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CHAPTER I

INTRODUCTION

Summary Description of the Substance of Interest

Over the past several decades researchers have investigated the
effects of exposure to materiale contaminated with 2,3,7,8-
tetrachlcorodibenzo~-p~dioxin (2,3,7,8-TCDD). Dioxins constitute a
class of 75 isomers of tricyclic chlorinated phenoxy compounds. Of
22 known tetrachlorodibenzodioxin isomers, 2,3,7,8-tetra
chlorodibenzo-p-dioxin (2,3,7,8-TCDD) is most comprehensively
gtudied and is considered to be the moet toxic of the chlorinated

phenoxy compounds (Kociba and Schwetz, 1982).

2,3,7,8~TCDD is a commcn envirconmental contaminant. Release of
2,3,7,B-TCDD into the environment has occurred due to use of
contaminated herbicides, due to distribution of contaminated
effluent from industrial production of 2,4,S-tricﬁlorcphenol (TCP)

2,4,5-trichlorophenoxy acetic acid (2,4,5-T) and hexachlorophene,




and from accidents associated with such processes (Esposito,
1980). Pulp bleaching operations, scrap metal reclamation
processes, magnesium and nickels refining operations, incineration
of municibal and industrial wastes, combustion of fossil fuels and
other materials containing chlorine are alsc responsible for

occurrence cf 2,3,7,8-TCDD and consegquent environmental pollution

(NATO, 1988).

Occupational exposure to 2,3,7,B-TCDD occurred during the
production of TCP or 2,4,5-T or while handling contaminated waste
products or during the clean-up of TCP reactor accidents. Other
modes of exposure to dioxins and dibenzofurans not described in

this study are illustrated in Table 1 (Dunigan, 1984).

Summary Description of the Health

Effects of Expogure to 2,3,7,8-TCDD

Animal toxicologié evidence reveals a wide variation of effects due
to exposure to 2,3,7,8-TCDD which are dependent upon animal
species, dose and length of exposure. The general classes of
effects include debilitation and wasting (Allen et al, 1977; Mocre
et al, 1979), hepatotoxicity (Greig et al, 1973), thymic atrophy
(Vecchi et al, 1983; Luster et al, 19%82) immunosuppressicn (Vecchi
et al, 1983), hematoclogic changes (Weissberg and Zinkl et al,
1973), dermatologic effects (Jones and Kizek, 1962; Kimmig and
Schulz, 1957), lipid (Poli et al, 1980; Schiller et al, 1986) and

glucose alterations (Schiller et al, 1986), carcinogenesis (Pitot



et al, 1980; Toth et al, 1979; Kociba et al, 1978; National
Toxiceology Program, 1982b), teratogenesis, and fetotoxicity
(Courtney and Moore, 1971; Moore et al, 1979). No neuroloeogic
effects have been noted in test animals as a result of exposure to
2,3,7,8-TCDD. A review of effects observed in animal toxicologic

studies is in Appendix A and in Tables 36-50.

The most frequent condition described in humans involves the skin,
and less frequently disturbances of the neurologic system, liver,
gastrointestinal, genitourinary, cardiovascular, pulmonary and
immunologic systems as well as increased incidence of some
malignancies and adverse reproductive effects., These findings are
described in detail below. The majocrity of effects were reported
among occupaticnally exposed groups and among residents of
communities contaminated with tainted waste coil (Missouri) and

industrial effluent (Seveso, Italy).

Introduction to the Study

Effects of the peripheral nervous system (PNS) represent consistent
findings of previous case reports and studies of workers and
community residente exposed to 2,3,7,8-TCDD contaminated

materials. The goal of this report is toc evaluate the potential
long-term effects on the peripheral nervous system in workers with
past exposure to production products contaminated with

2,3,7,8-TCCD. A second gecal is to relate the severity of the



current neurologic status to the levels of 2,3,7,B8-TCDD measured in

the serum o¢f study subjects.

This analysis of neurologic effects was conducted as part of a
comprehensive cross-sectional epidemiologic study of workers
previously employed in the production of asedium-TCP, 2,4,5-T or
hexachlorophene. The study was designed to evaluate the long-term
health effects of occupational exposure to chemicals and materials

contaminated with 2,3,7,8-TCDD.



CHAPTER II

LITERATURE REVIEW

Chemistry of 2,3,7,B8-Tetrachlorocdibenzo~-p=dioxin

The dioxins are a class of 75 iscomers of tricyclic chlorinated
phenoxy compounds. There are 22 known tetrachlorodibenzodioxin
isomers of which 2,3,7,8-tetra chlorodibenzo-p-dioxin
{(2,3,7,8-TCDD) has been most comprehensively studied. Based on
animal toxicological studies, 2,3,7,8-TCDD iB currently considered
to be the most toxic of the chlorinated phenoxy compcunds
(McConnell et al, 1978b). 2,3,7,8-TCDD (C,,H,Cl,0,;

Mw=321.9) is a lipophilic, chemically stable compound of low
volatility (estimated vapor pressure 1.7 x 10%) and high melting
point (305-306° C) (Espositoc et al, 1980). Environmental
degradation of 2,3,7,8-TCDD is most likely through photolysis,

perhaps volatilization. Based on data generated after the Seveso




accident, the half-life of 2,3,7,8-TCDD in soil is estimated to be
10-12 years (Young et al, 1983; Wipf et al, 1983). When exposed to
Uv light, as in surface soil, degradation is less than one year.
The estimated half-life in non-human mammalian systems ranges from
10.8 days in the hamster to 365 days in the monkey (Olson at al,
1980; McNulty et al, 1977.) For humans, the data on the rate of
elimination is sparse. To date, two studies have suggested the
rate to be 5.1 and 7.2 years (Pirkle et al, 1989; Poiger and
Schlatter, 1985); however, there is some speculation indicating
that.there maybe considerable inter-individual variation in the
elimination rate of 2,3,7,8-TCDD in the human population (Pirkle et

al, 1989).

The synthesis of chlorophenols and certain other halogenated
aromatic hydrocarbons is a major source of dioxins. Specifically,
the 2,3,7,8-TCDD isomer is generated as a contaminant during the
production of a chemical feedstock 2,4,5-trichlorophencl, from the
reaction of tetrachlorobenzene and caustic (NaOH) (Espcsito et al.,
1980). It is estimated that greater amounts of the contaminant
were produced as the reactor temperatures were increased above
180°C and pressures increased above 7KPa (Kilc Pascals) (Rappe

and Buser, 1%80). Unless removed, the 2,3,7,8-TCDD is passed on to
the end products such as 2,4,5 trichlorophenoxyacetic acid
(2,4,5-T7), 2,4,5-T esters, 2,4,5-T amines, 2-(2,4,5
trichlorophenoxy) proprionic acid (Silvex), Silvex esters and

amines, and hexachlorophene. 1In the United States, from



the mid-1930‘s until 1979, when the US EPA restricted the use of
2,4,5-T, these dioxin-contaminated chemicals had widespread
industrial and envircnmental applications as defoliants,
herbicides, fungicides and miticides (Espositec et al, 1980). Other
spurces of dioxins are described in a review recently published by

the North Atlantic Treaty Organization (NATO, 1988).

Animal Studies: Animal Toxicologic Studies of the Effects

of 2,3,7,8-TCDD on the Peripheral Nervoug System

The literature i1s replete with studies describing the toxicologic
effects of exposure to 2,3,7,8~TCDD. In these studies, researchers
have observed wide interspecies variaticon in the nature and
severity of the observed effects. Despite these differences,
common effects have been noted. The general classes of commnon
effects include weight loss, liver cell changes and enzymatic
alterations, thymic atrophy and immunologic disturbances,
carcincgenesis, teratogenesis and fetotoxicity. To date, no
neurologic effects due to exposure to 2,3,7,8-TCDD have been

reperted in any species.




Currently, there are many extensive reviews of the toxicologic
preperties of 2,3,7,8-TCDD (Esposito et al., 1980; Pocland and
Knutsen, 1982; Shu et al, 1988; McConnell, 1589; Goldstein and
Safe, 1989; Holder and Menzel, 1989). Appendix A briefly describes
.some of the major outcomes obeserved in animal toxicology studies
including lethality, weight loss, dermatologic, hepatic,
immunologic and reproductive effects. Details of the studies
including species, dose and effects are also described in tables

IIB.1 through IIB.14.

Human Studies: Effects of Exposure tg Substances

Contaminated with 2,3,7,8-TCDD on the Peripheral Nervous System

Several comprehensive reviews describing the health effects of
exposure to 2,3,7,8-TCDD have been recently published (Kimbrough et
al, 1980; IARC, 19B&6: Fingerhut et al, 1987. The information
describing human health effects attributed to expecsure to
2,3,7,8-TCDD contaminated materials is derived from wide variety of
sources including clinical assessments (case reports) of exposed
individuals and analytic epidemiologic studies using case-control,
cross-sectional and cohort meortality designs. The case reports

describe the acute outcomes of exposure to



2,3,7,8-TCDD and provide the bases for hypothesis generation for
controlled epidemioleogic studies, but they are not suitable for
testing causal relaticnships between exposure and related health
effects (Ashe and Suskind, 1950; Suskind et al, 1953; Bauer et al,
1961; Goldman, 1973). Several cross-sectional studies which
included a medical examination of potentially exposed workers
attempted to quantify the long-term risk of exposure (Suskind and
Hertzberg, 1984; Lathrop et al, 1984; Lathrop et al, 1987; Singer
et al, 1%84). These three studies used unexpcsed control groups
for comparison and have attempted to quantify exposure. However,
they have been unable to relate expcsure to materials contaminated
with 2,3,7,8-TCDD with specific diseases or causes of death. This
inability to define an exposure-outcome relationship is due tc a
variety cf shortcomings in the studies, including small sample
size, poor participation, short latency periods, selection of
inappropriate controls, and the inability to quantify exposure to
2,3,7,8-TCDD or to identify confounding exposures. A thorough
review of the limitations of the available epidemiclogic literature
relating to exposure tc 2,3,7,8-TCDD was recently published by

Fingerhut et al (Fingerhut et al, 1587).

The most frequently described 2,3,7,8-TCDD exposure-associated
conditions in humans invelve the skin, liver, and neurologic
systems, and less frequently, disturbances of the gastrointestinal,
genitourinary, cardiovascular, pulmonary and immunologic systems as

well as increased incidence of some malignancies. The majority of



bRe;

effects were reported among occupaticnally exposed groups,
including chemical production workers, pesticide users and
individuals handling cr exposed to materials which have been
treated with 2,3,7,.,8-TCDD contaminated pesticides, and among
residents of communities contaminated with tainted waste oil

(Missouri) and industrial effluent {Sevesoc, Italy).

The fcllowing section contains a review of the case reports and
epidemioclogic studies which document occurrences of impairment of
the peripheral nervous system after occupational exposure to
materials contaminated with 2,3,7,8-TCDD. A description of studies
documenting health effects other than peripheral nervous system

disorders is included as Appendix B.

Effects of 2,3,7,8-TCDD on the Peripheral Nervous System: Case

reports

Although there are no studies reporting neuroclogic abnormalities
related to 2,3,7,8-TCDD exposure in animal models, neurological
effects are reported to have occurred shortly after exposure
occupationally exposed individuals (Ashe and Suskind, 1950; Baader
and Bauer, 1951; Bauer et al, 1961; Goldman, 1973; Jirasek et al,
1974; oOliver, 1975; Pocchiari et al, 197%) and in residents of one
community following an industrial accident which released

substances into the atmosphere (Filippini et al, 198l1) (Table 2).
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Among worker populations, symptoms and conditions reported
immediately after exposure include fatigue {(Ashe and Suskind, 1950;
Suskind et al, 1953; Kimmig and Schulz, 1957; Bauer et al, 1961;
Goldman, 1973; Jirasek et al, 1974), pain (Ashe and Suskind, 19350;
Baader and Bauer, 1951; Jirasek et al, 1974; Oliver, 197%5),
weakness (Baader and Bauer, 1951; Bauer et al, 1661) or reduction
in muscle coordination in upper and lower extremities (Ashe and
Suskind, 1950; Baader and Bauer, 1951; Bauer et al, 1961; Goldman,
1973; Jirasek et al, 1974; Oliver, 1275; Poland et al, 1971),
absence (Ashe and Suskind, 1950), reduction, or alteration in
sensory function (Baader and Bauer, 1951; Bauer et al, 1961;
Goldman, 1973) or moter function (Goldﬁan, 1873; Oliver, 1975},
decreased deep tendon reflex (Kimmig and Schulz, 1957; Poland et
al, 1971), hyperactive deep tendon reflex (Ashe and Suskind, 1%950;
Goldman, 1973) and degeneration of distal axons (Ashe and Suskind,
1950). Several authors also observed altered sense of taste
(Goldman, 1973; Oliver, 1975), hearing (Goldman, 1973; XKimmig and
Schulz, 1857; Pcland et al, 1971) and smell (Goldman, 1973; Poland
et al, 1971). Two individuals reported changes in the visual
field; however, there is no clinical evidence to support this

information (Oliver, 1975).

A few reports indicate that signs and symptoms of peripheral nerve
diseases may persist in some exposed individuals and may last for
as long as 25 years post-exposure (Suskind et al, 1953; Poland et

al 1971; Moses et al, 1984; Jirasek et al, 1974; Pazderova-
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Vejlupkova et al, 1981). 1In 1953, Suskind reported a variety of
neurologically related symptoms in 36 weorkers from a plant in
Nitro, West Virginia, who had developed chloracne and cther
symptoms after exposure to contaminants subseguent to a TCP reactor
explosicn in March, 1949 (N=11l), or during normal production
process of TCP and 2,4,5-T (N=25) between 1948 and 1953 (Suskind et
al, 1953). The most frequently reported post-exposure symptoms in
this relatively young group (average age=36 years; range = 22-63
years) included frquent pain or aches in upper and lower
extremities (N=19), abnormal fatigue (N=17), and nervousness

{N=8). Whether these symptoms also occurred among other exposed
individuals with or without chleracne or among the nonexposed plant

population was not investigated,

In 1971, Poland and colleagues (1971) found some evidence of
neurologic damage in a medical assessment of 73 male employees, who
at the time of the assessment were working with TCP, 2,4,5-T, 2,4-D
and other chemicals. The findings included unexplained leg fatigue
{2.7%), nonspecific headaches (1ll%), decreased auditory acuity
(13.6%), and decreased propriocception, absent Achilles tendon
reflexes or hand tremors (10.9%). However, this analysis is
limited by the absence cof an unexposed control group. 1In addition,
there was no control of potential confcunders cof peripheral nerve

disease.
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Between 1968 and 1969, Jirasek et al (1974) examined 55 workers who
were engaged in the production of sodium 2,4,5-trichloro-
phenoxyacetate and butyl ester of 2,4,5-trichlorophenoxyacetate
acid and who were described as "suffering from chronic TCDD
intoxication”. The length of time these workers were exposed to
2,3,7,8-TCDD contaminated chemicals, their job duties and freguency
of exposure were not described. All workers were administered
repeated neurological examinations (the number was not specified).
The examinations included electromyographic (EMG) evaluation of
sensory and motor fibers of upper and lower extremities (tested
nerves were not specified). Other components of the neurologic
examination were not described. Onset of neurclogic symptoms which
included a "feeling of sickness", fatigue, weakness in the lower
extremities were gradual, appearing in 10 workers several months
after completion of work in 2,3,7,8-TCDD contaminated processes.
The appearance of clinical signs of neuropathies continued over a
period of three to four years‘post—exposure. Sixty-two percent of
the workers had normal neureclogical examinations, 23% (N=13) were
diagnosed with polyneuropathy of the lower limbs, 7% suffered from
encephalopathy and 8% experienced unspecified patheologic changes

which the authors suggested were not due to exposure.

Ten years after the initial examination, Pazderova-Vejlupkova et al
(1981) reevaluated the health status of 44 of the original 55
workers and found that although three workers showed improvement,

31% (N=14) had evidence of peolyneurcopathy.
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The published reports summarized above describe neurologic
dysfunction among individuals who were exposed to 2,3,7,8-TCDD
during the production of TCP and 2,4,5-T. None of the reports were
designed as studies with unexposed contrcl groups for comparison.
In addition, the reports did not (and perhaps, could not) assess
extent of exposure in relation to health outcomes. Other
limitations include the absence of a standard procedure for
conducting clinical examinatiocns and little or no evaluation of
potential confounders of peripheral neuropathy. However, the
reports play an important role in the identification of potential
hazards of exposure to materials contaminated with 2,3,7,8-TCDD and

generate the hypotheses required for epidemiologic investigations.
Cross-sectional studies
QOccupational exposure

In 1979, many years after the 1949 TCP reactor explcsien in Nitro,
W.V. and the 1950 and 1953 investigations by Suskind, a
neurological assessment was conducted on a volunteer sample of
workers from the same plant in Nitroc, West Virginia (Moses et al,
1984) (Table 3). Whether any of the 36 workers examined by Suskind
in 1950 and 1953 was included in the Mcses study was not stated.
Moses found a statistically significant (p < 0.01) reducticon in
sensory function measured by sensitivity to pinprick ameng those

with current cases of chloracne. This group alsc included one
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individual involved in the clean-up of the 1949 accident, who
presented with absent deep tendon reflexes of the lower limb,
accompanied by reduced sensation to pain and vibration and motor

weakness.

The Moses study was designed as a cross-sectional epidemioclegic
study to assess the effect of past exposure to dieoxin-contaminated
products con current health. Despite the intent of the design to
evaluate the differences between exposed and unexposed workers,
there are methodélogical limitations which reduce the reliability
cf the results. Nq details of the neuroloéic exam were published
and it is not clear that subjects were examined by physicians
blinded to the subjects’ past medical history or exposure. The
single sensory abnormality found significantly in excess among
those with current cases of chloracne was determined by the more
subjective pinprick test rathér than by an obkjective measure of
nerve function, such as neurophysiologic tests. 1In addition,
exposure to 2,3,7,8-TCDD was not able to be estimated due to
irreconcilable inconsistencies in self-reported work histories and
the lack of good company records to estimate and confirm the
likelihood of expcsure. Although the authors recognized that the
absence of chloracne did not preclude exposure, nevertheless, they
compared the results of the group with chloracne to those withbut
chloracne. Thus, the study design was revised to explore the
differences in health status in individuals with and withocut

chloracne. Because exposed workers may have been included in the
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group diagnosed without chloracne, the usefulness of the data to

quantify exposure-disease relationships is extremely limited.

Another independent study of TCP workers from the plant in West
Vvirginia, conducted in 1979, focund no significant changes in the
nerve conduction velocities of the sural and peroneal nerves
(Suskind and Hertzberg, 1984). No details of the néurologic exam
were published. However, as described by the authors, the NCV
measurements were not conducted in a well controclled environment;

therefore, the findings should be interpreted cautiously.

In 1979, nerve conducticon velocities (NCV) of the median motor,
median sensory and sural sensory nerves were obtained from 55 of
190 active, retired and former workers of a plant which produced
2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-T from 1857-197%
(Singer et al, 1982). The comparison group ccnsisted of 17
employees of Mt. Singi School of Medicine and 8 subjects of anctner
study. History cf any exposure to neurctoxic agents, alcchol use,
diabetes, neurclogic diseases or disk disease or injury was
obtained. One or more NCV’'s were slowed in 46% of the exposed
group and in 5% of the control group due to a significant reduction
of mean conduction velocities of the median mcotor and sural sensory
nerves. This reduction in velocities remained significantly
different from control groups after removing 8 subjects who drank
more than 28 alccholic beverages per week and 9 subjects who had

past exposure to neurotoxic agents.
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This study suffers from many shortcomings which limit its
interpretability. It is difficult to determine from the text what
criteria were used to select the study subjects which included only
45% of the eligible subjects. In addition, the selection of the
compariscn group is inappropriate and appears tc be an
afterthought. Controls were not age-matched to the study group,
necessitating the use of a formula to correct for these variations;
controls were selected among a group of Mt. Sinai employees from
New York City, and may not be appropriate for this study of
industrial chemical workers in Arkansas, due toc differences in
lifestyle, or sccioeconomic status. The exposed and unexposed
groups were ncot tested concurrently nor in the same test
environment, thus introducing an unguantifiable observation bias
into the analysis. Examiners were not blinded to the exposure
status of the study participants. If the exposed subjects were
self-selected due to the presence of pre-existing symptoms of
undiagnosed neurologic disease, the prevalence rate in the exposed
will be spuriously elevated. Finally, 2,4-D has been described as
a peripheral neurotoxin. Its effect and that of other potentially
neurcotoxic chemicals was not considered in the analysis. The
results of this study should be interpreted with these limitations

in mind.

In July 1976, 2,3,7,8-TCDD contaminated effluent from a runaway TCP
reaction at the ICMESA plant in Meda, Italy, was vented into the
atmosphere and dispersed over neighboring communities (Pocchiari et

al, 1979). The most heavily contaminated town was downwind of the
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plant in Seveso. In an effort to guantify exposure-related
neurologic disorders, two governmentally sponscred screenings were
conducted in 1977 and 1978, on 308 residents of Seveso and nearby
nonexposed communities. Two hundred workers from the ICHESA plant
were alsc included in one of the screenings. The report of the
results of the screening does not describe the extent of the
exposure of theee workers to 2,3,7,8-TCDD contaminated chemicals
and whether or not they, toco, were exposed to the effluent of the
reactor explosion. Among these workers, approximately 4% (N=8B)
were found to have damage to peripheral nerve fibers of multiple
(unspecified) nerves, controlling for confounding factors such as
alcchol abuse, diabetes, kidney disease, and neurotoxic medication
use. Other potential neurotoxic occupational exposures do not
appear to have been considered. Three of these workers were
described as having polyneuropathies of the lower limbs. The
authors did not examine an unexposed contrel populatien to cobtain
comparable data on neurologic function. Thus, it is not possible
toc determine whether or not the observed effects are in excess in

this group of workers.

Residential exposure

In general, the findings ¢f neurologic abnormalities among exposed

community residents are. less striking than those among coccupational

groups. In 1879, a preliminary report of the two neurologic
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screenings conducted in 1977 and 1978 on residents of Seveso and
other communities was released by Pocchiari et al (Pocchiari, 1979)
{(Table 4). The exposed population conesisted of 446 of 733 (61%)
residents living in an area with soil contamination averaging 15.5
ug/m3 to 580.4 ug/m3 TCDD (Zone R). The unexposed group was
comprised of 255 of 26,800 (0.95%) residents living in areas
outside of Seveso with soil contamination averaging less than 3.0
ug/m3 (Zone B+R) (Pocchiari et al, 1979). In the 1977 screening,
6.7% of the tested residents from Zone A and 1.2% of the residents
in Zone B+R exhibited evidence of clinical neurological damage; and
3.1% of the Zone A residents and 1.2% of the Zone B+R residents
exhibited subclinical neurologic damage as demonstrated by nerve
conduction velocity. No data were provided to support the reported
findings. In 1978, 205 Zone A residents were screened; no residents
from Zone B+R were screened. The propertion of individuals with
clinical neurologic damage in Zone A residents increased to 11.7%
and the proportion of subclinical findings increased to 4.9% of the

group.

Although the findings are consistent with previous reports of
neurologic abnormalities in exposed groups, the study is limited by
low participation in both exposure groups; by nonspecific methods
of evaluating indiviaual exposures {(scil samples); by the lack of
evidence that examiners were blinded to the exposure status of
study participants; by the lack of evidence that confounders such

as age, disease status, or other neurotoxic exposures were



20

considered in the evaluation; and, by the possible self-selecticon
into the 1978 screening of Zone A residents who tested positively

in 1977.

In 1981, Filippini published a cross-sectional study of a total of
308 Seveso residents who participated in all parts of the 1978
neurclegic screening program sponsored by Italian Government
(Filippini et al, 1981). This study includes a more thorough
description of the data collection and analysis of the data
presented by Pocchiari etlal (1979). Presence of neuropathy was
assessed through nerve conduction velocity, clinical examinaticon
and symptom questionnaire. Normal values for conducticn
velocities, distal latency and amplitude were calculated based on
age-specific data gathered from the unexposed referent group
excluding individuals who were alcoholic, occupationally exposed to
neurctoxic agents ;r had diseases predipoeing to peripheral
neuropathy. Prevalence risk ratios (PRR)} for peripheral neuropathy
were determined separately for all Sevesc residents and for those
whe exhibited clinical indication of 2,3,7,8-TCDD exposure, defined
as the presence of elevated liver enzyme levels (GGT, SGOT, SGPT)
{which are also indicative of non-specific insults to the liver),
or chloracne. PRRs for peripheral neurcpathy were also determined
for regidents exhibiting conditions which are risk factors for
neuropathy, e.g., alcoholism, inflammatory disease, diabetes, or

potential occupational exposure to neurotoxins, etc.
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Seveeso residents who had clinical jindication of exposure or who had
risk facteors for neurcopathy were found to have significantly
greater prevalence of peripheral neuropathy than residents without
either manifestation (PRR (indicator of exposure) = 2.8, 95%
CI=1.2-6.5; PRR (predisposing factors) = 2.6%, 95% CI=1.2-5.6)
(Filippini et al, 198l1). Additional analysis identified further
that individuals who met the definition for chleracne or abnormal
levels of hepatic enzymes were significantly more at risk than

residents without either condition.

The strengths of the study are the use of a comparison population
from an ‘uncontaminated’ region of Italy from which baseline
conduction velocities and other neurolcgic parameters were
calculated; the completeness of the eBcreening exam, as described,
and; the use of a definition of peripheral neuropathy to define
disease status. On the other hand, the study euffers from a
variety of limitations. The generalizability of the study results
is compromised by the low participation rate (45%) of the exposed
in the 1978 screening. Finally, the design of the study does not
permit the investigators to determine if the observed neurologic
conditicon occurred prior te or subsegquent to exposure to

2,3,7,B-TCDD contaminated materials.

Unlike the findings among Seveso residents, no neurological or
other abnormalities were found in a self-selected group of Missouri

residents who lived in communities at the time the areas were
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sprayed with 2,3,7,8~-TCDD contaminated waste o©0il (Webb et al,
1987). In this study high risk of exposure was defined as
'potential exposure tc between 20 and 100 parts per billion (ppb)
of TCDD for at least two years or levels greater than 100 ppb for
at least six months’'. Low risk of exposure included individuals
with little or no reported exposure to 2,3,7,8-TCDD. At the time
of this pilot study, the analytic technigques to measure adipcse or
serum levels of 2,3,7,8-TCDD were not available. However, in a
second study of Missouri residents conducted approximately 13 years
after exposure, adipose tissue levels of 2,3,7.8-TCDD were obtajined
for 51 individuals with high risk of exposure and 128 with low risk
of exposure (Andrews et al, 1989). Additionally, 41 of the 51
subjects who met the criteria for exposure participated in a
medical examination. In the exposed group, adipcse tissue levels
ranged from 3.7 ppt - 750 ppt on a whole weight bases. 1In the
unexposed participants, adipose tiesue 2,3,7,8-TCDD levels ranged
from nondetectable to 20.2 ppt on a whole weight basis. No health
effects related to exposure to 2,3,7,8-TCDD contaminated wastes
were noted in this exposed group (Webb et al., submitted for
publication). The negative results of this study are not
surprising given that only a small proportion of the individuals in
the study considered to have been expcsed to 2,3,7,8-TCDD had serum
2,3,7,8-TCDD levels above the normal range of 20 ppt. With the
exception of this small group of TCP production workers and users
of a heavily contaminated horee arena, given their overall low
gerum 2,3,7,8-TCDD levels, the exposure status of the remainder cof

the 'exposed’' group was misclassified.
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Studies in Vietnam Veterans

A number of cross-sectional studies have been conducted to
elucidate the effects of possible exposure to the herbicide agent
Orange on U.S., military personnel stationed in Vietnam between 1962
and 1972. Agent Orange was composed of a 1:1 mixture of the butyl
esters of 2,4~D and 2,4,5-T which was contaminated with

2,3,7,8~TCDD.

Two of the largest epidemiclogic investigations of United States
military personnel stationed in Vietnam during the use of Agent
Orange were conducted independently by the Air Force (Lathrop et
al, 1984, 1987) and the Centers for Disease Control (CDC) (Centers
for Disease Control Vietnam Experience Study, 1988) (Table 5). The
U.S. Air Force studied personnel called Ranch Handers, who were
invelved in the aerial spraying of herbicides and insecticides in
Vietnam from 1962 through 1971. The comparison group was composed
of Air Force personnel stationed in Vietnam outside the sprayed
2one. The CDC study included a sample ¢f ground troops who had
enlisted in the Army for one term between January, 1965, and
December, 1971, and who were stationed in Vietnam or other areas

outside of Vietnam (Vietnam era veterans).

Both studies used cross-sectional designs, composed of
comprehensive medical and psychological assessments. The Air Force

Study includes plans to repeat the health assessments every 5 years



24

over a 20 year period from 1982 to 2002; the CDC study was to be

conducted once.

Air Force Ranch Hand Study - Neurclogic Assessment

In the firet of the examination series published in 1984
(baseline}, the neurclogic assessment included a review of
neurologic injuries and disease, examination of cranial nerve
function, peripheral nerve function (sensory, motor, vibration and
deep tendon reflex) and CNS function (tremor, cocordination, stance
and gait), and nerve conduction velocities (Lathrop et al, 1984).
In the second examination series published in 1987 (fellow-up), the
nerve conduction velocities were omitted while the other exams

remained the same (Lathrop et al, 1987).

The results of both the baseline and follow-up exams showed little
or no difference between the Ranch Hand group and their controls,
or within the six exposure groups. With the exception of a
statistically significantly increase in abnormal Babinski reflex
among Ranch Hand personnel in the baseline study only, no other
cutccmes differed between Ranch Handers and controls in either

study.

In a separate study conducted after analyses of the above studies
had been completed, serum 2,3,7,8-TCDD levels were examined for a

sample of 147 Ranch Handers who participated in the follow-up study
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(Wolfe et al., 1988). The average lipid adjusted serum
2,3,7,8-TCDD level wae 49.9 ppt, ranging from 0-313 ppt. Although
the current serum 2,3,7,8-TCDD levels among the Ranch Hand group
were much higher than average population levels, there is little
evidence from the two medical studies of adverse neurclogic
coneequences. However, it is pessible that when the medical data
are reanalyzed using serum levels as the exposure index, the result

of "no effect” maybe altered.

CDC Vietnam Experience Study

0Of the 2490 Army Vietnam veterans and 1972 non-Vietnam, Army
veterans who participated in the examinaticn, few had evidence of
peripheral neuropathy as determined from a neurclogical physical
examination, nerve conduction velocity amplitude tests or vibration
and thermal thresholds. Vietnam veterans reported slightly more
symptoms related to peripheral nerve disease but this result was
not borne out by the more objective measures of the examinaticn

{Centers for Disease Control Vietnam Experience Study, 1988).

The results of this study are not surprising because it appears
that the Army ground trocps in Vietnam were not exposed to
substantial levels of 2,3,7,8-TCDD contaminated chemicals. 1In a
recent study, the mean serum 2,3,7,8-TCDD levels of a sample of

Army Vietnam veterans and the contreol group of non-Vietnam veterans
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were found to be egquivalent at 4 ppt (CDC Veterans Health Studies,
1988)., Therefcre, ne differences in neurcologic health would have

been expected.

Effects of exposure to chemicals contaminated with 2,3,7,8-TCDD on

the central nervous system

The reports which have been described in this review have
concentrated on descriptions of effects on the peripheral nervous
system. However, reports of woerkers exposed to 2,3,7,8-TCDD
contaminated chemicals have noted symptoms reflecting central
nervous system (CNS) involvement. For completeness, it is necessary
to describe in this report effects ascribed to the CNS because the
hum;n nervous system is a complex network of interconnected fibers,
chemical mediators and regulators and the activities of the various
components of the nervous system are interrelated. Some reports
document possible CNS effects related to exposure to 2,3,7,8-TCDD
contaminated processes. These include decreased coordination
(Oliver, 1975), headaches {Ashe and Suskind, 1950; Bauer et al,
1961; Jirasek et al, 1974; Pecland et al, 1971;0liver, 1975},
nervousness (Ashe and Suskind, 1950; Suskind et al, 1953), sleeping
disturbances (Bauer et al, 19€l; Oliver, 1975), mood changes
(Oliver, 1975), loss of concentration (Oliver, 1975), depression
{(Bauer et al, 1961), abnormal EEG (Bauer et al, 1961; Jirasek et
al, 1974) and suggestions of hypomania as indicated by scores of a

personality inventory (Poland et al, 1971). As previously noted,
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these data were reported without comparison to an unexposed control
population and presumably collected without benefit of standard
guesticnnairee or administration procedures. Yet, the data suggest
that some unquantified effect may have occurred both to acutely
{(Suskind and Ashe, 1950; Suskind et al, 1953; Bauer et al, 1961;
Oliver, 1975} and chreonically (Poland et al, 1971; Jirasek et al,

1974) exposed workers.

Limitations of Epidemiologic Studies and Case Reports Describing

Effects of the Peripheral Nervous System

The overall results of these case reports and epidemiologic studies
of occupational and environmental exposure to 2,3,7,8-TCDD
contaminated materials demcnstrate that exposure produced symptoms
consistent with peripheral nerve damage cccurring shortly after
exposure, which, in some cases lasted many years. However, the
case reports are not contreolled investigations and the designed
epidemiclogic studies are limited by inadequate control selection,
limited exposure assessment, and inappropriately standardized

examinations.

This study of New Jersey and Missouri workers employed in the
production of chemicals contaminated with 2,3,7,B8~-TCDD, conducted
by NIOSHE and described in the Methods Section, was designed to
correct the limitations of past investigations by incorporating

into the study a peopulation with high potential for exposure, an
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unexposed control group matched for key confounders, a set of
setandardized interview and examination procedures, and the
measurement of serum levele of 2,3,7,8-TCDD of workers and
referents at the time of the examination. The data generated by
the study should provide clear information about the relationship
between exposure to 2,3,7,8-TCDD contaminated chemicals and
long-term health effects of the peripheral nervous system as well

as other systems.

Tissue levels of 2,3,7,8-TCDD in Human Populations

Serum levels in workers and exposed community residents

The highly lipophilic nature of the dioxins prompted a number of
researchers to develop methods to measure specific dioxin isomers
in human adipose tissue and serum. These analytic methods are
useful in identifying pcpulations who were suspécted of having
exposure to 2,3,7,8- TCDD through contaminated materials.
Recently, Patterson et al (1989) summarized the published adipeose
and serum 2,3,7,8-TCDD levels in expoBed and unexposed populations
(Table 6). He illustrated that there is clear evidence that
exposure occurred in selected groups, in particular workers
employed in the manufacture of TCP and 2,4,5-T. The findings are
striking. The tissue concentratione of 2,3,7,8-TCDD among

individuals living in industrialized nations with no known exposure
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to 2,3,7,8-TCDD ranges from non-detectable to 33 parts per trillion
(ppt), with a mean of approximately 7 ppt. In contrast, the tissue
concentration ef individuals exposed teo 2,3,7,8-TCDD in the
production or maintenance of contaminated chemicals ranged from 5.9
ppt to 3,389 ppt among 2,4,5-T workers in the United States and
West Germany (Beck et al, 1989; Sweeney ét al, 1989; Patterson et
al, 1989). &Aamong individuals with known exposure to 2,3,7,B-TCLD
were 16 individuals who used a herse arena after it was sprayed
with 2,3,7,8-TCDD-contaminated waste o0ils (Andrews et al, 1989).
Their tissue concentrations approached that of the industrial

workers with a range of 55-577 ppt.

Individuals residing in Seveso, Italy, at the time of the TCP
reactor accident have also been shown to have markedly elevated
serum 2,3,7,8-TCDD levels in samples collected within a year after
the accident (Mocarelli et al, 1988). Serum samples of 13
residents weré analyzed in 1988. Nine of the residents inhabited
the most heavily contaminated area of Seveso, five were diagnosed
with severe chloracne and four had noc evidence of chloracne. Four
individuals who resided in an uncontaminated area were uged as
controls. The controls had serum 2,3,7,8-TCDD levels of 13 ppt., 15
ppt, 17 ppt and 59 ppt. In contrast, the levels in the chloracne
cases ranged from 828 to 27821 ppt, while the levels of those who
lived in the contaminated area but were without chleoracne, ranged

from 1,772 to 10,439 ppt.



30

The levels of the exposed Seveso reeidents appear much higher than
those of the chemical workers and Missouri horse riders. However,
it is iméortant to note that the serum 2,3,7,8-TCDD levels of the
Seveso residents were measured within one year of their exposure,
while the serum 2,3,7,8-TCDD levels of the workers and riders were
measured from 15-37 years after exposure ceased. To compare these
groups, the elimination rate of 2,3,7,8-TCDD from the body must be
considered. rTo dc this Sweeney et al. (1989) estimated serum
2,3,7,8-TCDD levels at the determination of occupational expcsure
for a sample of 135 former TCP and 2,4,5-T production workers. The
estimated levels ranged from 3.7 ppt to 30,927 ppt based on a
standard half-life equation (Ct=Co e 'K€l), assuming a standard
half-life rate of 7 years. The highest half-life extrapolated
level of 30,927 ppt is consistent with those of Seveso residents
tested shortly after the reactor accident and suggests that some
workers had equally high levels while employed in NaTCP and 2,4,5-T

production processes.

Serum 2,3,7,8-TCDD levels among participants of the Air Force Ranch

Hand Study and the CDC Validation Study

During the course of both the Air Force and CDC studies, the
opportunity to measure serum levels of 2,3,7,8-TCDD became
available. 1In 1988, the CDC published results of a sub-study
conducted to correlate serﬁm 2,3,7,8-TCDD levels with reccord-based
and interview-based methods used to identify veterans with the

highest likelihood of exposure, and the health of veterans who may
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have had potentially high exposures (Centers for Disease Control
Veterans Health Studies, 1988). The study found no difference in
the current 2,3,7,8-TCDD levels or in neurclogical status between
646 Vietnam veterans and 97 veterans who did not serve in Vietnam.
Both groups had mean levels of 4 ppt, which fall within the nérmal
range of 0-20 ppt in adipose tissue for residents of industrialized
countries (Patterscn et al, 1989). (Serum and adipose tissue
2,3,7,8-TCDD levels cerrelate in an appreximately 1:1 ratio
{Patterson et al, 1986)). These results suggest that the
record-based and interview-based methods used to estimate exposure
were not predictive of exposure to 2,3,7,8-TCDD in Vietnam. More
importantly, the study found that the exposure to 2,3,7,8-TCDD
contaminated herkicides of U.S. Army ground troops stationed in

Vietnam was limited.

Wolfe et al (1988), measured serum 2,3,7,8-TCDD levels in a sample
of 196 participants of the Ranch Hand study. 1In the 147 Ranch
Handers, lipid-adjusted levels ranged from 0-313 ppt, with an
average of 49.9 and in the controls, the lipid-adjusted levels
ranged from non-detectable to 26 ppt, with an average of 5 ppt

(Wolfe et al, 1988).

Metabelism and Half-life of 2,3,7,8-TCDD in Humans

With the excepticn of the serum 2,3,7,8-TCDD levels measured in

Seveso residents, gquantitation of levels of 2,3,7,8-TCDD provide a
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good method for assessing current body-burden but it does not shed
light on the lgvels encountered by werkers and other exposed
individuals at the time of exposure. Currently, information about
+ the metabolic mechanism and elimination rate of 2,3,7,8-TCDD in
humans is sketchy. The available data to date concerning the
elimination rate and biocleogic half-life of 2,3,7,8-TCDD in humans
was generated in two studies, one which included 36 Vietnam
veterans who participated in the 1982 and 1987 Air Force Ranch Hand
Studies (Pirkle et al, 1989}. 1In the other study, a scientist
ingested radiclabelled 2,3,7,B-TCDD and measured the elimination
rate in urine and feces (Poiger and Schlatter et al, 1985). 1In the
Ranch Hand Study, the median half-life was calculated to be 7.1
years with a 95% confidence limit of 5.8-9.6 years, assuming the
elimination rate focllowed first order kinetics and no additional
exposure above background level (Pirkle et al, 1983). The
half-lives ranged from 2.91 to 743 years, implying that perhaps
there is considerable inter-individual variability in the half-life

for the human population.

The most recent findings of the ingestion study of a single male
écientist indicate that the elimination of 2,3,7,8-TCDD may follow
a two-compartment model with an overall half-life of approximately
9-10 years (Poiger et al, 1989). BAncther important finding was
that a weight drop of approximately 20 kilograms did not increase
the elimination rate and that the concentration of 2,3,7,.8-TCDD in
the remaining adipcse tissue increased fracticnally. While these

data shed some light on the possible kinetics of 2,3,7,8-TCDD
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metabolism in humans, they are derived from a small sample.
Samples of larger groups exposed to 2,3,7,8-TCDD would be the most
useful means of determining the metabolic parameters in human

populations.

The Peripheral Nervous System

Introduction

The mammalian nervous system is composed of a network of nerve
cells and their associated projections, chemical mediators and
related connective tissues. The nervcocus system is designed to
conduct impulses between segments cof the nervous system and from
the nervous system to tissues outside the system. Theoretically,
the nervous system is divided into two functional units, the
central (CNS) and peripheral (PNS) nervous systems. Although often
described as independent units because of differing anatomic
structures, areas of control and susceptibility to certain toxins}
the central and peripheral nervous systems interact in concert to

control most activities of the organism.

Much of the available information suggests that in humans exposure
to 2,3,7,8-TCDD may be related toc disturbances of peripheral
nerves. A brief description of the PNS follows. This description
includes a review of the components and functions of the PNS,

causes of peripheral nerve dysfunction and possible mechanisms of
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peripheral nerve damage. More comprehensive descriptions cof the
peripheral nervous system and pathological changes may be found

elsewhere (Dyck et al, 1984).

Description

The PNS is the part of the nervous system (motor, sensory and
autonomic neurons) extending cutside the central nervous system
(brain and spinal cord) and associated with Schwann cells or
ganglicnic satellite cells (Schaumburg et al, 1983). Anatomically,
the PNS is compecsed of the peripheral branches of the autconomic
nervous system, spinal and cranial nerves (except the seccnd
cranial nerve), the dorsal and ventral nerve roots, dorsal root

ganglia, and sensory and motor terminal ramifications (Barr, 1979).

A characteristic of peripheral nerves is the presence of axons.
Axons are extensions of the peripheral nerve cell which project
outward from the cell bedy (neurcon). Axons conduct impulses from
the cell body to the viscera and limbs (efferent, motor) or from
the peripheral region to the central nervous system (afferent,
sensory). Axons consist of the axolemma or axon membrane and the
axoplasm. The axolemma is thought to contain sodium channels which
play a role in the release of sodium ions during membrane
depclarization resulting in impulse propagation. Axoplasm is the
cytoplasm of the axon and contains mitochondria and protein

structures called microtubules and neurofilaments. The latter two
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organelles are responsible for transport of nutrients along the
axon and for axon growth after injury. Axonic metabolism is
maintained by cellular functions in the cell body which is located

at the spinal cord.

A nerve is composed cf a number of axons or fibers which are
grouped in bundles or fascicles and ensheathed in three layers of
connective tissue: epineurium, which encapsulates the entire nerve;
perineurium, which surrounds bundles of nerve fibers; endoneurium,
which covers individual fibers. These sheaths of connective tissue
provide a barrier to external chemical insult and serve as
structural support for each nerve fiber. Nerve tissue is
vascularized by a capillary system which passes through the
perineurium to the endoneurium. Vessels in the endoneurium are
characterized by tight junctions between endothelial cells. These
tight juncticons are designed to prevent entrance of unwanted
blood-borne materials into the endcneurial space (blood-nerve

barrier) (Olsson, 1984).

Schwann cells are uniguely associated with the peripheral system,
providing the myelin sheath which envelopes the peripheral nerves.
Oligodendrocytes perform an analogous function in the central
nervous system. Myelinated peripheral axons are covered by a
series ¢f Schwann cells, connected end-to-end, beginning at
approximately the nerve root, and extending continuously along the

length of the nerve to its end. One Schwann cell invests a unique
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segment of the axon by wrapping multiple layers of myelin around
the fiber. Composed of lipids and proteins, myelin insulates the
nerve and increases as well as maintains the conduction velocity of
impulses along the axons. Together with the endoneurium, myelin
also prevents interference of impulses between one nerve and
ancther. Nodes of Ranvier mar# the region along the nerve fiber
where one Schwann cell ends and where another Schwann cell
commences. Nodes function as the region of impulse propagation

along the myelinated fibers.

Schwann cells are also associated with unmyelinated peripheral
nerve fibers. Although myelin may not invest the axon as in the
myelinated nerves, the Schwann cell may, within the nerve, separate
one unmyelinated axon from another. A single nerve may contain a
mixture of myelinated and unmyelinated fibers which have afferent

and efferent functions.

Components cf the PNS

The cranial nerves innervate much of the facial area and are
responsible for activities of the special senses - vision, hearing,
taste and smell, as well as sensory and motor function of the face,
neck and oral cavity. Cranial nerve II or the optic nerve is an
extensicn of the central nervous system. The autonomic fibers of
cranial nerves IX, X and XI are also involved in the regulation of

cardiac and respiratory function, and sensory and motor activities
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of the abdominal viecera. Cranial nerves may carry efferent as
well aB afferent impulees, their functions may overlap or innervate
different parts of the same organ or act in concert with other

nerve fibers to compese a single functional unit.

The remaining components cof the peripheral nervous system include
the nerves derived from the brachial, lumbar and sacral plexus and
the autonomic system. With the exception of sensory neurcns in the
dorsal root ganglia and some cranial root ganglia, the autonomic
nerves constitute neurons outside the central nervous system which
innervate the viscera (Appenzeller and Atkinson, 1984). Nerves
from the brachial, lumbar and sacral plexus provide sensory and
motor innervation to the arms, hands, legs, feet and lower trunk.
These nerves are most often the primary targets of many industrial
neufotoxins and are the primary focus of this study of workers

exposed to materials contaminated with 2,3,7,8-TCDD.

Assessment of PNS function

Peripheral nerve function and status may be assessed using a
combination of technigques. The preocedures used for this study
included: medical history; clinical examination; guantitative

senscry tests; and, electrophysiclogy tests.

In-this study, a history of nerve injuriee and disorders as well as

symptoms consistent with neurological disorders were obtained as
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part of the medical history. The clinical examination documented
signs indicative of functional loee attributable to damage to a
nerve or group of nerves. The examination conducted in this study

is described in the methods.

The ability cf nerves tc conduct impulses from one point to another
is characterized by measurement of the functional status of the
nerves including conduction velocity, amplitude, and latency
(electrophysiclogy tests). The methods used for measuring these
parameters are as described in the methods. Amplitude of the wave
measures the coherence with which the tested nerve fibers respond
to an electrical stimulus of a predefined intensity (Ma and
Liveson, 1983). Amplitude drops as nerve fibers in the axons are
damaged or destroyed. Latency is defined as the time frem the
beginning of stimulus to the intitiation of the response cor the
rate at which the largest fibers of the nerve propogate action
potentials along the axon (Daube, et al., 1978; Ma and Liveson,
1983). Conduction velocity represents the speed of depolarization
between two points on the nerve and is calculated using the nerve
fiber-specific latency values and the distance between the
electrodes. In the laboratory situation, the length of the nerve
is the distance between the stimulating and recording electrodes.
Conduction velocity is reduced or absent due to disorders which

damage or destroy axon or myelin.
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The quantitative sensory tests used in this study measured
vibration and thermal seneitivity of specific sensory nerve
fibers. Vibration sensitivity was assessed to examine the
integrity of the distal portion of the long, large diameter
myelinated axons innervating the Pacinian and Meissner corpuscles
in the hands and feet (Light and Edward, 1984). These nerves which
also regulate proprioception are particularly sensitive to the
effects of exogenous neurotoxins (Bove et al., 1986). Thermal
sensitivity was assessed to examine the integrity of the smaller
diameter, A-delta and unmyelinated ¢ fibers of the peripheral
nerves which detect temperature and pain stimuli (Bove et al.,
1%86). Loss of unmyelinated ¢ fibers also leads to absent corneal
and deep tendon reflexes in autonomic nerve disease (Appenzeller

and Atkinson, 1984).

Damage to the PNS

Physical trauma, chemical insults, and systemic disease processes
are the major causes of damage tc the PNS. While the morphologic,
pharmacclogic and electrophysiclogic changes and severity of effect
varies with the type of insult, the deterioration of sensory cr
motor function is a consistent end result. Sensory disorders may
be accompanied by pain, tingling, numbness, loss of temperature and
vibration sensitivity or enhanced temperature sensitivity. Motor
nerve dysfunction may include weakness, atrophy of muscle,

fasciculations (muscle twitching), and loss of proprioception and
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deep tendon reflexes. Some conditions may cause both eensory and
motor dysfunction reflected in clinical signs and symptoms

consistent with both types of nerve fiber loss.

Trauma

Physical trauma to the peripheral nerves may be due to full or
partial transection, chronic stretching, compressicn, or entrapment
¢of the nerve. The effects of acute or chronic trauma to the nerve
are usually exhibited in the regions distal to the injury and
recovery and restoaratien of function is dependent upon the extent
and type of damage incurred (Schaumburg et al., 1983). The
mechanisms causing nerve damage after traumatic injury are not well
known, but factors such as mechanical stress on the nerve, e.g.,
rubbing against a bone, tendon or ligament, prolongued axonal
compressicn, and the resulting edema or ischemia, may contribute to
axonal damage (Bove et al., 1986). In more Bevere cases, the axon
and myelin undergo irreparable damage, termed Wallerian

degeneration.

Systemic disorders

A number cof systemic diseases, including infectious, metabclic and
nutritional disorders, adversely effect the integrity of the PNS
(Dyck et al, 1984). The neurotoxic mechanism varies depending upon

the specific disease process as does the severity of the
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dysfunction. Peripheral nerve disease may also be a manifestation
of genetic disorders (Dyck et al, 1984; Schaumburg et al, 1983;

Asbury and Gilliatt, 1984).

Effects of toxic exposures

Axonopathies

A host of occupational and environmental exposures as well as
iatrogenic compcunds are known peripheral neurotoxins (Schaumburg
et al, 1983; Spencer, 1980; Seppalainen and BHaltia, 1980; LeQuesne,
1980; Schaumburg and Spencer, 1980; Politis et al, 198Q¢; Windebank
et al, 1984; O'Donoghue, 1986; LeQuesne, 1984; Sterman and

Schaumburg, 1980).

Histopathologically, toxic disorders of the PNS are characterized
by damage to the axon, myelin or neuron and may distribute
symmetrically or cause disturbances at a single site (focal) or a
number of leccalized sites (multifocal) aleng the nerve process
{(Schaumburg et al, 1%83). Physical signs and symptoms of toxic
axonopathies usually appear after long-term exposure. Axonopathies
are usually first manifested in the lower limb. It is believed
that thie characteristic ie due to fact that in the mammalian body,
the nerves in the lower limb are the largest and longest in the
system. The axon as well as the myelin usually degenerate

symmetrically from the distal ends of the nerves causing sensory
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leoss in a "stocking and glove" distribution (feet, ankles and
calves to knees; hands, wrist to mid-forearm) accompanied by mild
motor nerve conduc¢tion slowing and loss of ankle jerks (Schaumburg
et al, i983). Once the exposure is removed, regeneration of the

axon and myelin is possible.

Myelinopathies

Exposures damaging to myelin cause rapid degeneration of the myelin
tissue, resulting in mild sensory loss and severe slowing of nerve
conduction, loss of tendon reflexes, impairment of vibratory and
proprioceptive ability, general weakness and paralysis due to
demyelination of large diameter motor axon (Schaumburg et al,
1983). The axon is often spared and remyelination is possible

after discontinuation of exposure.

Neurcnopathies

Neuronopathies are rare phenonmena and their etioclogies are not
well understcood (Schaumburg et al, 1983). They have rapid onset
and no chance of recovery due to the destruction ¢f both the nerve
cell body and the axon. Sensory and tendon reflex loss is severe,

while motor function ies left intact.

’
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Autonomic dysfunction

Autonomic disturbances are most often manifested when small
diameter myelinated, unmyelinated afferent and efferent nerves are
affected or when demyelination occurs to myelinated autonomic
fibers of the vagus nerve and nerves innervating smooth muscles
{Mcleod, 1988). HMajor clinical signs and symptoms manifested by
autonomic system disorders include orthostatic postural
hypotension, impaired heart rate control, sweating abnormalities of
the extremities, bladder and sexual dysfunction and reduced or
absent pupillary reflex (Appenzeller and Atkinsen, 1984).

Autonomic nerve dysfunction is caused by a variety of systemic

diseases, genetic neuropathies, cancer and toxic exposure.

Biochemical Alterations

In addition to morpholegically altering the structure of the
peripheral nerve, some chemical and biolegic neurotoxins interrupt
the biochemical requirements of impulse propogation (Price and
Griffin, 1980). The action of these types of neurectoxins ranée
from binding with neurotransmittor inhibitors e.g.
organophosphates, to alteration of the anatomy of the synapse

(Price and Griffin, 1980).
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Mechanisms of Neurctoxicity

A great deal more is known about the patholegic consegquences of
neurotoxic damage than is known about the manner in which toxins
reach the axon or neuron or about the mechanisms by which
neurctoxic effects occur after contact with the nerve components.
In a review of peripheral nervous system toxicity, Cavannah (1985)
described several methods by which toxins may enter the nerve
environment (Cavannagh, 1985). A hypothesized, but not well tested
route of entry may be the ncde of Ranvier. Although Cavannagh
explains that the lipophilic nature of the nodal region would not
allow many chemicals to penetrate the area, it may be a mechanism
which would explain the way some drugs directly enter the
peripheral nerve (Cavannagh, 1985). Protein molecules have been
shown to ascend along both motor and sensory fibers after entry
through axon terminals (Kristensson and Olsson, 1971). This

mechanism has not been tested using chemical neurotoxins.

The permeability of vascular walls has been shown to be
increasingly important as a mechanism in neurotoxic damage.

Natural fenestrations or cpenings in the endothelial lining cof
blood vessels innervating the dorsal root ganglia and the autonomic
ganglia, have been shown to permit entry of certain chemicals to
the endoneurial space. For example, methyl mercury selectively
attacks the dorsal root and autonomic ganglion by entering through

naturally occurring openings in the capillary endothelial lining,
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causing degredation of neuronal rough endoplasmic reticulum and

loss of protein synthesizing (Jacobs, 1980).

Rather than entering through the juncture between endothelial

cells, some chemicals cause severe damage to the endothelial

lining. This damage permits infiltration of the toxin and other
blood compeonents into the endoneurial space (Jacobs, 1980). Lead
and cadmium reach the nerve after destroying vascular endothelisal
cells. Compression of the nerve by resulting edema, disturbance of.
the axcnal microenvironment and damage to the Schwann cell are some

cf the disruptions thought to cccur.

The anatomy of the peripheral nerves may also play a role in the
mechanism of toxic neuropathies. Two noted characteristics of
toxic neurcpathies are: that the sensitivity of axons to
neurotoxins is proportionate to axonal length and diameter; and,
that for most situations, distal areas are affected before the more
proximal regions. These two characteristics are meost likely
related. The susceptibility of the longer nerves may be increased
because the longer the nerve, the farther the distal end lies from
the source of metabolic energy at the neuron. Therefore, with
continual or reﬁeated insult, the more distal components of the
peripheral nerves may not be able to be repaired as rapidly as the
more proximal regions and, therefore, sustain damage first

{(Cavannagh, 1%85).
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Neurotoxic effects of 2,3,7,8~TCDD

As detailed previously, a variety of signs and symptoms including
pain, numbness in the upper and lower extremities and reduced
pinprick sensation, weakness and abnormal levels of fatigue have
been reported in individuals potentially exposed to materials
contaminated with 2,3,7,8~-TCDD (Ashe and Suskind, 1950; Baader and
Bauver, 195%1; Suskind, 1953; Bauer et al, 1961; Poland et al, 1971;
Goldman, 1973; Jirasek et al, 1972; Oliver, 1975; Pocchiari et al,
1979; Pazderova-Vejulpkova et al,198l; Singer et al, 1984; Moses et
al, 1984). A single cross-sectional study of residents from
Seveso, Italy, found abnormal conduction velocites among residents
of the highly contaminated regions of Seveso compared to residents

of unexposed communities (Filippini et al, 1981).

Unfortunately, there are no animal toxic¢olegic data describing the
neuropathclogic consequences ¢f exposure to 2,3,7,8-TCDD. The
absence of animal studies on the neurotoxicity of 2,3,7,8-TCDD is
puzzling because the aggregate of human data from the various case
series and studies suggests that exposure to chemicals contaminated
with 2,3,7,8-TCDD may cause pathology in both motor and sensory
nerves. Whether the dysfunction is due to axon or myelin
destruction, or a combinaticn of effects in both structures,
remains unconfirmed. Currently, there is a single report of a TCP

production worker who was employed in a West Virginia plant with a
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distal axonopathy confirmed by nerve biopsy (Moses et al, 1984).
No other reports have pro?ided additicnal cases of myelin or axon

destruction related to 2,3,7,8-TCDD exposure.

Because 2,3,7,8-TCDD is produced as a contaminant during the
production of TCP and is passed on tec the end product, 2,4,5-T7, it
is possible that the effects may also be due to either dioxin
contaminated TCP or cther substance(s) in the products. There are
no animal data to support or reject the hypotheses that either TCP
or 2,4,5-T uncontaminated by 2,3,7,8-TCDD are neurotoxins. There
is only one case series which reported human health effects after
exposure to pure 2,3,7,8-TCDD (Cliver, 1975). No symptoms of
sensory or motor effects were noted among three laboratory workers
who were exposed'during the synthesis of pure 2,3,7,8-TCDD,
although other symptcms consistent with exposure, such as chloracne

and elevated lipid levels were present (Oliver, 1975).

Occupational Exposure of the Study Population to Neurotoxins Cther

than 2,3,7,8-TCDD

Workers from both the New Jersey and Missouri plants may also have
been exposed at the worksite to other suspected neurotoxins besides
2,3,7,8-TCDD, notably 2,4-D in the New Jersey plant and
hexachlorophene in the Missouri plant. At the New Jersey facility,
2,4~D was produced from the plant opening through 1968. 2,4-D is

not contaminated with the 2,3,7,8-TCDD isomer. Hexachlorophene was
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.

produced for approximately 2 years in Missouri and because it is a
pharmaceutical product, little if any 2,3,7,8-TCDD would have been

present in the end product.

2,4-Dichlorophenoxyacetic acid has been associated with clinical
evidence of peripheral neurcpathy reported in two men exposed while
spraying the herbicide (Goldstein et al., 1959; Berkley and Magee,
1963). Neither case report discussed the possibility of
simultaneocus exposure to other neurcotoxic herbicides. The results
of animal studies are gquite mixed. Early animal toxicologic
studies report symptoms of asthenia, lethargy and ataxia after
exposure to 2,4,D (Hill and Carlisle, 1947; Bjorklund and Erne,
1966). But more recent studies have found little evidence to
suggest that 2,4-D causes neuropathic changes (Mattsson et al.,
1986; Hansen et al., 1971; Mattsson et al, 1986; Squibb et al,

1983; Toyoshima et al., 1985).

Between 1970 and 1972, TCP and hexachlorophene were produced at the
Missouri plant. Hexachlorophene is readily absorbed through the
skin, and has been shown to cause demyelination of peripheral
nerves (Pleasure et al, 1974) and to affect the central nervous
system adversely (Kimbrough, 1971). 1In a review of the toxicity of
hexachlorophene by Kimbrough (1971), signs and symptoms resulting

from hexachlorophene exposure included diplopia and other
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functional abnormalities of the eye, weakness of the lower limbs,
nausea, vomiting, irritability, convulsions, cerebral edema and

cocma. In most cases, withdrawal of exposure relieved the symptoms.

It is not possible to determine all the other potential neurotoxins
to which the New Jersey or Misscuri workers were exposed. In
addition, employment in other environments may have alsc provided
unreported opportunity for exposure to peripheral neurotoxins.

Yet, if 2,3,7,8-TCDD is the primary cause of chronic peripheral
neuropathy in this population, a dose-response relationship between
serum 2,3,7,8-TCDD should be evident given the very wide range of

serum levels.







CHAPTER 111

METRHODS

Introduction

The following section describes the design, the populaticn, the
data collection and the analytic methods used to evaluate the
long-term health effects of 2,3,7,8-TCDD on the peripheral nervous

system.

Generally, the study design followed a cress-sectional approach
whereby the health of the study population was asséssed once during
the period 1987-198E. The study population consisted of workers
who were employed at two different chemical plants at which
chemicals contaminated with 2,3,7,8-TCDD were manufactured, and a
group of unexposed referents. A detailed descripticn of the

selection of the worker and referent study populations follows.

50
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The overall objectives of this analysis, the evaluation of
peripheral neuropathy, are two-fold: to determine whether workers
exposed in the past to chemicals contaminated with 2,3,7,8-TCDD

" have a higher rate of peripheral neurcpathy than unexposed
referents, and to determine whether the observed peripheral
neuropathy is related to the extent of exposure to 2,3,7,8-TCDD
contaminated processes based upon serum 2,3,7,8-TCDD levels
cbtained at the time of the examinations. 1If there is an increased
risk for peripheral neuropathy among werkers, then an additional
objective of the study is to determine whether severity of the

disease or dysfuncticon is related to serum 2,3,7,8-TCDD levels.

Study Design

The study design combined the characteristics of two types of
observational studies: cross-secticnal and follow-up.
Cross-secticnal data were collected during a single comprehensive
medical examination which was conducted between March, 1987, and
March, 1988, under contract with the Lovelace Medical Clinic in
Albugquergue, New Mexico. The medical examination included an
assessment of the current physical and mental health of the study
participants. Follow-up data were collected through queétionnaires
and record review of past events and included details of work
experiences, dates of diagnosis of medical conditicne of interest
and other exposures and medical conditicons which may be related to

the occurrence of peripheral neuropathy.
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Power of the study

The overall power of the study tc detect peripheral nerve disease
was calculated based on the data from the study by Moees et al.
{1984) which found pinprick sensation to be reduced significantly
in individuals with chloracne compared to those without chloracne.
Based on data from this study, the likelihceod of finding at least a
2-fold excess of peripheral nerve disease in our study population
of an estimated 448 workers was 100%, if such an excess existed.
Results of the neurologic examination of another etudy of the TCP
workers in the West Virginia plant (Suskind and Hertzberg, 1984)
could not be used to estimate power because of reservations cited

by the authors.

Study populaticon

A

Description and Selection Process

NIOSH Dioxin Registry

The worker population eligible for participation in the cross-
sectional medical study were selected from among 6583 male workers
who were included in the NIOSH Dioxin Registry. This registry,
established in 1979, contains demographic and work history

information on weorkers who were assigned to the production or to




53

the maintenance of operations in any cof 14 U.S. plants where
dioxin-contaminated chemicals were manufactured. The purpose of
the Dioxin Regiptry was a basis for reeearch on this population of
2,3,7,8~-TCDD exposed workers. A mortality study and a
cross-sectional medical etudy, described in this paper, were

conducted on the workers in the registry.

Workers eligible for participatioﬂ-in the cross-sectional study
included all living workers from a total of 586 who were ever
employed in the manufacture of products contaminated with
2,3,7,8-TCDD at either one of two plants, located in Newark, New
Jersey and in Verona, Missouri. The selection c¢f these two plants
for inclusion in the study was motivated, in part, by reguests to
NIOSH from the states of Missouri and New Jersey to assist in the
investigation of the effects on workers exposed to "dioxin" in
their respective states. While the motivation for selection of
these facilities was, in part, a public health response, there are

scientific bases as well, and theese are described below.

New Jersey plant study population

Four hundred ninety (4%90) workers were employed at the New Jersey
facility from 1951 through 1969. From August, 1951, through
August, 1969, scdium 2,4,5-trichlorophenol (NaTCP),
2,4,5-trichlorophenoxy acetic acid (2,4,5-T), 2,4-dichlorophenoxy
acetic acid (2,4-D) were produced at the New Jersey facility.

Chlorinated benzene and other chemicale were aleso produced until
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1960. Because many of the production operations at this facility
occurred in the same building and maintenance workers and operators
were assigned to most operations, all employees at this facility
were considered expcsed and therefore included in the

cross-sectional medical study.

There are considerable advantages to studying this worker
population. The health of workers from the New Jersey plant has
been the subject of two case reports which described high incidence
of chloracne and other dermatologic abnormalities (Bleiberg et al,
1964; Poland et al, 1971), possible cases of porphyria {(Bleiberg et
al, 1564) and hypomania (Pcland et al, 1971). Both reports used
volunteers and neither used control groups. Additionally, there is
evidence that this plant produced some of the most heavily
2,3,7,8-TCDD contaminated NaTCP and 2,4.,5-T among those plants
whose products were surveyed (Fee, 1975). Thus, the advantages for
studying this plant are: 1) a peopulation which has documented
evidence of exposure-related disorders; 2} a heavily exposed
workforcg, which would increase the likelihood of detecting an
exposure related outcome. Recent data also confirm the high level
of exposure in this population. Sweeney, et al (1989) found an
average serum 2,3,7,8-TCDD level of 293 parts per trillien (ppt) in
a sample of 111 workers from this plant as compared with a mean of
8 ppt in 54 unexposed contrele.; and, 3) long-term exposure, with a
wide range of exposure periods {up to 19 years}, which increases
the likelihood and frequency of exposure of all the study subjects,

thus increasing the potential for exposure.
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Missouri plant study population

For four months between May, 1968, and January, 1969, NaTCP and
2:,4,5-T were produced at the Missouri plant. After a short hiatus,
production of NaTCP for the manufacture of hexachlorophene began in
April, 1570, and continued through January, 1972. Ninety-six (96)
individuals were involved in the producticn of NaTCP, 2,4,5-T or
hexachlorophene and were eligible for participation in this

cross-sectional medical study.

The Missouri plant population has never been previocusly studied.
The primary advantage to studying this plant is that some of the
workforce experienced short-term but heavy exposure., Based on the
fact that producticn of hexachlorophene requires the redistillation
of NaTCP which yields heavily contaminated effluent (stillbottcms),
researchers suspected, and later confirmed (Patterson et al, 1989),
that workers in this plant were at high risk of exposure to
chemirals contaminated with 2,3,7,8-TCDD, particularly, the
individuals who handled the stillbottoms. These wastes were shown
to contain levels of 2,3,7,8-TCDD e#ceeding 300 parts per million
(ppm) (Marlow et al, 1987). Recent evidence indicates that adipose
tissue levels measured on a whole weight basis of 2,3,7,8-TCDD from
production workers assigned to the NaTCP and 2,4,5-T production
process greatly exceed the adipose tissue levels in other workers
at this plant not assigned to the processes (Patterson et al,

198%9). 1In addition, the mean serum 2,3,7,8~-TCDD lavel of 171 ppt
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in a sample of 32 weorkers from this plant was statistically
significantly increased compared with 7.1 ppt for unexposed

referents (Sweeney et al, 1989).

Location and tracing of living workers

All workers from both plants who were alive and located at the time
of the study were eligible to participate in both an in-home
interview and a comprehensive medical examination. With the
assistance of a contractor, workers were traced using company
persconnel records, federal agency records (Social Security
Administration, Internal Revenue Service, Health Care Finance
Administration, National Death Index), credit bureau searches, U.S.
Postal service, telephone directory assistance, city directories

and personal field visits.

Referent selection

For comparison, one individual with no prior history of employment
in facilities which produced phenoxy herbicides was sought from
within the current community of the worker, who matched the worker
by age, (within 5 years), race and sex. Community-based referents
were chosen to control for the possible confounding effects of
socioeconomic status and other environmental exposures. The
sampling algorithm specified a systematic enumeration of households

within the census blocks closest to the home of the worker.
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Beginning in the census block of the worker, a minimum of 4
individuals who met the matching criteria were identified. (Feor
approximately 10% of the workers, it was necessary to identify 6-10
individuals who met the matching c¢riteria.) Once the 4 matches
were found, they were approached in a predefined order and
requested to participate in the study. The goal of this procedure
was to limit the number of individuals requested to participate
and, ideally, to convince the first person in the random sequence
to participate. In general, the individual who was first in the
sequence participated in the study 48.2% of the time; 74.8% of the
participating referents were obtained within the first three

requests.

Data Collection

Information on worker and referent health status was collected
through a comprehensive set of interviews and medical

examinations. Trained interviewers administered a questionnaire in
the home of each study participant, which elicited lifetime medical
and reproductive history, demographic and lifestyle information
including smeking habits, alcohol consumption, education, religion,
income and residential history, and a detailed occupaticnal
hietory. Medical records were cbtained to verify selected,
self-reported health outcomes previcusly associated with

2,3,7,8-TCDD exposure.
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Each subject participated in a thorough medical examinaticn
designed to evaluate the current status of those conditions
previously reperted in the literature as related to exposure to
2,3,7,8-TCDD contaminated materials. The medical examination
included a general physical, dermatclegic and neurclogic
evaluations, psychological and neurcbehavioral tests, pulmcnary
function tests, chest x-ray and blood and urine chemistries. Serum
was also obtained to measure perscnal serum 2,3,7,B-TCDD levels.

To reduce cbserver bias, all examiners conducted the medical
examination cor tests blind to the exposure status (worker or

referent) of the participant.

Clinical Assessment of Peripheral Nerve Function

The components of the neurological evaluation were selected to
identify abnormalities caused by exposure to toxins affecting
peripheral nerves. To assess peripheral nerve dysfunction in this
study, four classes of data were collected: respondent reported
symptoms, clinical signs evaluated during the neurclogic
examination, gquantitative sensory testing of thermal and vibratory
sensitivity and hearing and visual acuity, and electrophysiology
tests including conduction velocity, amplitude, and latency to
measure the functional status of the peripheral nerves (Bove et al,

1986; Moody et al, 1986),
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Clinical neurologic evaluation

The clinical neurclogic evaluation of the peripheral nervous system
was conducted by nine board certified neurclogists. Prior to
performing neurologic evaluations on study participants, the
neurologists were trained to conduct a standardized neurologic
examination. The standardized neurologic examination was
constructed by Herbert Schaumburg, M.D., ©0f Albert Einstein College
of Medicine, an expert in the field of occupational neuroclogy and

toxicology.

The neurclogic examination included an evaluation of the motor,
sensory or mixed fibers of the twelve cranial nerves, assessment of
muscle strength in the upper and lower limbs, activity of deep
tendon reflexes (brachial, patellar, achilles), Bensory percepticn
of pain (pinprick), lightztouch (cotton puff), vibration (tuning
fork), and position of digits. Other peripheral nerve and central
nervous system (CNS) functions were assessed in a more limited
manner, by the evaluation of Btance, gait, ccordination of hand and

foot movements, and signs of intentional or unintentional tremor.

Periodic review of examination techniques was conducted to ensure
adherence to the standardized protocol. In addition, a random
sample of five percent of the neurologic examinaticns were repeated
on the same day by a second neurologist who was blind to the

findings of the first examining neurologist.
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Electrophysiology tests

Electrophysiclegic tests including cenduction velecities,
amplitudes and latencies were conducted on senscry fibers of the
median (distal and proximal), ulnar and sural nerves, and moter
fibers of the median and peroneal nerves., Joseph C. Arezzo, Ph.D.,
of the Albert Einstein Cellege of Medicine, an expert in testing of
the peripheral nervous system, assisted in test design, conducted
technician training and certification and quality assurance, and
was consulted during data analysis. One hundred percent cf the
tracings for the electrophysiology tests were reviewed by Dr.

Arezzo.

Electrophysiologic measurements were taken by technicians who used
standard test technigues and who were certified in the
administration of the NCV and guantitative sensory tests specified
in the study pretocol (Kimura, 1984). &All electrophysiologic
procedures were performed with a TECA TD 10 MKl EMG. Two
instruments were used daily; a third was. used as a backup. The

instruments were calibrated daily.

Surface electrodes were used to stimulate the nerve and were placed
at standard points with reference to bony landmarks. Distance
between the electrodes was measured for each nerve tested. In
insgtances when the standard distance did not produce an acceptable

response (particularly for the peroneal and sural nerves) placement
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of the stimulating electrode was changed to obtain the best
response recording. Befcore a response was considered ‘absent’
several alternative placements were attempted to obtain consistent

‘responees after averaging.

All measurements were usually conducted unilaterally for upper and
lower limbs on the dominant side. However, the limk on the
non-dominant side was tested if the participant reported injury cor
surgery to the dominant limb, a history of an entrapment syndrome
or if the dominant limb was absent. The tests were conducted in a
quiet environment at a controlled ambient temperature. Because
conduction velocities vary directly with limb temperature, skin
temperature con the upper and lower limb was measured befcre
testing. If the limb temperature was below 31°C, it was adjusted
using a heating pad tec 33.0°C for the upper limb and to 32.0°C

for the lower limb (+ 1.0°C) (Dorfman and Bosley, 1979).

All recorded stimuli were supramaximal, i.e., above the stimulus
level at which the highest respcnse could be evoked. Sensory nerve
fiber stimulation was antidromic (opposite the direction of normal
stimulu?) and motor nerve fiber stimulation waslorthodromic {in the
direction of normal stimuli). Parameters measured during
electrophysioclogic tests included latencies, which were used to
calculate nerve conduction velocities, and amplitudes. Latency was
measured in milliseconds as the time from the beginning of stimulus

to the initiation of the regponse or the speed at which the largest
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fibers of the nerve propagate action potentials along the axcn
{Daube et al, 1978; Ma and Liveson, 1983). To obtain a latency
measurement, the nerve was stimulated at two different points, one
‘closer to the center of the body (proximal) and one farther frem
the center (distal). The relative position of the active and
recording electrodes remained constant for both measurements. The
difference between the two latency measurements represented the
time for the impulse to travel between the two points (Kimura,
1%84). Amplitude of the wave defined the number of fibers tested
and the coherence with which they responded to the stimulus (Ma a-=d
Livescn 1583). Amplitude was measured in microvolts. It was
defined as the maximum distance between the baseline or resting

phase to the peak of the M-wave response induced by stimulation.

Conduction velocity represented the speed of propagation over the
length of the nerve between the stimulating and recording
electrodes. Conduction velocities, expressed as distance per unit
time (meters/second), were calculated by dividing the distance
between the distal and proximal electrecdes (centimeters) by the
latency (milliseconds). Motor conduction velocities (MCV),
proximal sensory conduction velocities (PSCV) and distal conduction

velocities (DCV) were calculated using the formulas described below.
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MCv= Distance between distal & proximal electrodes
Proximal latency - Distal latency

PSCV=Distance between distal & proximal electrecdes
Proximal latency - Distal latency

DCV= Distance
Distal latency

Quantitaﬁive geensory tests

Quantitative sensory tests of thermal and vibratory sensitivity anc
auditory and visual acuity were conducted in this study. Only the
analysis of guantitative sensory tests of thermal and vibratory

sensitivity will be described in this report.

Vibration thresholds

Vibration sensitivity was tested to evaluate the integrity of the
distal portion of the long, large diameter myelinated axons
innervating the Pacinian and Meissner corpuscles in the hands and
feet {Light and Edward, 1%84). These nerves regulate vibratory
sensations and propricception and are particularly sensitive to the
effects of exogenous neurotoxins (Bove et al, 1986). Vibratory
thresholds were measured in volts on the Vibratron II manufactured
by Sensortek {Arezzo et al, 1986). Thresholds were measured for
the distal volar surface of the index finger and plantar surface of
‘the great toe on the same side of the body, usually the dominant.

The Vibratron II contains two identical vibrating rods connected to
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a variable voltage source that controls the vibration intensity of
the two rode. The test required the subject to touch each rod and
determine which of the two rods was vibrating. The rods were
turned off and con by the examiner in a predefined seguence. The
vibration intensity was also controlled by the examiner. The
cn-off sequence was based on an algorithm which started the
vibration intensity at a level which was easy for the subject to
detect (above threshold). The vibration intensity was reduced by
approximately 10% for each correct selection of the vibrating rod.
when the vibrating rod was not selected (error), the misidentified
vibration intensity was repeated twice. If the vibrating rod was
not selected after two attempts at the same intensity, the
intensity was increased by 10%. The test ended after the subject
could not correctly select the vibrating rod 5 times. Thresholds
were calculated by first dropping the measurements of the last
correct and last incorrect responses then averaging the remaining 4
incorrect intensities and the 4 lowest correct intensities. The
lower the threshecld the greater the ability to detect vibratory

stimuli.

Thermal thresholds

Thermal sensitivity was tested te evaluate the integrity of the
smaller diameter, A-delta and unmyelinated c¢ fibers of the nerves
in the index finger and great toe. These fibers detect temperature

and pain stimuli (Bove et al, 1986). Loss of unmyelinated c fibers
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is also consistent with absent corneal and axon reflexes
(Appenzeller and Atkinson, 1984). Thermal thresholde were measured
for the distal volar surface of the index finger and the volar
‘surface of the great toe on the same side of the body, usually the
dominant. Thresholds were measured on the Sensortek Thermal
Tester-NTE-2 manufactured by Sensortek, Inc. (Arezzo et al, 198&).
This instrument has twoc identical thermal plates, the temperature
of which may be controclled over a 50.0° temperature range (&
0.1°C). During the test, one plate was maintained at 25.C° ¢,
while the temperature of the other was adjusted by the examiner
according to the same on-off algorithm used in the vibratory tes:.
The test was administered by reguiring the subject to touch each of
two plates for a maximum of 2 seconds and determine which was

colder.

Thermal threshold sensitivity was calculated in degrees

Centigrade. The lower the threshcld the greater the sensitivity to
temperature differences and pain producing stimuli. 1In the case of
thermal threshclds only, the absence of a response indicated that
the subject was unable to detect the maximum difference in
temperature of 23°C between the two thermal plates. This

inability to sense this greét change is suggestive of peripheral
nerve dysfunction. When a participant could not detect the maximum
difference in at least five trials, the technician recorded the

measurement as 20.
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Medical history: self-reported symptoms

Disorders ©f the peripheral nervous system are associated with a
variety of systemic disease processes, persconal habits,
environmental, occupational and iatrogenic exposures and trauma.
Appendix C enumerates some of the major disease processes,
medications, and extrinsic exposures associated in previous
research with peripheral nerve dysfunction and assessed in the
analysis as covariates. This information was cbtained from the
study participants during the demographic and occupational history

interview and the medical history.

To take into account the presence of these neurcopathic processes
and exposures, a history of past and current neuroclogic conditions
and symptoms censistent with peripheral nerve disease or
degeneration was obtained during the examination as part of the
medical history gquestionnaire. Questions pertaining to symptoms
relating to nerve function are contained in Appendix D. A history
was obtained on disorders of the peripheral and central nervous
systems and on exposure to factors which may have adversely
affected the PNS or CNS5. These included diabetes, uremia,
peripheral vascular disease, medication or alcohol use,
occupational or environmental exposure to neurotoxins such as
solvents, heavy metal or to neurclogically damaging physical

factors such as vibrating tools, repetitive hand movements or heavy
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lifting. Symptoms related to autonomic nervous system dysfunction

are also included in Appendix D.

Case Definition of Peripheral Neuropathy

Pricor to the analysis of the neurclogic data, an operaticnal
definition of distal peripheral neuropathy was developed to compare
the prevalence of peripheral neuropathy in the examined workers
with the examined referents. The case definition encompassed
elements from the medical history (symptoms), neurological
examination (signs), the electrophysiclogic¢ tests and the
quantitative sensory tests. These data were specifically included
in the case definition of peripheral neurcpathy because, although
there is no widely accepted single definition, there is a concensus
that these four factors should be considered in the diagnosis of
peripheral neuropathy (Dyck et al, 1985; American Diabetes

Association, 1989).

Information collected from the medical history relevant to
peripheral neureopathy included symptoms of tingling, burning,
numbness, weakness or twitching or rippling in arms and legs.
Results of the medical history were coded as positive if the
participant responded affirmatively to the presence of a symptom or
as negative if participant reported the absence of the symptom,

geince first expcsure to 2,3,7,8-TCDD-contaminated processes.
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Data from the neurologic examination which were incorporated into
the case definition included: decreased strength in upper and
lower limb muscles, absent or decreased tendon reflexes (ankle,
patellar, biceps), pinprick, vibratory or position sensation,
abnormalities of gait, station or coordination. Results of the
neurological examination were coded as normal or abnormal by the
examining neurclogist who followed the standard study examination

procedures.

Fer development of the case definition of peripheral neuropathy,
each electrophysiclegy measure and thermal and vibration thresholds
was dichotomized based con limits developed from the distributicn of
electrophysiologic measurements and thermal and vibration
threshoclds of the referent pcpulation. For nerve conduction
velocities and amplitudes, measurements below the S5th percentile of
the referent distribution were included as part of the case
defintion for peripheral neuropathy. Likewise, latencies, quanti-
tative sensory tests, and vibration and thermal sensitivity
thresholds above the 95th percentile of the referent distribution

were alsc included (Dyck et al, 1985}.

Some referents were excluded a prieri from the calculation of case
limits because they had preexisting conditicons which are strongly
associated with peripheral neuropathy in the absence of exposure to

2,3,7,8-TCDD. Two different groups of exclusions were coneidered:
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those with conditions which had not previously been asscciated with
exposure to 2,3,7,8-TCDD and those with conditions which were
putatively related to 2,3,7,8-TCDD exposure. Five referents were
-excluded because they had conditions which are associated with
peripheral nerve disease but not related to exposure to
2,3,7,8-TCDD: two reported a history of genetically acguired
neuropathy such as Charcot-Marie-Tooth syndrome; three reported use
of medication at the time of the examination associated with
peripheral neuropathy (LeQuesne, 1984; Schaumburg et al, 1S83;
D‘Amour, 1979); one had a history of a deforming leg injury; and,
cne refused to participate in the electrophysiologic tests.
Twenty-two referents in the second group were alsoc excluded from
the calculation of the case limit: twelve had diabetes; nine
reported a history of stroke; and, one reported a history cof
multiple myeloma. Diabetes was defined as a fasting blood glucose
140mg/dl (7.8 nmeol/L) measured in two successive tests, or current
use of gluccse-regulating medication or diet, or a history of
physician diagnosed diabetes. The medical conditions leading to
exclusion from the calculation of thé case limits were diagnosed
either before the study by the referent’s personal physician, and
reported in the medical history, or the condition had not been
known to the referent and was first identified during the study
examination. Based on these criteria, 29 referents were excluded
from the calculaticn of case limite for lower limbs and 28

referents were excluded from calculation of case limits for upper
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limbs. Data from the remaining referents were used to develop the

case definition and are described in Table 7. A descripticn of the
exclusion of workers and referents from the analysis of peripheral

neurcpathy is included in this chapter in the section titléd

Statistical Analysis.

In this study a case of peripheral neuropathy was defined by the

following criteria:
1. Clinical criterion:
a. The presence of a latency, amplitude or conduction

velocity outside the reference limit, plus

b. At least one abnormal clinical sign diagnosed during

the neurologic exam, oI

c. An out-of-range guantitative sensory test, or

d. At least two positive neurologically related symptoms

reported in the medical history.
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Anatomic criterion:

Evidence from the neurclogical examination, guantitative
sensory tests and symptoms must have been diagnesed or
reported in the same part of the body (upper or lower) as

the out-of-range electrophysiclogic measurement.

Upper body measurements included: electrophysiologic
measurements of the median motor and median senscory and
ulnar sensory nerves; thermal and vibratory sensory test
of the index finger; clinical assessment of the strength
of the deltoid, tricep, bicep, brachioradialis, wrist
extensor, wrist flexor, copponens pollicis, interossei, and
finger extensor muscles; activity of the brachial tendon;
sensory perception of pain and light touch of the index
fingers, wrists, midforearm, biceps tendon, sensory
percepticn of vibration of the index fingers and head of
the radius, and sensory perception cof position cf the
index fingers; abnormalities in rapid hand rotation and

index finger-to-thumb manipulations.

Lower body measurements included: electrophysiologic
measurements of the peroneal motor and sural sensory
nerves; thermal and vibratory senscry test of the great
toe; clinical assessment of the strength of the hip, knee,

feet and toe flexor muscles, knee, feet and toe extensor




72

muscles; activity of the patellar and achilles tendons;
sensory perception of pain and of light touch of the great
toes, mid-dorsal section of feet, lateral malleoli,
mid-shins and knees, vibration perception of the great
toes and lateral malleocli, and sensory perception of
pesition of the great toes; abnormalities in station, gait

and toe tapping.

Assessment of the Severity of Peripheral Neurcpathy

The severity of a case of peripheral neuropathy was based on the
total number of cut-of-range electrophysiologic or guantitative
sensory test values, or abnormal signs from the neurologic
examination, or positive symptoms reported in the medical history.
Each out-cf-range value, abnormal sign or greater than twc symptoms
was assigned a value of one, such that the greater the number of
out-cf-range, abnormal signs and positive symptoms, the more severe

the condition.

Assessment of exposure to 2,3,7,8-TCDD contaminated chemicals

Duration of exposure to 2,3,7,8-TCDD contaminated

chemicals at the New Jersey and Missouri plants

The NIOSH Dioxin Registry contains demeographic and work history

records for each gualifying individual. Work histories of
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employment at companies where 2,3,7,8-TCDD contaminated chemicals
were manufactured were reconstructed from personnel and payroll
records. Work histories were abstracted and coded inte a computer
file. Data coded into the work history included firet and last
date of hire and, each job potentially contaminated with
2,3,7,8-TCDD and the associated department and operation. Duration
of exposure in 2,3,7,8-TCDD contaminated processes was calculated
in days of exposure by summing the calendar period of assignment to
2,3,7,8-TCDD contaminated processes as described previously

{Sweeney et al, 1989).

Serum 2,3,7,8-TCDD levels

Serum 2,3,7,8-TCDD levels were used as a surrogate for exposure in
this analysis because they were found to be highly correlated with
length of exposure in an interim analysis of the serum levels of
135 productién workers (Sweeney et al, 19839). Each participant of
the medical examination donated 10-50 milliliters of serum for
determination of serum 2,3,7,B8-TCDD levels. Coliection and
preparation of these samples for analysis is described elsewhere

({Fingerhut et al, 1989; Patterson et al, 1986).

All serum samples collected from examined workers were analysed for
2,3,7,8-TCDD content. However, only 35% of the serum collected
from the examined referents was measured for 2,3,7,8-TCDD level.

The referents whose serum was measured for 2,3,7,8~TCDD were
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selected from a random sample of the examined referents. Each
referent was randomly assigned a number from 1-260; then, every
third referent sample was selected for analysis. The decision to
measure only a sample ¢f referent serum 2,3,7,8-TCDD levels was
made early in the study, after each of the first 20 referent
samples were found to contain less that 20 ppt of 2,3,7,8-TCDD.

The mean level of these 20 samples was 8 ppt (Fingerhut et al,
1889), a level which was consistent with levels observed in other
individuals from industrialized countries (Patterson et al, 1989).
In centrast, the mean level of workers whose samples were analyzed
concurrently, was 208 ppt, suggesting that exposure to chemicals
centaminated with 2,3,7,8-TCDD was the cause of the high levels in
the workers and that the rest of the referent samples would,
likewise, be below 20 ppt. Because of the high per sample cost for
analysis of 2,3,7,8-TCDD, and because the referent group had
consistently low 2,3,7,8-TCDD levels, the analysis of only a random

selection of the referent serum was conducted.

The serum 2,3,7,8- TCDD levels in this population follow a
log-normal distribution {Sweeney et al., 1589). Unadjusted means
of the natural logarithm of serum 2,3,7,8-TCDD were compared for
workere and referents using a two sample Student’s t-test (SAS,
1987). However, the untransformed serum 2,3,7,8-TCDD levels were
used in the multiple logistic reéression models because the
magnitude of the coefficient of the exposure variable did neot

differ when the log transformed levels were used in the model.
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Other exposures to 2,3,7,8=-TCDD

During the administration of the study questionnaires, each
participant was asked to report situatione other than employment at
the chemical manufacturing plant in Newark, New Jersey or Vercna,
Missouri where they may have been exposed to 2,3,7,8-TCDD
contaminated substances. The demographic and occupational
interview obtained information specifically on sources reported to
have 2,3,7,8-TCDD contamination: residence on a farm or work in
agriculture where 2,4,5-T may have been applied; and, service in
Vietnam. Employment in metal recovery operations, paper and pulp
mills or municipal incineration plants was alsc obtained if the

participant reported it as part of his or her occupaticnal history.

Analysis

Unmatched analysis

This analysis of peripheral neuropathy included all examined
workers and referents. Although the intent of the study design was
to conduct a matched analysis of examined workers and referents,
contractual difficulties resulted in the examination of 65 (23.1%)
workers without a corresponding examined matched referent, and in
the examination of 44 (16.9%) referents without corresponding

examined matched workers.
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The aavantage toc a matched analyeis is that the precision of the
point estimate is better than in the unmatched analysis. However,
the unmatched analysis would have greater power to detect an effect
because the unmatched workers and referents represent approximately
one=-quarter of the total examined study population. In addition,
because 78% o©f the remaining examined participants were matched,
the analysis was strongly influenced by the matching effect of the
larger proportion of examination participants. To evaluate the
effect of including unmatched workers and referents in the
analysis, comparisons were made between matched and unmatched
workers and between matched and unmatched referents for selected
demographic characteristics, cases of peripheral neuropathy and

serum 2,3,7,8=-TCDD levels,

Description of the examined study population

Selected demographic data were analyzed to compare the
sociceconomic status of all workers and referents who participated
in the examination and to describe personal habkits relevant to the
development of peripheral neuropathy. For the categorical
variables, the statistical significance of the difference in the
proportion of workers and referents was compared by chi-square
test. The categorical variables were classified as: race (white,
black, Asian), sex (male,female), income (less than $§10,000,
$10,000- $19,99%, §20,000-529,000, $30,000-$39,999,

540,000-54%9,999, $50,000 or more, refused to answer the gquestion),
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education (1-8 yrs., S-12 yrs., vocational training, some college
and‘post-graduate training}, and current alcohel status (current
drinker: reported drinking within the past year; former drinker:
denied drinking within the past year; never: never drank
alcohol). For the continuous variables, age, height and lifetime
alcohol consumption, the means for workers and referents were
compared in a two-sample Student’s t;test. The variable, lifetime
alcohol consumption, was log-ncrmally distribution; thus, the
natural lcg of the variable was used in the two-sample Student‘s

t-test.

Exclusion of workers and referents from the analysis of peripheral

neuropathy

It was necessary to exclude a priori from the analysis workers and
referents with certain conditions which are strongly associated
with disorders or dysfunction of the peripheral nervous system.
Inclusion of these individuals in the analysis may have severely
confounded the results and potentially masked, perhaps subtle
effects, produced by exposure to 2,3,7,8-TCDD from the peripheral

nerve disease produced by the predisposing condition.

As in the case of the referents whe were excluded from the
development of the case limits, conditions which excluded workers
and referents from the analysis of peripheral neuropathy were

divided into two groups: those which would have no relationship to
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exposure to 2,3,7,8-TCDD including individuale who were taking of
neurotoxic medications, individuals with hereditary peripheral
nerve disease, individuals who had peripheral nerve damage due to a
t:aumatic injury, and individuals who would not cooperate with the
examining physician, or refused to complete a part of the
neurclogic assessment. In the case of the workers and referents in
the latter category, the validity of the neuroclogic assessment may
have been compromised by the refusal to perferm the tests correctly
and, thus, they were exc;uded from the analysis. The second group
of workers and referents who were excluded from the analysis were
those whose conditions may have kbeen associated with exposure to
2,3,7,8~TCDD. This class of workers and referents included
diabetics, individuals who reported a past history of stroke, or a

higtory of multiple myeloma.

Although it is unlikely that exclusion of workers and referents
having conditions putatively associated with exposure to
2,3,7,8-TCDD would have differentially excluded cases of peripheral
neuropathy from the analysis, logistic regression models were
constructed to evaluate the effect of removing these workers and
referents from the analysis. Two different models were created,
one which included all of the a priori exclusicons and one which
included diabetics as a covariate in the model. The change in the
coefficient of the exposure variable in each of the models was

compared. The models were constructed only for diabetics because
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the number of cases of strokes and multiple myeloma were tooc small

to obtain meaningful models.

Hypothesis testing - Cases of peripheral neuropathy

The statistical analysis of this study followed a general approach
in which all relevant examination data for each study participant
were reviewed but in which a single hypothesis was tested. The
primary hypothesis of the study was that workers exposed to
chemicals contaminated with 2,3,7,8-TCDD experienced an increased
prevalence of peripheral neuropathy of the upper or lower limbs
compared to an unexposed referent group. A single primary
hypothesis was constructed from the combination of the neurclogic
data, because the diagnosis of peripheral neuropathy is generally
made from the integration of information from the neurologic
examination, electrophysiologic and quantitative sensory tests and
the medical history. With this in mind, operational definitions of
peripheral neuropathy ¢f the upper and lower body were

constructed. A second reason for development of one primary
hypothesis was to avoid introduction of Type I Errors (incorrectly
concluding that an association exists when it does not) which occur
more often when many statistical tests are conducted on the same

data set.

In evaluating the statistical significance of the primary

hypothesis, a one-tailed 95% test of significance were used for the
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analyses of peripheral neuropathy. This approach was used because
the a pricri hypothesis assumed that exposure to 2,3,7,8- TCDD
increases the proportion of individuals with peripheral

neuropathy.

Unadjusted odds ratios (OR) and chi-square tests were calculated to
compare the proportion of workers and referents who met the case
definition for peripheral neuropathy of the upper or lower limbs.
Toc determine the severity of peripheral neuropathy in workers and
referents, mean severity scores were calculated for cases of the
upper and lower limbs. Two-sample t-tests were used to assess the

statistical significance of the mean severity scores.

To evaluate the effect of potential confounders, a stratified
analysis was conducted for cases of peripheral neuropathy. The
variables considered as potential confounders include age at the
time of the examination, race, sex, location of employment (at the
New Jersey or Misscuri plants) and alcohol consumption. The
continuous variables of age at examination, lifetime alcohcl
consumpticn and serum 2,3,7,8-TCDD were stratified into categories
with appreximately équal numbers of worker cases. Because there
are differing numbers of individuals who met the definition for
peripheral neuropathy of the upper and lower limbs, the strata for
age, alcohol consumption and serum 2,3,7,8-TCDD are Blightly
different for the two types of cases. Age at examination was

stratified into the categories: upper limb: 30-49, 50-55, 56-62,
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63 or higher. Alcohol consumption was divided into the following
strata: for the upper limb: less than 1-1.%, 2-16, 17-48, 49-202
and 202 or higher; for the lower limb: less than 1-2, 3-16, 17-43,
44-86 and 87 or higher. The following categories were used for
serum 2,3,7,8-TCDD levels: for the upper limb, 0-19, 20-57, 58-123,
124-307 and 308 or higher; and, for the lower limb, 0-19, 20-34,
35-72, 73-152, 153 or higher. The Cochran-Mantel-Haenszel
procedure (SAS, 1S987) was used to combine the odds ratios of the

separate strata into a summary odds ratio.

Multiple logistic regression models for cases of peripheral

neurcpathy

Multiple logistic regression analysis was performed to control
simultaneously for potential confounders and to assess possible
interacticns between exposure and potential confocunders (SAS,
1987). Exposure was kept in the model as one of three variables:
a dichotomous variable of worker and referent; categories of serum
2,3,7,8-TCDD for the upper limb, 0-19, 20-57, 58-123, 124-308 and
308 or higher; for the lower limb, 0-19, 20-34, 35-72, 73-152, 153
or higher:; and, a continuous measure of serum 2,3,7,8-TCDD. The
categories were statified into categories with approximately egqual
numbers of worker cases and were used to assess possible dose
response effects of increasingly higher levels of exposure.

Potential confounders (covariates) evaluated in the regression
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model included age at the time of the examination, lifetime alcochol
consumption, race, sex, and a composite variable of musculoskeletal
disorders or traumatic events which may have contributed to
peripheral nerve dysfunction. 1If a subject reported having any one
of the factors he or she was considered a positive response for the
composite variable. Each of the following factors was considered
in the composite variable for cases of both the upper and lower
limbs: occurrences of head injury with less of consciousness,
sclatica, surgery on the spine, slipped disc, arthritis, and
rheumatoid arthritis. Self-reported occurrences of carpal tunnel
syndrome were added to the composite variable only for models of
upper limb peripheral neuropathy and self-reported occurrences of
gout were added to the composite variable only for models cof lower
limb peripheral neuropathy. To determine the covariates placed in
the final regression, a medified stepwise regressicn (backward and
forward) procedure was employed. Any covariate found to achieve a

statistical significance of 0.1 or less was retained in the model.

In the modeling procedure, confounding was assessed by comparing
the change in the coefficient of the exposure variable when the
potential confounder was in and out of the model. Two-way
interactions between the exposure variable and the dichotomous

covariates were also examined.
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Data from the neurologic examination, electrophysiologic tests and

quantitative sensory tests

Although the case definition ¢of peripheral neuropathy wae used for
the purpose of testing the primary study hypothesis, additional
comparisons were made between workers and referents to evaluate the
performance of all tests of the neurclogic examination, the
electrophysioclogic, and the thermal and vibration sensitivity
tests. This detailed review of all of the individual measurements
of the neurclogic data was conducted to identify possible trends or
other effects which may have been masked by the use of a case

definiticn of peripheral neurcpathy.

Prior to analysis, the distributiocn of the electrophysiologic and
quantitative sensory tests were examined for normality. Of the 22
variables, 14 regquired natural log transformaticn to meet the
requirements of normality cf the statistical tests. No adjustments
for multiple statistical tests were made. 7Two sample t-tests were
used to assess statistical significance of means of these
continuous data. Because the results cof the t-tests comparing the
log-normalized and untransformed data were the same, the

untransformed data are shown in the tables, except where noted.

Unadjusted odds ratios (CR) and chi-square tests were calculated to
compare the proportion of workers and referents with abnormal

findings in the neurologic examination, the proportion of workers
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and referents with electrophysiologic and quantitative sensory
tests which fell outside the case limit, and the proportion of
workers and referents with positive neurologic symptoms reported in
the medical history. Unadjusted means and two-sided 95% confidence
intervals for the continuocus values of the electrophysiclegic and
guantitative sensory tests were calculated separately for workers

and referents.







CHAPTER IV

RESULTS

Descriptive Statistics

The population of New Jersey and Missouri workers eligible fcr
participation in the cross-sectional study totaled 586. O0Of these,
142 (24.2%) were determined to be deceased and 44 (7.5%) could not
be located for vital status determination (Table 8). All 400
remaining workers who were known to be alive at the start of the
study were invited to participate in the study; 360 (90%) were
interviewed and 281 (70%) were examined (Table 9). For each of the
360 interviewed workers, at least 4 referents who fit the matching
criteria were identified according to the prescribed algorithm. A
total of 938 potential referents was idéntified from among
community residents who fit the matching criteria and who were

invited to participate in both the in-home interview and the

85
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medical examination (Table 10). ©Of these, 325 (34.6%) were
interviewed and 260 (27.5%) were examined. The analyses presented
in this report include only the 281 workers and the 260 referents
who participated in the in-home interview and the two-day medical

examination.

Table 11 provides descriptive information on the study cohort. No
statistically significant differences were found between examined
workers and referents for age, race, gender, current family income,
highest grade achieved, current alcchol status or lifetime alcohol
consumption. A separate report will examine the differences
between these study participants and the workers and potential
referents who were unable to participate {deceased or disabled) or
who refused to participate in both the in-home interview and the

examination, or who were interviewed but refused to be examined.

Because workers and referents were excluded a priori from the
analysis due to diabetes, stroke and other factors, 241 (85.8%) of
the 281 examined workers and 232 (89.2%) cf the 260 examined
referents were eligible for inclusion in the analysis of neurclogic
outcomes. A total of 41 (14.6%) workers and 28 (10.7%) referents
were excluded from the analyses of the upper body and 41 (14.6%)
workers and 29 (11.2%) referents were excluded from the analyses cf
the lower body. The proportions of workers excluded from the
analysis due to diabetes, stroke, current prescription of

medications Kknown to be neurotcoxic or inherited neurologic disease,
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are not statistically significantly different than the proportion
of referents excluded from the analysis for the same conditions

(Table 12).

Cases of Peripheral Neuropathy

Approximately 18% of examined workers and 19% of examined referents
met the study case definition for peripheral neurcpathy for either
the upper or lower body (Table 13). The unadjusted OR of 0.93 (90%
Lower confidence limit=0.63) for peripheral neuropathy cf the upper
body was similar to that of the lower body (OR=0.95, 90% Lower

confidence limit=0.65).

Table 14 illustrates the mean and range of severity scores of
workers and referents with peripheral neuropathy of the upper and
lower limbs. 1In general, the sum cof the number of abnormal
findings from the neurologic examination, and the values outside
the case limit for the electrophysiologic measures or thermal and
vibration thresholds were not different between workers and
referents for either case definition. The mean score of 5.1 for
the upper limb for workers was not statistically significantly
different than the mean of 6.4 for the upper limb in referents.
Similarly, the means of 8.6 and 8.7 for the lower limb were not
statistically significantly different for workers and referents,

respectively.
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Tables 15 and 16 illustrate the odde ratio for cases of peripheral
neuropathy of the upper and lower limb adjusted for selected
demographic characteristics. 1In the stratified analysis, age at
examination among both workers and referents was statistically
significantly associated with having peripheral nerve dysfunction
in either the upper or lower limbs. Over eighty percent of the
cases of the upper limb and seventy percent of the cases of the
lower limb occurred in workers and referents over 50 years old.
One hundred percent of the worker cases and 95% of the referent
cases occurred in males and over 85% occurred in white workers and
referents. While over 75% of the cases of peripheral neuropathy of
the upper and lower limbs occurred among New Jersey workers, the
proportion of cases of either the upper or lower limb was
approximately the same for those with employment in the
2,3,7,8-TCDD contaminated processes at the Missouri plant (17.5%)
and those who worked at the New Jersey facility (18.0%). The

difference did not achieve statistical significance.

Serum 2,3,7,8-TCDD Levels

Serum 2,3,7,8-TCDD levels were cobtained from 272 of the 281
examined workers and from 99 of the 260 examined referents (Table
17). Levels for 9 workers were not obtained. Blood could not be
drawn from one worker because of the poor patency of his veins, and
the analyzed samples did not meet the quality control standards of
the laboratory for eight workers (Patterson et al, 1989; Turner et

al, 1989). 1In addition, measurements for 161 referents were not
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obtained. One sample did not pass the laboratory quality control

specifications. The remaining samples were not analyzed.

Serum levels for 10 workers and 24 referents could not be
determined because the levels fell below the limit of detection.

To avoid exclusicn of these observations from the regression models
and avoid an upward bias in the mean 2,3,7,B-TCDD levels, an
estimation of the actual levels was calculated (Hornung and Reed,
1690). (A missing value for any variable added t¢ the regression
model will cause exclusion ¢f the entire observation). For each
sample below the limit of detection, the estimated level was
calculated by dividing the detection limit of the sample (which
differed for each sample) by the square root of 2 and then was
compared to the median 2,3,7,8-TCDD level for workers (74 ppt) or
for referents (6 ppt)}, whichever was appropriate. If the estimated
level fell below the corresponding median, the value was kept for
analysis. Using this method, 10 estimated worker levels and 12
estimated referent levels were added to the analysis. The addition
of these 22 levels dia not cause statistically significant

decreases in the mean for workers or for referents (Table 18).

To build the logistic regression models, referents whose serum
2,3,7,8-TCDD levels were not measured, were assigned a value of 6.0
ppt, the median level for the referents after inclusion of the
samples which fell below the limit of detection. This adjustment
was necessary to prevent elimination of referents from the model

who lacked a value for the serum 2,3,7,8-TCDD level.
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The serum level for 272 workers ranged from 2 to 3390 parts per
trillion (ppt), with a mean of 211 (ppt) {Table 19). Serum
2,3,7,8-TCDD levels from 86 referents and ranged from 2 to 20 ppt.
The mean of 7 ppt differed significantly from the mean level of the
workers (p<.000l). When stratified by cohort, the mean serum level
was 233 ppt for the New Jersey workers and 135 ppt for the Missouri
workers. A comparison of the log-transformed mean levels for New
Jersey and Missouri workers were not statistically significantly

different.

Table 20 describes serum 2,3,7,8-TCDD levels among workers who met
the case definition for peripheral neurcopathy and workers who did
not meet the case definition. The difference between worker cases

and noncases did not achieve statistical significance.

A comparison of the proportion of workers with peripheral
neuropathy in each of the serum 2,3,7,8-TCDD categories showed that
there was approximately even distribution of cases of both the
upper and lower limbs in each stratum, suggesting that there is
little relationship between serum 2,3,7,8-TCDD level and peripheral

neuropathy {Table 21).

Logistic Regressicn Models

Tables 22, 23 and 24 illustrate the covariates which remained in
the final multiple logistic regression models. In the final models

both for cases of peripheral neuropathy of the upper and lower
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limbs, none of the three exposure variables (worker or referent,
categories or continuous level of serum 2,3,7,8-TCDD) was
statistically significantly related to case status. That is, after
controlling for other factors related to peripheral neuropathy,
serum levels of 2,3,7,8-TCDD were not associated with the presence
of peripheral neuropathy. However, factors other than exposure
were statistically significantly related to peripheral nerve
dysfunction. For cases of peripheral neurcpathy of the upper limb,
age at examination, lifetime alcohol consumption, and other
conditions, such as past history of carpal tunnel, sciatica and
spinal surgery, remained in the final model as statistically
significant covariates when the exposure measure was serum
2,3,7,8-TCDD. For cases of peripheral neuropathy of the lower
limb, the final model, age at examination, and sex were
statistically significant and remained in the model. No

confounding and no interaction was observed in either model.

Finally, models were constructed to evaluate the effect of
excluding individuals from the analysis of peripheral neurcpathy
due to diabetes (Table 25). When diabetes was added to the medel
as an independent variable, it remained as a statistically
significant contributor of the overall model. However, the
magnitude of the coefficient of the exposure variable and its
statistical significance did not change from the model in which
diabetes was excluded from the analysis. These data indicate that
diabetes is a strong factor in the development of peripheral

neuropathy of the upper and lower limbs; however, it has no
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relationship to exposure to 2,3,7,8-TCDD. Thus, the final models

were constructed without diabetics.

Individual Measures from the Neurologic Examination,

Electreophysiologic Tests and Thermal and

Vibration Sensitivity Tests

Neurologic examination

Tables 26, 27 and 28 describe the comparison of the proportion of
abnormal clinical findings (signs) identified during the medical
examination. For workers and referents, there are no statistically
significant increased unadjusted odds ratics for any clinical signs
evaluated in the examination of the cranial nerves (Table 26), of

the upper limbs (Table 27) or the lower limbs (Table 28).

Electrophysiclogic and Quantitative Sensory Tests

Table 29 and 30 describe the comparison of the unadjusted means for
the electrophysiologic and quantitative sensory measurements.

These data indicate few consistent differeﬂces between workers and
referents for these parameters in upper limbs (Table 29) or in
lower limbs (Table 30). For each measurement, the $5% two-sided
confidence intervals of the mean values for workers and referents
overlap, suggesting that the neurologic function of workers varies

little from that observed in the unexposed referents. No
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difference between the workers and referents achieved statistical

significance based on a two-sample t-test.

The propertions of workers and referents with electrophysiologic
and gquantitative sensory tests which fell outside the case limit
values for mea;urements of the upper limb {Table 31) or of the
lower limbs (Table 32) are not statistically significantly
different. Slight but statistically nonsignificant increases in
the proportion of workers with out of range conduction velocities
for the peroneal and sural nerves, and thermal and vibratory
thresholds for the great toe weakly suggest some minor dysfunction

in the nerves of the lower limb of workers compared to the

referents.

Self-reported symptoms and conditions related to peripheral

neuropathy

Of the symptoms related to peripheral neuropathy, workers reported
approximately the same propertion of symptoms for the upper body as
the referents (Table 33). In the lower limbs, workers report
statistically significantly more trouble with cramping of the legs
(p< 0.05) and difficulty balancing (p< 0.05). During the medical
examination, participants were also‘aaked toc report on their
history of injuries or conditions which may cause peripheral nerve
dysfunction (Table 34). The workers reported the occurrence of
these injuries and conditions with the same frequency as the

referents.







CHAPTER V

DISCUSSICN

Overview

The purpose of this analysis was to test the hypothesis that there
is no difference in the prevalence o¢f peripheral neuropathy in a
group of workers who were occupationally exposed to 2,3,7,8-TCDD
contaminated chemicals and in a group of unexposed referents. The
signs and symptoms used to examine a number of the peripheral
neurcpathy were collected as part of a comprehensive
cross-sectional medical study designed to examine many health
effects associated with human expcsure to 2,3,7,8-TCDD (Sweeney et

al, 1989).

A case definition of peripheral neuropathy was constructed from
data collected in the neurologic examination, the
electrophysioclogic and guantitative sensory tests and medical

history interview. Based on this case definition, the prevalence
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of peripheral neuropathy for either the upper limbs or the lower
limbs in the workers did not significantly differ from that in the
referent populaticn. 1In addition, there was no relationship
between increasing levels of serum 2,3,7,8-TCDD and cases of
peripheral neurcopathy, nor were the cases more severe in the
workers. Similarly, no significant differences were observed
between workers and referents when the individual measurements of
the neurologic examination, electrophysiclogic tests and

guantitative senscry tests were evaluated.

Based on the results of the logistic regression analysis, cases of
peripheral neuropathy of the upper limb appear to be related to
lifetime alcohol consumption and history of physical conditions or
injuries associated with peripheral nerve dysfunction. ©Neither of
these variables achieved a statistical significance at the 0.05
level; however, they were retained in the model because they

achieved a significance level cf 0.07.

Nejither lifetime alcochol consumption nor a positive history of
physical injury contributed significantly tc the model for cases of
peripheral neurcpathy of the lower limb. It appears that in this
group, male workers are at higher risk for developing lower limb
peripheral neuropathy than females. This finding is reasonable
given that, in this group, the males were laborers, who were more

likely to be subjected to a variety of musculoskeletal stressors of
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the back or lower limbse, which may have increased their risk of

developing neuropathy of the lower limb.

Neurclogic Effects Obsgerved in Other Cross-sectional

Studies of 2,3,7,8-TCDD Exposed Populations

Peripheral Neuropathy

In addition to our study, seven cross-sectional studies have
systematically evaluated the neurologic system in five different
populations (Ranch Handers, Vietnam Army Veterans, TCP workers in
Nitreo, W.V., Missouri residents, Seveso, Italy residents) with
potential for exposure to 2,3,7,8-TCDD contaminated chemicals. The
results of our study are consistent with these of four of these
studies which also found no effects related to the peripheral
nervous system. A brief review of the studies follows. A study of
TCP and 2,4,5-T workers from Nitro, West Virginia, found an 18%
increase in reduced pin prick sensation among workers who reported
a history of chleracne compared to exposed workers without a
history cof chloracne {(Moses et al, 19B4). No other neurologic
deficits were found in excess. 1In our study, the proportion of
workers and referents with decreased pin prick sensaticns (as
determined by neurcolecgic examination) was not statistically

significantly different.
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Investigators of another study of workers from the same plant in
West Virginia did not report their results due to problems
-encountered during the administration of the neurologic evaluatiocn
{Suskind and Hertzberg, 1984). No statistically significant
differences were found beéween exposed Ranch Handers and unexposed
comparisons for the neurclogic examination or the
electrophysioleogic tests, after contrelling for fasting glucose

level (diabetes) and alcohol use (Lathreop et al, 1984).

A statistically nonsignificant increase in the proportion of
symptoms consistent with peripheral neuropathy were reported by
U.S. Army Vietnam Veterans. However, there was no increase in the
number of cases of peripheral neuropathy among Vietnam Veterans
compared to the Vietnam-era Veterans or an increase in
abnormalities observed during the neurolegic examination,
electrophysiologic tests or quantitative sensory tests (Centers for
Disease Control Vietnam Experience Study, 1988).

among populations exposed to environmental contamination by
2,3,7,8-TCDD, the results differ. Among Missouri residents who had
a potential for exposure to 2,3,7,8-TCDD contaminated socil, the
results of neurologic evaluations were generally negative (Webb et
al, 1987). Statistically nonsignificant sensory loss was observed
in the group defined as ‘exposed’. No other neurclogic effects

were in excess.
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On the other hand, a statistically significantly higher prevalence
of peripheral neurcpathy was identified among Sevesc residents who
'exhibited other clinical signs of exposure to 2,3,7,8-TCDD
(Filippini et al, 198l). The other clinical signs were elevated
liver enzymes and chloracne, in the absence of conditions or

exposures known to cause such pathologic changes.

There is probably no single explanation for the disparity in the
findings among the noted epidemiologic studies and case repcrts.
The differences may be ascribed to a number of factors, the most
important being the amount of exposure to chemicals contaminated
with 2,3,7,8-TCDD, the length of time between exposure to

2,3,7,8-TCDD contaminated chemicals and evaluation of peripheral

nerve dysfunction and the unique limitations of each study.
Serum 2,3,7,8-TCDD Levels

Among the study of workers and residents exposed to 2,3,7,8-TCDD
contaminated materials, an important factor is the amount of
exposure to materials contaminated with 2,3,7,8-TCDD. OQur study of
workers from New Jersey and Missouri is the only study in which the
relationship between serum é,3,7,8-TCDD and neurclogic endpoints
was examined in a cohort of cccupaticnally exposed individuals. BARs
described previocusly in this report, the workers in our study had a

mean lipid-adjusted serum 2,3,7,8-TCDD level of 211.3 ppt obtained
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at the time of the examination. The highest level was 3390 PP A
half-life extrapolation of these levels, assuming a 7 year
half-life, estimated that the serum levels may have been as high as
34,000 ppt in at least one worker at the time he was last exposed.
In this population, the serum 2,3,7,8-TCDD levels meaéured at the
time of the examination and the half-life extrapolated levels were
also found to be highly correlated (r=.8) with the number of days
of exposure in production or in maintenance operations contaminated
with 2,3,7,8- TCDD (Sweeney et al, 1989). 1If peripheral nerve
dysfunction was related to serum level of 2,3,7,.,8-TCDD, a strong
positive relationship between serum 2,3,7,8-TCDD level and the
propertion of cases of peripheral neuropathy should have been
observed. Even after controlling for other covariates, no such

relationship was found.

0f the non-occupaticnal populations in which neurclogic evaluaticns
were conducted, three studies repcrted serum or adipose tissue
2,3,7,8-TCDD levels (Wolfe et al, 1988; Centers fcor Disease
Control, 1988; Moccarelli et al, 1988). However, only oné of the
studies used the levels in the analysis of neurologic outcomes.

The U.S. Air Force Ranch Handers had a range of current serum
levels which were much lower than those of the workers in our study
{3.2 - 313 ppt), but which were significantly higher than those of
unexposed populations. However, the relationships between serum

2,3,7,8-TCDD levels and neurologic endpcints were not examined
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because the serum levels were not available for analysis of data

from either the baseline study cr the first follow-up study.

The U.S. Army Vietnam Veterans had a mean level of 4.2 ppt which
was comparable to the mean serum 2,3,7,8-TCDD level in the
unexposed Vietnam-era veteran controls (Centers for Disease
Control, 1%87). This population of Army Vietnam Veterans
experienced minimal or no exposure to 2,3,7,8-TCDD contaminated
chemicals above background level. Therefore, no adverse health

effects related to 2,3,7,8-TCDD would have been expected.

The range of adipose tissue 2,3,7,8-TCDD levels in Missouri
residents with potential for exposure to 2,3,7,8-TCDD was 3.7 - 750
ppt (Andrews et al, 1989). The highest levels were cbserved in ©
workers involved in NaTCP production in the Missouri plant who were
also included in ocur study (mean = 245 ppt), and in 16 residents
who used a horse arena shortly after it was sprayed with
2,3,7,8-TCDD contaminated waste oils (mean = 145 ppt). The
remaining 156 examined residents had adipose 2,3,7,8-TCDD levels
consistent with levels found in the general U.S. population (0-20
PpPt). including those who were selected for study because they met
the a priori criteria for environmental exposure to 2,3,7,8-TCDD.
No exposure-~related peripheral neuropathies were found in either

the workers or horse arena users (Webb et al, 1587).
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At the time the Seveso residents participated in the neurolegic
evaluaticon conducted by Filippini, exposure to 2,3,7,8-TCDD was
estimated by the level of 2,3,7,8-TCDD in the soil of residential
areas. Areas determined to be highly contaminated had levels of
2,3,7,8-TCDD ranging from 15.5 ug/m> to 580.4 ug/m3 (Pocchiari,
1979). The sBocils in the unexposed regions averaged less than 3.0
ug/m®. In 1988, serum levels of individuals residing in the
2,3,7,8-TCDD contaminated areas of Seveso and uncontaminated areas
of Sevesc and other nearby communities were measured from serum
samples acquired within a year after the TCP reactor release.. The
serum levels in 5 residents from the most highly contaminated areas
and diagnosed with chloracne ranged from 828 ppt to 27,821 ppt
{Mocarelli et al, 1988); the levels in 5 residents from the same
contaminated region but without chloracne had levels ranging from
1,772 ppt to 10,439 ppt; the levels in 5 residents from
uncontaminated regions ranged from non-detectable to 137 ppt. It
is not possible to ascertain if the exposed residents who had serum
2,3,7,8-TCDD levels measured were also participants in the
evaluaticn of peripheral neuropathy. However, because the
population studied by Filippini was selected from amcng the 735
individuals who lived in the mest highly contaminated region of
Seveso, it is realistic to assume that at least some of the
participants in the study had expocsures which were comparable to
those whose serum 2,3,7,8-TCDD level was measured. The data from

this study suggest that the high serum 2,3,7,8-TCDD levels in at
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least the residents with chloracne are related to the elevated

prevalence rate for peripheral neuropathy.

Length of time between exposure to 2,3,7,8-TCDD and evaluation of

peripheral neurcopathy

The period between initial exposure to 2,3,7,8-TCDD and the
neurologic assessment varies considerably among the studies and
case reports. The workers in our study, the West Virginian workers
(Moses et al, 1984), the Ranch Handers {(Lathrop et al, 1985;
Lathrop et al, 1987), the U.S. Army Veterans (Centers for Disease
Contrel Vietnam Experience Study, 1988), and the Missouri residents
{Webb et al, 19B7) were examined from 15 to 37 years after exposure
terminated. In contrast, the Seveso residents were examined in
1978 and 1979, 2-3 years after the TCP reactor release {Filippini
et al, 198l). Similarly, the case reports of adverse health
effects in TCP workers generally described effects which occurred
while the exposure continued (Suskind et al, 1953; Bauer, Schultz,
Speigelberg, 1961; Goldman, 1973; Jirasek et al, 1974) or within a
short time after exposure ended (Baader and Bauer, 1951; Jirasek et
al, 1974). The consistency in the findings of the Filippini study
and in the case reports suggest that the reported neurologic
effects may occur shortly after exposure. Because the other
epidemiologic studies (including our study) were conducted many
years after the termination of exposure, it is not possible to

determine whether or not neurclogic effects occurred due to
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2,3,7,8-TCCD in these exposed populations and resolved over time.
However, with the exception of the Army Vietnam veterans, even the
proporticon of self-reported symptoms related to peripheral nerve
dysfunction were not in excess among the exposed groups, suggesting
that either the exposed individuals feorgot they had the symptoms or
that they never had them. Given the consistency of the results,

the latter speculation is probably correct.

Study Limitations

The selection of the exposed and unexposed study populations, the
study design and limitations and biases introduced into‘the study
may affect the study results and interpretation. Cross-sectional
studies are inherently limited by a variety of factors including
survivor and participation biases, respondent recall bias,
inter-observer variability, exposure and disease misclassification
bias and insufficient power tc detect an effect. Each of these
factors are described below in reference to our study of NaTCP

workers from New Jersey and Missouri.

Nonparticipation

The cross-sectional medical study of NaTCP production workers from
New Jersey and Missouri was designed to obtain completed
demographic and occupational history interviews from at least 80

percent of the surviving worker population and completed medical
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examinatione from at least 70 percent of the total surviving worker
population. These levels of participation were set to achieve two
objectives: to conduct a scientifically valid study which would
permit generalizations of the results to similarly exposed
populations, and to permit the contractor to attain a reasonable
minimum level of performances. The planned level of participation
was achieved; however, thirty percent of the surviving workers did
not participate in the medical examination and 24 percent of the

total group of workers was deceased.

Nonparticipation of a segment of the study population may have
intrcduced bias into the study if the outcome of interest was
differentially distributed among those who participated in the
study and those who did not. If the outcome was significantly more
(or less) prevalent in the nonparticipating workers than in the
participating workers, the overall risk estimate for the outcome in
the participating group would have been lower (or higher). In this
study, nonparticipation in the two-day medical examination was of
concern because of the inability to evaluate asymptomatic and
undiagnosed medical conditions in the nonparticipating workers and
referents. Five categories of nonparticipants emerged: deceased
and unlocatable workers, workers and referents who completed the
in-home interview but refused the examination, and workers and
referents who refused to participate in any study related

activity. Although it wase impossible to obtain comparable clinical

data for workers or referents who could not or would not
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participate in the study examination, a medical history of outcomes
hypothesized as associated with exposure to 2,3,7,8-TCDD
contaminated materials was cbtained through a teléphone interview
of the nonparticipating worker or referent. Next-of-kin cr
suitable proxy respondents were interviewed as surrogates for the
deceased workers. The telephone interviews were collected to
compare the prevalence of conditions related tc exposure to
2,3,7,8-TCDD in nonparticipants with the prevalence of the sanme
conditions reported by the examination participants. ©No further
analysis was conducted on the workers who were lost to follow-up.
The results of the analysis of the nonparticipant study will not be
completed for some time but it will provide infcrmation to estimate
the amount of bias introduced by nonparticipation. It will be the

subject of a separate report.

During referent selection, considerable effort was made to recruit
the first eligible referent (i.e., who matched a specific worker by
age, race, sex and community) into the study. Of the 938 eligible
referents invited to participate in the study, 260 (27.5%)
completed in both the interview and the medical examination.
Although the examinaticn participation rate of the eligible
referents ie less than that of the workers, based on compariscon of
demographic data collected during the study (Table 11), the lower
participation rate does not appear to have influenced the outcome

of the study by including referents who were any sicker or
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healthier, more or less educated, or wealthier or pocrer than the

participating workers.

There are few studies which invite participation from the general
public and or which required the extensive commitment of this
study. O©One study which invites participation of the U.S. populace
is the National Health and Nutrition Survey (NEANES). In general,
participation rates in the NHANES range from 60-80 percent
depending on the target population; however, the examinations are
usually limited to several hours and are conducted in the home town
of the participants. Due to the higher demands placed on the
participants of our study, a lower participation rate would have

been expected.

Recall bias

To obtain information about past occupational and other confounding
exposures, medical history, hospitalizations and other facts
pertinent to the study, the respondents’ memory was relied upon to
reconstruct events which may have occurred many years in the past.
In rare instances, the respondents called upon their own records to¢
reconstruct their past history. However, in most cases, the
respondents attempted this exercise without the benefit of written
documents. Some have suggested that recall may be enhanced by an
individual’'s exposure or disease status. Consegquently, because of

their known exposure to 2,3,7,8-TCDD contaminated chemicals, the a_
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priori assumption was made that workers may have been more likely
to report the occurrence cof exposure-related diseases and symptoms

'than their unexposed referents.

In this analysis of peripheral nerve dysfunction, the potential
effect of recall bias was limited by the use of a test-based case
definition for peripheral neuropathy. With the exception ocf the
symptoms reported by participants‘in the medical histery, the case
definition for peripheral neurcopathy was based primarily upcn
objective data from the neurclogic, electrophysiclegic, and
guantitative sensory tests. Reported symptoms related to
peripheral nerve dysfunction were not systematically validated with
medical records. Therefore, to ensure consistency of respcnses,
the case definition required that at least two positive symptoms
must have been corroborated with an electrophysiologic measurement

outside the case limit range in the same part of the body.

0f the eight symptoms, workers reported statistically significantly
more cramping in the legs and difficulty balancing than the
referents. However, the increase in the two symptoms did not
appear be corrcborated by other neurologic deficits because there
wae no increase in the proportion of cases of peripheral neurcpathy

in the lower limbs in the workers.
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Observation bias

Due to the large number of physicians and technicians performing
examinations and tests, the opportunity for the introduction of
observer bias into the study data c¢ollection process was
substantial. To limit this potential bias, the following steps were
taken: 1) development of, and adherence to, protoccls for the
administration of interviews; 2) development of, and adherence to,
standard examination procedures, and to standard test preotocels; 3)
blinding of clinicians and technicians who conducted the neurologic
examination to the exposure status of the workers and referents,
and, likewise, blinding of interviewers who conducted ;he medical
history interviews to the exposure status of participants; 4)
repetition of the neurologic examination on a 5% sample of the
participants; and 5) continual onsite observation of examinations

and test administration technigues.

A review of results of the neurclogic examinations performed by the
nine neurclogists revealed large disparities in the proportion of
abnormal findings for face pain and for gag reflex. Of the nine
examiners, one neurologist reported 90 percent of the abnormal
evaluations for face pain and 85 percent of the abnormal
evaluations for gag reflex. Due to the large inconsistency between
examiners, and the fact that there is little evidence in the

literature that exposure to 2,3,7,8-TCDD specifically affects the
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c¢ranial nerves, the measures for face pain and gag reflex were

emitted from the analysis.

A total of seven techniciane conducted the electrophysiologic
tests. One measure of success of the technician is the ability to
obtain satisfactory reading (tracings on the recording paper) for
the electrophysiologic measurements. All of the tracings were
reviewed and certified as correct by our consultant. An
unsatisfactory tracing was represented in the data as a missing
reading. The percentage of missing data for the technicians ranged
from 0.64% to 5.35% based on the total number of electrophysiclogic
tests conducted by each technician. Because the electrophysiologic
measurements were the starting criteria for inclusion as a case of
peripheral neuropathy, the absence of all measurements from either
the upper or lower limbs would have excluded participants from
consideration as a case. A review of the participants with missing
electrophysiologic data revealed that only one subject was missing
data from both the percneal and sural nerves (lower limb). No
participants were missing all data from the median sensory, median
motor or ulnar nerves. Therefore, only one potential case was

missed due to absent electrophysiclogic data.

Misclassification bias

Misclassification bias may be introduced into the study in two

areas: exposure status and disease status. Exposure status may be
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misclassified if any of the referents experienced significant
exposure to 2,3,7,8-TCDD and exhibited exposure-related disease.
This would lead to the reduction of the exposure risk estimate for

workers.

To avoid exposure misclassification, potential referents were
excluded from consideration if they reported employment in
facilities which manufactured TCP, 2,4,5-T or phenoxy herbicides.
In addition, exposure was assessed by measuring serum 2,3,7,8-TCDD
for all examined workers and a sample of referents. The serum
2,3,7,8-TCDD data clearly demonstrate that the workers were exposed
to greater concentrations of 2,3,7,8-TCDD than the referents whose
levels are consistent with theose in unexposed populations of
industrialized countries (Patterson et al, 198%9). 1In addition,
there is strong correlation between serum 2,3,7,8-TCDD levels and
the length of exposure to contaminated processes (Sweeney et al,
1989). Thus, there is little opportunity for misclassification of
exposure in either the worker or referent population. The serum
2,3,7,8-TCDD validated the selection of NaTCP production workers as

a truly exposed group and the referents as unexposed.
Disease misclassification
In this study, bias introduced by differential misdiagnosis of

peripheral neuropathy should be low, because extraordinary effcrts

were used to blind all examiners and medical history interviewers
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to the exposure status of all participants. Additionally,.as
previously mentioned, attempts were made to minimize cbservation
bias by examining all participants using standard procedures and
protocols. Although some discrepancies were uncovered in the
proportion of abnormal results for two measurements in the
neurologic examination, the discrepancies were distributed evenly
among workers and referents examined by the neurclogist in
question. While disease misclassification may have occurred, it
was not differentially applied to either the worker or referent

groups and, therefore, not a significant bias to the study.

Confounding

Confounding is a bias caused by factors which are independently
related to the outcome (peripheral neuropathy) and to the exposure
{(2,3,7,8-TCDD contaminated chemicals). In this study potential
biases introduced by confounding factors were controlled by several
methods: matching, modeling and exclusions. Confounding may be
assessed by comparing the unadjusted risk ratio with the stratum
specific risk ratios or, in the logistic regressions models,
comparing the -2 log likelihood ratio for the model containing only
the intercept and the exposure variable to that for the medels
containing the variables of interest. 1If the risk ratios or the

-2 log likelihood ratios differ substantially, the factor is a
confounder. No substantial confounding was observed in this data

set. Although age is a strong predictor for there was little or no
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change in the coefficient of the exposure variable when age was

added to the regression model.

Matching

Although in this analysis the matching was broken, the goal of the
study was to collect examination data from workers and referents
who matched each other by age, race, gender and socioceconomic
status. BAs described, matching was successful for nearly 78% of
the examined workers and for 84% of the examined referents.
Theoretically, given the preponderance of matched pairs who were
examined, the unadjusted analysis was influenced by the matching
factors. A comparison of selected characteristics of the matched
{N=432) and unmatched populaticns (N=109) was not different (Table
35). The propertion of cases of peripheral neurcpathy for the
upper or lower limbs did not differ significantly between workers
and referents, whether a matched or unmatched analysis was
conducted. Mean serum 2,3,7,B-TCDD was not different for matched

or unmatched workers.

Exclusions

A total of 41 workers and 28 referents were excluded from the
analysis of the upper limb and 41 workers and 29 referents were
excluded from the analysis of the lower limb. The criteria for

exclusion of study participants were established prior to the
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analysis and were designed to remove from the analysis only those
people who had conditions which were strongly associated with
-peripheral neuropathy in the absence of exposure to 2,3,7,8-TCDD.
However, at least three of the exclusionary criteria were based on
conditions which have been putatively associated with 2,3,7,8-TCDD,
that is, abnormal glucocse tolerance tests, multiple myeloma, and
vascular disease (strokes). The number of individuals with strokes
was too small to produce meaningful results. Therefore, logistic
regression models were built with and without individuals with
diabetes only. The results of the models which included workers
and referents with diabetes were eguivalent to the models which
excluded participants in those categories. Exposure to
2,3,7,8-TCDD as measured by serum 2,3,7,8-TCDD level was not
related to peripheral neuropathy controlling for age at examination
and diabetic status. Therefore, the exclusion of individuals with

diabetes did not influence the exposure disease relationship.

Power

As described, the predicted power of the study to detect a higher
prevalence of peripheral neuropathy was based on an 18 percent
increase in reduced pinprick sensation among former TCP workers
with chloracne compared to TCP workers without chloracne (Moses et

al, 1984). However, there were no other neurclogic findings in
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excess in the study group. Given the number of workers and
referents in our study, the power was 100 percent to detect a

-two-fold elevation in loss of pinprick sensation.

Conclusion

The data presented in this report showed that exposure to
2,3,7,8-TCDD caused no excess chronic peripheral neuropathy in a
group of exposed workers compared to unexposed referents. Although
the workers were tested from 15 to 37 years after exposure
terminated, serum 2,3,7,8-TCDD levels obtained concurrently with
the neurologic examination revealed levels as high as 3390 ppt.
The highest estimated level was approximately 34,000 ppt which was
consistent with the levels observed in Seveso residents who lived
in the region of highest contamination and whose serum 2,3,7,8-TCDD
level was measured within a year after the accident. There was no
dose-response relationship between serum 2,3,7,8-TCDD levels
present at the time of the examination and the occurrence of

peripheral neurcopathy in this previously exposed population.
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TABLE 1: Potential Methods of Exposure to Dioxin snd Dibenzofuran
Conteminants

1. Manufacture of chlorinated phencls (dioxin contaminant)

2. spraying of herbicide 2,4,5-T (dioxin contaminant)

3. Production of hexachlorophene from 2,4,5-trichiorophencl (dioxin
conteminant)

[ Pentachtorophenol used as fungicide and wood preservative
{hexa-, hepta- and octa-chlerineted dibenzodioxin conteminants)

5. Transformer end heet exchange fluids (PCBs)

6. Heating PCBs in transformer fluid (diexins, dibenzofurans)

7. Investment casting (PCBs, terphenyls)

B. Burning of pentachlorophenol or 2,4,5-T-treated wood or brush
tdiaxins, dibenzofurans)

9. Municipal incineraters burning orgencchlorine refuse (dioxins,
dibenzofurans)

10. Eating fish with high levels of dioxin or dibenzcfurans

(concentration 1n aguatic ecosystems)

From: ©Dunigan, WG: Cutanecus signs of toxicity due to dioxins. J Am

Acad Dermatol 10:688-700, 1984 (with permission)
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TABLE 2: Case Reports of Meurologic Effects Among Individuals Occupationally
Exposed to 2,3,7,8-1TC0D Contaminated Materials

EXPOSURE® STUDY POPULATION NEURCLOGIC FINDINGS REFERENCE
Precursor & re- Four employees Subject reports Ashe & Suskind,
action products involved in cleanup after Hendaches 1950
of TCP process, explosion or worked wWith Weck, back pain
TCP, NaCH equipment used prier teo Lower timb pain

explosion studied 6 mos, Vertigo with vomiting
Tetrachlorobenzene & 1 yr. after explosion Insommia, nervousness
1949 Fatigue

Foot numbness
{West virginia)

Examination Report

Normal physicals (N=3)

reduced musclie strength (N=1)

Myperactive deep tendon
reflexes. Reduced or

absent sensory ability. Myelin

sheath & fiber destruction of

sural nerve

TLP 31 production Symptoms Reported: Kimmig, &

2,4,5-1 workers Tiredness {(N=3) Schultz,
with chloracne Headaches (K=5) 1957

1953-1954 Arm & Leg pain (N=6)

(Hamburg, Germany) Signs Reported:

Polyneuritis (N=1)
Encephalomyelitis (N=1)
Reduced reflexes (N=1)
Hearing disturbances (N=1)

Tep, 2,4,5-7 73 male volunteers Leg fatigue (2.7%) Poland et al,
2,4-D in production, Headaches {(N=8) 1971

HCB maintenance, Heparing loss (N=6)

Explosion in (960 office areas Decreased proprisception (N=2)
Daily exposure +Decreased Achilles tendon
1951-196% reflex (N=3)

(New Jersey) Reduced smell (N=1)

®1CP= 2,4,5-trichlorophenct; 2,4,5-T= 2,4,5-trichlorophenoxyacetic acid; PCP =
pentachlorophencl; 2,4-D = 2,4-dichlorophenoxy acetic acid
HCB= hexachlorobenzene: WaDH= Sodium hydroxide
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TABLE 2: (continued)
EXPOSURE® STUDY POPULATION NEUROLOGIC FINDINGS REFERENCE
11 persons 16 workers with chloracne Subject reports Suskind
exposed after due to exposure during TCP Fatigue et al, 1953

explosion of TCP
reactor 3/8/74%

25 persons
exposed during
production of TCP
and 2,4,5T
1948-1953

(West Virginia)

reactor explosion or during
normal production of TCP

and 2,4,5-T
Age range = 22-63
Mean age = 36

Nervousness (N=8)

Lower back &

limb pain (N=9)

vertigo (N=3)

Parathesia (N=1)
Intolerance to cold (N=3)
Loss of libido (N=2)

el
Tce

871948 - 2/1949

Nordheim Westfalen
{West Germany)

{0 men in PCP
& experimental TCP
TCP production

Subject reports Baader &
Pain & Bauer, 1951
weakness in lower

limbs

87¢p= 2,4,5-trichlorcphenal; 2,4,5-1= 2,4,5-trichlorophencxyacetic acid; PLP =

pentachlorophenol




119

TABLE 2: {continued)
EXPOSURE® STUDY POPULATION NEURDLOGIC NEUROLOGIC FINDINGS REFERENCE
EVALUATION
1CP 31 employed in TCF & EHG Subject reports Bauer,
2,4,5-7 2,4,5-7 production EEG Tired & weakness in Schultz,
Namburg Follow-up conducted Rest of exam proximal (eg muscles Spiegelberg,
Before L3671 due to residual not described Headaches, dizziness 1961

chloracne, centinual

(West Germany) "Neuromuscular weakness®,
vasovapal disturbances,
psychologicatl disturbances®
5 yrs. after first exam

orthostetic collapse
Decreased [ibido
Increased irritability
Depression

Examination results

Parathesia (N = 2)

Reduced sensory ability &
epicritic disturbances in lower
Limbs (N = 2)

Abnormal EEG (N = 6).

Qverexcitability, hand trembling

Increased sweating of hands,
ieg & underearm sweating;
Ingdication of Chvostek’s Sign

Mo orthostatic colliapse

No paresis, muscle atrophy or
absence of reflexes.

No nerve damage (EMG).

Psychological disturbances

Change in sleep habits, mood

Depression & enxiety

81cp= 2,4,5-trichlorophenol; 2,4,5-T= 2,4,5-trichlorophencxyacetic acid; PCP =

pentachlorophencl
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TABLE 2: {continued)

EXPOSURE® STUDY PCOPULATION NEUROLOGIC FINDINGS REFERENCE
TCP 42 BASF production Symptoms in 7 wWorkers Goldman,
2,4,5-7 workers with chleracne with chloracne: 1973
1953 Nyperflexia, hyperalgesisa

Fatigue of legs
(Ludwigshafen, Paresis of N. olfactorius
Germany) Disseminated encephalitis

Reduced sensory & motor
coordination of distal seg-
ments of arms and legs

Altered sense of smell, taste
& hearing loss

Hypotonia of extremities

Tce 55 TCP & 2,4,5-T Subject reports Jirasek
2,6,5-1 workers et al,
followed from Pain under RT Costal Arch 1974
19465- 1968 1969-1973 Headaches; sweating
Unspecified CNS symptoms (N=17)
{Czechoslovekia) CNS + PNS abnormalities (N=4)

Lower limb PN5 abnormality
determined by EMC (N=L3)
Fatigue & weakness of lower limbs

Psychologic expm results:
50% = normat

21% = borderline

27X = abnormal

2% = distinctly abnormel

Bycp= 2,4,5-trichlorophencl; 2,4,5-T= 2,4,5-trichlorophenoxyacetic acid; PCP =
pentachlorophenol
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TABLE 2: (continued)

EXPOSURE® STUDY POPULATION NEUROLOGIC FINDINGS REFERENCE

Pure 3 leboratory Subject A: No signs Oliver, 1975
2,3,7,8-TCDD workers or symptoems reported

1970 Subject B:
Hesdaches

(England) Lloss of viger
Mood changes
muscle coordination
Blurry vision
Fatigue

Subject C:

Loss of concentretion,

Reduced taste

Changes in visual field

Sleeping difficulties

Transient superficial
thigh pain

TCP 4 year follow-up Repeated neurclogic exams Pazdercva-
2,4,5-7 5% of TCP indicated a decrease VYejlupkova

production X of normal examinations; et al,1981
1965-1968 workers increase in poliyneuropathy

fFollow-up in & encephelopathy
{C2echo- 1973-1979
slovakia) -9X showed improvement

over time

2 1cp= 2,4,5-trichlorophenol; 2,4,5-T= 2,4,5-trichlorophencxyacetic
acid; PCP = pentachlorophensl
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Table 6: Concentration of 2,3,7 ,8-TC0D in Human Adipose Tissue snd Serum from
Individuals with Potential Exposure to 2,3,7,8-TCDD.

# of
Years Since Mean Range
Population -Exposure N (ppt) (ppt} REFERENCE
Factory Workers
Missouri, USA, 1985 14 9 245 67-978%  patterson et al., 1989
FRG 1-34 45 .- 8-2252° Beck et al., 1989
Missouri & NJ 15-37 135 .- 2-3389 Sweeney et al., 198%
vVietnam Veterans
U.S. Air Force 15-20 147 49 3-3132  Jolfe et al., 1988
U.s. Army 15-20 646 4 ND-45%  cDC, 1988
Residential
Seveso, ltaly <1 10 -- 1772-2782139  Mocarelli et al., 1988
Rissouri 15 16 27 5-59¢  Andrews et al., 1989
Others .
Horse Arenas 15 16 145 5-557 Andrews et al., 1989
Waste Haulers 15 10 12 4-26 Andrews et al., 1989

8 Serum on a lipid basis

b Adipose tissue on lipid basis
© adipose tissue
ND=nondetectable
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TABLE 7: Limits of Electrophysiclogic and Quantitative Sensory
Tests for Determination of Cases of Peripheral Neuropathy

Measyre Case Limit value
Latency
Median Motor-Distal > 10.64°
Median Sensory-Distal 2 416
Median Sensory-Proximal > 9.68
Ulnar Sensory > 3.36
Peronesl Sensory-Distal > 6.16
Surel Sensory > 4.56
Fuave > 58.40
Amplitude (mV)
Median Motor = 4589
Median Sensory < 6.46
Ulnar Sensory = 4£.39
Peroneal Motor < 879
Sural Sensory < 3.59
Nerve Cenduction Velocity (m/sec)
Median Motor  47.32
Median Sensory-Distal < 35.49
Median Sensory-Proximal < 47.95
Ulnar Sensory < 40,54
Peroneal Motor < 37.25
Sural Sensory ’ < 357
Vibration thresold (V)
Index Finger > 2.073
Great Toe > 9.175
Thermal Threshold (°C)
Index Finger > 2.012
Great Toe > 2.5875

8 Case timit values were based on the 5th percentile for the
referents from New Jersey and Missouri cohorts combined for nerve
conduction velocities snd amplitude measurements and on the 95th
percentiles for the referents from both piants for latency, vibration
and thermal thresholds.



130

TAEBLE 8: Vital Status of Worker Population Tergeted for
Participation in the Cross-sectional Medical Study

New Jersey Missouri Jotal

¥o. (%) No. (%} Ho. (%)
Total 490 (100.0) 86 (100.0) 584 (100.0)
Alive 318 ( 64.9) B2 ( B5.4) 400 (68.3)
Deceased 132 ¢ 26.9) 10 ¢ 10.4&) 162 ( 24.2)

Not Located 40 ¢ B8.2) 6 ( 4.2) &6 ¢ 7.5)




131

TABLE 9: Participation of Worker Population in the
tross-sectional Medical Study

New Jersey Missouri Yotrsl
No. _ (%) No. (%) Mo. (%)
Total Known Alive 3188 100.0) 82 (B5.4) 400 (68.3)
Interviewed and 222 { 69.8) 59 (72.0) 281 (70.3)
Examined
Interviewed OntyP 63 { 19.8) 1% (19.5) 79 (19.8)
Refused® 28 ( 8.8) 7 (8.5 35 ¢ 8.8

Two workers were not contacted for participatien in the study
becguse they Lived outside the United States; three workers did
not participate because they were unable to travel due to
disabilities.

Participated in the in-home interview but refused to participate
in the examination,

Refused to participate in the in-home interview and the
examination.
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TABLE 10: Participation of Referent Population in the

Cross-sectional Medical Study

New Jersey Missouri Jotal

NO. (%) No. (%) Wo. (X)
Total lnvited 808 {100.0) 130 (100.0) 938 (100.0»
Total Interviewed 252 ( 31.2) 73 ( 56.2) 325 ( 34.5)
Total Examined 204 ( 25.0) 56 (43.1) 260 ( 27.5)
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TABLE 19: Selected Cheracteristics of Examined Workers and

Referents
Morkers Referents
(N=281) (N=260)

Age?® (yrs) (Rsnge) 55.4 (33-84) 56.0° (31-78)
Raceb x)

White 8%.0 89.9

Black 10.7 9.6

Asian D.3 1.5
Sexb ()

Male 95 93

Female S 7
Education® (%)

1-8 years 9.2 8.1

9-12 years 46.6 44.2

Vocational Training 8.5 9.2

Some College 35.6 18.5
Income® (x)

less tham 10,000 9.9 10.4

10,000 - 19,999 17.8 17.7

20,000 - 29,959 18.5 19.2

30,000 - 39,999 17.8 14.2

40,D00 - 49,999 1.4 14.6

50,000 or greater 23.8 20.0

Refused 0.7 2.3

Current Alcohecl Btatusa3(x

Never Drank B.2 13.1
Former Drinker 27.4 23.5
Current Orinker 641 63.1
Unknown 0.4 0.4

Lifetime Alcohcl Consumptionc

45.5 72.1
Height (cm)® 173.4 173.2
(Range) (150-199) (146-193)

® )No statistically significant differences based on Student’s t-test.
b o statistically significant difference for any variable based on
chi-square test. © Lifetime Alcohol Consumption: Equivalent to one
drink per day for number of years drank alcohol. Statisticatly
significant based on student‘s t-test of log transformed varisble
(Workers Mz255, Referents Nz222).
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TABLE 12: Percent and Number of Workers and Referents
Excluded from Analysis of Peripheral Weuropathy

Workers Referents
Cause for {(N=281) {N=260)
Exclusien No. (%) No.(%)
Diabetes 27 (9.6) 16 (6.2)
Neurotoxic® 6 (2.1 4 (1.5)
Medication
Stroke 8 (2.9 9 (3.5
Other 6 (2. 1) 4 (1.2
Cenditions
Missing Data - 1 (0.4
Total Exclusionsd.® 43 (15.3) 30 (11.2)

2 pilantin, Hydralazine, Dapsone & Phenytoin

b Uncooperative during exam (N=3); Parelysizing spinal cord
injury {(N=1); elbow deformity (N=1) {excluded only from
analyses of upper limbs); ankle deformity (N=1) (excluded only
from analyses of lower limbs)

€ Multiple myeloma (N=1): Charcot-Marie-Tooth Syndrome

{(N=2); Both legs & perves damaged in accident (N=1) (excluded
only from analyses of {(ower limbs)

d total does not egual sum of columns., Some individuals are
included in more than one exclusion category.

€ No significant difference in proportion of workers and
referents excluded from anmalysis.
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Workers and Referents Meeting the Case Definition®
for Peripheral Neuropathy and Odds Ratios

Workers Referents Unadiustedb Adjustedcﬁd

No. (%) No. (%) DR (90% CL) OR (95% CL)
Upper Limbs 43 (17.9) 46 (18.9) 0.9 (0.&) 1.1 (0.6)
Lower Lower 44 (18.3) 44 (19.1) 1.0 (0.7} 1.0 (0.8

Case definition: At least one electrophysiologic measurement

outside case [imit value, plus one abnormality detected in the
Neurclogical Exam, Quantitative Sensery Tests or 2 systems

78% of examined study group was matched

€ oOne-sided 95% Confidence Limit (Lower fimit)
Adjusted for covariates included in the logistic regression model:

age, race, sex, alcohol consumpticn, other neurotoxic exposures,

ather injuries and conditions
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TABLE 14: Mesan Severity Score for Workers and Referents with
Peripherel Weuropathy

Workers Referents
Upper Lower Upper Lower
Number of Cases 43 &4 bé 1]
Keen Severity Scare? 5.1 8.6 6.4 B.7
Range 2-13 2-308 2-16 2-34

8Mean is mot statistically significantly different
based on Student’s t-test




TABLE 15: Cases of Peripheral Neuropathy of the Upper Limb

Stratified by Selected Variables

Workers Referents Weighted
No. (%) No., (%) OR 95% Cl
Plant
New Jersey 33 { 18.0) - -- -- -
Missouri 10  17.5) - -- -
Age
30-4% ] ( 6.5 7 ( 8.9)
50-5% 12 { 28.6) 10 (21.33
56-62 8 (16.3) 716.3)
63-69 10 ( 23.83 9 (22.03
70 + 7 (¢ 50.0) 11 (50.0) 1.1% 0.7, 1.79
Race
White 41 ( 19.2) 37 (17.8)
Black 2 ¢ 7.7 7 (29.2) 0.93 0.6, 1.5
Sex
Msle 43 $100.0) 42 (%5.5)
Female ] - 2 ( 4.5) 0.93 0.6, 1.5
Lifetime Alcoheol Consumptioen
<1-1.% 5 ( 17.2) 2 (11.1)
2-16 9 ( 12.0) 10 (15.6)
17-48 @ ( 16.7) 11 (26.2)
49-202 9 ( 18.8) 1" 18.0)
203+ 7 ( 53.9) 4 (23.5) 1.08 0.6, 1.6

8summary odds ratic, Cochran-Mantel-Haenszel test
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TABLE 1é: Cases of Peripheral Neuropathy of the Lower Limb
Stratified by Selected variables

Workers Referents Weighted
No. (%) No. (%) OR P5% Cl

PFlant

New Jersey 35 19.1) -- -- -- -

Missouri 9 ( 15.8) -- -- -- --
Age

30-48 g 1. 8 (11.1)

49-52 10 ( 25.6) 3 (10.3>

53-56 8 (23.5 6  (17.4)

57-62 7 (23.3) 6 (18.5)

63 + 10 ¢ 17.9) 21 (33.3) 1.0% 0.6, 1.6
Race

wWhite 39 ( 18.2> 38 18.2>

Black 5 (192 6  (26.1y 1.038 0.6, 1.5
SeXx

Male 44 (100.0y 42 (95.5)

Female 0 2 4.5y 0.9% 0.4, 1.5

Lifetime Alcohol Consumption

Never drank Z ( 10.0) 8 (28.6)
<1-2 6  17.1) 3 (11.5)
3-16 10 ( 14.3) 12 (21.4)
17-43 g (20.0) 9 (21..
44-86 ?  C23.8 4 {11.4)
87+ 8 (25.8) B8 (18.6) 1.0® 0.6, 1.6

8summary odds ratio, Cochran-Mantel-Haenszel test
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TABLE 17: Disposition of Serum Samples for Messurement of
2,3,7,8-Tetrachlorodibenzo-p-dioxin

Workers Referents

{(N=281) (N=260)
Measurements Above LOD 262 75
Measurements Below LOD 10 24
Serum Mot Obtained L4 161

Abbreviation: LOD=Limit of Detecttion
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TABLE 18: pifference in Serum 2,3,7,8-Tetrachlorodibenzo-
p-dioxin Calculetions With and Without Workers and
Referents With Levels Below the Limit of Detection

{LOD)}
Workers Referents

With Without With Without

LOD L OD LOD LOD
Number of Samples 272 262 85 75
in Mean
Arithmetic Mean® 211 219 7 8
Kedian 68 74 é -]
Range (2 - 3350) (2 - 200
Geometlric Mean b4 67 -] 7

® p«<.,0001 comparison of worker and referent levels based on
Student‘s t-test of log-transformed values
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TABLE 19: Serum 2,3,7,8-Tetrachlorodibenzo-p-dioxin Levels
(ppt) in Workers and Referents

Workers Referents

(K=272) (N=Eb)
Arithmetic Mean? 21 7
Median 68 6
(Range) 2 - 33%0) (2 - 20
Geometric Mean 64 [

9 p<.0001 based on Student’s t-test of log transformed
mean values
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TABLE 20: Comparison of Serum 2,3,7,8-Tetrechlordibenzo-p-dioxin Levels
(ppt) in Workers without Peripheral Neuropathy with Workers
Meeting the Casce Definition for Peripheral Weuropathy of the
Upper and Lower |imbs

Peripheral Peripheral Without
Weuropathy Neurocpathy Peripheral
of of Neurapathy

Upper Body Lower Body Upper Lower
Total 43 b4 197 196
valid 61 43 194 192

Megasurements

Arithmetic Mean? 219 102 164 190
Median 84 34 59 76
Range (4 - 2100} (3 - 722) (2 - 2058) (2 - 2100y
Geometric Mean 72 41 58 66

3 p is not statistically significantly different based on Student’s t-test

of log transformed means
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TABLE 21: pistribution of Serum 2,3,7,8-7C0D
(ppt) in Workers by Case Status

Cases Noncases
NO. (%) No.  {X)
Upper Limb
o0 - 19 10 (14.9) 57 {B85.7)
20 - 57 &  (16.7) 40 (83.3)
58 -123 8 (20.0) 32 (80.0)
124-307 8 (17.0) 319 (83.0)
108+ 7 (21.2) 26 (7B.&)
Lower Limb
0 - 19 15 (22.4) 53 (77.6)
20 - 3¢ 7 (2.1 22 (75.9)
35 - 72 7 (25.93 20 (74.1)
73 -152 7 (16.8} 35 ¢831.3)

153+ 7 (10.0) 63 (90.0)
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TABLE 2Z: Coefficients in the Final Multiple Logistic
Regression Model for Cases of Peripheral Neuropsathy
of the Upper Limb

varisble Bets Stendard Chi-Squsare p-value
Error

Intercept?® -5.326 0.784 46.15 0.000

2,3,7,8-1C00 -0.0001 0.0004 0.06 0.802

Age et exam 0.061 0.013 21.34 c.001

Lifetime Alcohol
Consumption 0.002 o.oM 3.13 0.077

Other Conditionst 0.457 0.253 3.26 0.071

\

8 sample size = 462 observations
Composite variable includes a positive history of at
least one of the following: head injury with loss of
consciousness, carpal tunnel synmdrome, sciatica, surgery
on spine, slipped disc, arthritis and rheumatcid
arthritis,
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TABLE 23: Coefficients in the Fimal Muitiple Logistic
Regression Model for Cases of Peripheral Neuropathy
of the Lower Limb

Varjable Beta Standard Chi-Square p-value
' Error

Intercept? -4, 867 1.003 23.5¢4 0.000

2,3,7,8-TC0D -0.002 0.001 4.46 0.035

Age at exam 0.040 0.012 11.36 0.001

Sex 1.333 0.747 3.19 0.052

{(O=Male,

T=female)

@  sSample size = 461
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TABLE 24: Stratum Specific Odds Ratios of Serum 2,3,7,8-7CDD
Levels for Cases of Peripherel Neuropathy of the
Upper and Lower Limb based on Multiple Logistic
Regression Models

OR 95% C1
Upper Limb
0 - 19 . - -
20 - 57 1.1 0.5, 2.5
58 -123 1.5 0.4, 3.7
124-307 1.1 0.5, 2.6
308+ 0.9 0.4, 2.8
Lower Limb
0 - 19 - - -
20 - 3¢ 1.4 0.5. 3.4
35 - 72 1.4 0.6. 3.5
73 -152 0.8 0.3. 2.1

153+ 0.4 0.1, 0.8
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TABLE 25: Coefficients in the Final Multiple Logistic
Regression Model for Cases of Periphersl Neuropathy
of the Upper ond Lower Limb Retaining Diabetes in the
Model as an Independent Variable

Upper Limb?
verisble Betn Standard Chi-sSquare p-value
Error

Intercept -4.BO4 0.716 44 .98 0.000
2,3,7,8-1coD -0.00003 0.0003 0.01 0.927
Age at exam 0.058 0.012 23.07 0.001
Diabetes 1.330 0.37¢ 12.32 0.001
Lower LimbP

Intercept -4.881 0.978 24.90 0.000
2,3,7,8-1C0D -0.0008 0.0004 2.97 0.08B5
Age at exam 0.03% 0.0 11.69 0.001
Sex (O=Male, 1.333 0.744 3.21 0.073

1=female)
Diabetes 0.97¢ 0.385 6.45 0.011

497
698

&  gcample Size
b Sample Size
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TABLE 26: VWorkers and Referents With Abnormal® Meurolegic Findings of the
Cranial Nerves as Identified in the Neurologic Examination

Workers Referents
sample Sample uUnadjusted®

Size Wo. (X} Size No. (%) OR 95% ClI
smeil, RTD 239 24 (10.0) 231 19 (8.6) 1.3 (0.7, 2.3)
Smell, Ltb 239 23 (9.6) 231 26 (11.8) 0.8 (0.5, 1.5
Viswal Field, RT 237 2 (0.8 230 5 (¢2.2) 0.4 ¢0.1, 1.9
visual Field, LT 237 2 (0.8) 230 2 (0.9 1.0 ¢0.1, 7.0»
Optic Disc, RT 229 0 (4.6) 224 0 (3.5 - -
optic Disc, LT 224 0 (6.3 220 0 (4.0 - -
Light Reaction, RT 239 1 {0.4) 221 ; - - -
tight Resction, LT 239 0 - 220 0 - -
Ptosis, RT 239 2 (0.8 231 5 2.1 b6 (0.7, 1.9
Ptrosis, LT 239 2 (0.8) 231 3 0.5 .6 (0.1, 3.8
Occular Mobility, RT 238 2 (0.8) 229 © - -
Qcculer Mobility, LT 238 I (1.3 229 0 - -
Nystagmus, RT 212 0 - 230 & (2.& -
Nystegmus, LT 239 1 (0.4} 230 & (2.8) 0.2 ¢0.1, 1.0»
Jaw Strength 236 1 (0.4 226 - -
Jaw Jerk 239 11 (4.6) 231 8 (3.5 1.4 (0.5, 3.4)
Corneal Reflex, RT 23 5 (2.1) 230 5 (2.2) 1.0 (0.3, 3.4)
Corneal Reflex, LT 239 & (1.7} 23 4 (1.7 1.0 (0.2, 3.9
Facial Muscles, RT 21¢ 3 (1.3 231 I (.3 1.0 (0.2, 4.8
Facial Muscles, LT 239 1 (0.4} 231 6 (2.6) 0.2 (0.1, 1.1)
Palate Motion, RT 239 0 - 230 2 (0.9) - -
Palate Motion, LT 239 0 20 1 (0.4) - -
Accessory Nerves, RT 238 0 231 1 (0.4) - -
Accessory Nerves, LT 238 0 21 1 (0.4) - -
Tongue Meotion, RT 239 1 (0.4) 231 1 (0.4) 1.0 (0.1, 35.7)
Tongue Motion, LT 23¢9 0 - 231 1 (0.4) - -
Kead Flexors, RT 240 0 - 23 2 (0.9 - -
Head Flexars, LT 240 0 - 23 e (0.9 -
Head Extensors, RT 240 0 - e 1 0.4y -
Heed Extensor, LT 240 0 - 231 1 (0.4) - -
Other Cranial 2319 2 (0.8 2N 4 (1.7 0.5 (0.1, 2.6)

Nerve Conditions

8 g5 determined by examing neurclogists
b Abbreviations: RT = right, LT = left
€ 78X of the examined study group was matched
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Upper Limbs as ldentified in the Neurologic Examination
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Workers and Referents With Abnormal® Neurologic Findings of the

Workers Referents
Sample Sample - Unadjusted®
Size No. (%) Size No. (%) ORr 95% €I

Muscle Strength

Deltoids, RTP 240 1 {0.4) 23 2 (0.9 0.5 (0.1, 5.1)

Peltoids, LTP 240 1 (0.4) 232 2 (0.9 0.5 (0.1, 5.1)

Biceps, RT 240 1 (0.4} 231 2 €0.9) 0.5 (0.1, 5.1

Biceps, LT 240 3 1.2} 231 2 (0.9 1.5 ¢0.2, &8.7)

Triceps, RT 240 1 (0.4) 231 2 (0.9 2.5 ¢0.1, 5.1

Triceps, RT 240 1 10.6) 232 1 (0.6 1.0 (0.2, 15.7)

Brachieoradialis, RT 240 1 (0.4) 231 1 (0.4) 1.0 (0.1, 15.6)

Brachioradialis, LT 240 2 (0.8 232 1 (0.4) 2.0 (0.2, 20.8)

Wrist Extensor, RT 240 1 (0.4} 231 0 - -

Wrist Extensor, LT 240 T (0.4) 232 2 (0.9) 0.5 (0.1, 5.1)

Wrist Flexors, RT 240 0 - 231 2 (0.9 - -

wrist Flexors, LT 240 ] - 232 4 (1.7 - -

Opponens Poliicis, RT 240 1 (0.4) 231 6 (2.8) 0.2 (0.1, 1.0

Opponens Pollicis, LT 240 2 (0.8) 230 7 (3.0) 0.3 (0.1, 1.2

Interossel, RT 240 0 231 3 (1.3 - -

Interossei, LT 240 0 - 232 5 (2.2) - -

Finger Extensors, RT 240 0 - 231 3 (1.5 - -

Finger Extensors, LT 240 1 (0.4} 232 5 (2.2) 0.2 (0.3, 1.3}
Position

Index Finger, RT 240 2 (0.8 232 2 (0.9 1.0 (0.1, 7.0)

Index Finger, LT 240 3 (1.3 232 & (2.6) 0.5 (0.1, 2.0
Vibration

Index Finger, RT 240 6 (2.5) 230 1.3) 2.0 (0.5, 8.3

Index Finger, LT 240 2 (0.8 231 (1.3 0.6 ¢0.1, 4.0}

Head of Radius, RT 240 3 1.3 232 1.7) 0.7 (0.2, 4.0)
Reflex

Biceps, RT 240 75 (31.3) 232 71 (30.5) 1.0 (0.7, 1.5)

Biceps, LT 240 73 (30.4) 232 71 ¢(30.5) 1.0 (0.7, 1.5
Light Touch

Index Finger DD, RT 240 8 (3.3 232 8 (3.1) 1.0 ¢0.4, 2.6)

Index Finger DD, LT 240 6 (2.5) 232 12 (5.2) 0.5 (0.2, 1.3

Index Finger PD, RT 240 1 (0.4} 232 1 (0.4) 1.0 ¢0.1, 15.7)

Index Finger PD, L7 240 2 (0.8) 232 2 (0.9) 1.0 (0.1, 6.70

2 ps determined by examing neurologist

b pbbrevistions: RT

right, LT

left

€ 78% of the examined study group was matched
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Workers Referents
Semple Sample Ynedjusted®
Size WNo. (%) Size No. (X) OR 95X C1I
tight Teuch (cont d)
Wrist Dorssl PD, rTb 240 1 (0.4} 232 1 (0.4) 1.0 (0.1, 15.7)
wrist Dorsal PD, LTP 240 0 - 232 0 . . .
Forearm-mid, RT 240 O - 232 1 (0.4) - -
Forearm-mid, L7 240 0 - 232 1 (0.4) - -
Biceps Tendon, RT 260 O - 232 1 (0.&) - -
Pinprick
Index Finger DD, RT 240 e2 (9.2) 232 20 «(8.6) 1.1 ¢0.6, 2.0}
Index Finger DD, L7 23¢9 ¢ (3.8) 21 8 (3.5 1.1 (0.4, 2.9
Index Finger PD, RT 240 10 (4.2) 232 7 (3.0 1.4 (0.5, 3.7
Index Finger PD, LT 240 9 (3.8) 232 16 (6.0) 0.6 (0.3, 1.4
Wrist, RT 240 15 (6.3) 232 18 (7.7 0.8 (0.4, 1.6)
wrist, LT 240 28 (11.7) 232 17 (7.5) 1.7 (0.9, 3.1)
Midforearm, RT 240 18 (7.5) 232 9 (3.9 2.0 (0.9, 4.5)
Midforearm, LT 240 17 (7.1) 232 10 ¢6.3) 1.7 (0.8, 3.8
Biceps Tendon, RT 240 6 (2.5) 232 4 (1.7) 1.5 (0.4, 5.2)
Tremors
Hands at Rest, RT 240 2 {0.8) 231 1 {0.4&) 1.9 (0.2, 20.7)
Hands at Rest, LT 240 4 (0.8) 232 1 (0.4) 2.0 (0.2, 20.8)
Hands Outstretched, RT 240 20 (8.3) 231 16 (6.9 1.2 (0.6, 2.4)
Hands Outstretched, LT 240 18 (7.5) 232 16 (6.9) 1.1 (0.6, 2.2}
Finger to Nose, RT 240 25 (10.8) 231 24 (10.3) 1.0 (0.6, 1.9y
Finger to Nose, LT 240 31 (12.9) 232 27 (11.6) 1.1 ¢0.7, 2.0)
Head of Radius, LT 240 “@ (1.7y 232 3 (1.3 1.3 (0.3, 5.%)
Coordination
Rapid Hand 240 & 1.7y 23 10 (4.3) 0.4 (0.1, 1.2»
Rotation, RT
Rapid ¥end 240 g (3.3) 23 12 (5.2) 0.6 (0.3, t.8)
Rotation, LT
Index Finger 240 3 (1.3 234 5 (2.2) 0.6 (0.1, 2.4)
to Thumb, RT
Index Finger 240 & (1.7 232 6 (2.6) 0.6 (0.8, 2.3
te Thumb, LT
Biceps Tendon, LT 240 T (2.9) 232 0 W - -

B ac determined by examing neurologist
RT = right, LT = Left, PD = proximal dorsal, DD
€ 78% of the exsmined study group was metched

b abbreviations:

= digtal dorssl
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Lower Limbs as ldentified in the Neurclogic Examination

Workers and Referents With Abnormal® Neurologic Findings of the

workers Referents
Sample sample Uneadjusted®
Size No. (X} Size No. (%) OR 95% CI
Muscle Strength
Wip Flexors, RTD 240 2 (0.8) 211 2 (0.9 1.0 (C.1, 6.9
Hip Flexars, LTP 240 2 (0.8 231 I (.n 0.6 (0.1, 3.8
Knee Extensors, RT 240 2 (0.8 23 4 (1.1 0.5 (0.9, 2.%)
Xnee Extensors, LT 240 1 (0.4) 231 & (2.6) 0.2 (0.2, 1.0y
Knee Flexors, RT 240 5 (2.1 21 & (1.7 1.2 (0.3, &.8
Knee Flexors, LT 240 2 (0.8) 231 6 (2.8) 0.3 (0.1, 1.5
Feet Flexors, RT 240 2 (0.8) 2N 2 (0.9, 1.0 (0.1, 6.9
Feet Flexors, LT 240 3 .3 231 5 (2.2) 0.6 (0.7, 2.4
Toe Flexors, RT 240 10 (4.2) 2 7 (3.0) 1.4 (0.5, 3.7
Toe Flexors, LT 240 14 (5.8) 231 10 (4.3 1.4 (0.6, 3.1
Position
Great Toe, RT 240 12 (5.1 23 10 (4.3) 1.2 (0.5, 2.8
Great Toe, LT 239 g (3.8) 2M 8 (3.5 1.1 (0.4, 2.9)
Vibration
Great Teoe, RT 240 92 (38.3) 231 89 (38.5) 1.0 (0.7, 1.4&)
Great Toe, LT 240 86 (36.00 231 $0 (39.0) 0.9 (0.6, 1.3)
Lateral Malleolus, RT 240 46 (19.2) 231 40 (17.3) 1.1 (0.7, 1.8)
Lateral Matleolus, LT 240 45 (18.8) 231 45 (19.5) 1.0 ¢0.6, 1.5
Reflex
Quadriceps, RT 240 76 (31.7) 231 73 (31.6) 1.0 (0.7, 1.5
Quadriceps, LT 240 T (29.6) 231 73 (31.6) 0.9 (0.6, 1.4)
Achilles, RT 240 111 (46.3) 231 97 (42.0) 1.2 (0.8, 1.7
Achilles, LT 240 104 (43.3) 231 103 (4i.6) 1.0 (0.7, 1.4}
Tremors
Heel to Shinm, RT 240 27 (11.3) 231 18 (7.8) 1.5 ¢0.8, 2.9)
Heel to Shinm, LT 240 31 (12.9) 23 23 (10.0) 1.3 (0.8, 2.4)
Pinprick
Great Tce DD, RT 240 48 (20.0) 20 40 (17.3) 1.2 (0.8, 1.9
Great Toe DD, LT 23e 24 (10,0) 231 27 (1.7 0.8 ¢0.5, 1.5
Foot Dorsal, RT 240 16 (6.7) 23 21 . 1) 0.7 (0.4, 1.4
Foot Dorsal, LT 240 16 (6.7) 231 13 (5.6) 1.2 (0.6, 2.6)

8 A5 determined by examing neurologist

B abbrevistions: RT =

right, LT = left

C 78% of the examined study group was matched
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TABLE 28: (continued)
Workers Referents
Ssmple sample unsdjusted®
Size Wo. (X Size No. (%) OR___ 95% CI

Pinprick (cont’d)

Lateral Malleolus, RT 240 14 (5.8) 23 23 ¢10.0) 0.6 (0.3, 1.%)
Lateral Maiteolus, 240 14 (5.8) 231 12 (5.2) 1.1 (0.5, 2.5)
Shin, RT 240 27 (11.3) 23 29 (12.6) 0.9 (0.5, 1.5
Shin, LT 260 31 (12.9) 231 33 (14.3) 0.9 (0.5, 1.5
Knee, R7 240 17 (7.1) 231 12 (5.2) 1.4 (0.7, 3.0)
Knee, LT 240 15 (56.3) 2M 10 (4.3) 1.5 (0.7, 3.3)
Light FTeuch

Great Toe DD, RT 240 9 (3.8) 233 117 (4.8) 0.8 (0.3, 1.9
Great Toe DD, LT 240 ? (3.8 23 8 (3.5 1.1 (0.4, 2.9)
foot Mid-dorsal, RT 240 2 (0.8 2351 5 (2.2) 0.4 (0.1, 1.9
foot Mid-dorsal, LT 240 5 (2.1 231 I (1.3) 1.6 (0.4, 6.8)
Lateral Malleolus, RT 240 0 (0.0) 231 4 (1.7 - -
Lateral Malleolus, LT 240 1 €0.4) 239 2 ¢0.9) 0.5 ¢0.1, 5.1
Mid shin, RT 240 I (1.5 23 B (3.5 0.4 (0.1, 1.3
Mid Shin, LT 240 3 (1.3) 231 7 ¢3.1) 0.4 (0.7, 1.5)
Knee, RT 240 1 (0.4) 231 4 (1.7) 0.2 (0.1, 1.8)
Knee, LT 240 / 4 (1.7) 231 4 (1.7 1.0 (0.2, 3.9)
Coordination

Toe Tapping, RT 240 10 (4.2) 231 12 (5.2) 0.8 (0.3, 1.9)
Toe Taepping, LT 260 15 (6.3) 230 17 (7.4) 0.8 (0.4, 1.7)
Staticn

Eyes Open 240 0 - 231 I (1.5 - -

Eyes Closed 240 4 (1.7 231 8 (3.5) 0.5 (0.1, 1.6)
Sudden Turn 240 2 (0.8) 230 8 (2.6 0.3 (0.1, 1.5}
Toe Walk 240 t (0.4) 230 11 (4.8) 0.1 (0.9, 0.4
Heel Walk 240 13 (5.4) 229 20 (8.7 0.8 (0.3, 1.2)
Tandem Walk 240 60 (25.0) 230 49 (27.3) 1.2 (0.8, 1.9)
Gait

Stiff Leg 240 & (1.7 230 5 (2.2) 0.7 (0.2, 2.9
Arm Swing 240 6 (2.5) 230 46 1.7y 1.5 (0.4, 5.2)
Sway 240 0 - 230 5 (2.2) - -
Broad Based 240 5 (2.2) 230 & (1.7 1.2 (0.3, &.5)
Foot bDrop 240 1 (0.4) 230 4 (1.7) 0.2 (0.1, 1.B)

® Ag determinad by examing neurologist
b Abbreviations: RT = right, LT = left
C 78X of the examined study group was matched
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TABLE 29: Unadjusted Means for Electrophysiclogic and Quantitative Sensory
Tests of the Upper Limb

uorkersd Referentsd
Sample® MeanP 95% C! sample®  MeanP 95% C!
Measure Size Size
Nerve Conduction Velocity
Median Motor 240 55.3 54.6, 56.0 232 55.0 54.5, 55.6
Median Sensory-D 239 48.9 48.0, 49.8 231 48.1 47.3, 49.0
Mmedian Sensory-pP 230 7.9 57.2, 58.6 230 57.5 56.8, 58.3
Ulnar Senscry 23¢% 51.0 §0.2, 51.8 232 51.5 50.7, 52.3
Amplitude
Median Motor 240 9734 9276, 10,192 232 10234 9790, 10,678
Median Sensory 239 18.8 17.8, 19.9 232 19.6 18.2, 20.9
Ulnar Sensory® 239 15.9 14.9, 16.9 232 15.5 14.4, 16.8
Latency
Median Motor-D€ 240 3.6 3.6, 3.7 232 3.7 3.6, 3.8
Median Motor-pt 240 8.7 8.8, 9.0 232 3.9 8.7, 9.0
Median Sensory-D¢ 239 3.0 2.9, 3. 232 3. 3.0, 3.1
Median Sensory-pC 230 8.0 7.9, 8.1 231 8.0 7.9, 8.1
Ulnar Sensory 239 2.5 2.4, 2.5 232 2.5 2.4, 2.5
Vibration Threshold
Index Finger®¢ 240 .10 11, 1A 232 1.1 1.0, 1.2
Thermal Thresheold
Index Finger® 240 0.8 0.7, 0.8 232 0.9 0.7, 0.8
Abbreviations:P=proximal, D=distal
a Sample sizes differ due to missing measurements and number of exclusions
b No significant difference between means of workers & referents using two sample
Student‘s t-test.
¢ Geometric mean for measurements with a log-normal distribution

78% of the examined study group was matched
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TABLE 30: Unadjusted Means for Electrophysiologic and Quantitative
Sensory Tests of the Lower Limb

Workersd Rg1erentsd
sample® Meanb sample® WeanD

Measure Size 95X CJ Size 95X €1
Nerve Conduction Velocity

Peroneai Motor 236 45.3 44.6, 66.1 230 45.3 b&.7, 45.%

Sural Sensory® 224 42.B 42.1, 43.4 221 43.0 42.3, 43.8
Anmplitude

Peroneal Motor 221 5411.2 5082, 5740 210 5651.3 5300, 6002

Surel Sensory® 224 12.8 11.8, 13.8 221 11.¢ 10.9, 12.9
Latency

Feroneal Motor-D¢ 236 4.5 £.3, 4.6 230 4.3 4.2, 4.4

Peroneal Motor-P¢ 236 1.7 11.5, 11.9 230 1.5 11.3, 1.7

Sural Sensory® 224 3.3 3.2, 3.4 221 3.3 3.2, 3.4
vibration Threshold

Great Toef 240 3.9 3.6, 4.2 231 3.5 3.2, 3.8
Thermal Threshold

Great Toe® 240 1.7 0.7, 0.9 232 1.2 0.6, 0.B

Abbrevigtions;P=proximal, D=distal

a Sample sizes differ due to missing measurements and number of exclusions
B wo significant difference between means of workers & referents using two
semple Student’s t-test.

¢ Geometric mean for measurements with a leg-normal distribution

78X of the examined study group was matched
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TABLE 31: Number and Percent of Workers with Electro-
physiclogic and Quantitative Sensory
Measurements Above or Below Case Limit value
for the Upper Limb

Unad {usted®
Measure No. (%) OR 95% CI

Nerve Conduction Velocity>

Median Motor 9 (3.8} 0.8 0.3, 1.9
Median Sensory-D 8 (3.4) 0.7 0.3, 1.8
Median Sensory-P 10 (4.4) 0.9 0.4, 2.2
Ulnar Sensory 13 (5.4) 1.1 0.5, 2.6
Amplitude?
Median Motor 11 (4.6) 1.0 0.4, 2.3
Median Sensory-D 16 (6.7) 1.4 0.6, 3.2
Ulnar Sensory 5 (2.1 0.4 0.2, 1.2
Latency®
Median Motor-D 12 (5.0 1.0 0.4, 2.2
Median Motor-P M (6.8) 1.2 0.5, 2.9
Median Sensory-D 8 (3.4) 0.7 0.3, 1.8
Median Sensory-P 11 (4.8) D.9 0.4, 2.1
Ulnar Sensory 8 (3.4) 0.8 0.3, 2.0

vibration Thresholdb

Index Finger 17 (7.0 1.5 0.7, 3.3

Thermal Thresholdt

Index Finger 13 (5.4) 1.2 0.5, 2.6

Abbreviations:P=Proximal, D=Distal

a Case limit value is the 5th percentile of referent

measurement after exclusions

B case limit value is the $5th percentile of referent
measurement after exclusions

c 78% of the examined study group was matched



156

TABLE 32: MNumber and Percent of Workers with Electro-
physiclogic and Quantitative Sensory
Mepsurements Above or Below Case Limit value
for the Lower Limb

ynadjusted®
Messure Mo. (%) OR 95% CI
Nerve Conduction Velocity®

Peroneal Motor 1B (7.6) 1.6 0.8, 3.5

Sural Sensory 14 (6.3) 1.3 0.8, 2.9
Amplitude?®

Peroneal Motor-D 6 (2.7) 0.6 0.2, 1.6

Peroneal Motor-P 16 (6.8) 1.6 0.7, 3.6

Sural Sensory-D & (1.8} 0.4 0.1, 1.1
Latency®

Peroneal Motor-P 16 (6.8) 1.6 0.7, 3.6

Peroneal Motor-D

Sural Sensory 8 (3.6} 0.7 0.3, 1.8

Vibration Thresholdt

Great Toe 20 (8.3 1.8 0.9, 3.9

Thermal Thresholdb

Great Toe 25 (10.4) 2.3 1.1, 4.8

Abbreviations: P=Proximal, D=Distal

B  Cegse Limit value is the 5th percentile of referent

measurement after exclusions

©  Case limit value is the 95th percentile of referent
measurement after exclusions

78% of the examined study group was matched
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TABLE 33: Workers snd Referents Reporting Symptoms Related to
Peripheral Neuropsthy ®

Workers Referents
Sample Sample
Symptoms Size  No. (%) Size  No. (%)
Upper Limbs
Kumbing, RT 240 16 (6.7) 232 14 (6,0}
Numbing, LT 240 15 (6.3) 232 14 (6.0)
Tingling, RT 240 14 (5.8) 232 18 (7.8)
Tingling, LT 240 11 (4.&) 232 20 (8.7
Burning, RT 240 I 1.5 232 5 (1.%)
Burning, LT 240 I (1.3) 232 7 (3.0
Weakness, RT 240 0 - 231 1 (0.4)
Wegkness, LT 240 0 - 231 0
Muscle Twitching, RT 239 11 (4.6) 231 5 (2.2)
Muscle Twitching, LT 239 10 (4.2) 231 8 (3.5
Difficulty Handling 240 20 (B.3) 232 27 (11.8)
Small Objects
Lower Limbs
Numbing, RT 240 12 (5.0) 231 14 (6.1)
Numbing, LT 240 20 (B.3» 231 10 4.3
Tingling, RT 2640 15 (6.3) 231 15 (6.5)
Tingling, LT 260 19 (7.9) 231 17 (7.4)
Burning, RT 240 ? (3.8) 23 5 (2.2)
Burning, LT 20 7 (2.9 231 5 (2.2)
Weakress, RT 240 I .Y 230 4 (1.7)
Wepkness, LT 240 5 (2.1) 230 5 (2.2)
Muscle Twitching, RT 240 &6 (2.5 231 & (2.6)
Muscle Twitching, LT 239 8 (3.4) 231 7 (3.0)
Cramping® 240 70 (29.2) 231 42 (18.2)
Difficulty Balencing® 240 34 (14.2) 231 19 (8.2

Abbreviations: RT=Right; LT= Left
@ . Reported in the Medical History
b. p<.05 based on Xz, t df
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TABLE 34: Percent and Wumber of Workers and Referents
Reporting Selected Injuries and Conditions?
Related to Peripheral Nerve Dysfunction

b

Workers Referents
Sample Sampte
condition Size  No. (X} Size No. (%)
Slipped Disc 238 22 ( 9.2) 230 28 (12.2)
Surgery on Back or Spine 241 18 ¢ 7.5 232 11 ¢4.7)
Sciatica 239 18 (7.5 232 20 ¢ B.&)
Carpal Tunnel Syndrome 240 0 232 5 ¢ 2.2)
Head Inmjury with Loss 238 27 (11.%) 232 44 (18.9)
of Consciousness

Rheumatoid Arthritis 240 & 1.7 231 2 ¢ 0.9
Ostecarthritis 239 13 ¢ 5.4) 231 11 ¢ 5.6)
Gout 239 11 ¢ 4.6) 232 11 ¢ 4.7)

8 Reported in the Medical Mistory
b Proportions between workers and referents are not

statistically significantly different based an x2 test
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TABLE 35: Comparison of Data for Exsmined Matched and
Unmatched Workers and Referents

Workers Reterents
Matched Unmatched Matched unmatched
Number 216 &5 216 1
Age (yrs) 55.13 55.7 55.5 58.8
Race (%)
White 90.2 84.6 Bg.9 88.6
Bilack ¢.3 15.4 2.3 11.4
Asian 0 0.5 0 1.9
Sex (%)
Male 96.0 8.5 94.0 90.9¢
Female 6.0 1.5 6.0 9.1
Education (%)
1-8 yrs 8.3 12.3 7.4 11.4
9-12 yrs 47.7 63.1 449 40.9
Vocational 2.3 6.2 9.7 6.8
Treining
Some College 34.7 38.5 18.0 40.9
Income (%)
Less than 10,000 8.8 13.9 10.7 9.1
10,000-19,999 18.5 15.4 17.1 0.5
20,000-29,999 20.4 12.3 18.5 22.7
30,000-39,99% 19.9 10.8 14.8 11.4
40,000-47,999 9.7 16.9 14.4 15.9
50,000 or greater 22.2 29.2 19.9 20.5
Refused 0.5 1.5 4.6 0

Current Alcohol Status

Never Drank 7.6 10.7 11.5 15.0
Former Drinker 22.2 32.1 22.9 17.5
Current Drinker 70.3 57.1 65.1 &7.5
tnknown - - 0.5 -

Lifetime Alcohol Consumption
46.0 49.6 6.4 88.5



TABLE 35: Centinued

Days of Exposure (N=216)

Serum 2,3,7,8-
TCDD level {ppt)

Workers
Matched YUnmatched

(N=65)
888.1 1049.4
(N=209) {(N=63)
198.% 252.4

Cases of Peripheral Neuropathy

Upper Limb
Lower Limb

29 14
34 10

Referents
Matched Unmatched

(K=83) (N=3)
7.08 @.24
34 10

34 10
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TABLE 36: Summary of changes observed in memmals exposed to 2,3,7,8-TCDD

GUINEA

EFFECT MONKEY P1G MOUSE RAT KAMSTER
Body wWeight Loss + + + + +b
Chloracne® + No +< No Ko
REPATIC

Liver Size + NO + + ND

Cell/Lip Infiltration + + + + ND

Cellular necrosis + ND * ND

Enzyme increases + NO NO + s}

Bilirubin increases ND [ 1o} K0 + +

Bile duct epithelial

hyperplasia + NO * + NO

Hepatic Wodules ND NG + + ND

Carcinoma NO NO NOD + NO
Porphyrin Changes NOD NO + + NO
Glucose Decreases - NOD NC + NO
Cholesterol Changes +C + No + +
Serum Protein Decreased + +d + + .4
Alveolar changes NO + . * NG
Developmental effects + ? + * ?
Immunologic effects + + + + ?

ND - Effect not observed
- Effect demonstrated
- Also observed in rabbbits
- Failed to gain weight

HRS/J hairiess mice

~ b O N O o +
]

- Data not available

- Decressed Cholesterol
- Increased Serum Protein
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TABLE 37: Body weight loss following exposure to 2,3,7,8-TCDD

Species Route Dose* Duration Effect Reference

monkey oral 2-3 ? mo 13% Allen et al, 1977
rhesus loss
monkey oral 2ppb 61 d 33X Mchulty, 1977
loss
rhesus 20ppb 5 d 0%
: loss
monkey gavege < 70 1 time 13-38% McConnell et al®, 1978
rhesus toss
guinea oral 1 1x/wk 20% Marris et al, 1973
pig for loss
Hartley 8wk
guinea orsl < 3 1 time 15-50% McConnell et alb, 1978
pig loss
Hartley
guinea oral 0.44% g0 d decreased De Caprio et al, 1986
pig weight
gain
1.382 %0d k3:44
less
mouse oral 340 1 time 20-25% McConnell et alb, 1978
CS7B1/6 loss
mouse oral 25 1x/wk 10-50% Vos et al, 1974
C57B1/6 for toss
6 Wk

TPN = total parental nutrition; (NS) = not specified; SD = Sprague Dawley
*ug/kg unless otherwise specified
®tptal dose
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TABLE 37: <continued
Species  Route Dase* Duration Effect Reference
rat oral t.0 1x/d 1.0:23% Harris et al, 1973
[ads] for decrease in gain
314
10 10.0:12% loss in

7 days
rat oral 1.0 tx/d 22X reduced Kociba et al, (976
s for gain

13 wk

rat oral 100 1 time 15-30% loss Courtney ot al, 1978
Wistar
rat i.p. 50 1 time No loss in TPN Gasiewicz et al, 1980
(NS) 100 fed rats. No

loss in controls.,

30X loss in chow

fed exposed rats.
rat gavsge  0.005 2x/wk dose related NTP, 1982a
oM 0.025 for loss in males

0.25 104 wk & females

hamster cral 500 i time gain reduced Clson et al, 1980
Golden ip 1000 up to 50% at
Syrian 2000 1000 & 2000

ug/kg bw.
rabbit oral 115 1 time loss Schwet? et ai, 1973
New ip unspecified
Zealand

$D = Sprague Dawely; NS=not specified
OM = Osborne-Mendel
*ug/kg unless otherwise specified
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TABLE 38: Effects of exposure to 2,3,7,8-TCDD on the skin
Species Route Dose® Duration Effect Reference
mouse gi & 7 1x/wk dose-dependent occurrence Toth et al, 1979
Swiss/ 700 for amyloidosis with of
A/Riop 7000 1yr skin tesions
rabbit dermal 0.005X 1 time tnflammation Kimmig and Schulz,
(NS) {ear) to hyperkeratosis 1957
0.07X (polyglocol solvent)
rabbit dermal 0.3 ug 1x/day hyperkeratosis Jones and Kizek,
(KS) for keratinaceous masses in 1962
id follicular epithelium;

reduced number of

sebaceous ceils; comedones

(acetone solvent)
rapbit dermal 0.04 Sx/wk comedomes, {ncreased ear Schwetz et al, 1973
New 400 for thickness, hyperkergtosis
Zealand (ug/ml)y & wk {benzene solivent)
monkey gavage 2-3 7-9 mo scne, enlarged hair follicles Allen er sl, 1977
rhesus periorbital edema, swelling

of eyelids, loss of

facial hair and eyelashes;

squamous metspiasia and

keratinization of hair

follicles, meibomien

giands of eyelids and nails
monkey gavege < 70 1 time facial slopecia, blepheritis, McConnell et al a,
rhesus fingernail + eyelash loss; 1978

thickening of Meibomian

glends; squamous metsplasia

of sebaceousglands;

hyperkeratosis of hair

follicles & adjescent skin
monkey oral 1 20 mo alopecia, hyperkeratosis Schentz et al, 1979
rhesus (total of arms

dose)

NSEnot specified

* s yg/kg unless otherwise specified
a = gastric intubation
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TABLE 41: Effects of exposure to 2,3,7,8-7COD on serum glucose levels
X Change in Serum
Species Route Dosev Duretion Clucose Level References
rat oral 0.1 1x/d - B 2inkl et al, 1973
co 1.0 for -29
10.0 30d -518
rat ip 100 1 time -708 Gasiewicz et al,19B0
NS CTPN)
ip -499
(chowfed)
rat gavage 30 1 time -128 Schiller et al, 1986
Fischer 60 -3408
20 -678
180 -529
270 -58@
360 -578
menkey gavage 70 1 time (-)b _ McConnell et al, 1978
rhesus 350
guinea oral 0.44 90d ncb.c.d DeCaprio et al, 1986
pig
Hartley
a = p<.0% NC = no change
b = date not shown NS = not specified
c = males * ug/kg unless otherwise specified
d = females
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TABLE 42: Effects of exposure to 2,3,7,B-TCDD on cholesterol and trigiyceride levels

Species Route Dose* Duration __Effect (X change) Reference
CHOL TRIG
rat oral 200 1 time +13 NM Grieg, et al,
Porton 1973
rat oral 1.0 1x/d +818 N Zinkl et al,
o 10.0 for +888 NM 1973
30/d

rat ip unspecified 1 time +709 NcP Poli et al,
SO 1980
ret ip 100 © 1 time +1508 -368 Gasiewicz et
{NS) (TPN) el, 1980

ip +2008 1818

(chow-

fed)
rat gavage &0 1 time +1648 +2178 schiller et al,
Fisher 1986
guinea ip 1 1 time +400® +3508 Gasiewicz and
pig Nesl, 1979
hartley
guinea oral 0.44 90 d WM +538,¢ DeCapric et sl,
pig ™ +52d 1986
hartley
monkey oral 0.9 20 mo (-)b NR Schantz et atl,
rhesus 1979
monkey gavage < 70 1 time (-)b (+)P McConnell et
rhesus ala, 1978
hamster oral 1000 1 time +358 ~478 Dison et al,
Golden 1980
Syrian ip +30® -358

(NS) = not specified a8 = p<.DSKR = not reported
NM = not messured b = data not shown

MC = No change ¢ ® males

$h = Sprague Dawley d = females

* = yg/kg uniess otherwise
specified
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TABLE 43: Effects of exposure to 2,3,7,B-TCOD on serum protein levels

X Change in Serum
Species Route Dose” Duraticn Protein Albumin Reference
or Globulins
GLOB PROT ALB

mouse eral 25 1x/wk -18%  -0.4 vos et al, 1974
€5781/6 for alpha -358
& wk bets -548

gamma -26°

mice oral 100 1 time alpha -192  .§ +0.8 McConnell et alb,
£5781/6 : bete -8
pamma -16
200 alpha -618 -142  -g@
beta -30
gemma +3 !
340 alpha -758 .328  .2g?
peta -538

gamma -20%

1678

rat oral 200 1 time NM -9 NM Greig et al, 1973
Porton
rat oral 10 1 time NH -278 NH Zinkl et al, 1973
co
rat ip 100 1 time NM -248 WM Gasiewicz et al,
(KS) (TPN) 1980
ip KM -2 KM
(chow-
fed)
guinea ip 1 1 time L L] +130 +125 Gasiewicl eand Neal,
pig 197¢
Hartley
(NS) = not specified TPN = total parenteral nutrition
. = ug/kg unless otherwise specified PROT = gerum protein
e = p<,05 ALB = serum albumin
b = deta not shown GLOB = globulins
c = meles WM = not measured
d = females NC = pno change
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TABLE 43: continued
X Change in Serum
Species Route Dose* Duration Protein Albumin Reference
or Globulins
GLOB PROT ALB
puinea oral 0.44 90d NM NC NM DeCaprio et al, 198¢
pig
Hart(ey
monkey  gavage 75X 445 d M -28 -63 Allen and Carstens,
rhesus TCDO 1967
monkey gavage < 70 1 time NK (-)b (-)b McConnell et ela,
rhesus 1978
hamster oral 1000 1 time NM 4178 .g® Olson et sl, 1980
Golden
Syrian ip NM 4158 .948
(NS) = not specified TPN = total perentergl nutrition
- = ug/kg unless otherwise specified PROT = serum protein
a = p<.05 ALB = serum albumin
b = data not shown GLOB = globulins
c = males NM = net measured
d = females NC = no change
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TABLE 44: Effects of exposure to 2,3,7,8-TCDD on porphyrin metabolism

Species Route Dose* Duration Effect Reference
souse oral 1 1x/wk 25 up/kg:Elevated ALAS Goldstein
c578L/6 5 for & 4000-fold increase 7- L B et al, 1973
25 4wk carboxypaorphyrins
(p<0.05)
mouse gevage C5781 50 1 time Decrease in hepatic Smith et al,
£s5781 75 decarboxylase 1981
DBA pBA 600 No change'in porphyrin levels
mouse ip 25 1x/wk 100-fold increased porphyrin Cantoni et
L57B1/6 for content in liver & 5-fold in al,h 1984
Fwk kidney (p<0.05)}(7?- & & carboxy

porphyrins predominated);

inhipition of uroporphyrinogen
decarboxylase activity in liver

snd kidney
rat gavage 0.0 1x/wk 0.01 ug/kg: two-fold incresse in Cantoni et
CD-Co8s 0.1 fer excretion copraoperphyrin after al, 1981
1.0 L5 wk & m (p<.05)

0.7 ug/kg: three-fold incresse
in excretion of coproporphyrin
sfter 3 m & uroporphyrins after
10 m (px.05)

1.0 ug/kg: 200-feld increased
excretion of coporporphyrin after
2 m B heptacarboxylic &
uroporphyrin sfter é6 m

ALAS = aminolevulinic acid synthetase

SD=Sprague Dawley; AHH = sromatic hydrocarbon hydroxylase; ALAS = aminolevulinic acid
synthetase

* up/kg unless otherwise specified



176

TABLE 44: continued

Species Route Dose* Qurstion Effect Reference
rat gavage O0.01 1x/wk 0. 2 1.0 ugskg:1000-fold eleve- Goldstein
S0 0.1 for tion in hepatic uroporphyrins et pl, 1982
1.0 16 wk (p<.05); elevated ALAS
10.0

0.01, 0.1, 1.0 ug/kg: elevated
AHH and glucuronyl transferase

oral 1 1 time no changes inm urinary

3 porphyrins at 3 deys

10 or 16 weeks post

30 exposure
mouse im 25 1x/wk No reduction in urinary Jones et al, 1981
C57B1/6J for porphyrins in low

12 wk iron mouse

mouse ip 25 1x/wk C5:7 fold increase in Jones and Sweeney,
C57BL/6Y for uroporphyrins excreted 1980
DBA/2J 12 wk (p< 0.05)

DBA: no change in porphyrin
excretion;

AHH activity increased for both

species
mouse derm 15 Ix Elevated porphyrin in normal Jones et al,
HRS/J in & iron supplemented diet; not 1981
&d in iron deficient diet
rat oral 1.0**  1x/d Two-fold increase in Kociba et al,
sD for coproporphyrins, uroporphyrins 1976
13 wk end d-ALA (p<.05)
rat oral 0.1** 1x/d Two-fold increase in Kociba et sl,
1978
SD for coproporphyins, uroporphyrins
2 yr and d-ALA (p<.05)
chick -- 0.1 uM 1 time Inhibition of uroporphyrin De vernieul
embryo decarboxylase and increased et al, 1983
hepatocytes 1.0 um porphyrin Llevels & d-ALAS
activity

S0 = Spregue Dawley; ALASzaminolevulinic mcid synthetase; dALA=d-amingolevulinic ecid;
*ug 1 kp unless otherwise specified; ** = ug/kg/d
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TABLE 45: Effects of exposure to 2,3,7,8-TCOD on the oral cavity and respiratory system

Species Route Dose" Duration Effect Reference
rat oral 200 1 time severe chronic snd acute Greig et al,
Porton infismmatory lesions; 1973

petechial hemorrhage
perivescular edems;
massive infection

rat gavage 0.1 Tx/d focal alveclar hyperplasia; Kociba et al,
$D for hematogenous pigment aggregetes, 1978
2y slveoler macrophege eccumulation;

cholesterol clefts, edema,
interstitial inflammation &
fibrosis, keratinizing squamous
meraplasia squamous cell carcinoma
of lung, hard palatesnasal
turbinates and tongue

guinea oral 0.44 {ung edema 8t PeCaprio et al,
pig both doses 19864
hartley 1.3

(total

dase)
monkeys oral 500 ppr @m focal areas of hemorrhage Allen et al,
rherus (total Hypertrophy, hyperplasia 1977

dose) & metaplesia of bronchial

epithelium

morkeys oral ? 445d focal ereas of stelectasis, Allen and
rhesus congestion, edema & fibrosis Cerstens, 1987

(fibrosis due to mite infection

§0 = Sprague Dawley
ug/kg unless otherwise specified
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TABLE 46: Vascular effects of exposure to 2,3,7,8-TCDD

Species Route Dose* Puratian Effect Reference
mnonkey gavage 500 ppt ? mo pangrenous necrosis Allen et al, 1977
rhesus of distal phalanges;

edema and ascites;
bilateral ventri-
tular dislation;
cardiec enlargement

& edema; hemarrhage

in epicardium, myo-
cardium, endocardium
generalized hemorrhage

monkey gavage (" 445 d blood vessel Allen & Carstens,
rhesus degeneration, 1967
cardioedemsa

rats oral 0.1 1x/d myocardiat Kociba et al,
SD ug/kg/d for degenerative 1978

2 yr changes
mouse oral 100-200 1 time hemorrhage in Vos et al, 1973
C57B1/6 small intestine;

submucosal edema
in stomach and
small and Large

intestine
guinea oral 3.0 1 time subserosal Gupta et al, 1973
pig hemorrhage
hartley in

gestrointestinal

tract
guinea orel <3 1 rtime pastrointestinal KcConnell et al,
pig hemorrhage 1978b
hartley
rat gavage 25-50 1 time hemorrhage of Greig et al, 1973
Porton glandular

stomach
ret oral 1-10 1x/d stomach Gupta et ai, 1973
o] . for ulceration

31/d
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TABLE 46: continued

Species Route Dose®* Duration Effect Reference

rat orat 0.05-1 4 weeks gastrointestinal van Milier & Allen,
So ppm hemorrhage 1977

monkey gavage 20 58 d hyperplesia & Mc Nulty, 1977
rhesus ppb ulceration of

gastric mucosa

monkey gavege 70 1 time gestrointestinal McConnell et al,
rhesus hemorrhage 1978a
SD = Sprague Dawley

4]

ug/kg unless otherwise specified
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TABLE 47: Effects of exposure to 2,3,7,8-TCDD on Hemaiclogic Endpoints
Species Route Dose® Duration Effect Reference
mOuUse oral 25 Ix/wk increased neutrophils; Vos et al, 1974
c5781/6 for mean hemoglobin &
6wk corpuscular concentrations
decressed (p<.05)
mouse oral 1.0 1 time decreased lymphocyte 2inkl et al, 1973
£D-1 10.0 and leukocyte count
50.0 at all doses (p «.05)
after 1 week; returned
to normal after 3
weeks
rat oral 200 1 time increased erythrocytes Greig et al, 1973
Porton and hemogloblin (p<.05); '
decreased leukocytes;
(p<.05)
rat oral 10 1x/d increased packed red Weissberg and
co for cell volume & 2inkl, 1973
10-14 erthrocyte counts;
days neutrophilia; lympho-
cytosis; eosinopenia;
thrembocytopenia
without reduced
platelet synthesis
rat oral 0.1 1x/d hemoconcentration due Zinkl et al, 1973
co 1.0 for to dehydration
10.0 30d
rat oral .00 65 wk aplastic mnemia van Miller and
So -0.5 Allen, 1977
Ppb
rat oral 1.0 1x/d Females: eleveted Kociba et al, 1976
for packed cell volume,
13wk RBC, hemoglobin;
Males: decreased
packed cell volume,
REC counts, hemoglobin
S0 = Spregue Dawley

ug/kg unless otherwise specified
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TABLE &47: continued
Species Route Dose* Duration Effect Reference
puinea oral 0.08-0.2 Ix/wk decreased lymphocytes Zinkl et sl, 1973
pig for (p <.05) at all doses
hartley 8wk
monkey gavege 50 ppt 20 mo 50: decreased hematocrit McNulty, 1977
rhesus 500 ppt 2 mo & WBC count; pancyto-

penia; leukocytopenia;

thrombocytopenia;

50: decreased hematocrit

& hemoglobin tevels:

hypocellularity of bone

marrow
monkey gavage <70 1 time Hypocelluarity of bone KcConnell et sl
rhesus marrow; increase in 9782

in myeloid elements,
decrease in erythroid
elements in sternal
bone merrow;
leukocytosis due to
increased neutrophils

* = yg/kg unless ctherwise specified
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TABLE 48: Carcinogenic effects of exposure to 2,3,7,8-TCDD

Species Route Dose™ Durstion Effect Reference

rat oral 0.1 ix/d 0.001:no tumors Kociba

5D 0.01 for 0.01:43X of ell animels- et al.,
D0.001 Z yrs hepatocellular nodules 1978

0.1:22% of females-hepato-
cellular cercinoma (p<.05)}

:8% of all animals-carcinoma of
hard pelate/nasal turbinates

:5% of all animals-carcinoma of
tongue

114X of females-carcinoma of
lung

ug/kg unless otherwise specified
approximate weekly doses; animals fed diets containing 2,3,7,8-7TL0D daily
relative to ynexposed animals

dose per application
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TABLE 48: continued

Species Route Dose* Durstion Effect Reference

mouse g.-i. 7.0 1x/wk Liver tumors: Toth

Swiss 0.7 for 7.0:12% {ncrease® et al.,
D0.007 1y 0.7:30X increase 1979

0.007:11% increase

Lung tumors:
7.0:14% decreese
0.7:2% increase
0.007:22X% increase

Lymphena:

7.0:2% decrease
0.7:11X increese
0.007:7% increase

rat oral 0.0003** 7B wks »24 ug/kg: no tumors due Van Miller
sD 0.001 to deaths et al.,
0.0 0.0003 ug/kg/wk:no tumors 1977
0.4 0.001:1 tymphocytic leukemia
2.0 { ear duct carcinoma
24 | adenoccarcinome (kidney)
240 [ malignant histiocytoma

500 (peroneal)
1 engivosarcoma(skin)

0.09: 1 fibrosarcoma(muscle)
1 carcinoms (skin)

0.1:adenocarcinoma{kidney)
icarcinoma(skin)

0.4:2 malignant histiocytoma

(peroneal)

angiosarcoma (skin)

cholangiosarcoma {liver)

glioblastoma (brain)

cholengiocarcinomas

(tiver)

N o— -

ug/kg uniess otherwise specified

epproximate weekly doses; animals fed diets contsining 2,3,7,8-1C0D
daily

relative to unexposed animals

L 13



TABLE 4B: continued

Species Route

Dose*

184

Duration

Effect

Reference

rat gavage
oM

Males+Females
0.01

0.05

0.5

2x/uk
for
106 wk

Thyreoid:mates?®
0.01:+9xb
0.05:+11%xP
0.5:¢19%b

females: no change

Liver:males
0.0%:no tumors
0.05:n0 tumors
0.5:+6xP
females
0.01:-5%

0.05: 1%
0.5:+22%0

WTP, 1982a

mouse gavage
B&C3FY

mouse dermal
Swiss

Webster

males
0.01
0.05
0.5
0.04
0.2
2.0

0.001P

2x/wk
for
104 wk

[iver:males
0.01:+7%
0.05:+5%

" 0.5:423%

3x/wk
for 104 wk

femeies

0.04:+3X
0.02:+3%
2.0:+12%

thyroid:males
0.01:+6%
0.05:no tumcrs
0.5:no tumors
females
0.04:+6%
0.2:+2%
2.0:+11%

30X treated & 5% of
centrols;: fibrosarcome of
integumentary system

NTP, 19822

NTP, 1982b

hamster ip
Golden
Syrian sc¢

&C

100

50

1x/mo
for

% mo
1x/mo

ix/me for
& mo

100 ug/kg for & mo:
squamous cell carcinomas
of facial skin in 22X of

32 animals
100 ugskg for

2 mo. or 50 ug/kg for &
mo:no tumors in 40 snimals

Rao et al.
1988

a = reistive to unexposed controls; b = p<0.05; OM= Osborne Mendel; *

unless otherwise gpecified

= ug/kg
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TABLE 48: continued

Species Roure Substance Dose Duration Effect Reference
rat E.C. TCDD 0.14mg/kp 2x/wmk Mo tumors with DEM Pitot et al,
Charies or for or TCOD stone; _ 1980
River 1.4 mg/kg 28 wk hepatocellular
carcinomas in 71%
TCDD 0.14mg/kg 2x/uk of treated DEN +
or for TCcobD
+ L.4 mg/kyg 14 wk rats
' *strong promoter
DEN 10mg/kg 1 time
mouse dermal DMBA 0.2 um 1 time hr/+: no papillomas Poland et al,
then hr/hr: 1.8 papillomas/ 1982
TCDD 20 ng 2x/wk mouse
for *strong promotor
50 ng B wk
2x/wk for
8 wks
mouse dermal TCDD 1ng- lug 1 time TCOD ¥ Lesca, 1983
CF-1 then OMBA dose tumors
DMBA 10 or 1 time 10 0 &
then 25 ug 0.001 S
TPA 10 ng 2x/wk 0.01 3
for 0.1 é
20 wk 1 1
g5 0 7
0.001 8
0.01 7
0,1 4
1 3

TCDbD=2,3,7 ,8-Tetrachlorodibenzo-p-diokin
DEN=diethylnitrosamine
DMBA=7,12-dimethylbenz-{a)anthracene
TPA=12-0-tetradecenoyl-phorbol-13-acetate
#9 - Approximate number of tumors
hr/hr=hairless mice

hr/+=haired mice
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Species Route Substance Dose* Duyration Effect Reference
mice ip TCDD 100 1 time no tumors Kouri et al.,
bBA/2 1978
6C MCA 150 1 time 3X mice had fibrosar-
. comss .
ip TCDD 100 1 time simul taneous exposure:
+ 23X mice had fibrosar-
comas.
5C MCA 150 1 time
ip TCDD 100 1 time MCA 2 days after TCDD:
+ no tumors
sc MCA 150 1 time
CS7BL/6N ip TCDD 100 1 time no tumers
sC MCA 150 1 time B1% mice hed
TCOD+3MC fibrosarcomas
ip TCDD 100 1 time simul tanecus exposure:
+ 71% mice had fibrosar-
comas
sc MCA 150 1 time
ip TCDD 100 1 time MCA 2 days after TCDD:
+ 84X mice had fibrosar-
sarcomas
MCA 150 1 time

3 MC=3 methyicholanthrene
DMBA=7 12-dimethyibenz(a)enthracene
*ug/kg unless otherwise specified
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Species Route Substance Dose Durstion Effect Reference
mouse dermal TCDD 2 ug 1 time TCOD + TPA: DiGiovanni
cp-1 + 0.1 pepiliomasmouse et al, 1977
DMBA 2.56 ug 1 time TCDD + DMBA + TPA:
+ 2.2 popillomes/mouse
TPA 5 ug 2x/wk for *very glight initiator
32 wk
1 wk sfter
TCDD
mouse dermal DMBA 200 mrmol 1 time No papillomes on TCDD gerry et zl,
co-1 + promoted mouse 1979
dermal TCDD 0.1 ug 2x/wk for Reduction in tumors with
30 wk ¢.3.7,8-TCOD pretreatment
mouse dermal B8(g)P 100nmol 1 time DMBA+TPA: Cohen et al,
Sencar or 9.1 papillomas/mouse 1979
DMBA l0nmot 1 time *DMBA+TCDD:
0.1 papillomes/mouse
TCOD | ug 1 time B(a)P+TPA:
3.8 papillomas/mouse
72 hr prior "E(@)}P+TCOD+TPA:
to B(a)P or 0.3 papillomas/mouse
DMBA ®inhibition of tumors
st = subcutaneous

1000 = 2,3,7,8-tetrachlorodibenzo-p-dioxin

TPA = 12-0-tetradecanoy!-phorbol-13-acetate
B(a)P = benzo(alpyrene
DMRA = 7,13-dimethylbenzanthoracene
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TABLE 49: Developmental Effects Due to Exposure to 2,3,7,8-TCDD

Dose period

(days of
Species Sex Route Dose*™ gestation) Effect Refersnce
rat male oral 0.007 daily 0.1 ug/kg/d: decreased infertility Murray et
SD female 0.01 90d prior  and neonatal survival (p<.05) at, 1979
0.1 mating + in g generation
throughout
pregnacy 0.01 ug/kg/d: reduced fertilirty
in fy, Fy & Fy generations
(p<.05); decreased litter
size & gestation survival,
neonstgl survival & growth
0.001 ug/kg: no effect
rat female gavage 0.125 daily 0.5 ug/kg: increased post- Giavini et
CRCD 0.5 14 days implantation loss al, 1983
2.0 prior o
mating 2 ug/kg: reduced ovulation rate,
increased pre and post-implantation
loss (p<0.05), fetal growth
retsrdation (p<0.05);
malformation of pups including
cystic kidney, edema,
pastrointestinal hemorrhsge
mouse female gavage 12 10 X of fetus with cleft palate: Weber et
C57BL/6N 17 12 ug/kg: 9% al, 1985
22 17 ug/kg: 44X
22 ug/kg: T78%
¥ kidneys/litter with >2 lesions:
12 ug/kg: 85%
17 up/kg: 95%
22 ug/kg: 93X
no maternal toxicity st any dose
mouse female gavage 12 1" 34% fetuses per litter with Birnbaum et
CS7BL/6N cleft palate; mild hydronephrosis al, 1985
14 11 70X fetuses per litter with
cleft paiate
n 10-13 4-8% fetuses per litter with

cleft palate; moderare to gevere
hydronephrosis & dileted rensl pelvis

§0 Sprague Dawley; SC
to 2,3,7,8-7C0D unless

Subcutaneous; * ug/kg unless otherwise specified; + exposure is
otherwise specified
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TABLE 49: continued

g Dose period

? (days of
$pecies Sex 5 Route gestation) Effect Reference
mouse I sc 6-15 Cleft palate in all species and Courtney and
Ch-1 - (daily) both doses; unspecified kidney Moore, 1971
DBA/2. g anomalities; gastrointestinal
C5781/6J % hemcrrhage
mouse femaleg oral 10-13 3.0 ug/kgsd: 50X incidence of Moore et al,
C57B1/6 : (daily) cleft patete & 95X incidence of; 1973

% hydronephrosis;

” 10-13

f {daily) 1.0 ug/kg/d: 2X incidence of

cleft palate & 60X incidence
of hydronephrosis

. 1 time on

¥ day 10 1 ug/kg: no cleft palate

3 & 35X hydronephrosis
mouse female " sc 7-16 All doses: Clett palate, Courtney,
co-1 3 (daily) hydronephrosis, hydrocephalus, 1976

7 open eye, petechiae;

i 100 ug/kg: fetotoxic;

x 200 ug/kg & 400 ug/kg: elevated

i abortion rates
mouse female %gavage 6-15 3.0 ug/kg/g: Cleft palate & sSmith et al,
CF-1 B (daily) dileted renal pelvis (p<.05) 1974

5

é 1.0ug/kg/d: Cleft palete (p<.05)

f < 0.1ug/kg/d: no malformations
monkeys female oral 20 mo! & abortions Schentz et
rhesus ‘ (daily) 1 stillbirth al., 1979

2 no conceptions
2 normal births

'ug/kg bw unless otherwise specified
1 monkeys mated to centrol males 7 months after exposure began




190

TABLE 50:

Species Route Substance Dose* Duration

Immunologic effects reiated to exposure to 2,3,7,8-TCDD

Effect Reference

mouse oral TCOD 10 1 time

€D or 50

C57B1/6

thymic strophy Warris et al,

1973

mouse oral TCDD 25 buk

C57B1/6

thymic strophy vos et al, 1974

mouse
B6C3F1

gavage TCOD 1 day 14

gestation

15 & day 1, 7
£ 14 afrer

birth

1.0 ug/kg:no
effect;

Dean et al,
1981

5.0 ug/kg: thymic atrophy
snd depletion of lymphocytes;
reduced total nucleated
cells and CFU-S cells

in bone marrow; suppressed
ymphoproliferative response
to CMA and PHA; reduced

resistance to fisteria;

15 ug/ky: toxic to dems & litters

mouse ip TChD 0.4 1x/wk
C57B81/6 4 for
40 4 wk
100
400

Clark et al,
1981

Lymphatic organ

changes;

0.4-40 ug/kg: minor
decreased cellularity of
spleen, thymus, peripheral
Lymph nodes and lymphocytes

40 ug/kg: severe decrease
in spteen, thymus,

peripheral |ymph nodes

jmmune response changes

40 ug/kg: marked suppression
of antibody to sheep REC and
B abotus;

0.4-40 ug/kg: suppression
of cytotoxic lymphocyte
response due to enhanced
suppression ceil respohse

rat oral TCDD ) 1 time

co 25

Harrisc et al,
1973

thymic atrophy

*ug/kg unless otherwise specified
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Species Route Substance Dose* Durstion Effect Reference
rat gavage TCOO 100 1 time severe thymic atrophy Gupts et al, 1973
€D 50 1 time severe thymic atrophy
25 1 time slight thymic atrophy
10 1x/d severe thymic atrophy
for
16-30
1 1x/d severe thymic atrophy
for
15-31
guines 3.0 1 time severe thymic atrophy
pig 1.0 1x/wk severe thymic atrophy
hartley for
8 wk
0.2 1x/wk slight thymic atrophy
for
8 wk
mice 50.0 1 time slight thymic atrophy
rat ip TCDD 50 ! time thymic atrophy Gasiewicz et al,
(NS) 100 1980
guinea oral TCOD 0.44 90 d decressed thymic DeCeprio et al,
pig weight; 1986
hartley
1.3 thymic etrophy
hamster ip TCDD 500 1 time thymic atrophy Oison et al, 19837
Golden 1000
Syrian 2000
3000
monkey oral TCDD <70 1 time thymic atrophy McConnell et
rhesus ala, 1978

(N5) = not specified

* = ug/kg uniess otherwise specified
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TABLE 50: continued

Species Route Substance Dose* Duration Effect Reference
cultured thymus TCODD inhibition of cytotoxic Clerk et al,
% spleen cells {ymphocyte {CTL) 1983
(mouse} precursors
mouse ip TCDD 1.2 1 time thymus weight loss in Vecchi et al,
CS7B1/6(B&) B&, C3 & BésD2; 1983
C3H/Hen(C3) minor loss in D2 & AKR (p<.05)
BSC3F1/B6(C3) 1.2,6.0,30.0 ug/kg:
DBA/2(D2) imaunosuppression of humoral
AKR antibody production in
Bé, C3, B&/D2 (p<.05);
6.0, 30.0ug/kg; immunosuppression
of humoral antibody preoduction
D2 (p<.05)
no difference in cell-mediated
immune resaction (popliteal
Lymph node assay)
ip TCDD 6.0 1 time no resction to sheep RBC by 86
and C3 strains; reaction to
oral TCoD 2 ug/ 1x/wk sheep RBC 50X of normal by
kg/wk for D2 & AKR
or 0.5 Swk
1x/gk
for
B wk

TCDF = 2,3,7,8-tetrachlorodibenzofuran
* = ug/kg unless otherwise specified
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TABLE 50: continued

Species Rte Substance Dose™ Duration Effect Reference
mouse oral TCOD BCF DBA/2 1 time reduced number of granulocyte- Luster
BCF 0.2 5.0 macrophage progenitor celis & et al,
DBA/2 1.0 10.0 erythrocyte precursor cells 1985
2.0 50.0 in bone masrrow & decrease
5.0 in bone marrow hematopoesis
10.0 art 1.0 ug/kg in BCF
& ot 10 ug/kg in DBA/2
mouse  ip T¢oD 1 1 time TLDD or TCDF: no reduction Vecchi,
C5781/6 or or in thymic weight; 1985
TCDF 100 1 time
TCDD, Yug/kg: reduced santibody
production by 70%
ip TCop 1 1 time Reduced plaque antibedy
or production {p<.05)
TCDF 10
p TCDD 1 1 time 7-foid increese in
or AHK Bctivity
TCDF 10
mouse ip TCDD 30 1 time [mmature B cells more Chastain &
C57B1/6 60 sensitive than mature Pasternik,
120 B cells * 1985

* = yg/kg unless otherwise specified
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TABLE 50: continued

Species Route Substance Dose* Duration Effect Reference
mouse goevage TCOD 0.2 1 time BCF: Dose relsted Tucker
BCF 1.0 suppression of T cell et al,
C 7BL/6J 5.0 dependent & independent 1986
(86) antibody responses (p<.05);
<5.0 ug/kg: no thymic strophy
BCF, Sug/kg: resistance to
parasitic infection reduced
{p<.05);
mouse ip JCoD I 1 time TCDD: depressed antibody Yecchi
t5781/6Cr (C57B1/6) production in both species et al,
BR (p<.05); 1984
DBA/2Cr1
B8R TCOD + 3MC or BNF or PB:
-] reduced antibody formation
(DBA) £ mitogen stimulation
& enhanced AKH
activity in CS57B1/4 only
3IMC = 3-methylcholanthrene

BNF = beta-naphthalamine

P8 = phenobarbitol

AHH = arylhydrocarbon hydroxylase

* = yg/kg uniess otherwise specified

-
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TABLE 50: continued
Species Route Substance Dose* Duration Effect Reference
mouse gavage TCDD >0.01 1x/d Suppressed serum total White
86C3F1 for hemolytic complement activity et al,
14d component (C3); increased 1986
susceptibility to § pneumonie
mouse gavage TCDD 1.0 1x/d decrease in antibody response Holsapple
for to both T-dependent and T- et al,
C57BL/6 14d independent antigens (p<.05) 1986
rat gavage TCDD 5 day 14 Decrease in thymic weight of Luster
Fisher gesta- offspring until wk et al,
LY¥A tion (p<.05); 1982
E weeks Response to PHA and ConA
1, 7, 14 depressed until wk ® and 14
postnatal (p<.0S)
IMC = 3-methylcholanthrene

BNF = beta-naphthalamine
P8 =
AHKH =
* - ug/kg unless otherwise specified

phenobarbitol
erylhydrocarbon hydroxylase
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Teble 51: Summary of Health Effects other than Neurologic Noted in Reports
of Chemical Weorkers Exposed to 2,3,7,8-TCDD Contaminated

Materials
ASH BADDER KIMMIG BAUER BLEIBERG
1950 1951 1957 1961 1964
Elpblure TCP TCP, TCP, TCP, TCP,
pCP 2,4,5-P 2,6,5-7 2,4,5-1

Dermatologic

Chleracne + + . + +

Other +1,2.3 - +2 +1 +!
Hepatic

Size increase - NR NR HR NR

PCT - NR NR NR +4

Enzyme rise . NR NR NR .3

Other +3,6 NR NR +6 NR
Gastrointestinal

Ulcers + NR NR NR NR

Lipid rise NR NR NR NR NR

Other o7 +7 KR +7 NR
Pulmonary + + NR NR NR
Cardiac WR + NR NR NR
Other effects «B B B +8 MR

1Hyperpigmentation or hirsatism

2Cysts on eyelids, blepharitis
or conjuctivitis

3skin fragilily

‘Uroporphyrins

5sepTandsor sGOT

6ﬂepltitis (not specified)

7linht upper quadrant pain

8Reduced Libide

+=Positive finding reported in exposed
group

-=Wegative finding reported in exposed

NR=Nct Reported

TCP=trichlorophencl

2,64,5-1=2,4,5-trichlorophenoxy acetic acid
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Table 51: continued
POLAND GOLDHMAN MAY OLIVER JIRASEK
1971 1973 1973 1975 1974
Exposure TCP TCP TCP Pure TCP
2,4,5-T 2,4,5-T 2,3,7,8-7CDD 2,4,5-1, PCP
Dermatclogic
Chloracne + - + + +*
Other +1.2 NR NR +1 +1
Hepatic
Size increase N NR NR NR NR
PCT +6 ’ NR NR +4.
Enzyme rise 11 NR NR NR +5,12,13
Other NR +6 NR NR NR
Gastrointestinal
Ulcers NR NR HR NR NR
Liptd rise NR NR NR + +
other NR NR NR «7
Pulmonary NR NR KR NR NR
Cardiac NR + NR NR NR
Other effects NR NR NR NR +14

1Hyperpigmentation or hirsutism
2Cysts on eyelids, blepharitis

Cr conjuctivitis
‘Uroporphyrins
SsGPTand/or SGOT

6Hepatitis (not specified)
7Right upper guadrant pain
%uv flourescence of liver

on
T2aLk
3pelta-aLa

l4giabetes or abnormal glucose
tolerance test
+=Positive finding reported in exposed

group

-=Negative finding reported in exposed
NR=Not Reported

TCP=trichlorophenol
2,4,5-1=2,4,5-trichlorophenoxy ecetic acid
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Pazderova Martin
1981 1982
Exposure TCP TCP
2,4,5-7 2,6,5-7
Dermatologic
Chiorecne + +
Other NR R
Hepatic
Size increase NR NR
PCT NR NR
Enzyme rise NR 15
Other NR MR
Gastrointestinal
Ulcers R WR
Lipid rise + -
Dther NR NR
Pulmonary NR MR
Cardiac MR NR
Other effects <16 KR

1‘Diabetes or abnormel glucose
tolerance tes:
YSeor

+crPositive finding reported in exposed
group

-aNegative finding reported in exposed

WR=NDt! Reported

TCP=trichlarophensal

2,6,5-1=2 4, 5-trichlorophenoxy acetic acid
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Table 51: continued

May van Houdt gond Martin Suskind
1983 1983 1983 1984 1984
Exposure TCP 2,4,5-7 TCP TCP TCP
2,4,5-7 2.4,5-7 2,4,5-7 2,4,5-7
bermatologic
Chloracne + NR NR * +
Other KR NR MR NR +16
Hepatic
Size intcrease - KR NR NR .
PCY L1517 . NR NR -
Enzyme rise 3 5,15 NR 415,17 -
Other - - NR KR -
Gastrointestinal
Utcers - NR + NR +
Lipid rise - NR +" + +
Qther - NR - KR NR
Pulmonary - KR NR NR +
Cardiac - + NR NR +
Other effects - MR NR NR N
5sePTend/or SGOT +sPositive finding reported in exposed
BReduced tibido group
15ger ~zNegative finding reported in exposed
16xctinic changes NR=Not Reported

170-9lucaric acid TCP=trichlorophenol
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Table 51: continued

Moses Lathrop Lathrop Jennings
1984 1984 1987 1988
Exposure TCP 2,4,5-1 2,4,5-7 TCP
2,64,5-T 2.4,5-1
Dermatologic
Chloracne + - - NR
Other +16 18 18 .
Hepatic
Size increase NR + + NR
PCT HR - - NR
Enzyme rise «15 EAY - NR -
Other KR + - KR
Gastrointestinatl
Ulcers NR - - NR
Lipid rise + . - NR
Other NR - - NR
Pulmonary NR - - NR
Cardiac NR + .19 NR
Other effects +8 +20 - +21
3skin fregifity +=Ppsitive finding reported in exposed
Bpedcued libido group
Mion -zNegative finding reported in exposed
5561 NR=Not Reported
1actinic changes TCP=trichiorophenot

18gasal Cell Carcinoma
¥4eart Diseases
zouemoglobin volume

2V [ncreased immune complex
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Table 52: Summary of Mealth Effects Other than Neurologic Among Residents

of Seveso, Italy

Reggiani Filippini Assennato Ideo Mocareil§
1980 1981 1989 1985 1986
Study Type Case Cross Cross Cross Cross
Report Sectional Sectional Sectional Sectional
Dermatologic
Chloracne + + + NR NR
Other 422 NR - NR NR
Hepatic
Size increase + NR NR NR NR
FCT NR NR WR NR NR
Enzyme rise +15 NR 7 5,15
Other NR NR NR NR NR
Gastrointestinal
Ulcers NR NR NR NR NR
Lipid rise + NR + NR NR
Qther kR NR NR NR NR
Pulmonary NR NR NR NR NR
Cardiac KR * +19 NR NR
Other effects NR NR KR NR NR
5SGPT and/or SGOT +zPositive finding reported in exposed
15551 group
17D-glucaric acid sNegative finding reported in exposed

19neart Disease

22 jgrers and burn-like iesions

NR=Not Reported

TCP=trichlorophenol
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Kimbrough Steinberg Hoffman Webb Webb
1977 1985 1986 1987 1989
Study Type Case Cross Cross Cross Cross
Report Sectional Sectionat Sectional Sectional
Dermatologic
Chloracne NR - -
Qther NR NR -
Hepatic
Size increase NR HR - -
PLT NR NR +4
Enzyme rise NR .5,17 .
Other NR NR
Gastrointestinal
Ulcers NR KR -
Lipid rise NR NR - -
Qther NR NR - -
Pulmonary NR NR - - -
Cardiac NR NR - -
Other effects +4 WR +25

‘Uroporphyrins
5SGPT and/or SGOT
17D-glucaric acid
3517

ZsAnergic responses

+zPositive finding reported in exposed

group

-zNegative finding reported in expcsed

KR=Not Reported
TCP=trichlorophenol



-203-

Jouaydosoydeuad=4dad ‘10uaydouolyd141-6'9’2=dd1-6"9"2 ‘10%06«

(¥gvuou/ygy)

L6€2L=SH1Y19%
(4gyuou eady)
suotbay

0062=SH1¥184
(A1e31] ‘0saAas)

(34°'8°v seadv) 0ad1-g°2°'¢€’2
YliM pa3)BUlWRIVOD SeaJE

8861 ‘"1@ 13 L6821 / 0062 pasodxaun ui 6Buipls Ul papisaJt Jayjow asoym
0A0JB10J3ISBHy £1°1°€8°0 L4670 S09 / 1%l $133j2Q (B30l -34 sJayjow jo syysig 28/18/21-22/1/71 sqyiJte
9208=SH1y18#
60°S'10°0 0G°0 y/1 siyblam Altjeamyd c0y=SHLIY1a#
yidig mo ‘1eitdsoy ‘yiaiqg (1INOSS W)
gy-l'2¢"0 0971 S/y syjeaq 1e33y jo JeaA ‘doey ‘sbeB  Uucl}BULWBIUOD @QD| jO EBAIJE
886l ‘-1e S/Yy 53934ap 1BUJdlEW JO} PIYIIBW SBM SSIJIPPE §,4dYjow Isoym
19 JaneqyI0ls /% L'0%°0 8270 e/t 4yilig 1830 syi41q pasodxaupn 28/18/21-22/1/1 syidtg
5323430 (puejeaz maN) 1-‘¢'9’2
2861 ‘18 6%°2’'85°0  6L°L 6/€1 1e31uabuo) SJ03}2BJIU0D paAsuds ’‘sJoired1)dde
19 Yaws O£ 1L°19°0 6870 0v/¢9 obelsiedsiy jeln3jnoluby 1821wayd 30 buiidsyjo
£051=S3SNLdIINOI#
Suoljewdoj ey 2££=S3SN1dIDON0J# (UBBLYDIW) Gl6L-6E6L dId dO
VN 2101 L°8% /1748 1e3t1uabuo) ddd 40 dJ1 §'%'2 03 dll §'%’2 j0 uorlonpoud o}
2861 ‘18 VN 2ot "8l /0°61 J1J41g]1113S Ppasodxa 49A3U SJIyJom yiuow | 3sed] 1e paubisse
19 pudsumMo] YN 1670 € 6LL/8°911L abe1J4BI3SIH 2)1ew jo buiidsyio S$J43)J0M d)BW jo 6utuds}io
¥OHINY 1) %s6 oOlLlvi S1031N02/S35VD 3H0JLNO NOS 1 3VdW0I NOI1VINdOd AQNLS
AS 1A 40 dx3/580

uixoip-d-ozuaqiposojydseaial-gz’g’e

YiiM pajeulweluo) sjeatwayl

0} 3Jnsodx3 jo $323}43 aAllonpouday

1gg 2198}



219uo§340dodd = HWd 53583 pajydadx3l

0138y A)1)81J0K PazipJepurlS = YWS 0118y SPPO = ¥O ‘0110Y A} |0}J0N
dX3 {0118y 3JUapIdU| PaTiIpJBPUB]IS = NIS )oudaydouoydidy 3 dIi SIse) pIAIIBQO # = SBO

£861 paje) [SYRLFYLT] T UTBITA Y83A)
‘A94)un pus yae7 NELLY] V/N  V/N = YWS -n2)183 jou/| S1s 140403 dai SJ9yJon 182 |WY)

{93035 USIBUTGEeRY
8 jouaydodJo | yo

pu® sapjajqlay
Axouayd o3 aJnsod

204

(sJasoqe) -X3 yitm suojjedndso

L9€°9€ 021 = YWd peod)ted) §/9 s)ouaydoJo}jys u| a3e3s uolBuysen

J49nod 8g%°0€ S71 = ¥Wd (spJeyoq0) 2/¢ Ayi1eraow Sap1d1qaay Ut 62-0561 paseddap

2861 ‘way)iW ainsodx3 L£2°10L 251 = H¥Wd (Ssdwswy) 91/62 S1S ?d3jeuoijsodoud Axouayd +02 36e s8I )ew A1 yn

{uapans)

saplaiquay 8L-9261

Axouayd ¢/9| OLL/0EE Jouaydotoyd pJuog a4ej})an

1861 £ ‘92 8'9 = ¥0 sjouayd 1043u0d 83pLoiqJay 181305 jeuojieN

‘19 12 uossxyta3l Iansodx3l '8 ‘8"t £°¢ = ¥0 -040)1Yd g/1L1 SiS ase) AXOudygd 0} pd)Joday saIse)

0861 paie] ] Kyrjeydon (s1uLBajA 183p)

‘pupysns pue yoe7 13mM04 v/N Y/N = YHS -n2183 jou/| 518 34040) dJl SJ3)JOR @I 1WIY)

{uapans)

42-0L61

jouaydoio)ya ulpang ‘saun

S8l "y 9°9 = ¥0 £61/0% (902/2%) s|ouaydoso)ya *3dag A6ojodug

6161 sapLaiqday 1043U0D SIPL1I1qIay 0} palljuwpe

‘19 33 }1)3puey  unsodx3 Gl ‘9T €°§ = ¥y0  Awouayd 102/9Y S1S 358) Axouayd 08-92 838w sa|eN

EMLELEFED ] SLIWID 17D %56 olivy S1041N0D/SISYI Isv3isia 3dAl Q31VNIVA3 NOlLlvIndod
AQnis 31vy Jo dx3/S80 10 311S Adnis 3¥NS0dX3I

(S1S) WOJIJIBS 3ANSSI| 3305 pue

J4nsodx3 (QQIL) UIXOIP-d-07UaqQIpPOoJ0|Y2I@8IIAY-G ‘2 € 2 UaamMIaq d1ysuo1I@)I1 3y} JO suoleb}isaau] :9¢ 3F18VY



Y91y JA1IV]|3Y = ¥Y ‘olley A)1)eju0N pazipsepuels = YWS ‘0131€Y SPPO = NO 53seI paldadxl = dX3J ‘S3se) PIAIINGO # = S0

(sa)en 3 pus)bul)
As3niBay Jedus)

sJawie) 19UO I8N Y3 U}

sJauapJeb jayseuw (1961/1961) siouaydoioiyd pasaisjBais sajepn 3
9861 ‘uUosaydy ‘ssabeusw wie) JIUIPIIU} sapia1qJay pueibul ul 92-9948)
pue uwaef(e)eg 3insodx3 6°2 ‘071 2L = Yy L7 92/2Y S1$ 492UR) Axouldyg U} pIsoubeip sa ey

2861 -9461 udaImiaq
AJ18183y JIoue)

205

]0J3u0) SIpI21qJay pPu® 837 MIN Ylim
9861 ‘1% 13 yituws =871 ‘270 L 1=¥0 65/52 sis ¥se) Axouayd Pai2181834 s 1oy
juaw) Jedap 3)ad
9y ‘171 2°L = 80 40 AJauuey (/9
$°S ‘971 872 = ¥0  S)yJoMleauw 4/6} s)ouaydodoy)

(pue |37 nay)
0861 -9.161 UlIamidq

JamMod 6°L '€ 2°t = 30 Aemyiea 27114 (£8/28) AiysiBay Jadue)

1043U02 SapLaLqaay PUB A7 NN YIIA

861 ‘19 19 ylius 3insodx 3 «£°2 ‘€0 6°0 = ¥0 Asysayoy /2 S1S ¥s8) Axouayd paJa)s|Bads sd)ey

EMLELEFEL ] SL1IWIT 17D x56 olivy ST10¥1N0J/S3SYD  3SV3ISIQ 3dal Q31VNIVAI NOI1VINdOd
AQniLs vy 40 4X3/S80 30 311S AQnis 3¥NS0dX3

PaNULIU0D 119G 3J18VI



206

Jiwl) AJUIPLHUOD %04 SUIXOIPOZUIGIP PIlBULIO|YIA)od = GQId ‘ASIY 3AL18)IY = ¥Y¥ ‘jouaydoio)yleludd = did

o139y

A}j|e3lloN PazipJepuelS = WS ‘011EY SPPO = YO PIIV 21138Ax0uaydoloydatd-6‘y‘2 = 1692 foj1ey A31)191JoN 3Ieuojirsododd
a ¥Wd ‘S53sed pajdadx3 = Jx3 ‘o1ley duapidu] pIztpiepuals = YIS ‘)joudydosolyajd) = dI1 ‘SISE) PIAIINGO # = S$EO

(ueBjyaiN)

6161 -0961 uadny

921/91) -9q 4834 | pado)dws

9861 (50Q2d) joa3uod sJayJon 18Ijway)

‘19 13 13qos Jamog v¥/N ¥/N = ¥0 2/0 S1S 259) 0434 193 4wdyd 000°Z€
(Aye11)

(uadwonm 43pj0 Jo 1A Q2

Janod 679 ‘270 11 = 40 PpP38@3I3p) €|/Y (851/89) (843p3am 3314) ‘€9-1861 u} pasou

9861 (uawon j043U0d sapi1oiquay -Bep sased pawdyj

1@ 32 Bj3uiA aJnsodxl 4°€1 ‘970 42 = ¥O0 buiar)) /9 S1s as5e8) Axoudyd  -uod A}193}B801018|H
’ (uapans)

saayJon Bullisaioy JO
sjouaydoloyd 184N N2 1469 ILIN Oynm

9861 d3uaptout §apLoiqJay L961-1681 UdaniIaq

18 19 pun)iyip Junsodx3 0L ‘8°0 6°0 = ¥¥ YN/LEE Si1S Jasue) Axouayd uJoq uaw (029°'9ySg
0°2 L0 £°1L = ¥IS 49430 g°0/1 JJuapiout Sjedtwayd

II1A43IS Jadjued Ja3yjo 3 (yaouwuazg)

aqnsodx3 9°9L ‘01 0°¢ = ¥lIS 18nuew 9°0/¢ ALY sap1oiqday $J3NI0N

6861 ‘3budq J4amod 9°8L ‘L0 £°¢€ = ¥IS Hd £0/1 Sis -81nwn) Axouayd 182(wdyy 3\on

3ININIIY S1IWIT 170 XS6 Ollvd SI0¥LNOD/S3SVI 3ISviSIa 3dAil 031VNIVAI NO11VINdOd
AQNLS v 40 dX3/580 40 3ALIS AQNLS 34NS0dX3

panujiucd  :9g 318VL



AS1Y dA131@)3Y = J¥ ‘0138Y SPPO = HO ‘PiIy D211378Ax0uaydololyditdl-§'y’Z = 1692 1Sased paldadxl = dxX3 ‘SIS8) PIAIISqO ¥ = S8HO

(pueeaz manN)
AJysiBay 433ue)

207

(pa)ood) pusjeaz nay

8861 1043U02 sJayJonm yiin peaaysjbay

‘19 19 324834 aunsodx3y 4§ ‘2°} 6" 1=30 S1S ¥s@) J10338QY SI8IA + 2 SOy

S°L ‘270 6670 = ¥O (103§

s)jouaydouo|yd uo3jBuiysen UJI}san)

AJ381833 aadued

08°0=¥0 (569/821) s)ouaydosolyd Ui lvg-1861

1861 83533 apiaiqday 1043U0) sapiai1quay pasouBe |p

‘18 312 spoop 3)1dy3)NW 271 “S°0 Axouayd 569/921 S1S ase) Axouayd 62-02 83194
aall

-8°2°€°2 Yun (A1eaD)

pajeulweajuod Aaysi1Bay Jaoue)

uoiso)|dxy 0SIAIS Ayl YIn

9861 JJouapout 101383y dI1 PI43IS1631 186 -SL6)

‘1€ 319 1uojund 3Iunsodx) VN 2271 = ¥Y g2 e/€L°8 S1S J30ue) woJj IUIN) i3 pasouBeip 83509
ENLEYEFED | S1IKWlT 173 XS56 ollvy w;Ozhzouxmww<u isvisia 3dAl a3jilvniva3l

AQN1S vy 40 dX3/s80 40 31IS AQnis 3dNS0dX3 NO11V¥INdOd

Panujluos iy 318Vl



208

lotjey Ali)ejion pazipiepuels

= WS ‘pPloy J1322eAxouaydolo|ydidy

-6’9’2 = 1642 ‘o1iey AjrL\erdol dleuotrlododd = YHd ‘Sased paldadxl = gXx3I ‘joudydololyd1dl = dJ} ‘SasSe) PIAIISQO ¥ = SHO
(sJa10qB)
662 ‘88  LZL=Y¥Wd peoJyied) 4/21
(sJ3wie) sewoyduwA )
S92 ‘89  871=UNd I994n) 9/6 43410 .
(11w d)nd
602 ‘97 1gl=¥Wd 7 asaded) g1/
[€ FEUFLTY swolJes
202 ‘S9  BlLL=YWd sayn) /gl -01Nd13131
swoJJes
££2 ‘69 CEl=dWd (3SIPJIBYIJI0) 4£/21 -oydwA (93035 uolBujysen)
s)ouaydodoyd
(114w d)nd pue 83p}2§qJay
20€ ‘OLl 6Bi=dNd 3 Jaded) o//1 Axouayd o)} aisnsodxa
yiin suojjednado
UNd 29¢ ‘28 081=¥Wd (3S1piaeY210) ¢/ Ayt1e3gow  sjouaydodojyd ul 62-0661 ‘+02 968
2861 3seastLp 93l8U01) sapLalqaay SYisap 3w Aaytym
‘weyyiW dJansodx3 ¢yl ‘Sz 90i=HWd  (SJOWIB}) 9¢/B¢ Suy6poH -dododd Axouayd 21835 uolfiurysen
0861 Ji13atodojewdy (QyuLBaLA IS3IN)
‘pulysns 3 All)ejaouw JUIRJIOYI YiiIm
pue yae2 Janod 966 ‘69 LYL=UNS g8 0/¢ -2138ydwin 1Joyo) 1-§'9°2 421 sJsdxdom @34wayd 224
3INIY¥IINN S1IWI 173 %56 ollvy S1041NOJ/S3ISVYI asvisia 3dAl 031VN1VAI NO11VINndod
Aanis 31vd 40 dx3/s80 10 3118 AaniLs 34NS0dxX3

s$43jue) 313310d01BWAY

pue 2ijeydwAl pue (AJ11) ULX0Ip-d-0ZU3IQIPOIOIYIRILIL-G 2 §'2 uaamiaq diysuoylejal ayl jo suolleBisaaul :¢g 318Vl



209

ewoydwA1 suiyb6poH-uou = THN ‘O11ey AJ1|BII0N PaZIpPIEPUR]IS = HWS ‘0118Y SPPO = ¥0 ‘P1idV d1l1d2eAxouaydololyrtil-g’n’z
= 1gH2 S3sed paldadx3 = dxX3 ‘013183 IOoUIPLIU] PIAZIpPIEpuUBLS = YIS ‘joudydouoydldl = dI| ‘S3S8) PIAIISqQO & = SAO

aseasig
2°2 'y 7L = dIS Sasey || suiybpoy
JduapLoul (uapans)
1861 swoydwAi Jaosued 9261 -5961 UIIM]
1@ suiy6poy EYY B! SapPIIIqIdY -3q pIsudII}) $4010D
13 pun)yin a4nsodx3 sl ‘9" 1071 = ¥IS sase) |2 -uoN -®)nwn) Axouayd -y)dde apyajisdd
SIpyaiqaay
1861 Ali)eydouw Axouayd (ueBiLyo1w)
‘1@ 12 230 NELLY! 697 ‘29 261 = UWS 9-2/% TN ddoyod §-G°9°2 141 SJ3yJom 182jway)
(sy4om 3Jeaw) (puUe 837 MaN)
g°1 = ¥0 £2/61 18-2261 Ad1siBay
9861 swoydwi s)jouaydodloya J22UR) PUReI?
‘1e 39 2J4nsodx3 (Buiduay) sugyBpoy )joJ43uo0d SIP121QJIY MIN YIim pasaisibay
d%40ag4 Jamogd g2 ‘1) 0°2 = ¥0 6%°'0/1¢% -uoN 350) Axouayd (¢ 988 Ja3pun sajey
(s)ouayd
-0401Y42)
6°9 ‘172 £°% = 40 aseastp (uapans)
sulybpoy 3 A60joduQ jo idag o)
1861 (aptaiquay ewoydwA s)ouaydoio)yd Palyjupe §2-9261
‘1@ 19 Axouayd) suyybpoy joJ3u0d SIpP1o1qudy UIIm13q pasoubeip
119pJeH ?insodx3y 1'8 ‘672 B"Y = ¥0 8LE/691 -UoN ase) Axouayd $9-S2 6@ 590K
JINI¥I4FY SLIWI 17 X686 olivy S10¥1NOI/SISYI 3svisia 3dAl a31VYNIVAI NOI1l¥INdod
Aanis . 1ivy 340 dX3/S80 10 311S Aanis 33NS0dX3

panuijuod 6§ 318Vl



SUIXO|POZUIQIP 3SIY JALIB)IY = ¥Y¥ ‘0118Y SPPO = HO ‘S3sSBD Paldadx3y = dxI ‘jouaydouso)ydtd] = dli ‘$3S68) PIAJISGO # = S8O

210

SL°OL ‘1Y) S7°Yy = ¥¥ buiwaeyinj ¢ (uapsns)
aseasiqg SNSUD 0961 Ui
6°¢ ‘s 1 92'2 = 44  3INIINDIAIS G| suyy6poy A4383403 JO
24n3 N2y aBe Uy
sdnoib jeuoijed vwoydwA] 22uapiauy paio dwa
861 ‘19 32 -NJ330 9 ut ¥y suyybpoy 432ued §3p1aiquay 0%-1681 uJoq
‘pun|yin Jsnsodx3 p31eAa)d oN 19 -UON  dAllenWN) Axouayd e 029°95¢
SJ3Aeuds
159404
7761 ‘271 8% = ¥0
3piLatqiay
Axouayd (uojbuiysen)
‘sidwJey) 23191S U0}
'y ‘07 ££°1L = ¥O -Buiysep uiaisan jo
swoydwA ) s jouaydouio)yd AJ3sibas J1adued U}
21861 5353} s)ouaydoiolya sui)ybpoy 10J3u0d saplajqday !vg-1861 pasoubep
‘1@ 33 spoon adinine 8L ‘g0 26°0 = ¥0 969/945 -uoN ase) Axouayd 162-02 s3\oM
ESLENEFEL ] S1IW1T .-.u X568 olivy ST0¥1NOD/SISVI 3svisla 3dal Q31VYNIVA3 NOL1V1NdOd
Aanis Jlvy 40 dX3/580 40 3118 AQnits 3¥NS0dX3

e R

pPanui3uod  :gg 378Vl



SULX0|poZuaqip PaleulJo)ydAjod = QAld ‘ySLY 2ALIR)2Y = ¥4 {jouaydolo)ylsiudd = did
l0j39y AY1)9)13I0W PaZIPJIEPUBIS = YWS ‘013IBY SPPO = ¥O ‘PIIV 213320AX0uaydoso)yatd)-6°9°2 = 1592 ‘oj30y A3||183J0H
ajeuo}jdododd = YNd {53500 pIdIdu3 = 4xX3 0118y IOUIPIJU] PITIpJepurlS = YIS !Jouaydooiydidl = dJ1 Sase) PaAlIeqo # = $80

211

(uapang)

1836 - 62-0461

2°91L '8°2 179 = ¥ LyS/¢1 -uhseyd AJ41818ay 433us)

43mod -oseu }043u0d sapLaiqiay ysipaIns o) pajsoday

2861 ‘19 13 1)3puey ainsodx3l /"% ‘470 L°¢ = ¥0 1ys/8¢ 1858N 95@) -Axoudyqd sJ44 5g-G2 pabe sajey
2861 (R1urtBaA 383pn)

‘A9} 399 pue yIe? Janod 99¢ ‘19 891 = ¥Wd 1S°€/9 6un? YNd 1-¢°9°‘2 8JINJON |83 |WIY)
snie}s (AuRwaay 31san)

6u)jows oON euou|dued 2L61-8961 uIImiaq

1814d  Aji)ejuouw sJ40)e2i)dde apiajysad

1861 ‘13y3aeg sunsodx3 /2 ‘€91 GIZ = MWS S 22/68 -uoJg 14040) S@ payJomn oym g9

- (QluyBaA 1838)

0861 433ued A3 )e3jJow FUILIOYI I A

‘pujxsns pue 32e7 Janod 60% ‘25 SZL = ¥HWS 58°2/% 6uny 1Joyoly ddl S4a)YJoM 18J1wdY)

JIN3¥3IiN S1IKWI1 1) X668 Ol1vd S1OHLNOD/S3ISYI asv3asia 3dAl Q31VYNIVA3 NOI1vIndod
Agnis Jivy ¥0 dX3/s80 40 3118 AQnis 33NS0dX3

$432uB) AJ0310a1dsay
pue aunsodx3j UIx01p-d-0Zu3qiIpPo4O|YI84333-8°2°¢ 2 (QQAIL) uUaamiag diysuoile)ad Yy jo suojleBjisaaul :9g 378VI



212

3 YWS

ASLY IALI0)IY = YH ‘0§I8Y AJ1]}8IJON pIZipiupunls
53582 Pdadx3 = ¢gx3 ‘0118Y IDUIPIIU] PIZIPIEPUELS = HIS Joudydoso|ydid] = dI1 ‘8ISE) PIAIISQO # = SEO

J2UIp LoUL

(uaw) Jadued J33ued SIPII1quay (y4ewuaq)

cg61 ‘9b6udy J4nsodx 3 14€ ‘€0l 202 = dIS £ 6/L1 Bunl JAtjenun) Axouayd gaayJon 18I jWway)

(i3snp poon (59%92/65£8) A115163y J43due)

%861 ‘uasuar 40} paisn{pe) Jadjued 10J3u0) ysjueq 28-0261

pue uas)p aansodx 3 2L ‘€0 9°0 = ¥y c992/658 yesen ?sw) sjouaydosoly) Y} woJ} S38N)

(Auewidn 3Isapn)

BWOW 12482 uoi1so|dxd J03d38ad

2861 jetyd  A31181J40K dJ1 o) pasodxa

‘18 12 sstayy Jamod 969 ‘87 8£2 = ¥HWS 92 1/¢ -uouq 340yo) dd1 S4INJOM (@I JWIYD 9

ERLEYVEEEL ] S1IWID 170 XS6 011vY¥ SI0¥INOI/SISVI isviasia 3dAd a31vNIVA3 zo_pcg:mou
AQnis 31vy 30 dx3/S80 40 3118 AQNLS 3¥NS0dX3

Panujlucd 19 318Vl



213

AS1Y SA11@)3Y = YY ‘o1iey AJL)eliON PIZIPJIEPUBIS = HWS ‘0131€¥ SPPO = ¥0 ‘PLIY 211328Ax0ouaydolo|ydld)-¢’9‘2
= 1642 ‘5358 PaIdadx] = dxX3J ‘0t1IBY IJUIPLIOU] pIzZiIpJepuelS = YIS ‘jouaydoso)ydtd] = dJ| {Sase) PaAlIaIsqo ¥ = $80

652°29 171 = UWS L2701 duiisajui
1861 A31)8)100 1-6'9°2 (ueBiyayK)
‘19 33 130 43mog 6%% ‘29 8SL = UNWS 8°§/9 yoewols 340403 da1 SJIYJON 18I }mIY)

4879 '2.°0 B9°2 = ¥IS  4%°L/%y s3\euw 18109y

3Juap1aut
Janod 492ued SIPLI}qJay (@ FLL ITi})
$g61 ‘abuln 3J4nsodx3 16°% ‘SL°0 9¢°L = MIS 29" /2 S3)j8W  YIBWOIS IALIV|NWN) Axouayd SJINJOA @I jWIY)
(Augwiang 3Isap)
c2¢L ‘'€ 8€2 = ¥WS 2y 0/\ uojoj uo 80 |dxa J03J03J
2861 Ayryeyaouw dll U} pPaAjoAu}
‘19 13 ss1ayy Jamod 2521 ‘98 92% = ¥HS 470/¢  Yaewols 14oyo) dd1 SJINJON @IjwaYyd 92
(uapans)
62-9261 4319163y
sjouaydoJsoyd J3J0UB) ys|paIns 03
£°6 '9°0 8L = ¥ £1/9 paisodas pue AB0)03uQ
s)ouaydodio)|yd jo -3dag aya jo
Jamogd sAxouayd 1043U0d 83apLItLqiay uoi1baa u} sjuapyisay
1861 ‘113pJdey  dunsodx3 g2 ‘9'0 €°L = WO £9/11 uojoj ase) Axouayd $8-52 abe sajey
(UIPans)
0861t Jamod Ajir)ejaouw 83p131GJayY S403831 dde apidjisad
‘1@ 19 uos)axy Iunsodxl §%¥°9 ‘¢y°Q  2°2 = Hi 9€°L/€ yoewols 3J040) Axouayd §433JON pROJ)|0Y
EMLELEFEL) S1IWlT 17 %56 Olivy ST0¥1INOI/SISVI 3SV3ISIA 3diL a3ivNIvAl NO11¥INdOd
Adnis vy ¥0 dx3/s80 30 3ILIS Aanis 33NS0dX3

sJ4aJue) |BUL}ISAIUlOI}SEY
pue 3insodx3l (gQll) UiIx01p-d-0ZuUaQIPOIO|YIBIIIY-G 2 'C 2 UdIN]IAE diIYySUO1}R}3Y AYl ;O SuoLIeBiLlIsIAu] 126 318Vl



214

‘0j39y A11)83I0N PITIPIBPUB]S

d30uojliododd = YWd

SulX0lpozuaqip pajeutJolydAjod = QQld AS1Yy IA118)IY = ¥¥ ‘)ouaydosolyswiuad = d4ld

UNS ‘0139Y SPPO = ¥O ‘PIIV 21313deAx0udydooyddL-gie‘e = 1§92 lo}Imy Arjlejaon
153592 PalIIdXI = ¢4X3I ‘0118 IJUIPIOU] PIZIPJIEPUB]IS = ¥[S Jjoudydolo)ydidl x d)] ‘5IS8] PIAIISGO # = S$BO

(ueByayN)

SEECLES Alr)e3a0m 1-6°9°2 IN ‘PueIpin

2861 ‘19 319 110 Janod Gl¢ ‘28 061 =3NS 2°9/8 ajeisodd jJoyo) dJl S13NJO0N (@I WaY)
(1122
19seq)
paidadsns 3 FERI E

s°1 ‘970 0" 1L=¥4 P31}143A 89/9¢ uiys (Apn3s dn ne)joy)

J13j0ue 18u0|3133s 331A13S SJIPUBY

1861 ‘1% 313 doayie) aansodx 3 1°2 ‘20 2°L=NE P} 1I3A 0€/62 -)3wuON -$S04) WEUII|A youey ad4o04 a4y
(QREE]
1eseq)
43Jued

uLys (Apn3s auj}Iseq)

Ji130u8 18u01123s 321A4IS SJapuey

9861 ‘19 32 doayre) ainsodx3 1°¢ '2°1 v 2=uY 12/1§ -)13WuopN -s504) WBUYI LA youey 3d4034 J}y

22uapioul

JaJjued 53p121q43Yy (ydouwuaq)

gg6l 'abudy dansodx3 8%9 ‘06 gz2=41S g1/ X1A13) dALle | nuUIN) Axoudyd SJ3NJOA BRI IWIY)

ERLEYEREL ] SLIWI "1°) X586 Olivd SIOMINOD/SIASYI 3SV3SIQ IdAl Q34VNIVAI NO11V¥1INd0Od

AQN4sS EFS 2] ¥0 dx3/S80 40 3ILIS Aanis 33NS0dX3
SJ23UB] 43ylQ pu® Isnsodx3 (QQl1) UIX0Ip-d-0ZuUaqQLIPOIOYIBILAY-g 2 € 2 UIINIAE dIysuoL1@)aY Iyl 0 suoileblisdAaul :g¢ 318VYL



215

Plo8 21313%@ Axoydoio)ydip-9'2zq0-9'2 lo}iey
A} 119110 PITIPIRPUBIS = ¥YWS ‘PLOY 211338AX0UIYAOIOIYDIIIL-G 9’2 = [G92 !S35@I PIIJAdxF = dXI ‘SISE) PIAJIISQO # = SHO

dunsodx3  £92°0 SLL = ¥WS (BJAGLT) 9271/2 (epeue))
§3163) ¢2eL = N
91d13 )N 96£ 911 952 = UNS (SIAYL-6)G6°L/S

AlLjeidon 1-6°9'2 2861-0661 p3do)dud

8861 ‘udasn Jdamod 929°201 292 = ¥NS  (SJ44A 6>)0§°L/y 3piaing 140yo) a-'2 siayJon AJ3sagog
3IN383438 SLINIY "1°2 XS6 Ol1vd STO¥INOI/SISYI 3svasia 3dAl  Q31VNIVAI NO11VINdOd
Aanis 31vd ¥0 dx3/580 10 1118 AQNLS  3¥NSOdX3

4yleag ;o sasne) Juvubi)euwuoN pue
d4nsodx3 (QQll) UiX0ip-d-0Zu3aqipoIo YdIBIIII-G“'2° € 2 uaanyag diysuoylejay Iyl ;0 suo|IBbi1eAu] sapmis 6 318YL






APPENDICES

216







217

APPENDIX A

REVIEW OF THE EFFECTS OF 2,3,7,B-TETRACHLORODIBENZO-p-DIOXIN

IN MAMMALIAN SYSTEMS

Non-Malignant Effects

Lethality and Sensitivity

The lethal effects of 2,3,7,8-TCDD vary significantly with animal
species, dose and duration of exposure. Acute single dose effects
illustrate the dramatic species difference in tolerance to
exposure. Male guinea pigs are the most sensitive of the species
evaluated having an LDy, of 0.6 ug/kg body weight (bw) (Schwetz

et al., 1973), while the male Golden Syrian hamseter is the hardiest
of the species and can tolerate up to approximately 3000 ug/kg bw
before 50% of the exposed animals die (Olson et al., 1980). This
represents an approximately 5000-fcld difference in species
sensitivity. Other species have sensitivities intermediate to the
guinea pig and hamster in the following order of decreasing LD50O
dose: rat, monkey, mouse, rabbit (Neal et al., 1982). 1Intraspecies

variations in lethality may be due to strain, age and sex of the
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animal. In general, younger (weanling) animals, females and Ah
responsive strains are more sensitive to the effecte of
2,3,7,8-TCDD (Neal et al., 1982; Neal, 1985; NTP, 1982b). Low
doee, chronic exposures appear to be cumulative, causing more
severe effects than single doses of the esame strength (McNulty,

1977).

When compared to the toxicity of other chlorinated dibenzodioxins,
the isomer chleorinated at the 2,3,7 and 8 carbons is the most toxic
configuration (Neal et al., 1582; Poland et al., 1976; Neal,

1985). The dibenzofurans share a similar toxicolegic profile with
the dibenzodicxins. However, the 2,3,7,8-tetrachlorodibenzofuran
is approximately two to four times less toxic than 2,3,7,8-TCDD

(Moore et al., 1979).

Weight Loss

One of the most consistently reported outcomes of exposure to
2,3,7,8=-TCDD is body weight loss of the treated animals, commonly
termed the "wasting syndrome” (Table 37). Single dose
administration of 2,3,7,8-TCDD and long-term exposure cause body
mass reduction in almost every epecies evaluated. Reduction of
pre-exposure body mass in animals administered 2,3,7,8-TCDD has
been recorded in Rhesus monkeys, (McConnell et al., 1978a; McNulty,

1977; Allen et al., 1977), in Hartley guinea pigs (McConnell et
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al., 1978b; Harris et al., 1973; DeCaprioc et al., 1986), in C57Bl/6
mice (McConnell et al., 1978b; Vos et al., 1974, and in Wistar ra:s
{Courtney et al., 1978), CD (Earris et al., 1973) and

Sprague-Dawley rats (NTP, 1982; Kociba et al., 1979),

In a few studies, treated animals (CD and Sprague Dawley rats and
Golden Syrian hamseters) did not lose weight, rather they faileé to
gain the same amount of weight recorded in the untreated
age-matched controls (Harris et al., 1%73; Kociba et al., 1976;
Olson et al., 1980). The reason for the cbserved loss of weight
has not been explained; however, researchers agree that, although
many animals are reported to reduce food consumption (McConnell et
al., 1978b; DeCaprio et al., 1986) or to stop eating all together

{McNulty, 1977), the loss is due to unexplained mechanisms.

Dermal Effects

One of the earliest recognized feature of human exposure to
2,3,7,8-TCDD contaminated chemical is chloracne, an acne-like
condition caused by exposure to a variety of halogenated aromatic
hydrocarbons (Ashe and Suskind, 1949, 1550; Suskind et al., 1953;
Baader and Bauer, 1951; Bauer et al., 1961; Goldman, 1972; Poland
et al., 1971). 1In & series of three independent rabbit ear skin
painting studies, Kimmig and Schulz (1957) identified the chemical

source of the chloracne as 2,3,7,8-TCDD (Table 38). Jones and
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Kizak (1962) and Schwetz et al., (1973) described the pathology cf
the condition as hyperkeratosis of the follicular epithelium,
hyperplasia of surface epidermis, comedones, and thickening of the
epidermal keratin. Similar changes were noted in HRS/J (hairless
mice) (Jones et al., 1%Bl1). Systemic administration in rhesus
monkeys caused what may be presumed as more severe effects
including: acne, sguamous cell metaplasia of the sebaceous gland,
disturbances of keratin-producing follicles caueing leoss of hair,
eyelashes, and nails. Petechial hemorrhages were observed around
the nares, and on the buccal cavity and gums possibly due to
increased fragility of the capillaries (McConnell et al., 1978a;

Allen et al., 1977; Schantz et al., 1979).

Hepatic and Biliary Effects

Hepatic response to a single or repeated doses of 2,3,7,8-TCDD
presents a diverse range of effects which appear to be common to
most species. The responses include increased liver size and
weight, cellular and lipid infiltration, liver cell necrosis,
enzymatic elevations, bilirubin changes and bile duct epithelial
hyperplasia (Table 39). With the exception of the golden Syrian
hamster (Olscn et al., 1980), at least one of these effects were
obgerved in mice (Vos et al., 1974; Jones and Greig, 1975), rats
(McConnell et al., 1%78a, 1978b; Greig et al., 1973; Kociba et al.,
1976; Kociba et al., 1978, Zinkl et al., 1973), monkeys (chonnell
et al, 1978; Schantz et al., 1979; Allen et al., 1977) and guinea

pigs {(DeCaprio et al, 1986).
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Hepatocellular and bile duct changes subsequent to exposure to
2,3,7,8-TCDD present a consistent picture among the species tested,
whether the animale are given a single dose or are given repeated
doses over a prescribed peried. Morphologically, livere of exposed
monkeys (Allen and Carstens, 1967; McConnell et al., 1978), mice
(Jones and Greig, 1975; McConnell et al. 1978b; Vos et al., 1974;
NTP, 1982b; Jones et al., 198l), rats (Greig et al., 1973;
Gasiewicz et al., 1980; Kociba et al., 1976, 1978) and guinea pigs
(DeCaprio et al., 1986) increased in relative weight, characterized
by hepatocellular necrosis, cellular infiltration and
vacuplarization of hepatocytes with lipid. 1In rats (Greig et al.,
1973; Gasiewicz et al., 1980; Kociba et al., 1978) and meonkeys
(Allen and Carstens, 1967), hepatocytes were described as
multinucleated and often of bizarre sizes and shapes. Mice
hepatocytes were not observed to be multinucleated. No
histopathological changes of the liver were observed in Golden
Syrian hamsters administered one dose of 3000 ug 2,3,7,8-TCDD/kg

(Olscn et al., 1980).

In additicn to nonneoplastic morphological changes, increases in
hepatic nodules were observed in 2,3,7,8-TCDD treated rats (Rociba
et al., 1978) and mice (Toth et al., 1979; NTP, 1982a).
Futhermoré, statistically significant increases in hepatocellular
carcinoma was demonstrated in Sprague-Dawley rats (Kociba et al.,
1978), in Osborne-Mendel rats (NTP, 19823) and_BSCJFl mice (NTP,

1582a).
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Cellular proliferation and hyperplasia of bile duct epithelium was
common in exposed mice, (Jone2 and Greig, 1975; Vos et al. 1974;
McConnell et al., 1978), rats (Gasiewicz et al., 1980; Kociba et
al., 1976) and in rhesus monkeye (Allen and Carstens, 1967; Allen

et al.,, 1977).

Enzyme levels commonly associated with liver damage (SGOT, SGPT,
GGT, ALK} when measured after exposure to 2,3,7,8-TCDD, were not
consistently changed (Table 40}. In general, SGOT waB increased in
rats (Greig et al., 1973; Zinkl et al., 1973; Gasiewicz et al.,
1980) and in monkeys (McCcnnell et al., 1978) but not in hamsters
or guinea pigs (Olson et al. 1980; DeCaprio et al., 1986). SGPT
was either slightly increased or unchanged in approximately equal
number of studies of rats (Greig et al., 1973; Zinkl et al., 1973;
Kociba et al., 1976; Gasiewicz et al., 1980), guinea pigs (DeCaprio
et al., 1986) and hamsters (Olscn et al., 1980). Bilirubin was
measured in eight studies cof rats, monkeye and hamsters. Two to
20-fold increases in mean bilirubin levels were noted in rats
(Gagiewicz et al., 1980; Zinkl et al., 1973; Kociba et al., 1976)
and in Golden Syrian hamstere (Olson et al., 1980). No changes in
mean bilirubin level were reported in two studies of Rhesus monkeys

(Allen and Carstens, 1967; McConnell et al., 1978).

Hepatic damage due to exposure to 2,3,7,8-TCDD has also been
associated with decrease in serum glucose levels in rats {Zinkl et

al., 1973; Gasiewicz et al., 1980; Schiller et al., 1986) and in
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monkeys (McConnell et al., 1978). 1Increases in serum cholesterol
have been demonstrated in rate (Greig et al., 1973; 2inkl et al.,
1973; Gasiewicz et al., 1980) and in hamsters {(Olscn et al.,

1980). Changes in serum protein levele have also been attributed
to 2,3,7,8-TCDD exposure in monkeys (Allen and Carstens, 1967;
McConnell et al., 1978), mice (Vos et al., 1974) and rats (Greig et
al., 1973; Gasiewicz et al., 1980). Alteration of porphyrin
metabeolism has also been observed in exposed rats (Kociba et al.,
1976; Kociba et al., 1978; Cantoni et al., 1981) and in mice
(Goldstein et al., 1%73; Sweeney et al., 1979) but not in monkeys

(McConnell et al., 1978a).

Three studies showed statistically significant decreases in serum
glucose levels in 2,3,7,8-TCDD treated rats (Schiller et al., 1986;
Zinkl et al., 1%73; Gasiewicz et al., 1980), one of which
demonstrated significant decreases in serum glucose within two days
after exposure (Schiller et al., 1986) (Table 41). Nonspecific
reductions in serum glucose levels were observed in one study of
rhesus monkeys (McConnell et al., 1978). The censistent reduction
in serum glucose concentrations is thought to be due to severe
hepatic damage or perhaps an alteration in the regulation of lipid
synthesis from carbohydrates (Gasiewicz et al., 1980; 2inkl et al.,
1973), however, the precise mechanism for this effect has not been

determined (Lutz et al., 1987).
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consistent and apparently dose-dependent elevations in serum
cholesterol levels have also been reported after acute and chronic
exposure to 2,3,7,8-TCDD in a total of eight studies of rats (Poli
et al., 1980; Schiller et al., 1986; Albro et al., 1978; Zinkl et
al., 1973; Greig et al., 1?73; Gasiewicz et al., 1980), guinea pigs
{Gasiewicz and Neal, 197%) and hamsters (Olson et al., 1980) (Table
42). Unlike the elevations of serum cholestercl in rats, hamsters
and guinea pigs, rhesus monkeys experienced decreased cholesterocl
levels after exposure to 2,3,7,B-TCDD (McConnell et al., 1978;
Schantz et al., 1979). Serum triglyceride levels were also
measured in eight studies of rate (Poli et al., 1980; Schiller et
al., 1986; Albro et al., 1978; Gasgiewicz et al., 19B8B0), guinea pigs
(Gasiewicz and Neal, 1979; DeCaprioc et al, 1986), monkeys
(McConnell et al., 1978) and hamsterse (Olson et al., 1980}). The
results, however, are not coneistent among the studies and did not

reflect similar changes in serum cholesterol levels.

Rlteratione in serum protein and albumin have been observed as a
consisetent effect in mice (Vos et al., 1970; McConnell et al.,
1978), rats (Greig et al., 1973; Gasiewicz et al., 1980; Zinkl et
al., 1973) and monkeys (Allen and Carstens, 1967; McConnell et al.,
1978a) (Table 43). In contrast, statistically significant
increases in serum protein were reported in hamsters (Olson et al.,
1980), and guinea pigs (Gasiewicz and Neal, 1979). Changes in
serum albumin generally followed>the same pattern as serum protein

levels, although the observed fluctuations were not consistent.
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Gasiewicz and Neal (1979) speculate that increased serum proteins
in 2,3,7,8-TCDD dosed animals may reflect a etate of dehydration

and hemoconcentration.

Increased excretion of porphyrins and alterations in porphyrin
excretion patterns after repeated exposure to 2,3,7,B-TCDD was
demonetrated in mice, and rats (Table 44). ExpoBure to
2,3,7,8-TCDD caused increased excretion of urecporphyrins and
heptacarboxlic porphyrine in mice (Goldstein et al., 1873; Sweeney
et al., 197%; Jones and Sweeney, 1980; Cantoni et al., 1984), and
in rats (Kociba et al., 1976; Kociba et al., 197B; Cantoni et al.,
1981). Monkeys administered single oral doses of at least 70
2,3,7,8-TCDD ug/kg bw did not develop eigns of porphyria nor had
evidence of UV flourescence of liver tissue (McConnell et al.,

1978a).

Porphyria induced by 2,3,7,8-TCDD appears to have a latency period
from the time of exposure to the time porphyric changes become
evident. The latency periocd may be species and strain specific, and
it may be alsc dose related. Although not confirmed, the latent
period has been attributed to the time necessary for sufficient
liver damage to occur to cause changes in the porphyrin pathway
(Goldstein et al, 1982). 1In mice the induction period has been
shown to be as short as one week and as long ags six weeks. In rats
induction of porphyria has been shown to occur within 2 months of
treatment, although no study has examined the possibility of

induction within sixty days of exposure.
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Exposure related effects have also been reported in a variety of
other organ systems including respiratory, vascular and

hemoatopoeitic systems. These effects are described below.

Respiratory and Vascular Effects

Respirateory Effects

Studies of chronic exposure to 2,3,7,8-TCDD in Sprague-Dawley rats
(Greig et al., 1973; Koc¢iba et al., 1978), BHC3Fl1 mice (NTP,
1982a), rhesus monkeys (Allen and‘Carstens, 1976; Allen et al.,
1977) and hartley guinea pigs (DeCapric et al., 1986} reported
profound changes in bronchiolar or alveolar tissue including
alveolar edema and hyperplastic, keratinizing sguamous metaplasia

and squamous cell carcinomas (Table 45).

In the cral cavity, stratified sgquamous cell carcinoma bf the hard
palate and nasal turbinates were observed in 8 of 99 Sprague-Dawley
rats administered daily dcses of 0.1 ug 2,3,7,8-TCDD/kg bw (Kociba
et al., 1978). ©Other long-term dosing studies of rate were

negative for this site (NTP, 1982a; NTP, 1982b).

Vascular Effects

Profound degenerative changes in vessels and the heart

(cardioedema) were reported in rhesus monkeys administered fat
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contaminated with an unknown amcunt of 2,3,7,8-TCDD (Allen and
Carstens, 1967) {Table 45). In a separate study, nine months of
exposure to 500 ppt 2,3,7,8-TCDD by gavage caused gang:ehous
necroeis of the fingers and toes in rhesus monkeys as well as
generalized edema and ascites. Cardiac involvement jincluded
bilateral ventricular dilation, edema and enlargement of hemorrhage
were found in the epicardium, myocardium and endocardium {Allen et
al., 1977). Myocardial degenerative changes were also reported in
Sprague-Dawley rats after two years of daily exposure to 0.1 ug/kg
l1d bw 2,3,7,8-TCDD {(Kociba et al., 1978). Vascular changes may
also account for reports of hemorrhage in the stomach or
gastrointestinal tract of dosed C57Bl/6 mice (Vos et al., 1973),
hartley guinea pigs (Gupta et al., 1973; McCcnnell et al., 1978b)
porton, CD or Sprague-Dawley rats (Greig et al., 1973; Gupta et
al., 1973; Van Miller and Allen, 1977) and rhesus monkeys (McNulty,
1977; McCennell et al., 1978a). 1t is alsc possible that the
changes observed in the stomach and intestinal tract are due to
localized irritation caused by direct contact of the organs with
2,3,7,8-TCDD contaminated food. 1In these studies, the 2,3,7,8-TCDD

was administered with chow or by gavage.

Hematologic Effects

Exposure to 2,3,7,8-TCDD elicited a variety of alterations in the

cellular componente of blood (Table 47) (Vos et al. 1974; 2inkl it

al., 1973; Greig et al., 1973; Weissberg and Zinkl, 1973; Allen et
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al., 1977; FKociba et al., 1976) No consistent pattern of white or
red blood cell change is readily discernible. McConnell (1989)
suggests that this confusing picture of effects may be due to the
interspecies variation in hematologic responses to polyhalogenated
aromatic hydrocarbons; to the poesibility that the effects of acute
and chronic desing studies are not comparable due to the variation
in the life span of the various cellular componentse; and, to the
fact that near lethal doses may cause widely varied hematological

responses.

Developmental Effects

In 1987, van den Berg et al. (1987), found 2,3,7,8B-TCDD in the
liver of fetuses ghose mothers had been fed 2,3,7,B-TCDD
contaminated fly ash on days 10 to 17 of pregnancy. This study
clearly demonstrates the ability of 2,3,7,8-TCDD to c¢rose the
placenta and depousit in fetal tisesue. The study strengthens the
findings of earlier research which found that 2,3,7,8-TCDD caused
reduced fertility, increased fetal death and malformations in all
tepts of mice and rats tested. (Table 49) (Murray et al., 1979;
Giavini et al., 1983; Weber et al., 1985; Birnbaum et al., 19B5;
Courtney and Moore, 1971; Moore et al., 1973; Courtney, 1976; Smith

et al., 1976).

The most common malformations due to in utero exposure to

2,3,7,8=TCDD are cleft palate and kidney anomalies (hydronephrosis
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and dilated renal pelvie) (Birnbaum et al., 1985; Moore et al.,
1973; Smith et al., 1976; Weber at al., 1985). Other effacts
cbserved hydrocephalus, open eye, petechiae, fetal resorption and
spontaneous abortions (Courtney, 1976). Common malformations in
rat offspring were edema, hemorrhage, and kidney anomalies (Khera

and Ruddick, 1973; Giavini et al., 1973; Giavini et al., 1983).

Subsequent studies have demonstrated that increaseeg in the
incidence cf cleft palate in mice was related to the genetic
ability of the strain to respond at the Ah locus (Poland and
Glover, 1980; Hassosen and Dencker, 1982). Poland and Glover
(1980) observed that in responsive mice the incidence of cleft

palate was 50% higher than in nonresponsive mice.

While fetal malformations have not been observed in offepring of
rhesus monkeys exposed to 2,3,7,B-TCDD prior to and during
pregnancy, fetal lose and infertility (failure to conceive) were
increased when compared to unexposed controls (Allen et al., 197%;

McNulty, 1978; McNulty, 1984).

Immunclogic Effects

The effects of 2,3,7,8-TCDD on the immune function in experimental
animale include thymic involution and atrophy and suppression of
both cell-mediated and humoral immunity. The types of immunologic
responees observed are dependent upon the species and age of the

animal as well as the test protcoccol employed (Table 50).
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Thymic degeneration has been observed in all species tested
including mice (Harris et al., 1973; Vos et al., 1974; Clark et
al., 198l), rats (Harrise et al., 1973; Gupta et al., 1973;
Gasiewicz et al., 1980.) Hartley guinea pigs {(DeCaprio et al.,
1986; Gupta et al., 1973), golden Syrian hamsters (Olson et al.,

1980), and rhesuse monkeys (McConnell et al., 1978.)

Thymic atrophy has been correlated with other effects of
cell-mediated immunity (reviewed in Vos and luster, 1989) such as
delayed type hypersensitivity responses (Clark et al., 1981; Faith
and Moore, 1977; Thomas and Hinsdill, 1979}, depressed graft versus
hast response (Vos and Moore, 1974), ability to reject skin
allografts (Vos and Moore, 1974), decreased response to mitogens
(PHA and Con A) (Dean et al., 198l; Dean and Lauer, 1984; Vos and
Moore, 1974; Faith and Mocre, 1977}, and suppression of cytotoxic

lymphocyte response (Clark et al., 1981; 1983).

2,3,7,8-TCDD affects humoral immunity by suppression of bone marrow
precursor cells (hemoatopoietic stem cells) (Luster et al., 19é5;
Tucker et al., 1986; Chastain and Pazdernik, 1985) and supression
of antibody producing cells (Vecchi et al., 1983; Vecchi et al.,

1986; Tricker et al., 1986; Holsapple et al., 1986).

In experimental animals, the developing immune system, whether
expcsed in utero or postnatally, has been shown to be the most
*

susceptible to the effects of 2,3,7,8-TCDD (Vos and Moore, 1974;
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Faith and Moore, 1977; Dean and Lauer, 1984). Although antibody
responses are not suppressed in animals perinatally exposed (Faith
and Mocore, 1977), thymic atrophy., depression of T-cell mediated
repponses and bone marrow toxicity are greater in the perinatally
exposed animal than in the adult animal (reviewed by Sonawane et

al., EPA Risk Aesesement, 1988).

One possible mechanism of 2,3,7,8-TCDD induced immune effects
appears to be related to genetically controlled responsiveness to
AHH induction. Studies indicate that suppression of antibody
regponse (Tucker et al., 1986; Vecchi et al., 1983; Chastain and
Pazdernik, 1985; Vecchi et al., 1986; Holsapple et al., 1986) serum
total hemolytic complement (C3) (White et al., 1986), thymic
atrophy (Poland and Glover, 1980) and bone marrow precursor cell
proliferation (Luster et al., 1985) occur at lower doses in Rh

responsive species in comparison with non-respecnsive species.

Carcinogenic Effects

In 1987, the International Agency for Research on Cancer {IARC)
determined that there is sufficient evidence to classify
2,3,7,8-TCDD as a definite carcinogen (IARC, 1987). Thie decision
was based on data from at least 9 different studies‘which
demonstrated increased incidence of a variety of tumors after
exposure to 2,3,7,8-TCDD in rats {(Kociba et al, 1978; Van Miller et

al., 1977; NTP, 1982a; Pjitot et al., 198B0; Kouri et al. 1978), mice
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(Toth et al., 1979; NTP, 1982a; NTP, 1982b), and Golden Syrian
hamsters (Raoc et al., 1988) (Table 48). The rat liver appears to
be the target organ for carcinogenesie after 2,3,7,8-TCDD sxposure

(NTP 198B2a; Kociba et al., 1978).

Rats

Three studies of rate, two of Sprague-Dawleys and cne of
Osborne-Mendel rats, found elevated incidence of a variety of
tumore after treatment with 2,3,7,8-TCDD. Male and female
Sprague-Dawley rats were fed diets supplying 0.1, 0.01 or 0.001 ug
2,3,7,8~TCcDD/kg daily for two years (Kociba et al., 1978).
Incidence of malignant tumors was not elevated at doses of 0.01 or
0.001 ug 2,3,7,8-TCDD/kg although hepatocellular hyperplastic
nodules were increased (18 or 50 animals, p<0.05) in females only
at levels of 0.01 ug 2,3,7,8-TCDD/kg/day. Increased incidence of
malignancies wae observed in four sites in the 50 male or the 49
female rate treated with 0.1 ug 2,3,7,B-TCDD/kg/day:
hepatocellular carcinoma (2 male [4%]), 11 females [22%]);
stratified sguamous cell carcinoma of the hard palate or nasal
turbinates (4 male [B8%], 4 female [8%]; sBtratified sguamcus cell
carcinoma of the tongue (3 male [6%), 2 female [4%])); and,
keratinizing squamous cell carcinoma of the lung (1 male [2%], 7

female [14%)).
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In support of the findinga of previous studies, statistically
significant (p<0.05) increases in the incidence of neoplastic
nodules of the liver or hepatocellular carcjinoma were observed in
Osborne-Mendel rats treated by gavage twice weekly, with 0.5 ug
2,3,7,8-TCDD/kg for 104 weeks (2 years) (NTP, 1982a). As in the
study by Kociba et al., (1978) female rate developed appreciably
more liver tumors than males at the same dose (22% in females vs.

6% in males).

Unlike the study by Kociba et al. (1978) which found minimal
increases in follicular cell adenomas in Sprague-Dawley rats,
statistically significant increases in follicular cell adenomas of
the thyroid (p<.001) were observed in male Osborne-Mendel rats at
all dose levels (0.0l ug/kg=9% increase; 0.05 ug/kg=1% increase;
0.5 ug/kg=19% increase). No measurable increases were noted in
female Osborne-Mendel rate at any dose. 1In addition, no increases
in lung or hard palate/nasal turbinate malignancies were found in
the Osborne-Mendel Rats. This difference may reflect the
differences in treatment modalities between the two studies.
Contact with 2,3,7,8-TCDD supplemented chow by the Sprague-Dawleys
may have provided the opportunity for inhalation of contaminated
dust from the chow. Treatment of the Osborne-Mendels was by gavage
only, thus preventing extraneous respiratory contact with
2,3,7,8-TCDD laden dust. This finding by Kociba et al. (1978) may

be an artifact of exposure, however, it provides some evidence that
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continuous low-level respiratory exposure to
2,3,7,8-TCDD-contaminated dusts may increase the risk of humans to

the development of respiratory cancers.

Mice

The evidence for carcinogenicity of 2,3,7,8-TCDD in mice is
illustrated in three separately conducted studies (NTP, 1982a; NTP,
1982b; Toth et al., 1979). 1In one of the earlier studies,
Swiss/H/Riop mice developed liver tumore (malignant and
nonmalignant tumers combined} in 30%, 21% and 29% of the animals
after treatment for 1 year with weekly doses of 7.0, 0.7 or 0.007
ug 2,3,7,8-TCDD/kg, respectively (Toth et al., 197%9). Lung tumors
were increased to 61% in animals treated with 0.007 ug
2,3,7,8-TCDD/kg, while 41% and 25% of mice treated with C.7 and 7
ug 2,3,7,8-TCDD/kg developed lung tumors. In the same study,
eighteen percent (18%) and 39% of the unexposed control mice
developed liver and lung tumors, respectively. When compared to
unexposed controls, the rate of lymphomas was also higher in mice
treated with 0.7 ug (27%) or 0.007 ug 2,3,7,8B-TCDD/kg (23%) than
with 7.0 ug 2,3,7,8=-TCDD/kg (14%). Hypothetically, this decrease
in lung tumeors and lymphomas may be due to the reduction in average
life span of mice administered 7.0 ug 2,3,7,8-TCDD/kg, because
these tumors may appear later than liver tumors after exposure.

The authors, however, did not detail the number of days each

treatment group survived post-exposure.
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Further research by the National Toxicology Program (NTP), also
demonstrated a statistically eignificant increase in the incidence
of hepatocellular carcinoma in male and female B6C3Fl1 mice
administered 0.5 ug 2,3,7,.B~-TCDD/kg (males) or 2.0 ug
2,3,7,8-TCDD/kg (females) twice weekly for 104 weeks (NTP, 19B2a).
At these doses, 23% and 12% increases in hepatccellular carcinoma
were observed in male and female mice, respectively. Female B6C3Fl
mice also developed significantly more follicular-cell adenomas of
the thyroid compared to unexposed controls (11% increases in lung
tumors or lympheomas were found in B6C3Fl mice. Both studies dosed

the animals by gavage.

R eingle study evaluated the effect of dermal exposure of
2,3,7,8-TCDD (NTP, 1982b). Male and female Swiss Webster mice were
administered 0.001 ug or 0.005 ug 2,3,7,8~-TCDD per application
three timeg per week on alternate days for 99 or 104 weeks,
respectively. The total weekly dose approximated 0.15 ug/kg for
males and 0.75 ug/kg for females. Thirty percent (p<.05) of the
treated females developed fibrosarcoma of the integumentary system
wherease 5% of the controls and 21% of the treated males developed

these types of tumors.

Hamsters

A single study examined the carcinogenic potential of 2,3,7,8-TCCD

in Golden Syrian hamseterse which are considered the species most
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resistant tc the effects 2,3,7,8-TCDD (Rao et al., 19B8).
Twenty-cne percent of all animals treated monihly by either s.c. or
i;p. injeétion with 100 ug 2,3,7,8-TCDD/kg for € months (total of
600 mg 2.;,7,8—TCDD/kg) developed sgquamous cell carcinomas of the
facial akén within 12-13 months of the beginning of the study. No
tumors cf;ihe tongue, hard palate/nasal turbines or lungs were
found. Néﬁe of the control animals nor any of the hamsters
receiving:? monthly injecticns of 100 ug 2,3,7,B-TCDD/kg or §
monthly iESectiona of 50 ug 2,3,7,8-TCDD/kg developed tumors of anv
kind. ;

Proposed Mechanisms of the Carcinogenicity of 2,3,7,8-TCDD

-

hd

The mechanism by which 2,3,7,8-TCDD induces tumor growth has been a

4

point of cpnsiderable debate. Chemical carcinogenesis is thought

-
>

to occur t§rough two basic mechanisms, initiatieon and promotion
{Pitot et ;l., 1980). Initiation is considered an irreversible
process ca;sed by the administration of a carcinogen which
covalentlygbinda to DNA. Promotion is a reversible cellular
process of;unscheduled or mis-controlled cellular growth resulting
from the administration of non-tumor producing substances, which
convert initiated celle into neoplastic cells. The body of
evidence from animal toxicologic studies suggest that 2,3,7,8-TCDD
is a ptrong tumor promotor (Pitot et al., 19BC; Peoland et al.,
1982; Kouri et al., 1978; Abernethy et al., 1985; Abesrnethy and
Barieko, 1587) and may alsc be a tumor initiator (DiGiovanni et ail,

1577; Kociba et al, 1978; Holder and Menzel, 198%9)
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Pitot et al (1580) demonstrated that 2,3,7,8-~TCDD is an extremely
potent promotor in previously damaged livers undergoing cellular
regeneration. 1In this study, partially hepatectomized Charles

_ River ratse received a single intragastric intubation of a 10-mg/kg
dose of the initiator diethylnitrosamine (DEN) and, one week later,
injected with 0.14 or 1.4 ug 2,3,7,8-TCDD/kg, twice weekly for 14
weeks (Pitot et al., 1980). Hepatocellular carcinomas were
observed in 71% of the rats treated with 1.4 ug 2,3,7,8-TCDD and
DEN; no carcinomas were noted in animals receiving 0.14 ug

2,3,7,8-TCbDh/kg and DEN or 2,3.7,8-TCDD alone or DEN alcne.

In another study, 2,3,7,8-TCDD was capable of preomoting a dose
related increase of keratinizing sgquamous cell papillomaa in
HRS/(hr/hr) hairless mice but not in HRS/J(hr/+) mice (Poland et
al, 19B2) fellowing initiation by two initiators, DMBA or
N-methyl-N’'-nitro-N-nitrosoguanidine (MNNG). Hairless mice,
painted with one application of 2 umol of DMBA followed by
application of 20 ug 2,3,7,8-TCDD twice weekly for 8 weeks, then 50
ug 2,3,7,8-TcbD feor 17 weeks, developed approximately 1.4
papillomas per mouse in over B0% of the treated animals. One tumor
developed after administration of DMBA alone; TCDD alone produced
no tumors. No tumors were produced in HRS/J (hr/+)mice. In the
same Btudy 2,3,7,8-TCDD was aleo found to be a significant promotor
in HRS/J (hr/hr) mice after initiation with MNNG. Twice weekly
administration of 3.75, 7.5 or 15 ug 2,3,7,8-TCDD per mouse

resulted in a dose-related increase in the incidence of papillomas



238

{(control=5%; 3.75 ng=55%, 7.5 ng=77%, 15 ng=100%). In a third
study, a 4% increase in fibrosarcomas were observed in a third
strain of mice, DBA/2, which received 100 ug 2,3,7,8-TCDD/kg by ip
2 days prior to B.c. administration of 150 ug 3=methylcholanthrene
(3-MC)} (Kouri et al., 1978). When 2,3,7,8-TCDD and 3-MC were
administered simultanecusly, the percent of mice with sarcomas was

increased by 13%.

Lastly, a single treatment of C3H/10T1/2cells with 0.5 ug/ml MNNG
prior to continuous treatment in the medium with 4pM or greater
concentraticns of 2,3,7,8-TCDD increased cell tranaformation
{Abernethy-et al., 1985). However, Berry et al. (1%78) found no

tumor promction after application of 2,3,7,8-TCDD.

Supporters of the promoction theory postulate that because there is
little evidence that 2,3,7,8-TCDD is a mutagen and, unlike most
chemical carcinogens, does not covalently bind tc RNA and DNA
(Poland and Glover, 1979), 2,3,7,8-TCDD is most likely not an
initiator. Shu (1987) points out that when 2,3,7,8-TCDD was used
as an initiator in the studies in which it showed strong promoting
ability (Poland et al., 1982; Pitot et al., 1980; Abernethy et al.,
1985), tumor formation in exposed and control animals was similar,

thus, strongly implying that little if any initiation occurred.

The finding of a single well-conducted study support the argument

that 2,3,7,8-TCDD functicne as a complete carcinogen. 1In a two
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year feeding study of Sprague Dawley rats, Kociba et al., (1978)
found rare tumors of the hard palate, nasal turbinates, and tongue
in males and adenocarcinoma of the lung, a rare cell type, in
females. Di Giovanni et al. (1977) also found weak initiation due
to 2,3,7,8-TCDD; however, this attribute is disputed because the
incidence of tumor formation was low, occurring at the end of the
animals’ life and there was no unexposed control group for

comparison (Shu et al., 1987).

The complexity of the mechanism of 2,3,7,8-TCDD carcinogenicity is
further illustrated by evidence that 2,3,7,8-TCDD may inhibit tumor
initiation by known initiators benzo-[a)-pyrene or
7,13-dimethylbenzanthracene and promoted with
12-0-tetradecanoyl-phorbol-13~acetate (Cchen et al., 1979).
Additionally, 2,3,7,8-TCDD has been shown to decrease both benign
and malignant tumors of some endocrine organs (Kociba et al., 1978;
Holder and Menzel, 1987). Whether or not 2,3,7,8-TCDD exposure
confers a protective effect on these systems has not yet been fully

evaluated.

The data accumulated to date strongly suggest that 2,3,7,B-TCDD is
carcinogenic in rodents. There is no available evidence to confirm
thie assertion in higher order mammals. Chronic, low-dose
administration of 2,3,7,8-TCDD did not result in tumor formation in
rhesus monkeys. However, other morbid effects were observed as

previously described (Allen et al., 1977}.
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Liver tumors, both adenomas and carcinomas, were seen in excess in
each of the species administered 2,3,7,8-TCDD crally or by
injection. These data suggest, as do the studies of acute
toxicity, that the liver may be one of the primary target organs in
rate and mice but not in hamsters. The plethora of other tumor
gites generated by exposure to 2,3,7,8-TCDD may suggest that Bome
celle are more eensitive to the tumor inducing effect of
2,3,7,8-TCDD, Buch as liver cells, and develop tumors first, but
that constant insult by 2,3,7,8-TCDD of other less sBensitive cells,

triggers the same tumorigenic response as liver cells.

In summary, well-conducted studies have demonstrated that 2,3,7,8-
TCDD is a strong promoter; however, there is alsc sufficient

evidence toc argue that 2,3,7,8-TCDD is also an initiator.

Mechanisms of the Toxicity of 2,3,7,8-TCDD

The mechanism by which 2,3,7,8-TCDD evokes a toxic response has
been extensively ptudied and continues to be researched. A number
of comprehensive reviews, compiling the knowledge to date, have
been published recently (Goldstein and Safe, 1989; Skene et al.,
1989; Silbergeld and Gapiewicz, 1989). The toxicity of
2,3,7,8-TCDL appears to be associated with two related factors:
structure-activity relaticnahip and the resulting ability to bind
with an intracellular receptor. Of the dibenzo-p-dioxins and

related compounds [dibenzofurans (PCDF) and pelychlorinated
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biphenyle (PCB)), the most toxic are planar or nearly planar
structures, with a minimum of three halogens cccupying the lateral
ring positions, and cone pecsition is unsubstituted (Poland and
Knutsen, 1982). Thise configuration permits the molecule tc bind
with a high affinity stereospecific receptor. Based upon studies
by Pcland and Glover (1973; 1974) and Peland et al. (1979), there
is strong evidence that the receptor is associated with genes (Ah
loci) regulating the activity of cytochrome P-450-dependent
enzymes, including aryl hydrocarbon hydroxylaze. (Cytochrome P-450
is a family of monocoxygenases which metabolize carcinogens, drug,
pesticides and other xencobictics.) A widely studied 2,3,7,8-TCDD
receptor, called the Ah receptor, binds to certain halogenated
arcmatic hydrocarbons, such as 2,3,7,8~TCDD, and to structurally
related pelycylic aromatic hydrocarbons, such as
3-methylcholanthrene(3-MC). The 2,3,7,8-TCDD/Ah receptor has been
found in a number of epecies including guinea pigs, monkey, mice,

rat and hamster (Gasiewicz and Rucci, 1984}).

The organ distributien of 2,3,7,8-TCDD/Ah receptors is Bpecies
dependent (Gasiewicz and Rucci, 1984; Mason and Okey, 1982;
Carlstedt-Duke, 1979). 1In the cytcplasm the Rh receptor binds to
the 2,3,7,8-TCDD to form a 2,3,7,B-TCDD receptor complex. It is
thie complex that moves through the nuclear membrane and binds to
the DNA. (2,3,7,8-TCDD does not easily penetrate the nuclear
membrane nor readily covalently bind with DNA (Poland and Glover,

1979). It ie the binding of the 2,3,7,8-TCDD receptor complex to
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the DNA that initiates derepression of genes which regulate
synthesis of cellular proteins (reviewed by Goldstein and Safe,

1989).

ARlthough the body of evidence supports a receptor theory, the
mechanisms by which 2,3,7,B-TCDD interacts with the Ah receptor and
those that permit complex binding to DNA are yet to be fully
determined. It has also been suggested that 2,3,7,8-TCDD can alter
the binding of cellular receptors such as the epidermal growth
factor receptor, the estrogen receptor and the glucocorticeid
receptor (reviewed by Goldstein and Safe, 1989). The effects
caused by the binding of 2,3,7,8-TCDD to these receptors and the

mechanisms of toxicity are currently being examined.

Other proposed mechanisms which may explain other effects of
2,3,7,8-TCDD include depletion of vitamin A stores (Thunberg et
al., 1979), alterations in the metabolism ©f testosterone and
estrogens, particularly causing androgen deficiency (Moore et al.,

198%) and alteration of the metabolism of adrenal eteroids.

Throughout the past two decades, the scientific community has put
forth considerable effort to understand the toxicology of
2,3,7,8-TCDD. The primary reason for this effort is because 2,
3,7,8-TCDD represents one of the most toxic of a claes of similar
compounde which have become common contaminants of the modern

environment. While much work has already been conducted to examine



243

every aspect of 2,3,7,8-TCDD toxicity, it has become evident that
ite effects are many and the mechanisms of action are complex.
Collectively this research has documented that, in animals,

. 2,3,7,8-TCDD causes 8 host of ¢linical and subclinical health
effects, both benign and malignant, Studies at the molecular level
puggest that these effects are moderated by the action of a
2,3,7,8-TCDD—receptor-molecule which binds with DNA and alters
normal expression of certain genes. Other data also indicate that
2,3,7,8-TCDD may bind with other receptors, particula;ly steroid
receptores, and compete for the natural binding sites of these
molecules. These recent findings clearly emphasize that there is

much more to know about the activity of 2,3,7,8-TCDD,.
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APPENDIX B

HUMAN HEALTH EFFECTS OF EXPOSURE TO

2,3,7,B8-TETRACHLORODIBENZO-p-DIOXIN

Non-malignant Effects

Dermal Effects

The most widely recognized dermal effect of exposure to
2,3,7,8-TCDD contaminated substances is chloracne (Table 51).
Chloracne is a persistent acneiform condition characterized by
comedones, keratin cysts, inflamed papules with hyperpigmentation
and a unique anatomic distribution, occurring subsegquent to acute
and chronic exposure to a variety of chlorinated aromatic compounds
(Crow, 197B; Moses and Prioleau; 1985). This acne-like condition
is reported toc have occurred with and without other health effects
in at least a few people after all reported accidents at TCP

production facilities (Ashe and Suskind, 1950; Suskind et al, 1953;
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Goldman, 1972; May, 1973; Reggiani, 1978; Filippini et al, 1981,
among individuals involved in daily production of 2,3,7,B-TCDD
contaminated preoducts (Bleiberg et al, 1964; Poland et al, 1971;
Pazderova-Vejlupkova et al, 1981; Moses et al, 1984; Moees and
Pricleau, 1985; Suskind and Hertzberg, 1984; Bond et al, 1989} and
among three laboratory workers exposed to pure 2,3,7,8-TCDD

{Oliver, 1975).

Other dermal effects included a variety of symptoms and conditions
which occurred less frequently than chloracne but appeared in
several groups subsequent to acute and continuous exposure to TCDD
contaminated TCP and 2,4,5-T. Two reports indicated that after
acute episodes of exposure, e.g. accidents, individuals complained
of red and irritated eyes, conjuntivitis and blepharitis
(inflammation of the eyelids) (Ashe and Suskind 1950; Baader and
Bauer, 1951). Other investigators also found cases of eyelid cysts
several months after acute exposure (Suskind et al, 1953; Kimmig
and Schulz, 1957; Poland et al, 1871; Reggiani, 1981) and up to 25

years after exposure (Suskind and Hertzberg, 1984).

Hyperpigmentation, hirsutism (also known as hypertrichosis or
abnormal distribution cof hair) was diagnosed among chemical workers
in the United States (West Virginia and New Jersey) (Ashe and
Suskind, 1950; Suskind et al, 1953; Bleiberg et al, 1964; Poland et
al, 1971), in Germany (Bauer et al, 1961; Goldman, 1972) and in

Czechoslovakia (Jirasek et al, 1974) who were exposed to
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contaminated TCP and ite derivatives during manufacturing processes
or industrial accidents, and among laboratory workers in England
exposed while synthesizing pure 2,3,7,8-TCDD (Oliver, 1975). These
effects were not seen upon reexamination twenty-five years later

among workers from the West Virginia plant (Suskind and Hert:zberg,

1984; Moses et al, 1984).

Actinic or solar elastosis was found to be more prevalent among
West Virginia workers diagnosed with active chloracne at the time
of their examinations in 1979 (Suskind and Hertzberg, 1984) (Exposed
= 539.1%; Unexposed = 30.1%, p<.0l). Actinic elastosis is directly
related to sun exposure, however, the amount of sun exposure, skin
type or other factors contributing to the sensitivity of the skin
to sunlight was not assessed in the report. No other studies of
TCP production workere have found an increase in the prevalence of
actinic elastoeie. Among this same group, Suskind noted three
cases of Peyronie's disease, a rare condition characterized by
proegreesive scarring of the penile membrane. No explanation for
this finding was expregsed nor has the condition been noted (or

perhaps looked for) in other studies.

In 1984, a statistically significant excess of non-melanotic skin
cancer was reported among Air Force personnel involved in the

aerial spraying of herbicides over Vietnam compared to & matched
comparison group (Lathrop et al, 1984). The comparieon group was

compoged of Air Force personnel assigned to cargo missions outeide
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the sprayed areas of Vietnam. A follow-up study of the same
cohorts in 1987, confirmed the excess of basal cell carcinoma, and

attributed the increase to sunlight exposure (Lathrop et al, 1987).

Gastrointestinal Effects

Liver size

Changes in liver function and structure after exposure to
2,3,7,8-TCDD are commonly observed in treated animals. The changes
are not alwaye consistent from one species to anocther but they
prompted examination of hepatic effects among exposed human
populations. As with animals, there is wide variation in the type
and degree of hepatic effects reported in humans after exposure to

2,3,7,8-TCDD contaminated materials (Table 51).

One symptom which has been consistently reported in the animal
literature after exposure to 2,3,7,8-TCDD is increased liver si:ze.
Five studies of humans reported enlarged liver size. A two fold
statistically nonsignificant increase in hepatomegaly was found
among Air Force Ranch Handers in the baseline study (Lathrop et al,
1984). 1In the followup study, 0.8% of Ranch Handers compared to
0.2% of the comparison group were found to have enlarged livers
(Lathrop et al, 1987). Liver size was increased among TCP
production workers in West Virginia {Suskind and Ashe, 1950;

Suskind et al, 1953) and in Czechoslovakia (Jirasek et al, 1973).
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Liver enlargement wag found among 5 of 22 Seveso residents with
severe chleoracne. The hepatomegaly lasted “"several” months without

concomitant elevation in hepatic enzymes (Reggiani. 1980).

Enzyme levels

Animal studies have also demonstrated changes in hepatic enzyme
levels, although there is considerable interspecies variation in
the observed effect. Seven studies §nd case reports reported
elevated liver enzymes among exposedfworkera and among Seveso
residents., Increased levels of gamma glutamyl transferase (GGT)
may suggest activity such as cholestases, liver regeneraticn or
drug or xenobiotic metaboliesm. Elevation in GGT levels were found
amcng Sevesc adults (Filippini et a;, 1981) (data not shown) and
among boys in Seveso living in 4 more highly contaminated region at
the time of the accident who showed a 12-40% increase in GGT levels
up to three years after the accident (Mocarelli et al, 1986) (Table
52). A 20% increase in GGT level was noted among British TCP
workers with chloracne tested 10 years after exposure to
2,3,7,8-TCDD contaminated chemical as a result of a TCP reactor
explosion (May, 1982; Martin, 1984) (Table 51). Only slight
increases in mean GGT level (Ranch Handers = 40.1 vB controls =
39.3) were observed in Air Force Ranch Handers. A statistically
significant excess in the proportion of individuals with abnormally

high GGT levels was found among West Virginia workers with
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chloracne who were examined as many as 30 years after exposure
{Moses et &al, 1984) (chloracne = 23% abnormal ve. no chloracne = 9%

abnormal, p<.03).

Abnormal levels of serum glutamic o#aloacetic transaminase (SGOT)
and serum glutamic pyruvate transaminase (SGPT)} may indicate liver
cell damage from a number of etiologies including hepatic necrosis,
metastatic carcinoma or cobstructive jaundice (SGOT and SGPT), or
infectious or toxic hepatitis and cirrhesis (SéOT) {(Henry., 1%79).
Elevated levels of these enzymes may alsc be due to nonhepatic
origins, such as, myocardial infarctien, acute pancreatitis (SGOT
and SGPT) or skeletal, cerebral or renal necrecseis (SGOT). Both
enzymes were elevated among TCP production workers in New Jersey
(Bleiberg et al, 1964) and in Czechoslovakia (Jirasek et al,

1974). SGOT was increased in West Virginia TCP workers with
chloracne (3% abnormals with chloracne ve O abnormals without
chloracne) (Moses et al, 1984), and SGPT was increased in 5 of 14
TCP workers from Great Britain who were in the manufacturing
building at the time of a reactor exploeion (May, 1973). Filippini
et al (1981) found increased 5GOT and SGPT among adult Sevesoc
residents and Mocarelli et al (1986) observed a 24% elevation in
SGPT levels among male children in Seveso tested one year after the
accident compared to unexposed comparisoneé. None of the studies
reported clinical evidence of liver disease in these populations.

Therefore, in the abmence of reporte among exposed individualas of
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hepatic or nonhepatic diseases related to changes in SGOT or SGPT
levels, it is peossible that the fluctuations in enzyme levels may

be due to activities related to metabolism ©f xencbiotics.

Other enzymes, delta amino levulinic acid {d-ALA} (Jirasek et al,
1974), lactate dehydrogenase (LDH) (Poland et al, 1571; Lathrop et
al, 1984) and alkaline phosphatase (ALK) (Jirasek et al, 1974) were
found elevated in one or two groups. No abnormal levels of ALK,
SGOT, SGPT or GGT were found among West Virginia workers examined
by Suskind and Hertzberg (1984) or among Michigan TCP or 2,4,5-T
workers who participated in yearly medical surveillance

examinations between 1976-1978 (Bond et al, 1983).

In some instances, follow-up studies found that, over time, liver
enzyme levele returned to normal. Ten years after their initial
study of the Czechoslovakian TCP workers (Jirasek et al, 1974),
Pazderova-Vejlupkova et al (19B1) found enzyme levels (SGPT, SGOT,
d-ALR, ALK) in the surviving subjects were not increased. GGT
levels in children of Seveso were normal three years after the
accident (Mocarelli et al, 1986) and were not elevated in Air Force
Ranch Handers when retested in the first follow-up study conducted
in 1985 (Lathrop et al, 1987). SGPT levels among the Seveso
children also returned to normal within six years after the
accident (Mocarelli et al, 1986). Finally, LDH levels found
increased in Ranch Handers in the baseline study were not raised

upon reexamination {Lathrop et al, 1984; Lathrop et al, 1987).
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In ten studies, d-glucaric acid excretion was measured as a
possible indicator of enzyme induction by 2,3,7,8-TCDD but with
little coneistency in the results. Elevated levels (chloracne =
2.09 ve unexposed controls = 1,59) were found in chemical workers
in England tested 10 years after exposure to TCDD contaminated
effluent from a TCP reactor explosion (May, 1982; Martin, 1984).
Statistically significant d-glucaric acid excretion was elevated in
urines collected in 1978 from adults residing in Seveso, Italy at
the time of the ICMESA accident compared to residents of unexposed
communities (Seveso = 27.1 umecle/g ve unexposed = 19.8 umole/g
p<.05) and among Seveso children with chloracne (39 umcle/g)
compared to those without chleracne (20.5 umole/g) (Ideoc et al,
1985). None of the studies described other exposures or conditions
which could have increased d-glucaric acid. Elevated levels of
d-glucaric acid were not obeerved among individuals exposed to TCDD
contaminated waste oils in Times Beach or Quail Run, Missouri (Weblb
et al, 1987; Hoffman et al, 19B6) or measured among Air Force Ranch
Handers (Lathrecp et al, 1984; Lathrop et al, 1987) or chemical
workere from West Virginia (Suskind and Hertzberg, 1984; Mcses et
al, 1984) or ameng Dutch forestry workers presumed to be heavily

expcsed to 2,4,5-T for many years (van Houdt et al, 1983).

Porphyrin metabolism

Porphyria cutanea tarda {PCT) has been reported in two studies of

TCP production workers (Bleiberg et al, 1964; Jirasek et al, 1974)
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and among members of a family with inherited
uroporphyrindecarboxylase deficiency (UROD) who were living in
Seveso at the time of the reactor accident (Strik et al, 1%80).
Doss et al (1984) suggeste that, in this family, exposure to
2,3,7,8-TCDD contaminated effluent caused an exacerbation of the

pre-existing enzyme deficiency.

PCT is a form of acquired or inherited porphyria caused by a
deficiency of the enzyme uroporphyrinogen decarboxylase and the
repulting over-production and excretion of uroporphyrin (Sweeney,
1886). The predominant characteristicse of PCT include skin
fragility, blistering upon sun exposure, dark pigmentation and
excess hair growth, hepatomegaly, reddish-colored urine and urinary
excretion of uro- and heptacarboxylicoporphyrina (Strik, 1979).
PCT has been associated with excessive alcohol intake, oral
estrogens, iron overload, hepatomas, and exposure to
pclyhalogenated hydrocarbens (Strik, 1979). A particularly large
outbreak of PCT occurred after consumption of grain treated with
hexachlorcbenzene (HCB) (Cam and Nigogosyan, 1963). While
2,3,7,8-TCDD has been related to alterations in porphyrin
metabolism in mice and rats (Goldstein et al, 1973; Smith et al,
1981; Jones et al, 198l; DeVerneiul et al, 1983; Cantoni et al,
1981; Goldstein et al, 1982). No PCT was reported among three
laboratory workers exposed to pure 2,3,7,8-TCDD (Oliver, 1975).
These individuale are the only humans to have documented exposure

to uncontaminated 2,3,7,8-TCDD.
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In 1977, 60 Seveso residents were tested for elevated porphyrins,
exclusive of the family with inherited deficiency UROD. None of
the 60 residents developed PCT, however, 22% (N=13) exhibited

- secondary coproporphyrinuria, 5 of whom ehowed a slight increase of
uro- and heptacarboxyporphyrine and coproporphyrins (Dose et al,
1584). Porphyrin levels were retested in 198C and in 12 of the
cases porphyrin levels returned to normal. In three cthers,
porphyrin levels were more severe and were attributed teo liver

damage and alcchol consumption.

In 1964, Bleiberg et al reported that based on the Watson-Schwart:z
test, 11 of 29 New Jersey workers with chloracne who were employed
in the manufacture of TCP, 2,4,5-T and 2,4-D had porphyria cutanea
tarda due to increased urinary uroporphyrins, copropeorphyrins and
urobilinogen. In a later study of 73 workers from the same plant
(including four of the individuals Bleiberg et al '(1964) found to
have elevated urinary porphyrins), Poland et al (1971) identified
cne individual with uroporphyrinuria. The report did not explain
if this individual was one of the four described by Bleiberg et al
(1964). Jirasek et al (1974) found 11 individuals of 55
Czeckoslovakian TCP workers to have elevated urinary uroporphyrins
which decreased over the observation period; the authors did not
describe the test used to measure urinary uroporphyrins or
coproporphyrine. Ten years later, Pazderova-Vejlupkova et al
(19B1) found no evidence of increased excretion of uroporphyrins or

dermatological indications of PCT in the same group of workers.
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There is some doubt that the porphyria noted in the New Jersey and
Czechoslovakian workers wase due to 2,3,7,8-TCDD exposure. Jones
and Chelsky Buggest that the observed cases cof PCT among the TCP
workers from New Jersey and Czechoslovakia may be due to exposure
to HCB or a combination of both 2,3,7,8~TCDD and HCB (Jones and
Chelsky, 1986). HCB was manufactured at the New Jersey plant from

1851 until]l 1960 and was produced at the facility in Czechoslovakia

during the production of pentachlorophenol (Jirasek et al, 1573).

There is alsoc some question as to the appropriateness of the
clinical test Bleiberg et al (1964) used to measure porphyrin
levels (Watson, 1964). In a letter to the editor, Watson pointed
cut that the Watson-Schwartz test was capable of measuring only the
presence of porphobilinogen, that the test was rarely positive in
cases of exposure to hepatotoxins, and suggested that either
Bleiberg et al (1964) used other, but unspecified tests, to measure
uro- and copreoporphyrin levels, or that they misinterpreted the
function of the Watson-Schwartz test. No response was made to this

observation by Bleiberg or the other authors.

Evidence of porphyria in other studies of individuals exposed to
2.3,7,8-TCDD contaminated substance is minimal. Although Suskind
and Hertzberg (1984) sampled urine for porphyrins in the
examination of West Virginia TCP workers, the specimens were
incorrectly collected and the data not presented. Moses et al

{1984) found no difference in porphyrin levels when comparing TCP
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workers with and without chloracne. These data are not useful for
assessing exposure-disease relationships because both groupe may
have contained exposed workers. In the baseline study of U.S. Air
Force Ranch Handers, there was no difference in the levels of
uroporphyrins or coproporphyringe (Lathrop et al, 1984). However,
in the follow~up study, the mean uroporphyrin‘level in the
comparison group (17.9 mg/24 hrs) wase significantly higher than in
the Ranch Handers (16.9% mg/24 hrs, p<.05) (Lathrop et al, 1987).
In contrast, the mean coproporphyrin level in Ranch Handers (119.1
mg/24 hre) was higher than in the comparison group (115.6 mg/24
hrs), however, the increase appeared tc be strongly asscciated with

age and alcohol use at the time of the study.

It is possible that the PCT and elevated urinary porphyrins
cbserved in the New Jersey and Czechoslovakian workers was a direct
result of exposure to HCB. 2,3,7,8-TCDD, however, is a potent
porphyrigen in rate and mice and, therefore, may have contributed

tc the change in porphyrin levels in these two populations.

A variety of gastreintestinal disorders other than liver conditions
are reported among TCDD exposed groups (Table 51). After heavy,
acute or chronic exposure, chemical workers in West Virginia (Ashe
and Suskind, 1950), in West Germany (Baader and Bauer, 1951; Bauer
et al, 1961) and in Czechoslovakia (Jirasek et al, 1974)
congistently reported transient episodes of right upper gquadrant

pain, loss of appetite and nausea. None of the reports suggest an
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etiology for these pymptoms nor were the symptoms reported in later
follow-up studies of either cohorts (Suskind and Hertzberg, 1984;

Moses et al, 1984; Pazderova-Vejlupkova et al, 1981).

Three investigations of TCP production workers reported increased
prevalence of upper gastric ulcers acroes all age strata of West
Virginian workers (exposed = 20.7% ve unexposed = 5.5%) (Suskind
and Hertzberg) and all digestive system diseases (type not
specified} among workers employed in a plant in Midland Michigan
(Prevalence: exposed = 1.5% vs unexposed = 0.5%) (Bond et al,
1983). The factors contributing to these conditions have not been

examined fully.

Lipid Metabolism

Elevations in varicus serum lipid fractions have been repcrted in
ptudies of TCP production workers and laboratory workers, however
the data are inconesistent between studies (Table 51). Total
cholesterol and lipid levele were elevated in 50% of the 55
Czechoslovakian TCP production workers examined between 1568 and
1969 (Jirasek et al, 1974). 1In a follow-up study 10 years later,
lipid levels among workers removed from exposure were not
significantly different from control levels (selection of controls
was not specified) but total cholestercl levels remained
significantly increased (Pazderova-Vejlupkova et al, 198l1). Two

independent studies of British TCP workers from the same plant
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found elevated triglycerides in exposed workers with (1.97 mmol/l)
and without chloracne (1.90 mmol/l) compared to unexpesed controls
(1.41 mmol/l) (Martin, 1984). Martin (1984) aleo found
significantly elevated cholesterol levels in exposed workers with
(6.02 mmol/l) and without (6.14 mmol/l) chloracne compared to
unexposed controls (5.6 mmol/l)}, whereas May (1982) found unexposed
workers (6.6 mmol/l) to have cholesterol higher levele than exposed
workers with chloracne (5.97mmocl/l). Martin (1984) aleoc found
reduced HDL cholesterol among exposed workere with chloracne (1.19
mmol/l} compared to unexposed controls {(1.25mmol/l). The
differences in the results may be due to differences in the control

groups and inclusion of different workere in the exposed groups.

Cholesterol and triglyceride levels in West Virginia TCP prodﬁction
workere were compared with unexposed workers from the same plant.
No difference was identified in mean cholesterol levels and lower
mean triglyceride levels between workers and controls (Suskind and
Hertzberg, 1984). When lipid fractions were examined, however,
there was a larger percent age of exposed workers with elevated LDL
cholestercl (7.7%) compared to unexposed controle (6.3%). In a
second study which compared West Virginia workers with and without
chloracne no difference was found in mean cholesterocl levels
although individuals with chleracne had statistically
nonsignificantly increase in mean triglyrceride levels (chloracne =
153.6 mg/dl vs without chloracne = 132.3) (Moses et al, 1984).

Three laboratory workers who were synthesizing pure 2,3,7,8-TCDD
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developed serum cholesterocl levels in excess of 300 ug/dl (Oliver,
1975). When compared to children living in uncontaminated areas of
Italy, mean cholestercl and triglyceride levels measured yearly
from July 26, 1976 through June 30, 1982 were not elevated in
children age 6-10 years who resided in the areas of Seveso, Italy,
which were most highly contaminated with 2,3,7,8B-TCDD (Mocarelli

et al, 1986). (Table 52)

The effect of exposure to 2,3,7,8-TCDD contaminated chemicals on
lipid or cholesterol levels is not clearly demonstrated in the
available studies. Although the studies by May (1982), Martin
(1984), and Suskind and Hertzberg (1984) used unexposed control
groups, the contrel groups may not have been appropriate due to age
differences (Suskind and Hertzberg, 1984) and potential for
exposure to 2,3,7,8-TCDD ceontaminated chemicals (May, 1982; Moses
et al, 1984). In addition, none of the studies were able to
evaluate pre-exposure lipid levels which would help to confirm an
exposure-outcome relationship more convincingly. Other factors,
such as dietary cholesterol intake, familial hypercholesterclemia
and exercise, which also effect cholesterol and other lipid levels
were not considered in any of theee studies. The one study of Air
Force Vietnam Veterans which had an appropriate comparison groups
repcrted no difference in the various lipid fractions between

expcsed and unexposed populations (Lathrop et al, 1984, 1987).
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Respiratory and Cardiovascular Effects

Respiratory effects

Adverse outcomes cf the respiratory system associated with
2,3,7,8-TCDD exposure are varied and inconsistent among exposed
populations. Effecte include acute bronchitis-like symptoms and
hemorrhagic pleurisy in German TCP workers (Goldman, 1973) and
reduced overall pulmonary function in West Virginian TCP workers
{Suskind et al, 1953; Suskind and Hertzberg, 1984) (Table 51). A
cross-sectional medical assessment of West Virginia TCP production
workers found a statistically significant increase in the percent
of abnormal findings among workers who smoked at the time of the
examination compared to unexposed smokers for forced expiratory
volume (FEV) (exposed = 27% abnormals ve unexposed = 4.4%
abnormals), forced vital capacity (FVC), (exposed 25.7% abnormals
ve unexposed 2.2% abnormals), forced expiratory volume in cne
second (FEV1)/FVC ratic (exposed = 25.7% abnormals vs unexpcsed =
7.7% abnormals) and forced midexpiratory flow rate (FEF25-75)
(exposed = 36.5% abnormale ve unexposed = 11.1% abnormals) (Suskind
and Hertzberg, 1984). This trend remained when pack-years of
smoking wae taken into account. In contrast, differences between
exposed and unexposed were not observed in workers who never emoked
or in former smokers. In a study of New Jersey TCP workers Poland
et al (1971) identified 18 workers with impaired "diaphramatic

excursion”, 14 or 77% of whom were smokers at the time of the
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examination and three were former smckers. Other morbidity studies
or case series have not found or reported these or other types of
respiratory system impairment in exposed populations (Moses et al,
1984; Jirasek et al, 1974; Pazderova-Vejlupkova et al, 1981;
Lathrop et al, 19%84; Lathrop et al, 1987). Futhermore, deficits in
the propertionate mortality from non-malignant respiratory diseases
were found among West Virginian 2,4,5-T workers (observed = 2 vs
expected = 2.67) (Zack and Gaffey, 1983) and the standardized
mortality of Michigan TCP and chlorophencl production workers (Ott
et al, 1987) from diseases of the respiratory system (observed = 16

vs expected = 21.2).

Cardiovascular effects

Two studies found evidence of cardiovascular disease related to
exposure to 2,3,7,8-TCDD contaminated chemicals. In the first of
the Air Force Ranch Hand Health Studies, Ranch Handers had
significantly reduced peripheral pulses when measured using a
manual procedure (Lathrop et al, 1984} and greater mean corpuscular
volume and corpuscular hemoglobin volume. In the first follow-up
study conducted in 1985, these effects disappeared. The reversal
in the results of the peripheral pulse was attributed to a change
to a more objective measuring methed, a Doppler procedure, and to
the prohibition of smcking for four hours prior to the test
(Lathrop et al, 1987). 1In the baseline study, no difference was

cbserved in the rate of heart disease among Ranch Handars or their
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comparisons. In the first follow-up etudy, however, Ranch Handers
repcrted significantly more confirmed heart disease than in the
comparison group (RR = 1.22, 95% CI = 1.00, 1.50), although the
finding did not consistently correlate with 26 other clinical
measuree of cardiovascular function. Studies of workers from the
West Virginia plant found no relationship between history cf
coronary artery disease (Suskind and Hertzberg, 1984), angina
{Suskind and Hertzberg, 1984; Moses et al, 1984) and myocardial
infarction (Moses et al, 1984) and employment in TCP production or
presence of chloracne (Moses et al, 1984). Pazderova-Vejlupkova
(1981) described a fatal case of unusually severe atherosclerosis
in a 57 year old worker identified as having a "severe type of TCDD
intoxicaticn". History of hyperlipidemia or the presence of other

risk factors was not described.

Statistically nonsignificant increases in proportional mortality
from athercaclerotic heart disease were found among 2,4,5-T workers
employed at the West Virginia plant (observed = 27 v expecteds
19.72; PMR=117) (Zack and Gaffey, 1983). The proportional
mortality for other dieseases of the circulatory system was
decreased (cbserved = 4 vB expected 6.76; PMR=59). Mortality
studies of other cohorts of TCP workers found no elevation in
mortality from cardiovascular disease among employees at the BASF
plant in Ludwigehafen (Theiss et al, 1982) or among workers
employed in the preduction of chlorophencls at the Dow Chemical

Company in Midland, Michigan (Ott et al, 1987; Bond et al, 1989).
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The discrepancies obeerved among these etudies may be due to the
differences in the study designs and demographics of the study

populations, and the pelection of the comparison group.

Endocrine and Metabolic Effects

A frequently reported symptom of men who were exposed to
2,3,7,8-TCDD contaminated materials ae a result of daily exposure
and industrial accidents is reduced libido (Baader and Bauer, 195];
Suskind, 1953; Kimmig and Schulz, 1957; Bauer et al, 196l1) (Table
51). In twe independently conducted studies of West Virginia TCP
workere, exposed study subjects also reported this condition
approximately 50% more cften than either the unexposed controls or
individuals without chloracne (Moses et al, 1584; Suskind ang
Hertzberg, 1984). Endocrine studies or reviews of conditions or
pituations which may lead to a reductien in libido were not

conducted.

One case report of 55 TCP workers followed over 10 years, noted
that approximately 50% of the subjecte had either confirmed cases
of diabetes or abnormal glucose toclerance tests
{Pazderova-Vejlupkova, 1981). Other studies of TCP workers did not

examine abnormalities of glucose metabolism.

Immunologic effects
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Although animal toxicologic evidence demonstrates adverse
immuncologic effectes after exposure to 2,3,7,8-TCDD, in humans,
. there is little information with which to aggeps the immunologic

consequences of exposure (Table 51).

An immunolocgic assessment was conducted on 18 British workers 17
yeare after accidental industrial exposure to chemicals
contaminated with 2,3,7,8-TCDD (Jennings et al, 1988). There were
no significant difference in the levels of immunoglobulins G, A, M,
D and E, in the number of T and B lymphocytes, in the
respongiveness to phytchemagglutinin A, and in the number of helper
and suppressor T cell counts in peripheral blood between exposed
workers and unexposed controls matched for age, race, sex, smcking
habit, alcchel consumpticon and percent of ideal bedy weight. Three
measures were found to be statistically significantly (p<.05)
higher in workeres than in controls: antinuclear antibodies (ANA) (8
workers vs 0O controls p<.0l1) (when Hep2 cells were used as

substrate but not when rat liver cells were used), immune complexes

(workers 11 v8 3 controls p<.05) and natural killer cells (NK)

(workers = 0.21 x 10%/1 vs controls = 0.59 x 10%/1 p<.002)
identified by the monoclonal antibody Leu-7. No other well
conducted studiee of exposed individuals have measured these
parametere. In the discuseion, the authors could not Jjuetify their

findingse physiologically and suggested that futher research was

needed.
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Immunclogic function among Ranch Handers in the baseline study
measured by analysis of lymphocyte surface markers, total
lymphocytes and functional studies using antigenic (tetanus toxiod)
or mitogen (phytohemagglutinin, concavalin A, and pokeweed) digd not
differ from that of the unexposed comparison group {(lathrop et al,
1984). Immunologic evaluation in the first follow-up study was the
same as that in the baseline study with the addition of skin
testing with Candida, mumps, trichophyton, Staph-phage-lysate
{Lathrop et al, 1987). Again, no differences were observed between
Ranch Handers and the matched comparison group. The study found
profound effects for the comprehensive cell surface marker and
functional stimulation studies due to smoking, increasing age and

alcochol use but not exposure.

A statistically significant increase in anergy (inability to
respond to a challenge by common antigens) was reported among
residents of a trailer park in Miesouri which was sprayed with
contaminated 2,3,7,8-TCDD waste 0il (Hoffman et al, 19Bé6).

However, corroborating results from in vitro assays of immuneclegic

function did not support the conclusion that the subjects were

anergic. Upon reexamination of only those individuals who were
anergic in the first study, the resulte of the first study were
determined to be invalid. All of the retested subjects reacted

normally to the antigen challenge (Evans et al, 1987).
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Immunoglobulin levels measured in Seveso residents exposed to
2,3,7,8-TCDD were similar to unexposed controle (Reggiani, 1978).
In the same study, exposed children from Seveso alsco had normal
percentages of T and B lymphocytes and normal responses to mitogens

{Table 52).

Renal Effects

There is little evidence in the animal or human data to suggest
that exposure to 2,3,7,B-TCDD is related to renal or bladder
dysfunction. 1In a single case report, a child exposed to
2,3,7,8-TCDD after contact with soil sprayed with contaminated
waste o0il was diagnesed with focal pyelonephrities (Kimbrough et al,
1877) {Table 51). After diagnosis and treatment, the condition
resolved with no reported recurrence. No major renal or bladder
dysfunctione were noted among Air Force Ranch Handers (Lathrop et
al, 1984; Lathrop et al, 1987} or amcng TCP workers from West
V;rginia (Suskind and Hertzberg, 1984) or from New Jersey (Poland

et al, 1971).

Reproductive Effects

The results of human studies designed to examine the reproductive
effects of 2,3,7,8-TCDD contaminated chemicals have not preoduced
convincing evidence to support the animal data. 1In animals,

exposure to 2,3,7,8-TCDD has been associated with excesses of birth
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defects (Moore et al, 1973), fetal loss (Courtney, 1976) and
reduced fertility (Giavini et al, 1983). 1In general, the human
studies suffer from several limitations: insufficient power to
detect relatively rare events, inadequate information on maternal
and paternal exposure to 2,3,7,8-TCDD contaminated chemicals,
poseible incomplete ascertainment of reproductive events and

incomplete ascertainment of confounders.

fwo studies of occupational greoups, U.S. chemical workers exposed
to TCP, 2,4,5-T or pentachlorophenol (Townsend et al, 1982) and New
Zealand 2,4,5-T sprayers (Smith et al, 1982) found no overall
ptatistically significant association between exposure and adverse
reproductive events such as congenital defects or miscarriages

(Table 53).

A study of the frequency of birth defects occurring in the Seveso
populaticn between 1977 and 1982 and reported to the Seves$
Congenital Malformations Registry found no difference in the rate
of birth defects or stillbirths in the exposed population when
compared to residents from unexposed regions (Mastroiacovo et al,
1988). As described by the authorse, the major limitations of this
study included a small sample size (N=15,2%1 births), posaible

misclassification of exposure and the exclusion of spontaneous

abortions which may have been due to fetal malformations.
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Similar results were found in a study of 402 births occurring
between 1972 through 1982 in the state of Missouri to women whose
addrese on the birth or fetal death certificate corresponded to an
area in which 2,3,7,8-TCDD contaminaticn wae at least 1 ppb
(Stockbauer et al, 1988B). When compared to births of unexposed
mothers matched for maternal age, race, hospital of birth, year cof
birth, plurality (multiple births), no statistically significant
riek ratios were observed for fetal, perinatal or infant deaths,
intrauterine growth retardation and low or very low birth weight.
As in the study by Mastroiacovo et al (1988) the study suffers from
a small sample size, limited informaticn on maternal exposure as
well ag information on confeounding information on maternal alcohol
consumption and emoking as well ae other medical conditions which

may have place the baby at high risk.

Malignant Effects

’

Among the leong-term health effects more extensively examined in
relaticn to exposure to chlorophenols and phenoxy herbicides are a
variety of malignancies, particularly soft tissue sarcomas and

‘cancers of the lymphatic and hematopoietic system.

Soft tissue sarcomas

In 1977, Hardell, reported several cases of soft-tismue sarcomas

(STS) among individuals with previcus exposure to phenoxy
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herbicides and suggested that further investigation was warrented
(Hardell, 1977) (Table 54). 1In a case-control etudy of 52 cases of
soft-tissue sarcomas conducted in 1979, Hardell and Sandstrom
showed a statistically significant five-fold excess (OR=5.3, 95%
Cl=2.4, 11.5) of STS among individuale reporting occupational
exposure to phenoxy herbicides and a statistically significant
six-fold increase among cases (OR=6.6, 95% CI=2.4, 18.5) reporting
occupational exposure to chlorophencls (Hardell and Sandstrom,
1979). The 1979 study was strongly supported by one other
case-control study based on cases reported to the National Social
Welfare Board in Sweden which found statistically significant odds
ratios amcong cases who worked with chlercophencls (OR=3.3, S5%
CI=1.3, B.1) or phencxy herbicides (OR=6.8, 95% CI=2.6, 17.3)

{Ericksson et al, 1981).

Chlorophenols, particularly 2,4,6-trichlorophenol, which is used in
New Zealand for tréatment of pelts, were also implicated in the
elevated risk (OR=7.2, 9%0% CI=1.0, (lower bound not calculated due
to small numbere)) among New Zealand residents ever empleoyed in
tannery or meat works departments (Smith et al, 1984). Further
studies of abbatoir workers suggest that exposure to 2,4,6-
trichlorophenol does not explain the obaserved increase in
soft-tissue sarcoma, however, authore suggest that the the New
Zealand data suggest that native abbatoir workers are at increased

risk for STS (Pearce et al, 1988B). However, it is important to
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note that 2,4,6-TCP does not contain 2,3,7,8=-TCDD. It iB produced
by direct chlorination, a process which does not generate the

contaminant 2,3,7,8~-TCDD.

STS has been reported among U.S. chemical production werkers
exposed to 2,3,7,8-TCDD contaminated TCP and 2,4,5~T operation,
however, in studies of West Virginia 2,4,5-T workers the number of
cases {one) wat too few to calculate statistically valid rate
ratios and the power was too low to detect excess mortality {Zack
and Suskind, 1980; Zack and Gaffey, 1983). Another study of TCP
production workers from a Michigan plant determined, using a
comprehensive exposure assessment of the work history of each case,
that none of the cases worked in processes with the potential for
contamination with 2,3,7,8-TCDD {(Sobel et al, 1986)., Among
employees of a chemical manufacturing plant in Denmark, one case of
STS was found among production workers with potential exposure to
phenoxy herbicides; three cases were found among manual service
employees with no documented exposure to contaminated products
{5IR=3.33, 95% CI= 1.03, 14.62) énd one case occurred in an
individual who was never assigned to a department where
contaminated materials were handled (Lynge, 1985). Ten other
studies evaluating the etiology of soft-tiesue sarcomas found
little or no evidence of excess risk among reeidents of Western
Washington state (Woods et al, 1987), among male residents from
Sweden (Wiklund et al, 1986), New Zealand (Smith et al, 1%84) or

England and Wales (Balajaran and Acheson, 1984), employed as
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farmers or ae agricultural workers, among Italian female rice
weeders {(Vineis et al, 1986), among ¥Finnish 2,4,5-T herbicide
applicatore (Riihimaki et al, 1982), cor among U.S. Air Porce Ranch
Handers (Lathrop et al, 1984; Lathrop et al, 1987). 1In a follow-up
of their 1984 publication, Smith and Pearce (1986) concluded that,
overall, there was little evidence that STS in New Zealand was

related to 2,3,7,8-TCDD exposure.

The inconsistent nature of these results may be due to a variety of
facterse including the inability to accurétely quantify type,
duration or frequency cof exposure among study subjects, the lack of
sufficient power, and the difficulty iﬁ correctly histologically
claesifying STS (Fingerhut et al, 19B4). On-going surveillance of
cancer incidence among residents of Seveso at the time of the
accident has revealed an increase in the rate of soft-tissue
sarcoma during the years 1976-1981 in exposed Seveso residents when
compared to unexpeosed residents (Puhtoni et al, 1986).
Interpretation ¢f this finding is limited by the lack of comparable
STS5 rates prior to the accident, the lack of good information on

expcsure to 2,3,7,8-TCDD, and shecrt latency to onset of disease.
Lymphatic and Hematopoietic System
Interest in the relationship between exposure to phenoxy herbicides

and chlorophenols and risk of cancer of the lymphatic system,

particularly non-Hodgkin’'e lymphoma (NHL) and Hodgkin'’'s disease
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(HD) was generated after Hardell first suggested such an
aBsociation in a caee series of lymphomae presented in 1977
{Hardell, 1977) (Table 55). In a case-control study of guedish
~males published in 1981, Hardell and colleagues found a
statistically significant four-fold increase in the incidence of
NHL and HD combined for individuals reporting exposure to either
phenoxy herbicides or chlocrophenols (Hardell et al, 198l). Hardell
confirmed the study results in a follow-up paper which examined the
peesible biases of case-contrel studies and concluded that the
increased rate of NHL and HD associated with phencxy herbicide or

chlorophencol was real (Hardell, 1981).

Researchers in Sweden and other countries attempted to repeat
Hardell’s findings in different populations and by examining NEL
and HD separately, but have not demonstrated the striking excesses
found by Hardell. Statistically significant elevatione in the risk
of developing NHL were shown among individuals with exposure to
phenoxy herbicides through farming {(OR=1.33, 953CI=1.03, 1.70} in
western Washington state (Woods et al, 1987) and in forestry
sprayers reporting mixed phenoxy and chleorophenolic herkicide
exposure (OR=4.B, 958%CI=1.2, 19.4) in western Washington State
{(Woods et al, 1987), and in fencing (OR= 2.0, 95%CI=1.1, 2.8) and
meat works operatione {OR=1.8, 90%CI=1.2-2.6) in New Zealand
{Pearce et al, 1988; Woods et al, 1987; Wiklund et al, 1987).
Statistically non-significant increases in mortality from NHL were

noted in a cohort of TCP and 2,4,5-T production workers .
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(SMR = 341, 95% CI - 69, 996) {(Ott et al, 1987), but the risk was
not increased in Swedish pesticide applicators {RR=1.0l, 95% CI
=0.63 = 1.54) (Wiklund et al, 1987) or in Swedish men employed in

agriculture or forestry (Wiklund et al, 1988).

Incidence of Hodgkin‘e Disease was found eignificantly in excess
among individuals reporting exposure to phenoxy herbicides in
Sweden as fur farmers (RR=4.45, 95%CI=1.4, 10.1), and
silviculturalists (RR=2.26, 95%CI=1.25, 3.90) (Wiklund et al, 19882,
and slightly elevated in Swedish pesticide applicators (RR=1.20,
95%CI=0.60-2.1¢6) (Wiklund et al, 1987). Proportionate mortality
from HD among tree farmers (PMR=118), orchardists (PMR=196) and
paper and pulpmill workers (PMR=194) in Washington state was also
increased (Milham, 1982). Cohort mortality studies of Air Force
Ranch Hand veterans showed no differences in mortality from NHL or

HD (Lathrop et al, 1984; Lathrop et al, 1987).

Respiratery Cancers

Higher than expected mortality from respiratory and
gastrointestinal cancers was found among individuals potentially
exposed to 2,3,7,8-TCDD contaminated materials (Table 56). Cohort
studies of chemical workerg in the United States (S observed vs.
3.02 expected) (Zack and Suskind, 1980), in Denmark (6 cobserved vs.
2.7]1 expected) (lLynge, 1985) and in West Germany {3 observed vs.

1.26 expected) {Theiss et al, 15982) and of pesticide applicators in
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West Germany (exposed=35% ve. unexposed=24%) (Barthel, 1981)
reported approximately two-fold statistically nonsignificant
increases in meortality from lung cancer or in the incidence of lung
~cancer. None of these studies was able to account for other known
cauvses of lung cancer, including cigarette smoking or occupational
exposures and most of these investigations analyzed small numbers

of deaths.

The incidence of nasopharyngeal cancers was significantly elevated
(OR=6.7, 95%CI=2.8, 16.2) among cases in the Swedish Cancer
Registry who reported exposure to phenoxy herbicides (Hardell et
al, 1982). However, nasal cancer was not elevated, when adjusted
for wood dust exposure, in cases from the Danish Cancer Registry
who reported chlorophenol exposure (Relative Risk=0.6, 95%
CI=0.3-1.2) (Olsen and Jensen, 1984) or significantly increased in
cases from the Swedish Cancer Registry who reported phencxy
herbicide exposure (OR=2.1, 95% CI=0.5-4.7) (Hardell et al, 1%582).
No excesses of deaths from respiratory cancers were reported among
Air Feorce Ranch Handers in the baseline study (1 cbserved vs 1
expected) (Lathrop et al, 1984). 1In the follow up study, five
Ranch Handers and none of the comparison group had cancer of the
oral cavity, brochus, pharynx and lung. These cancers were
attributed to smoking alone and not to exposure (Lathrop et al.,

1987).
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Gastrcinteetinal cancers

Increased incidence of and mortality from stomach cancer hase been
reported in studies of chemical workers in the United States (6
observed vs. 3 expected) (Ott et al, 1987), in West Germany (3
observed ve 0.61~-.70 expected) (Theiss et al, 1982) and in Denmark
(12 cobserved vs 9.32 expected in males) (Lynge, 19B5), and among
Swedish pesticide applicators (3 observed ve l.34 expected)
(Axelson et al, 1980). (Table 57). None of the rigk ratios were
significantly elevated. Bond et al (1989) noted a statistically
pignificant higher mortality rate from stomach cancer among workers
exposed to processes contaminated with 2,3,7,8-TCDD and hexa-,
hepta-, octa-, chlorinated dioxins compared to workers with no such
exposure (no data shown). Malignancies of the colon were found to
be 1.5 {OR=1.8B; 95% CI=0.6-5.3) times higher than expected amcng
Swedish residents reporting exposure to chlorophenole (10 observed
ve 7.1 expected, 95% CI=67-259) or phenoxys (OR=1.3; 95%
CI=0.6-2.8) (Hardell, 198l1). 1Intestinal cancers were 40%, (SMR =
141; 95% CI = 67-259) in excess among U.S. workers (Ott et al,
1887) exposed to high levels of chlorinated dioxins in a Michigan
chemical plant, and rectal cancers were 50% higher among Danish

chemical workers (Lynge, 19B5).
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other malignancies

Two 8tudies reported increases in the occurrence of cancers of the
genitourinary system (Table 58). Mortality from prostatic cancer
was elevated among chemical workers with exposure to 2,3,7,8-TCDD
and the higher chlorinated dicoxin (8 obeerved ve 4.2 expected, 95%
Cl=82-375) (Ott et al, 1987). 1In a study of the same workers
conducted after 5 additional years of follow-up, the mortality from
prostatic cancer was statistically significantly increased when
éompared to unexposed workers (no data shown) (Bond et al, 1989)
and the incidence of cervical cancer was higher than expected among

Danish chemical workers (9 observed vs 7.15 expected) (Lynge, 1985).

In the 1984 baseline and the 1987 follow-up cross-sectional studies
of Air Force Ranch BHanders, the prevalence of histologically
confirmed cases of basal cell carcinoma was elevated relative to
non-Ranch Hand Air Force personnel included in the study (Lathrop

et al, 1984; Lathrop et al, 1987;.

The observed increases may be due to the selection of the cohort,
to an exposure factor unique to the studied group or may be a true
effect of exposure to 2,3,7,8-TCDD yet to be manifested in other

populaticns.
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Mortality from Causes Other Than Cancer

Mortality from nonmalignant causes of death has been reported most
'often for the classification "external causes of death®” which
includes deaths due to accidents, homicide, and suicide (Table

59). These causes ©of death could be important because excesses may
reflect changes in mood and behavior reported in earlier studies
and case reports of exposed workers (Suskind, 1953; Poland et al,
1971). In a cohort mortality study of a small number of forestry
;orkera employed in Canada and wheo may have been exposed to 2,4-D
and 2,4,5-T7, deaths due to suicide were Bignificantly elevated
among individuals employed less than 14 years in the industry
between 1950-1982 (11 observed vs 5.2 expected, 95% CI=126-298).
Other factors which may have lead to suiride were not considered in

this analysis.

Overall Summary of Human Health Effects

Although there ie considerable literature reporting the effects of
human exposure to 2,5,7,B-TCDD contaminated materials, the data do
not describe one condition or a series of long-term health effects
which are consistent among every expoaed population. Results of
clinical cross=-secticonal studies provide the most consistent
information, suggesting that some effects are transient,
particularly increased liver enzyme levels and urinary perphyrins,

and that other effects may persist in some individuals,
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particularly chloracne, and peripheral neuropathies and elevated
lipid levels. However, these data are unable to determine the
characteristics which distinguish individuals with persistent

effects from those without.

Some of the case-control and cchort mortality studies suggest that
there may be some association between incidence of NHL and HD, and
soft-tisBue sarcomas and exposure to phenoxy herbicides and
chlorophenols. But the association is equivocal since other
studies do not observe the associations. The studies are extremely
limited in the ability to guantify the type, freguency, and
duration of exposure to chemicals contaminated with 2,3,7,8-TCDD.
Much of this information was obtained through interview of the case
or the proxy respondent or estimated based on the types of
pesticide used, in general, during the study members’ potential
period of exposure, e.g. forestry sprayers. Even with this
information, the exposure information is insufficient to establish
the relationship between STS, NHL, and HD and exposure to
2,3,7,8-TCDD contaminated 2,4,5=-T. Other limitations of note
include the lack of information on confounding exposures,
particularly in the cochort mortality studies, and low participation

in the cross-secticnal investigations.
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APPENDIX C

Medications, vitamin deficienceis,
cccupaticonal exposures and systemic diBeases

related to peripheral nerve damage

Medication Sensory Motor Reflexes Autonomic Source Reference
EtOH X x x D 8
Chloramphenicol x - D 1
Dapsone .OX D 2
Dilantin/ X X - D 2
Phenytoin
Digulfuram X X - b 1
Ethambutol - X D 2
Ethionamide X D 1
Gold X x D 1
Glutethiamide x -- D 1
Hydralazine X x D 1
Isoniazid X -- D 1
Metronidazole x{flagyl) D 1
Nitrofurantein x x D 2
Nitrous oxide x -- or ++ D bl
Perhexiline x X -- X D b
maleate
Platinum x - D 1
Pyridoxine X D 1
Sodium cyanate x -- D 1

--hyporeflexia; ++hyperreflexia; N=data not cbtained; ME= medical exam
D= NIOSH Demographic and Occupational History Questionnaire
!Schaumburg et al, 1983; 2LeQuesne, 1984; SWindebank et al, 1984
“LeQuesne, 1980; SSeppalainen and Halta, 1980; SPolitis et al,

1980; "o‘Donoghue et al, 1985; SAmore, 1978.
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Medication Sensorv Motor Reflexes Autonomic Source Reference
Thallium x x 1
Thalidomide x - D 1
Vincristine x x - D 1
Deficiency
vit Bl2 x ME 1
Thiamine x x N 1
Folic acid x ME 1
Occupational ExXposures
Arsenic x x X x D 3
Acrylamide x x D 4
Carbon x X D 5
disulfide
Chloro- X N
biphenyl
Cyanide x + visual ++ x D 1
DMAPN X D 1
2,4-D b3 - X D 1
Ethylene X X - X D 1
oxide
n-hexane x X - D 1
Lead b - X D 1
Hexa- x (visual) x D 7
chlorophene
Methanol x (visual) N [}
Methyl-n- x x - D 1
butyl ketone
Methyl X -- x D 1
bromide
Mercury b4 X x. D 3
(inorganic)
Mercury X N 3
(organic)
Organo-' x x -- x D 1
phoaphates
(TOCP)
Thallium x x - x D 1
Trichloro- x8 D 1
ethylene

--hyporeflexia; ++hyperreflexia; N=data not obtained; ME= medical
exam; D= NIOSH Demographic and Occupational History Questionnaire;
1schaumburg et al, 1983; 2LeQuesne, 1984; 3Windebank et al,

1984; “LeQuesne, 1980; SSeppalainen and Halta, 1980; ®Politis

et al, 1980; 70'Doncghue et al, 1985.
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Sengory Motor Reflexee CNS putconomic Source Reference

Systemic disease

Diabetes x x ME 2
Uremia x x x X ME 3
Proteinemia x® x ME 4
Porphyria x x ME S
Hypo- x9 ME 6
thyroidism
Cancer
carcinoma x ME 7
lymphoma x x ME 8
multiple x X ME 9
myeloma
Inflammatory disease
rheumatoid x X MH
arthritis
lupus (SLE) x X MB
Injury X x x X MH 1
Sarcoidoeis xP MH 10
Stroke

-=-hyporeflexia; ++hyperreflexia; N=data not obtained

D= NIOSH Demographic and Occupaticnal History Questionnaire;
MH=medical history; ?carpal tunnel; beranial nerves;
'Schaumburg et al, 1983;2Dyck et al, 1980; SAlrey, 19B6;
“McLeod & Pollard, 1984; °Ridley, 1984; ®Bastron,

1984;"McLeod, 1984; BMcLeod & Walsh, 1984; "McLeod et al, 1984.
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APPENDIX D

SELF-REPORTED SYMPTOMS QOF PERIPHERAL NERVE
DYSFUNCTION COLLECTED IN THE MEDICAL HISTORY INTERVIEW

The fcllowing are questions included in the Medical History
Questionnaire to elicit information on symptome cf peripheral
nerve dyefunction. The guestionnaire was administered by a
trained nurse~-interviewer. The number and the exact wording of
the question is presented in this table. Each of the questions
was preceded by the phrase "Have you ever had..."

o}

C

Multiple Bclerosis

Problems with nerves in handa or feet (numbing and tingling)
Other problems with nerves in hands or feet

Slipped disc

Surgery on spine

Carpal tunnel syndrome

Sciatica

Injury to nerves

Problems with nerves due to illness other than from injury,
including medications

Severe cramping or weaknees in legs

Numbness in arme or legs

Tingling sensation in arms or legs

Burning sensation in arms or legs

Weaknees requiring assistance when getting out of a chair
Finger or hand weakness so that it is difficult to button
shirts or unscrew jars

Numbness or lose of sensation Bo that it is difficult to pick
up or handle small items

Persistent twitching or rippling of muscles in arms or legs

while at rest
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SELF-REPORTED SYMPTOMS RELATED TO AUTONOMIC SYSTEM

The following are questions included in the Medical History
Questionnaire to elicit information on symptome ¢f autonomic
nerve dysfunction. The questiocnnaire was administered by a
trained nurse-interviewer. The number and the exact wording of
the gquestion is presented in this table. Each of the questions

wap preceded by the phrase "Have you ever had..."

¢ Freguent vomiting and nausea after meals

o Fullness at least 2 hours after eating

© Sweating on arms legs and trunk and after meals

o Problems urinating

¢ Impotence

o Difficulty maintaining an erection

© Dizziness, like you are going to faint when you stand up

quickly?

*Medical History Questionnaire: NIOSH Occupational Health Study
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