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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 materials contaminated with 2,3,7,S­

tetrachlorodibenzo-p-dioxin (2,3,7,S-TCDD). Dioxins constitute a

class of 75 isomers of tricyclic chlorinated phenoxy compounds. Of

22 known tetrachlorodibenzodioxin isomers, 2,3,7,S-tetra

chlorodibenzo-p-dioxin (2,3,7,S-TCDD) is most comprehensively

studied and is considered to be the most toxic of the chlorinated

phenoxy compounds (Kociba and Schwetz, 19S2).

2,3,7,S-TCDD is a common environmental contaminant. Release of

2,3,7,S-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-trichlorophenol (Tep)

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

1
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and from accidents associated with such processes (Esposito,

1980). Pulp bleaching operations, scrap metal reclamation

processes, magnesium and nickels refining operation., incineration

of municipal and industrial wastes, combustion of fo.sil fuels and

other materials containing chlorine are also responsible for

occurrence of 2,3,7,8-TCDD and consequent environmental pollution

(NATO, 1988).

Occupational exposure to 2,3,7,e-TCOD 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 Exposure to 2,3,7,8-TCDD

Animal toxicologic 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 aI, 1977; Moore

et aI, 1979), hepatotoxicity (Greig et aI, 1973), thymic atrophy

(Vecchi et aI, 1983; Luster et aI, 1982) immunosuppression (Vecchi

et aI, 1983), hematologic changes (Weissberg and Zinkl et aI,

1973), dermatologic effects (Jones and Kizek, 1962, Kimmig and

Schulz, 1957), lipid (Poli et aI, 1980; Schiller et al, 1986) and

glucose alterations (Schiller et aI, 1986), carcinogenesis (Pitot
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et al, 1980; Toth et al, 1979; Kociba et al, 1978;- National

Toxicology Program, 1982b), teratogenesis, and fetotoxicity

(Courtney and Moore, 1971; Moore et al, 1979). No neurologic

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 majority of effects were reported

among occupationally exposed groups and among residents of

communities contaminated with tainted waste oil (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 residents exposed to 2,3,7,8-TCDD contaminated

materials. The goal of this report is to 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-TCDO. A second goal is to relate the severity of the
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current neurologic status to the levels of 2,3,7,S-TCDD measured in

the serum of 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 sodium-TCP, 2,4,S-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,S-TCDD.



CHAPTER II

LITERATURE REVIEW

Chemistry of 2,3,7,8-Tetrachlorodibenzo-p-dioxin

The dioxins are a class of 75 isomers 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 is currently considered

to be the most toxic of the chlorinated phenoxy compounds

(McConnell et aI, 1978b). 2,3,7,8-TCDD (C12H4C1404;

MW=321.9) is a lipophilic, chemically stable compound of low

volatility (estimated vapor pressure 1.7 x 106 ) and high melting

point (305-306 0 C) (Esposito et aI, 1980). Environmental

degradation of 2,3,7,8-TCDD is most likely through photolysis,

perhaps volatilization. Based on data generated after the Seveso

5
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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 e~

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-trichlorophenol, from the

reaction of tetrachlorobenzene and caustic (NaOH) (Esposito 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 (Kilo Pascals) (Rappe

and Buser, 1980). 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-T), 2,4,5-T esters, 2,4,5-T amines, 2-(2,4,5

trichlorophenoxy) proprionic acid (Silvex), Silvex esters and

amines, and hexachlorophene. In the United States, from
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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 environmental applications as defoliants,

herbicides, fungicides and miticides (ESposito et al, 1980). Other

sources 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,B-TCDD on the Peripheral Nervous System

The literature is replete with studies describing the toxicologic

effects of exposure to 2,3,7,8-TCDD. In these studies, researchers

have observed wide interspecies variation in the nature and

severity of the observed effects. Despite these differences,

common effects have been noted. The general classes of common

effects include weight loss, liver cell changes and enzymatic

alterations, thymic atrophy and immunologic disturbances,

carcinogenesis, teratogenesis and fetotoxicity. To date, no

neurologic effects due to exposure to 2,3,7,8-TCDD have been

reported in any species.
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Currently, there are many extensive reviews of the toxicologic

properties of 2,3,7,8-TCDD (Esposito et al., 1980; Poland and

Knutsen, 1982; Shu et al, 1988; McConnell, 1989; Goldstein and

Safe, 1989; Holder and Menzel, 1989). Appendix A briefly describes

. some of the major outcomes observed 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 to 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, 1986: Fingerhut et al, 1987. The information

describing human health effects attributed to exposure 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 mortality designs. The case reports

describe the acute outcomes of exposure to
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2,3,7,8-TCDD and provide the bases for hypothesis generation for

controlled epidemiologic studies, but they are not suitable for

testing causal relationships between exposure and related health

effects (Ashe and Suskind, 1950; Suskind et aI, 1953; Bauer et aI,

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 aI, 1984; Lathrop et aI, 1987; Singer

et aI, 1984). These three studies used unexposed control groups

for comparison and have attempted to quantify exposure. However,

they have been unable to relate exposure 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 to a

variety of 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 epidemiologic literature

relating to exposure to 2,3,7,8-TCDD was recently published by

Fingerhut et al (Fingerhut et aI, 1987).

The most frequently described 2,3,7,8-TCDD exposure-associated

conditions in humans involve 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
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effects were reported among occupationally exposed groups,

including chemical production workers, pesticide users and

individuals handling or exposed to materials which have been

treated with 2,3,7,S-TCDD contaminated pesticides, and among

residents of communities contaminated with tainted waste oil

(Missouri) and industrial effluent (Seveso, Italy).

The following section contains a review of the case reports and

epidemiologic studies which document occurrences of impairment of

the peripheral nervous system after occupational exposure to

materials contaminated with 2,3,7,S-TCDD. A description of studies

documenting health effects other than peripheral nervous system

disorders is included as Appendix B.

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

reports

Although there are no studies reporting neurologic abnormalities

related to 2,3,7,S-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 aI,

1974; Oliver, 1975; Pocchiari et al, 1979) and in residents of one

community following an industrial accident which released

substances into the atmosphere (Filippini et al, 1981) (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, 1950;

Baader and Bauer, 1951; Jirasek et al, 1974; Oliver, 1975),

weakness (Baader and Bauer, 1951; Bauer et al, 1961) or reduction

in muscle coordination in upper and lower extremities (Ashe and

Suskind, 1950; Baader and Bauer, 1951; Bauer et a1, 1961; Goldman,

1973; Jirasek et al, 1974; Oliver, 1975; Poland et aI, 1971),

absence (Ashe and Suskind, 1950), reduction, or alteration in

sensory function (Baader and Bauer, 1951; Bauer et al, 1961;

Goldman, 1973) or motor function (Goldman, 1973; Oliver, 1975),

decreased deep tendon reflex (Kimmig and Schulz, 1957; Poland et

aI, 1971), hyperactive deep tendon reflex (Ashe and Suskind, 1950;

Goldman, 1973) and degeneration of distal axone (Ashe and Suskind,

1950). Several authors also observed altered sense of taste

(Goldman, 1973; Oliver, 1975), hearing (Goldman, 1973; Kimmig and

Schulz, 1957; Poland 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). In 1953, Suskind reported a variety of

neurologically related symptoms in 36 workers from a plant in

Nitro, West Virginia, who had developed chloracne and other

symptoms after exposure to contaminants subsequent to a TCP reactor

explosion in March, 1949 (N=ll), or during normal production

process of TCP and 2,4,5-T (N=25) between 1948 and 1953 (Suskind e~

al, 1953). The most frequently reported post-exposure symptoms in

this relatively young group (average age=36 years; range = 22-63

years) included frequent 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 chloracne 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 (11%), decreased aUditory acuity

(13.6%), and decreased proprioception, absent Achilles tendon

reflexes or hand tremors (10.9%). However, this analysis is

limited by the absence of an unexposed control group. In addition,

there was no control of potential confounders of peripheral nerve

disease.
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Between 1968 and 1969, Jirasek et al (1974) examined SS workers who

were engaged in the production of sodium 2,4,S-trichloro­

phenoxyacetate and butyl ester of 2,4,S-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 frequency

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 neurologic 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 neurological examinations, 23% (N=13) were

diagnosed with polyneuropathy of the lower limbs, 7% suffered from

encephalopathy and 8% experienced unspecified pathologic changes

which the authors suggested were not due to exposure.

Ten years after the initial examination, pazderova-Vejlupkova et al

(1981) reevaluated the health statu9 of 44 of the original SS

workers and found that although three workers showed improvement,

31% (N=14) had evidence of polyneuropathy.
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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 control 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 examinations 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,S-TCDD and

generate the hypotheses required for epidemiologic investigations.

Cross-sectional studies

occupational exposure

In 1979, many years after the 1949 TCP reactor explosion 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 Nitro, 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 Moses study was not stated.

Moses found a statistically significant (p < 0.01) reduction in

sensory function measured by sensitivity to pinprick among those

with current cases of chloracne. This group also 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 epidemiologic

study to assess the effect of past exposure to dioxin-contaminated

products on current health. Despite the intent of the design to

evaluate the differences between exposed and unexposed workers,

there are methodological limitations which reduce the reliability

of the results. No details of the neurologic 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 rather than by an objective measure of

nerve function, such as neurophysiologic tests. In 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 exposure. 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 without

chloracne. Thus, the study design was revised to explore the

differences in health status in individuals with and without

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

virginia, conducted in 1979, found no significant changes in the

nerve conduction velocities of the sural and peroneal nerves

(Suskind and Hertzberg, 1984). No details of the neurologic exam

were published. However, as described by the authors, the NCV

measurements were not conducted in a well controlled environment;

therefore, the findings should be interpreted cautiously.

In 1979, nerve conduction 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-dich1orophenoxyacetic acid (2,4-0) and 2,4,5-T from 1957-1979

(Singer et aI, 1982). The comparison group consisted of 17

employees of Mt. Sinai School of Medicine and 8 subjects of another

study. History of any exposure to neurotoxic agents, alcohol use,

diabetes, neurologic 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 motor and sural sensory

nerves. This reduction in velocities remained significantly

different from control groups after removing 8 subjects who drank

more than 28 alcoholic 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

comparison group is inappropriate and appears to 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 to differences in

lifestyle, or socioeconomic status. The exposed and unexposed

groups were not tested concurrently nor in the same test

environment, thus introducing an unquantifiable 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

neurotoxic 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,S-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 quantify exposure-related

neurologic disorders, two governmentally sponsored screenings were

conducted in 1971 and 1978, on 308 residents of Seveso and nearby

nonexposed communities. Two hundred workers from the ICMESA plant

were also included in one of the screenings. The report of the

results of the screening does not describe the extent of the

exposure of these workers to 2,3,7,a-TCDD contaminated chemicals

and whether or not they, too, were exposed to the effluent of the

reactor explosion. Among these workers, approximately 4\ (N=8)

were found to have damage to peripheral nerve fibers of multiple

(unspecified) nerves, controlling for confounding factors such as

alcohol 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 control population to obtain

comparable data on neurologic function. Thus, it is not possible

to determine whether or not the observed effects are in excess in

this group of workers.

Residential exposure

In general, the findings of neurologic abnormalities among exposed

community residents are less striking than those among occupational

groups. In 1979, 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 consisted of 446 of 733 (61\)

residents living in an area with Boil contamination averaging 15.5

ug/m3 to 580.4 ug/m3 TeDD (Zone A). 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 resider.ts

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 proportion 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 individual exposures (soil 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
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considered in the evaluation~ and, by the possible self-selection

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

neurologic screening program sponsored by Italian Government

(Filippini et aI, 1981). This study includes a more thorough

description of the data collection and analysis of the data

presented by Pocchiari et al (1979). Presence of neuropathy was

assessed through nerve conduction velocity, clinical examination

and symptom questionnaire. Normal values for conduction

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

~

neurotoxic agents or had diseases prediposing to peripheral

neuropathy. Prevalence risk ratios (PRR) for peripheral neuropathy

were determined separately for all Seveso residents and for those

who exhibited clinical indication of 2,3,7,a-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 neuropathy were also determined

for residents 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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Seveso residents who had clinical indication of exposure or who had

risk factors for neuropathy were found to have significantly

greater prevalence of peripheral neuropathy than residents without

either manifestation (PRR (indicator of exposure) • 2.e, 95\

CI=1.2-6.S; PRR (predisposing factors) • 2.6\, 95\ CI=1.2-S.6)

(Filippini et al, 1981). Additional analysis identified further

that individuals who met the definition for chloracne 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 neurologic parameters were

calculated; the completeness of the screening exam, as described,

and; the use of a definition of peripheral neuropathy to define

disease status. On the other hand, the study suffers from a

variety of limitations. The generalizability of the study results

is compromised by the low participation rate (4S\) of the exposed

in the 1978 screening. Finally, the design of the study does not

permit the investigators to determine if the observed neurologic

condition occurred prior to or subsequent to exposure to

2,3,7,e-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,S-TCDD contaminated waste oil (Webb et a1,

19S7). In this study high risk of exposure was defined as

'potential exposure to 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,S-TCDD. At the time

of this pilot study, the analytic techniques to measure adipose or

serum levels of 2,3,7,S-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,S-TCDD were obtained

for 51 individuals with high risk of exposure and 12S 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, adipose tissue levels

ranged from 3.7 ppt - 750 ppt on a whole weight bases. In the

unexposed participants, adipose tissue 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,S-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 exposed to 2,3,,7,S-TCDD had serum

2,3,7,S-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 horse arena, given their overall low

serum 2,3,7,S-TCDD levels, the exposure status of the remainder of

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,S-TCDD.

Two of the largest epidemiologic 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

involved 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

zone. The CDC study included a sample of 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
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over a 20 year period from 1982 to 2002; the CDC study was to be

conducted once.

Air Force Ranch Hand Study - Neurologic Assessment

In the first of the examination series published in 1984

(baseline), the neurologic 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, coordination, stance

and gait), and nerve conduction velocities (Lathrop et al, 1984).

In the second examination series published in 1987 (follow-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

outcomes 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



25

(Wolfe et al., 1988). The average lipid adjusted serum

2,3,7,8-TCDD level was 49.9 ppt, ranging from 0-313 ppt. Although

the current serum 2,3,i,a-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 neurologic

consequences. However, it is possible 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

Of the 2490 Army Vietnam veterans and 1972 non-Vietnam, Army

veterans who participated in the examination, few had evidence of

peripheral neuropathy as determined from a neurological 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 examination

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

The results of this study are not surprising because it appears

that the Army ground troops in Vietnam were not exposed to

substantial levels of 2,3,7,8-TCDD contaminated chemicals. In a

recent study, the mean serum 2,3,7,8-TCDD levels of a sample of

Army Vietnam veterans and the control group of non-Vietnam veterans
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were found to be equivalent at 4 ppt (CDC Veterans Health Studies,

1988). Therefore, no differences in neurologic 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 workers exposed to 2,3,7,S-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

human 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 eNS effects related to exposure to 2,3,7,S-TCDD

contaminated processes. These include decreased coordination

(Oliver, 1975), headaches (Ashe and Suskind, 1950; Bauer et al,

1961; Jirasek et al, 1974; Poland et al, 1971iOliver, 1975),

nervousness (Ashe and Suskind, 1950; Suskind et al, 1953), sleeping

disturbances (Bauer et al, 1961; 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 .cores 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

questionnaires 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 chronically (Poland et al, 1971; Jiraeek 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 demonstrate that exposure produced symptoms

consistent with peripheral nerve damage occurring shortly after

exposure, which, in some cases lasted many years. However, the

case reports are not controlled investigations and the designed

epidemiologic 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,e-TCDD, conducted

by NIOSH and described in the Methods Section, was designed to

correct the limitations of past investigations by incorporating

into the study a population with high potential for exposure, an
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unexposed control group matched for key confounders, a set of

standardized interview and examination procedures, and the

measurement of serum levels of 2,3,7,S-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 populations who were suspected of having

exposure to 2,3,7,8- TCDD through contaminated materials.

Recently, Patterson et al (1989) summarized the published adipose

and serum 2,3,7,8-TCDD levels in exposed 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,S-T. The findings are

striking. The tissue concentrations of 2,3,7,S-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 of individuals exposed to 2,3,7,S-TCCC 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 et al, 1989; Patterson et

al, 19S9). Among individuals with known exposure to 2,3,7,S-TCDD

were 16 individuals who used a horse arena after it was sprayed

with 2,3,7,8-TCDD-contaminated waste oils (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,S-TCDD levels in samples collected within a year after

the accident (Mocarelli et aI, 19S8). Serum samples of 13

residents were analyzed in 1988. Nine of the residents inhabited

the most heavily contaminated area of Seveso, five were diagnosed

with severe chloracne and four had no evidence of chloracne. Four

individuals who resided in an uncontaminated area were used as

controls. The controls had serum 2,3,7,8-TCDC 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 chloracne, ranged

from 1,772 to 10,439 ppt.
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The levels of the exposed Seveso residents appear much higher than

those of the chemical workers and Missouri horse riders. However,

it is important to note that the serum 2,3,7,a-TCDD levels of the

Seveso residents were measured within one year of their exposure,

while the serum 2,3,7,a-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,a-TCDD from the body must be

considered. To do this Sweeney et al. (1989) estimated serum

2,3,7,S-TCDD levels at the determination of occupational exposure

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- Ket ), 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,S-T

production processes.

Serum 2,3,7,S-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,a-TCDD became

available. In 19S8, the CDC published results of a sub-study

conducted to correlate serum 2,3,7,a-TCDD levels with record-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 neurological 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 normal

range of 0-20 ppt in adipose tissue for residents of industrialized

countries (Patterson et al, 1989). (Serum and adipose tissue

2,3,7,8-TCDD levels correlate in an approximately 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 herbicides 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. In 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).

Metabolism and Half-life of 2,3,7,8-TCOD in Humans

with the exception of the serum 2,3,7,8-TCDO levels measured in

Seveso residents, quantitation of levels of 2,3,7,8-TCDO provide a
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good method for assessing current body-burden but it does not shed

light on the levels encountered by workers 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 biologic 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). In the other study, a scientist

ingested radio1abelled 2,3,7,8-TCDD and measured the elimination

rate in urine and feces (Poiger and Schlatter et al, 1985). In 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 followed first order kinetics and no additional

exposure above background level (Pirkle et al, 1989). 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

scientist 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). Another 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 adipose tissue increased fractionally. While these

data shed some light on the possible kinetics of 2,3,7,8-TCDD ~ I
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metabolism in humans, they are derived from a small sample.

Samples of larger groups exposed to 2,3,7,S-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 nervous system is designed to

conduct impulses between segments of 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,S-TCDD may be related to 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 of 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 outside the central nervous system

(brain and spinal cord) and associated with Schwann cells or

ganglionic satellite cells (Schaumburg et al, 1983). Anatomically,

the PNS is composed of the peripheral branches of the autonomic

nervous system, spinal and cranial nerves (except the second

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 body (neuron). 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

depolarization 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 of a number ofaxons 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 junctions are designed to prevent entrance of unwanted

blood-borne materials into the endoneurial space (blood-nerve

barrier) (Olsson, 1984).

Schwann cells are uniquely 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 of 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

another. Nodes of Ranvier mark 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 of 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

extension 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 viscera. Cranial nerves may carry efferent as

well as afferent impulses, their functions may overlap or innervate

different parts of the same organ or act in concert with other

nerve fibers to compose a single functional unit.

The remaining components of the peripheral nervous system include

the nerves derived from the brachial, lumbar and sacral plexus and

the autonomic system. With the exception of sensory neurons 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

neurotoxins 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 techniques. The procedures used for this study

included: medical history; clinical examination; quantitative

sensory tests; and, electrophysiology tests.

In-this study, a history of nerve injuries 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 loss attributable to damage to a

nerve or group of nerves. The examination conducted in this study

is described in the methods.

The ability of nerves to conduct impulses from one point to another

is characterized by measurement of the functional status of the

nerves including conduction velocity, amplitude, and latency

(electrophysiology 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 (Ha and

Liveson, 1983). Amplitude drops as nerve fibers in the axons are

damaged or destroyed. Latency is defined as the time from the

beginning of stimulus to the intitiation of the response or 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 sensitivity 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 (Sove et al., 1986). Thermal

sensitivity was assessed to examine the integrity of the smaller

diameter, A-delta and unmyelinated c fibers of the peripheral

nerves which detect temperature and pain stimuli (Sove et al.,

1986). Loss of unmyelinated c 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 to the PNS. While the morphologic,

pharmacologic and electrophysiologic changes and severity of effect

varies with the type of insult, the deterioration of sensory or

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 sensory 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, compression, or entrapmen~

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 restoration 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

compression, and the resulting edema or ischemia, may contribute to

axonal damage (Sove et al., 1986). In more severe cases, the axon

and myelin undergo irreparable damage, termed Wallerian

degeneration.

Systemic disorders

A number of systemic diseases, including infectious, metabolic 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



41

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 compounds are known peripheral neurotoxins (Schaumburg

et al, 1983; Spencer, 1980; Seppalainen and Haltia, 1980; LeQuesne,

1980; Schaumburg and Spencer, 1980; Politis et al, 1980; 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 localized sites (multifocal) along the nerve process

(Schaumburg et al, 1983). 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 this characteristic is 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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loss in a "stocking and glove" distribution (feet, ankles and

calves to knees; hands, wrist to mid-forearm) accompanied by mild

motor nerve conduction slowing and loss of ankle jerks (Schaumburg

et aI, 1983). 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 aI,

1983). The axon is often spared and remyelination is possible

after discontinuation of exposure.

Neuronopathies

Neuronopathies are rare phenonmena and their etiologies are not

well understood (Schaumburg et aI, 1983). They have rapid onset

and no chance of recovery due to the destruction of both the nerve

cell body and the axon. Sensory and tendon reflex loss is severe,

while motor function is 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). Major 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 Atkinson, 1984).

Autonomic nerve dysfunction is caused by a variety of systemic

diseases, genetic neuropathies, cancer and toxic exposure.

Biochemical Alterations

In addition to morphologically altering the structure of the

peripheral nerve, some chemical and biologic neurotoxins interrupt

the biochemical requirements of impulse propogation (Price and

Griffin, 1980). The action of these types of neurotoxins range

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 Neurotoxicity

A great deal more is known about the pathologic consequences of

neurotoxic damage than is known about the manner in which toxins

reach the axon or neuron or about the mechanisms by which

neurotoxic 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 node 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 openings in the endothelial lining of

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 components into the endoneurial space (Jacobs, 1980). Lead

and cadmium reach the nerve after destroying vascular endothelial

cells. Compression of the nerve by resulting edema, disturbance of.

the axonal microenvironment and damage to the Schwann cell are some

of the disruptions thought to occur.

The anatomy of the peripheral nerves may also play a role in the

mechanism of toxic neuropathies. Two noted characteristics of

toxic neuropathies are: that the sensitivity ofaxons 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 most 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 repeated 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, 1985).
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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

Bauer, 1951; Suskind, 1953; Bauer et al, 1961; Poland et aI, 1971;

Goldman, 1973; Jirasek et al, 1972; Oliver, 1975; Pocchiari et al,

1979; Pazderova-Vejulpkova et al,1981; 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 a1, 1981).

unfortunately, there are no animal toxicologic data describing the

neuropathologic consequences of 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 combination 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, 19S4).

No other reports have provided additional cases of myelin or axon

destruction related to 2,3,7,S-TCOO exposure.

Because 2,3,7,S-TCOO is produced as a contaminant during the

production of TCP and is passed on to the end product, 2,4,5-T, it

is possible that the effects may also be due to either dioxin

contaminated TCP or other 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,S-TCOO are neurotoxins. There

is only one case series which reported human health effects after

exposure to pure 2,3,7,S-TCDD (Oliver, 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,S-TCDD,

although other symptoms consistent with exposure, such as chloracne

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

occupational Exposure of the Study Population to Neurotoxins Other

than 2,3,7,S-TCOD

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,S-TCDD, notably 2,4-0 in the New Jersey plant and

hexachlorophene in the Missouri plant. At the New Jersey facility,

2,4-0 was produced from the plant opening through 1965. 2,4-D is

not contaminated with the 2,3,7,S-TCOD 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.

2,4-0ichlorophenoxyacetic acid has been associated with clinical

evidence of peripheral neuropathy reported in two men exposed while

spraying the herbicide (Goldstein et al., 1959; Berkley and Magee,

1963). Neither case report discussed the possibility of

simultaneous exposure to other neurotoxic herbicides. The results

of animal studies are quite 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). In 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

coma. 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 Missouri workers were exposed. In

addition, employment in other environments may have also provided

unreported opportunity for exposure to peripheral neurotoxins.

Yet, if 2,3,7,S-TCDD is the primary cause of chronic peripheral

neuropathy in this population, a dose-response relationship between

serum 2,3,7,a-TCDD should be evident given the very wide range of

serum levels.





CHAPTER III

METHODS

Introduction

The follo~ing sec~ion describes the design, the population, the

data collection and the analytic methods used to evaluate the

long-ter~ heal~h effects of 2,3,7,8-TCDD on the peripheral nervous

systerr, .

Generally, the study design followed a cross-sectional approach

whereby the health of the study population was assessed once during

the period 1987-1988. 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 description 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,a-TCDD

have a higher rate of peripheral neuropathy than unexposed

referents, and to determine whether the observed peripheral

neuropathy is related to the extent of exposure to 2,3,7,S-TCDD

contaminated processes based upon serum 2,3,7,S-TCDD levels

obtained at the time of the examinations. If there is an increased

risk for peripheral neuropathy among workers, then an additional

objective of the study is to determine whether severity of the

disease or dysfunction is related to serum 2,3,7,S-TCDD levels.

Study Design

The study design combined the characteristics of two types of

observational studies: cross-sectional and follow-up.

Cross-sectional 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

Albuquerque, 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 questionnaires

and record review of past events and included details of work

experiences, dates of diagnosis of medical conditions of interest

and other exposures and medical conditions which may be related to

the occurrence of peripheral neuropathy.
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Power of the study

The overall power of the study to detect peripheral nerve disease

was calculated based on the data from the study by Moses 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 likelihood 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 study 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 population

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 workers who were assigned to the production or to
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the maintenance of operations in any of 14 u.s. plants where

dioxin-contaminated chemicals were manufactured. The purpose of

the Dioxin Registry was a basis for research on this population of

2,3,7,S-TCDD exposed workers. A mortality study and a

cross-sectional medical study, described in this paper, were

conducted on the workers in the registry.

Workers eligible for participation in the cross-sectional study

included all living workers from a total of 5S6 who were ever

employed in the manufacture of products contaminated with

2,3,7,S-TCDD at either one of two plants, located in Newark, New

Jersey and in Verona, Missouri. The selection of these two plants

for inclusion in the study was motivated, in part, by requests 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 these are described below.

New Jersey plant study population

Four hundred ninety (490) workers were employed at the New Jersey

facility from 1951 through 1969. From August, 1951, through

August, 1969, sodium 2,4,5-trich10rophenol (NaTCP),

2,4,S-trichlorophenoxy acetic acid (2,4,S-T), 2,4-dichlorophenoxy

acetic acid (2,4-D) were produced at the New Jersey facility.

Chlorinated benzene and other chemicals were also 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 exposed 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 aI,

1964; Poland et al, 1971), possible cases of porphyria (Bleiberg et

al, 1964) and hypomania (Poland 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 population which has documented

evidence of exposure-related disorders; 2) a heavily exposed

workforce, which would increase the like1ihood 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 trillion (ppt) in

a sample of 111 workers from this plant as compared with a mean of

8 ppt in 54 unexposed controls.; 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. ~fter a short hiatus,

production of NaTCP for the manufacture of hexachlorophene began in

~pril, 1970, and continued through January, 1972. Ninety-six (96)

individuals were involved in the production 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 previously 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 production of hexachlorophene requires the redistillation

of NaTCP which yields heavily contaminated effluent (stillbottoms),

researchers suspected, and later confirmed (Patterson et al, 1989),

that workers in this plant were at high risk of exposure to

chemicals 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 exceeding 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,

1989). In addition, the mean serum 2,3,7,8-TCDD level of 171 ppt



S6

in a sample of 32 workers 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

personnel 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 S 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. (For

approximately 10\ of the workers, it was necessary to identify 6-10

individuals who met the matching criteria.) 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 smoking habits, alcohol consumption, education, religion,

income and residential history, and a detailed occupational

history. Medical records were obtained to verify selected,

self-reported health outcomes previously associated with

2,3,7,8-TCDD exposure.
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Each subject participated in a thorough medical examination

designed to evaluate the current status of those conditions

previously reported in the literature as related to exposure to

2,3,7,8-TCDD contaminated materials. The medical examination

included a general physical, dermatologic and neurologic

evaluations, psychological and neurobehavioral tests, pulmonary

function tests, chest x-ray and blood and urine chemistries. Seru~

was also obtained to measure personal serum 2,3,7,8-TCDD levels.

To reduce observer bias, all examiners conducted the medical

examination or 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 neurologic

examination, quantitative 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 (Sove et al,

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

The clinical neurologic evaluation of the peripheral nervous system

was conducted by nine board certified neurologists. 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., of Albert Einstein College

of Medicine, an expert in the field of occupational neurology and

toxicology.

The neurologic 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), sensory perception

of pain (pinprick), light touch (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 stance, gaiL, coordination 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 examinations 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

Electrophysiologic tests including conduction velocities,

amplitudes and latencies were conducted on sensory fibers of the

median (distal and proximal), ulnar and sural nerves, and motor

fibers of the median and peroneal nerves. Joseph C. Arezzo, Ph.D.,

of the Albert Einstein College 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 of the

tracings for the electrophysiology tests were reviewed by Dr.

Arezzo.

Electrophysiologic measurements were taken by technicians who used

standard test techniques and who were certified in the

administration of the NCV and quantitative sensory tests specified

in the study protocol (Kimura, 1984). All electrophysiologic

procedures were performed with a TECA TD 10 MK1 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

instances 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. Before a response was considered 'absent'

several alternative placements were attempted to obtain consisten~

responses after averaging.

All measurements were usually conducted unilaterally for upper ar.d

lower limbs on the dominant side. However, the limb on the

non-dominant side was tested if the participant reported injury or

surgery to the dominant limb, a history of an entrapment syndroffiE

or if the dominant limb was absent. The tests were conducted ir. a

quiet environment at a controlled ambient temperature. Because

conduction velocities vary directly with limb temperature, skin

temperature on the upper and lower limb was measured before

testing. If the limb temperature was below 31°C, it was adjusted

using a heating pad to 33.0o C for the upper limb and to 32.0o c

for the lower limb (~ 1.OoC) (Dorfman and Bosley, 1979).

All recorded stimuli were supramaximal, i.e., above the stimulus

level at which the highest response could be evoked. Sensory nerve

fiber stimulation was antidromic (opposite the direction of normal

stimulus) and motor nerve fiber stimulation was orthodromic (in the

direction of normal stimuli). Parameters measured during

electrophysiologic 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 response or the speed at which the largest
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fibers of the nerve propagate action potentials along the axon

(Daube et aI, 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 fro~

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,

198~). Amplitude of the wave defined the number of fibers teste=

and the coherence with which they responded to the stimulus (Ma a~d

Liveson 1983). 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 electrodes (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 belo~.
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MCV= Distance between distal & proximal electrodes
Proximal latency - Distal latency

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

DCV= Distance
Distal latency

Quantitative sensory tests

Quantitative sensory tests of thermal and vibratory sensitiv:ty c~~

auditory and visual acuity were conducted in this study. Only the

analysis of quantitative 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, 1984). These nerves regulate vibratory

sensations and proprioception 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 rods. The test required the subject to touch each rod and

determine which of the two rods was vibrating. The rods were

turned off and on by the examiner in a predefined sequence. The

vibration intensity was also controlled by the examiner. The

on-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 ~

incorrect intensities and the 4 lowest correct intensities. The

lower the threshold the greater the ability to detect vibratory

stimuli.

Thermal thresholds

Thermal sensitivity was tested to 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 (Sove 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 thresholds 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, 1986).

This instrument has two identical thermal plates, the temperature

of which may be controlled over a 50.0° temperature range (~

O.loC). During the test, one plate was maintained at 25.0° 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 requiring the subject to touch each 0:

two plates for a maximum of 2 seconds and determine which was

colder.

Thermal threshold sensitivity was calculated in degrees

Centigrade. The lower the threshold the greater the sensitivity to

temperature differences and pain producing stimuli. In the case of

thermal thresholds only, the absence of a response indicated that

the subject was unable to detect the maximum difference in

temperature of 25°C between the two thermal plates. This

inability to sense this great 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 of the peripheral nervous system are associated with a

variety of systemic disease processes, personal 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 obtained from the

study participants during the demographic and occupational history

interview and the medical history.

To take into account the presence of these neuropathic processes

and exposures, a history of past and current neurologic conditions

and symptoms consistent with peripheral nerve disease or

degeneration was obtained during the examination as part of the

medical history questionnaire. 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 CNS. These included diabetes, uremia,

peripheral vascular disease, medication or alcohol use,

occupational or environmental exposure to neurotoxins such as

solvents, heavy metal or to neurologically 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

Prior to the analysis of the neurologic data, an operational

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 electrophysiologic tests and the

quantitative sensory tests. These data were specifically included

in the case definition of peripheral neuropathy 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 aI, 1985; American Diabetes

Association, 1989).

Information collected from the medical history relevant to

peripheral neuropathy 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,

since first exposure to 2,3,7,S-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 neurologist who followed the standard study examination

procedures.

For development of the case definition of peripheral neuropathy,

each electrophysiology measure and thermal and vibration thresholds

was dichotomized based on limits developed from the distribution of

electrophysiologic measurements and thermal and vibration

thresholds of the referent population. For nerve conduction

velocities and amplitudes, measurements below the 5th 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 also included (Dyck et al, 1985).

Some referents were excluded a priori from the calculation of case

limits because they had preexisting conditions which are strongly

associated with peripheral neuropathy in the absence of exposure to

2,3,7,8-TCDD. Two different groups of exclusions were considered:
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those with conditions which had not previously been associated 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 acquired

neuropathy such as Charcot-Harie-Tooth syndrome; three reported use

of medication at the time of the examination associated with

peripheral neuropathy (LeQuesne, 1984; Schaumburg et aI, 1983;

D'Amour, 1979); one had a history of a deforming leg injury; and,

one refused to participate in the electrophysiologic tests.

Twenty-two referents in the second group were also excluded from

the calculation of the case limit: twelve had diabetes; nine

reported a history of stroke; and, one reported a history of

multiple myeloma. Diabetes was defined as a fasting blood glucose

140mg/dl (7.8 nmol/L) measured in two successive tests, or current

use of glucose-regulating medication or diet, or a history of

physician diagnosed diabetes. The medical conditions leading to

exclusion from the calculation of the 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 calculation of case limits for lower limbs and 28

referents were excluded from calculation of case lLmits 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 description of the

exclusion of workers and referents from the analysis of peripheral

neuropathy is included in this chapter in the section titled

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, or

c. An out-of-range quantitative sensory test, Q£

d. At least two positive neurologically related symptoms

reported in the medical history.
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2. Anatomic criterion:

Evidence from the neurological examination, quantitative

sensory tests and symptoms must have been diagnosed or

reported in the same part of the body (upper or lower) as

the out-of-range electrophysiologic measurement.

Upper body measurements included: electrophysiologic

measurements of the median motor and median sensory 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, opponens 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

perception of vibration of the index fingers and head of

the radius, and sensory perception of position of 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 sensory test of the great

toe; clinical assessment of the strength of the hip, knee,

feet and toe flexor muscles, knee, feet and toe extensor
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muscleB~ 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 malleoli, and sensory perception of

position of the great toes~ abnormalities in station, gait

and toe tapping.

Assessment of the Severity of Peripheral Neuropathy

The severity of a case of peripheral neuropathy was based on the

total number of out-of-range electrophysiologic or quantitative

sensory test values, or abnormal signs from the neurologic

examination, or positive symptoms reported in the medical history.

Each out-of-range value, abnormal sign or greater than two symptoms

was assigned a value of one, such that the greater the number of

out-of-range, abnormal signs and positive symptoms, the more severe

the condition.

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

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

chemicals at the New Jersey and Missouri plants

The NIOSH Dioxin Registry contains demographic and work history

records for each qualifying individual. Work histories of
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employment at companies where 2,3,7,e-TCDD contaminated chemicals

were manufactured were reconstructed from personnel and payroll

records. Work histories were abstracted and coded into a computer

file. Data coded into the work history included first 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,e-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 production workers (Sweeney et aI, 1989). Each participant of

the medical examination donated 10-50 milliliters of serum for

determination of serum 2,3,7,8-TCDD levels. Collection and

preparation of these samples for analysis is described elsewhere

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

All serum samples collected from examined workers were analysed for

2,3,7,e-TCDD content. However, only 35% of the serum collected

from the examined referents was measured for 2,3,7,S-TCDD level.

The referents whose serum was measured for 2,3,7,S-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 of 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,S-TCDD.

The mean level of these 20 samples was 8 ppt (Fingerhut et al,

19S9), a level which was consistent with levels observed in other

individuals from industrialized countries (Patterson et aI, 1989).

In contrast, the mean level of workers whose samples were analyzed

concurrently, was 208 ppt, suggesting that exposure to chemicals

contaminated with 2,3,7,S-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,S-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., 1989). Unadjusted means

of the natural logarithm of serum 2,3,7,8-TCDD were compared for

workers and referents using a two sample Student's t-test (SAS,

1987). However, the untransformed serum 2,3,7,S-TCDD levels were

used in the multiple logistic regression models because the

magnitude of the coefficient of the exposure variable did not

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

During the administration of the study quest.ionnaires, each

participant was asked to report situations other than employment at

the chemical manufacturing plant in Newark, New Jersey or Verona,

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,S-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 also obtained if the

participant reported it as part of his or her occupational 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 advantage to a matched analysis 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% of 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

socioeconomic status of all workers and referents who participated

in the examination and to describe personal habits 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- S19,999, $20,000-S29,000, S30,000-S39,999,

$40,000-S49,999, S50,000 or more, refused to answer the question),
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education (1-8 yrs., 9-12 yrs., vocational training, some college

and post-graduate training), and current alcohol 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-normally distribution; thus, the

natural log 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 who 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 individuals who were taking of

neurotoxic medications, individuals with hereditary peripheral

nerve disease, individuals who had peripheral nerve damage due to a

traumatic injury, and individuals who would not cooperate with the

examining physician, or refused to complete a part of the

neurologic assessment. In the case of the workers and referents in

the latter category, the validity of the neurologic assessment may

have been compromised by the refusal to perform the tests correctly

and, thus, they were excluded from the analysis. The second group

of workers and referents who were excluded from the analysis were

those whose conditions may have been associated with exposure to

2,3,7,S-TCDD. This class of workers and referents included

diabetics, individuals who reported a past history of stroke, or a

history of multiple myeloma.

Although it is unlikely that exclusion of workers and referents

having conditions putatively associated with exposure to

2,3,7,S-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 exclusions 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 too 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 neurologic

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 of 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 priori 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.

To 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 Missouri plants) and alcohol consumption. The

continuous variables of age at examination, lifetime alcohol

consumption and serum 2,3,7,S-TCDD were stratified into categories

with approximately equal 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,a-TCDD are slightly

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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63-69 and 70 or higher; lower limb: 30-48; 49-52, 53-57, 58-62 and

63 or higher. Alcohol consumption was divided into the following

strata: for the upper limb: less than 1-1.9, 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, 1987) was used to combine the odds ratios of the

separate strata into a summary odds ratio.

Multiple logistic regression models for cases of peripheral

neuropathy

Multiple logistic regression analysis was performed to control

simultaneously for potential confounders and to assess possible

interactions between exposure and potential confounders (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 equal

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 alcohol

consumption, race, sex, and a composite variable of musculoskeletal

disorders or traumatic events which may have contributed to

peripheral nerve dysfunction. If a subject reported having anyone

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 loss of consciousness,

sciatica, 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 of lower

limb peripheral neuropathy. To determine the covariates placed in

the final regression, a modified stepwise regression (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.



83

Data from the neurologic examination, electrophysiologic tests and

quantitative sensory tests

Although the case definition of peripheral neuropathy was 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 neurologic examination, the

electrophysiologic, and the thermal and vibration sensitivity

tests. This detailed review of all of the individual measurements

of the neurologic data was conducted to identify possible trends or

other effects which may have been masked by the use of a case

definition of peripheral neuropathy.

Prior to analysis, the distribution of the electrophysiologic and

quantitative sensory tests were examined for normality. Of the 22

variables, 14 required natural log transformation to meet the

requirements of normality of the statistical tests. No adjustments

for multiple statistical tests were made. TwO sample t-tests were

used to assess statistical significance of means of these

continuous data. Because the results of 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 (OR) 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 continuous values of the electrophysiologic and

quantitative sensory tests were calculated separately for workers

and referents.



/



CHAPTER IV

RESULTS

Descriptive Statistics

The population of New Jersey and Missouri workers eligible for

participation in the cross-sectional study totaled 586. Of 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 identified 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 alcohol 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%) of the 260 examined

referents were eligible for inclusion in the analysis of neurologic

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 of

the lower body. The proportions of workers excluded from the

analysis due to diabetes, stroke, current prescription of

medications known to be neurotoxic 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 neuropathy for either

the upper or lower body (Table 13). The unadjusted OR of 0.93 (90%

Lower confidence limit=0.63) for peripheral neuropathy of 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. In general, the sum of 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 odds ratio for cases of peripheral

neuropathy of the upper and lower limb adjusted for selected

demographic characteristics. In 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,S-TCDD contaminated processes at the Missouri plant (17.5%)

and those who worked at the New Jersey facility (lS.O%). The

difference did not achieve statistical significance.

Serum 2.3.7,S-TCDD Levels

Serum 2,3,7,S-TCDD levels were obtained from 272 of the 2S1

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). In 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 exclusion of these observations from the regression models

and avoid an upward bias in the mean 2,3,7,S-TCDD levels, an

estimation of the actual levels was calculated (Hornung and Reed,

1990). (A missing value for any variable added to the regression

model will cause exclusion of 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,S-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 did not cause statistically significant

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

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,S-TCDD levels from S6 referents and ranged from 2 to 20 ppt.

The mean of 7 ppt differed significantly from the mean level of the

workers (p<.OOOl). 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,S-TCDD levels among workers who met

the case definition for peripheral neuropathy 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,S-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,S-TCDD level and peripheral

neuropathy (Table 21).

Logistic Regression 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



91

limbs, none of the three exposure variables (worker or referent,

categories or continuous level of serum 2,3,7,S-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,S-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 neuropathy 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,S-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 neuropathy

due to diabetes (Table 25). When diabetes was added to the model

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,a-TCDD. Thus, the final models

were constructed without diabetics.

Individual Measures from the Neurologic Examination,

Electrophysiologic 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 ratios 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).

Electrophysiologic and Quantitative Sensory Tests

Table 29 and 30 describe the comparison of the unadjusted means for

the electrophysiologic and quantitative sensory measurements.

The~e data indicate few consistent differences between workers and

referents for these parameters in upper limbs (Table 29) or in

lower limbs (Table 30). For each measurement, the 95\ 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 proportions of workers and referents with electrophysiologic

and quantitative sensory tests which fell outside the case limit

values for measurements 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 proportion 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 asked to 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

DISCUSSION

Overview

The purpose of this analysis was to test the hypothesis that there

is no difference in the prevalence of peripheral neuropathy in a

group of workers who were occupationally exposed to 2,3,7,S-TCDD

contaminated chemicals and in a group of unexposed referents. The

signs and symptoms used to examine a number of the peripheral

neuropathy were collected as part of a comprehensive

cross-sectional medical study designed to examine many health

effects associated with human exposure to 2,3,7,S-TCDD (Sweeney et

aI, 19S9).

A case definition of peripheral neuropathy was constructed from

data collected in the neurologic examination, the

e1ectrophysiologic and quantitative sensory tests and medical

history interview. Based on this case definition, the prevalence

94
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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 population. In addition, there was no relationship

between increasing levels of serum 2,3,7,8-TCDD and cases of

peripheral neuropathy, 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, electrophysiologic tests and

quantitative sensory 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 of 0.07.

Neither lifetime alcohol consumption nor a positive history of

physical injury contributed significantly to the model for cases of

peripheral neuropathy 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 limbs, which may have increased their risk of

developing neuropathy of the lower limb.

Neurologic Effects Observed 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

Nitro, 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 those 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,S-T workers from Nitro, West Virginia, found an 18%

increase in reduced pin prick sensation among workers who reported

a history of chloracne compared to exposed workers without a

history of chloracne (Moses et al, 1984). No other neurologic

deficits were found in excess. In our study, the proportion of

workers and referents with decreased pin prick sensations (as

determined by neurologic 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 evaluation

(Suskind and Hertzberg, 1984). No statistically significant

differences were found between exposed Ranch Handers and unexposed

comparisons for the neurologic examination or the

electrophysiologic tests, after controlling for fasting glucose

level (diabetes) and alcohol use (Lathrop et a1, 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 neurologic 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 soil, 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 neurologic effects

were in excess.
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On the other hand, a statistically significantly higher prevalence

of peripheral neuropathy was identified among Seveso residents who

exhibited other clinical signs of exposure to 2,3,7,8-TCDD

(Filippini et al, 1981). 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 reports.

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,S-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,S-TCDD

contaminated materials, an important factor is the amount of

exposure to materials contaminated with 2,3,7,8-TCDD. Our study of

workers from New Jersey and Missouri is the only study in which the

relationship between serum 2,3,7,8-TCDD and neurologic endpoints

was examined in a cohort of occupationally exposed individuals. As

described previously 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



99

at the time of the examination. The highest level was 3390 ppt. 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 measured 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 ai, 1989). If 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

proportion of cases of peripheral neuropathy should have been

observed. Even after controlling for other covariates, no such

relationship was found.

Of the non-occupational populations in which neurologic evaluations

were conducted, three studies reported serum or adipose tissue

2,3,7,8-TCDD levels (Wolfe et al, 1988; Centers for Disease

Control, 1988; Moccarelli et al, 1988). However, only one 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 endpoints were not examined
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because the serum levels were not available for analysis of data

from either the baseline study or 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,B-TCDD level in the

unexposed Vietnam-era veteran controls (Centers for Disease

Control, 19B7). This population of Army Vietnam Veterans

experienced minimal or no exposure to 2,3,7,B-TCDD contaminated

chemicals above background level. Therefore, no adverse health

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

The range of adipose tissue 2,3,7,B-TCDD levels in Missouri

residents with potential for exposure to 2,3,7,B-TCDD was 3.7 - 750

ppt (Andrews et al, 1989). The highest levels were observed in 9

workers involved in NaTCP production in the Missouri plant who were

also included in our 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

ppt), 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, 1987).
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At the time the Seveso residents participated in the neurologic

evaluation conducted by Filippini, exposure to 2,3,7,S-TCDD was

estimated by the level of 2,3,7,S-TCDD in the soil of residential

areas. Areas determined to be highly contaminated had levels of

2,3,7,S-TCDD ranging from 15.5 ugjm3 to 580.4 ugjm3 (Pocchiari,

1979). The soils in the unexposed regions averaged less than 3.0

ugjm3 . In 1988, serum levels of individuals residing in the

2,3,7,8-TCDD contaminated areas of Seveso and uncontaminated areas

of Seveso 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 82S 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,S-TCDD levels measured were also participants in the

evaluation of peripheral neuropathy. However, because the

population studied by Filippini was selected from among the 735

individuals who lived in the most highly contaminated region of

Seveso, it is realistic to assume that at least some of the

participants in the study had exposures which were comparable to

those whose serum 2,3,7,S-TCDD level was measured. The data from

this study suggest that the high serum 2,3,7,S-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 neuropathy

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

Control Vietnam Experience Study, 1988), and the Missouri residents

(Webb et al, 1987) 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, 1981). 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 neurologic effects occurred due to
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2,3,7,S-TCDD in these exposed populations and resolved over time.

However, with the exception of the Army Vietnam veterans, even the

proportion of self-reported symptoms related to peripheral nerve

dysfunction were not in excess among the exposed groups, suggesting

that either the exposed individuals forgot 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 to 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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examinations 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

introduced 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 was 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 obtained through a telephone interview

of the nonparticipating worker or referent. Next-of-kin or

suitable proxy respondents were interviewed as surrogates for the

deceased workers. The telephone interviews were collected to

compare the prevalence of conditions related to exposure to

2,3,7,8-TCDD in nonparticipants with the prevalence of the same

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 information to estima~e

the amount of bias introduced by nonparticipation.

subject of a separate report.

It will be the

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 examination participation rate of the eligible

referents is less than that of the workers, based on comparison 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 poorer 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. One study which invites participation of the u.s. populace

is the National Health and Nutrition Survey (NHANES). 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. consequently, because of

their known exposure to 2,3,7,8-TCDD contaminated chemicals, the ~
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priori assumption was made that workers may have been more likely

to report the occurrence of 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 of the

symptoms reported by participants in the medical history, the case

definition for peripheral neuropathy was based primarily upon

objective data from the neurologic, electrophysiologic, and

quantitative sensory tests. Reported symptoms related to

peripheral nerve dysfunction were not systematically validated with

medical records. Therefore, to ensure consistency of responses,

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.

Of 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 corroborated by other neurologic deficits because there

was no increase in the proportion of cases of peripheral neuropathy

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 collection process was

substantial. To limit this potential bias, the following steps were

taken: 1) development of, and adherence to, protocols for the

administration of interviews; 2) development of, and adherence to,

standard examination procedures, and to standard test protocols; 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 the 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 techniques.

A review of results of the neurologic examinations performed by the

nine neurologists 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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cranial nerves, the measures for face pain and gag reflex were

omitted from the analysis.

A total of seven technicians 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 electrophysiologic

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 peroneal 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 electrophysiologic 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,S-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 those in unexposed populations of

industrialized countries (Patterson et al, 1989). In 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 misclassificatian 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 efforts

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 observation

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 neurologist 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 models

containing the variables of interest. If 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 socioeconomic

status. As 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 populations (N=109) was not different (Table

35). The proportion of cases of peripheral neuropathy for the

upper or lower limbs did not differ significantly between workers

and referents, whether a matched or unmatched analysis was

conducted. Mean serum 2,3,7,8-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,S-TCDD.

However, at least three of the exclusionary criteria were based on

conditions which have been putatively associated with 2,3,7,S-TCDD,

that is, abnormal glucose 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 equivalent to the models which

excluded participants in those categories. Exposure to

2,3,7,S-TCDD as measured by serum 2,3,7,S-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 lS percent

increase in reduced pinprick sensation among former TCP workers

with chloracne compared to TCP workers without chloracne (Moses et

ai, 19S4). However, there were no other neurologic 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,S-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,S-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,S-TCDD

level was measured within a year after the accident. There was no

dose-response relationship between serum 2,3,7,S-TCDD levels

present at the time of the examination and the occurrence of

peripheral neuropathy in this previously exposed population.
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TABLE 1:

116

Potential Methods of Exposure to Dioxin and Dibenzofuran
Contaminants

1. Manufacture of chlorinated phenols (dioxin contaminant)

2. Spraying of herbicide 2,4.5-T (dioxin contaminant)

3. Production of hexachlorophene from 2.4.5-trichlorophenol (dioxin

contaminant)

4. Pentachlorophenol used as fungicide and Nood preservative

(hexa-. hepta- and octa-chlorinated dibenzodioxin contaminants)

5. Transformer and heat exchange fluids (PCBs)

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

7. Investment casting (PCBs, terphenyls)

8. Burning of pentachlorophenol or 2,4,5-T-treated Nood or brush

(dioxins, dibenzofurans)

9. Municipal incinerators burning organochlorine refuse (dioxins,

dibenzofurans)

10. Eating fish ~ith high levels of dioxin or dibenzofurans

(concentration in aquatic ecosystems)

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

Acad Dermatol 10:688-700, 1984 (~ith permission)
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Case Reports of Neurologic Effects Among Individuals Occupationally
Exposed to 2,3,7,8-TCDD Contaminated Materials

EXPOSURE a

Precursor & re­
action products
of TCP process,
TCP, NaOH

Tetrachlorobenzene
1949

(~est Virginia)

STUDY POPULATION

Four employees
involved in cleanup after
explosion or worked with
equipment used prior to
explosion studied 6 ~os.

& 1 yr. after explosion

NEUROLOGIC FINDINGS

SUbject reports
Headaches
Neck, back pain
Lower I imb pain
Vertigo with vomiting
Insommia, nervousness
Fatigue
Foot numbness

REFERENCE

Ashe' Suskind,
'950

Kimmig, &
Schultz,
1957

Poland et al,
1971

TCP
2,4,5-T

1953-1954
(Hamburg, Germany)

rcp, 2,4,5-T
2,4-0
HCB
Explosion in 1960
Dai Iy exposure
195' - 1969
(New Jersey)

31 production
workers
with chloracne

73 male volunteers
in production,
maintenance,
office areas

Examination Report
Normal physicals (N=3)
reduced muscle strength (N=1)
Hyperactive deep tendon
reflexes. Reduced or

absent sensory ability. Myelin
sheath & fiber destruction of
sural nerve

Symptoms Reported:
Tiredness (N=3)
Headaches (N=5)
Arm & Leg pain (N=6)
Signs Reported:
Polyneuritis (N=1)
Encephalomyelitis (N=')
Reduced reflexes (N=')
Hearing disturbances (N=')

Leg fatigue (2.7X)
Headaches (N=8)
Hearing loss (N=6)
Decreased proprioception (N=2)

,Decreased Achilles tendon
reflex (N=3)
Reduced smell (N=')

aTCP: 2,4,5-trichlorophenol; 2,4,5-T= 2,4,5-trichlorophenoxyacetic acid; PCP =
pentachlorophenol; 2,4-0 = 2,4-dichlorophenoxy acetic acid
NCB= hexachlorobenzene: NaOH= Sodium hydroxide
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TABLE 2: (continued)

EXPOSURE e STUDY POPULATIO!l NEUROLOGIC FINDINGS REFERE!lCE

Suskind
et al,'953

SUbject reports
Fat i gue
Nervousness (N=8)
Lower beck &
limb pain (N=9)
Vertigo (N=3)
Parethesie (N=')
Intolerance to cold (!I=3)
Loss of libido (!I=2)

36 workers with chlorecne
due to exposure during TCP
reactor explosion or durin;
normel production of TCP
end 2,4,5-T
Age range = 22-63
lCeen ege = 36

25 persons
exposed during
production of TCP
end 2,4,5T

11 persons
elliposed after
explosion of TCP
reactor 3/8/49

'948-'953

(lJest Virginia)

PCP
TCP

8/'948 21'949

10 men in PCP
& experimental TCP
TCP production

SUbject reports
Pain &
weakness in lower
limbs

Baader &
Bauer, '95'

!lordheim Westfalen
(West Germany)

aTCP= 2,4,5-trichlorophenol; 2,4,5-T= 2,4,5-trichlorophenoxyacetic acid; PCP =
pentachlorophenol
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(continued)

EXPOSURE II STUDY POPULATION NEUROLOGIC
EVALUATION

NEUROLOGIC FINDINGS REFERENCE

EIo4G
EEG
Res t of exam
not described

TCP
2,4,S-T
Hamburg
Before 1961

(West Germany)

31 employed in TCP &
2,4,S-T production

Follow-up conducted
due to residual
chloracne. continual
"Neuromuscular weakness",
vasovagal disturbllnces.
psychological disturbances"
S yrs. lifter first exam

Subject reports
Tired & weakness in

proximal leg muscles
Headaches, dizziness
Orthostatic collapse
Decreased libido
Increased irritability
Depression

Bauer,
Schultz,
Spiegelberg,
1961

Examination results
Parathesia (N : 2)
Reduced sensory ability &
epicritic disturbances in lower
limbs (N : 2)

Abnormal EEG (N : 6).
Overexcitability, hand trembling
Increased sweating of hands,

leg & underarm sweating;
Indication of Chvostek's Sign
No orthostatic collapse
No paresis, muscle atrophy or

absence of reflexes.
No nerve damage (EMG).
Psychological disturbances
Change in sleep habits, mood
Depression & anxiety

aTCP: 2,4,S-trichlorophenol; 2.4,S-T: 2,4.S-trichlorophenoxyacetic acid; PCP
pentachlorophenol
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EXPOSURE a

120

( Cont i nued)

STUDY POPULATION NEUROLOGIC FINDINGS REFERENCE

Goldman,
1973

yep

2,4,5-T
1953

<Lud.li;shafen,
Germany)

42 BASF production
workers with chloracne

Symptoms in 7 workers
with chloracne:
Hyperflexia, hyperalgesia
Fati;ue of legs
Paresis of N. olfactorius
Disseminated encephalitis
Reduced sensory & motor
coordination of distal seg­
ments of arms and legs

Altered sense of smell, taste
& hearing loss

Hypotonia of extremities

(Czechoslovakia)

et a l ,
Pain under RT Costal Arch 1974
Headaches; sweating
Unspecified CNS symptoms (N=17)
CNS + PNS abnormalities (N=4)
LOloler limb PNS abnormality
determined by EMG (N=l3)

Fatigue & weakness of lOloler limbs

TCP
2,4,5-T

1965-1968

55 Tep & 2,4,5·T
workers
Follololed from
1969-1973

SUbject reports

Psychologic exam results:
50X = normal
21X = borderline
27X = abnormal

2X = distinctly abnormal

Jirasek

aTCP= 2,4,S-trichlorophenol; 2,4,5-T= 2,4,5-trichlorophenoxyacet;c acid; PCP =
pentachlorophenol
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EXPOSURE a
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(continued)

STUDY POPULATION NEUROLOGIC FINDINGS REFERENCE

Pure
2,3,7,B-TCDD

1970

(England)

TCP
2,4,S-T

1965-1968

(Czecho­
slovakia)

3 laboratory
loIorkers

4 year follolol-up
SS of TCP
production
loIorkers
Follolol-up in
1973- 1979

Subject A: No signs
or symptoms reported

Subject B:
Headac~es

Loss of vigor
Mood c~anges

~uscle coordination
Blurry vision
Fatigue

Subject C:
Loss of concentration,
Reduced taste
Changes in visual field
Sleeping difficulties
Transient superficial
t~ig~ pain

Repeated neurologic exams
indicated a decrease
X of normal examinations;
increase in polyneuropathy
& encep~alopathy

-9X shololed improvement
over time

Oliver, 1975

Pazderova­
Vejlupkova
et 8 l , 1981

a TCP= 2,4,S-tric~lorop~enol; 2,4,S-T= 2,4,S-trichlorop~enoxyacetic

acid; PCP = pentac~lorophenol
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Table 6:

128

Concentration of 2,3,7,8-TCDD in Human Adipose Tissue and Serum from
Individuals with Potential Exposure to 2,3,7,8-TCDD.

Population

, of

Years Since
-Exposure

Mean
(ppt)

Range
(Ppt) REFERENCE

Factory lIorkers
Missouri, USA, 1985 14 9 245 67-978 a Patterson et a I. , 1989
FRG 1-34 45 6-2252 b Beck et a l., 1989
Missouri & NJ 15-37 135 2-3389 Sweeney et al. , 1989

Vietnam Veterans

U. S. Ai r Force 15·20 147 49 3-313 a lIolfe et al. , 1988
U_S. Army 15-20 646 4 ND-45 a CDC, 1988

Residential
Seveso, Italy <1 10 1772-27821 a Mocarelli et a I., 1988
Missouri 15 16 27 5-59c Andrews et al. , 1989

Others
Horse Arenas 15 16 145 5-557 Andrews et al. , 1989
lIaste Haulers 15 10 12 4-26 Andrews et 8l. , 1989

8 Serum on a lipid basis
b Adipose tissue on lipid basis
c Adipose tissue
ND=nondetectable
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TABLE 7: Limits of Electrophysiolo;ic and Quantitative Sensory
Tests for Determination of Cases of PeripheraL Neuropathy

Measure

Latency

Median Motor-Distal

Mediln Sensory-DistaL

Median Sensory-ProximaL

Ulnar Sensory

Peroneal Sensory-DistaL

Sural Sensory

Amplitude (mV)

Median Motor

Median Sensory

Ulnar Sensory

Peroneal Motor

Sural Sensory

Nerve Conduction velocity (m/sec)

Median "lotor

"ledian Sensory-DistaL

Median Sensory' Proximal

Ulnar Sensory

Peroneal Motor

Sural Sensory

Vibration thresold (V)

Index Finger

Greet Toe

Thermal Threshold (oC)

Index Finger

Greet Toe

Case Li mi t Value

~ 10.64 a

~ 4.16

~ 9.68

~ 3.36

~ 6.16

~ 4.56

?. 58.40

~ 4589

~ 6.46

! 4.39

~ 879

! 3.59

~ 47.32

! 35.49

~ 47.95

~ 40.54

~ 37.25

! 35.71

~ 2.075

~ 9.175

~ 2.012

~ 2.5875

a Case limit vlLues were based on the 5th percentiLe for the
referents from New Jersey and Missouri cohorts combined for nerve
conduction velocities and amplitude .easurements and on the 95th
percentiles for the referents from both plants for latency, vibration
and thermal thresholds.



TABLE 8:
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Vital Status of Wo~ke~ Populetion Targeted fo~

Participation in the Cross"sectional Medical Study

New Jersey M;ssou~i Tota l
No. P:> No. (X) No. (X)

Toti l 490 (100.0) 96 (100.0) 586 (100.0)

Al ive 318 64.9) 82 85.4) 400 (68.3)

Deceased 132 26.9) '0 10.4) 142 24.2)

Not Located 40 8.2) 4 4.2) 44 7.5)
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131

Participation of Worker Population in the
Cross·sectional "edical Study

Total Known Alive

Wew Jersey
I/o. (X)

(100.0)

"issouri
No. ( X)

82 (85.4)

Total
No. ( X)

400 (68.3)

Interviewed and
Examined

Interviewed Onlyb

Refused c

222

63

26

( 69.8)

( 19.6)

6.6)

59 (72.0)

16 (19.5)

7 (8.5)

281 (70.3)

79 (19.6)

35 (8.8)

a

b

c

Two workers were not contacted for participation in the study
because 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 MedicII Study

New Jersey Missouri Total
No. (X) No. (X) No. (X)

Total Invited 808 (100.0) 130 <100.0) 938 <100.0)

Totll Interviewed 252 31.2) 73 ( 56.2) 325 34.6)

Totll EllImined 204 25.0) 56 (43.1) 260 27.5)



TABLE 11: Selected Characteristics of EXlmined Workers Ind
Referents

Agea (yrs) (Renge)

Race b (X)

Wh i te
Black
Asi an

Sexb (X)

Male
Female

Educationb (X)

1-8 years
9-12 years
Vocational Training
Some College

Income b (X)

less than 10,000
10,000 19,999
20,000 29,999
30,000 39,999
40,000 - 49,999
50,000 or greater
Refused

Current Alcohol
Never Drank
Former Drinker
Current Drinker
Unknown

Workers
(N=281)

55.4 (33-84)

89.0
10.7
0.3

95
5

9.3
46.6
8.5

35.6

9.9
17.8,
18.5
17 .8
11.4
23.8
0.7

statusa,x)
8.2

27.4
64.1

0.4

Referents
(11=260)

56.0 (31-78)

89.9
9.6
1.5

93
7

8.1
44.2
9.2

38.5

10.4
17.7
19.2
14.2
14.6
20.0
2.3

13. 1
23.5
63.1

0.4

Lifetime Alcohol Consumptionc

45.5 72.1

Height (cm)a
(Range)

173.4
(150-199)

173.2
(146-193)

I 110 statistically significant differences based on Student's t-test.
b 110 stltistically significlnt difference for Iny vlrilble based on
chi-square test. c Lifetime Alcohol Consumption: Equivilent to one
drink per day for number of years drank alcohol. Stltistically
significant blsed on student's t-test of log trlnsformed variable
(Workers M=255, Referents 11=222).
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TABLE 12: Percent and ~umber of Workers and Referents
EAcluded from Analysis of Peripheral ~europathy

Cause for
Exclusion

Diabetes

Neurotoxic a

Medication

Stroke

Other
Conditions

Missing Data

Total Exclusionsd,e

Workers
(N=28')
No. (X)

27 (9.6)

6 (2."

8 (2.9)

6b (2. 1)

43 (15.3)

Referents
(N=260)

No. ( X)

'6 (6.2)

4 (1.5 )

9 (3.5)

4c (1. 2)

(0.4)

30 (11.2)

a Dilantin, Hydralazine, Dapsone & Phenytoin
b Uncooperative during exam (N=3); Paralysizing spinal cord
injury (N='); elbow deformity (N=') (excluded only from
analyses of upper limbs); ankle deformity (N=') (excluded only
from analyses of lower limbs)
c Multiple myeloma (N=1); Charcot-Marie-Tooth Syndrome
(N=2); Both legs & nerves damaged in accident (N=1) (excluded

only from analyses of lower limbs)
d Total does not equal sum of columns. Some individuals are
included in more than one exclusion category.
e No significant difference in proportion of workers and
referents excluded from analysis.



135

TABLE 13: Workers and Referents Meeting the Case Definitiona

for Peripheral Neuropathy and Odds Ratios

Workers

No. (%)

Referents

No. (%)

Unadjustedb

OR <90% Cl)

AdjustedC,d

OR (95% CL)

Upper Limbs

lower Lower

43 <17.9) 44 (18.9)

44 (18.3) 44 (19.1)

0.9 <0.6)

1.0 (0.7)

1.1 <0.6)

1.0 (0.6)

a

b

c

d

Case definition: At least one electrophysiologic measurement
outside case limit value, plus one abnormality detected in the
Neurological Exam, Quantitative Sensory Tests or 2 systems
78% of examined study group was matched
One-sided 95% Confidence Limit (Lower limit)
Adjusted for covariates included in the logistic regression model:
age, race, sex, alcohol consumption, other neurotoxic exposures,
other injuries and conditions
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TABLE 14: Mean Severity Score for Workers and Referents with
Peripheral Neuropathy

Workers Referents
Upper Lower Upper Lower

Number of Cases 43 44 44 44

Mean Severity Scorea 5.1 8.6 6.4 8.7

Range 2- 13 2-30 a 2· 16 2-34

aMean is not statistically significantly different
based on Student's t-test
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TABLE 15: Cases of Peripheral Heuropathy of the Upper Limb
Stratified by Selected Variables

loIorleers Referents loIeignted
No. (%) No. (:l;) OR 95% CJ

Plant

New Jersey 33 18.0)

Missouri 10 17.5)

Age

30-49 6 6.5) 7 ( 8.9)

50-55 12 28.6) 10 (21.3)

56-62 8 16.3) 7 (16.3)

63-69 10 23.8) 9 (22.0)

70 + 7 50.0) 11 (50.0) 1. 1a 0.7, 1.7a

Race

IoInite 41 19.2) 37 (17.8)

Blacle 2 7.7) 7 (29.2) 0.9a 0.6, 1.5

Sex

Male 43 (100.0) 42 (95.5)

Female 0 2 ( 4.5) 0.9a 0.6, 1.5

Lifetime Alcohol consumption

< 1- 1.9 5 17.2) 2 (11.1)

2- 16 9 12.0) 10 (15.6)

17-48 9 16.7) 11 (26.2)

49-202 9 18.8) 11 (18.0)

203+ 7 53.9) 4 (23.5) 1. Oa 0.6, 1.6

aSummary odds ratio, Cocnran-Hantel-Haenszel test



138

TABLE 16: Cases of Peripheral ~europathy of the Lower Limb
Stratified by Selected Variables

1J0rl(ers Referents lJeighted
No. (%) ~o. PO OR 95% CI

Plant

~ew Jersey 35 19.1)

Missouri 9 15.8)

Age

30-48 9 11.1) 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. Oa 0.6, 1.6

Race

IJhite 39 18.2) 38 <18.2)

Slacl( 5 19.2) 6 (26.1) 1. Oa 0.6, 1.5

Sex

Male 44 (100.0) 42 (95.5)

Female a 2 ( 4.5) 0.9 a 0.6, 1.5

Lifetime Alcohol consumption

Never dranl( 2 10 _0) 8 (28.6)

< 1- 2 6 17.1) 3 <11.5)

3- 16 10 14.3) 12 <21.4)

17-43 9 20.0) 9 (21.9)

44-86 9 23.6) 4 (11.4)

87+ 8 25.8) 8 ( 18.6) 1. Oa 0.6, 1.6

aSummary odds ratio, Cochran-Mantel-Haenszel test
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TABLE 17: Disposition oi Serum Semples ior Measurement oi
2.3.7,8·Tetrachlorodibenzo·p-dio~in

Measurements Above LOD

Measurements Belo~ LOD

Serum Not Obtained

Workers
(N:281>

262

10

9

Referents
(N:260>

75

24

161

Abbreviation: LOD:Limit of Detection
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TABLE 18: Difference in Serum 2.3.7.8-Tetrechlorodibenzo­
p-dioxin Calculations With end Without Workers and
Referents With Levels Belo~ the Limit of Detection
(LOD)

Workers
Wi th wi thout

Referents
With Without

~umber of Samples
in Mean

Arithmetic Meana

~edian

Range

Geometric ~ean

L00

272

211

68

( 2

64

LOD

262

219

74

3390)

67

LOD

86

7

6

(2

6

LOD

75

8

6

20)

7

a p<.0001 comparison of ~orker and referent levels based on
Student'S t-test of log-transformed values
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TABLE 19: Serum Z.3.7.8-Tetrechlorodibenzo-p-dioxin Levels
(ppt) in Workers end Referents

Workers Referents
(N=27Z) (N=B6)

Arithmetic Meana Z11 7

Median 68 6

(Range) (2 - 3390) (2 - 20)

Geometric Mean 64 6

a p<.OOO1 based on Student's t-test of log transformed
mean values
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TABLE 20: Comparison of Serum 2,3,7,8-Tetrachlordibenzo-p-dioxin Levels
(ppt) in Workers without Peripheral Neuropathy with Workers
Meetin; the Case Definition for Peripheral Neuropathy of the
Upper and Lower Limbs

Peripheral
Neuropathy

of
Upper Body

Peripheral
Neuropathy

of
Lower Body

Wi thout
Peripheral
Neuropathy

Upper Lower
Tot a I

Val id
Measurements

Arithmetic Hean a

Hedian

43

41

219

84

43

102

34

197

194

164

59

196

192

190

76

Range (4 0 2100) (3 0 722) (2 0 2058) (2 0 2100)

Geometric Hean 72 41 58 66

a p is not statistically significantly different based on Student's totest
of log transformed means
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TABLE 21: Distribution of Serum 2,3.7,8-TCDD
(ppt) in Workers by Case Status

£!1ll 1I0ncases
I/o. (X) 110. (X)

Opper Limb

o - 19 10 (14.9) 57 (85.7)

20 57 8 (16.7) 40 (83.3)

58 - 123 8 (20.0) 32 (80.0)

124-307 8 (17.0) 39 (83.0)

308+ 7 (21.2) 26 (78.8)

Lower Limb

0 19 15 (22.4) 53 (77.6)

20 34 7 (24.1 ) 22 ( 75 .9)

35 72 7 (25.9) 20 (74.1)

73 ·152 7 (16.8) 35 (83.3)

153+ 7 (10.0) 63 (90.0)



144

TABLE 22: Coefficients in the Finll Multiple Logistic
Regression Model for Clses of Peripherll Neuropathy
of the Upper limb

Variable ill.! Standard Chi-Square p-vaLue
lU..Q.r

Intercepta -5.326 0.784 46.15 0.000

2,3,7,8-HDD -0.0001 0.0004 0.06 0.802

Age at exam 0.061 0.013 21.34 0.001

Lifetime ALcohol
Consumption 0.002 0.001 3.13 0.077

Other Conditions b 0.457 0.253 3.26 0.071

a
b

Sample size: 462 obser~ations

Composite ~ariable includes a positi~e history of at
least one of the following: head injury with loss of
consciousness, carpal tunnel syndrome, sciatica, surgery
on spine, slipped disc, arthritis and rheumatoid
arthritis.
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TABLE 23: Coefficients in the Final Multiple Logistic
Regression Model for Cases of Peripheral Heuropathy
of the lo~er limb

Variable Beta Standard Chi-Square p-value

UJ:.£L

Intercept a -4.867 1.003 23.54 0.000

2,3,7,8-TCDD -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,

1=female)

a Sample size 461
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TABLE 24: Stratum Specific Odds Ratios of Serum 2,3,7,8-TCOO
Levels for Cases of Peripheral Meuropathy of the
Upper and Lower Li~b based on ~ultiple Logistic
Regression Models

Opper Limb

o - '9

20 - 57

58 -'23

'24-307

308+

OR

1.'

1.5

1.,

0.9

95X CI

0.5, 2.5

0.4, 3.7

0.5, 2.6

0.4; 2.8

Lower Limb

0 '9
20 34 1.4 0.5. 3.4

35 72 1.4 0.6. 3.5

73 -'52 0.8 0.3. 2. ,

153+ 0.4 0.' , 0.8
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TABLE 25: Coefficients in the Final Multiple Logistic
Regression Model for Cases of Peripheral Meuropathy
of the Upper and Lower Limb Retaining Diabetes in the
Model as an Independent Variable

Opper Limba

Variable Beta Standard Chi·Square p-value
Error

Intercept -4.804 0.716 44.98 0.000

2,3,7,8-TCDD -0.00003 0.0003 0.01 0.927

Age at exam 0.058 0.012 23.07 0.001

Diabetes , .330 0.379 12.32 0.00'

Lower Limbb

Intercept -4,881 0.978 24.90 0.000

2,3,7,8-rCDD -0.0008 0.0004 2.97 0.085

Age at exam 0.039 0.011 11.69 0.001

Sex CO=Nale, 1.333 0.744 3.21 0.073
1=female)

Diabetes 0.979 0.385 6.45 0.011

a Sample Size = 497
b Sample Size 496
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TABLE 26: Workers and Referents With Abnor~ala Neurologic Findings of the
Cranial Nerves as Identified in the Neurologic Examination

Work.ers Referents
Sample Sample UnadjustedC

Size No. (X) Size No. (X) OR 95X CI

Smell, RT b 239 24 <10.0) 231 19 (S.6) 1.3 (0.7, 2.3)
Smell, LT b 239 23 (9.6) 231 26 (11.6) O.S (0.5, 1. 5)
Visual Fie ld, RT 237 2 (0.8) 230 5 (2.2) 0.4 (0.1, 1. 9)
Visual Field, LT 237 2 (O.S) 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 (4.3)
Light Ileact ion, liT 239 1 (0.4) 221 0
Light Ileaction, LT 239 0 220 0
Ptosis, RT 239 2 (0.8) 231 5 (2.1) 0.4 (0.1 , 1.9 )
Ptosis, LT 239 2 (0.8) 231 3 (1. 3) 0.6 (0.1, 3.8)
Occular Mobility, RT 238 2 (0.8) 229 0
Occular Mobility, LT 238 3 (1. 3) 229 0
Nystagmus, RT 239 0 230 6 (2.6)
liIystagmus, LT 239 1 (0.4> 230 6 (2.6) 0.2 (0.1, 1. 0)
Jaw Strength 236 1 (0.4) 226
Jaw Jerk. 239 11 (4.6) 231 S (3.5) 1.4 (0.5, 3.4 )
Corneal Reflex, liT 239 5 (2. 1) 230 5 (2.2) 1.0 (0.3, 3.4)
Corneal Reflex, LT 239 4 (1. 7) 231 I, (1. 7) 1.0 (0.2, 3.9)
Facial Muscles, RT 239 3 <1.3) 231 3 (1.3) 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 0 231 1 (0.4)
Accessory liIerves, liT 238 0 231 1 (0.4)
Accessory liIerves, LT 238 0 231 1 (0.4)
Tongue Motion, RT 239 1 (0.4) 231 1 (0.4) 1.0 (0.1, 15.7)
Tongue Motion, LT 239 0 231 1 (0.4>
Head Flexors, liT 240 0 231 2 (0.9)
Head Flexors, LT 240 0 231 2 (0.9)
Head Extensors, RT 240 0 231 1 (0.4)
Head Extensor, LT 240 0 231 1 (0.4)
Other Cranial 239 2 (0.8) 231 4 (1. 7) 0.5 ( 0 • 1, 2.6)

Nerve Conditions

a As determined by examine neurologists
b Abbreviations: liT = right, LT = left
c 78% of the examined study group was ~atched
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TABLE 27: loIorkers and Referents loIitn Abnormal a Neurologic Findings of the
Upper Limbs as Identified in tne Neurologic Examination

loIorlcers Referents
Sample Sample' Unadjusted C

Size No. (X) Size No. (X) OR 95% CI

Muscle Strengtn
Deltoids, RT b 240 1 (0.4) 231 2 (0.9) 0.5 (0.1, 5.1)
Deltoids, LT b 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. , , 5. , )

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) 0.5 (0.1, 5.1)
Triceps, RT 240 1 (0.4) 232 1 (0.4) 1.0 (0.2, 15.7>
Bracnioradialis, RT 240 1 (0.4) 231 1 (0.4) 1.0 ( 0 . 1, 15.6)
Srachioradial is, LT 240 2 (0.8) 232 1 (0.4) 2.0 (0.2, 20.8)
Io/rist Extensor, RT 240 , (0.4) 231 0
Io/rist Extensor, LT 240 , (0.4) 232 2 (0.9) 0.5 (0.1, 5.1)
Io/rist Flexors, RT 240 0 231 2 (0.9)
IoIrist Flexors, LT 240 0 232 4 (1 .7)
Opponens Pollicis, RT 240 1 (0.4) 231 6 (2.6) 0.2 (0.1, '.0)
Opponens Pollicis, LT 240 2 (0.8) 230 7 (3.0) 0.3 (0.1, 1. 2)
Interossei, RT 240 0 231 3 (1. 3)
Interossei, LT 240 0 232 5 (2.2)
Finger Extensors, RT 240 0 231 3 (' .3)
Finger Extensors, LT 240 1 (0.4) 232 5 (2.2) 0.2 (0.3, , .3)

Position
Index Finger, RT 240 2 (0.8) 232 2 (0.9) 1.0 (0.' , 7.0)
Index Finger, LT 240 3 (' .3) 232 6 (2.6) 0.5 (0. , , 2.0)

Vibration
Index Finger, RT 240 6 (2.5) 230 3 (1. 3) 2.0 (0.5, 8.0)
Index Finger, LT 240 2 (0.8) 231 3 (1. 3) 0.6 (0. 1, 4.0)

Head of Radius, RT 240 3 (1.3 ) 232 4 (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)
Siceps, LT 240 73 (30.4) 232 71 (30.5) 1.0 (0.7, 1. 5)

Light Toucn
Index Finger DO, RT 240 8 C3 .3) 232 8 (3.1) 1.0 (0.4, 2.6)
Index Finger DO, LT 240 6 (2.5) 232 12 (5.2) 0.5 (0.2, 1. 3)
Index Finger PO, RT 240 1 (0.4) 232 1 (0.4) 1.0 (0.1, 15.7)
Index Finger PO, LT 240 2 (0.8) 232 2 (0.9) 1.0 (0.1, 6.70

a As determined by examing neurologist
b Abbre"iations: RT = rignt, LT = left
c 78X of tne examined study group was matched
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TABLE 27: (continu~d)

Work~rs Ref~rents

Semple Sempl~ UnedjusUd C

Size No. ('X) Siz~ No. ('X) OR 95% CI
Light louch (cont'd)

Wrist Dorsel PO, RTb 240 1 (0.4) 232 1 (0.4) 1.0 (0.1, 15.7)
Wrist Oorul PO, LT b 240 0 232 0
For~erm'mid, RT 240 0 232 1 (0.4)
For~arm'mid, LT 240 0 232 1 (0.4)
Biceps T~ndon, RT 240 0 232 1 (0.4)

Pinprick
Indel( Finger DO, RT 240 22 (9.2) 232 20 (S.6) 1.1 (0.6, 2.0)
Indel( Finger DO, LT 239 9 (3.S) 231 S (3.5) 1.1 (0.4, 2.9)
Indel( Finger PO, Rl 240 10 (4.2) 232 7 (3.0) 1.4 (0.5, 3.7)
Indel( Finger PO, LT 240 9 (3.S) 232 14 (6.0) 0.6 (0.3, 1. 4)
Wrist, RT 240 15 (6.3) 232 1S (7.7) D.S (0.4, 1.6)
Wrist, LT 240 2S (11.7) 232 17 (7.3) 1.7 (0.9, 3.1)
fi4idforearm, RT 240 1S (7.5) 232 9 (3.9) 2.0 (0.9, 4.5)
fi4idforearm, LT 240 17 (7.1) 232 10 (4.3) 1.7 (D.S, 3.S)
Biceps Tendon, RT 240 6 (2.5) 232 4 (1.7) 1.5 (0.4, 5.2)

Tremors
Hands at Rest, RT 240 2 (O.S) 231 1 (0.4) 1.9 (0.2, 20.7)
Hands at Rest, LT 240 4 (O.S) 232 1 (0.4) 2.0 (0.2, 20.S)
Hands Outstretched, liT 240 20 (S.3) 231 16 (6.9) 1.2 (0.6, 2.4)
Hands Outstretched, LT 240 1S (7.5) 232 16 (6.9) 1.1 (0.6, 2.2)
F; nger to Nose, RT 240 25 (10.S) 231 24 (10.3) 1.0 (0.6, 1. 9)
Finger to Nose, LT 240 31 (12.9) 232 27 (11.6) 1.1 (0.7, 2.0)

Head of Radius, Ll 240 4 (1. 7) 232 3 (1. 3) 1.3 (0.3, 5.9)

Coordination
Rapid Hand 240 4 (1. 7) 231 10 (4.3) 0.4 (0.1. 1. 2)

Rotation, liT
Rapid Hand 240 8 (3.3) 231 12 (5.2) 0.6 (0.3, 1.6 )

Rotation, LT
Index Finger 240 3 (1.3 ) 231 5 (2.2) 0.6 (0.1, 2.4)

to Thumb, RT
Indel( Finger 240 4 (1. 7) 232 6 (2.6) 0.6 (O.S, 2.3)

to Thumb, LT
Bic~ps T~ndon, LT 240 7 (2.9) 232 0 (0)

a As det~rmined by ~l(aming neurologist
b Abbr~vi at ions: RT .. right, LT .. l~ft, PO .. prol(imal dorsal, DO .. diltal dorsal
c 7S'X of th~ ~xamined study group was matched
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TABLE 28: Workers Ind Referents With Abnormal- ~eurologic Findings of the
LOller Limbs IS Identified in the ~eurologic EXlminlltion

Workers Referents
SImple SImple UnadjustedC

Size 110. (X) Size I/o. (X) 011 95X CI

Muscle Strength
Hip Flexors, n b 240 2 (0.8) 231 2 (0.9) 1.0 ( 0 . 1, 6.9)
Hip Flexors, LT b 240 2 (0.8) 231 3 (1.3 ) 0.6 (0.1, 3.8)
Knee Extensors, liT 240 2 (0.8) 231 4 (1. 7) 0.5 (0.9, 2.5)
Knee Extensors, LT 240 1 (0.4) 231 6 (2.6) 0.2 (0.2, 1. 0)
Knee Flexors, liT 240 5 (2.12 231 4 (1. 7) 1.2 (0.3, 4.6)
Knee Flexors, LT 240 2 (0.8) 231 6 (2.6) 0.3 (0.1, 1. 5)
Feet Flexors, liT 240 2 (0.8) 231 2 (0.9) 1.0 (0.1, 6.9)
Feet Flexors, LT 240 3 ( 1.3) 231 5 (2.2) 0.6 ( 0 . 1, 2.4 )
Toe Flexors, IlT 240 10 (4.2) 231 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, IlT 240 12 (5.0) 231 10 (4.3) 1.2 (0.5, 2.8)
Great Toe, LT 239 9 (3.8) 231 8 (3.5) 1.1 (0.4, 2.9)

Vibration
Great Toe, IlT 240 92 (38.3) 231 89 (38.5) 1.0 (0.7, 1. 4)
Great Toe, LT 240 86 (36.0) 231 90 (39.0) 0.9 (0.6, 1. 3)
Lateral Malleolus, liT 240 46 (19.2) 231 40 (17.3) 1.1 (0.7, 1. 8)
Lateral Malleolus, LT 240 45 <18.8) 231 45 (19.5) 1.0 (0.6, 1. 5)

Ileflex
Quadriceps, liT 240 76 (31.7) 231 73 (31.6) 1.0 (0.7, 1. 5)
Quadriceps, LT 240 71 (29.6) 231 73 (31.6) 0.9 (0.6, 1. 4)
Ach i II es, IlT 240 "1 (46.3) 231 97 <42.0) 1.2 (0.8, 1 .7)
Achi lIes, LT 240 104 (43.3) 231 103 (44.6) 1.0 (0.7, 1. 4)

Tremors
Heel to Shin, RT 240 27 (11.3) 231 18 (7.8) 1.5 (0.8, 2.9)
Heel to Shin, LT 240 31 (12.9) 231 23 (10.0) 1.3 (0.8, 2.4>

Pinprick
Great Toe DO, liT 240 48 (20.0) 231 40 (17.3) 1.2 (0.8, 1. 9)

Great Toe DO, LT 239 24 (10.0) 231 27 (11.7) 0.8 (0.5, 1. 5)

Foot Dorsal, liT 240 16 (6.7) 231 21 (9.1) 0.7 (0.4, 1. 4)

Foot Dorsa I, LT 240 16 (6.7) 231 13 (5.6) 1.2 (0.6, 2.6)

II As determined by examing neurologist
b Abbreviltions: IlT = right, LT = left
c 78X of the examined study group illS mlltched
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TABLE 28: (continued)

Workers Ileferents
Sample Sample Un ad just edc

Size Woo (X) Size Woo (X) 011 95X CI
Pinprick (cont'd)
Lateral Malleolus, liT 240 14 (5.8) 231 23 (10.0) 0.6 (0.3, 1.1 )
Lateral Malleolus, LT 240 14 (5.8) 231 12 (5.2) 1 . 1 (0.5, 2.5)
Shin, n 240 27 <11.3) 231 29 (12.6) 0.9 (0.5, 1. 5)
Shin, LT 240 31 <12.9) 231 33 (14.3) 0.9 (0.5, 1. 5)
I:nee, liT 240 17 (7.1> 231 12 (5.2) 1.4 (0.7, 3.0)
tnee, LT 240 15 (6.3) 231 10 (4.3) 1.5 (0.7, 3.3)

Light Touch
Great Toe 00, liT 240 9 (3.8) 231 " (4.8) 0.8 (0.3, 1. 9)
Great Toe DO, LT 240 9 (3.8) 231 8 (3.5) 1.1 (0.4, 2.9)
Foot Mid·dorsal, IlT 240 2 (0.8) 231 5 (2.2) 0.4 ( 0 . 1, 1. 9)
Foot Mid·dorsal, LT 240 5 (2.1> 231 3 (1. 3) 1.6 (0.4, 6.8)
Lateral Malleolus, IlT 240 0 (0.0) 231 4 (1. 7)
Lateral Malleolus, LT 240 1 (0.4) 231 2 (0.9) 0.5 (0.1, 5.1>
Mid Shin, liT 240 3 (1. 3) 231 8 (3.5) 0.4 (0.1, 1. 3)
Mid Shin, LT 240 3 <1.3) 231 7 (3.1 ) 0.4 (0.1 , 1.5 )
tnee, IlT 240 1 (0.4) 231 4 (1. 7) 0.2 (0.1, 1. 8)
tnee, LT 240 4 (1. 7) 231 4 (1. 7) 1.0 (0.2, 3.9)

/
Coordination

Toe Tapping, IlT 240 10 (4.2) 231 12 (5.2) 0.8 (0.3, 1. 9)
Toe Tapping, LT 240 15 (6.3) 230 17 (7.4 ) 0.8 (0.4, 1. 7)

Station
Eyes Open 240 0 231 3 (1. 3)
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 , (0.4) 230 11 (4.8) 0.1 (0.1, 0.4 )
Heel Walk 240 13 (5.4) 229 20 (8.7) 0.6 (0.3, 1.2 )
Tandem Walk 240 60 (25.0) 230 49 (21.3) 1.2 (0.8, 1. 9)

Gait
St i ff Leg 240 4 (1. 7) 230 5 (2.2) 0.7 (0.2, 2.9)
Arm Swing 240 6 (2.5) 230 4 (1. 7) 1.5 (0.4, 5.2)
Sway 240 0 230 5 (2.2)
Broad Based 240 5 (2.2) 230 4 (1. 7) 1.2 (0.3, 4.5)
Foot Drop 240 , (0.4 ) 230 4 (1. 7) 0.2 (0.1, 1. 8)

• As determined by examing neurologist
b Abbreviations: liT = right, LT = left
c 78' of the examined study group was matched
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TABLE 29: Unadjusted Means for Electrophysiologic and Quantitative Sensory
Tests of the Upper Limb

lIorkers d

Sample a Meanb 95% CI
Measure Size
Nerve Conduction velocity

Samplea
Size

Referentsd

Mean b 95% Cl

10234 9790, 10,678

Median Motor

Median Sensory-D

Median Sensory-P

Ulnar Sensory

Amplitude

Median Motor

Median Sensory

Ulnar SensoryC

Latency

240

239

230

239

240

239

239

55.3

48.9

57.9

51.0

9734

18.8

15.9

54.6, 56.0

48.0, 49.8

57.2, 58.6

50.2, 51.8

9276, 10,192

17.8, 19.9

14.9, 16.9

232

231

230

232

232

232

232

55.0 54.5,

48.1 47.3,

57.5 56.8,

51.5 50.7,

19.6 18.2,

15.5 14.4,

55.6

49.0

58.3

52.3

20.9

16.8

Median Motor'D c

Median Motor-PC

Median Sensory-DC

Median Sensory-PC

Ulnar Sensory

240

240

239

230

239

3.6

8.7

3.0

8.0

2.5

3.6, 3.7

8.8, 9.0

2.9, 3.1

7.9, 8.1

2.4, 2.5

232

232

232

231

232

3.7

8.9

3.1

8.0

2.5

3.6,

8.7 ,

3.0,

7.9,

2.4,

3.8

9.0

3.1

8.1

2.5

vibration Threshold

Index Finger C 240 1 . 1 1. 1, 1. 1 232 1.1 1 .0, 1.2

Thermal Threshold

Index Finger C 240 0.8 0.7, 0.8 232 0.9 0.7, 0.8

C

d

Abbreviations:P=proximal, D=distal
a Sample sizes differ due to missing measurements and number of exclusions
b ~o 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 Electropnysiologic end Quantitative
Sensory Tests of the Lower Li.b

Workers d Referents d

Samplea Meenb Samplea Meanb

Measure Size 95X CI Size 95% CI

Nerve Conduction velocity

Peroneal Motor 236 45.3 44.6, 46.1 230 45.3 44.7, 45.9

Sural SensoryC 224 42.8 42.1, 43.4 221 43.0 42.3, 43.8

Amplitude

Peroneal Motor 221 54" . 2 5082, 5740 210 5651.3 5300, 6002

Sural SensoryC 224 12.8 11.8, 13.8 221 11.9 10.9, 12.9

Latency

Peroneal Motor'D c 236 4.5 4.3, 4.6 230 4.3 4.2, 4.4

Peroneal Motor-PC 236 11.7 11. 5, 11.9 230 11.5 11. 3, 11.7

Sural SensoryC 224 3.3 3.2, 3.4 221 3.3 3.2, 3.4

Vibration Threshold

Great Toe c 240 3.9 3.6, 4.2 231 3.5 3.2, 3.8

Thermal Threshold

Great Toec 240 1.7 0.7, 0.9 232 1.2 0.6, 0.8

Abbreviations:P=proximal, O=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

d 78X of the examined study group was matched



c

b

155

TABLE 31: ~umber and Percent of Workers with Electro-
physiologic and Quantitative Sensory
Measurements Above or Below Case Limit Value
for the Upper Limb

Unadjusted C

Measure ~o. (%) OR 95% CI

Nerve Conduction Velocitya

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

Amplitudea

Median Motor '1 (4.6) '.0 0.4, 2.3

Median Sensory-D '6 (6.7) 1.4 0.6, 3.2

Ulnar Sensory 5 (2. , ) 0.4 0.2, 1.2

Latencyb

Median Motor-D '2 (5.0) 1.0 0.4, 2.2

Median Motor-P 11 (4.6) 1.2 0.5, 2.9

Median Sensory-D 8 (3.4) 0.7 0.3, 1.8

Median Sensory-P " (4.8) 0.9 0.4, 2.1

Ulnar Sensory 8 (3.4) 0.8 0.3, 2.0

Vibration Thresholdb

Index Finger '7 <7.1) 1.5 0.7, 3.3

Thermal Thresholdb

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
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 32: ~umber and Percent of Workers with Electro-
physiologic 8nd Quantitative Sensory
Measurements Above or Below Case Li~it Value
for the Lower Limb

Unlldjusted C

Measure No. c:q OR 95% CI
Nerve Conduction Velocitya

Peroneal Motor 18 (7.6) 1.6 0.8, 3.5

Sural Sensory 14 (6.3) 1.3 0.6, 2.9

Amplitudea

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 4 (1. B) 0.4 0.1, 1.1

Latencyb

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 Thresholdb

Creat Toe 20 (B.3) 1.8 0.9, 3.9

Thermal Thresholdb

Creat Toe 25 <10.4) 2.3 1.1,4.8

Abbreviations: P=Proximal, D=Oistal
a Case limit value is the 5th percentile of referent

measurement after excLusions
b

c

Case Limit value is the 95th percentile of referent
~easurement after exclusions
78% of the examined study group was matched
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TABLE 33: Workers Ind Referents Reporting SYMPtoms Rellted to
Peripnerll ~europltny I

Workers Referents
Simple Simple

Symptoms Size ~o. (~) Size ~o. (~)

Opper Limbs
~umbing, RT 240 16 (6.7) 232 14 (6.0)
~umb;ng. LT 240 15 (6.3) 232 14 (6.0)
Ti ng ling, RT 240 14 (5.8) 232 18 (7.8)
Ti ng ling, LT 240 11 (4.6) 232 20 (8.7)
Burning, RT 240 3 (1.3) 232 5 ( 1. 1 )
Burn;ng. LT 240 3 (1. 3) 232 7 (3.0)
loIeakness, RT 240 0 231 1 (0.4)
lJeakness, LT 240 0 231 0
Muscle T~;tcning, RT 239 11 (4.6) 231 5 (2.2)
Muscle T~itcning. LT 239 10 (4.2) 231 8 (3.5)
Difficulty Handling 240 20 (8.3) 232 27 (11.6)

Small Objects

Lower Liml:ls
~umbing, RT 240 12 (5.0) 231 14 (6. 1)
~umb;ng, LT 240 20 (8.3) 231 10 (4.3)
Tingling. RT 240 15 (6.3) 231 15 (6.5)
T; ng ling, LT 240 19 (7.9) 231 17 (7.4)
Burning, RT 240 9 (3.8) 231 5 (2.2)
Burning. LT 240 7 (2.9) 231 5 (2.2)

loIeakness. RT 240 3 ( 1.3) 230 4 (1. 7)

loIeakness, LT 240 5 (2.1) 230 5 (2.2)
Muscle T~itcning. RT 240 6 (2.5) 231 6 (2.6)
Muscle T~itching. LT 239 8 (3.4) 231 7 (3.0)
Cramping b 240 70 (29.2) 231 42 (18.2)
Difficulty Balancingb 240 34 (14.2) 231 19 (8.2)

Abbreviltions: RT=Rignt; LT= Left
a . Reported in the "edical History
b • pc.05 based on x2, 1 df
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TABLE 34: P~rc~nt and Number of Work~rs and R~ferents

Reporting Selected Injuries and Conditionsa

Related to P~ripheral N~rve Dysfunction

lJorkers b Referents
Sample Sampl~

Condition Size No. (~) 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 8.6)

Carpal Tunnel Syndrome 240 0 232 5 2.2)

Head Injury with Loss 238 27 (11.3) 232 44 (18.9)

of Consciousness

Rheumatoid Arthritis 240 4 1. 7) 231 2 0.9)

Osteoarthritis 239 13 5.4) 231 " 5.6)

Gout 239 11 4.6) 232 11 4.7)

a Reported in the "edical History
b Proportions between workers and referents are not

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

Workers Referents
Matched Unmatched Matched Unmatched

Number 216 65 216 44

Age (yrs) 55.3 55.7 55.5 58.8

Race (X)
Wh i te 90.2 84.6 88.9 88.6
Black 9.3 15.4 9.3 11.4
Asian 0 0.5 0 1.9

Sex (X)
Male 94.0 98.5 94.0 90.9
Female 6.0 1.5 6.0 9. I

Education (X)
1-8 yrs 8.3 12.3 7.4 11.4
9-12 yrs 47.7 43. I 44.9 40.9
Vocational 9.3 6.2 9.7 6.8

Training
Some College 34.7 38.5 38.0 40.9

Income (X)
Less than 10,000 8.8 13.9 10.7 9.1
10,000-19,999 18.5 15.4 17. I 20.5
20,000-29,999 20.4 12.3 18.5 22.7
30,000'39,999 19.9 10.8 14.8 11.4
40,000'49,999 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 67.5
Unknown 0.5

Lifetime Alcohol Consumption
46.0 49.6 66.4 88.5



TABLE 35: Continued

Workers
Matched Unmatched

160

Referents
Matched Unmatched

Days of Exposure (~=Z16)

8SS.1
(~=65)

1049.4

Serum 2,3,7,S­
TCOo level (ppt)

0/=209)
19S.9

(N=63)
252.4

(~=S3)

7.0S
(N=3)

9.24

Cases of Peripheral
Upper Limb
Lower Limb

Neuropathy
29 14
34 10

34
34

10
10



TABLE 36:

161

Summary of changes observed in ...mall ••poled to 2,3,7,8-TCDD

EFFECT
Body Weight Loss

Chloracne a

MO!lKEY
+

+

GUINEA
PIG MOUSE

+ +

RAT
+

I/o

HAMSTER

No

a

HEPATIC
Liver Size
Cell/Lip Infiltration
Cellular necrosis
Enzyme increases
Bilirubin increases
Bile duct epithelial

hyperplasia
Hepatic Nodules
Ca rc i noma IW

Porphyrin Changes

Glucose Decreases

Cholesterol Changes

Serum Protein Decreased

Alveolar changes

Developmental effects

Immunologic effects

NO • Effect not observed
+ • Effect demonstrated

Also observed in rabbbits
b - Failed to gain weight
c - HRS/J hairless mice
d - Decreased Cholesterol
e - Increased Serum Protein
'? • Data not available

+

+

+

+

NO

+

NO
!l0

!l0

+

+

NO

+

+

NO
+

NO
NO
NO

NO
NO
NO

NO

NO

+

+

?

+

+

+

+

NO
NO

+

+

+

+

NO

No

+

+

+

+

+

+

+

+

+

+

+

NO

+

+

+

+

+

+

+

!l0

IW

!l0

NO
+

NO
NO

NO

NO

+

NO

'?

'?
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Body weight loss following e~posure to 2,3,7,S-TCDD

Species

.onkey
rhesus

Route

oral

oral

Dose*

2-3

2ppb

Durst i on Effect

9 mo 13%
loss

61 d 33%

loss

Reference

Allen et al, 1977

McNulty, 1977

rhesus

monkey
rhesus

guinea
pig
Hartley

guinea
pig
Hartley

gavage

oral

oral

20ppb

< 70

< 3

5 d

time

'x/lOk
for
8101k

, time

30%
loss

13-38%
loss

20%
loss

15·50%
loss

McConnell et ala, 1978

Harris et ai, 1973

McConnell et alb, 1978

guinea
pig

oral 90 d

90d

decreased De Caprio et ai, 1986
",eight
gain
38%
loss

mouse
C57a'/6

mouse
CS7B'/6

oral

oral

340

25

time

1~/lOk

for
6 10k

20-25%
loss

10-50%
loss

McConnell et alb, '978

Vos et ai, 1974

TPN = total parental nutrition; (NS) = not specified; SO = Sprague Da",ley
·ug/kg unless otherlolise specified
atotal dose
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TABLE 37: continued

Species

rat

to

Route

oral

Dose*

1.0

10

Ouration Effect

lx/d 1.0:23X
for decrease in Qain
31d

10.0:12% lOiS in
7 days

Reference

Harris et .1, 1973

rat
SO

rat
lJistar

rat
(NS)

rat
OM

hamster
Golden
Syrian

rabbit
lIIew
Zealand

oral

oral

; .p.

gavage

oral

i P

oral
ip

1.0

100

50
100

0.005
0.025
0.25

500
1000
2000

115

hid

for
13 wk

1 time

time

2x/wk
for

104 wk

1 time

t ;me

22% reduced Kociba et aI, 1976
Qain

15-30% loss Courtney et aI, 1978

1110 loss in TF'III Gasiewicz et at, 1980
fed rats. 1110

loss in controls.
30X loss in chow
fed exposed rats.

dose related IIITF', 1982a
loss in males
& females

gain reduced Olson et aI, 1980
up to SOX at
1000 &2000
ull/kg bioi.

loss Schwetz et al, 1973
unspecified

SO = Sprague Oawely; IIIS=not specified
OM = Osborne'Mendel
*ug/kg unless otherwise specified
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Effects of exposure to 2,3,7,e-TCDD on the skin

Species Route Dose* Duration Effect Reference

llOuse
hi ssl

AIRiop

rabbit
(liS)

rabb it
(liS)

rabb i t

lie ..

ZeaLand

monkey
rhesus

monkey
rhesus

1I0nkey
rhesus

gi a

dermal
(ear)

dermal

dermal

gavage

gavage

oral

7

700
7000

0.0052:
to
o.oa

0.3 ug

0.04
400
(ug/ml)

2-3

< 70

(t ota l

dose)

"/wk
for
1yr

1 time

1x/day
for
3d

5x/wk
for
4 wle

7-9 mo

time

20 mo
of arms

dose-dependent occurrence
amyloidosis with of
skin lesions

infla_ation
hyperkeratosis
(polyglocol solvent)

hyperkeratosis
keratinaceous masses in
foLlicular epithelium;
reduced number of
sebaceous cells; comedones
(acetone solvent)

comedomes, increased ear
thickness, hyperkeratosis
(benzene solvent)

acne, enlarged hair follicles
periorbital edema, swelling
of eyelids, loss of
facial hair and eyelashes;
squamous metaplasia and
keratinization of hair
follicles, meibomian
glands of eyelids and nails

facial alopecia, blepharitis,
fingernail. eyelash loss;
thickening of Meibomian
glands; squamous metaplasia
of sebaceousglands;
hyperkeratosis of hair
follicles & adjacent skin

alopecia, hyperkeratosis

Toth et al, 1979

Kimmig and Schulz,
1957

Jones and (izele,
1962

Schwetz et al, 1973

ALlen et al, 1977

McConnell et al a,
1978

Schantz et al, 1979

MS*not specified
• • ug/kg unless otherwise specified
a * gastric intubation
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TABLE 41: Effects of exposure to 2,3,7,8'TCOO on lerum glucose levels

I Change in Serum
Species Route Oose* Duret i on Glucose Level References

rat oral 0.1 hid • 8 Zinkl et aI, 1973
CD 1.0 for ·29

10.0 30d -51 a

rat ip 100 1 time -70 a Gasiewicz et al,1980
NS (TPN)

ip -49a

(chowfed)

rat
Fischer

monkey
rhesus

guinea
pig
Hartley

gavage

gavage

oral

30
60
90

180
270
360

70
350

0.44

time

t; me

90d

-, 2a

-36 a

-67a

-S2 a

-S8a

·S7a

Schiller et al, 1986

McConne Il et a I, 1978

OeCaprio et al, 1986

a = p<.OS
b = data not shown
c = males
d = fema l es

NC = no change
NS = not specified
• ug/kg unless otherwise specified
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TABLE 42: Eff ec t s of exposure to 2,3,7,e·TCDD on cholesterol Ind tri;lyceride levels

Species Route Dose= Duret i on Eff ec t (X chlnge) Reference
CHOL TR IG

ret orll 200 1 time +13 NM Grleg, et II,
Porton 1973

rlt oral 1.0 hId +81 a NM Zinkl et at,
CO 10.0 for +88a NM 1973

30/d

rat ip unspecified 1 time +70 a NCb Pol i et a I,
SO 1980

rat ip 100 time +150 a -36a Gasiewicz et
OIS) (TPN) aI, 1980

ip +200a -181 a

(chow-
fed)

rat gavage 60 time +164 a +217a Schiller et at,
Fisher 1986

guinea ip time +400 a +350 a Gasiewicz and
pig Neal, 1979
hartley

guinea oral 0.44 90 d NM +S3 a ,c DeCaprio et al,
pig NM +52d 1986
hartley

monkey oral 0.9 20 mo (.)b Nil Schantz et at,
rhesus 1979

monkey gavage < 70 1 time (.)b (+)b McConne II et
rhesus Ila, 1978

hamster oral 1000 time +35 a -47a Olson et at,
Golden 1980

Syrian ip +30a ·35 a

(NS) = not specified I • p<.OSI/Il = not reported
NM = not measured b = data not shown
IIC • No chlnge c • lIlales

SD • Sprague Dawley d = femal es
= • ug/kg unless otherwise

Ipecified
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TABLE 43: Effects of exposure to 2,3,7,8-TCDD on lerue prote i n levels

I Chenge in Serum
Species Route Dose* Duret i on Protein Albumin Reference

or Globulins
GLOB PROT ALB

lIouse oral 25 1x/wk - 18a -0.4 Vos et el, 1974
CS7B1/6 for Ilphl -35 a

6 wk beta -56a

g8nvn8 -26e

mice orel 100 time elphl .198 -5 "0.8 McConnell et elb, '978
C57B'/6 bete -8

genvna -16

200 elpha -61 e ·16a -8 a

beta -30
gamma .. 3

340 alpha ·75 a -32 a -28 a

beta -53 a

gemma -20 e

rat oral 200 time NM ·9 NM Greig et 8l, 1973
Porton

rat oral '0 time NM -27a NM Zi nk l et el, '973
CO

rat i p 100 time NM -24 e IiIM Gesiewicz et aI,
(NS) CTPN) 1980

ip NM - 2 NM
(chow-
fed)

guinea ip time NM "130 .. '25 Gesiewicz Ind Neal,

pig 1979

H8rtley

(NS) = not specified TPN "' totel parenterel nutrition

• = ug/kg unless otherwise specified PROT "' serum protein

e "' p<.05 ALB "' serum elbumin

b • dete not shown GLOB "' globul ins

c = meles 111M "' not Ileesured

d "' females NC "' no chlnge



NM 028 -43 Allen Ind Carstens,
1967

NM (_ )b (o)b McConnell et a I a,
1978

NM +17a -8a Olson et ai, 1980

NI4 +1S a - 14 a

TABLE 43: continued

Species Route Dose*

guinea orll D.44
pig
Hlnley

monkey gavage 7SX
rhesus TeDD

monkey gavage < 7D
rhesus

hamster oral 1000

Golden
Syrian i p

Durltion

90d

44S d

time

time

174

X Chlnge in Serum
Protein Albumin
or Globul ins
GLOB PROT ALB

NM NC NM

Reference

DeCaprio et II. 1986

(NS) " not specified TPIl " total parenteral nutrition
* :: ug/kg unless otherio/ise specified PROT :: serum protein
a :: p<.OS ALB :: serum albumin
b :: data not shOlo/n GLOB :: globulins
c :: males NM " not measured
d :: females Nt: = no change
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TABLE 44: Effects of exposure to 2.3.7.8-TCDD on porphyrin ~etabolism

Species Route Dose- Duration

lIOuse oral 1 lx/wlc
C57BL/6 5 for

2S 4 wlc

mouse gavage C57Bl SO time
C57Bl 75

DBA DBA 600

mouse ip 2S lx/wlc
C57Bl/6 for

9wlc

Effect

25 ug/kg:Elevated ALAS
&4000-fold increase 7· & 8
carboxyporphyrins
(peO.OS)

Decrease in hepatic
decarboxylase

No change in porphyrin levels

100· fold increased porphyrin
content in liver & 5'fold in
kidney (peO.05)(7- &8 carboxy
porphyrins predominated);

inhibition of uroporphyrinogen
decarboxylase activity in liver
and kidney

Reference

lioldstein
et al, 1973

Smith et al,
1981

Cantoni et
al,1984

rat
CD-COBS

gavage 0.01
0.1
1.0

lx/wlc
for
4S wlc

0.01 ug/lcg: two-fold increase in Cantoni et
excretion coproporphyrin after al, 1981
6 m (pc.OS)

0.1 ug/kg: three-fold increase
in excretion of coproporphyrin
after 3 m & uroporphyrins after
10 m (pc.OS>

1.0 ug/kg: 200-fold increased
excretion of coporporphyrin after
2 m & heptacarboxylic &
uroporphyrin after 6 m

ALAS = aminolevulinic acid synthetase
SD=Sprague Dawley; AHH = aromatic hydrocarbon hydroxylase; ALAS = aminolevulinic acid
synthetase
* ug/kg unless otherwise specified
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TABLE 44: continued

Species

rat
SO

Route Dose·

gavage 0.01
0.1
1.0

10.0

Duration

h/Io/k
for
16 Ilk

Effect

0.1 & 1.0 ug/kg:1000-fold eleva'
tion in hepatic uroporphyrins
(p<.OS); elevated ALAS

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

Reference

Goldstein
et a I, 1982

mouse
C57B1/6J

mouse
CS7BL/6J
OBA/2J

oral

im

ip

1

3
10
30

25

25

time

h/Io/k
for
12 Io/k

no changes in urinary
porphyrins at 3 days
or 16 Io/eeks post
exposure

Wo reduction in urinary
porphyrins in lOll
iron mouse

CS:7 fold increase in
uroporphyrins excreted
(p< 0.05)

DBA: no change in porphyrin
excretion;

AHH activity increased for both
species

Jones et al, 1981

Jones and Sio/eeney.
1980

mouse
HRS/J

rat
SO

rat

SO

derm

oral

oral

15 3x
in
6d

1. 0·· h/d
for
13 Ilk

0.1·· h/d

for
2 yr

Elevated porphyrin in normal
& iron supplemented diet; not
in iron deficient diet

Tllo-fold increase in
coproporphyrins, uroporphyrins
and d'ALA (p<.OS)

Tllo·fold increase in

coproporphyins, uroporphyrins
and d-ALA (p<.OS)

Jones et a l ,
1981

lCociba et aI,
1976

lCociba et aI,
1978

chick
ellbryo
hepatocytes

0.1 uM

1.0 uM

t illle Inhibition of uroporphyrin
decarboxylase end increlsed
porphyrin levels & d'ALAS
activity

De Vernieul
et el, 1983

SD = Sprague Deliley; ALAS=eminolevulinic .cid synthetase; dALA-d-aminolevulinic acid;
·ug 1 kg unless otherllise specified; •• - ug/kg/d
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TABLE 4S: Effects of exposure to Z,3,7,S-TCDD on the orel cavity and respiratory system

Species Route

rat oral
Porton

Dose·

200

Duration

1 time

Effect

.evere chronic Ind Icute
infllmmatory lesions;
petechill hemorrhage
perivIscullr edema;
.Issive infection

aeference

Greig et aI,
1973

rat
SO

Slavage 0.1 hid

for
2y

focil Ilveollr hyperplasia~ Kociba et aI,
hemltogenous pigment Iggregates, 1978

alveolar macrophage accumulation;
cholesterol clefts, edema,
interstitial inflammation &
fibrosis, keratinizing squamous
metaplasia squamous cell carcinoma
of lung, hard palate/nasal
turbinates and tongue

guinea oral
pig
hartley

0.44

1.3
(total
dose)

lung edema at
both doses

DeCaprio et al,
1986

monkeys
rherus

monkeys
rhesus

oral

oral

SOO ppt
(total
dose)

?

9m

44Sd

focal areaS of hemorrhage
Hypertrophy, hyperplasia
& metaplasia of bronchial
epithelium

focil areas of Itelectasis,
congestion, edema & fibrosis
(fibrosis due to .ite infection

Allen et aI,
1977

Allen and
Carstens, 1967

•
SO = 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- Durst i on Effect Reference

Ilonkey gavage 500 ppt 9 mo gangrenous necrosis Allen et ai, 1977
rhesus of distal phallnges;

edeml and ascites;
bi lateral ventri-
cular dialltion;
cerdiac enlargement
& edema; hemorrhlge
in epiClrdium, lIyo-
clrdium, endocardium
llenerllized hemorrhage

monkey gavage Ol 445 d blood vessel Allen & Carstens,
rhesus degenerltion, 1967

clrdioedema

rats oral 0.1 hid myocardial lCociba et a I,
SD ug/kg/d for degenerative 1978

2 yr changes

mouse oral 100·200 t ;me hemorrhage in Vos et ai, 1973
C57B1/6 small intestine;

submucosal edema
in stomach and
small Ind large
intestine

guinea oral 3.0 time subserosal Cupta et al, 1973
pig hemorrhage
hartley ;n

gastrointestinal
tract

guinea oral < 3 time gluro; ntest inal McConnell et al,
pig hemorrhage 1978b
hartley

rat gavage 25-50 time hemorrhlge of Greig et II, 1973
Porton glandular

stomach

rat oral 1·10 hId stomach Cupta et II, 1973

CD for ulceration
31/d
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Spec i es Route Dose- Duration Effect Reference

rat oral 0.05-1 4 weeks gastrointestinal Van Mi ller & Allen,
SO ppm hemorrhage 1977

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

gastric lIucosa

monkey gavage 70 time gastrointestinal McConnell et al,
rhesus hemorrhage 1978a

SO = Sprague Dawley

- = ug/kg unless otherwise specified
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TABLE 47: Effects of e~posure to Z,3,7,S-TCDD on Hematologic Endpoints

Spec i es

lIOuse
C57B1/6

mouse
CD - 1

Route

oral

oral

ZS

1.0
10.0
50.0

Duration

1 t; me

Eff ec t Reference

incre••ed neutrophils; Yo. et Il, 1974
.ean hellOglobin &
corpuscular concentrations
decrealed (p<.OS)

dec reesed lymphocyte Zi nkl et al. 1973
and leukocyte count
at all doses (p <.05)

.fter 1 ~eek; returned
to normal after 3
weeks

rat
Porton

rat
CD

rat
CD

rat
SO

rat

oral

oral

oral

oral

oral

200

10

0.1

1.0
10.0

.001
-0.5
ppb

1.0

1 time

hId

for
10· 14
days

hId

for
30d

hId

for
13wk

increased erythrocytes
and hemogloblin (p<.OS);
decreased leukocytes;
(p<.OS)

increased packed red
cell volume &
erthrocyte counts;
neutrophi l ia; lympho­
cytosis; eosinopenia;
thrombocytopenia
~ithout reduced
platelet synthesis

hemoconcentration due
to dehydration

aplastic anemia

Females: elevated
picked cell volume,
RIC, hemoglobin;

Miles: decreased
picked cell volume,
RBC counts, hemoglobin

Greig et aI, 1973

Weissberg and
Zinkl, 1973

Zinkl et al, 1973

Van !'Iitler and
Allen, 1977

Kociba et aI, 1976

*
SO = Sprague Dawley

= ug/kg unless other~ise specified
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Species Route Oose* Ouret i on Effect aeference

guinea oral 0.OS-0.2 h/wk decre.sed lympnocytes Zinkl et aI, 1973

pig for (p <.05) at all doses
hartley Swk

monkey gevege 50 ppt 20 mo 50: decreased hematocrit Mclilulty, 1977

rhesus 500 ppt 9 mo & WBe count; pancyto-
penia; leukocytopenia;
thrombocytopenia;

50: decreased nematocrit
& hemoglobin levels:
hypocellularityof bone
marrow

monkey
rhesus

gavage <70 1 time Hypocelluarity of bone
marrow; increase in
in myeloid elements,
decrease in erythroid
elements in sternal
bone marrow;
leukocytosis due to
increased neutrophils

McConnell et at

1975a

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

Spec i es Route Oose* Duration Effect Reference

rat oral 0.1 hId 0.001:no tumors ICociba
SO 0.01 for 0.01 :43:1; of all animals- et .1. ,

0.001 2 yrs hepatocellular nodules 1978

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

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

:5% of all animals-carcinoma of
tongue

:14% of females-carcinoma of
lung

*
**
a
b

: ug/kg unless otherwise specified
: approximate weekly doses; animals fed diets containing 2,3,7,S-TCDD daily
relative to unexposed animals
dose per application
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TABLE 48: continued

Speciu

lIOuse
Swiss

Route

g. i.

Dose-

7.0
0.7
0.007

Duration

1x/wk
for
1 y

Effect

Liver tUliors:
7.0:12% Increase a

0.7:30% increase
0.007:11% increase

Lung tumors:
7.0:14% decrease
0.7:2% increase
0.007:22% increase

Lympllona:
7.0:2% decrease
0.7:11% increase
0.007:7% increase

Reference

Toth
at al.,
1979

rat
SO

oral 0.0003" 78 wks
0.00'
0.0'
0.4
2.0

24
240
500

>24 ug/kg: no tumors due
to deatlls
0.0003 ug/kll/wk:no tumors
0.001:1 lymphocytic leukemia
I ear duct carcinoma
I adenocarcinoma (kidney)
I malignant Ilistiocytoma

(peroneal)
angiosarcomaCskin)

Van Miller
et al.,

'977

0.0': fibrosarcomaCmuscle)
carcinoma (skin)

0.1:adenocarcinoma(kidney)
:Clllrcinoma(skin)

0.4:2 malignant Ilistiocytoma
(peroneal)

1 angiosarcoma (skin)
1 cholangiosarcoma (liver)
I glioblastoma (brain)

2.0:2 cholanllioclllrcinomas
( liver)

•
••

•

= ug/kg unless otherwise specified
= approximate weekly doses; animals

daily
relative to unexposed animals

fed diets containing 2,3.7,8-TCDO
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TABLE 48: continued

Species Route Dose- Duretion Eff ec t Reference

rat
OM

glvage Meles+Fem8les
0.01
0.05
0.5

211/wk
for
104 wk

Thyroid:m8les e

0.01:+9Xb

0.05 :+1 a b

0.5:+19Xb
femlles: no chenge

IITP, 1982a

IHP, 1982amouse gavage
B6C3Fl

males
0.01
0.05
0.5
0.04
0.2
2.0

211/wk
for
104 wk

liver:mlles
0.01:no tumors
0.05:no tumors
0.5:+6Xb
felll81es
0.01:-5%
0.05: -1%

0.5:+22~------------
I iver:males
0.01 :+7%
0.05:+5%
0.5:+23%
females
0.04:+3%
0.02:+3%
2.0:+12%

thyroid:males
0.01:+6%
0.05:no tumors
0.5:no tumors
females
0.04:+6%
0.2:+2%
2.0:+1a

mouse
Swiss

Webster

dermal 311/wk
for 104 wk

30% treated & 5% of
controls: fibrosarcoma of
integumentary system

IHP, 1982b

hamster ip 100 111/mo 100 ug/kg for 6 mo:
Golden for squamous cell carcinomas
Syriln sc 6 mo of facill skin in 22% of Rao et al.

111/mo 32 animals 1988
100 ug/kg for

sc 50 111/mo for 2 .0. or 50 ug/kg for 6
6 mo 1Il0:no tumors in 40 animals

a = relative to unellposed controls; b • p<O.05; OM: Osborne Mendel; • • ug/kg
unless otherwise specified
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TABLE 48: continued

Species Route Substance Dose Duration Effect Reference

rat s. c. TeDD 0.'4mg/kg 2x/",1e. 110 tumors "'ith DEN Pi tot et a l,
Charles or for or TCDD alone; 1980
River 1.4 mg/kg 28 ",Ie. hepatocellular

carcinomas in 71X
TeDD 0.14mg/lr.g 2x/",k of treated DEN +

or for TCDD
+ l.4mg/kg 14 "'k rats

·strong promoter
DEN 10mg/kg time

mouse dermal DIo4BA 0.2 um time hr/+: no papi II omas Poland et a l ,
then hr/hr: '.8 papi llomas/ '982
TeDD 20 ng 2x/",k mouse

for ·strong promotor
50 ng 8 "'k

2x/"'k for
8 ",ks

mouse dermal TeDD 1ng'lug time TeDD lIa Lesca, '983
eF·' th en DIo4BA dose tumors

DIo4BA '0 or time 10 0 6
then 25 ug 0.00' 5
TPA '0 ng 2x/wk 0.0' 3

for O. , 2
20 wk , ,

25 0 7

0.00' 8

0.0' 7
O. , 4, 3

TCDD=2.3.7,8·Tetrachlorodibenzo-p·dioxin
DEN=diethylnitrosamine
DIo4BA=7,'2'dimethylbenz-(a)anthracene
TPA='2-0-tetradecanoyl-phorbol-'3'acetate
,Ia - Approximate number of tumors
hr/hr=hairless mice
hr/+=haired mice
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TABLE 48: continued

Species Route Substlnce Dose* Duret i on Effect Reference

.ice i p TCDD 100 time no tumors Kouri et a l.,
DBAI2 1978

5C MCA 1S0 time 31 .ice had fibrour-

• comas.
ip TCDD 100 1 time 5iDlultineous exposure:

• 231 Ilice hid fibrosar-
comas.

sc MCA 1S0 time

i p TCDD 100 time MCA 2 days lifter TCOO:

• no tumors

sc MCA 1S0 time

CS7Bl/6N ip TCDD 100 time no tumors

sc MCA 1S0 1 time Sn: mi ce had
TCDD·3MC fibrosarcomas

ip TCDD 100 1 time simultaneous exposure:

• 71% mice hid fibrosar-
comas

sc MCA 1S0 time

ip TCDD 100 time MCA 2 days after TCDD:

• S4X mice had fibrosar-
sarcomas

MCA 1S0 time

3 MC=3 methyl cholanthrene
DMBA=7.12-dimethylbenz(a)anthracene
*1.19/1:9 unless otherwise specified
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TABLE 48: continued

Species Route Subst.nce Dose Durst i on

.ouse derm.l lCDD 2 ug time
CD,-1 ..

DllSA 2.56 ug time
..

TPA 5 ug 2x/wk for
32 10k
1 wk after
TCDD

mouse dermal DllSA 200 nmol 1 time
CD - 1 ..

dermal TCDD 0.1 ug 2x/wk for
30 10k

mouse dermal S(a)P 100nmol , time
Sencar or

DllSA lOnmol time

TCDD I ug time

72 hr prior
to S(a)P or

DllSA

sc = subcutaneous
TCDD = 2,3.7,B-tetrachlorodibenzo-p-dioxin
TPA = 1Z-o-tetradecanoyl-phorbol-13-acetate
BCa)P = benzo(a)pyrene
DllSA = 7.13-dimethylbenzanthoracene

Effect

TCDD .. TPA:
0.1 plpillom./mouse

TCDD .. DllSA .. TPA:
2.2 papillomas/mouse
-very slight initiator

No p.pillomas on TCDD
promoted mouse
Reduction in tumors with
2.3,7,8-TCDD pretreatment

DllSA .. TPA:
9.1 papillomas/mouse

-D14SA .. TCDD:
0.1 papillomas/mouse

BCa)P .. TPA:
3.8 papillomas/mouse
-BCa)P"TCDD"TPA:
0.3 papillomas/mouse

-inhibition of tumors

Reference

DiGiov.nni
et II, 1977

Berry et ai,
1979

Cohen et ai,
1979
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TABLE 49: Developmental Effects Due to Exposure to 2,3,7,8-TCDD

Species Sex Route

DOle peri od
(days of

gestation) Effect Reference

rat
SD

lIale
female

oral 0.001
0.01
0.1

daily
90d prior
lIIating +

throughout
pregnacy

0.1 ug/kg/d: decreased infertility
and neonatal survival (p<.05)
in FO generation

0.01 ug/kg/d: reduced fertility
in F F & F3 generations

l' 2
(p<.Os); decreased litter
size & gestation survival,
neonatal survival & growth

0.001 ug/kg: no effect

Murray et
at, '979

rat
CRCD

female gavage 0.'25
0.5
2.0

da; l Y

" days
prior to
mating

0.5 ug/kg: increased post· Giavin; et
implantation loss al, 1983

2 ull/kg: reduced ovulation rate,
increased pre and post-implantation
loss (p<0.05). fetal growth
retardation (p<0.05);
malformation of pups including
cystic kidney, edema,
gastrointestinal hemorrhage

mouse female gavage 12 10 " of fetus wi th cleft palate: Weber et
C57BL/6/j 17 12 ug/kg: 9" a 1,1985

22 17 ug/kg: 44X
22 ug/kg: 78%

" kidneys/litter with ~2 lesions:
12 Ull/kg: 85%
17 ug/kg: 95X
22 ug/kg: 93"
no IIlternll toxicity It any dose

mouse female gavage 12
cs7BL/6N

l'

31

'1
11

10-13

36X fetuses per litter with Birnbaum et
cleft pilate; .ild hydronephrosis aI, 1985
70% fetuses per litter with
cl eft pilate
4-8X fetuses per litter ~ith

cleft palate; .oderlte to .evere
hydronephrosis & dillted renel pelvis

SD Sprague Dawley; SC Subcutlneous; * ug/kg unless otherwise .pecified; + exposure is
to 2,3,7,8-TCDD unless otherwise specified



TABLE 49: conH nued
1

~ Dose per iod
_T

(days of"
Species Sell: i!

Route gestetion)

.ouse sc 6-15..
CD- 1 (da i Iy)
DBA/2J
Cs7B1/6J

mouse female: oral 10- 13
Cs7Bl/6 (da; ly)

~
10-13

.¥

(da i l y)

1 time on

~ day 10

ii

mouse fema l e -- sc 7- 16
CD- 1 a (da i Iy)

."
~

!
;'

mouse female :gavage 6-15
CF-l (da; Iy)

''"~~
,.

~
~

monkeys female oral 20 mol

rhesus

189

Effect

Cleft pilite in III species and
both doses; unspecified kidney
Inomalities; Ilastrointestinal
hemorrhlge

3.0 ug/kll/d: SOX incidence of
cleft pilite l 9SX incidence of;
hydronephrosis;

1.0 ug/kg/d: 2X incidence of
cleft pilite &60X incidence
of hydronephrosis

1 ug/kg: no cleft palate
& 35X hydronephrosis

All doses: Cleft palate,
hydronephrosis, hydrocephalus,
open eye, petechiae;
100 ug/kg: fetoto_ic;
200 ug/kg & 400 ug/kg: elevated
Ibortion rates

3.0 ug/kg/d: Cleft palate &
dilated renal pelvis <p<.OS)

1.0ug/kg/d: Cleft palate (p<.OS)

~ 0.1ug/kg/d: no malformations

4 Ibortions Schlntz et
(dlily) 1 stillbirth
2 no conceptions
2 norlDll births

Reference

Courtney and
Moore, 1971

Mooreetal,
1973

Courtney,
1976

Smith et al,
1976

II., 1979

·ug/kg bw unless otherwise specified
1 monkeys mated to control males 7 months after e_posure began
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TABLE 50: Immunologic effects related to exposure to 2,3,7,a-TCDD

Species Route Substance Dose- Duration Effect Reference

.ouse
CD or

C57B1/6

mouse
C57B1/6

oral

oral

TCDD

TCDD

10
50

25

1 time thymic atrophy

thymi c It rophy

Harris et al,
1973

Vos et aI, 1974

5.0 ug/kg: thymic atrophy
and depletion of lymphocytes;
reduced total nucleated
cells and eFU-S cells
in bone marrow; suppressed
lymphoproliferative response
to CMA and PHA; reduced
resistance to Listeria;

mouse gavage TeDD
B6e3F1

1

5

15

day 14
gestation
& day 1, 7
& 14 after
bi rth

1. 0 ug/kg: no
effect;

Dean et ai,

1981

15 ug/kg: toxic to dams & litters

mouse
e5781/6

ip TeDO 0.4
4

40
100
400

Lymphatic organ
changes;
0.4-40 ug/kg: minor
decreased cellularity of
spleen, thymus, peripheral
lymph nodes and lymphocytes

elark et at,
1981

40 ug/kg:
in spleen,
peripheral

severe decrease
thymus,
lymph nodes

immune response changes
40 ug/kg: marked suppression
of antibody to sheep Rie and
1 abotus;

0.4-40 ug/kg: suppression
of cytotoxic lymphocyte
response due to enhanced
luppression cell response

rat
eD

oral TeDD 5
25

time thymic atrophy Harris et aI,
1973

·ug/kg unless otherwise specified
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TABLE 50; continued

Species Route Substance Dose· Duration Ef fec t Reference

rat gavage rCDD 100 1 time severe thyllic atrophy Gupta et a l, 1973
CD 50 1 time severe thymic at rophy

25 1 time 5 light thyJlli c atrophy
10 hId severe thymic atrophy

for
16-30

hId severe thymic atrophy
for
15-31

guinea 3.0 1 time severe thymic atrophy
pig 1.0 1x/lolk severe thymi c atrophy
hartley for

8 IoIk
0.2 1x/lolk s Ii gh t thymic atrophy

for

8 IoIk

mi ce 50.0 time s light thymic atrophy

rat ip rCDD 50 time thymic atrophy Cesiewicz et a l ,
(IjS) 100 1980

guinea oral HOD 0.44 90 d decreased thymic DeCaprio et a l,
pig loIeight; 1986
hartley

1.3 thymic atrophy

hamster ip rCDD 500 time thymic atrophy Olson et a l, 1988
Colden 1000
Syrian 2000

3000

monkey oral rCDO <70 time thymic atrophy McConnell et
rhesus ala, 1978

US) = not specified
* = ug/kg unless otherlolise specified
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TABLE 50: continued

Species Route Substance Dose- Durat i on Effect Reference

cultured ~hymus TeOO
&spleen cells
(mouse)

inhibition of cytotoxic
l ylllphocyte (eT L)

precursors

Clark et aI,
1983

Vecchi et al,

1983
Cp<.DS)

thymus weight loss in
86, e3 &86/D2;
~inor loss in D2 & AKR
1.2,6.0,30.0 ug/kg:
i.-unosuppress;on of humoral
antibody production in
B6, e3, B6/02 Cp<.05);

time1.ZTeoomouse i P

e57B1/6(B6)
e3H/Hen(C3)
B6e3F1/B6(C3)
OBA/2(OZ)
AU

6.0, 3D.Oug/kg; immunosuppression
of humoral antibody production
OZ Cp<.OS)

no difference in cell-mediated

immune reaction (popliteal
lymph node assay)

ip TeDO 6.0 time no reaction to sheep RBe by B6

oral Teoo Z ug/
kg/wk
or 0.5

1x/wlc
for
5wk

and e3 strains; reaction to
sheep RBe SOX of normal by
02 & AU

h/wk

for
S wk

leOF = 2,3,7,S-tetrachtorodibenzofuran
- = ug/kg unless otherwise specified
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Species Rte Substance Dose- Duration Effect Reference

.ouse
BCF
DBAI2

oral TCDo BCF
0.2
1.0
2.0
5.0

10.0

DBA/2
5.0

10.0
50.0

1 time reduced number of granulocyte­
.acrophage progenitor cells &
erythrocyte precursor cells
in bone .arrow &decrease
in bone .arrow hematopoesis
at 1.0 ug/kg in BCF
& at 10 ug/kg in oBA/2

Luster
et aI,
1985

mouse i P
C5781/6

ip

TCDD
or

TCDF

TCDD
or

or
100

time TCoD or TCDF: no reduction
in thymic weight;

time
TCDo, lug/kg: reduced antibody
production by 70X

1 time Reduced plaque antibody
production (p<.05)

Vecchi,
1985

ip

TCD FlO

TCoD
or

TCO FlO

time 7'fold increase in
AHH activity

mouse i P
C5781/6

TCDD 3D
60

120

time Immature B cells more
sensitive than mature
Bcells·

Chastain 8­

Pasternik,
1985

* : ug/kg unless otherwise specified
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Species Route Substance Dose* Duret i on Effect Reference

~use Ilava;e TCDO 0.2 1 t ille BCF: Dose related Tucker
BCF 1.0 luppression of T cell et al,
C 7SL/6J S.O dependent & Independent 1986

(B6) antibody responses (pc.OS);
<5.0 ug/ltg: no thymic atrophy

BeF, 5u;/It;: resistance to
parasitic infection reduced
(pc.OS);

mouse ip TCDD 1 time TCDO: depressed antibody Vecchi
C5781/6Cr1 (CS781/6) production in both species et a l ,

SII (pc.OS); 1986
DBA/ZCr1

811 TCDO + 3MC or BIH or P8:
6 reduced antibody formation
(DBA) &mitogen stimulation

& enhanced AHH
activity in C57S1/6 only

3MC = 3-methylcholanthrene
8NF = beta-naphthalamine
P8 = phenobarbitol
AHH = arylhydrocarbon hydroxylase
* = ug/kg unless other~ise specified
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TABLE SO: continued

Species Route Substance Dose" Duration Eff ec t Reference

.ouse Ilavage TCDD >0.01 hId Suppressed lerum total White
16C3F1 for hemolytic complement Ictivity et at.

14d component (C3) ; increlsed 1986
sUlceptibility to i pneumonia

mouse gavage TCDD 1.0 hId decrease in Intibody response Holsapple
for to both T-dependent Ind T- et a L•

CS7Bl/6 14d independent Intillens (p<.OS) 1986

rat gavage TCDD 5 day 14 Decrease in thymic weight of luster
Fisher gesta- offspring until wk 9 et a l.
344 tion (p<.OS); 1982

& weeks Response to PHA and ConA
1• 7, 14 depressed until wk 9 and 14

postnatal (p<.OS)

3MC : 3-methylchoLanthrene
BNF : beta-naphthalamine
PB : phenobarbitoL
AHH : aryl hydrocarbon hydro~ylase

.. : ug/kg unless otherwise specified
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Table 51: Summary of Health Effects other than Neurolog;c Noted in Reports
of Chemical Workers Exposed to 2,3,7,S-TCDD Contaminated
Materials

ASH SADDER ICIMMIG BAUER BLEIBERG
1950 19S' '957 196' 1964

EApOlure TCP TCP, TCP, rcp, TCP,
PCP 2,4,S-P 2.4,5-T 2,4,S-T

Dermatologic
Chloracne • • • • •
Other .',2,3 • 2 .' .'

Hepatic
Size increase • IiIR IiIR IiIR lilA
PCT lilA iii II iii II .4

Enzyme rise NA NA NA .S

Other .S,6 Nil Nil .6 Nil

Gastro;ntestinal
Ulcers • Nil Nil lilA Nil
Lipid rise NA NA NA IiIR NA
Other .7 .7 iii II .7 NA

Pulmonary • • lilA NA NA

Cardiac lilA • lilA NA lilA

Other effects .8 .S .8 .S lilA

'Hyperpigmentation or hirsat;sm .=Positive finding reported in exposed
2Cysts on eyel ids, blepharitis group

or conjuctivitis -=liIegative finding reported ; n exposed
3Skin fragilily NA=Not Reported
4Uroporphyrins TCP=trichlorophenol
5SGPTand/or SCOT 2,4.S-T=2,4,S-trichlorophenoxy acetic acid
6Hepat it i s (not specified)
7Right upper quadrant pain
aReduced libido
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POLAND
1971

GOLDMAN
1973

197

MAY
1973

aLI \IE R

1975
JIRASEK
1974

2,3,7.8-TCDD 2.4,5-T, PCP
Exposure TCP TCP

2.4,5-T
TCP
2,4,5-T

Pure TCP

Dermatologic
Chloracne +
Other +1,2

Hepatic
Size increase N
PCT +4
Enzyme rise +11
Other NR

Gastrointestinal
Ulcers NR
Lipid rise NR
Other NR

Pulmonary NR

Cardiac NR

Other effects NR

NR

NR
+

NR
+6

NR
NR
NR

NR

NR

NR

NR
NR
NR
NR

NR
NR
NR

NR

NR

NR

+

+1

NR
NR
NR
NR

NR
+

NR

NR

NR

+

+1

NR
+4,9
+5,12,13

NR

NR
+
+7

NR

NR

1Hyperpigmentation or hirsutism
2cysts on eyelids, blepharitis

or conjuctivitis
4Uroporphyrins
SSGPTand/or SGOT
6Hepatitis (not specified)
7Right upper quadrant pain
9U\I flourescence of liver

1'LDH
12ALK
nOel ta-ALA

14Dia betes or abnormal glucose
tolerance test

+=Positive finding reported in exposed
group

-=Negative finding reported in exposed
NR=Not Reported
TCP=trichlorophenol
2,4,5-T=2,4.5-trichlorophenoxy acetic acid
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PIld~ro"'l Mlrt i n
1981 1982

h:posur~ TCP TCP
2,4,5-T 2,4,5-T

O~rlllatologic

Chloracn~ + +

Oth~r Nil IiIR

Hepatic
Size increase Nil Nil
PCT Nil Nil
Enzyme rise Nil +15

Otner Nil Nil

Gastrointestinal
Ulcers Nil Nil
Lipid rise + +
Otner Nil Nil

Pulmonary Nil

Cardi ac Nil

Other eff~cts +1'

1'Oilbetes or abnormal glucose
tolerance test

1S GG T

Nil

NR

Nil

+EPositive finding r~port~d in exposed
group

-.N~gltive finding r~port~d in ~xpos~d

NR=Not Reported
TCPstrichlorophenol
2,4,5-TEZ,4,S-trichlorophenoxy ac~tic acid
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May Van Houdt Sond Martin Suskind
1983 1983 1983 1984 1984

Exposure TCP 2,4,S-T Tep TCP TCP
2,4,S-T 2,4,S-T 2,4,5- T 2,4,S-T

DermatoLogic
Chloracne • Nil Nil • •
Other Nil Nil Nil Nil .16

Hepatic
Size increase Nil Nil Nil
PCT .15,17 NFl NFl
Enzyme rise .5 _5.15 NFl .15.17

Other Nil Nil

Gastrointestinal
Ulcers Nil + Nil •
Lipid rise Nil

11• • •
Other Nil Nil Nil

Pulmonary Nil Nil Nil •

Cardiac + Nfl NFl •

Other effects NR NR NR .8

SSGPTend/or SGOT .aPos;tive finding reported in exposed
8Reduced libido group

1S GGT --Negative finding reported in exposed
16Act inic changes NR=Not Reported
17D-gluCeric acid TCP=tr;chlorophenol
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Moses Lathrop Lathrop Jennings
1984 1984 1987 1988

Exposure TCP 2,4,5-T 2,4,5' T TCP
2,4,5-T 2,4,5-T

Dermatologic
Chloracne .. Nil
Other .. 16 +18 +'8 +

Hepatic
Size increase NlI + + Nil
PCT 11I11 11I11

Enzyme rise +'5 _, 5, " 11I11

Other 11I11 .. 1111

Gastrointestinal
Ulcers NlI 11I11

Lipid rise .. 11I11

Other HlI 11I11

Pulmonary Nil NlI

Cardiac HlI + +'9 Nil

Other effects .. 8 .. 20 .. 21

3Sk in fragility ,,=Positive finding reported in exposed
8Redcued libido group

11 LDH -=lIIegative finding reported in exposed
15 GG T HlI=Hot Ileported
16Act inic changes TCP=trichlorophenol
18Base l Cell Carcinoma
19Heert Diseases
20Hemoglobin Volume
211ncreesed ilNllune complex
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Table 52: Summary of Health Effects Other than Neurologic Among Residents
of Seveso, Italy

hggiani FiIi ppi n; Assennato Ideo Mocerelll
1980 1981 1989 1985 1986

Study Type Case Cross Cross Cross Cross
Report SectionaL SectionaL SectionaL Sectional

Dermatologic
ChLoracne • • • Nil Nil
Other .22 Nil • Nil Nil

Hepatic
Size increase • Nil Nil Nil Nil
PCT Nil Nil Nil Nil Nil
Enzyme rise .15 Nil .17 .5,15

Other NR NR NR NR NR

Gastrointestinal
Ulcers NR NR Nil Nil Nil
Lipid rise • Nil • Nil Nil
Other NR Nil NR Nil NR

Pulmonary NR NR NR Nil NR

Cardiac NR • .'9 NR NR

Other effects NR NR NR NR NR

5SGPT and/or SGOT +=Positive finding reported in exposed
15 GGT IIroup
17D-lllucaric acid -=Negative finding reported in exposed
19Heart Disease NR=Not Reported
22Blisters and burn-like lesions TCP=trichlorophenol
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Kimbrough Steinberg Hoffman ~ebb ~ebb

1977 1985 1986 1987 1989

Study Type Cllse Cross Cross Cross Cross
lIeport Sectional Sectional Sectional Sectional

Dermatologic
Chloracne
Other

Hepatic
Size increase
PCT
Enzyme rise
Other

Gastrointestinal
Ulcers
Lipid rise
Other

Pulmonary

Cardiac

Other effects

+

NR

Nil
Nil
Nil
NR

Nil
Nil
Nil

1111

NR

Nil
Nil
.5.17

101

IlR

IlR

+

'uroporphyrins
5SCPT and/or SGOT

17D-glucllric acid
23ALT
25Anergic responses

+=Positive finding reported in exposed
group

-=Negative finding reported in exposed
IlIl=Not lIeported
TCP=trichlorophenol



T
ab

le
53

:
R

ep
ro

d
u

ct
iv

e
E

ff
e
c
ts

o
f

E
x

p
o

su
re

to
C

h
em

ic
al

s
C

o
n

ta
m

in
at

ed
w

it
h

2
,3

,7
,8

-T
e
tr

a
c
h

lo
ro

d
ib

e
n

z
o

-p
-d

io
x

in

O
B

S/
EX

P
o

r
R

IS
K

ST
UD

Y
PO

PU
LA

TI
O

N
CO

M
PA

RI
SO

N
OU

TC
OM

E
C

A
SE

S/
C

O
N

TR
O

LS
R

A
TI

O
95

%
C

I
AU

TH
OR

O
ff

sp
ri

n
g

o
f

m
al

e
w

o
rk

er
s

O
ff

sp
ri

n
g

o
f

m
al

e
M

is
ca

rr
ia

g
e

1
1

6
.8

/1
1

9
.3

0
.9

7
NA

T
ow

ns
en

d
e
t

as
si

g
n

ed
a
t

le
a
st

1
m

on
th

w
o

rk
er

s
n

ev
er

ex
p

o
se

d
S

ti
ll

b
ir

th
1

9
.0

/
1

8
.5

1
.0

2
NA

a
l.

,
19

82
to

p
ro

d
u

ct
io

n
o

f
2

,4
,5

TC
P

to
2

,4
,5

TC
P

o
r

PC
P

C
o

n
g

en
it

al
5

7
.1

/
4

8
.7

1
.1

7
NA

o
r

PC
P

19
39

-1
97

5
(M

ic
h

ig
an

)
#C

O
N

C
EP

TU
SE

S=
33

2
M

al
fo

rm
at

io
n

s
#C

O
N

C
EP

TU
SE

S=
15

03

O
ff

sp
ri

n
g

o
f

ch
em

ic
al

a
p

p
li

c
a
to

rs
,

sp
ra

y
ed

2
,4

,5
,-

T
(N

ew
Z

ea
la

n
d

)

A
g

ri
c
u

lt
u

ra
l

c
o

n
tr

a
c
to

rs
M

is
ca

rr
ia

g
e

C
o

n
g

en
it

al
D

ef
ec

ts

4
3

/4
0

1
3

/9

0
.8

9
1.

19
0

.6
1

,1
.3

0
0

.5
8

,2
.4

5
Sm

it
h

e
t

a
l.

,
19

82

B
ir

th
s

1
/1

/7
2

-1
2

/3
1

/8
2

w
ho

se
m

o
th

er
's

ad
d

re
ss

w
as

ar
ea

o
f

TC
DD

co
n

ta
m

in
at

io
n

(M
is

so
u

ri
)

#B
IR

T
H

S=
40

2

U
ne

xp
os

ed
b

ir
th

s
m

at
ch

ed
fo

r
m

at
er

n
al

ag
e,

ra
c
e
,

y
ea

r
o

f
b

ir
th

,
h

o
sp

it
a
l,

p
lu

ra
l

it
y

#B
IR

T
H

S=
80

4

T
o

ta
l

B
ir

th
d

e
fe

c
ts

F
et

al
D

ea
th

s
Lo

w
B

ir
th

w
ei

g
h

ts

I N 0 w
1

7
/4

2
0

.7
8

0
.4

0
,1

.4
7

S
to

ck
b

au
er

e
t

I

4
/5

a
l.

,
19

88
4

/5
1

.6
0

0
.3

2
,7

.4
3

1
/4

0
.5

0
0

.0
1

,5
.0

5

B
ir

th
s

1
/1

/7
7

-1
2

/3
1

/8
2

w
ho

se
m

o
th

er
re

si
d

e
d

in
a
re

a
s

co
n

ta
m

in
at

ed
w

it
h

2,
3,

7.
8-

T
C

D
D

(A
re

as
A

,B
,R

)
(S

ev
es

o
.

It
il

ly
)

#B
IR

T
H

S=
29

00

B
ir

th
s

o
f

m
o

th
er

s
re

-
si

d
in

g
in

u
n

ex
p

o
se

d
re

g
io

n
s

(A
re

a
no

nA
B

R
)

#B
IR

T
H

S=
12

39
1

T
o

ta
l

D
ef

ec
ts

13
7

/
--.

M
L

29
00

/
12

39
1

(A
B

R
/n

on
A

B
R

)

0
.9

7
0

.8
3

,1
.1

3
*

M
as

tr
o

ia
co

v
o

e
t

a
l.

,
19

88

*9
0%

C
I;

2
.4

.S
-T

C
P

=
2

.4
,5

-t
ri

c
h

lo
ro

p
h

e
n

o
l;

P
C

P
=

p
en

ta
ch

lo
ro

p
h

en
o

l



TA
BL

E
5

4
:

In
v

e
st

ig
a
ti

o
n

s
o

f
th

e
re

la
ti

o
n

sh
ip

b
et

w
ee

n
2
,
3
,
7
,
8
-
t
e
t
r
a
c
h
l
o
r
o
d
i
b
e
n
z
o
·
p
-
d
i
o
~
i
n(

TC
D

D
)
E
~
p
o
s
u
r
e

an
d

S
o

ft
T

is
su

e
S

ar
co

m
a

(S
T

S
)

EX
PO

SU
RE

ST
UD

Y
SI

T
E

OF
O

B
S/

EX
P

o
r

RA
TE

ST
UD

Y

PO
PU

LA
TI

O
N

EV
AL

UA
TE

D
TY

PE
D

IS
EA

SE
C

A
SE

S/
C

O
N

TR
O

LS
R

A
TI

O
95

1
C

.1
.

L
IM

IT
S

RE
FE

RE
N

CE

M
al

es
ag

ea
2

6
-8

0
P
h
e
n
o
~
y

C
as

e
ST

S
46

/2
01

p
h
e
n
o
~
y

OR
=

5
.3

2
.4

,
1

1
.5

E
~
p
o
s
u
r
e

H
ar

d
el

l
e
t

a
i,

ad
m

l
tt

e
d

to
h

e
rb

ic
id

e
s

co
n

tr
o

l
h

e
rb

ic
id

e
s

19
79

O
nc

o
lo

g
y

D
ep

t.
ch

lo
ro

p
h

en
o

la
(5

2
/2

0
6

)
4

0
/1

9
3

OR
=

6
.6

2
.4

,
1

8
.5

U
m

ea
,

Sw
ed

en
ch

lo
ro

p
h

en
o

l
1

9
7

0
·7

7
(S

w
ed

en
)

C
he

m
ic

al
w

o
rk

er
s

TC
P

C
oh

or
t

ST
S

l/
n

o
t

ca
lc

u
-

SM
R

"
N

/A
N

IA
Po

w
er

la
ck

an
d

S
u

sk
ln

d
,

("
e
st

V
ir

g
in

ia
)

M
o

rt
a
li

ty
la

te
d

19
80

C
as

es
re

p
o

rt
ed

to
P
h
e
n
o
~
y

C
as

e
ST

S
1

1
/8

c
h

lo
ro

·
OR

=
3

.3
1

.8
,

8
.1

E
~
p
o
s
u
r
e

E
ri

k
ss

o
n

e
t

a
i,

N 0

N
at

io
n

al
S

o
ci

al
h

e
rb

ic
id

e
s

co
n

tr
o

l
ph

en
ol

s
OR

"
6

.8
2

.6
,

1
7

.3
19

81
&

-

"
e
lf

e
re

B
oa

rd
ch

lo
ro

p
h

en
o

l
33

01
11

0
14

/5
ph

en
ox

y
19

74
-1

8
h

e
rb

ic
id

e
s

(S
w

ed
en

)
"
h

it
e

~
a
l
e
a

ag
e

20
+

P
h
e
n
o
~
y

P
ro

p
o

rt
io

n
a
te

ST
S

25
11

6
(f

er
m

er
s)

PM
R

=
15

2
10

1,
23

1
E
~
p
o
s
u
r
e

JIII
iI

ha
m

,
19

82
d

ec
ea

se
d

19
50

-7
9

in
h

e
rb

ic
id

e
s

m
o

rt
al

it
y

3
/2

(o
rc

h
ar

d
s)

PM
R

=
14

5
3

0
,4

3
8

P
ow

er
"a

ah
ln

g
to

n
S

ta
te

In
ch

lo
ro

p
h

en
o

l!
4

/3
(r

a
il

ro
a
d

PM
R

=
12

0
36

,3
41

o
cc

u
p

at
io

n
s

w
it

h
e
~
-

la
b

o
re

rs
)

p
o

su
re

to
ph

en
ox

y
h

e
rb

ic
id

e
s

an
d

ch
lo

ro
p

h
en

o
la

(W
"h

ln
g

to
n

S
ta

te
)

C
he

ll
lc

al
w

or
ke

rs
TC

P
C

oh
or

t
ST

S
1

/n
o

t
ca

lc
u

-
SM

R
=

N
IA

N
IA

P
ow

er
Z

ee
k

,n
d

G
af

fe
y

,

("
"
t

V
Ir

g
In

ia
)

M
or

ta
l

it
y

la
te

d
19

83
O

BS
•

,
O

b
se

rv
ed

C
as

es
;

TC
P

R
T

ri
ch

lo
ro

p
h

en
o

l;
SI

R
=

S
ta

n
d

ar
d

iz
ed

In
ci

d
en

ce
R

at
io

;
EK

P
=

E
x

p
ec

te
d

c
a
se

s;
PM

R
=

P
ro

p
o

rt
io

n
a
te

M
o

rt
al

It
y

R
at

io
;

OR
=

O
dd

s
R

at
io

;
SM

R
=

S
ta

n
d

ar
d

iz
ed

M
o

rt
a
li

ty
R

at
io



TA
BL

E
54

:
co

n
ti

n
u

ed

PO
PU

LA
TI

O
N

El
lP

O
SU

RE
EV

AL
UA

TE
D

ST
UD

Y
TY

PE
SI

T
E

O
F

D
IS

EA
SE

O
B

S/
EK

P
OR

C
A

SE
S/

C
O

N
TR

O
lS

RA
TE

RA
TI

O
95

%
C

.
J.

ST
UD

Y
lI

M
I

TS
RE

FE
RE

N
CE

M
el

es
re

g
is

te
re

d
Ph

en
ol

lY
C

es
e

ST
S

71
9

fo
re

st
ry

OR
=

0
.9

0
.3

,
2

.3
*

E
J(

po
su

re
S

m
it

h
e
t

e
l,

19
84

w
it

h
N

ew
Z

ee
le

n
d

h
e
rb

ic
id

e
s

co
n

tr
o

l
C

en
ce

r
R

eg
is

tr
y

(8
2

/8
3

)
17

17
ra

i
Iw

ay
OR

=
3

.2
1

.3
.

7
.9

P
ow

er
be

tw
ee

n
19

76
·1

98
0

(N
ew

Z
ee

le
n

d
)

C
h

lo
ro

p
h

en
o

ls
1

9
/9

m
ea

tw
or

ks
OR

=
2

.8
1

.6
.

5
.5

6
/1

ta
n

n
er

y
o

r
OR

=
7

.2
I.

I,
4

6
.

N 0

p
e
lt

d
ep

ar
tm

en
t

V
I

M
el

es
re

g
tl

te
re

d
Ph

en
oJ

(y
C

es
e

ST
S

23
15

9
O

R
=1

.1
0

.7
.

1
.8

*
S

m
it

h
e
t

e
l,

19
86

w
it

h
N

ew
Z

ee
le

n
d

h
e
rb

ic
id

u
C

o
n

tr
o

l
C

en
ce

r
R

eg
Is

tr
y

be
tw

ee
n

19
76

-1
98

2

M
el

es
d

le
g

n
o

se
d

In
Ph

en
ol

lY
C

en
ce

r
ST

S
4

2
/2

4
.7

RR
=

1
.7

1
.0

,
2

.9
E

J(
po

su
re

B
el

ej
er

en
en

d
19

68
-7

6
In

E
ng

le
nd

h
e
rb

ic
id

e
s

In
ci

d
en

ce
fe

rm
m

an
ag

er
s,

A
ch

es
on

,
19

84
&

W
el

el
re

g
tl

te
re

d
ch

lo
ro

p
h

en
o

ll
(1

9
6

1
/1

9
6

1
)

m
ar

ke
t

g
ar

d
en

er
s

tn
th

e
..e

tl
o

n
e
l

fo
rm

er
s

C
en

ce
r

••
g

ls
tr

y
(E

n
g

le
n

d
&

U
el

es
)

OB
S

•
,

O
b

le
rv

ed
C

as
es

;
El

IP
=

E
J(

pe
ct

ed
c
e
se

s;
OR

=
O

dd
s

R
at

io
;

SM
R

=
S

ta
n

d
ar

d
iz

ed
M

o
rt

a
li

ty
R

at
io

;
RR

=
R

el
at

iv
e

R
is

k



TA
BL

E
5

4
:

c
o
n
t
l
n
u
~
d

PO
PU

LA
TI

O
N

EX
PO

SU
RE

EV
A

LU
A

TE
D

ST
UD

Y
TY

PE
SI

T
E

OF
D

IS
EA

SE
O

B
S/

EX
P

OR
C

A
SE

S/
C

O
N

TR
O

LS
RA

TE
R

A
T

1
0

95
X

C
.I

.
ST

UD
Y

L
IM

IT
S

RE
FE

RE
N

CE

3
5

4
,6

2
0

-e
n

b
o

rn
P
h
~
n
o
x
y

C
an

ce
r

ST
S

b
~
t
w
~
~
n

18
91

-1
94

1
h
~
r
b
i
c
i
d
e
s

in
ci

d
en

ce
w

ho
w
~
r
e

a
g

ri
c
u

lt
u

ra
l

ch
lo

ro
p

h
en

o
ls

o
r

f
o
r
~
.
t
i
n
g
w
o
r
k
~
r
s

(
S
w
e
d
~
n
)

H
is

to
lo

g
ic

a
ll

y
co

n-
P
h
~
n
o
x
y

C
a
s
~

ST
S

f
l
r
~
e
d

ca
se

s
d

ll
g

-
h
~
r
b
i
c
i
d
~
.

co
n

tr
o

l
n

o
se

d
In

1
9

8
1

-8
3

;
(
r
i
c
~
w
~
~
d
~
r
B
)

(6
8

/1
5

8
)

20
y

r.
o

r
o
l
d
~
r

(
I

ti
ll

y
)

3
7

,0
0

0
c
h
e
~
I
C
I
I
I

PC
DD

C
I
'
~

ST
S

C
he

m
ic

al
w
o
r
k
~
r
s

co
n

tr
o

l
em

pl
oy

ed
1

y
ea

r
b

e-
(1

4
/1

2
6

)

tl
le

en
19

40
-1

97
9

cM
tc

h
t.

an
)

M
a
l
~

C
h
~
m
l
c
a
l

w
o
r
k
~
r
s

(
D
~
n
m
a
r
k
)

P
h
~
n
o
x
y

h
~
r
b
i
c
i
d
~
s

&
o
t
h
~
r

c
h
~
m
i
c
a
l
s

C
um

ul
a­

t
i
v
~

c
a
n
c
~
r

in
ci

d
en

ce

ST
S

1
/0

3
PH

SI
R

=
3

.3
0

.1
,

1
8

.6
Po

w
er

L
y
n
g
~
,

19
85

3
/0

.6
m

an
ua

l
SI

R
=

5
.0

1
.0

.
1

4
.6

E
x
p
o
s
u
r
~

se
rv

ic
e

1
/0

.8
o

th
er

SI
R

=
1

.3
O

.
"

7
.0

33
1/

N
A

RR
=

0
.9

0
.8

,
1

.0
E
x
p
o
s
u
r
~

'1
ik

lu
n

d
~
t

al
19

86

N 0 0
-

4
/5

(l
iv

in
g

OR
=

2
.7

0
.4

,
1

3
.9

E
x
p
o
9
u
r
~

V
i
n
~
1
s

~
t

al
w
o
m
~
n
)

19
86

4
/1

3
(
d
e
c
~
a
9
~
d

OR
"

1.
1

0
.2

,
6

.9
P
o
w
~
r

w
om

en
)

0
/7

OR
z

M
IA

M
IA

P
o
w
~
r

S
o
b
~
l

~
t

a
i,

(P
C

D
D

s)
19

86

08
S

•
,

O
b

se
rv

ed
C

es
es

;
TC

P
=

T
rl

ch
lo

ro
p

h
en

o
l;

SI
R

=
S

ta
n

d
ar

d
iz

ed
In

ci
d

en
ce

R
at

io
;

EX
P

=
E

x
p

ec
te

d
c
a
se

s;
PM

R
•

P
ro

p
o

rt
io

n
a
te

M
o

rt
a
li

ty
R

at
io

;
24

5T
=

2
,4

,5
-T

ri
ch

lo
ro

p
h

en
o

x
y

ac
et

ic
A

ci
d;

OR
=

O
dd

s
R

at
io

;
SH

R
=

S
ta

n
d

ar
d

iz
ed

M
o

rt
al

it
y

R
at

io
;

P
C

P
.

P
en

ta
ch

lo
ro

p
h

en
o

l;
RR

=
R

el
at

iv
e

R
is

k
;

PC
DD

=
p

o
ly

c
h

lo
ri

n
a
te

d
d

ib
en

zo
d

io
ll

in
s;

90
%

co
n

fi
d

en
ce

li
m

it



TA
BL

E
54

:
co

n
ti

n
u

ed

PO
PU

LA
TI

O
N

C
ll

se
s

d
ll

lg
n

o
se

d
19

75
·1

98
1

re
g

is
te

re
d

w
it

h
th

e
S

ev
es

o
C

ll
nc

er
R

eg
is

tr
y

(
lU

ly
)

EX
PO

SU
RE

EV
AL

UA
TE

D

E
ff

lu
en

t
fr

om
rc

p
R

ea
ct

o
r

E
x

p
lo

si
o

n
co

n
ta

m
in

at
ed

w
it

h
2

,3
,7

,8
­

TC
DD

ST
UD

Y
TY

PE

C
an

ce
r

in
ci

d
en

ce

SI
TE

OF
D

IS
EA

SE

ST
S

O
B

S/
El

C
P

OR
C

A
SE

S/
C

O
N

TR
O

LS

5
.7

3
/3

.2
3

RA
TE

RA
TI

O

RR
=

1
.7

7

9
5

lC
.J

.

NA

ST
UD

Y
LI

M
IT

S

E
xp

os
ur

e

RE
FE

RE
N

CE

P
un

to
ni

e
t

Il
l,

19
86

N o ""
4

M
Il

es
2

0
·7

9
P

he
no

xy
C

as
e

ST
S

12
8/

69
5

Ph
en

ol
lY

0
.5

,
1

.2
M

u
lt

ip
le

V
oo

ds
e
t

Il
l,

d
ll

lg
n

o
se

d
h

er
b

ic
id

es
co

n
tr

o
l

h
e
rb

ic
id

e
te

st
s

19
87

19
81

-8
4;

In
ch

lo
ro

p
h

en
o

ls
(1

2
8

/6
9

5
)

O
R

=0
.8

0
cl

ln
ce

r
re

g
is

tr
y

(V
es

te
rn

W
ll

sh
ln

gt
on

C
h

lo
ro

p
h

en
o

ls
S

tl
lt

e)
OR

=
0

.9
9

0
.7

,
1

.5

-
-
-

..
.1

••
20

•
y

ee
rs

A
b

ll
tt

o
ir

C
as

e
ST

S
O

R
=1

.9
1

.2
,

3
.1

*
E

ll
po

su
re

P
eI

rc
e

e
t

Il
l,

re
g

h
t.

re
d

.,1
th

w
o

rk
er

s
c
o

n
tr

o
l

19
88

••
w

Z
ee

l.
n

d
(p

o
o

le
d

)
C

ll
nc

er
le

g
h

tr
y

(N
ew

Z
ee

ll
ln

d)

OB
S

z
,

O
bs

er
ve

d
C

as
es

;
El

CP
E

ll
pe

ct
ed

ca
se

s;
24

5T
2

,4
,5

-T
ri

ch
lo

ro
p

h
en

o
ll

y
ac

et
ic

A
ci

d;
OR

O
dd

s
R

at
i0

;
RR

R
el

at
iv

e
R

is
k



TA
BL

E
5

5
:

In
v

e
st

Ig
a
ti

o
n

s
o

f
th

e
re

la
ti

o
n

sh
ip

be
tw

ee
n

2
,3

,7
,8

-T
e
tr

a
c
h

lo
ro

d
ib

e
n

z
o

-p
-d

io
x

in
(T

C
D

D
)

an
d

L
ym

ph
at

ic
an

d
H

em
at

o
p

o
ie

ti
c

C
an

ce
rs

El
\P

O
SU

R
E

ST
UD

Y
SI

TE
OF

O
B

S/
EX

P
OR

RA
TE

ST
U

D
T

PO
PU

LA
TI

O
N

EV
A

LU
A

TE
D

TY
PE

D
IS

EA
SE

C
A

SE
S/

C
O

N
TR

O
LS

R
A

TI
O

95
%

C
.1

.
L

IM
'T

S
RE

FE
RE

N
CE

12
2

ch
em

ic
al

w
o

rk
er

s
TC

P
2

,4
,5

-T
C

oh
or

t
L

ym
ph

at
ic

-
3

/0
.8

8
SM

R
=3

41
6

9
,

99
6

Po
w

er
Z

ee
k

an
d

w
it

h
ch

lo
ra

cn
e

m
o

rt
al

it
y

&
S

u
sk

in
d

,
(W

es
t

V
ir

g
in

ia
)

h
em

at
o

p
o

ie
ti

c
19

80

W
as

hi
ng

to
n

S
ta

te
P

he
no

xy
P

ro
p

o
r-

H
od

gk
in

s
3

8
/3

6
(f

ar
m

er
s)

PM
R

=1
06

75
,

14
5

E
x

p
o

su
re

M
il

ha
m

,
w

h
it

e
m

al
e

d
ea

th
s

h
e
rb

ic
id

e
s

ti
o

n
a
te

d
is

e
a
se

19
82

ag
e

20
+

,
1

9
5

0
·7

9
in

ch
lo

ro
p

h
en

o
ls

m
o

rt
al

it
y

9
/5

(o
rc

h
a
rd

is
t)

PM
R

=1
80

8
2

,
34

2
PM

R
N 0

o
cc

u
p

at
io

n
s

w
it

h
l»

ex
p

o
su

re
to

ph
en

ox
y

1
7

/9
(p

ap
er

&
PM

R
=1

89
11

0,
30

2
h

er
b

ic
Id

es
an

d
p

u
lp

m
il

l>
ch

lo
ro

p
h

en
o

ls
(W

as
hi

ng
to

n
S

ta
te

)
L

ym
ph

o-
1

2
/9

(o
rc

h
a
rd

is
t)

PM
R

=1
33

6
9

,
23

3
sa

rc
om

a
re

ti
c
u

lo
-

1
3

/"
(w

h
ee

t
PM

R
=1

18
6

3
,

20
2

sa
rc

om
a

fa
rm

er
s)

1
7

/1
3

(p
ap

er
&

PM
R

=1
31

76
,

20
9

p
u

lp
m

iI
I)

O
th

er
9

/6
(w

h
ea

t
PM

R
=1

48
6

8
,

28
5

ly
m

ph
om

as
fa

rm
er

s)

1
2

1
7

(r
a
il

ro
a
d

PM
R

=1
71

8
8

,
29

9
la

b
o

re
rs

)

O
BS

=
,

O
b

se
rv

ed
C

as
es

;
TC

P
=

T
ri

ch
lo

ro
p

h
en

o
l;

EX
P

=
E

x
p

ec
te

d
c
a
se

s;
PM

R
=

P
ro

p
o

rt
io

n
a
te

M
o

rt
a
li

ty
R

at
io

;
24

5T
=

2
,4

,5
-

T
ri

ch
lo

ro
p

h
en

o
x

y
ac

et
ic

A
ci

d;
SM

R
=

S
ta

n
d

ar
d

iz
ed

M
o

rt
a
li

ty
R

at
io

;



TA
BL

E
5

5
:

co
n

ti
n

u
ed

PO
PU

LA
TI

O
N

M
al

es
ag

e
25

-8
5

d
ia

g
n

o
se

d
be

tw
ee

n
19

74
-7

8
ad

m
l
tt

e
d

to
D

ep
t

of
O

nc
ol

og
y

(S
w

ed
en

)

EX
PO

SU
RE

EV
A

LU
A

TE
D

P
he

no
xy

h
e
rb

ic
id

e
s

ch
lo

ro
p

h
en

o
ls

ST
UD

Y
TY

PE

C
as

e
co

n
tr

o
l

SI
T

E
OF

D
IS

EA
SE

N
on

­
H

od
gk

in
s

ly
m

ph
om

a
&

H
od

gk
in

s
d

is
ea

se

O
B

S/
EX

P
OR

C
A

SE
S/

C
O

N
TR

O
LS

1
6

9
/3

3
8

RA
TE

R
A

TI
O

OR
=

4
.8

(P
he

no
xy

h
e
rb

ic
id

e
)

OR
=

4
.3

(C
h

lo
ro

·
p

h
en

o
ls

)

95
X

C
.1

.

2
.9

,
8

.1

2
.7

,
6

.9

ST
UD

Y
LI

M
IT

S

E
K

po
su

re

RE
FE

RE
N

CE

H
ar

d
el

l
e
t

8
1

,

19
81

M
al

es
u

n
d

er
ag

e
70

re
g

is
te

re
d

w
it

h
N

ew
Z

ea
la

n
d

C
an

ce
r

R
eg

is
tr

y
19

77
-8

1
(N

ew
Z

ee
la

n
d

)

P
he

no
xy

h
e
rb

ic
id

e
s

ch
lo

ro
p

h
en

o
ls

C
as

e
co

n
tr

o
l

N
on

­
H

od
gk

in
s

Ly
m

ph
om

a

3
7

/0
.4

9

19
12

3

OR
=

2
.0

(f
e
n

c
in

g
)

OR
=

1
.8

(m
ea

t
w

or
ks

)

1
.1

,2
.8

PO
lle

r
E

K
po

su
re

P
ea

rc
e

e
t

a
i,

19
86

'"o '0

C
he

m
ic

al
w

o
rk

er
s

(M
ic

h
ig

an
)

TC
P;

2
,4

,5
-'

ph
en

ox
y

h
e
rb

ic
id

e
s

C
oh

or
t

NH
L

m
o

rt
sl

it
y

5
1

2
.6

SM
R

=
19

2
6

2
,

4
4

9
Po

w
er

O
tt

e
t

a
i,

19
87

P
e
st

ic
id

e
a
p

p
ll

·
c
a
to

rs
li

c
e
n

se
d

b
e­

tw
ee

n
19

65
-1

97
6

(S
w

ed
en

)

P
he

no
xy

h
e
rb

ic
id

e
s

C
um

ul
a-

N
on

­
ti

v
e

H
od

gk
in

s
ca

n
ce

r
Ly

m
ph

om
a

in
ci

d
en

ce

H
od

gk
in

s
D

is
ea

se

21
C

as
es

11
C

as
es

SI
R

SI
R

1.
01

1
.2

.6
,

1
.5

.6
,

2
.2

E
K

po
su

re
W

ik
lu

n
d

e
t

a
i,

19
87

OB
S

=
•

O
b

se
rv

ed
C

as
es

;
TC

P
=

T
ri

ch
lo

ro
p

h
en

o
l;

SI
R

=
S

ta
n

d
ar

d
iz

ed
In

ci
d

en
ce

R
at

io
;

EX
P

=
E

K
pe

ct
ed

ca
se

s;
2

4
5

'
=

2
,4

,5
-T

ri
ch

lo
ro

p
h

en
o

K
y

ac
et

ic
A

ci
d;

OR
=

O
dd

s
R

at
io

;
SM

R
=

S
ta

n
d

ar
d

iz
ed

M
or

ta
l

it
y

R
at

io
;

N
H

l
=

no
n-

H
od

gk
in

s
ly

m
ph

om
a



TA
BL

E
55

:
co

n
ti

n
u

ed

~
i

"

PO
PU

LA
TI

O
N

"a
le

s
2

0
-7

9
;

d
ia

g
n

o
se

d
19

81
-8

4;
In

ca
n

ce
r

re
g

is
tr

y
o

f
W

es
te

rn
W

as
hi

ng
­

to
n

S
te

te
(W

as
hi

ng
to

n)

EX
PO

SU
RE

EV
AL

UA
TE

D

P
he

no
ll

y
h

e
rb

ic
id

e
s

ch
lo

ro
p

h
en

o
ls

ST
UD

Y
TY

PE

C
as

e
co

n
tr

o
l

SI
T

E
OF

D
IS

EA
SE

N
on

­
H

od
gk

in
s

ly
m

ph
om

a

O
B

S/
EX

P
OR

C
A

SE
S/

C
O

N
TR

O
LS

57
6/

69
4

RA
TE

RA
TI

O

OR
=

0
.9

2
ch

lo
ro

p
h

en
o

ls

OR
=

1
.3

3

(F
ar

m
er

s,
Ph

en
ol

lY
h

e
rb

ic
id

e

OR
=

4
.8

F
o

re
st

sp
ra

y
er

s

95
%

C
.1

.

0
.8

,
1

.8

1
.0

,
1

.
7

1
.2

,
1

9
.4

ST
UD

Y
LI

M
IT

S

M
u

lt
ip

le
te

st
s

RE
FE

RE
N

CE

W
oo

ds
e
t

a
I,

19
87

IV ~ o

35
4,

62
0

li
e

n

b
o

rn
18

91
-4

0
el

ll
pl

oy
ed

In
a
g

ri
c
u

lt
u

re
o

r
fo

re
st

ry
In

19
60

ce
n

su
s

(S
w

e
d

e
n

)

P
he

no
ll

y
h

e
rb

ic
id

e
s

C
u

m
u

la
ti

v
e

N
on

­
ca

n
ce

r
H

od
gk

in
s

in
ci

d
en

ce
Ly

m
ph

om
a

H
od

gk
in

s
D

is
ea

se

61 15
si

lv
ic

u
lt

u
re

5
fu

r
fa

rm
ln

g

N
o

e
le

v
a
te

d
RR

in
6

oc
cu

­
p

at
io

n
al

g
ro

u
p

s

RR
=

2
.2

6

RR
=

4
.4

5

1
.3

,
3

.9

1
.4

1
,

1
0

.1
5

E
ll

po
su

re
W

ik
lu

nd
,

e
t

a
I,

19
87

08
5

•
•

O
bs

er
ve

d
C

as
es

;
TC

P
:

T
ri

ch
lo

ro
p

h
en

o
l;

EX
P

=
E

ll
pe

ct
ed

ca
se

s;
OR

:
O

dd
s

R
at

io
;

RR
=

R
el

at
iv

e
R

is
k

;
d

ib
en

zo
d

lo
ll

in
s



TA
BL

E
5

6
:

In
v

e
st

ig
a
ti

o
n

s
o

f
th

e
re

la
ti

o
n

sh
ip

B
et

w
ee

n
(T

C
D

D
)

2
,3

,7
,8

-t
e
tr

a
c
h

lo
r o

d
ib

en
zo

·p
-d

io
x

in
E

xp
os

ur
e

an
d

R
es

p
ir

at
o

ry
C

an
ce

rs

EK
PO

SU
RE

ST
UD

Y
SI

T
E

OF
O

B
S/

EX
P

OR
RA

TE
ST

UD
Y

PO
PU

LA
TI

O
N

EV
AL

UA
TE

D
TY

PE
D

iS
EA

SE
C

A
SE

S/
C

O
N

TR
O

LS
R

A
Ti

O
95

%
C

.
J.

L
IM

IT
S

RE
FE

RE
IIC

E

C
he

ll
Il

ce
l

w
or

ke
rs

TC
P

C
oh

or
t

L
un

g
5

1
2

.8
5

SM
R

=
17

5
5

7
,

40
9

Po
w

er
la

ck
an

d
S

u
sk

ln
d

,
w

it
h

ch
Io

ra
cn

e
m

o
rt

a
li

ty
ca

n
ce

r
19

80
(
'I

n
t

V
Ir

g
In

ie
)

16
58

w
ho

w
or

ke
d

es
C

oh
or

t
B

ro
n-

5
9

/2
7

.5
SM

R
=

21
')

16
3,

27
7

E
xp

os
ur

e
B

ar
th

el
,

19
81

p
e
st

ic
id

e
e
p

p
li

c
a
to

rs
m

o
rt

a
li

ty
c
h

ia
l

be
tw

ee
n

19
48

-1
97

2
ca

rc
in

o
m

a
N

o
sm

ok
in

g
(W

es
t

G
er

m
an

y)
st

e
tu

s
N

C
he

tl
li

ce
l

w
or

ke
rs

2
,4

,5
-T

PM
R

L
un

g
6

/3
.5

7
PM

R
=

16
8

6
1

,
36

6
P

ow
er

la
ck

an
d

G
af

fe
y

,
(w

es
t

V
ir

g
in

ia
)

19
82

M
el

••
eg

ed
25

-8
5

y
rs

P
he

no
xy

-
C

as
e

N
as

al
38

/5
41

OR
=

2
.1

0
.9

,
4

.7
E

xp
os

ur
e

H
ar

d
el

l
e
t

e
l,

19
82

re
p

o
rt

ed
to

S
w

ed
is

h
h

e
rb

ic
id

e
s

co
n

tr
o

l
n

as
o

-
P

ow
er

C
en

ce
r

R
eg

is
tr

y
p

h
ar

y
n

-
1

3
/5

4
1

OR
=

6
.7

2
.8

,
1

6
.2

19
70

-7
9

g
ea

l
(S

w
ed

en
)

08
S

•
,

O
b

.e
rv

ed
C

es
es

;
rc

p
K

T
ri

ch
lo

ro
p

h
en

o
l;

SI
R

=
S

ta
n

d
ar

d
iz

ed
In

ci
d

en
ce

R
at

io
;

EX
P

z
E

x
p

ec
te

d
ca

se
s;

PM
R

•
P

ro
p

o
rt

lo
n

e
te

M
o

rt
.l

lt
y

R
at

io
;

24
5T

=
2

,4
,5

-T
ri

ch
lo

ro
p

h
en

o
x

y
ac

et
ic

A
ci

d;
OR

=
O

dd
s

R
at

io
;

SM
R

=
S

ta
n

d
ar

d
iz

ed
M

o
rt

a
li

ty
R

et
fo

;
PC

P
•

P
en

ta
ch

lo
ro

p
h

en
o

l;
RR

=
R

el
at

iv
e

R
is

k
;

PC
OO

=
p

o
ly

ch
lo

ri
n

at
ed

d
ib

en
zo

d
io

x
in

s



TA
BL

E
5

6
:

co
n

ti
n

u
ed

EX
PO

SU
RE

ST
UD

Y
SI

T
E

OF
O

B
S/

EX
P

OR
RA

TE
ST

UD
Y

PO
PU

LA
TI

O
N

EV
A

lU
A

TE
D

TY
PE

D
IS

EA
SE

C
A

SE
S/

C
O

N
TR

O
LS

R
A

TI
O

95
X

C
.I

.
L

IM
IT

S
RE

FE
RE

N
CE

74
ch

em
ic

al
w

or
ke

rs
TC

P
C

o
h

o
rt

b
ro

n
-

3
1

1
.2

6
SM

R
=

23
8

4
8

,
69

6
P

ow
er

T
h

ei
ss

e
t

a
i,

el
lp

os
ed

to
TC

P
M

o
rt

a
li

ty
c
h

ia
l

19
82

re
a
c
to

r
el

lp
lo

sl
o

n
ca

rc
in

o
m

a
(W

es
t

G
er

m
an

y)

C
as

es
fr

om
th

e
C

h
lo

ro
p

h
en

o
ls

C
as

e
N

as
al

83
9/

24
65

RR
=

0
.6

0
_

3
,

1
.2

E
ll

po
su

re
O

ls
en

an
d

19
70

-8
2

D
an

is
h

C
o

n
tr

o
l

ca
n

ce
r

(a
d

ju
st

e
d

fo
r

Je
n

se
n

,
19

84
C

an
ce

r
R

eg
is

tr
y

(8
3

9
/2

4
6

5
)

w
oo

d
d

u
st

)

C
he

m
ic

al
w

o
rk

er
s

Ph
en

ol
lY

C
u

m
u

la
ti

v
e

L
un

g
1

1
/5

.3
SI

R
=

20
7

10
3,

37
1

E
ll

po
su

re
L

yn
ge

,
19

85
(D

en
m

ar
k)

h
e
rb

ic
id

e
s

ce
n

ce
r

ca
n

ce
r

(m
en

)
in

ci
d

en
ce

N ~ N

08
S

•
•

O
b

se
rv

ed
C

as
es

;
TC

P
•

T
rl

ch
lo

ro
p

h
en

o
l;

SI
R

S
ta

n
d

ar
d

iz
ed

M
o

rt
a
li

ty
R

at
io

;
RR

•
R

e
la

ti
v

e
R

is
k

S
ta

n
d

er
d

iz
ed

In
ci

d
en

ce
R

et
io

;
EX

P
=

E
ll

p
ec

te
d

c
a
se

s;
SM

R
•



TA
BL

E
5

7
:

In
v

e
st

ig
a
ti

o
n

s
o

f
th

e
R

e
la

ti
o

n
sh

ip
B

et
w

ee
n

2
,3

,7
,8

-t
e
tr

a
c
h

lo
ro

d
ib

e
n

z
o

-p
-d

io
x

in
(T

C
D

D
)

E
xp

os
ur

e
an

d
G

a
st

ro
in

te
st

in
a
l

C
an

ce
rs

PO
PU

LA
TI

O
N

EX
PO

SU
RE

EV
AL

UA
TE

D
ST

UD
Y

TY
PE

SI
T

E
OF

D
IS

EA
SE

O
B

S/
EX

P
OR

RA
TE

C
A

SE
S/

C
O

N
TR

O
LS

R
A

TI
O

95
%

C
.1

.
ST

UD
Y

L
IM

IT
S

RE
FE

RE
N

CE

R
ai

lr
o

ad
w

o
rk

er
s

p
e
st

ic
id

e
a
p

p
li

c
a
to

rs
(S

w
ed

en
)

P
he

no
xy

h
e
rb

ic
id

e
s

C
oh

or
t

m
o

rt
a
li

ty
S

to
m

ac
h

3
1

1
.3

4
RR

=
2

.2
0

.4
5

,
6

.4
5

E
K

po
su

re
Po

w
er

A
K

el
so

n
e
t

a
i,

19
80

M
el

es
eg

e
25

-8
5

re
si

d
e
n

ts
In

re
g

io
n

o
f

th
e

D
ep

t.
o

f
O

nc
ol

og
y

an
d

re
p

o
rt

ed
to

S
w

ed
is

h
C

en
ce

r
R

eg
is

te
r

19
78

-7
9

(S
w

ed
en

)

Ph
en

oK
y

h
e
rb

ic
id

e
s

ch
lo

ro
p

h
en

o
ls

C
es

e
co

n
tr

o
l

C
ol

on
1

1
/4

3
ph

en
oK

ys

6
/1

3
ch

lo
ro

p
h

en
o

ls

OR OR

1
.3

1
.8

0
.6

,
2

.8

0
.6

,
5

.3

E
K

po
su

re
P

ow
er

H
ar

d
el

l,
19

81

'"~ ""

74
c
h

e
.l

c
e
l

w
o

rk
er

s
In

v
o

lv
ed

In
TC

P
re

e
c
to

r
ex

p
lo

si
o

n
(W

es
t

G
er

lll
en

y)

TC
P

C
oh

or
t

m
o

rt
a
li

ty
S

to
m

ac
h

3
/0

.7

C
ol

on
1

/0
.4

2

SM
R

SM
R

42
8

23
8

8
6

,
12

52
Po

w
er

3
,

13
25

T
h

ei
ss

e
t

e
l,

19
82

C
u

m
u

la
ti

v
e

S
to

m
ac

h
m

al
es

2
/1

.4
7

SI
R

=
2

.6
8

0
.7

2
,

6
.8

7

C
h

e.
lc

el
w

o
rk

er
s

(O
eM

e
rk

)

P
he

no
xy

h
e
rb

ic
id

e
s

ca
n

ce
r

in
ci

d
en

ce
R

ec
ta

l
m

al
es

4
1

1
.4

9

SI
R

1
.3

6
0

.1
5

,
4

.9
1

E
xp

os
ur

e
Po

w
er

L
yn

ge
,

19
85

In
te

st
in

e
1

0
/7

.1
SM

R
=

14
1

6
7

,2
5

9

C
h

n
tc

e
l

w
o

rk
er

s
(M

lc
h

lg
en

)
TC

P
2

,4
,5

-T
C

oh
or

t
m

o
rt

a
li

ty
S

to
m

ac
h

6
/3

.8
SM

R
15

8
6

2
,

44
9

Po
w

er
O

tt
e
t

e
l,

19
87

OB
S

~
•

O
b

se
rv

ed
C

as
es

;
TC

P
=

T
ri

ch
lo

ro
p

h
en

o
l;

SI
R

=
S

ta
n

d
ar

d
iz

ed
In

ci
d

en
ce

R
at

io
;

EX
P

=
E

K
pe

ct
ed

ca
se

s;
24

5T
2

,4
,5

-T
ri

ch
lo

ro
p

h
en

o
K

y
ac

et
ic

A
ci

d;
OR

=
O

dd
s

R
at

io
;

SM
R

=
S

ta
n

d
ar

d
iz

ed
M

o
rt

a
li

ty
R

at
io

;
RR

=
R

el
at

iv
e

R
is

k



TA
BL

E
58

:
In

v
e
st

ig
a
ti

o
n

s
o

f
th

e
R

el
at

io
n

sh
ip

B
et

w
ee

n
2
,
3
,
7
,
8
-
t
e
t
r
a
c
h
l
o
r
o
d
i
b
e
n
l
o
-
p
-
d
i
o
~
i
n

(T
C

D
D

)
E
~
p
o
s
u
r
e

an
d

O
th

er
C

an
ce

rs

PO
PU

LA
TI

O
N

C
he

m
ic

al
w

or
ke

rs
(D

en
m

ar
k)

EX
PO

SU
RE

EV
AL

UA
TE

D

P
h
e
n
o
~
y

h
e
rb

ic
id

e
s

ST
UD

Y
TY

PE

C
u

m
u

la
ti

v
e

ca
n

ce
r

in
ci

d
en

ce

SI
TE

OF
D

IS
EA

SE

C
e
r
v
i
~

O
B

S/
EX

P
OR

C
A

SE
S/

C
O

N
TR

O
LS

5
/1

.8

RA
TE

R
A

TI
O

S
IR

=
27

8

9
5

1
C

.1
.

9
0

,
64

8

ST
UD

Y

lI
"I

T
S

E
~
p
o
s
u
r
e

RE
FE

RE
N

CE

L
yn

ge
,

19
85

A
ir

fo
rc

e
R

an
ch

H
an

de
rs

(b
a
se

li
n

e
st

u
d

y
)

V
ie

tn
am

S
er

v
ic

e
C

ro
ss

­
se

c
ti

o
n

a
l

N
on

m
el

-
31

/2
1

an
o

ti
c

sk
in

ca
n

ce
r

(b
as

al
c
e
ll

)

R
R

=2
.4

1
.2

,
5

.1
E

ll
po

su
re

L
at

h
ro

p
e
t

a
i,

19
84

N ..
.A ...

N
on

m
el

·
2

9
/3

0
v

e
ri

fi
e
d

R
R

=1
.2

a
n

o
ti

c
A

ir
fo

rc
e

R
an

ch
H

an
de

rs
(f

o
ll

o
w

up
st

u
d

y
)

V
ie

tn
am

S
er

v
ic

e
C

ro
ss

­
se

c
ti

o
n

a
l

sk
in

ca
n

ce
r

(b
as

al
c
e
ll

)

3
6

/4
8

v
e
ri

fi
e
d

R
R

=1
.0

&
su

sp
ec

te
d

0
.7

,
2

.1

0
.6

,
1

.5

E
~
p
o
s
u
r
e

L
at

h
ro

p
e
t

a
i,

19
87

C
he

m
ic

al
w

o
rk

er
s

M
id

la
nd

,
M

'
(M

lc
h

l,
en

)

TC
P

2
,4

,5
-T

C
oh

or
t

m
o

rt
a
li

ty
P

ro
st

a
te

ca
n

ce
r

8
/4

.2
S"

R
=1

90
8

2
,

37
5

Po
w

er
O

tt
e
t

a
i,

19
87

O
IS

•
,

O
be

er
ve

d
C

as
es

;
TC

P
•

T
ri

ch
lo

ro
p

h
en

o
l;

SI
R

=
S

ta
n

d
ar

d
iz

ed
In

ci
d

en
ce

R
at

io
;

EX
P

=
E
~
p
e
c
t
e
d

ca
se

s;
PM

R
•

P
ro

p
o

rt
io

n
at

e
M

o
rt

a
li

ty
R

et
lo

;
24

5T
•

2
,
4
,
5
-
T
r
i
c
h
l
o
r
o
p
h
e
n
o
~
y
a
c
e
t
i
c

A
ci

d;
OR

=
O

dd
s

R
at

io
;

S"
R

=
S

ta
n

d
ar

d
iz

ed
M

o
rt

al
it

y
R

at
io

;
P

C
P

.
P

en
ta

ch
lo

ro
p

h
en

o
l;

RR
=

R
el

at
iv

e
R

is
k

;
PC

DD
=

p
o

ly
ch

lo
ri

n
at

ed
d
i
b
e
n
l
o
d
;
o
~
i
n
s



TA
BL

E
5

9
:

S
tu

d
ie

s
In

v
e
st

ig
a
ti

o
n

s
o

f
th

e
R

el
at

io
n

sh
ip

B
et

w
ee

n
2

,3
,7

,8
-t

e
tr

a
c
h

lo
ro

d
ib

e
n

z
o

-p
-d

io
x

in
(T

C
D

D
)

E
xp

os
ur

e
an

d
N

on
m

al
ig

na
nt

C
au

se
s

o
f

D
ea

th

EX
PO

SU
RE

ST
UD

Y
SI

TE
OF

O
B

S/
E

llP
OR

RA
TE

ST
UD

Y

PO
PU

LA
TI

O
N

EV
AL

UA
TE

D
TY

PE
D

IS
EA

SE
C

A
SE

S/
C

O
N

TR
O

LS
R

A
TI

O
95

%
C

.1
.

L
IM

IT
S

RE
FE

RE
N

CE

F
o

re
st

ry
"o

rk
e
rl

2
,4

-0
C

o
h

o
rt

S
u

ic
id

e
41

1
.5

0(
<5

y
rs

)
SM

R
=

26
7

1
0

7
,4

2
6

P
ow

er
G

re
en

,
19

88
em

pl
oy

ed
19

50
-1

98
2

2
,4

,5
-T

M
o

rt
al

it
y

5
1

1
.9

5
(5

-1
4

y
rs

)
SM

R
=

25
6

1
1

6
,3

9
6

M
ul

t
ip

le
N

•
12

22
te

st
s

(C
an

ad
a)

21
1_

74
(
~
1
5
y
r
s
)

SM
R

=
11

5
0

,2
6

3
E

xp
os

ur
e

OB
S

•
,

O
b

le
rv

ed
C

as
es

;
El

lP
=

E
x

p
ec

te
d

c
a
se

s;
24

5T
=

2
,4

,5
-T

ri
ch

lo
ro

p
h

en
o

x
y

ac
et

ic
A

ci
d

;
SM

R
=

S
ta

n
d

ar
d

iz
ed

M
o

rt
a
li

ty
R

at
io

;
2

,4
-D

=
2

,4
-d

ic
h

lo
ro

p
h

o
x

y
a
c
e
ti

c
a
c
id

N -"
' '"





APPENDICES

216





217

APPENDIX A

REVIEW OF THE EFFECTS OF 2,3,7,8-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 LDso of 0.6 ug/kg body weight (bw) (Schwetz

et al., 1973), while the male Golden Syrian hamster 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 Sooo-fold difference in species

sensitivity. Other species have sensitivities intermediate to the

guinea pig and hamster in the following order of decreasing LDSO

dose: rat, monkey, mouse, rabbit (Neal et al., 1982). Intraspecies

variations in lethality may be due to strain, age and .ex of the
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animal. In general, younger (weanling) animals, females and Ah

responsive strains are more sensitive to the effects of

2,3,7,8-TCDD (Neal et al., 1982; Neal, 1985; NTP, 1982b). Low

dose, chronic exposures appear to be cumulative, causing more

severe effects than single doses of the same strength (MCNulty,

1977).

When compared to the toxicity of other chlorinated dibenzodioxins,

the isomer chlorinated at the 2,3,7 and S carbons is the most toxic

configuration (Neal et al., 19S2; Poland et al., 1976; Neal,

1985). The dibenzofurans share a similar toxicologic profile with

the dibenzodioxins. However, the 2,3,7,S-tetrachlorodibenzofuran

is approximately two to four times less toxic than 2,3,7,S-TCDD

(Moore et al., 1979).

Weight Loss

One of the most consistently reported outcomes of exposure to

2,3,7,S-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 species evaluated. Reduction of

pre-exposure body mass in animals administered 2,3,7,S-TCDD has

been recorded in Rhesus monkeys, (McConnell et a1., 1978a; McNulty,

1977; Allen et al., 1977), in Hartley guinea pigs (MCConnell et
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al., 1978b; Harris et al., 1973; DeCaprio et al., 1986), in CS7B1/6

mice (McConnell et al., 1978b; Vos et al., 1974, and in Wiatar rats

(Courtney et al., 1978), CD (Harris et al., 1973) and

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

In a few studies, treated animals (CD and Sprague Cawley rats and

Golden Syrian hamsters) did not lose weight, rather they failed to

gain the same amount of weight recorded in the untreated

age-matched controls (Harris et al., 1973; Kociba et al., 1976;

Olson et al., 1980). The reason for the observed loss of weight

has not been explained; however, researchers agree that, although

many animals are reported to reduce food consumption (McConnell et

al., 197Bb; 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 Suakind, 1949, 1950; Suskind et al., 1953;

Baader and Bauer, 1951; Bauer et al., 1961; Goldman, 1972; Poland

et al., 1971). In a aeries of three independent rabbit ear skin

painting studies, Ximmig and Schulz (1957) identified the chemical

.ource of the chloracne aa 2,3,7,8-TCDD (Table 38). Jon.a and



220

Kizek (1962) and Schwetz et al., (1973) described the pathology of

the condition as hyperkeratosis of the follicular epithelium,

hyperplasia of surface epidermis, comedones, and thickenin9 of the

epidermal keratin. Similar changes were noted in HRS/J (hairless

mice) (Jones et al., 1981). Systemic administration in rhesus

monkeys caused what may be presumed as more severe effects

including: acne, squamous cell metaplasia of the sebaceous gland,

disturbances of keratin-producing follicles causing loss 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 (Olson et al., 1980), at least one of these effects were

observed in mice (VOS et al., 1974; Jones and Greig, 1975), rats

(McConnell et al., 1978a, 1978b; Greig et al., 1973; Xociba et al.,

-
1976; Kociba et al., 1978, Zinkl et al., 1973), monkeys (MCConnell

et a1, 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 _peeles tested,

whether the animals are given a single dose or are qiven repeated

doses over a prescribed period. Morphologically, livers of exposed

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

(Jones and Greig, 1975; McConnell et ale 1978b; Vos et al., 1974;

NTP, 1982b; Jones et al., 1981), 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

vacuolarization of hepatocytes with lipid. In rats (Greig et al.,

1973; Gasiewicz et al., 1980; Kociba et al., 1978) and monkeys

(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

(Olson et aL, 1980).

In addition to nonneoplastic morphological changes, increases in

hepatic nodules were observed in 2,3,7,8-TCDD treated rats (Kociba

et al., 1978) and mice (Toth et al., 1979; NTP, 1982a).

Futhermore, statistically significant increases in hepatocellular

carcinoma was demonstrated in Sprague-Dawley rats (Kociba et al.,

1978), in Osborne-Mendel rats (NTP, 1982q) and B6C3Fl mice (NTP,

1982a) .
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Cellular proliferation and h~rplasia of bile duct epithelium was

common in exposed mice, (Jones and Greig, 1975; Vos et al. 1974;

McConnell et al., 1975), rats (Gasiewicz et al., 1980, Kociba et

al., 1976) and in rhesus monkeys (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,S-TCDD, were not

consistently changed (Table 40). In general, SGOT was increased in

rats (Greig et al., 1973; Zinkl et al., 1973; Gasiewicz et al.,

1980) and in monkeys (McConnell et al., 1975) 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., 19S0), guinea pigs (DeCaprio

et al., 19S6) and hamsters (Olson et al., 19S0). Bilirubin was

measured in eight studies of rats, monkeys and hamsters. Two to

20-fold increases in mean bilirubin levels were noted in rats

(Gasiewicz et al., 19S0; Zinkl et al., 1973; Kociba et al., 1976)

and in Golden Syrian hamsters (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,S-TCDD has a180 been

associated with decrease in 8erum 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). Increases in serum cholesterol

have been demonstrated in rats (Greig et al., 1973; Z1nkl et al.,

1973; Gasiewicz et al., 1980) and in hamsters (Olson et al.,

1980). Changes in serum protein levels 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

metabolism 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:, 1973; 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., 1973; 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 consistent 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; Zinkl 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., 1973; Gasiewicz et al., 1980), guinea pigs

(Gasiewicz and Neal, 1979) and hamsters (Olson et a1., 1980) (Table

42). Unlike the elevations of serum cholesterol in rats, hamsters

and guinea pigs, rhesus monkeys experienced decreased cholesterol

levels after exposure to 2,3,7,8-TCDD (McConnell et al., 1978;

Schantz et al., 1979). Serum triglyceride levels were also

measured in eight studies of rats (Poli et al., 1980; Schiller et

al., 1986; Albro et al., 1978; Gasiewicz et al., 1980), guinea pigs

(Gasiewicz and Neal, 1979; DeCaprio et al, 1986), monkeys

(MCCOnnell et al., 1978) and hamsters (Olson et al., 1980). The

results, however, are not consistent among the studies and did not

reflect similar changes in serum cholesterol levels.

Alterations in serum protein and albumin have been observed as a

consistent 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 a.rum 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 state of dehydration

and hemoconcentration.

Increased excretion of porphyrins and alterations in porphyrin

excretion patterns after repeated exposure to 2,3,7,8-TCDD was

demonstrated in mice, and rats (Table 44). Exposure to

2,3,7,8-TCDD caused increased excretion of uroporphyrins and

heptacarboxlic porphyrins in mice (Goldstein et al., 1973; Sweeney

et al., 1979; Jones and Sweeney, 1980; Cantoni et al., 1984), and

in rats (Kociba et al., 1976; Kociba et al., 1978; Cantoni et al.,

1981). Monkeys administered single oral doses of at least 70

2,3,7,8-TCDD ugjkg bw did not develop signs 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 period may be species and strain specific, and

it may be also 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). In mice the induction period has been

shown to be as short as one week and as long as 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

Respiratory Effects

Studies of chronic exposure to 2,3,7,8-TCDD in Sprague-Da~ley rats

(Greig et al., 1973; Kociba et al., 1978), B6C3Fl mice (NTP,

1982a), rhesus monkeys (Allen and Carstens, 1976; Allen et al.,

1977) and hartley guinea pigs (DeCaprio et al., 1986) reported

profound changes in bronchiolar or alveolar tissue including

alveolar edema and hyperplastic, keratinizing squamous metaplasia

and squamous cell carcinomas (Table 45).

In the oral cavity, stratified squamous cell carcinoma of the hard

palate and nasal turbinates were observed in 8 of 99 Sprague-Dawley

rats administered daily doses of 0.1 ug 2,3,7,8-TCDD/kg bw (Kociba

et al., 1978). Other long-term dosing studies of rats 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



227

contaminated with an unknown amount of 2,3,7,e-TCDD (Allen and

Carstens, 1967) (Table 46). In a separate study, nine months of

exposure to 500 ppt 2,3,7,e-TCDD by gavage caused gangrenous

necrosis of the fingers and toes in rhesus monkeys as well as

generalized edema and ascites. Cardiac involvement included

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

1d bw 2,3,7,S-TCDD (Kociba et al., 1975). 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; McConnell 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; McConnell et al., 1975a). It is also 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,a-TCDD contaminated food. In these studies, the 2,3,7,a-TCDD

was administered with chow or by gavage.

Hematologic Effects

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

cellular components of blood (Table 47) (Vos et al. 19741 linkl it

al., 1973; Greig et al., 1973; Weissberg and Zinkl, 1973; Allen et
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al., 1977; Kociba 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 po1yhalogenated

aromatic hydrocarbons; to the possibility that the effects of acute

and chronic dosing studies are not comparable due to the variation

in the life span of the various cellular components; 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 2,3,7,8-TCDD in the

liver of fetuses whose mothers had been fed 2,3,7,8-TCDD

contaminated fly ash on days 10 to 17 of pregnancy. This study

clearly demonstrates the ability of 2,3,7,a-TCDD to cross the

placenta and deposit in fetal tissue. 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

tests of mice and rats tested. (Table 49) (Murrayet al., 1979;

Giavini et al., 1983; Weber et al., 1985; Birnbaum et al., 1985;

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 pelvis) (Birnbaum et al., 1985; Moore et al.,

1973; Smith et al., 1976; Weber et al., 1985). other effects

observed hydrocephalus, open eye, petechiae, fetal re.orption 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 increases in the

incidence of 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 offspring of

rhesus monkeys exposed to 2,3,7,8-TCDD prior to and during

pregnancy, fetal loss and infertility (failure to conceive) were

increased when compared to unexposed controls (Allen et al., 1979;

McNulty, 1975; McNulty, 1984).

Immunologic Effects

The effects of 2,3,7,S-TCDD on the immune function in experimental

animals include thymic involution and atrophy and suppre•• ion of

both cell-mediated and humoral immunity. The types of immunologic

responses- observed are dependent upon the species and age of the

animal as well as the test protocol employed (Table 50).
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Thymic degeneration has been observed in all species tested

including mice (Harris et a1., 1973; Vos et al., 1974; Clark et

al., 1981), rats (Harris et al., 1973; Gupta et al., 1973;

Gasiewicz et a1., 1980.) Hartley guinea pigs (DeCaprio et al.,

1986; Gupta et a1., 1973), golden Syrian hamsters (Olson et a1.,

1980), and rhesus 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 a1., 1981; Dean and Lauer, 1984; Vos and

Moore, 1974; Faith and Moore, 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., 1985;

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

exposed 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 Moore, 1977), thymic atrophy, depression of T-cell mediated

responses and bone marrow toxicity are greater in the perinatally

exposed animal than in the adult animal (reviewed by Sonawane et

al., EPA Risk Assessment, 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

response (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 Ah

responsive species in comparison with non-responsive species.

Carcinogenic Effects

In 1987, the International Agency for Research on Cancer (IARe)

determined that there is sufficient evidence to classify

2,3,7,8-TCDD as a definite carcinogen (IARC, 1987). This 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; Pitot et al., 1980; Kouri et al. 1978), mice
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(Toth et al., 1979; NTP, 1982a; NTP, 1982b), and Golden Syrian

hamsters (Rao et al., 1988) (Table 48). The rat liver appears to

be the target organ for carcinogenesis after 2,3,7,8-TCDD exposure

(NTP 1982a; Kociba et al., 1978).

Rats

Three studies of rats, two of Sprague-Dawleys and one of

Osborne-Mendel rats, found elevated incidence of a variety of

tumors after treatment with 2,3,7,S-TCDD. Male and female

Sprague-Dawley rats were fed diets supplying 0.1, 0.01 or 0.001 ug

2,3,7,S-TCDD/kg daily for two years (Kociba et al., 1975).

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 (lS or SO animals, p<O.OS) in females only

at levels of 0.01 ug 2,3,7,S-TCDD/kg/day. Increased incidence of

malignancies was observed in four sites in the SO male or the 49

female rats treated with 0.1 ug 2,3,7,S-TCDD/kg/day:

hepatocellular carcinoma (2 male [4\), 11 females [22\);

stratified squamous cell carcinoma of the hard palate or nasal

turbinates (4 male [S\I, 4 female [S\I; stratified squamous cell

carcinoma of the tongue (3 male [6\), 2 female [4\1); and,

keratinizing squamous cell carcinoma of the lung (1 male [2\1, 7

female [14\).
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In support of the findings of previous studies, statistically

significant (P<O.05) increases in the incidence of neoplastic

nodules of the liver or hepatocellular carcinoma were observed in

Osborne-Mendel rats treated by gavage twice weekly, with o.s ug

2,3,7,8-TCDD/kg for 104 weeks (2 years) (NTP, 1982a). As in the

study by Kociba et al., (1978) female rats developed appreciably

more liver tumors than males at the same dose (22\ in females V5.

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 (0.01 ug/kg=9\ increase; 0.05 ug/kg=l\ increase;

0.5 ug/kg=19\ increase). No measurable increases were noted in

female Osborne-Mendel rats at any dose. In 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,B-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,a-TCDD laden dust. This finding by Kociba et A1. (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,S-TCDD-contaminated dusts may increase the risk of humans to

the development of respiratory cancers.

Mice

The evidence for carcinogenicity of 2,3,7,S-TCDD in mice is

illustrated in three separately conducted studies (NTP, 1982a; NTP,

1982bi Toth et al., 1979). In one of the earlier studies,

Swiss/H/Riop mice developed liver tumors (malignant and

nonmalignant tumors 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., 1979). 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 0.7 and 7

ug 2,3,7,8-TCDD/kg developed lung tumors. In the same study,

eighteen percent (lS\) and 39\ of the unexposed cqntrol 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 2,3,7,8-TCDD/kg (23\) than

with 7.0 ug 2,3,7,8-TCDD/kg (14\). Hypothetically, this decrease

in lung tumors and lymphomas may be due to the reduction in average

life span of mice administered 7.0 ug 2,3,7,S-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 significant increase in the incidence

of hepatocellular carcinoma in male and female 86C3F1 mice

administered 0.5 ug 2,3,7,B-TCDD/kg (males) or 2.0 ug

2,3,7,B-TCDD/kg (females) twice weekly for 104 weeks (NTP, 1982a).

At these doses, 23\ and 12\ increases in hepatocellular carcinoma

were observed in male and female mice, respectively. Female 86C3Fl

mice also developed significantly more follicular-cell adenomas of

the thyroid compared to unexposed controls (11\ increases in lung

tumors or lymphomas were found in B6C3Fl mice. Both studies dosed

the animals by gavage.

A single 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,a-TCDD per application

three times 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 ugjkg for females. Thirty percent (P<.OS) of the

treated females developed fibrosarcoma of the integumentary system

whereas 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,e-TCDD

in Golden Syrian hamsters which are considered the species most
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resistant to the effects 2,3,7,e-TCDD (Rao et al., 1988).

Twenty-one percent of all animals treated monthly by either s.c. or

i.p. injection with 100 ug 2,3,7,8-TCDD/kg for 6 month. (total of

600 mg 2,~,7,8-TCDD/kg) developed squamous cell carcinomas of the

facial sk~n within 12-13 months of the beginning of the study. No

tumors of the tongue, hard palate/nasal turbines or lungs were

found. Nane of the control animals nor any of the hamsters

receiving~ monthly injections of 100 ug 2,3,7,8-TCDD/kg or 6

monthly injections of SO ug 2,3,7,S-TCDD/kg developed tumors of any

kind. ~

Proposed Mechanisms of the Carcinogenicity of 2,3,7,S-TCDD

~

•
The mechanism by which 2,3,7,S-TCDD induces tumor growth has been a

~

point of cpnsiderable debate. Chemical carcinogenesis is thought

to occur through two basic mechanisms, initiation and promotion

(Pitot et al., 1980). Initiation is considered an irreversible

process ca~sed by the administration of a carcinogen which

covalently=binds 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 cells into neoplastic cells. The body of

evidence from animal toxicologic studies suggest that 2,3,7,8-TCDD

is a strong tumor promotor (Pitot et al., 1980; Poland et a1.,

1982; Kouri et a1., 1978; Abernethy et a1., 1985; Abernethy and

Barieko, 1987) and may also be a tumor initiator (DiGiovanni et aI,

1977; Kociba et a1, 1978; Holder and Menzel, 19S9) .
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Pitot et al (19S0) demonstrated that 2,3,7,S-TCDD is an extremely

potent promotor in previously damaged livers undergoing cellular

regeneration. In this study, partially hepatectomized Charles

River rats 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,S-TCDD/kg, twice weekly for 14

weeks (Pitot et al., 19S0). 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,B-TCDD/kg and DEN or 2,3,7,B-TCDD alone or DEN alone.

In another study, 2,3,7,S-TCDD was capable of promoting a dose

related increase of keratinizing squamous cell papillomas in

HRS/(hr/hr) hairless mice but not in HRS/J(hr/+) mice (Poland et

al, 1982) following 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,S-TCDD twice weekly for e weeks, then 50

ug 2,3,7,e-TCDD for 17 weeks, developed approximately 1.4

papillomas per mouse in over eO\ 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 study 2,3,7,S-TCDD was also 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,S-TCDD per mouse

resulted in a dose-related increase in the incidence of papillomas
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(control-S\; 3.75 ng-SS\, 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 s.c. administration of 150 ug 3-methylcholanthrene

(3-MC) (Kouri et al., 1978). When 2,3,7,8-TCDD and 3-MC were

administered simultaneously, 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

concentrations of 2,3,7,8-TCDD increased cell transformation

(Abernethy-et al., 1985). However, Berry et ale (1978) found no

tumor promotion after application of 2,3,7,8-TCDD.

supporters of the promotion 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 to RNA and DNA

(Poland and Glover, 1979), 2,3,7,a-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 functions as a complete carcinogen. In 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,S-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,S-TCDD carcinogenicity is

further illustrated by evidence that 2,3,7,8-TCDD may inhibit tumor

initiation by known initiators benzo-(aJ-pyrene or

7,13-dimethylbenzanthracene and promoted with

12-0-tetradecanoyl-phorbol-13-acetate (Cohen 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,S-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,S-TCDD is

carcinogenic in rodents. There is no available evidence to confirm

this assertion in higher order mammals. Chronic, low-dose

administration of 2,3,7,S-TCDD did not result in tumor formation in

rhesus monkeys. However, other morbid effects were obBerved 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,S-TCDD orally 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

rats and mice but not in hamsters. The plethora of other tumor

sites generated by exposure to 2,3,7,S-TCDD may suggest that some

cells are more sensitive to the tumor inducing effect of

2,3,7,8-TCDD, such as liver cells, and develop tumors first, but

that constant insult by 2,3,7,8-TCDD of other less sensitive cells,

triggers the same tumorigenic response as liver cells.

In summary, well-conducted studies have demonstrated that 2,3,7,8­

TeDD is a strong promoter; however, there is also sufficient

evidence to argue that 2,3,7,S-TCDD is also an initiator.

Mechanisms of the Toxicity of 2,3,7,8-TCDD

The mechanism by which 2,3,7,S-TCDD evokes a toxic response has

been extensively studied and continues to be researched. A number

of comprehensive reviews, compiling the knowledge to date, have

been published recently (Goldstein and Safe, 19S9; Skene et al.,

1989; Si1bergeld and Gasiewicz, 19S9). The toxicity of

2,3,7,S-TCDD appears to be associated with two related factors:

structure-activity relationship and the resulting ability to bind

with an intracellular receptor. Of the dibenzo-p-dioxin8 and

related compounds [dibenzofurans (PCDF) and polychlorinated
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biphenyls (PCB»), the most toxic are planar or nearly planar

structures, with a minimum of three halogens occupying the lateral

ring positions, and one position is unsubstituted (Poland and

Knutsen, 1982). This configuration permits the molecule to bind

with a high affinity stereospecific receptor. Based upon studies

by Poland and Glover (1973; 1974) and Poland et al. (1979), there

is strong evidence that the receptor is associated with genes (Ah

loci) regulating the activity of cytochrome P-4S0-dependent

enzymes, including aryl hydrocarbon hydroxylaze. (Cytochrome P-450

is a family of monooxygenases which metabolize carcinogens, drug,

pesticides and other xenobiotics.) A widely studied 2,3,7,S-TCDD

receptor, called the Ah receptor, binds to c~rtain halogenated

aromatic hydrocarbons, such as 2,3,7,S-TCDD, and to structurally

related polycylic aromatic hydrocarbons, such as

3-methylcholanthrene(3-MC). The 2,3,7,8-TCDD/Ah receptor has been

found in a number of species including guinea pigs, monkey, mice,

rat and hamster (Gasiewicz and Rucci, 1984).

The organ distribution of 2,3,7,8-TCDD/Ah receptors is species

dependent (Gasiewicz and Rucci, 1984; Hason and Okey, 1982;

Carlstedt-Duke, 1979). In the cytoplasm the Ah receptor binds to

the 2,3,7,8-TCDD to form a 2,3,7,B-TCDD receptor complex. It is

this complex that moves through the nuclear membrane and binds to

the DNA. (2,3,7,S-TCDD does not easily penetrate the nuclear

membrane nor readily covalently bind with DNA (Poland and Glover,

1979). It is the binding of the 2,3,7,S-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).

Although the body of evidence supports a receptor theory, the

mechanisms by which 2,3,7,8-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 glucocorticoid

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 of testosterone and

estrogens, particularly causing androgen deficiency (Moore et al.,

1985) and alteration of the metabolism of adrenal steroids.

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 class of .imilar

compounds which have become common contaminants of the modern

environment. While much work has already been conducted to examine
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every aspect of 2,3,7,S-TCDD toxicity, it has become evident that

its effects are many and the mechanisms of action are complex.

Collectively this research has documented that, in animals,

2,3,7,S-TCDD causes a host of clinical and subclinical health

effects, both benign and malignant. Studies at the molecular level

suggest that these effects are moderated by the action of a

2,3,7,S-TCDD-receptor molecule which binds with DNA and alters

normal expression of certain genes. Other data also indicate that

2,3,7,8-TC~D may bind with other receptors, particularly steroid

receptors, 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,S-TCDD.
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APPENDIX B

HUMAN HEALTH EFFECTS OF EXPOSURE TO

2, 3, 7,8-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 subsequent to acute

and chronic exposure to a variety of chlorinated aromatic compounds

(Crow, 1978; Moses and Prioleau, 1985). This acne-like condition

is reported to have occurred with and without other health effects

in at least a few people after all reported accident. 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 2,3,7,8-TCOO

contaminated products (Bleiberg et al, 1964; Poland et al, 1971;

Pazderova-Vejlupkova et al, 1981; Moses et al, 1984; Moses and

Prioleau, 1985; Suskind and Hertzberg, 1984; Bond et al, 1989) and

among three laboratory workers exposed to pure 2,3,7,8-TCDO

(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 TCOD

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, 1971; Reggiani, 1981) and up to 25

years after exposure (Suskind and Hertzberg, 1984).

Hyperpigmentation, hirsutism (also known as hypertrichosis or

abnormal distribution of 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 its derivatives during manufacturing processes

or industrial accidents, and among laboratory workers in England

exposed while synthesizing pure 2,3,7,a-TCDD (Oliver, 1975). These

effects were not seen upon reexamination twenty-five years later

among workers from the West Virginia plant (Suskind and Hertzberg,

1984; Hoses 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

= 59.1\; Unexposed = 30.1\, p<.01). 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 workers have found an increase in the prevalence of

actinic elastosis. Among this same group, Suskind noted three

cases of Peyronie's disease, a rare condition characterized by

progressive scarring of the penile membrane. No explanation for

this finding was expressed 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 (LathEop et al, 1984). The comparison 9rouP was

composed of Air Force personnel assigned to cargo missions outside

. ,
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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 at al, 1987).

Gastrointestinal Effects

Liver size

Changes in liver function and structure after exposure to

2,3,7,S-TCDD are commonly observed in treated animals. The changes

are not always consistent from one species to another 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,S-TCDD is increased liver size.

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,

19S4). In 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 amonq 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 was found among 5 of 22 Seveso residents with

severe chloracne. The hepatomegaly lasted Rseveral R 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 and case reports reported

elevated liver enzymes among exposed workers and among Seveso

residents. Increased levels of gamma glutamyl transferase (GGT)

may suggest activity such as cholestases, liver regeneration or

drug or xenobiotic metabolism. Elevation in GeT levels were found

among Seveso adults (Filippini et al, 1981) (data not shown) and

among boys in Seveso living in a 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 vs controls

39.3) were observed in Air Force Ranch Handers. A statistically

significant excess in the proportion of individuals with abnormally

high GeT levels was found among West Virginia worker. with
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chloracne who were examined as many as 30 years after exposure

(Moses et al, 1984) (chloracne • 23\ abnormal vs. no chloracne K 9%

abnormal, p<.03).

Abnormal levels of serum glutamic oxaloacetic transaminase (SGOT)

and serum glutamic pyruvate transaminase (SGPT) may indicate liver

cell damage from a number of etiologies including hepatic necrosis,

metastatic carcinoma or obstructive jaundice (SGOT and SGPT), or

infectious or toxic hepatitis and cirrhosis (SGOT) (Henry, 1979).

Elevated levels of these enzymes may also be due to nonhepatic

origins, such as, myocardial infarction, acute pancreatitis (SGOT

and SGPT) or skeletal, cerebral or renal necrosis (SGOT). Both

enzymes were elevated among TCP production workers in New Jersey

(Bleiberg et aI, 1964) and in Czechoslovakia (Jirasek et aI,

1974). SGOT was increased in West Virginia TCP workers with

chloracne (3\ abnormals with chloracne vs 0 abnormals without

chloracne) (Moses et aI, 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 explosion (May, 1973). Filippini

et al (1981) found increased SGOT and SGPT among adult Seveso

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 comparisons. None of the studies

reported clinical evidence of liver disease in these populations.

Therefore, in the absence of reports among exposed individuals of
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hepatic or nonhepatic diseases related to changes in SGOT or SGPT

levels, it is possible that the fluctuations in enzyme levels may

be due to activities related to metabolism of xenobiotics.

other enzymes, delta amino levulinic acid (d-ALA) (Jirasek et al,

1974), lactate dehydrogenase (LOH) (Poland et al, 1971; 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 levels returned to normal. Ten years after their initial

study of the Czechoslovakian TCP workers (Jirasek et al, 1974),

Pazderova-Vejlupkova et al (1981) found enzyme levels (SGPT, SGOT,

d-ALA, 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, LOH 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 consistency in the results. Elevated levels (chloracne =

2.09 vs 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 umole/g vs unexposed = 19.8 umole/g

p<.05) and among Seveso children with chloracne (39 umole/g)

compared to those without chloracne (20.5 umole/g) (Ideo 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 observed among individuals exposed to TCDD

contaminated waste oils in Times Beach or Quail Run, Missouri (Webb

et al, 1987; Hoffman et al, 1986) or measured among Air Force Ranch

Handers (Lathrop et al, 1984; Lathrop et al, 1987) or chemical

workers from West Virginia (Suskind and Hertzberg, 1984; Moses et

al, 1984) or among Dutch forestry workers presumed to be heavily

exposed to 2,4,5-T for many years (van Houdt et al, 1983).

Porphyrin metabolism

Porphyria cutanea tarda (PCT) has been reported in two .tudies 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 tLme of the reactor accident (Strik et al, 1980).

Doss et al (1984) suggests 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

resulting over-production and excretion of uroporphyrin (Sweeney,

1986). The predominant characteristics 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 heptacarboxylicoporphyrins (Strik, 1979).

PCT has been associated with excessive alcohol intake, oral

estrogens, iron overload, hepatomas, and exposure to

polyhalogenated hydrocarbons (Strik, 1979). A particularly large

outbreak of PCT occurred after consumption of grain treated with

hexachlorobenzene (HCB) (Cam and Nigogosyan, 1963). While

2,3,7,B-TCDD has been related to alterations in porphyrin

metabolism in mice and rats (Goldstein et al, 1973; Smith et al,

1981; Jones et al, 1981; DeVerneiul et al, 19B3; Cantoni et al,

19B1; Goldstein et al, 1982). No PCT was reported among three

laboratory workers exposed to pure 2,3,7,S-TCDD (Oliver, 1975).

These individuals are the only humans to have documented exposure

to uncontaminated 2,3,7,S-TCDD.
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In 1977, 60 Seveso residents were tested for elevated porphyrins,

exclusive of the family with inherited deficiency UROO. None of

the 60 residents developed PCT, however, 22\ (NK 13) exhibited

secondary coproporphyrinuria, S of whom showed a slight increase of

uro- and heptacarboxyporphyrinB and coproporphyrins (OOBS et al,

1984). Porphyrin levels were retested in 1980 and in 12 of the

cases porphyrin levels returned to normal. In three others,

porphyrin levels were more severe and were attrib~ted to liver

damage and alcohol consumption.

In 1964, Bleiberg et a1 reported that based on the Watson-Schwartz

test, 11 of 29 New Jersey workers with chloracne who were employed

in the manufacture of Tep, 2,4,S-T and 2,4-0 had porphyria cutanea

tarda due to increased urinary uroporphyrins, coproporphyrins 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

one individual with uroporphyrinuria. The report did not explain

if this individual was one of the four described by Bleiberg et a1

(1964). Jirasek et al (1974) found 11 individuals of SS

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

coproporphyrins. Ten years later, Pazderova-Vejlupkova et al

(1981) 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 was due to 2,3,7,a-TCDD exposure. Jones

and Chelsky suggest that the observed cases of 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 HCa (Jones and

Chelsky, 1986). HCB was manufactured at the New Jersey plant from

1951 until 1960 and was produced at the facility in Czechoslovakia

during the production of pentachlorophenol (Jirasek et aI, 1973).

There is also 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

out 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 coproporphyrin 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 specimen. 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 9roups 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 coproporphyrins (Lathrop et al, 1984). However,

in the follow-up study, the mean uroporphyrin level in the

comparison group (17.9 mg/24 hrs) was 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 hrs) was higher than in the comparison group (115.6 mg/24

hrs), however, the increase appeared to be strongly associated with

age and alcohol use at the time of the study.

It is possible that the PCT and elevated urinary porphyrins

observed in the New Jersey and Czechoslovakian workers was a direct

result of exposure to HCB. 2,3,7,S-TCDD, however, is a potent

porphyrigen in rats and mice and, therefore, may have contributed

to the change in porphyrin levels in these two populations.

A variety of gastrointestinal 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)

consistently reported transient episodes of right upper quadrant

pain, loss of appetite and nausea. None of the reports suggest an
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etiology for these symptoms nor were the symptoms reported in later

follow-up studies of either cohorts (Suskind and Hertzberq, 1984;

Moses et al, 1984; Pazderova-Vejlupkova et al, 1981).

Three investigations of TCP production workers reported increased

prevalence of upper gastric ulcers across all age strata of West

Virginian workers (exposed • 20.7\ vs 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 various serum lipid fractions have been reported in

studies of TCP production workers and laboratory workers, however

the data are inconsistent between studies (Table 51). Total

cholesterol and lipid levels were elevated in 50\ of the 55

Czechoslovakian TCP production workers examined between 1968 and

1969 (Jirasek et aI, 1974). In 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 cholesterol levels remained

significantly increased (Pazderova-Vejlupkova et aI, 1981). Two

independent studies of British TCP workers from the same plant



257

found elevated triglycerides in exposed workers with (1.97 mmol!l)

and without chloracne (1.90 mmol/l) compared to unexposed controls

(1.41 mmol!l) (Martin, 1984). Martin (1984) also 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 levels than exposed

workers with chloracne (5.97mmol!1). Martin (1984) also found

reduced HDL cholesterol among exposed workers with chloracne (1.19

mmol!l) compared to unexposed controls (l.25mmol!l). The

differences in the results may be due to differences in the control

groups and inclusion of different workers in the exposed groups.

Cholesterol and triglyceride levels in West Virginia TCP production

workers 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

cholesterol (7.7\) compared to unexposed controls (6.3\). In a

second study which compared West Virginia workers with and without

chloracne no difference was found in mean cholesterol levels

although individuals with chloracne had statistically

nonsignificantly increase in mean triglyceride 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,e-TCDD
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developed serum cholesterol levels in excess of 300 ugjdl (Oliver,

1975). When compared to children living in uncontaminated areas of

Italy, mean cholesterol 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 2,3,7,8-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 control groups may not have been appropriate due to age

differences (Suskind and Hertzberg, 1984) and potential for

exposure to 2,3,7,8-TCDD contaminated chemicals (May, 1982i 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 hypercholesterolemia

and exercise, which also effect cholesterol and other lipid levels

were not considered in any of these studies. The one study of Air

Force Vietnam Veterans which had an appropriate comparison groups

reported no difference in the various lipid fractions between

exposed and unexposed populations (Lathrop et al, 1984, 1987).
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Respiratory and Cardiovascular Effects

Respiratory effects

Adverse outcomes of the respiratory system associated with

2,3,7,8-TCDD exposure are varied and inconsistent among exposed

populations. Effects 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 vs unexposed = 4.4\

abnormals), forced vital capacity (FVC), (exposed 25.7\ abnormals

vs unexposed 2.2\ abnormals), forced expiratory volume in one

second (FEV1)/FVC ratio (exposed = 25.7\ abnormals vs unexposed =

7.7\ abnormals) and forced midexpiratory flow rate (FEF25-75)

(exposed = 36.5\ abnorma1e vs unexposed = 11.1\ abnormals) (Suskind

and Hertzberg, 1984). This trend remained when pack-years of

smoking was taken into account. In contrast, differences between

exposed and unexposed were not observed in workers who never smoked

or in former smokers. In a study of New Jersey TCP worker. Poland

et al (1971) identified 18 workers with impaired -diaphramatic

excursion", 14 or ,'\ of whom were smokers at the time of the
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examination and three were former amokers. other morbidity studies

or case series have not found or reported these or other types of

respiratory system impairment in exposed population. (Meaes at aI,

1984; Jirasek et aI, 1974; Pazderova-Vejlupkova et aI, 1981;

Lathrop et aI, 1984; Lathrop et al, 1987). Futhermore, deficits in

the proportionate 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 chlorophenol production workers (Ott

et aI, 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. aI, 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 method, a Doppler procedure, and to

the prohibition of smoking for four hours prior to the test

(Lathrop et al, 1987). In the baseline study, no difference was

observed in the rate of heart disease among Ranch Hander. or their
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comparisons. In the first follow-up study, however, Ranch Handers

reported significantly more confirmed heart disease than in the

comparison group (RR K 1.22, 95\ CI K 1.00, 1.50), although the

finding did not consistently correlate with 26 other clinical

measures of cardiovascular function. Studies of workers from the

West virginia plant found no relationship between history of

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

intoxication". History of hyperlipidemia or the presence of other

risk factors was not described.

Statistically nonsignificant increases in proportional mortality

from atherosclerotic heart disease were found among 2,4,5-T workers

employed at the West Virginia plant (observed = 27 vs expected=

19.72; PMR=117) (Zack and Gaffey, 1983). The proportional

mortality for other diseases of the circulatory system was

decreased (observed = 4 vs expected 6.76; PMRK 59). Mortality

studies of other cohorts of TCP workers found no elevation in

mortality from cardiovascular disease among employees at the BASF

plant in Ludwigshafen (Theiss et al, 1982) or among workers

employed in the production of chlorophenols at the Dow Chemical

Company in Midland, Michigan (Ott et al, 1987; Bond et al, 1989).
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The discrepancies observed among these studies may be due to the

differences in the study designs and demographics of the study

populations, and the selection 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 as a result of daily exposure

and industrial accidents is reduced libido (Baader and Bauer, 1951;

Suskind, 1953; Kimmig and Schulz, 1957; Bauer et al, 1961) (Table

51). In two independently conducted studies of West Virginia TCP

workers, exposed study subjects also reported this condition

approximately 50\ more often than either the unexposed controls or

individuals without chloracne (Moses et al, 1984; Suskind and

Hertzberg, 1984). Endocrine studies or reviews of conditions or

situations which may lead to a reduction in libido were not

conducted.

One case report of 55 TCP workers followed over 10 years, noted

that approximately 50\ of the subjects had either confirmed cases

of diabetes or abnormal glucose tolerance 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 adverBe

immunologic effects after exposure to 2,3,7,S-TCDD, in humans,

, there is little information with which to assess the immunologic

consequences of exposure (Table 51).

An immunologic assessment was conducted on 1S British workers 17

years 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

responsiveness to phytohemagglutinin 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; smoking

habit, alcohol consumption and percent of ideal body weight. Three

measures were found to be statistically significantly (P<.OS)

higher in workers than in controls: antinuclear antibodies (ANA) (8

workers vs 0 controls p<.01) (when Hep2 cells were used as

substrate but not when rat liver cells were used), immune complexes

(workers = 11 vs 3 controls p<.05) and natural killer cells (NK)

(workers = 0.21 x 106 /1 vs controls = 0.59 x 106 /1 p<.002)

identified by the monoclonal antibody Leu-7. No other well

conducted studies of exposed individuals have measured these

parameters. In the discussion, the authors could not justify their

findings physiologically and suggested that futher re••arch was

needed.
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Immunologic 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) did 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

alcohol 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 Missouri which was sprayed with

contaminated 2,3,7,8-TCDD waste oil (Hoffman et al, 1986).

However, corroborating results from in vitro assays of immunologic

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 results 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,B-TCDD were similar to unexposed controls (Reggiani, 1978).

In the same study, exposed children from Seveso also 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 2,3,7,8-TCDD is related to renal or bladder

dysfunction. In a single case report, a child exposed to

2,3,7,B-TCDD after contact with soil sprayed with contaminated

waste oil was diagnosed with focal pyelonephritis (Kimbrough et al,

1977) (Table 51). After diagnosis and treatment, the condition

resolved with no reported recurrence. No major renal or bladder

dysfunctions were noted among Air Force Ranch Handers (Lathrop et

al, 1984; Lathrop et al, 19B7) or among TCP workers from West

Virginia (Suskind and Hertzberg, 19B4) 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,B-TCDD contaminated chemicals have not produced

convincing evidence to support the animal data. In animals,

exposure to 2,3,7,B-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). In 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-TCDO contaminated chemicals,

possible incomplete ascertainment of reproductive events and

incomplete ascertainment of confounders.

Two studies of occupational groups, U.S. chemical workers exposed

to Tep, 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

statistically 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

population between 1977 and 1982 and reported to the Seveso

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 (Kastroiacovo et al,

1988). As described by the authors, the major limitations of this

study included a small sample size (N=15,291 births), possible

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

address on the birth or fetal death certificate corresponded to an

area in which 2,3,7,8-TCDD contamination was at least 1 ppb

(Stockbauer et al, 1988). When compared to births of unexposed

mothers matched for maternal age, race, hospital of birth, year of

birth, plurality (multiple births), no statistically significant

risk 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 information on maternal exposure as

well as information on confounding information on maternal alcohol

consumption and smoking as well as other medical conditions which

may have place the baby at high risk.

Malignant Effects

Among the long-term health effects more extensively examined in

relation 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-tis.ue .arcomas

(STS) among individuals with previous exposure to phenoxy



268

herbicides and suggested that further investigation was warrented

(Hardell, 1977) (Table 54). In a case-control study of 52 cases of

80ft-tissue sarcomas conducted in 1979, Hardell and San~8trom

showed a statistically significant five-fold excess (OR-S.3, 95%

CI=2.4, 11.5) of STS among individuals 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 chlorophenols (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 among cases who worked with chlorophenols (OR=3.3, 95%

CI=1.3, 8.1) or phenoxy 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 treatment of pelts, were also implicated in the

elevated risk (OR=7.2, 90\ CI=1.0, (lower bound not calculated due

to small numbers)) among New Zealand residents ever employed 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 observed increase in

soft-tissue sarcoma, however, authors suggest that the the New

Zealand data suggest that native Abbatoir workers are at increased

risk for STS (Pearce et al, 1988). However, it is important to
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note that 2,4,6-TCP does not contain 2,3,7,8-TCDD. It is 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 workers

exposed to 2,3,7,8-TCDD contaminated TCP and 2,4,5-T operation,

however, in studies of West Virginia 2,4,S-T workers the number of

cases (one) was 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 aI, 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

(SIR=3.33, 95\ CI= 1.03, 14.62) and 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-tissue sarcomas found

little or no evidence of excess risk among residents of Western

Washington state (Woods et aI, 1987), among male resident. from

Sweden (Wiklund et aI, 1986), New Zealand (Smith et aI, 1984) or

England and Wales (Balajaran and Acheson, 1984), employed as
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farmers or as agricultural workers, among Italian female rice

weeders (Vineis et al, 1986), among Finnish 2,4,S-T herbicide

applicators (Riihimaki et al, 1982), or among u.s. Air Porce Ranch

Handers (Lathrop et al, 1984; Lathrop et al, 1987). In 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,S-TCDD exposure.

The inconsistent nature of these results may be due to a variety of

factors including the inability to accurately quantify type,

duration or frequency of exposure among study subjects, the lack of

sufficient power, and the difficulty in correctly histologically

classifying STS (Fingerhut et al, 1984). 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 unexposed residents (Puntoni et al, 1986).

Interpretation of this finding is limited by the lack of comparable

STS rates prior to the accident, the lack of good information on

exposure to 2,3,7,8-TCDD, and short 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 .y.tem,

particularly non-Hodgkin's lymphoma (NHL) and Hodgkin'. disease
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(HO) was generated after Hardell first 8uggested such an

association in a case series of lymphomas presented in 1977

(Hardell, 1977) (Table 55). In a case-control study of Swedish

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 chlorophenols (Hardell et al, 1981). Hardell

confirmed the study results in a follow-up paper which examined the

possible biases of case-control studies and concluded that the

increased rate of NHL and HD associated with phenoxy herbicide or

chlorophenol was real (Hardell, 1981).

Researchers in Sweden and other countries attempted to repeat

Hardell's findings in different populations and by examining NHL

and HD separately, but have not demonstrated the striking excesses

found by Hardell. Statistically significant elevations in the risk

of developing NHL were shown among individuals with exposure to

phenoxy herbicides through farming (OR=1.33, 9S\CI=1.03, 1.70) in

western Washington state (Woods et al, 1987) and in forestry

sprayers reporting mixed phenoxy and chlorophenolic herbicide

exposure (OR=4.8, 95\CI=1.2, 19.4) in western Washington State

(Woods et al, 1987), and in fencing (OR= 2.0, 9S\CI=1.1, 2.8) and

meat works operations (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,S-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-1.01, 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's Disease was found significantly 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 aI, 1988)

and slightly elevated in Swedish pesticide applicators (RR=1.20,

95\CI=0.60-2.16) (Wiklund et al, 1987). Proportionate mortality

from HD among tree farmers (PMR=11S), 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 aI, 19S4; Lathrop et aI, 1987).

Respiratory Cancers

Higher than expected mortality from respiratory and

gastrointestinal cancers was found among individuals potentially

exposed to 2,3,7,S-TCDD contaminated materials (Table 56). Cohort

studies of chemical workers in the United States (5 observed VB.

3.02 expected) (Zack and Suskind, 1980), in Denmark (6 ob.erved vs.

2.71 expected) (Lynge, 1985) and in West Germany (3 ob••rved vs.

1.26 expected) (Theiss et al, 1982) and of pesticide applicators in
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West Germany (exposed-35\ vs. unexposed=24\) (Barthel, 1981)

reported approximately two-fold statistically nonsignificant

increases in mortality from lung cancer or in the incidence of lung

cancer. None of these studies was able to account for other known

causes 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=O.6, 95\

CI=O.3-1.2) (Olsen and Jensen, 1984) or significantly increased in

cases from the Swedish Cancer Registry who reported phenoxy

herbicide exposure (OR=2.1, 95\ CI=O.9-4.7) (Hardell et al, 1982).

No excesses of deaths from respiratory cancers were reported among

Air Force Ranch Handers in the baseline study (1 obs~rved vs 1

expected) (Lathrop et al, 1984). In 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).



274

Gastrointestinal cancers

Increased incidence of and mortality from stomach cancer haB been

reported in studies of chemical workers in the United States (6

observed VB. 3 expected) (Ott et al, 1987), in West Germany (3

observed vs 0.61-.70 expected) (Theiss et al, 1982) and in Denmark

(12 observed vs 9.32 expected in males) (Lynge, 1985), and among

Swedish pesticide applicators (3 observed vs 1.34 expected)

(Axelson et al, 1980). (Table 57). None of the risk ratios were

significantly elevated. Bond et al (1989) noted a statistically

significant 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=1.8; 95\ CI=0.6-5.3) times higher than expected among

Swedish residents reporting exposure to chlorophenols (10 observed

vs 7.1 expected, 95\ CI=67-259) or phenoxys (OR=1.3; 95\

CI=0.6-2.8) (Hardell, 1981). Intestinal cancers were 40\, (SMR =

141; 95\ CI = 67-259) in excess among U.s. workers (ott et al,

1987) exposed to high levels of chlorinated dioxins in a Michigan

chemical plant, and rectal cancers were 50\ higher among Danish

chemical workers (Lynge, 1985).
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Other malignancies

Two studies 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 dioxin (8 observed vs 4.2 expected, 95%

CI=82-375) (Ott et al, 1987). In a study of the same workers

conducted after 5 additional years of follow-up, the mortality from

prostatic cancer was statistically significantly increased when

compared 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 Handers, 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

populations.
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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 aI,

1971). In a cohort mortality study of a small number of forestry

workers employed in Canada and who may have been exposed to 2,4-0

and 2,4,5-T, deaths due to suicide were significantly 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 suicide were not considered in

this analysis.

Overall Summary of Human Health Effects

Although there is considerable literature reporting the effects of

human exposure to 2,3,7,a-TCOO contaminated materials, the data do

not describe one condition or a series of long-term health effects

which are consistent among every exposed population. Results of

clinical cross-sectional studies provide the most consistent

information, suggesting that some effects are transient,

particularly increased liver enzyme levels and urinary porphyrins,

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 per.i.tent

effects from those without.

Some of the case-control and cohort mortality studies suggest that

there may be some association between incidence of NHL and HD, and

soft-tissue 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 quantify the type, frequency, and

duration of exposure to chemicals contaminated with 2,3,7,S-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,S-TCDD contaminated 2,4,S-T. other limitations of note

include the lack of information on confounding exposures,

particularly in the cohort mortality studies, and low participation

in the cross-sectional investigations.
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APPENDIX C

Medications, vitamin deficienceis,

occupational exposures and systemic diseases

related to peripheral nerve damage

Medication Sensory ~'Reflexes Autonomic Source Reference

Dapsone x

Chloramphenicol x

x (flagyl)

EtOH

Dilantinl

Phenytoin

Disulfuram

Ethambutol

Ethionamide

Gold

Glutethiamide

Hydralazine

Isoniazid

Metronidazole

Nitrofurantoin

Nitrous oxide

Perhexiline

maleate

Platinum

Pyridoxine

Sodium cyanate

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

or ++

x

x

D

D

D

D

D

D

D

D

D

D

D

D

D

D

o

D

D

D

8

1

2

2

1

2

1

1

1

1

1

1

2

1

1

1

1

1

--hyporeflexia; ++hyperreflexia; N-data not obtained; ME- medical exam
D= NIOSH Demographic and Occupational History Questionnaire
'schaumburg et al, 1983; 2LeQuesne, 1984; 3 Windebank et al, 1984
4LeQuesne, 1980; 5seppalainen and Halta, 1980; 6politis et al,
1980; 7o 'Donoghue et al, 1985; 8Amore, 1978.
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Medication Sensory~ Reflexes Autonomic Source Reference

Thallium x x D 1
Thalidomide x D 1
Vincristine x x x D 1

Deficiency
Vit 812 x ME 1
Thiamine x x N 1
Folic acid x ME 1

occupational Exposures

Arsenic x x x x x D 3
Acrylamide x x x D 4
Carbon x x D 5

disulfide
Chloro- x N

biphenyl
Cyanide x + visual ++ x D 1
DMAFN x D 1
2,4-D x x D 1
Ethylene x x x D 1

oxide
n-hexane x x D 1
Lead x x D 1
Hexa- x (visual) x D 7

chlorophene
Methanol x (visual) N 6
Methyl-n- x x D 1

butyl ketone
Methyl x x D 1

bromide
Mercury x x x D 3

(inorganic)
Mercury x x N 3

(organic)
Organo- . x x x D 1

phosphates
(TOeF)

Thallium x x x x D 1
Tr ichloro- x8 D 1

ethylene
--hyporeflexiai ++hyperreflexia; N=data not obtained; ME= medical
exam; D= NIOSH Demographic and Occupational History Questionnaire;
'Schaumburg et al, 1983; 2LeQuesne, 1984; 3Windebank et al,
1984; 'LeQuesne, 1980; Sseppalainen and Halta, 1980; 6politis
et al, 1980; 7o'Donoghue et al, 1985.
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Sensory Motor Reflexes CNS Autonomic Source Reference

Systemic disease

Diabetes

Uremia

proteinemia

Porphyria

Hypo­

thyroidism

Cancer

carcinoma

lymphoma

multiple

myeloma

x

x

x

x

x

x

x

x

x

x x

x

x

x

ME

ME

ME

ME

ME

ME

ME

ME

2

3

4

5

6

7

8

9

Inflammatory disease

rheumatoid

arthritis

lupus (SLE)

Injury

Sarcoidosis

Stroke

x

x

x

x

x x x

x

1

10

--hyporeflexia; ++hyperreflexia; N=data not obtained
D= NIOSH Demographic and Occupational History Questionnaire;
MH=medical history; ·carpal tunnel; bcranial nerves;
'Schaumburg et aI, 1983;2 Dyc k et aI, 1980; 3Alrey, 1986;
'McLeod & Pollard, 1984; 5Ridley, 1984; 6Bastron,
1984;7McLeod, 1984; 8 McLeod & Walsh, 1984; 9McLeod et aI, 1984.
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APPENDIX D

SELF-REPORTED SYMPTOMS OF PERIPHERAL NERVE
DYSFUNCTION COLLECTED IN THE MEDICAL HISTORY INTERVIEW

The following are questions included in the Medical History
Questionnaire to elicit information on symptoms of peripheral
nerve dysfunction. The questionnaire 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 RHave you ever had ... "

o Multiple sclerosis

o Problems with nerves in hands or feet (numbing and tingling)

o Other problems with nerves in hands or feet

o Slipped disc

o Surgery on spine

o Carpal tunnel syndrome

o Sciatica

o Injury to nerves

o Problems with nerves due to illness other than from injury,

including medications

o Severe cramping or weakness in legs

o Numbness in arms or legs

o Tingling sensation in arms or legs

o Burning sensation in arms or legs

o Weakness requiring assistance when getting out of a chair

o Finger or hand weakness so that it is difficult to button

shirts or unscrew jars

o Numbness or loss of sensation so that it is difficult to pick

up or handle small items

o 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 Hi.tory

Questionnaire to elicit information on symptoms of autonomic

nerve dysfunction. The questionnaire 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 Frequent vomiting and nausea after meals

o Fullness at least 2 hours after eating

o Sweating on arms legs and trunk and after meals

o Problems urinating

o Impotence

o Difficulty maintaining an erection

o Dizziness, like you are going to faint when you stand up

quickly?

-Medical History Questionnaire: NIOSH Occupational Health Study
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