue

sasuodsad adteu

g*0 - ewoydwk| s uly6poy

(ased 4ad ¢) GOO°T :SIUdJILBY

-yol13sanb uo paseq 00z - euwoydwf| s, uLyBpoH-uoy
© 9Je elEQ  °dJINS £/1 - ewoyduwfy s,uLybpoy
: -odxa jo uoirlel} .

-ue3sqns 40 }oe7 sase)

*0091-8°L°€‘2

yjLm pajeulurluod

qou sL @-p°Z °obesn
apioLqaay yjim ewoyd
-] s, uLybpoy 4o SIS Jo
uorjeidosse oy °Q-+°2
10 8Sn y3LM snowfuouks
S1 SLY} wLe|d sdoyiny
*afesn aptoLquay JO
uotaednp pue Kouanbauy
yatm ewoyduwk| s ,uLybpoy
~uou jo diysuolrjeiad

asuodsad-asop quedtjtubls

*spsuey JO UoL3}
-e|ndod jeJauab syl
woJd) paLJLIUIPL DJOM
SIUSJD43Y °9ILAJSS
eleq Jaoue) sesuey
10 K3LsJa9ALUn @Yl
ybnoayyz patjLiusapl
aJom sase) *1-G°v°¢
01 aJnsodx2 pauaq
-uPWaJ Sjuapuodsad
M3{ °sSauizelLdj pue
@-t°2 ApJenoijaed

¢ S9pLOLQUAY ISh OYM
sesupy UL sJauued

60

(9861)
°le 39
JROH

suJasuod Joley sbuLputy Joley

sjutod juaL|es

aJansodx3

(s )aouzny

(penutauod) °g 314yl




(5£0°0>d) sudedo|yd jo
- @ouasaud °2T1°Z sem sy
cuoLjed3sibad Jgaoued
24043q SJ4eaA g1 03 Joruad
porJad BuiJnp sJedlk +gI
J0J sapLaiquay Axouayd
03 2Jnsodxs |eLjuazod

(50°0>d) 1/°T sem jys 1y : o
*aJns sJojeol jdde °THN
_~odxa jo As031s1y 3sed apLoLqJay Au3sados burjusodad sdajJoM uL punoy
3191 (9 03 dJLeUUOL]SAnb (G0°0>d) gy sem jysiy SBM 3UDRJO YD JO jYSLJ Juedl
: 40 9sn jo asne’dq sJatey -1 LUBLS BUL|JBPJOQ $SBIXS Uy
T aJnsodxs 1O uoLjled (50°0>d) ££°1 sem sty
=L 41SSR|OSLW D|qLSSOd °SapLoLquay 01 *SMALAJOIUL
L *'SUdAj0S oLuebuo pue SIUBJDIDJ $69 saJnsodxa J4araeay Aigrssod |euosJyad uo paseq
S2pLIL3I3SUL BULJIO YD THN 9/§ aaey 03 3ybnoya sdnoubgns stouaydodsoys 4o (£861)
-ouefdo 03 aunsodxs UL pBAJISqo BJaM JHN 40 saptarquay Axousyd o3 ‘e 3@
Buipunojuod £|qLssod sewoydwkT SNSLJ pajeAs|d jueoiyiubis aJnsodxd |euoljedndog SpOOM
SuJIIU0d - o ey sbuiputry dofey sjurod juaijeg aJnsodx3 (s )Joyany
(penurguod) °9 3I7gvl
- »

&
»




Ammmn fuiLMO] |04 3y} UO p3NULIU0D)

*

*sJaylo |le 40
Astd Y3y (A11e
~191J13J0 @seadd
_-up J0) ssaJdap
L LM Buo jO jySid
ayj ut (aseadd
-9p Jo) 3Iseaud
-uL uy *Jaylo
yoea jo juapuad
-9pulL jou aJde
sbutputy o130
-ads-33Ls jeul
Ul SISSOUNRIM
JuaJayulL dAey
sajey A3t ejJou
ajeuolysododd

*sJoyine

ay3 Aq paaLd

s jouaydoJo |yd
J0/pue sspLd
~-LqJay Axouayd
3yl 03 aJnsodxd
[enioe j0 9ouUlp
~LA3 OU SL aJayl

UWd €€°T = ewoyduwk| s, utyBbpoy-uoN
4Wd (50°0>d) p6°1 = aseastp s,uLybpoy

4Wd (50°0>d) 26°1 = SIS

S%S

g

g

(sesed gg1) ewoydwl| s ,uLyBpOH-UON

(sesed Q1) aseasLp s,ulybpoy

(sased 6h) SIS

*SJDNJIOM| | LW
dnd/aaded up ewoydwf|
S ,utbpol-uou jo ystJ
Jaybiy pue sdayJom
-t1tw dind/aaded ut
aseasLp s,uLybpoy jo
$S32Xa juedLjLubLs y

*sJaudey UL SIS 40
$S30%0 juearjLubls y

*pajels

J0u ejep 40 22unos

*93e3S uojbuLysep

ul s3onpoud poom pue
¢K43s8404 *aanynotube
uL pasn sjouaydodoyo
pue (G-vy°2 AL49Lyd)
sapLoiquay Axousayd

62

(2861)
wey | LW

SuJa2u0d Jolel

sburputry Joley

sjurod juatLjes

aJdnsodx3

(s)Joyany

Q@oL-8°L°€°2 ATVINII LYV

“SNIX0IG-T-0ZN3GI0 QILYNINOTHOATOd 40 SIIANLS ALITYLYOW J1YNOILY0d0¥d °L 378Vl



*SJday30 3y3 [[®

UL 9SeaJIap ||e.

-J3dA0 ue aonposd
l1m Jaoues suo
Ul 3seadoul uy
*siskleue ayj ut
sJaoued Jay3o jo
juapuadapul jou
S{ J35UeD L)L
-ads-231s eyl
UL sossauyeam

JuaJayuL aAey

s9jed »u_qu;oE
a3euoriJododd

JSweuss LA

ut pasn (abuedp
queby) sapid
~Lquay Axousyd
3Y3 01 3J4nsodxd

|enjoe 40 aduap
~LA9 0U S| aJ4ay]

*¥NdS (T10°0>d)
£6°¢ = Jaoued AaupLy 10 yS LY

*sajew a3Lym S338S
-nyoessey (10°0>d) /8°G fsuedalaa
weu3s LA-uou (10°0>d) 9T°G = HOMS
JaJued BNSSL] IALIOBUUOD SO YSLY

“UNdS (10°0>d) £/°% = (s9sed §)
JBoURD 3NSSL] 8ALFI9UUO0D 30 %S 1Y

*SURJRYBA

weuja LA-uou 03 paded
-0 SURJDIDA WRUdLA
s339snyoessey Suowe
pajeaa(ad A{auedLjLublLs
8J8M J82URD 3NSSL)
9ALID9UUOD pue *AduplLy
€9%041S 03 anp syieaq

‘sajew

93tymM s3jasnydessey
JO SURJDIDA uRU
-38Lp-uou sem dnodb
JUBJ34BY *SITLAJSS
SURJIIBA JO B8ILI40
s3jasnyoessey Aq
paptaodd sem 3u040)
“WeUID LA UL ILAJSG

63

(586 1)
ddey)

pue ueboy

SUJIU0D JO ey

sbulputy Jofley

sjquiod jusiieg

aJnsodx3

(s )Joyzny

(Panuiquod) °/ F1gvL




*sJaylo ayj ||®
UL aseadoap [|e
-J3A0 ue asnpoud
LLlM J32ued dUO
utL aseaJdoul uy
*sisA|eue ayz ul
$J32URd Jaylo o
juapuadapul 30U
S1 Jajued JL4Ld
-ads-931s 3ey1l
UL S9SSOaU)eaM
JuaJayuL aAey
s3jed A3L|elJow
91eU0L1d0d0Jd

‘weuld LA

uL pasn (ebuedg
juaby ) sapLo
-1q4ay Axouayd
aYy3 03 adnsodxa
Lenjdoe jo 3aouap
~LA3 OU S! 243yl

"YWdS (10°0>d)

£G°¢ = Jdoued AauplLy 10 XS LY
°s9|eW 93LYM S319S

-nyoessey (10°0>d) [8°G fSueJalsA
weu3a LA-uou (10°0>d) 91°G = HOWS
J92URD 9NSSL] SALIIDUUGD JO 3SLY

*¥WdS (10°0>d) €L°t = (sased ¢)
Jadued aNsslL] m>_.uuw::ou JO yS Ly

* SURJRJIA

ueuls LA-uou 03 paJed
-102 SURJIIBA WRUIDLA
s3j1ashyoessey Huowe
pajeAds A|juediLjLubLs
9JBM JdOURD NSSL]
9AL1o3UU0D pue ©Aauply
€330J43s 03 anp syjeaq

*saew

33LYyM Ss33asnyoessey
JO SURJRJIA URU
-33LA-uou sem dnoub
JUBJASIY °S3ILAJSS
SURJIBA 40 39134340
s3jasnyosessey Aq
papLaoad sem 3Joyo)
*WPUII LA UL 3DLAJSS

64

(s861)
dde|)

pue ueHoy

SuUJdou0d Joley

sButputy Joley

squtod jual|es

aJunsodx3

(s )Jaoyany

(panuiguod) 7 78Vl



REFERENCES

Axelson, 0. (1986, Jan. 21) Rebuttals of the final report on cancer by
the Royal Commission on the use and effects of chemical agents on
Australian personnel in Vietnam. Department of Occupational Medicine,
University Hospital, Universitetet Linkoping, Linkoping, Sweden.

Axelson, 0.; Sundell, L.; Anderson, K.; Edling, C.; Hogstedt, C.; Kling, H.
(1980) Herbicide exposure and tumor mortality: an updated epidemiologic
investigation of Swedish railroad workers. Scand. J. Work Environ. Health
6:73-79. .

Australian Royal Commission. (1985) Cancer, Vol. 4. In: Final report--Royal
Commission on the use and effects of chemical agents on Australian personnel
in Vietnam. Canberra, Australia: Australian Government Publishing Service,
pp. VIII-166.

Balarajan, R.; Acheson, E.D. (1984) Soft tissue sarcomas in agriculture and
forestry workers. J. Epidemiol. Community Health 38:113-116,

Bishop, C.M.; Jones, A.H. (1981) Non-Hodgkin's lymphoma of the scalp in workers
exposed to dioxins. The Lancet 2(8242):369.

Buesching, D.P.; Wollstadt, L. (1984) Cancer morta1ity among farmers.
J. Natl. Cancer Inst. 72(3):503.

Burmeister, L.F.; Everett, G.D.; Van Lier, S.F.; Isacson, P, (1983) Selected
cancer mortality and farm practices in Iowa. Am. J. Epidemiol. 118(1):
72"77e

Cantor, K.P. (1982) Farming and mortality from non-Hodgkin's 1ymphoma: a
case-control study. Int. J. Cancer 29:239-247.

Cook, R.R. (1981) Dioxin, chloracne and soft tissue sarcoma. The Lancet
1:618-619.

Cook, R.R.; Cartmill, J.B. (1984) Dioxin: comparing apples and oranges.:
Chem. Tech. :534-537.

Cook, R.R.; Bond. G.G.; Olsen, R.A.; Ott, M.G.; Gondek, M.R. (1986) Evaluation
' of the mortality experience of workers exposed to the chlorinated dioxins.
Chemosphere 15(9-12):1769-1776.

Eriksson, M.; Hardell, L.; O;Berg, N.; Moller, T.; Axelson, 0. (1979) Case-
control study on malignant mesenchymal tumors of the soft tissue and
exposure to chemical substances. Lakartidningen 76:3872-3875.
(translation) '

Eriksson, M.; Hardell, L.; 0'Berg, N.; Moller, T.; Axelson, 0. (1981) Soft
tissue sarcomas and exposure to chemical substances: a case-referent
study. Br. J. Ind. Med. 38:27-33.

65




Fett, M.J.; Dunn, M.; Adena, M.A.; 0'Toole, B.I.; Forcier, L. (1984)
Australian veterans health studies: the mortality report. Part I: A
retrospective cohort study of mortality among Australian national
servicemen of the Vietnam conflict era, and an executive summary of the
mortality report. Canberra, Australia: Australian Government Publishing
Service.

Fingerhut, M.; Halperin, W.; Honchar, P,; Smith, A.B.; Groth, D.; Russell, W.0.
(1984) An evaluation of reports of dioxin exposure and soft tissue sarcoma
pathology in U.S. chemical workers. Scan, J. Work. Environ., Health *
10:299-303.

Greenwald, P.; Kovasznay, B.; Collins, D.: Therriault, G. (1984) Sarcomas of N

soft tissues after Vietnam service. J. Natl. Cancer Inst. 73(5):1107-1109.

Hardell, L. (1981) Relation of soft tissue sarcoma, malignant lymphoma and
colon cancer to phenoxy acids, chlorophenols and other agents. Scand. J.
Work Environ. Health 7:119-130,

Hardell, L.; Eriksson, M. (1986) Soft tissue sarcoma and exposure to dioxins.
The Lancet p. 868.

Hardell, L.; Sandstrom, A. (1979) Case-control study: soft tissue sarcomas
and exposure to phenoxyacetic acids or chlorophenols. Br. J. Cancer
39:711-717.

Hardell, L., Eriksson, M.; Lenner, P.; Lundgren, E. (1981) Malignant 1ymphoma
and exposure to chemicals, especially organic solvents, chlorophenols and
phenoxy acids: a case-control study. Br. J. Cancer 43:169~176,

Hoar, S.K.; Blair, A.; Holmes, F.F.; Boysen, C.D.; Robel, R.J.; Hoover, R.;
Fraumeni, J.F., Jdr. (1986) Agricultural herbicide use and risk of Tymphoma
and soft tissue sarcoma. J. Am. Med. Assoc. 256(9):1141-1147.

Hueper, W.C.; Conway, W.D. (1964) Chemical carcinogénesis and cancers.
Springfield, MA: C.A. Thomas.

Johnson, F.E.; Kugler, M.A.; Brown, S.M. (1981) Soft tissue sarcomas and
chlorinated phenols. The Lancet 2(8236):40.

Kang, H.K.; Weatherbee, L.; Breslin, P.P.; Lee, Y.; Shepard, B.M. (1986)
Soft tissue sarcomas and military service in Vietnam: a case comparison
group analysis of hospital patients. J. Occup. Med. 28(12):1215-1218, *

Kang, H.K.; Enziger, F.; Breslin, P.; Feil, M.; Lee, Y.; Shepard, B. (1987)
Soft tissue sarcoma and military service in vietnam: a case-control study. .
J. Natl. Cancer Inst. 79(4)693-699.

Karon, J.M.; Flanders, W.D.; Devine, 0.J.; Needham, L.L.; Patterson, D.G. Jr.
(1987) Serum 2,3,7,8-tetrachlorodibenzo-p-dioxin levels in U.S. Army Vietnam
and non-Vietnam veterans. Presented at the 7th International Symposium
on Chlorinated Dioxins and Related Compounds; Oct. 4-9; Univ. of Nevada,

Las Vegas, NV.

66




Kogan, M.D.; Clapp, R.W. (1985) Mortality among Vietnam veterans in Massa-
chusetts, 1972-1983. Massachusetts Office of the Commissioner of Veterans
Services, Agent Orange Program, Massachusetts Department of Public,
Division of Health Statistics and Research, Boston, MA.

Lathrop, G.D.; Wolfe, W.H.; Albanese, R.A.; Moynahan, P.M. (1984a) An
epidemiologic investigation of health effects in Air Force personnel
following exposure to herbicides: baseline morbidity study results. USAF
School of Aerospace Medicine, Brooks Air Force Base, Texas. 19 chapters.

Lathrop, G.D.; Wolfe, W.H.; Albanese, R.A.; Moynahan, P.M. (1984b) An
epidemiologic investigation of health effects in Air Force personnel
following exposure to herbicides and associated dioxins. Presented at the
Fourth International Symposium on Chlorinated Dioxins and Related
Compounds; October 16-18; Ottawa, Ontario (abstract).

Lynge, E. (1985) A follow-up study of cancer incidence among workers in
manufacture of phenoxy herbicides in Denmark. Br. J. Cancer 52;259-270.

May, G. (1982) Tetrachlorodibenzodioxin: a survey of subjects ten years
after exposure. Br. J. Ind. Med., 39(2):128-135,

Merlo, F.; Puntoni, R. (1986) Soft tissue sarcomas, malignant 1ymphomas,
and 2,3,7,8-TCDD exposure in Seveso. The Lancet p. 1455,

Michigan Department of Public Health. (1983a, May 4) Evaluation of congenital
malformation rates for midland and other selected Michigan counties
compared nationally and statewide 1970-1981. Michigan Department of
Public Health, '

Michigan Department of Public Health. (1983b, May 4) Evaluation of soft and
connective tissue cancer mortality rates for Midland and other selected
Michigan counties compared nationally and statewide. Michigan Department of
Public Health.

Milham, S., Jr. {(1982) Herbicides, occupation, and cancer, The Lancet
pp. 1464-1465,

Moses, M.; Selikoff, I.J. (1981) Soft tissue sarcomas, phenoxy herbicides and
chlorinated phenols. The Lancet 1:(8234):1370. :

Olsson, H.; Brandt, L. (1981) Non-Hodgkin's Tymphoma of the skin and occupa-
tional exposure to herbicides. The Lancet p. 579.

Ott, M.G.; Olson, R.A.; Cook, R.R.; Bond, G.G. (1987) Cohort mortality study
of chemical workers with potential exposure to the higher chlorinated
dioxins. J. Occup. Med. 29(5):422-429,

Pazderova-Vejlupkova, J.; Nemcova, M.; Pickova, J.; Jirasek, L.; Lukas, E.
(1981) The development and prognosis of chronic intoxication by tetra-
chlorodibenzo-p-dioxin in men. Arch. Environ. Health 36(1):5-11.

67




Pirkle, J.L.; Wolff, W.H.; Patterson, D.G.; Needham, L.L.; Michael, J.E.; Miner,
J.C.; Peterson, M.R. (1987) Estimates of the half-1ife of 2,3,7,8-TCDD in
ranch hand veterans. Presented at the 7th International Symposium on
Chlorinated Dioxins and Related Compounds; Oct. 4-9; Univ. of Nevada,

Las Vegas, NV.

Puntoni, R.; Merlo, F.; Fini, A.; Meazza, L.; Santi, L. (1986) Soft tissue
sarcomas in Seveso. The Lancet p. 525. ~

Riihimaki, V.; Sisko, A.; Hernberg, S. (1982) Morté1ity of 2,4-dichloro- -
phenoxyacetic acid and 2,4,5-trichlorophenoxyacetic acid herbicide
applicators in Finland. Scand. J. Work Environ. Health 8:37-42,

Riihimaki, V.; Asp, S.; Pukkala, E.; Hernberg, S. (1983) Mortality and
cancer morbidity among chlorinated phenoxy acid applicators in Finland.
Chemosphere 12(4/5):779-784,

Sarma, P.R.; Jacobs, J. (1981) Thoracic soft tissue sarcoma in Vietnam
veterans exposed to Agent Orange. The Lancet 306(18):1109.

Smith, A.H.; Pearce, N.E. (1986) Update on soft tissue sarcoma and phenoxy-
herbicides in New Zealand. Chemosphere 15(9-12):1795-1798.

Smith, A.H.; Waxweiler, R.J.; Tyroler, H.A. (1980) Epidemiologic investigation
of occupational carcinogenesis using a serially additive expected dose model,
Am. J. Epidemiol. 112:787-797.

Smith, A.H.; Pearce, N.E.; Fisher, D.0.; Giles, H.J.; Teague, C.A.; Howard, J.K.
(1984) Soft tissue sarcoma and exposure to phenoxyherbicides and chloro-
phenols in New Zealand. J. Natl. Cancer Inst. 73(5):1111-1117.

Thiess, A.M.; Frentzel-Beyme, R.; Link, R. (1982) Mortality study of persons
exposed to dioxin in a trichlorophenol-process accident that occurred in
the BASF AG on November 17, 1953, Am. J. Ind. Med. 3:179-189.

U.S. Environmental Protection Agency (1985). Health assessment document
for polychlorinated dibenzo-p-dioxins. Office of Health and Environmental
Assessment. Washington, DC. EPA/600/8-84/014F. NTIS PB86-122546/AS.

Wiklund, K.; Holm, L.E. (1986) Soft tissue sarcoma risk in Swedish agricultural
and forestry workers. J. Natl. Cancer Inst., 76(2):229-234, :

Wiklund, K.; Dich, J.; Ho]m; L.E. (1987) Risk of malignant lymphoma in Swedish v
pesticide appliers., Br. J. Cancer 56:505-508,

Wolfe, W.H.; Michalek, U.E.; Albanese, R.A.; Lathrop, G.D.; Moynahan, P.M. *
(1984) An epidemiologic investigation of health effects in Air Force
personnel following exposure to herbicides: mortality update, 1984.
USAF School of Aerospace Medicine, Brooks Air Force Base, Texas.

Wolfe, W.H.; Lathrop, G.D.; Albanese, R.A.; Moynahan, P.M. (1985) An
epidemiologic investigation of health effects in Air Force personnel
following exposure to herbicides and associated dioxins. Chemosphere
14(6/7):707-716.

68

| |




Woods, J.S.; Polissar, L.; Severson, R.K.; Heuser, L.S.; Kulander, B.G. (1987)
Soft tissue sarcoma and non-Hodgkin's 1ymphoma in relation to phenoxyher-
bicide and chlorinated. phenol exposure in Western Washington. J. Natl.
Cancer Inst., 78(5):899-910, '

Young I.L.; Racy, C.L.; Asire, A.J., eds. (1982) Surveillance, epidemiology and
end results: incidence and mortality data, 1973-77. Natl. Cancer Inst.
Monogr. 57:14, 32, 72, 84, '

Zack, J.A.; Suskind, R.R. (1980) The mortality experience of workers exposed
to tetrachlorodibenzodioxin in a trichlorophenol process accident.
J. Occup. Med., 22(1):11-14,

69




¢




February 1988
Review Draft

APPENDIX C

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY OF 2,3,7,8-TCDD

G. L. Kimmel, Ph.D.
Reproductive Effects Assessment Group

Office of Health and Environmenfa] Assessment
Office of Research and Development
U.S. Environmental Protection Agency







EXECUTIVE SUMMARY

There is not sufficient evidence to link 2,3,7,8-tetrach16rodibenzo-
p-dioxin (2,3,7,8-TCDD) to human reproductive or developmental toxicity;
however, it has been shown to be a reproductive and developmental toxicant in
animal studies. Among the effects that have been reported are reduced
fertility, litter size, postnatal survival, and offspring body weight, as well
as an increase in structural malformations. Effects on the male and female
gonads and on the female menstrua]/estrous cycle have also been reported.
Reproductive and developmental effects have been observed in a variety of
species, indicating that the toxicity is not a species-specific event.

The studies on reproductive function and fertility remain the basis for
establishing the lowest effective (toxic) exposure level. It appears that a
0.01 ug/kg/day exposure is the lowest effect level that can be supported by the
data, although further analysis of the data may provide some support for a
'1ower effect level of 0.001 ug/kg/day. In addition, a detailed analysis of
studies in the subhuman primate may also provide support for a lower effect
level of 0.001 ug/kg/day. In relation to developmental toxicity, a large
number of studies in a variety of species has demonstrated that 2,3,7,8-TCDD is
a developmental toxicant. Collectively, these studies indicate that long-term,
Tow-dose exposure is of concern relative to the potential for altering
reproductive function and fertility. The results also demonstrate that acute
and short-term exposures are effective in causing altered development, and

therefore, should also be of concern.




INTRODUCTION

2,3,7,8-TCDD has been shown to be a reproductive and developmental
toxicant in animal studies. Among the effects that have been reported are
reduced fertility, litter size, postnatal survival, and offspring body weight,
as well as an increase in structural malformations. 2,3,7,8-TCDD also affects
the male and female reproductive systems. Gonadal dysfunction has been
demonstrated in both sexes, and alterations of normal reproductive cycles have
been reported in the female. Although there have been accidental exposures of
humans to mixtures containing 2,3,7,8-TCDD, there is not sufficient evidence
from the case reports and epidemiologic studies that have been carried out to

date to link 2,3,7,8-TCDD to human reproductive or deve]opmenta] toxicity (U.S.

EPA, 1986a). Much of the information on human exposure is covered in Appendix

D.

In line with the original request for the development of this review, this
appendix covers the effects of 2,3,7,8-TCDD on the integrity of the
reproductive system and fertility and on prenatal and early postnatal
development. The appendix is not inclusive of all studies on these effects.
Rather, it focuses on the key studies and issues that may go into an overall
risk characterization. The present reviewer has tried to present a balanced
view of the studies and the uncertainties inherent in the data and the
analysis. Studies on other congeners of polychlorinated dibenzo-p-dioxins or
of 2,3,7,8-TCDD as a mixture or contaminant of other agents are not included,
except as support where appropriate. A more comprehensive review of

2,3,7,8-TCDD’s toxicity and its relation to risk characterization can be found

in the Health Assessment Document (HAD) for Polychlorinated Dibenzo-p-Dioxins




(U.S. EPA, 1985).
RSN AT

ANIMAL STUDIES
REPRODUCTIVE FUNCTIdN/FERTILITY.
| The study by Murray et al. (1979) continues to be the guidepost‘for
setting standards of exposure relative to.reproduction. The study employs a
multigeneration approach and examines the exposure of male and female rats over
three generations to relatively low levels of 2,3,7,8-TCDD (0, 0.001, 0.01, and
0.1 ug 2,3,7,8-TCDD/kg body weight/day). The analysis of the data is made
somewhat difficult by considerable variation in the fertility index in Both
control and exposed groups. In addition, the number of impregnated animals in
the exposed groups was lower than desirable (Palmer, 1981). However, there
were effects that cannot be automatically associated Wwith the variation in the
fertility index, including an”increased time between first cohabitation and
delivery, a decrease in litter size, a decreése in the gestétiona] survival-
index, and a decréase in postnatal body weight. Specifically, Murray et al.
reported statistically significant changes in several of the measured
parameters, and these are outlined in Table 1.

While there is no dispute over the reproductive toxicity seen in this
study, there is some disagreement over the appropriate effect levels.. Murray
et al. (1979) indicated that the lowest statistically significant adverse
effect was observed at 0.01 ug/kg/day and that a no-effect level could be
established at 0.001 ug/kg/day. In a reanalysis of this study, however, Nisbet
and Paxton (1982) argued that the analysis of Murray et al. (1979) was limited

by the statistical approach used. Nisbet and Paxton app1ied a different
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TABLE 1. SUMMARY OF EFFECTS OF 2,3,7,8-TCDD ON REPRODUCTION

ug TCDD/kg/day?

Parameter Generation 0.001  0.001. 0.1 .

Fertility fo _— - - dec
fo --- --- -dec
f1 : --= dec
fo --- dec

Litter size f1a Lo --- dec
f1p --- === dec
o --- dec
f3 ——- dec

Gestation Survival f1a .- e decg
f1b T Tt T
o dec dec
f3 ' --- dec

Postnatal survival fla dec dec - b
f1p. inc --- - -=-C
fa . --- dec
f3 oo o

Postnatal body fla ‘ ——- —_ b

weight " fip * --- - ---C
T2 --- dec
f3 --- dec

& (---), unaffected; dec, decreased; inc, increased.
b No Tiveborn offspring.
C One Titter only.

SOURCE: Murray et al., 1979. - v




statistical approach which included the pooling of data across all generations,
and their reanalysis indicated that 0.001 ug/kg/day (the Towest dose used) was
an effect level and that a no-effect level could not be set;'The aufhors of the
HAD for Polychlorinated Dibenzo-p-Dioxins (U.S. EPA, 1985) accepted this
argument and used the Nisbet and Paxton reanalysis to establish a 1pwest
observed adverse effect level (LOAEL) of 0.001 ug/kg/day. However, the HAD
(U.S. EPA, 1985) also noted that the FIFRA Scientific Advisory Panel (SAP) did
not feel that the effects were consistent enough at 0.001 ug/kg/day and that
this would have to be considered a no observed effect level (NOEL). Since this
latter decision by the SAP was made before the Nisbet and Paxton reanalysis, it
is not possible to know if the decision would have been different in light of
the reanalysis. However, the present reviewer feels that effect levels should
not be set on the basis of the Nisbet and Paxton reanalysis. While it'appears
that Nisbet and Paxton’s approach for increasing the Timited statistical power‘
of the Murray et al. (1979) study is appropriate statistically, it is difficult
to see the biological rationale for pooling the data. - Litters from different
generations (or from subsequent matings within a generation) are not the same.
They have different histories of expdsure and each is tied to the effect of the
agent on its parental generation. Thus, as a general rule, pooling of data
from different generations would seem biologically inappropriate. Unless some
spécific exception can be identified, it is not clear how pooling can be
biologically justified in this case. ‘

A Timited review of a report by Murray et al. (1978), which served as
Exhibit 77 in a 1980 EPA hearing, has raised some questions relative to the
offspring survival. The Murray et al. (1979) paper inc]uded the standard

parameters of the Gestation Survival Index and Postnatal Surviva],Index‘as




measures of offspring survival (Table 1). These parameters showed significant
changes, but not always in a dose—re]ated fashion. Thisvmay be because -
offspring viability is examined during discrete periods of offspring
development and the investigators do not report viability over the entire early
postnatal period. Additional data from the 1978 report by Murray et al. has
been summarily reviewed on the basis of overall offspring survival, i.e., not
separating the Gestation Survival Index and Postnatal SurViva] Index. There
appears to be a general pattern of decreased surviva] even at 0.001 ug/kg/day,
if one assumes a survival rate of control offspring of 90%. Appropriate
analytical techniques woqu havelto be applied to confirm this. - Two points
should be raised regarding the data. The first is that the number of offspring
used in the calculations of Murray et al. (1978) varied conéiderab]y among the
control and two exposure groups. How this could affect the parameters is not
entirely clear to this reviewer, but Bailar (1981) spoke to similar issues in
his testimony and noted that he found the déta suggestive of an effect at the
0.001 ug/kg/day level. The second point is the survival of the control
population of offspring. In both the fjp and the fé litters, survival of the
controls by postnatal day 21 ranged from 70% to'80%. Although viability varies
within any Tlaboratory animal population, this figure seems Tow and may account
for there not being an established decrease in offsprihg viability in fhese two
groups at 0.001 ug/kg/day. A more detailed analysis of this data base may
provide a clearer indication of the potential for decreased.postnata1 survival
at the 0.001 level.

In addition to the data on offspring surviva1, the Murray et al. (1978)

report summarizes their observations on renal pathology. When all observed

effects on the kidney (i.e., "slightly dilated" and "dilated") are combined,




there appears to be an increase at the 0.001 -and 0.01 ug/kg/day~ih the f15 and
fip litters. As has been pointed out, it-is not entirely appropriate to
combine these two end points, since slight dilation may be due to delayed
development which may be transient in nature. Nevertheless, the kidney is a
recognized end organ for 2,3,7,8-TCDD effects, and the findings 6f Moore et al.
(1973) in the mouse indicate that the continuous exposure that is found-in a
three-generation study may be more Tikely to lead to the most obvious effects
on kidney development. Research in this particular area is continuing. Abbott
et al. (1987a, b) recently reported that the kidney alterations that occur in
the mouse following a single, prenatal 12 ug/kg dose of 2,3,7,8-TCDD-are
consistent with true hydronephrosis.

Allen and his colleagues examined 2,3,7,8-TCDD effects on reproduction in
the monkey (Allen et a1.,~1977; Allen et al., 1979; Barsotti et al., 1979;
Schantz et al., 1979). In a series of studies, female rhesus monkeys were fed
50 or 500 ppt 2,3,7,8-TCDD for up to 9 months. Menstrué1 cycles and serum
steroid levels were examined. Following 7 months of exposure, the femaTes were
bred. Females exposed to 500 ppt showed obvious clinical signs of 2,3,7,8-TCDD
toxicity and lost weight throughout the study. Five of the eight monkeys died
within one year after exposure was initiated. - In a summary of the reproductive
function and fertility of these animals, Allen et al. (1979) reported that
although the menstrual cycle and menstruation were normal, there was a decrease
in serum estradiol and progesterone in five of eight monkeys. Only three of
the animals conceived, and only one was able to carry the pregnancy to term.
Females exposed to 50 ppt 2,3,7,8-TCDD in the diet (Schantz et al., 1979)

showed normal menstrual cycles and serum estradio1”andvprogesteronefthfough 6

months of exposure. When they were bred at 7 months, four of eight females did




not conceive and two of four that did could not carry the pregnancies to term.
Only two conceptions resulted in normal births.
The results of this series of studies could potentially 'support a lower

LOAEL than that reported by Murray et al. (1979) in the rat (i.e;, 0.01
ug/kg/day). The high dose (500 ppt) resulted 1n‘considerab1e maternal toxicity
and reproductive dysfunction, while a comparable exposure 1eve1 (0.01
ug/kg/day) in the rat did not produce any significant clinical signs in the .
parental generation. This could indicate that the rhesus monkey is more
sensitive to 2,3,7,8-TCDD when exposure occurs over 1ongvperiods and when
reproductive parameters are the critical end points. The low dose (50 ppt) was
reported as resulting in specific reproductive dysfunctionvin the absence of
maternal toxicity. Since this exposure level is calculated to be approximately
0.002 ug/kg/day, the report suggests that even Tower doses are required for
effects on reproductive function than are required in the rat and would support
a lower adverse effect level. Unfortunately, much of the data on the monkeys
has been presented in abstract form or as part of a review, and consequently, a
critical analysis of the data is impossible. There has been some indication
that studies of even lower levels (i.e., 5 and 25 ppt) showed signs of
reproductive toxicity, and the data are now beginning to appear in the
lTiterature. Schantz et al. (1986) reported altered maternal care of offspring
in monkeys exposed to 5 and 25 ppt for 45 to 49 months, and Bowman et al.
(1987a, b) reported on altered maternal-infant interaction and other
reproductive parameters at the Seventh Iﬁternationa] Symposium on Chlorinated

f Dioxins and Related Compounds. These reports are now’being evaluated and, if

| supported, could significantly affect the adverse effect levels calculated for

reproductive and developmental toxicity.

8




It is important to note that none of these findings establish an
unequivocal effect at the 0.001 ug/kg/day or below level. However, the -
evidence is suggestive enough and the uncertainties are great.enough that it

would seem prudent to consider the 0.001 level as‘high1y suspect.’

DEVELOPMENT

Numerous studies have been done on the developmental toxicity of 2,3,7,8-
. TCDD, many of which have been summarized in the HAD for Polychlorinated
Dibenzo-p-Dioxins (U.S. EPA, 1985). Of particular interest to this review are
those studies which present data that may factor into an overall risk
characterization: .Courtney and Moore (1971), Giavini et al.. (1982a), Khera and
Ruddick (1973), McNulty (1980), Moore et al. (1973), Smith et al. (1976), and
Sparschu et al. (1971). .

Developmental toxicity following exposure to 2,3,7,8-TCDD has been
demonstrated in different species, including the éhicken, mouse, rat, rabbit,
ferret, and monkey. Thus, developmental toxicity of 2,3,7,8-TCDD does not
appear to be related to a species-specific metabolic or physiological response
to exposure. While specific responses and effective doses do vary among -
species and among strains within a species (Courtney and Moore, 1971; Po1and
and Glover, 1980), developmental toxicity in response to 2,3,7,8-TCDD exposure
can be expected to 6ccur in all species.

The exposure range at which developmental toxicity first becomes apparent
is 0.125 to 1.0 ug/kg/day when exposure occurs over a major period of |
organogenesis. The no-effect Tevel appears to be approximately 0.17ug/kg/day

in rats, mice, and rabbits. Giavini et al. (1982a) did note an increase in.

extra ribs at 0.1 ug/kg/day in the rabbit. However, -the number of ribs ‘




normally varies between 12 and 13 in rabbits, and it would require a more
detailed analysis of the data to esteb1ish this as a true effect level.
Several laboratories have examined the effects of more acute expesures durjng‘
organogenesis. Moore et al. (1973) demonstrated that a single oral dose of
1 ug/kg given to mice on gestation day 10 produced hydronephrosis. In an
interesting extension of this finding, they investigated the postnatal |
development of the kidney in cross-fostered offspring following prenatal
exposure. The frequency of hydronephrosis seen postnatally was largely
dependent on whether the offspring were nursed by a dam that had also been
prenatally exposed to 2,3,7,8-TCDD. Thus, it apeeared that continued exposure
during the lactation period was required to produce or maintain the gfeatest
effect on kidney development during the postnatal period studied.

Except for the multigeneration studies, which tend not to critically
evaluate many developmental end points, few studies have been carried out on
developmental periods other than the period of organogenesis. Giavini et al.
(1982b) did examine 2,3,7,8-TCDD exposure on gestation days 1-3 in the rat and
reported possible delays in implantation and some effect on fetal weight and
the kidney. There appear to be no studies on exposure during 1ate prenatal
development. As noted above, Moore et al. (1973) examined effects on the
kidney postnatally following prenatal exposere of the dams, and demonstrated
that transfer in the milk is a Tikely cehtributing‘factor to the developmental
toxicity of 2,3,7,8-TCDD. There have also been reports describing the effects
of 2,3,7,8-TCDD exposure on the deve]op1ng immune system (see Appendix E).
However, carefully designed studies on postnatal exposures or on changes in |
postnatal function following prenatal exposure have generally not been carried

out, making it impossible to evaluate the potential effect'of 2,3,7,8-TCDD on.
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the developing young animal.

In summary, studies on the developmental toxicity of 2,3,7,8-TCDD have
clearly demonstrated that it is a'deve1opmenta1;toxicant in a wide variety of
species at relatively Tow doses. These studies have also shown that extehded
periods of exposure are not necessary for developmental toxicity to result.
Thus, there is a need for concern over acute or short-term exposure to 2,3,7,8-
TCDD. A composite review and summary of the §tudies on the developmental
toxicity of 2,3,7,8-TCDD is limited by factors such as the simultaneous
occurrence of maternal toxicity, the usé of different animal strains and
exposure routes, and in many studies the small number of animals per treatment
group that are included in the final data analysis. In addition; there are
differences in study designs and approaches to data analysis which must be
considered in comparing the studieé. These factors do not alter the finding
that 2,3,7,8-TCDD is'a developmental toxicant at very low exposure Tevels.
However, they can potentially affect the final assessment of exposure levels

that can be considered toxic.

MALE AND FEMALE REPRODUCTIVE SYSTEM

Specific components of the male and female reproductive systems are
affected by 2,3,7,8-TCDD exﬁosure. In the ma]e,rexpOSUres‘above‘l ug/kg/day
resulted in evidence of testicu1arvatrophy with destruction of the seminiferous
vtubu]es and spermatogenic ce]Ts (Kociba'et al., 1976; Norback and Allen, 1973;
McConnell et al., 1978). However, following exposures of 0.001 to 0.1
ug/kg/day over a 2-year period, Kociba et al. (1978) reported that the male
reproductive organs appeared to be unaffected, relative to the cbntf01s. In é

study of offspring of male mice exposed to 0.16 to 2.4 ug/kg/day of 2,3,7,8-
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TCDD combined with higher doses of 2,4-dichlorophenoxyacetic acid and
2,4,5-trichlorophenoxyacetic acid, there did‘not appear to be any effect on
fetal or neonatal deve]opmentvor viability (Lamb et al., 1981). In the female,
exposure to 1 to 2 ug/kg/day for 13 weeks resulted in changes in estrous
cycles, anovulation, and signs of ovarian dysfunction (Kociba et al., 1976).
At exposures of 0.001 to 0.01 ug/kg/day in a 2-year study, Kociba et al. (1978) .
reported no effects on the female reproductive system. At 0.1 ug/kg/day, a

decrease in uterine changes such as endometrial hyperplasia were reported. As

noted previously in the Allen et al. studies, female moﬁkeys exposed to 500 ppt

2,3,7,8-TCDD were reported to exhibit changes in their serum steroid Tevels.
SUMMARY

- 2,3,7,8-TCDD has been shown to be a reproductive and déve1opmenta1
toxicant in animal Studies. Among the effects that have been reported are
reduced fertility, litter size, postnatal survival, and offspring body weight, :
as well as an increase in structural malformations. Effects on the male and |
female gonads and on the female menstrual/estrous cycle have also been
reported. The effects have been observed in a variety of specieé, indicating
that the toxicity is not a species-specific event and éan be expected to occur
in all species, including the human. |

The studies on reproductive function and fertility remain the basis for

establishing the lTowest effective (toxic) exposure Tlevel. There is some
disagreement, centered on the appropriate approach for daté analysis, over the
effect level based on the Murray et al. (1979) study. Based on the current
information from this study,‘a 0.01 ug/kg/day level is the lowest effect level
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that can be supported by the data. However, therevis enough suggestive
evidence to indicate a real potentiallfor an effect at 0.001 ug/kg/day.
Further analysis of this study and of the subhuman primate studies by Allen
and his co11eegues may provide support for a lower effect 1eve1 of at 1east
0.001 ug/kg/day.

In re]atioh to developmental toxicity, a large number of studies in a
variety of species demonstrated that 2,3,7,8-TCDD is a‘deve]opmenta1 toxicant.
Although a Tonger term exposure appears to cause effects at slightly lower
doses, acute and short-term exposures are effective in causing altered
development, and therefore, should also be of concern. When exposure occurs
during the prenatal period of organogenesis, the Towest effect level is in the
range of 0.125 to 1.0 ug/kg/day and the no-effect Tevel is approximately 0.1
ug/kg/day. Studies focusing on other periods of'deve1ophent are limited; but
they do indicate that ekposure at any time during prenata1 and early postnatal
life must be considered a potential threat to normal development.

2,3,7,8-TCDD also affects the male and female reproductive systems.
Unfortunately, the amount of attention that has been given to thesevareas of
investigation has not been as great as that given(to,reproductjve functionland
development. Gonadal dysfunctioﬁ has been demonstrated in both sexes, and
alterations of normal repreductive cycles haVe beeh demonstrated in the female.
Continuing investigations of the effect of 2,3,7,8-TCDD and related agents on
reproducti?e physio]ogy and cellular events should increase our therstandjng
of the potential effect of 2,3,7,8-TCDD on the male and female reproductive
systems. ‘

The uncertaintie; thaf arise‘from this data base are many, Targely beeause

the area of reproductive and developmental toxicology covers a wide range of
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potential exposure-response scenarios, and because the reproductive and
developing systems present constantly changing targets with which a toxicant
may interact. In the case of 2,3,7,8-TCDD exposure, many of these
uncertainties have been discussed in this review and should be taken into
account in carrying out the final risk characterization.‘ The Taboratory data
establishes 0.01 ug/kg/day as a lowest observed adverse effect level (LOAEL) .
when exposure is chronic. Standard approaches for applying uncertainty/

modifying factors and determining a reference dose (RfD) have been used (U.S.

EPA, 1986b; 1987). An unequivocal no observed advefse effect Tevel (NOAEL) can

be questioned. A 1000-fold uncertainty factor (UF) can be applied to account

for variation in sensitivity within the human population, uncertainty ‘in

extrapolating animal data to the human situation, -and the use of‘a LOAEL

instead of a NOAEL in calculating the reference dose. An additional modifying

factor seems unnecessary, since the uncertainty factor accounts for many of the
concerns of this reviewer, i.e., the true LOAEL/NOAEL and the potent{a1ﬁf0r.the
pregnant woman and her offspring to be more sensitive than the average healthy

adult. An exception to this position would arise if an actual effect level-

much below 0.001 ug/kg/day was established, and as noted above, suggestive |

evidence is accumuTating that would support a lower NOAEL/LOAEL. The

calculation of a reference dose (RfD) for reproductive and developmental

toxicity, based on the current data and literature base, is as follows:

RfD

LOAEL/UF : - o v
(0.01 ug/kg/day)/1000
1 x 10-5 ug/kg day .. .
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This does not account for potentia1 or actual human. exposures which would have
to be factored into the f%na1 risk charactefization, | |
Future investigations should be encouraged to more'c1ear1y define the
substantial data base tﬁat already exists. In the area of reproductive
function and fertility, it would be helpful if a morevcriticé1rreview of the
data of the three-generation rat study and the monkey sfudies was carried out
to determine if a lower effective dose can be established. Additionally, a
carefully designed multigeneration study could address some of the 1imitations
of previous studies and fill certain data gaps. However, muitigeneration
studies are not easi]y designed, executed, or evaluated, and this step should
only be taken when it is obyibus that these data are necessary. In the area of
developmental toxicology, the.mbst pressing needs seem to be ihe evaluation of
toxicity during periods of development that have not been adequately assessed,
i.e., the late prenatal and early postnatal periods. With regard to the
postnatal period, the poténfia] for childhood exposure from\brea;t feeding and
from other environmental sources (e.g., ingestion of soi]) Seemeconsiderab1e,
and it has been suggested that the child may be particularly sensitive to
exposure to polychlorinated dibenzo-p-dioxins. As relates to‘reprodﬁctive and
developmental toxicity 1n:genera1,Aa greaper éffort should be directed at -

identifying the effects of polychlorinated dibenzo-p-dioxins on hormonal

regulation and normal cellular and tissue functions. There is evidence that

2,3,7,8-TCDD influences steroid metabolism and may be associated with steroid
action at the cellular receptor level. Pratt and his col]eaguesv(Déncker_and
Pratt, 1981; Pratt et al., 1984) have also shown a correlation in vaf{ousAmouse

strains between the susceptibility to induction of cleft palate and. the

- occurrence of the 2,3,7,8-TCDD receptor, and have préboéed‘that_2;3,7,8-TCDD
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exerts its teratogenic effect on the palate direct]y thrbugh this receptor.

A considerable amount of literature has developed on fhe mechanisms of cellular
interaction and action aspects of 2,3,7,8-TCDD, as we11 as on the
structure-activity relationships of 2,3,7,8-TCDD with other dioxins and related
compounds (recent reviews include: Safe, 1986; Silbergeld and Mattison, 1987). *
Efforts should be made to incorporate this information and to evaluate )
2,3,7,8-TCDD within the context of the larger family of related agents. As

additional information becomes available, this review will be updated and

reconsidered relative to its appropriateness in defining critical studies and

issues related to the reproductive and developmental toxicity of 2,3,7,8-TCDD.
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~INTRODUCTION

The following is a diséussion of epidemié]ogic data on the reproductive
effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) and their
usefulness in qualitative and quantitative risk assessment. Several factors
affect the usefu1ness of these studies. First, and probably most important, is
‘the assessment of exposure. Other important factors include the biologic
“plausibility of the effects of exposure, given the time frames of exposure and
its association with relevant outcomes, and the difficulty of attributing the
effects of combined exposure to polychlorinated dibenzo-p-dioxins (hereafter
referred to as "dioxin"), a contaminant in herbicides or pesticides.

Due to the narrow focus of this report, that'is, the use of existing
reproductive data‘in the risk assessment of dioxin, certain restrictions will
be made on the data discussed: The usefulness of data for risk assessment
depends‘upon the manner in which the probabilities of exposure for the study
members are determined. The quality of exposure data may range from very
indirect data to detailed industrial hygiene or environmental monitoring.
These 1nd1rect data are less useful and result from assumptions that.
individuals were exposed due to his/her presence in a potentially exposed
region/plant during a specific time period. More useful data would include
measurement of actual levels of dioxin in air, soil, or water with the most
useful data deécribing the}jndividua]sﬁi1eVe1s of exposure. Studies with only
indirect, assumed exposure data contribute little to a risk assessment because
of 11mited_confidence in the ability to determine whether a given indivfdua1
was actually exposed. Misclassification of exposure will inevitably occur,

typically resulting in a reduction of the estimate of risk (if such a risk




truly exists). Studies with more detailed exposure data will contribute more

specific information to such a risk assessment.

ROUTES OF EXPOSURE

Humans may be exposed to 2,3,7,8-TCDD through several routes: derhal,

ingestion, and inhalation. The rates of absorption through these routes vary, .

as do the important routes for each individual. The routes for each 1ndiyjduaT

can be affected by such characteristics as location during spraying (e.g.,
Vietnam/Oregon forests), diet (e.g., consumption of contaminated water/fish),

and work practices for those occupationally exposed. As these characteristics

vary, so will each person’s effective dose. Table 4 (U.S. EPA, 1988) describesv

the absorption fraction for dioxin from several routes: soil ingestion - 0.3,
dermal exposure to soil - 0.005, vapor inhalation - 0.75, fat ingestion from"
dairy products or beef - 0.68, dust inhalation - 0.27,»fish ingestion - 0.68,
and surface water ingestion - 0.5. For example, an individual exposed to equal
amounts of 2,3,7,8-TCDD from different routes may haﬁe radically different
internal doses {e.g., during the ICMESA p1ant explosion in Seveso, Italy, an
individual would have a different potent{a1 exposure than.she/hé wéu]d have if
exposed to soil dust Tater on). Consequently, each individual’s actual dose is
difficult to estimate accurately in an epidemio1o§ic study. Another potent1a1
source of 2,3,7,8-TCDD exposure of potential reprbductive importance may be the
infant’s exposure through human breast milk (Rappe, 1985; Schecter et al.,
1987; van den Berg et al., 1986). |

The epidemiologic literature, while Timited at this point 1nvtime, seems

to cover two broad categories: In occupational settings; paterna1 effects have

2

P




been examined (e.g., aerial sprayers in Vigtnam, Vietnam veterans, agricultural
sprayers, and employees of‘manufac%urers of 2,4,5—tr1ch1orobhenoxyacetic acid
[2,4,5-T]). Birth defects ahd fetal Toss have been examined through
environmental exposures {(e.g., aerial spraying of 2,4,5-T in Oregon, New
Zéa]and,’and Vietnam, and the ICMESA plant accident in Seveso,'Ita1y). In
these éettings, separation of maternal and paternal effects is very difficult.
The only exception may be in such settings as the plant éccident in Seveso

where the woman may already be pregnant and in utero exposures are the ones of

importance. None of these exposures are "clean;" that is, of dioxin alone.
A11 the human exposures to dioxin have been as a contaminant of some other
agent (e.g., 2,4,5-T), and typically, only sketchy qualitative and quantitative
exposure data were available. ‘Therefore, it is difficult to separate out the
effecfs of dioxin from the agent it contaminates. Only some very general
conclusions may be drawn from the relative toxicities of the associated
compounds. | |

A number of'reviews have discussed the human data in.detéi1 (Kimbrough et
al., 1984; Constab1e|and Hatch, 1985;‘Friedman, 1984; Hatch,'1984; Hatch and
Stein, 1986; U.S. EPA; 1985). These efforts will not be repeated here, but the
discussidn Wi11 be limited to several key areas of study and certain studieé of
special 1nterestlto help define the limits of our knowledge on the.human‘

reproductive effects of dioxin.
STUDIES OF‘VIETNAM VETERANS

Two studies have examined the reproductive effects 6f 2,3,7,8-TCDD and

defoliants in U.S. Vietnam veterans. The primary exposure was to Agent Orange
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which consists of defoliants 2,4-dichlorophenoxyacetic acid (2,4-D) and :
2,4,5-T, the latter contaminated with 2,3,7,8-TCDD. (Agents Purple, Pink, and‘ |
Green were primarily used prior to July 1965.) These two studies are the Ranch
Hand study (Lathrop et ai., 1984) and the Center for Disease Control’s (CDC)
study of birth defects (Erickson et al., 1984). A third study examines the
birth defects in children born to Australian Vietnam veterans (Donovan et al., v
1983).

The Ranch Hand study (Lathrop et al., 1984) compared airmen who had flown
in the aerial spraying of defoliants (in fixed-wing aircraft) to those who
belonged to flying organizations responsible for transporting cargo. Other
types of spraying (helicopters and backpacks) wefe not included in the Ranch
Hand operations. While the data in this report have not yet been verified
(through birth registration or medical records), preliminary analyses have
examined various measures of fertility and reproductive success (through
pregnancy outcomes, sperm count, and morphology). The researchers are
currently validating the interview data and will subsequently (they state) do
more detailed analyses. Exposufe to 2,3,7,8-TCDD was estimated by calculating
the amount of 2,3,7,8-TCDD (in herbicides) used during each airman’s tour and
dividing this number by the toté1 number of airmen with the same
responsibilities during the subject’s tour.

The Ranch Hand study indivﬁdua]]y matched comparisons to each exposed man, .

put in replacements for refusals, and did not maintain the matches in the
analyses. Due to these procedures, determination of the total study population
and response rate is difficult; 1,174 Ranch Handers were included in the

analysis of reproductive-data, as were 1,531 comparisons. Both the man and his

current or former spouse were interviewed on reproductive history; research has




shown such interview data on reproductive events.to have greater validity when
collected from the wife. However, the researchers combined pregnancies from
both spouses (but not necessarily reported by both), so it is impossible to
examine the women’s data separate1y. No differences were observed in early or
Tate fetal loss, induced abortion, or live births in a crude analysis of the
two groups. More detailed analyses examined enlisted men and officers
separately, thus reducing the power of the analyses. Some important
independent risk factors were not adjusted for in the analysis (e.g., prior
fetal loss in analyses of current fetal 1055)7 It appears that multiple
pregnancies per family group were all analyzed; however, there was no
discussion of the problems associated with the analysis of nonindependent
events. A statistice11y significant excess was found for birth defects,
controlling for parental age and for maternal smoking and drinking; however;
the reproductive outcome of "birth defects" is probably the one which most -
needs validation against medical records to essure accurate classification. No
differences were observed in sperm count or morphology in the two groups. The
more detailed analysis planned for the future could resu]f in useful
information since the potentiaf for misclassification of exposure in. this study
appears tovbe less than for the other veterans studies.

Another major study of U.S. Vietnam veterans was a case-referent study of
birth defects done by the CDC (Erickson et al., 1984). Thevcases and referents
were drawn from births occurring in metropolitan Atlanta from 1968_through
1980. The 7,133 eligible cases consisted of Tlive and still births with_serious
or major defects identified using‘the 8th revision of the_Ihternatioha]
Classification of Diseases (1CD-8). The referent group was selected from

metropd11tan Atlanta live births dUPihg the same years; the referents were
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frequency-matched on race, year of birth, and hospital of birth. Power

calculations suggested‘that a referent‘group of 3,000 was sufficient; above

that no substantial increase in power would be Foﬁnd for "all defects." The

authors also stated that power for odds ratios greater than 3.0 for specific

birth defects also would not be substantially éffected by using more

comparisons. To allow for a 70% response rate, 4,246 referent births‘were

selected. Seventy percent of thé women responded, but only 56% of the men did. »

The potential for exposure for the CDC study was based on three
definitions: First, a man was considered‘exposed if he had served in any
capacity at any time in Vietném before the conception of the infant. Second,
each veteran was queried about his exposufe to Agenf Orange. Third, an
Exposure Opportunity Index (EOI) score was (subjectively) developed by a panel
of specialists who evaluated the veterans’ duties, location, and time spent in
Vietnam. Veteran status was examined to determine whether any military gervice
might be associated with the 96 b{rth defects examined. Veteran status was not
associated and subsequently dropped from further analyses.

These data were analyzed a number of ways, but for all, thé data were
stratified on the three variables used for the frequency matching: (1) without
potentially confounding characteristics; (2) with key characteristics
identified a priori (maternal age, education, and a1coho1‘consumption, and‘the
presence of birth defects in close (first-degree) relatives of the‘chi1d‘
studied; and (3) with a posteriori testing of 108 other characteristics. In
addition, certain groupings of the 96 birth defect categories, thought to be
related, were also examined. A Timited number of elevated findings were
reported out of almost 400 ana1ysés. Spina bifida was associated with both

levels of the EQI indexes; cleft 1ip without cleft palate was associéted with
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veteran status and high EOI; specified anomalies of nails was reported in
Vietnam veterans; and "other neoplasms” were associated with‘high EOI. Due to
the large number of analyses and hypotheses tested, one would expect'l
approximately 20 significant assocjations (elevated or decreased odds ratios)
with a significance level of p = 0.05 by chance alone. Only 11 statistically
significant findings were reported, less than that expected by chance. The
authors appropriately concluded that ". . . the data collected contain no
evidence to support the position that Vietnam veterans have had a greater risk
than other men for fathering babies with all types of serious structural birth
defects combined."

The Australian government examined the association'between‘mi1itary
service in Vietnam and birth defects in their offspriﬁg {(Donovan et al., 1983).
A case-referent study compared births occurring from 1966 fhrough 1979, of
8,517 children with defects recognizable at bfrth.to an equal number of live
born children without birth defects. The referents were matched by time of
birth and maternal age. Exposure was defined as preéence of the father iﬁ
Vietnam; no specific index of exposure was developed, but the investigators ‘:
stated that such exposure was pfobab]y Tow for the Australian troops iﬁ
Vietnam. No difference ‘was observed in exposure patterns‘between cases and
'referents.

For veteran studies, the exposures are to the fathers, typically many
years before the pregnancy under study was conceived. These studies have used
different methods to assign veterans into different exposure groups, based on
service in Vietnam (Erickson et al., 1984; Donovan et al., 1983), matéhing‘of
troop movement with_aeria] spraying (Erickson et;al.; 1984), or participation

in the Ranch Hand operations (Lathrop et al., 1984). At tﬁe timevof these
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studies, a suitably sensitive assay for 2,3,7,8-TCDD in serum did not exist.
The CDC recently reported on a new assay they developed in 1986; this assay
yielded serum 2,3,7,8-TCDD Tevels which correlated well (r = 0.98) with
2,3,7,8-TCDD levels in the adipose tissue of the same individua1s‘(CDC, 1987).
Paired samples collected from the same individuals in 1982 and 1987 were used .
to derive the half-life of the 2,3,7,8-TCDD body burden (6 to 10 years). In
this preliminary report, CDC compared the assayed levels of 2,3,7,8-TCDD to the
exposure categories they had established using the EOI and interview data: no
association was found betweeh the three methods of scoking fdr potential
exposure and the serum levels observed. Furthermore, in their examination of
the sera of Vietnam era veterans (444 Vietnam veterans versus 75 non-Vietnam
veterans), the median sera levels did not differ for these two subgroups.
These data raise a number of issues in the consideration of this body of
research:
(1) The relatively long half-1ife broadens the range of potential
mechanisms that could occur if an association existﬁvbetween paternal
2,3,7,8-TCDD exposure and birth defects. Friedman (1984) and Hatch and
Stein (1986) have suggested that such an exposure would cause birth
defects -in offspfihg through gene or chromosomal mutation of
spermatogonial stem cells (premeiotic effects). However, the long half-
1ife observed means that postmeiotic effects on sperm are also possible.
The Tong half-1ife also lends more support to Friedman’s suggestion of

maternal/fetal exposures from 2,3,7,8—TCDD in seminal fluid. ‘ R

(2) These data suggest that a great deal of misclassification of exposure
occurred in the assignment of veteran’s to their exposure categofies for
the CDC study. Plus use of this assay would improve exposure estimation
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in the other studies.

(3) Finally, the levels and similarity of median 2,3}7,8—TCDD séra values
in both Vietnam and non-Vietham veterans raises questions about the
magnitude of exposure of Vietnam veterans. Other data suggest that the
exposures of Vietnam veterans were less than 6rigina11y thought: ‘the
median 1eve1s of 2,3,7,8—TCDD in bofh groups are below those found in the
-adipose tissue of the control group of a study in eastern Missouri

(Patterson et al., 1986).
OCCUPATIONAL STUDIES

Occubationa] studies tend to be more useful in the'evaluatipn of a
potentially toxic exposure in risk assessment. This is especially true for
qualitative risk assessment, -since one can be fairly cértain that exposure to
the worker did occur. If good historical industrial hygiene datalare"
available, these can also be of use in quantitative risk assessment. As
~ described in the Vietnam veterans studies, the exposures evaluated here are
primarily to male workers and the studies have been restricted to examination
of paternal effects; however, wives may have been ekposed iﬁdirect]y, through
haﬁdiing their husband’s c1othes,‘etc. Unlike the veterans studies, the
exposuras may bé occurring concurrently with éonception,.thus incréasing the
potential exposure Tevel at the time of the pregnancy.

Smith et al. (1982) identified 616 male chemical applicators from al1ist
maintained by New Zealand’s agricultural Chemicals Board and 531 comparison
workers at smaTj agricu1tuka1vcontracting companies. A total of‘89%lof fhe
chemical app]icafors and 83% of the contractual workers responded to a mailed
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questionnaire requesting occupational histories from the men and reproductive
histories from their wives. Exposure to 2,4,5-T was defined as having sprayed
this pesticide during the year of the pregnancy studied or during the year
preceding that pregnancy. Group 1 (not exposed to any spraying) consisted of
392 pregnancies; group 2 (sprayed other chemicals than 2,4,5-T) had 109
pregnancies; and group 3 (sprayed 2,4,5-T) had 473 prégnancies. Compafisons of
group 3 to group 1 found no statistically significant differences in fetal loss
or birth defects. Other risk factors did'not appéar to be controllied in the
analysis of these data: for example, the analysis of miscarriages did not |
appear to control for maternal age or occurrence of prior fetal Toss. Multiple
pregnancies per family unit were studied; however, the authors did not address
the problem of nonindependent events. Additionally, the power of this‘study
was very low for birth defects.

Dow Chemical studied 930 male workers poténtia]]y exposed to dioxins,
through work with chlorophenol processes, for at least one month from January
1939 through December 1975 (Townsend et al., 1982). The reproductive
experience of their ines, obtained by interview, was. compared to the wives of
an equal number of unexposed male employees. For the 930 exposed workers, 586
wives were identified and 370 responded (63%); for the comparison group, 559 °
wives were identified and 345 responded  (62%). Exposure poténtia]s from Tow to -
high were assigned to jobs using historic surface contamination data by an

industrial hygienist familiar with the hfstory of the facility. A pregnancy
| was considered exposed if the employee had worked in an exposed area for at
least one month at any time prior to conception. Thus, this study, in its
analysis, has similar problems to those described above for the study of

Vietnam veterans concerning the time delay between exposure and conception.
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The outcomes examined included miscarriages (< 20 weeks gestation),
stillbirths, and birth defects identified (or potentia1]y,identified) before
the child’s first birthday. The relationships of these outcomes were compared
to several classifications of exposure: any dioxin, only 2,3,7,8;TCDD,
moderate and higher levels of 2,3,7,8-TCDD only, other dioxins on1y. The "any
dioxin" and "only 2,3,7,8-TCDD" categories were done as~broad groups, plus
split into two groups each, based on duration of exposure (< 12 months, or > 12
months) during the entire employment period preceding conception. Over two
thousand pregnancies were in the "non-dioxin" group, while the "dioxin" group
consisted of 737 pregnancies. The "non-dioxin" group:in¢1uded pregnancies
occurring before exposure for exposed workers. No differences were found in
the two groups. The power was low for the examination of birth defects. As
noted above, the assumption of any exposure greater than one month at any time
prior to conception could obscure a true effect in this popu]étion. A.
reanalysis of theée data, 1qoking at possible associations with paternal
exposure during the 3 to 4 months preceding conception might give more insight
‘into potential paternal effects associated with this eXposure.

In a clinical, cross-sectional study, reproductive characteristics in
current (N = 131) and retired (N = 161) men who had worked with 2,4,5-T were
selected for comparison to workers without exposuré (N.=‘133). 0f the workers
selected, 55% responded. Historic eprsure data were not available, and job
titles were not sufficient to estimate exposure; therefore, interview exposure
history was used to group WOrkers)jnto a probable exposure.category.
Contamination‘of the plant with 2,435—T occurred in 1949. For the purpose of
comparing reproductive histories, réported chloracne was uséd to distinguish

groups. No differences were found for fetal loss or birth defects between the

11




workers with chloracne (N = 107/number of pregnancies = 235) and those without
(N = 91/number of pregnancies = 203) during or after 1948 (when 2,4,5-T was'
first handled at the plant under study). Differences were observed in reporfé
of decreased 1ibido and difficulty with erection or ejaculation. Due to the
very indirect nature of exposure assessment, the probability of |

misclassification of the exposure category is great. .
AGRICULTURAL AND FORESTRY SPRAYING

A number of studies have examined the re1ationship between reproducfivé'
effects and aerial spraying of pesticides (Field and Kerr, 1979; Hanify et al.,
1981; Nelson et al., 1979; Thomas, 1980). In these studies, éxposures could be
to either or both parents. These are all ecologic studies, in which expoﬁure
of study members is assumed by their presence in an area (e.g., by their
residence), with a specified 1ikelihood of exposure to a given agént. These
studies are heir to the "ecologic fa11a¢y“ in that individua1s defined by
residence or some other factor as being in a certain exposure category, may not
in fact belong in that category. Thus, SUCh.StUdieS are of very limited value
in either qualitative or quaﬂ£ita£ive,risk assessments; therefore, only brief
discussions of published repbfts of these follow.

The earliest of these studies (Ne1§on‘et al., 1979);examined the |
association between cleft 1ip and/or c1eft'pa1ate:(CL/P) in Tive b{rths ‘
occurring during the 32-year pekiod béginn{ng in 1943 and the sprayﬁng of
2,4,5-T in Arkansas.' Appfoximate]y 1,200 cases of CL/P Weke idéntified using
both birth certificate data and records of the Crippled Children’s Services of .

Arkansas Social and Rehabj]itative Services. 2,4,5-T‘was primari1y used on
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rice; therefore exposure was determined by estimating the proportion of rice
acreage to total acreage in each county from data supplied by the Arkansas
State Plant Board (1970-1974). (The exposure definition does not address the
use of 2,4,5-T in forestry.) The 75 counties were then divided into categories
of low, medium, and high potential for 2,4,5-T exposure. An increase was
observed in facial clefts over time, which the authors suggested were related
to improved recording and case ascertainment and not to an association with
2,4,5-T spraying. | |

A Tetter to the editor of Lancet at approximately the same time (Field and
Kerr, 1979) discussed the relationship between 2,4,5-T and 2,3,7,8-TCDD and
neural-tube defects in New South Wales, Australia. Only limited data were
presented in this Tetter: in NeW South Wales, annual rates for neural-tube
defects (anencephaly and meningomyelocele) were compared to annual usage
figurés for 2,4,5-T for all of Australia. Seasonal variation of 2,4,5-T usage
was obtained by questionnaike of local governments .from the years 1965-1976."
2,4,5-T usage increased from 90 tonnes (1 tonne = 1,000 kg) in 1965 to 482
tonnes in 1976. The authors reported a linear correlation between the previous
years’ 2,4,5-T usage and neura1—tube defects. In addition, a seasonal pattern
was noted, with the highest rates in conceptions occurring during the summer
months (December, January, February). The authors also noted that in the
Northern Hemisphere, the highest rates in conceptions also occurred during the
summer months. 1In addition to the limitations present in ecologic studies, no
comparison rates of neural-tube defects were reported in communities without
such exposure, nor were high versus low exposure communities Compared.

Another Tetter to the editor of Lancet the next year‘(Thomas, 1980)

discussed a comparison of selected birth defects (cleft lip, cleft palate,
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spina bifida, anencephalus, and cystic kidney disease) and use of 2,4,5-T in
Hungary. The birth defects were identified using Hungary’s malformation
registry, which records malformations recognized at up to one year of age. In
Hungary, the use of 2,4,5-T rose from 46 tonnes in 1969 to over 1,200 tonnes in
1975. The rates of some birth defects (spina bifida and anencephalus)
decreased over the time period examined, while others (cleft Tip, cleft palate,
and cystic kidney disease) remained essantia]iy unchanged. In a comparison of
this report with the New South Wales Tetter from Field and Kerr (1979), Thomas
noted that: (1) the population examined in Australia was spread over a much
greater geographic area (thus reducing the probability for exposure), (2) over
half of the population in Hungary lived in rural areas, while. only 15% of the
population in Australia did, and (3) 24.6% of the population in Hungary was
actively involved in forestry and agriculture as compared with only 7.4% of the
Australian popu]ation.v While these data suggest no association between the
defects and 2,4,5-T, this report also did not éttempt to comparéVEXposed
communities with less exposed (or ﬁneprsed) groups.

Hanify et al. (1981) compared rates of diagnosed birth defects in
stillbirths (> 28 weeks gestation) and Tive births in Nerthland, New Zealand,
to densities of aerial 2,4,5-T spray application (1960-1977)." The reproductive
events were identified through se&en regional hospital records: 37,751 births
which included 436 stillbirths, 264 neonatal deaths, and 510 with recorded
birth defects. Thé Jocation, data, and quantity of 2,4,5-T sprayed was
obtained from company records, and month]y estimates wére made for each of the
seven regions. Environmental levels were estimated modeling both the néw
applications plus that fraction of the previoUS‘app1ipations thought fo still

be present. 2,4,5-T was not sprayed from 1959—1965; thus, for this time

e
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périod, exposure was considered to be zero. The zero timé period. (1960-1965)
was compared tb years thought to be representative of "spraying years"
(1972-1976). Associations were found for all birth defects and for talipes
under certain assumptions of environmentaT persistence of 2,4,5-T. The authors
did not d1scuss the possibility of secular trends in the data, due to other
medical or environmental factors, or differences in the

identification/recording of malformations over time.
OTHER ENVIRONMENTAL EXPOSURES -- SEVESO, ITALY

This category of "other environmental exposures" includes unplanned
exposures‘such as exposures from accidental emissions from industrial
facilities. With an immediately recognizable environmental incident, exposure
of interest for reproduction could occur for both parents, or. just for-fhe-
MOther, if she is a1reédy pregnant at the time of first exposure (unless there
could be in utero exposure to dioxin in seminal fluid). In 1976, during the
production of trichlorophenol at the ICMESA plant in Seveso, Italy, a runaway
reaction resulted in an exp]osion that ultimately contaminated 700 acres in the
surrounding community. Environmeﬁfa] levels of 2,3,7,8-TCDD were determined
using wipe tests; evaluating tokic effects in small animals, and analyzing
grass samples. Approximately 2 weeks Tater, over 200 families were evacuated
from high contamination areas. Exposures were sufficiently high'for chloracne
to be observed in this environmentally exposed population. Several. reports
(Bisanti et al., 1979; Homberger et al., 1979; Pocchiari, 1980; Poéchiari-et
al., 1980; Reggiani, 1978; Rehder et al., 1978 Tuchmann- Duplessis, 1977)

reported on comparisons of four potent1a11y affected communities (Seveso Meda,
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Cesano, and Desio) to nearby, unexposed communities. Changes in fetal Toss
rates occurring during the last quarter of 1976 andlfirst quarter of 1977 were
found in both exposed and unexposed communities. An estimated 150 women were
in the first trimester of pregnancy at the time of the accident (Rehder et al.,
1978); of these, 125 women wished therapeutic abortions by October 1976.
Therapeutic abortions were approved for 30. Another estimaté
(Tuchmann-Duplessis, 1980) reports a total of 108 (50 in 1976 and 58 in 1977)
therapeutic abortions in the four affected communities. Several reports
(Bisanti et al., 1979; Pocchiari, 1980; Pocchiari et al., 1980) suggested that
a large number of women obtained unapproved, and therefore not réported,
therapeutic abortions. This supposition was supported by a steep decrease in
birth rates in the first 6 months of 1977, primarily observed in the exposed
communities. (A1l communities had had decreases over time; however, the
decrease in exposed communities at this key time was much: Targer.) Marked
increases in the number of birth defects were noted in 1977. These have been
attributed to changes in reporting. Prior to this time, only certain birth
defects were required to be reported to Italian Health Officers (Reggiani,
1980). In addition to the limitations due to legal requirements, there were
other reasons for the underreporting of malformations: -~ "Traditionally, Italian
physicians have under-reported congenital malformations because of their severe
negative social implications” (Tuchmann-Duplessis, 1980a, b). Although
physicians and midwives were encouraged to do more complete recording, Reggiani
(1978) concluded that the malformation data were "missing" for 1976 and
"incomplete" for the first trimester of 1977. In general, the researchers
cited above felt that, in spite of the problems associated‘with the data,

adverse reproductive effects did not occur in this population. However, the
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data do not appear to be complete enough to make definitive conclusions. 1In
addition, these reports have the same problems concerning exposure assessment

as those described previously in the Agricultural/Forestry Spraying section.
STUDIES OF THE VIETNAMESE

While studies of the Vietnamesebhave not been published in Western
journals, a review has been presented by Constable and Hatch (1985). Two‘types
- of studies have been executed: In the.South; the reproductivevexperience of
exposed and unexposed couples was compared; in this case, effects of maternal
and paternal exposures cannot be separated. In thé North, reproductive
experience was comﬁared for families of men who had served in the South (thus,
assuming paternal exposure) to families of men remaining in the‘North (and
therefore assuming no exposure of the father). Exposures for these studies
have been defined by residence, using historical data on spraying and/or
determined by the evidénce of déstructﬁon of vegetation. Thus, these studies
have the same limitations for use in qﬂa]itative'and quantitative risk
assessment as discussed previous]y. |

Only one study (Lang et al., 1983 described in Constable and Hatch, 1985)
has attempted to determine types of exposure (e g , exposed during spray1ng
versus the more indirect exposure due to dust or d1et) and assign exposure
scores. In this study of veterans in the North, exposure was,restricted to the
father at some time prior to conception, thu§ resulting in the same prbb1ems

encountered in the American and Australian studies of veterans.
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SUMMARY

A1l three Vietnam veterans studies examined the occurrence of birth
defects. The Ranch Hand study found an excess for "all birth defects" (these
were not va]idated); the CDC study found a difference in exposure for cases
with spina bifida, cleft 1ip without palate, specified anomalies of the nails,
and "other neoplasms"; the third study (Donovan et al., 1983) found no
differences. No associations with other reproductive outcomes were found in
the Ranch Hand study (the only study of the three that Tooked at the other
outcomes). No differences were found in reproductive outcome in‘the three
workplace studies (Moses et al., 1984; Smith et al., 1982; Townsend et al.,
1982), however, Moses et al. did report increased impotence and sexual
dysfunction in 2,4,5-T workers with chloracne (assumed to result from72,4,5—T
and/or 2,3,7,8-TCDD). Several of the ecologic studies (Nelson et al., 1979;
Field and Kerr, 1979; Hanify et al., 1981) reportedvassociations with some
birth defects and volume of 2,4,5-T app]icatidn; these data were contested by
Thomas (1980). Birth defects in Seveso increased after the plant accident,
potentia]]y due to changes in reporting (Reggiani, 1980).. As presented in this
paragraph, one might conclude that 2,3,7,8-TCDD/2,4,5-T is related to adverse
reproductive outcomes, but as discussed previously, limitations in the design
of the studies neither allow nor rule out such an interpretation. | |

Due to the very nature of.the exposures‘to 2,3,7;8—TCDD, obtaining
suitable data for either a qualitative or quantitative risk assessment is:
difficult, if not impossible. First, the exposures are primarily in general:
environmental settings (wartime exposures are, for these purposes, being

classified as environmental) where it is difficult to define whether an
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individual is even exposed and nearly impossible.to quantitate. that exﬁosure.
In occupational settings,: both qualitative and quantitative exposure data may
exist, but small population sizes Timit the power of the studies. A nationwide
study pianned by the National Institute for Occupational Safety and Health
(NIOSH) on their Dioxin Registry could overcome the problems of Timited power.

A1l of the studies described above contained a major Timitation:
imprecise definitions of exposure of the subjects. In many studies, the
exposure was assumed by place of residence or presence in a particular area.
Even where more descriptive exposure data are available, such as the CDC and
Ranch Hand studies, misclassification may be great (CDC, 1987). Other studies,
such as the ecologic studies, compared the same area over time rather than to a
comparison area (e.g., Field and Kerr, 1979; Thomas, 1980); thus, differences
in these studies may be due to differences in secular trends rather than to
éhanges in potential exposure to 2,3,7,8-TCDD. The evidence from all of these
studies, therefore, is open to question. |

The reports with more detailed exposure information inciudé those
examining paternal exposure. Kimmel has reviewed the animal literature in
Appendix C aﬁd reported thét 2,3,7,8-TCDD resulted in testicular atrophy and
reduced sperm count, but a dominant Tethal study found no effects (Kimmel,
1988). The animal data are too limited, at this time, to suggest the pfesence
or absence of an effect in the offspring in studies with human male exposure.
The Targe differences in time frame between male exposure and conception in the
epidemiologic studies p?obab]y reduces the chance of identifying any paternally
" mediated effect that is potentially occurring. However, new data on tﬁe haif—
life of 2,3,7,8-TCDD in humans (CDC, 1987) suggests some eprsure may be

occurring many years later, depending on the level of initial exposure.
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Reanalyses of occupational studies, with stricter exposure definitions, might
yield useful information.

The only studies that address the possibility of female exposure are the
ecologic/environmental studies and the studies of Seveso. In his review of the
animal literature, Kimmel (1988) found evidence of reproductive and
developmental effects of dioxin. The human studies have,]esé informative
exposure data, and so are less useful in drawing conclusions concerning the
reproductive effects of 2,3,7,8-TCDD. Additionally, in both types of studies,

males may also be exposed, thus clouding the interpretation of such data.
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EXECUTIVE SUMMARY

2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) is a poteht immuno-
suppressant in the laboratory animal species studied; however, the immunologi-
cal effects are apparent at exposure levels that also produce other discernible
pathological lesions and reproductive/developmental effects. There are no
unequivocal cases of significant immune function alterations in humans following
exposure to 2,3,7,8-TCDD. The cellular and molecular mechanism(s) of 2,3,7,8-
TCDD-1induced immunotdxicity 1§ unknown. Significant data gaps and uncertainties

exist to prevent an immunotoxicity-based health hazard evaluation. -
INTRODUCTION

This document discusses the relevant scientific literature on the immuno-
toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8QTCDD) in laboratory
animals and humans. The document does not provide a comprehensive literature.-
review of the 2,3,7,8-TCDD-induced immune effects; however, attempts were made .
to 1dentify and discuss critical studies and .issues, strengths and weaknesses
of the data, and significant uncertainties associated with the evaluation and
interpretation of the data. Furthermore, significant data gaps in knowledge
are recognized as they may relate to potential risk to the immune system of
humans upon exposure to 2,3,7;8-TCDD.

The immunotoxic effects of 2,3,7,8-TCDD have been studied;by numerous
investigators for over a decade, Several recent reviews have been published
that provide a very good overview of the animal and human data dea]iné with

the immune alterations following exposure to 2,3,7,8-TCDD (Dean and Lauer, 1984;

Dean and Kimbrough, 1986; Thomas and Faith, 1985). The U.S. Environmental




Protection Agency also reviewed the immunoloyical effects of 2,3,7,8-TCDD in
the Health Assessment Document for Polychlorinated Dibenzo-p-Dioxins (U.S. EPA,
1985). The present review updates the 1mmunotbxicity literature on 2,3,7,8-

TCDD and presents issues of concern and uncertainties in risk assessment.
ANIMAL STUDIES

Early experimental work with 2,3,7,8-TCDD revealed thaf the thymus is a
target organ of toxicity. All animal species that have been studied have con-
sistently displayed involution of the thymus and loss of cortical thymocytes
following acute or -chronic exposure to 2,3,7,8-TCDD, as well as lymphocyte
depletion of T-cell areas of the 1ymph nodes and the spleen (Harkis‘et al.,

1973; Zinkl et al., 1973; Gupta et al., 1973; Vos et al., 1973; 1974; Luster et‘
al., 1979; 1982). While these changes in the 1ymphoid tissues were similar to
those produced by glucocorticosteroids, adrenalectomy failed to prevent 2,3,7,8-
TCDD-induced thymic atrophy or hepatotoxicity (van Logten et al., 1980). The
administration of thymosin to mice exposed to 2,3,7,8-TCDD by postnatal maternal
treatment did not affect thymus atrophy or decrease mitogen responses (Vos et
al., 1978). Thyroidectomy, however, was found to'protéct rats from the immuno-
suppressive effects of 2,3,7;8-TCDD (Pazdernik and Rozman, 1984). Vos and-
co-workers (1973) reported the effects of 2,3,7,8-TCDD on the immune system.of
guinea pigs, rats, and mice. Several tests were employed in these three species,
and the authors concluded thatvthe effect of 2,3,7,8-TCDD was primarily on the -
cell-mediated immune function of these animals. Guinea pigs treated with

1 ug/kg of 2,3,7,8-TCDD per week either died or were moribund after fouf doses.

At this dose and also at lower doses (0.008, 0.04, and 0.2 ug/kg), guinea pigs

showed severe loss of body weight, depletion of the 1ymphoid organs, particularly
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the thymus, and Tymphopenia. At sublethal doses, the effects were primarily on
the thymus. The weights of other 1ymphoid organs, such as the spleen, CerQica]
1ymph nodes, and popliteal lymph nodes, were not affected. Adrenals showed a
slight enlargement at the 0.2 ug/kg dose level. Serum cortisol and corticoste-
rone values were not influenced by the 2,3,7;8-TCDD treatment. No microscopic
lesions were apbarent in any of the lymphoid organs upon dosiné with up to
0.2 ug/kg of 2,3,7,8-TCDD per week other than atrophy of the thymic cortex (Vos
et al., 1973).

In selected experiments, the treated and control anima]svwere sensitized

to tetanus toxoid or killed Mycobacterium tuberculosis. Seven days after the

tetanus tokoid injection, there was a small but significant increase in the
serum. antitoxin levels ét 0.008 and 0.04 ug/kg dose levels. The animals were -
challenged by a second dose of tetanus toxoid 2 weeks after'the first cha]Wenge
‘to evaluate the secondary response. One and 2 weeks after the second dose, the
guinea pigs treated with 0.2 ug/kg of 2,3,7,8—TCDvD per week had significant]y

Tower tetanus antitoxin titers. The animals challenged with M. tuberculosis

were tested for their skin reactivity 12 and 19 days later by intradermal
tuberculin injections. Both skin thickness and the dfameter of the reaction
site were significantly decreased; the former being«significantzaﬁ the,“

0.04 ug/kg dose level (Zinkl et al., 1973; Vos et al., 1973).
o Female albino rats were treated orally with 0.2, 1, and 5 ug/kg of
2,3,7,8-TCDD once a week for 6 weeks. The body weights and thymus weights were
reduced at the highest dose level and adrena] weights were feducéd at the 1 énd
5 ug/kg dose level. The relative thymus weight (organ/body weight ratio) was
approximately half that of the control animals at the 5 ug/kg dose level,

whereas at the same dose level, the relative spleen weights were significantly

increased. The total peripheral blood leukocyte count and lymphocyte numbers




did not show a significant 2,3,7,8-TCDD-related effect as observed in guinea
pigs. Skin reactivity of rats challenged to tuberculin was not affected at any
2,3,7,8-TCDD dose Tevels (Zinkl et al., 1973; Vos et al., 1973).

Graft versus host (GVH) activity of mice was evaluated after 0.2, 1, 5,
and 25 ug/kg of 2,3,7,8-TCDD treatment per week for 4 weeks. The absolute .
and relative thymus weights were decreased in groups treated with 5 ug/kg of
2,3,7,8-TCDD. Dose-related reduction in GVH activity was observed (Vos et al.,
1973).

Mice treated orally with 2,3,7,8-TCDD were challenged wifh either Salmonel-

la bern or Herpesvirus suis (Thigpen et al., 1975). - In two separate experiments

the animals were exposed to 2,3,7,8-TCDD levels ranging from 0.5 to éO ug/kg
once every week for 4 weeks. The animals were cha]]énged with the infectious
agents one day after the fourth dose of 2,3,7,8-TCDD. Treatment of mice with
2,3,7,8-TCDD reduced the time of death after the bacterial challenge. at the

5 ug/kg dose level whereas the increased mortality was obvious at 1 ug/kg. The
challenge with H. suis influenced neither the period of time to death nor the
mortality rate. |

Vos and co-workers (1978) reported the response of young mice to

Escherichia coli endotoxin after 2,3,7,8-TCDD treatment. There was a dose-

related increase in mortality, both with respect to‘2,3,7,8—TCDD and the endo-

toxin. While the administration of 250 ug of endotoxin produced no morta]ify

in the control group, as little as 10 ug of endotoxin produced death in mice

treated with 15 or 50 ug 2,3,7,8-TCDD. A similar increase in endotoxin sensi- ¥
tivity was reported when mice were treated with a single oral dose ofleO ug/kg

of 2,3,7,8-TCDD and challenged with 20 ug of endotoxin. In these éxperiments,

a 2,3,7,8-TCDD dose-related decrease in body, thymus, and spleen weights was

observed.
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The increased susceptibility to S. bern reported in mice exposed to
2,3,7,8-TCDD (Tﬁigpen et al., 1975) has beén postulated to be due to an jn—
creased sensitivity of 2,3,7,8-TCDD-exposed mice to bacterial endotoxin (Vos
et al., 1978), although variable effects have been reported in host resistance
following 2,3,7,8-TCDD exposure (Dean and Lauer, 1984; Vos et.al., 1978; Luster
et al., 1980). Other studies have shown a correlation between increased mortal-
ity from bacterial or parasitic infections and decreased serum complement levels
(White et al., 1986) or decreased B-cell mediated responses (Tucker et al., 1Y86)
in 2,3,7,8-TCDD-exposed mice, respectively.

Clark et al., (1981) have shown that Tow doses of 2,3,7,8-TCDD (4 ng/kg to
0.4 ug/kg) administered intraperitoneally once a week for 4 weeks suppress the
generation of cytotoxic T-cells by lymph node and spleen cells in male C57BL/6
mice but have little effect on delayed hypersensitivity, antibody responses, or
thymic cellularity. Suppressor cells capable of blocking the cytotoxic T-ce]]
response were found 1h the thymus of 2,3,7,8-TCDD-treated mice following cumula-
tive doses of 2,3,7,8-TCDD as low as 4 ng/kg. The 1mmunosuppressivé effects
observed at 4 ng/kg were significantly less than the 4 ug/kg required to induce
thymic atrophy.‘ In 1983, the same investigators (Clark et al., 1983) reported
that susceptibility to 2,3,7,8-TCDD-1induced 1mmunosuppres§ion jn mice is strain-
dependent, and occurs at doses that have little effect on hepatic microsomal
enzymes. Clark et al. also reported that other types of ha]oaromatics can
induce similar immunosuppression provided they possess sufficient binding
affinity for the genetically controlled 2,3,7,8-TCDD-receptor protein. These
observations suggest a receptor-dependent meﬁhahism for the stimu]ationrof
suppressor T-cell activity by haloaromatic Hydrocarbons.

Examination of T-cell-mediated responses in 2,3,7,8-TCDD-exposed animals

has generally demonstrated a correlation between thymic'atrophy and impaired




cell-mediated immunity. Exposure of mice, rats, and/or guinea piys tQ
2,3,7,8-TCDD has been reported to‘result in debressed delayed hypersensitivity
(Vos et al., 1973; Faith and Moore, 1977; Clark et al., 1981), prolonged allo-
graft rejection (Vos and Moore, 1974), depressed GVH response (Vos and Moore
1974), decreased responses to T-cell mitogens and/of A]logeneic cells in vitro
(Dean and Lauer, 1984; Vos and Moore, 1974; Luster et al., 1980), and decreased
generation of cytotoxic T lymphocytes (CTL) (Clark et al., 1981, 1983).
Depressed CTL activity in adult mice following exposure to 2,3;7,8-TCDD has
been reported to be associated with an increase in suppressor T-cells, but not
associated with a reduction in the frequency of CTL precursors (Clark et al.,
1981; 1983; Nagarkatti et al., 1984).

Nonspecific immune responses affected by natural killer cells (Dean and
Lauer, 1984; Mantovani et al., 1980) and macrophages (Dean and Lauer, 1984; Vos
et al., 1978; Mantovani et al., 1980) have not been obgerved to be affected by
2,3,7,8-TCDD exposure. Both of these cell types possess tumoricidal,
bactericidal, and virucidal activity.

2,3,7,8-TCDD has also been reported to affect bone marrow and humoral
immune responses of experimental animals. Exposure of mice to 2,3,7,8-TCDD
resulted in myelotoxicity and suppression of bone marrow progenitor cells
(Tucker et al., 1986; Luster et al., 1985; Chastain and Pazdernik, 1985).
Studies in mice exposed to 0, 1.0, 5.0, or 15 ug/kg body weight of 2,3,7,8-TCDD
pre- and postnatally by maternal dosing indicated that both 5 and 15 ug/kg
dosage groups had a significant reduction in bone marrow cellularity, (colony-
forming unit-spleen (CFU-S) or pluripotent stem cells and colony-forming unit-
granulocyte/macrophage (CFU-GM). Hematology profiles and blood smears

revealed a normocytic anemia ‘in:these mice (Luster et al., 1980). Bone marrow

toxicity correlated with depressed immunologic and host-resistance responses.




The hematopoietic stem cells have a limited renewal capacity, and damage to
these cells can induce a permanentrdecrease in their proliferative capacity;
however, this limited evidence of bone marrow toxicity, as observed in mice,
is difficult to evaluate due to the lack of additiona] significant studies in
other species or humans.

The antibody response of 2,3,7,8-TCDD-exposed mice, as measured by the
p]adue—forming cell (PFC) assay, was suppressed following immunization with
T-cell dependent and/or T-cell independent antigens (Tucker et al., 1986; -
Vecchi et al., 1983; Holsapple et al., 1986). Furthermore, these effects on
B-cell-mediated responses were observed to occur at 2,3,7,8-TCDD doses below
those that cause thymic atrophy (van Logten et é]., 1980; Tucker et al., 1986;
Luster et al., 1985; Vecchi et al., 1983; Holsapple et al., 1986),

Susceptibility to suppression of humoral immune responses and 2,3,7,8-TCDD
induction of the aryl hydrocarbon hydroxylase (AHH) system were found to corre-
late (Luster et al., 1980; Tucker et al., 1986;'Chastain and Pazdernik, 1985;
Vecchi et al., 1983; Holsapple et al., 1986), as does thymic atrophy (Poland and
Glover, 1980), T-cell-mediated responses (Nagarkatti et al., 1984), and serum
complement levels (White et al., 1986). A good correlation between the degree
of AHH inducibility and immunosuppression was observed in Fj crosses of
"responsive" (AhP/AnDP) and "nonresponsive" (Ahdpand) mice (Nagarkatti et a].,‘v
1984; Vecchi et al., 1983). These results, taken together, indicate that there
is a strong association between the presence of the Ah receptor énd the inducf
tion of immune effects following 2,3,7,8-TCDD exposure in experimental animals,
and suéceptibi]ity to 2,3,7,8-TCDD-induced ihmune effects in the mouse may be
under genetic influences. |

The immunological reactivity of young or/suckling rats and mice has been

evaluated using a variety of experimental protocols employing prenatal or post-
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natal exposure of mothers or é continued prenatal through bostnata] exposure

with 2,3,7,8-TCDD. One such study reported by Vos and Moore (1974) 1is summa-’

rized below. Pregnant rats were treated orally with 1 or 5 ug/kg body weight

of 2,3,7,8-TCDD on day 11 and 18 of gestation. The‘weights of l-day-old pups

from mothers treated with 5 ug/kg dose level were significant]y'reduced. At | -

this dose level, reduced weights of the thymus and spleen were also observed.

Most of the pups in the high-treatment group died within 25 days after birth,

The newborn animals from mothers given a 1 ug/kg dose Tevel wére further

treated with the same dose of 2,3,7,8-TCDD administered to mothers on day 4,

11, and 18. Additional groups of suckling rats were éxposed to-2,3,7,8-TCDD

postnatally by oral treatment of mothers with 5 ug/kg. Reduction in body,

thymus, spleen, and adrenal weights were observed in different groups at 25

days of age. Splenic 1ymphoéytes of rats exposed postnatally to.the‘5 ug/kg

level showed a decrease in phytohemagglutinin (PHA)-induced DNA synthesis.

This effect was not observed in animals exposed pre- and postnatally to'l

ug/kg of 2,3,7,8-TCDD. Thymocytes cultured from postnatally exposed male rats

to 5 ug/kg of 2,3,7,8-TCDD showed a signjficaﬁt reduction of thymidine incor-

poration in the presence of PHA. DNA synthesis in response to concanavalin A

(Con-A), however, was not reduced in thymocytes. The authors (Vos and Moore,

1974) reported the insensitivity of 4-month-old mice to 2,3,7,8-TCDD treatment.

One-month-old mice treated with four weekly doses of 25 ug/kg of 2,3,7,8-TCDD

showed a decreased responsiveness of their splenic lymphocytes to PHA, whereas "

5-month-old animals failed to show this effect after six weekly doses. ”
Similar effects were observed on GVH activity of spleen cells from 25—déy-

old pre- and/or postnatally exposed rats. Only those animals treated with 5

ug/kg postnatally showed a significant decrease in GVH activity of sp]een'ce1lsu

Reaction times of heterologous skin grafts was prolonged in rats exposed in
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utero and in mice exposed pre- and postnatally to 2,3,7,8-TCDD (Vds andeoore,
1974).

In summary, exposure of mice, rats, and/or guihea pigs (as described
earlier) to 2,3,7,8-TCDD during the perinatal period resulted in thymic atrophy
(Faith and Mobre, 1977; Vos and Moore, 1974; Luster et al., 1980; Moore and
Faith, 19765 Faith et al., 1978). These animals exhibited a "wésting syndrome“
that is similar to that seen in neonatally thymectomized animals that have been
treated with corticosteroids (Thomas and Faith, 1985). 2,3,7,8-TCDD adminis-
tered during immune ontogenesis has been observed to affect immune responses
more dramatically than when administered to adults. Generally, thymic atrophy,
suppressed f-ce]] mediated responses, and bone marrow toxicity have been repbrt-
ed to be more profound.fol1owing pre- and/or postnatal exposure to 2,3,7,8-TCDD
than with adult exposure (Dean and Lauer, 1984; Dean and Kimbrdugh, 1986;
Thomas and Faith, 1985; Luster et al., 1979; 1980; Faith and Moore, 1977; Vos
and Moore, 1974). These results suggest that the developing immune system is
mofe susceptible to 2,3,7,8-TCDD-induced alterations and, consequently, that
the very young may be at a higher risk than adults to the immunotoxic effects
of 2,3,7,8-TCDD.

Exposure of animals to 2,3,7,8-TCDD‘has been shown to decrease the respon-
siveness of lymphocytes to various mitogens in culture. For example, rabbits
exposed for 8 weeks to 2,3,7,8-TCDD at 0.01 to 10 ug/kg/week and challenged
with tetanus toxoid had a decreased PHA response at the highest dose (Sharma
et al., 1979). Sharma et al. (1979) a]sé reported that immunologic effects of
a single dose of 2,3,7,8—TCDD in mice were reversible during an‘8-week period
while the hepatic lesions persistedf Mice were treated with a single oral
dose of 10 ug/kg of 2,3,7;8—TCDDz and selected animals were :sacrificed at 2, 4,

and 8 weeks after this dosing. The spontaneous increase of DNA synthesis in




splenic cultures and a decreased responsiveness of splenic lymphocytes to phy-
tohemagglutinin and pokeweed mitogen was apparent at 2 weeks.after>the treat-
ment. The effects persisted up to 4 weeks after the administration of
2,3,7,8-TCDD, but were not noticed when the spleens were obtained from‘anfmals
at 8 weeks after the 2,3,7,8-TCDD dosing. Lymphocyte depletion in the thymus -
and reduced thymus weights showed a partial recovery at this time.

The influence of direct addition of 2,3,7,8-TCDD to mouse-splenic cultures
was reported by Sharma and Gehring (1979). 2,3,7,8-TCDD decreased the unst imu-
lated DNA synthesis in lymphocytes at concentrations as low as 10-9 M; however,
no effects were observed in mitogen-stimulated cultures. Vos and Moore (1974)
reported that the addition of 2,3,7,8-TCDD up to 0.01 ug/0.5 mL in culture
medium did not alter the DNA synthesis in mouse spleen or rat thymus cells,
either with or without the presence of phytohemagglutinin or Con-A. Luster and
co-workers (1979) exposed the spleens from mice to 2,3,7,8-TCDD in dimethylsul-
foxide. DNA, RNA, and protein synthesis in the spleens were inhibited at
2,3,7,8-TCDD concentrations of 10-7 M. The ability of lymphocytes to bind with
mitogens was not influenced by 2,3,7,8-TCDD.

The mechanism(s) for 2,3,7,8-TCDD-induced immunosuppression is not fully
known. However, genetic and structure-activity relationship studies have
provided evidence that 2,3,7,8-TCDD-induced immunosuppression in mice is asso-
ciated with the presence of the Ah locus and is mediated through a 2,3,7,8-TCDD
cytosol receptor (Négarkatti et al., 1984; White et al., 1986§ Tucker et al.,
1986; Luster et al., 1985; Vecchi et al., 1983; Holsapple et-al., 1986; Poland . .
and Glover, 1980; Dencker et al., 1985; Kouri and Ratrie, 1975). Some evidence  |
suggests that thymic epithelial cells may be the principal target for 2{3,7,8-

TCDD-induced immunotoxicity (Clark et al., 1983; Greenlee etlal., 1985). Bind-

ing of 2,3,7,8-TCDD to receptors in the thymus may promote altered T-cell matu-
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ration and differentiation, and it may be the molecular basis for the observed
thymic atrophy and immunotoxicity. Other work, however, suggests that hemato-
poietic stem cells and B-cells may also be targets for 2,3,7,8-TCDD;med1ated
immune effects. For example, it has recently been shown that 2,3,7,8-TCDD selec-
tively inhibits the differentiation of B-cells into antibody-secreting cells in
vitro (Tucker et al., 1986) and inhibits bone marrow stem cell colony growth in
vivo and in vitro (Luster et al., 1985), The binding of 2,3,7,8-TCDD to recep-
tors on lymphocytes, thymus epithelial cells, and/or hematopoietic precursér
cells may cause alterations in maturation and differentiation that may result
in the immune alterations observed in animals following in vivo exposure to
2,3,7,8-TCDD, ~ Further work is clearly needed to investigate the mechaniém(s)
for 2,3,7,8-TCDD-induced immune effects in order to make better estimates of

the potential risks associated with exposure of humans to 2,3,7,8-TCDD.

HUMAN STUDIES

For a variety of reasons, humans have been exposed to 2,3,7,8-TCDD 1nrthe
environment. The immune function has been examined in individuals with pro-
bable or known exposure to 2,3,7,8-TCDD using assays designed to evaluate the
component parts of the immune system. Several accounts of immune functions in
humans exposed to 2,3,7,8-TCDD have been referred to in summary-type articles
reviewed in the preparation of this paper. Some of these reports have not
been published in the scientific literature or are anecdotal. However, none
of these reports, in the opinidn of the reviewers (Dean and Lauer, 1984; Dean
and Kimbrough, 1986; Marshall, 1986), presented convincing evidence for aTtered

immune function in the exposed populations. In one study, no abnormalities in

measured immune parameters were observed in military personnel who had been
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involved in the spraying of 2,3,7,8-TCDD-contaminated Agent Orange during
operation Ranch Hand in Vietnam (convérsation between J. Silva, CHHS, Test and i
Evaluation Activity, Bethesda, MD, and Dr. Ralph Smialowicz, U.S. Environmental i
Protection Agency, February 6, 1987).

Attempts have been made to study immune functions in populations that have
been exposed to 2,3,7,8-TCDD. Al of these attempts have been complicated by | S
technical difficulties in both design and execution, in spite of efforts by
the researchers to control for all possible variables. Three such studies are
summarized.

In July of 1976, an uncontrolled chemical reaction at a chemical plant in
Seveso, Italy, resulted in the release of an estimated 300 g of 2,3,7,8-TCDD
mainly into an uninhabited area. However, a significant number of people were
potentially exposed, and thus, a major health effecté survei]iance effort was
jnitiated. The results of this study, including immunologic assessment, have
been published (Homberger et al., 1979; Reggiani, 1980). A group of 45 |
2,3,7,8-TCDD-exposed children, 20 of whom had chloracne, and 44 children without
2,3,7,8-TCDD exposure were evaluated immunologically every 4 months for approxi-
mately 1.5 years. These studies revealed no differences between the two groups
in serum immunoglobulin or complement levels or in the ability of their T- and
B-cells to respond to mitogens in vitro. Critical evaluation of these data are
not possible, however, since quantitative data were not presented. It should
be noted that a review (Tognoni and Bonaccorsi, 1982) of the Seveso incident,
pubiished 5 years‘after the fact, reported iﬁcreased serum compliement hemolytic
activity and significantly higher lymphocyte proliferative. responses in exposed
subjects. However, no quantitative data were presented, the patient populatjon

was not identified per se, and no reference was made as to how or when these

data were collected. Thus, critical review and interpretation of the reported
12




findings are both impossible and unadvisable.

The town of Times Beach, Missouri, was contaminated with 2,3,7,8-TCDD in
1972 and 1973 when waste'froh a chemical plant was sprayed on roadways to
control dust. Soil samples were tested for 2,3,7,8-TCDD 10 years later, and
Tevels of contamination were so great that the entire town was purchased under
the provisions of the Superfund law (Powell, 1984). Selected residents were
subsequently classified as having had high or low risk of 2,3,7,8-TCDD exposure
and were evaluated immunologically (Knutsen, 1984). Tests of delayed type
hypersensitivity'(DTH) to a standard battery of skin test antigens, 1ymphocyte
blastogenic responses to mitogens, and T-cell subset analysis revealed no sig-
nificant differences between the high- and low-risk groups. However, there was
a tendency among members of the high-risk group to respond tovfewerbskin test
antigens and to have slightly different T-cell subset profiles than low-risk
group members. Lymphocytes from children in the high-risk group also had a
decreased'pro1{ferat1ve response to tetanus toxoid compared with those from'
children in the low-risk group. It should be noted, however; that in a pre]ih-
inary study of an unspecified population of Missouri residents exposed to
2,3,7,8-TCDD, no differences were detected in T-cell subsetbprofi]es, skin test
responses, or lymphocyte proliferation responses (Stehr et al., 1986).

Residents of the Quail Run Mobile Home Pérk in Gray Summit, Missouri, were
exposed for various lengths of time to 2,3,7,8-TCDD-contaminated soil. Contami-
nation was the result of dust control efforts using waste o0il containing chemi-
cal. studge from the same source as in Times Beach. Soil sampling studies
revealed levels of 2,3,7,8-TCDD ranging from 39 to‘2,200 parts per billion.
Immunologic testing was performed on residents who had lived in the park for

at least 6 months (N = 154), and their results were compared to residents

(N = 155) of other mobile parks in areas where no evidence of 2,3,7,8-TCDD
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contamination was found by soil sampling (Hoffman et al., 1986). DTH to skin

test antigens, antigen- and mitogen-stimulated 1ymphocyté proliferation

responses, 1ymphocyte subset analysis, cytotoxic T-Tymphocyte responses, and

serum immunoglobulin levels were evaluated in bﬁth populations, Some members

of the high-risk group did not respond to skin test antigens (anhergy) and, of ' .
those that did respond, positive reactions were obtained for fewer antigens
than in the unexposed group (relative anergy). The exposed group had an in-
creased frequency of anergy (11.8% vs. 1.1%) and relative anergy (35.3%Vvs.
11.8%). It must be pointed out that there were significant technical problems
with the interpretation of the skin test responses and, as a result, nearly 50%
of the data had to be discarded. Severa} skin test readers, with various‘
amounts of experience, were employed in this investigation. ~In addition, two
of the four readers who had received special training in the interbretation of
DTH skin tests recorded anergy in 15% or 40% of the control group, a rate 75 or
200 times the expected rate. Although allowances were made for’thié by the
investigators, the DTH data in this Study are thqs questionable. - The mean
ratio of T helper/inducer cells to T suppressor/cytotoxic cells was similar in
both groups, although there was a nonsignificént proportion of exposed group
members with a T4/T8 ratio less than 1.0 (8.1% vs. 6.4%). The report likewise
states that 12.6% of the exposed'group versus 8.5% of the low-risk group had
abnormal in vitro T-cell functions, although examination of the tabular data
provides no evidence whatsoever for a difference between levels of immunocom-
petence in the two groups. The authors concluded that 1oﬁg—term exposure to »
2,3,7,8-TCDD is associated with depressed cell-mediated immunity, although the

effects have not resulted in an excess of clinical illness. Individuals from

this initial study (Hoffman et al., 1986) have been re-evaluated, and the

results of this follow-up study, as reported by Evans et al. (1987) at the -
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International Conference on Dioxin, failed to corroborate the report of anergy

in the 2,3,7,8-TCDD exposed cohort of the initial study (Hoffman et al., 1986).
UNCERTAINTIES, DATA GAPS, AND RESEARCH NEEDS

The immune system, unlike many organ systems, is self-renewing from a
pool of pluripotent stem cells. Functional cells arelgenera]]y,end-stage
cells that have a limited lifetime and are replaced on a regular basis.
Therefore, unless the store of stem cells is destroyed or unless there is a
permanent blockade of cellular differentiation, acute chemical exposure is
unlikely to cause long-term suppression of the host-defense System. However,
the ‘uncertainty in the premise of self-limited chemical fmmunotoxicity resides
in the unknown effects of chronic or repeated acute exposure to immunotoxic
agents on the regenerative capacity of the immune system,

Although a great amount of time and effort has gone into evaluatingkthe
immunotoxic effects of 2,3,7,8-TCDD in experimental anima1s, fhefe,are a
number of uncertainties that remaih to be resolved. These include but are
not.1im1ted to the foT]owing: (1) the lack of a strong association between
2,3,7,8-TCDD exposure and decreased host resistance, (2) the different suscep-
tibility of species and strains to 2,3,7,8-TCDD—1nduced immunosuppression, (3)
the transient and reversiblehnature of 2,3,7,8-TCDD-induced immune effects,
(4) the apparent but not proven increased susceptibility of very young animals
to 2,3,7,8-TCDD-induced immune effects, (5) the uncertainty of the mechanism(s)
of 2,3,7,8-TCDD-induced immune effects, and (6) the lack of evidence between
observed immunological effects in animals and the questionable.immune a]tera-l

tions reported in human populations inadvertantly exposed to 2,3,7,8-TCDD.

These areas of uncertainty are briefly discussed.
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Inconsistent results have been reported regarding the susceptibility of
2,3,7,8-TCDD-exposed animals to tumor deve]oﬁment and infection (Dean and
Lauer, 1984; Faith and Moore, 1977; Luster et al., 1980; Thigpen et al., 1975;

White et al., 1986; Tucker et al., 1986). Despite the fact that exposure to

2,3,7,8-TCDD results in depressed T- and B-cell responses, further research fis >
necessary to define the conditions under which host resistance is adversely
affected by 2,3,7,8-TCDD.

In general, the experimental animal data suggest that species differences
exist in 2,3,7,8-TCDD sensitivity. With the exception of the earliest work,
the mouse has been the predominant species for studying the immunotoxic effects
of 2,3,7,8-TCDD. This is most probably due to the fact that more is known
about the immune system of the mouse than any other animal species, as well as.
the fact that there are more validated methods available for examining the -
immune system in this species. Nevertheless, extensive interspecies comparisons
among several animal species are warranted considering their pharmacokinetic
differences. These‘studies are needed not only to substantiate and corroborate
the results of studies with the mouse but also to provide the framework to.
extrapolate the potential for 2,3,7,8-TCDD to affect the human immune system.
Interspecies studies are also necessary in order to determine if an association
exists between the Ah locus and 2,3,7,8-TCDD-induced immune effects in species
other than the mouse. This includes extension of in vitro studies which have
demonstrated the presence and inducibj]ity of AHH in human lymphoid tissue
(Kouri and Ratrie, 1975). Hopefully, these studies will provide useful infor-
mation about the role that the An locus may play in the susceptibility of the
human population to 2,3,7,8-TCDD. |

The immune effects that have been observed following 2,3,7,8-TCDD exposure

have, in all cases where it has been examined, returned to. normal levels over
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a period of time after the cessation of exposure to 2,3,7,8-TCDD. This is
probably a result of the plastic nature of the immune system,-as.well as the .
fact that chronic dosing with 2,3,7,8-TCDD has not been performed. It is not
clear whether and how repeated doses might affect the immune. system or whether
short-term exposure could result in irreversible effects. Low-dose chronic
studies in animals are needed to determine whether such exposures not only
produce immune alterations but also to determine if long-lasting impairment is
produced. Low-dose chronic studies are important to extrapolate data from the
high dosages used under experimental situations because they are most likely
to mimic the form of human exposure to 2,3,7,8-TCDD in the environment.

| Exposure to 2,3,7,8—TCDD during immune system development has. been shown
to affect the immune system of experimental animals (Faith and Moore, 1977;
Vos and Moore, 1974; Luster et a].; 1980; Faith et al., 1978). The effects
produced following perinatal exposure have been reported to be more profOUnd
than those produced following adult exposure, although in some cases a high
degree of fetal toxicity has been reported (Vos and Moore, 1974). MWhile this
may be true, no attempt has been made to test this hypothesis by making a
direct comparison between perinatal and adult exposure to 2,3,7,8-TCDD using
identical exposure regimens (i.e., B- and T-cell function, host resistance
models, natural killer cell activity, etc.). Work is. warranted in this area
in order to provide evidence of an increased risk of the developing immune
system to 2,3,7,8-TCDD exposure. - This is neceésary S0 thaf an informed judgf
ment can be made as to the potential increased relative risk to infants and
children exposed to 2,3,7,8-TCDD.

There is still a great dea]lof uncertainty about the mechénism(s).by which

2,3,7,8-TCDD causes immune alterations in animals. Work with other animal

species and in vitro work with human tissues will hopefully provide new insights
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in this area. A clearer understanding of the mechanisms of 2,3,7,8-TCDD-
induced immunosuppression in animals will be invaluable for extrapolation of
the potential health risk in humans.

Laboratory studies have clearly demonstrated the immunotoxic effects of
2,3,7,8-TCDD in a variety of animal models. Extrapo]ation of these data to -
predict effects of human 2,3,7,8-TCDD exposure are complicated at best, since
actual exposure levels, route of exposure, and even comparability of human and
animal susceptibility to the toxic effects of 2,3,7,8-TCDD are unknown. Results
of rodent studies suggest that the immune responses of children should be more
sensitive to the immunotoxic effects of 2,3,7,8-TCDD than that of adults (Faith
and Moore, 1978). However, immune %unction was followed in children from the
most heavily contaminated area of Seveso for 18 months after the accident and
appeared to be normal (Homberger et al., 1979; Reggiani, 1980). Furthermore,
baseline data for the immune system of children is not readily available, and
the normal response in children of various ages is not well defined. Further-
more, altered immunocompetence has been reported in 2,3,7,8-TCDD-exposed
residents of Missouri (Knutsen 1984; Hoffman et al., 1986), although the différ—
ences between mean values for control and exposed popu]afions were not statis-
tically significant. Suppression was not detected in functional parameters;
rather, trends in the distribution of exposed group members into “normal” and
“abnormal" response categories were cited as indicative of immune dysfunction.
While these trends may or may not be related to 2,3,7,8-TCDD exposure,‘there has
been no report of an increase in clinical illness attributable to suppressed
immune function. Thus, it appears to be that there arevho unequivéca] cases of
significant immunotoxicity in humans following 2,3,7,8-TCDD exposure (Dean and

Lauer, 1984; Dean and Kimbrough, 1986; Marshall, 1986; Evans et al., 1987).

18




The available animal data reviewed above suggest that 2,3,7,8-TCDD-induced
thymus atrophy and immune a]terafions may result from direct actions on peri-
pheral lymphocytes or progenitor lymphoid cells in the bone marrow and through
altered differentiation of intrathymic precursor cells, specifically by a direct
action on thymic epithelium. The induction of T-cells, cytotoxic for tumor
target cells, was found to be impaired in mouse studies conducted by Clark et
al. (1981) following total exposure to a 2,3,7,8-TCDD dose of 4 ng/kg over a
4-week period. These dosages are be]ow‘those levels significantly altering
other cell-mediated immune responses (Clark et al., 1981); however, these
results are unconfirmed and questionable. For example, the kinetics of CTL
suppression was not defined in the Clark et al. studie; (1981, 1983), and the
effect of 2,3,7,8-TCDD on CTL-mediated tumor resistance remains to be resolved.
Additional concern is raised about Clark's findings (Clark ef al., 1981) by
researchers at the Chemical Industry Institute of Toxico]oéy‘(CIIT) who claim
that the CTL response was not suppressed af a dose of 4 ng/kg (conversatibn
between Jack Dean, CIIT, Research Triangle Park, NC, and Bob Sonawane, U.S.
Environmental Protection Agency, February 17, 1987). . The EDgy (dose producing
50% maximal response) for the induction of thymic atrophy in sensitive mouse
strains is approximately 10 umol/kg (Poland and Glover, 1980) and for antibody
plaque-forming cell (PFC) suppression varies by 30-fold (1 ug/kg to 30 ug/kg)
between C57BL/6 and DBA/2 mice (Dean and lLauer, 1984). Furthermofe, the issue |
of host-resistance effects following exposure to 2,3,7,8-TCDD is unresolved.

In summafy, it may be inappropriate to derive an immunotoxicity-based
hazard assessment for 2,3,7,8-TCDD from mostly acute and/orvsubchronic type
studies. A three-generation reproductive study by Murray et al. (1979) demon-

strated the critical noncancer end point for adverse effects at 1 ng/kg/day

compared to questionable immunosuppressive effects observed in mice by Clark
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et al. (1981) at 4 ng/kg by parental administration. It seems‘that the level
of concern identified in eifher of these studies or in chronic bioassays for
carcinogenicity is essentially the same. The magnitude of differences rein-
forces a common conclusion that the biological significance of ény immuno]ogica]
effects observed in laboratory animals is not adequately eﬁtab}ished ﬁo support
its use as the critical end point in hazard evaluation of 2;3,7,8-TCDD‘exposure

to humans.
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The mechanisms of action of 2,3,7,8-tetrach1orodibenzo—g—dioxin (2,3,7,8-
TCDD) have been intensely investigated since the pioneering work of Kimmig and
Schultz (1957) in elucidating the chloracnegen in the chlorophenol processes.
The most complete and thought-provoking treatise on the subject is that of
Poland and Knutson (1982). These authors and others in Poland’s Taboratory
drew upon their work and others to present a unified hypothesis to account for
the varied responses in animals exposed to 2,3,7,8-TCDD. In essence, this
hypothesis, which is partly based on the classic receptor theories invoked for
steroid action, suggests that (1) there is a cytosolic receptor for
arylhydrocarbons (the Ah receptor) that binds several compounds and then
translocates to the nucleus, and (2) there is a second stage to the toxic
reaction(s) that is related to, but not congruent with, the induction of
cytochrome P1-450. Activation of this receptor leads to a cascade of reactions
culminating with the association of the receptor-2,3,7,8-TCDD complex with
nuclear DNA. This association leads to the synthesis of a specific micro;soma"l
protein designated as cytochrome P;-450. To date, the chemical that binds this
putative receptor with the greatest avidity is 2,3,7,8-TCDD. However, many
other halogenated and non-halogenated compounds also bind to this cytosolic
protein (Nebert et al., 1972). The xenobiotics with the greatest affinity are
those that are planar, with two phenyl rings and contain substitutions in the
lateral positions. Several investigative teams have examined the structure
activity relationships (SARs) among the polyhalogenated biphenyls (PCBs, PBBs),
polychlorinated dibenzo-p-dioxins (PCDDs), and polychlorinated dibenzofurans
(PCDFs) (Knutson and Poland, 1980). Safe and his co-workers have‘synthesized
several of the highly active PCBs and have demonstrated remarkable SARs for

several biological end points (Mason et al., 1987). Excellent reviews on the
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SAR for PCDDs, PCDFs, and PCBs can be found in recent issues of thevAnnua1 !
Reviews in Pharmacology and Toxicology (Vols. 22 [Poland and Knutson, 1982] and E:
26 [Safe, 1986], respectively). The hypothesis also states that ". . .there is
a second stage to the toxic reactions of 2,3,7,8-TCDD that are related to, but
not congruent with, the induction of cytochrome P1-450." This portion of the -
hypothesis is supported by the reports of Poland and his co-workers with XB
cells in culture (Knutson and Poland, 1980), Safe and co-workers’ findings of
PCB inhibition of 2,3,7,8-TCDD toxicity (Haake et al., 1987), and the Umbreit
et al. report of apparent maximal induction of arylhydrocarbon hydroxylase (the |
major system affected by cytochrome Pp-450) (Umbreit et al., 1987) by complex |
mixtures of polyaromatic hydrocarbons and very low bioavailability of
PCDDs/PCDFs as measured by tissue levels and signs of toxicity.

At this point in time, it appears clear that 2,3,7,8-TCDD is working
through the proposed receptor mechanism for the fjrst phase of its activity
(i.e., binding to a putative cytosolic receptor with subsequent {nduction of i
P-450). However, all of the biological effects of this molecule cannot be
explained by simple receptorrbinding and induction of cytochrome P;-450. The
recent evidence from several laboratories has expanded on the initial studies.
of Poland and Knutsdn (1982), Neal et al. (1982), and Barsotti et al. (1979) to
show quite dramatically that 2,3,7,8-TCDD markedly affects the interaction of

steroids with their respective receptors (Romkes et a].; 1987; Gallo et al.,

]

1986) and 2,3,7,8-TCDD alters the number of Epidermal Growth Factor (EGF)
receptors in susceptible cell Tines (Matsumura et al., 1984).. Molloy et al. v
(1987) recently reported the alteration of specific epidermal keratins in the

HRJ/S strain of mice after treatment with 2,3,7,8-TCDD. This finding is

especially relevant to the database since it was in this strain of mice that




Poland and Knutson (1982) reported the model for chloracne. Matsumura et al.
(1984) studied the role of 2,3,7,8-TCDD and EGF receptors, while several
laboratories (Safe, 1986; Gierthy et al., 1987; Umbreit and Gallo, 1988;
Goldstein et al., 1987) have been pursuing the‘interactions of 2,3,7,8-TCDD
with steroids, primarily estrogen-sensitive tissues. The interactions with
glucocorticoids has been studied extensively by several laboratories (Luster et
al., 1984; Sunihara et al., 1987). In general, the,responée can be summarized
as a decrease in the number of available cytosolic receptors for EGF or the
steroids without a decrease in the affinity for the respective 11gandi This
phenomenon is termed "doWn4regu1ation" of the cytosolic receptor. The
mgasurement of receptor binding is biochemical. The estimate of éffinity’and
binding site number is by extrapolation of the response curve(s) by Scatchard
analysis (1949). The strengths of this analysis are obvious, but the
weaknesses are difficult to reconcile. The major wéakness is the Tack of
direct binding information; this does not allow segregation of the receptors by
tertiary structure nor does it éomp1ete1y account for nonspecific binding. The
second weakness of 1igand binding experiments is the inability of the analysis
to shed any light on the reason for the down-regulation. It must be emphasized
at this point that none of the steroid receptor research has demonstrated an
antagonism between 2,3,7,8—TCDD and the endogenous steroid for the respective
steroid receptor, nor has any competitive binding of steroids by the Ah
receptor been demonstrated. However, the steroid‘receptors are products of a
supergene family which is responsible for the protein synthesis of all these
receptors (Nebert et al., 1972),vand the Ah receptor has many of the structural

and functional characteristics of the steroid receptors (Poellinger et al.,

1986).




To better understand the role of 2,3,7,8-TCDD in cellular function (or
dysfunction), one must Took to the results of the laboratories working on the
mechanisms of action of 2,3,7,8-TCDD at the molecular level. The major groups

involved in this research are Poland, Nebert’s group at the National Institutes

3

of Health, and Whitlock’s Tlaboratory at Stanford University. As stated above,
Poland established the role of the Ah receptor in some of the actions of
2,3,7,8-TCDD. Whitlock (1987) has summafized his data and that of other
investigators regarding the regulation of the cytochrome P-450 gene family,
along with the data supporting the hypothesis that the Ah locus is part of a
super gene family responsible for the metabolism of xenobiofics and ehdogenous
compounds. Recent work in this Taboratory has also elucidated a region on DNA,
which is sensitive to the 2,3,7,8-TCDD-cytosolic receptor complex, upstream
from the cytochrome P1-450 gene (Neuhold et al., 1986). These findings are -
critical in light of the findings of the 2,3,7,8-TCDD- responsive gene
expression enhancer system (region) described by Whitlock (Jones et al., 1986).
Hence, the two Taboratories have defined the regulatory mechanisms by which
2,3,7,8-TCDD controls gene expression of the cytochrome Py-450 (Wh{t1ock,
1987). The significance of these findings for 2,3,7,8-TCDD risk analysis. is
the congruency between gene regulation for the Ah receptor, the glucocorticoid
receptor, and the estrogen recepfor (Becker et al., 1986). The importance of

these findings cannot be underestimated. There is direct analogy with the

p

steroid receptor mechanisms and the control of the steroid receptor messenger
RNA (Yamamoto, 1985). The role of the estrogen receptor (ER), and other ¥
steroid receptors, is understood to a greater extent than the Ah receptor

probably because of the greater emphasis on the physiology of steroids. The

analogy between the receptor complexes and DNA leads to the obvious comparison




of effects of 2,3,7,8-TCDD and steroids. Many of the changes seen in animals
after dosing with 2,3,7,8-TCDD mimic estrogen or antiestrogen effects. Umbreit
and Gallo (1988) reviewed these findings, which are presented in Table 1.
Kociba et al. (1978) demonstrated the hepatocarcinogenic effect of orally
administered 2,3,7,8-TCDD, but in the same study there was a marked
dose-dependent decrease in tumors of the mammary glands and uteri which are
estrogen-sensitive orgaﬁs. These are highly significant observatiohs which
have been pursued by some laboratories. If 2,3,7,8-TCDD is acting through
hormonal (estrogen) mechanisms, then alteration of ovarian function, exogenous
estrogens, or antiestrogens should modify the response(s) to 2,3,7,8-TCDD.
Recent resu]té have shown that 2,3,7,8-TCDD effects can be overriddeﬁ by
exogenous estradiol (Gallo et 51., 1986) and the down4fegu1ation of the
estrogen receptor is also antagonized by estradiol (Romkes et al., 1987). The
significance of these findings are amplified if one couples the reborts of
regulation of the EGF receptor by estrogens (Mukku and Stancel, 1985; Madhukar
et al., 1984) along with the consistent observation that the Towest doses in
the Tifetime bioassays of 2,3,7,8-TCDD decrease tumor yield in rodent livers
but do not affect the backround levels of breast or uterine tumors (Kociba et
al., 1978). 2,3,7,8-TCDD inhibition of tumor growth at low doses and
enhancement at higher 1evéls (in the bioassays) is supported by the recent
report of a marked decrease in tumorigenesis in the two-stage Tliver model at
the lowest dose of 2,3,7,8-TCDD after diethylnitrosamine (DEN). initiation
(Pitot et al., 1987). These findings are consistent with the hypothésiS‘that
2,3,7,8-TCDD may be working through an endocrine-sensitive mechanism to yield

its toxic effects. If one accepts this premise, then it is reasonable to

assume that the actions of 2,3,7,8-TCDD can be explained using a




TABLE 1. ASSOCIATION OF EXTROGENS WITH 2,3,7,8-TCDD TOXICITY

Many of the toxic effects of 2,3,7,8-TCDD are similar to effects of

estrogens in non-2,3,7,8-TCDD treated animals.

Some effects of 2,3,7,8-TCDD resemble effects of elevated

estrogens.

Other effect of 2,3,7,8-TCDD resemble antiestrogenic effects

[most antiestrogens have estrogenic effects at different doses].
Some 2,3,7,8-TCDD effects are not straightforward estrogenic or
antiestrogenic effects. For some of these, an influence of

estrogen on the effect is known.

Other signs of 2,3,7,8-TCDD toxicity may be related to cholesterol

mobilization for estrogen synthesis.
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TABLE 1. (continued)
2,3,7,8-TCDD EFFECTS:

Fat loss 1,4 ' Immunosuppression 1
* Wasting 1,4 Thymic involution 1
4 Changes in serum lipids: 1,3,4 Decreased thymic
increased cholesterol cellularity
increased LDL, VLDL
Anorexia 1
Hypophagia 1
Hypoinsulinemia 1 ‘ : Hirsutism 1
Altered serum fatty acids 1,4 Chloracne 3
Hypoglycemia 1,4 Skin.keratinization 1
Lowered 0y consumption
Membrane damage 1,4 ; Lowered T4 in serum 3
Stimulates differentiation 1 : Increased:
in certain epithelial
cells thyroid weight 3
serum TSH
‘T4 excretion as
glucuronide
» Lower serum testosterone 3
« Uterine suppression 2

Reproductive failure 1,2,3

Blockage of E2 uterotrophism 1

Terata 1,2,3




TABLE 1. (continued)

Lowered serum corticoids 3,4
Blockage of ACTH stimulation of corticostéroid synfﬁesis 3,4
Downregulates:

EGF receptor 1

Prolactin receptor 1

Glucocorticoid receptor 1

LDL receptor 1

Estrogen receptor 1

Ascites 1,4
Hepatocyte membrane damage 1,4
Hepatocyte membrane cAMP reduced
Enzyme inductions 3
AHH (EROD, P-448, P-450c, and d)
Ornithine decarboxylase
UDP-GTs
ALA synthetase
Others

Anemia

i®

Porphyria cutanea tarda 1
Iron accumulation in liver

Altered iron transport in gut

| ‘ - | | |



physiologically based model. The physiological implications of an endocrine
mechanism can explain many of the responses seen in animals after exposure to
2,3,7,8-TCDD (see Table 1) since these responses are similar to hyper- and
hypo-hormonal states (0’Malley and Buller, 1977; Potter et al., 1986; Jones et
al., 1986; Gustafsson et al., 1987). As stated above, the analogy to the
estrogen system is arguably the strongest to 2,3,7,8-TCDD effects (both
hyperplastic and dysplastic responses in endocrine sensitive organs), and the
similarity between the cytosolic receptors and their stabilization by molybdate
(Denison et al., 1986), activation of a nuclear site, and the ant1—2,3;7,8-TCDD
effect of estradiol strengthens the analogy. The effects of estrogens are
widespread throughout the body. Some of these effects may not be receptor-
mediated, but the majority of the effects are directly attributable to receptor
binding. The toxic effects of estrogens have recently been summarized (Umbreit
and Gallo, 1988) and include thymic involution and decreased response to septic
challenge (Luster et al., 1984; Grossman, 1984), a wasting syhdrome
characterized by weight loss, hirsutism, and epiderma1 lesions. -As a note,
there are recent reports of estrogens enhancing or causing cachexia and wasting
which are major effects of 2,3,7,8-TCDD seen in intoxicated animals. The role
of estrogens as immunosuppressives is not well understood, but it is .
hypothesized that the putative suppressant is either an excess of circulating
estradiol or perhaps an excess of trophic hormones. Estrogens also play a role
in the action of other hormones and trophic factors such as EGF (Kirkland et
al., 1981; Gardner et 51., 1978; Mukku, 1984; Mukku and Stancel, 1985; Hsueh et
al., 1981; Gonzales et al., 1984; Dickson and Lippman,v1987). These findings
lead to the conclusion that the multiple effects of TCDD could be mediated

through an endocrine mechanism. The weakness of this assumption is that

9




2,3,7,8-TCDD causes effects that appear sfmi]ar to both hyperestrogenemia and
hypoestrogenemia. It Has been hypothesized that this apparent paradox'is the
result of 2,3,7,8-TCDD or the Tigand complex preventing the endogenous
substrate from interacting "correctly" with both the active site and a

secondary binding site (Umbreit and Gallo, 1988; Umbreit et al., 1988).

Pleiotropism is not an uncommon finding with molecules such as hormones or

in this case 2,3,7,8-TCDD. One has only to review the early experiments on
multistage mouse skin carcinogenesis of 2,3,7,8-TCDD to see that in some cases
it inhibited tumor formation by PAH initiators (DiGiovanni et al., 1977; Berry
et al., 1978). It must be emphasized that the responses in multistage models
are dependent on time, sequence of administration, dose, and species# Hence,
inhibition under some conditions might have been predictable. This is
juxtaposed to the two-stage Tiver model (Pitot et al., 1980)}in which it has
been shown that orally administered 2,3,7,8-TCDD enhances the tumorigenic .
action of DEN. However, in subsequent experiments . at lower doses of 2,3,7,8-
TCDD, a parabolic dose-response curve has been reported in the DEN/2,3,7,8-
TCDD initiation-promotion protocol (Pitot et al., 1987). This paradoxical
effect is not well understood, but it does not appear to be solely the function
of enhanced metabolism, or Ah receptor binding (Mason et al., 1987). . Perhaps
it is the result of alteration of EGF receptors at low doses (Madhukar et al.,
1984) which displays a commonality with several sferoid hormone receptors.

The importance of these findings to the approximation of human and animal
health risks from expoéure to PCDDs and related molecules cannot be overstated.
Mathematical modeling of physiological phenomena, especially those related to
receptor function, is conducted using the Michaelis-Menten equation (1913) as‘

modified by Clark for the "classical" receptor model (1933). The weight of

10
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evidence for the most prevalent 2,3,7,8-TCDD effects falls into the categofy of
the receptor model (Poland and Knutson, 1982). The recent finding that the
hepatocarcinogenesis is related to estrogen levels or to the presence of
functional ovaries (Goldstein et al., 1987), and that DEN hepatocarcinogenesis,
in partially hepatectomized rats, is first inhibited then promoted by 2,3,7,8-
TCDD (Pitot et al., 1980, 1987) indicate that 2,3,7,8-TCDD is not causing its
myriad of effects in Tiver by a simple one-step event‘such as binding to the Ah
receptor and subsequent induction of cytochrome Py-450. However, operationally
2,3,7,8-TCDD is a potent hepatocarcinogen in some species and strains of
rodents.

Risk modeling for carcinogenic xenobiotics has recently been segregated
into three classes or types of models: physio]oQica]]y based pharmacokinetic
(PBPK) models in which the body is gonsidered to be a smai] group of -
physiological compartments (Hoel et al., 1983; Krewski et al., 1986; Bischoff,
1987); biologically motivated models of carcinogenesis (BMMC) in which fhe ‘
carcinogenic process is considered to occur through a series of 1linked
reactions that result from two or more mo]ecu]ar,gvents followed by cei1u1ar
amplification by "promoter" molecules (Moo]gavkér, 1986; Thorslund et al.,
1987; Krewski et al., 1987); and the linearized mu]tistége model (LMS) of
Armitage-Doll asvmodified by Crump and Howe (1984) 1in which it is assumed that
a sequence of mutational events occur within a single cell 1eadingrto the
neoplastic change (Armitage, 1985).

The model that appears to accommodate most of the critical components from
the biological data base on 2,3,7,8-TCDD is the BMMC model, which is generally
referred to as the Moolgavkar-Venzon-Knudson (M-V-K) model (Moolgavkar and

Venzon, 1979; Moolgavkar and Knudson, 1981). This model allows for several of
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the concepts of initiation-promotion-progression, along with the growth-

stimulating role of endogenous substrates such as hormones (Moo]gavkér, 1986).

Incorporation of some of the factors necessary for the PBPK mode1 can also be

done using the M-V-K model as modified, or, more correctly, expanded by

Thorslund et al. (1987). These expansions of the M-V-K model give the risk | i

assessor a powerful tool for Tooking at cancer risk mechanistically. | «
This option is not available with the LMS model as originally proposed.

The use of the LMS model may not be appropriate for the 2,3,7,8-TCDD data set

since this model assumes an initiating event, such as a point mutatibn, to

start the process. However, the LMS model can be accommodated if one

hypothesizes that the initiating event: (1) is the result of an indirect |

action of 2,3,7,8-TCDD through modification of exogenous or endogenous

compounds, (2) that a population of initiated cells exfsts, or (3) 2,3;7,8—

TCDD leads to focal necrosis which serves as a mitogenic stimuli.
Recent reports have shown that 2,3,7,8-TCDD and other promoters in liver

enhance stimulation of DNA synthesis in situ, and stimulate repair of

0-6-methylguanine in liver DNA (Busser and Lutz, 1987; Den Engelse et al.,

1986). Lutz et al. (1984) presented a scheme for promoter potency based on
stimulation of DNA synthesis and the assumption that cell division is a
prerequisite for several stages in the carcinogenesis process. These reports

indicate that 2,3,7,8-TCDD can act as a complete-indirect-carcinogen, including

»

promoter activity, despite the lack of DNA binding or direct mutagenesis. The
sum of all these findings, along with the myriad of toxic responses, suggests a
model for 2,3,7,8-TCDD carcinoéenesis in rodent Tiver as shown in Figure 1.
This model can account for the dose-response data in the bioassays and the

multistage promotion experiments, as well as allow for incorporation into
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existing risk models, and the scheme is not incongruent with the‘reports ofI
decreased tumor formation in some tissues. If pathway (A) can be verified by
demonstration of reactive intermediafes after 2,3,7,8-TCDD treatmeht, then the
LMS model, slightly modified, can be used. The preponderance of evidence at
the moment supports a mechanistic model(s) which is at variance with the LMS
model. However, Figure 1 presents po§sib111ties that are not mutda]]y
exclusive for the existing models. The scheme also presents several testable

| hypotheses which should be examined.
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