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Summary of Toxicological Effects:

Dioxins interfere with the production and activity of enzymes, hormones, other
growth factors, thereby adversely affecting reproduction, growth, and development
through a variety of mechanisms. They are also capable of producing cancer in exposed
.animals, including but not Jimited to thyroid cancer and lymphopojetic neoplasms, and
are known to the State of California to cause cancer more generally. ‘

_General Discussion:

Dioxins, among the better known and studied endocrine disruptors, are a family of
related compounds differing in the number and position of chlorine atoms on the basic
underlying structure. The toxicity of each member of the family varies considerably and
is usually described relative to the most toxic. Together, they demonstrate several
different mechanisms of hormone-disrupting action and have diverse biological effects.

_ Dioxins result from heating mixtures of chlorine and organic compounds in
industrial processes, such as the bleaching of paper pulp, production of some pesticides

+ Or preservatives, especially pentachlorophenol, or during incineration of chlorine-
containing materials. Because many consumer products contain chlorinated organic

- compounds (e.g. polyvinyl chloride), municipal, medical, and hazardous waste

. Incinerators are leading dioxin sources. It is not easily broken down in the environment,

"*.accumulating in soils and sediments and biomagnifying as it passes up the food chain.
Dioxins bioaccumulate in fat tissue with as estimated half-life in humans of
approximately seven years.

There may be significant regional variations depending on local industrial

activity, but dioxin is widely spread around the globe. Beef. pork, fish, shellfish, and
animal and human milk are the major sources of human exposure to dioxins. Because

,breast milk has a high fat content, nursing infants are actually exposed to higher daily
amounts of dietary dioxin than most adults and may receive more than 10 percent of their
anticipated lifetime exposure during this particularly vulnerable period of mental and

- physical development.' Although there is some variation with geographical location and

diet, many peogle have dioxin levels at or near those known to cause harmful effects in
animal studies.’ : ‘

In animal studies, dioxin has a wide range of health effects, which differ among
the fetus, newborn, and adult. Some are apparent only with large doses, but cancer,
immune system toxicity, and reproductive and developmental effects occur at low levels



of exposure. Dioxin causes the liver to produce metabolic enzymes at exposures of 1-10
‘picograms per kilogram daily, a level similar to average daily adult human exposures. (A
picogram is one-trillionth of a gram.) These enzymes alter the metabolism of hormones
and other endogenous or exogenous chemicals. Enzyme induction occurs at levels that
also cause immune system toxicity in mice and reproductive effects in rats.?

In rats, thyroid tumors occur at doses as low as 1,400 pg/kg/day.* T here is
considerable variability in the toxicity of dioxin among adults of different animal species
but much less among fetuses and infants, particularly with respect to the sensitivity of -
offspring to developmental effects. For example, adult bamsters are several thousand
times more resistant to dioxin toxicity than adult guinea pigs.® But the hamster fetus is
only ten times more resistant to dioxin that the guinea pig fetus. Similarl¥, early life
stages of fish and birds are more sensitive to dioxin toxicity than adults.

: From these data, one might suspect that dioxin toxicity in human fetuses would be
- similar to that in fetuses of other species, even if human adults were relatively resistant.
Sufficient exposure to dioxin during pregnancy causes prenatal mortality in the monkey,

_ guinea pig, rabbit, rat, hamster, and mouse. The response is dose related, and there is a
species difference. Monkeys and guinea pigs are the most sensitive, followed by rabbits,
rats, hamsters, and mice, which are the most resistant. In these species, the maternal dose
necessary to cause prenatal mortality ranges from 1 to 500 pg/kg (cumulative dose). The

timing of maternal exposure is just as important as the magnitude of the dose, often
demonstrating a window of vulnerability. In the guinea pig, for example, prenatal death
is caused by a single dose of 1.5 pg/kg on day 14 of pregnancy, whereas later in
pregnancy, larger amounts are needed.® :

Similarly, a single low maternal dose of dioxin at a critical time in pregnancy may
cause permanent developmental effects in male offspring, including altered sexual
differentiation of the brain.” On day 15 of a typical twenty-one-day pregnancy in rats,
most organs are formed, but the hypothalamic-pituitary-gonadal (HPG) axis is just
beginning to function. The critical period of sexual differentiation of the brain extends
from late fetal life through the first week of postnatal life. A single low maternal dose of
dioxin (0.16 pg/kg) on that day of pregnancy reduces male testosterone levels, delays

-descent of the testicles, decreases anogenital distance (making it more female-like), and
 reduces prostate weight and sperm production in offspring.!® It also demasculinizes their
sexual behavior in the months that follow. A single maternal dose of just 0.064 pg/kg on
day 15 of pregnancy causes a 43 percent reduction in sperm production in male offspring.

Dioxin does not attach to the estrogen receptor, yet is causes both estrogenic and
. antiestrogenic activity in different tissues of the body. Both dioxin and PCB’s attach to
- another intracellular receptor, called the Ah-receptor, whose function is not otherwise
fully understood. (Unlike dioxins, some forms of PCBs also attach to the estrogen
receptor.) The occupied Ah-receptor is transported into the nucleus of a cell, where it
attaches to DNA, influencing the activity of genes, which regulate chemical production.
By this mechanism, dioxin indirectly influences estrogen activity. Its antiestrogenic
effects, which seem to predominate, may result from causing the cells to produce an



enzyme that metabolizes the body’s normal estrogen or decreasing the number of
"estrogen receptors available for normally occurring estrogen.™™

Epidemiological Studies: In the Ranch Hands study, reproductive historie§ of: men
who sprayed Agent Orange in Vietnam from 1962 to 1971 were examined beggnmng. in
-1978 in an attempt to see if exposure to dioxin might have had adverse effects in their

children.’®

Agent Orange is a mixture of two herbicides, almost always contaminated with
dioxin. Dioxin in the blood of participants was measured years after exposure, and an
attempt was made to estimate earlier levels from those results. An increase in all nervous
system defects in offspring was found. However, increases in spina bifida and cleft
palates were too few to allow formal statistical analysis. One finding that is difficult to
explain was an increased risk for spontaneous abortion, all birth defects, and specific
deveJopmental delays in the low — but not the high — dioxin exposure group.

_ Another study of Vietnam veterans found that opportunity for Agent Orange

. exposure was associated with an increased risk of spinal cord abnormalities (spina bifida)
and cleft palates in offspring.'* The National Academy of Sciences has concluded that
there is limited but suggestive evidence of a relationship between paternal Agent Orange
exposure and spina bifida in offspring,

In a'study of 248 chemical production workers in New Jersey and Missouri,
investigators found that workers with higher dioxin levels had higher amounts of
luteinizing hormone and follicle-stimulating hormone and lower amounts of testosterone
than a control group from the neighborhood.® These results must be interpreted with
caution since it was a cross-sectional study (all measurements of dioxin, testosterone, and
gonadotropins were done on the same blood specimen, making it difficult to determine
cause-and-effect relationships), but the results are consistent with the effects of dioxin in
animal studies. . ' : i

In 1977, an industrial accident in Seveso, Italy, released large amounts of dioxin,
contaminating the environment and exposing local residents. From 1977 to 1984, there
was a marked increase in the female-to-male birth sex ratio among those most heavily
exposed.'® Almost twice as many girls as boys were born during those years. Over the
next ten years, the ratio began to return to normal. The mechanism by which dioxin may
have this effect on sex determination is unclear. In this same population, there was no
increase in the rate of birth defects, as determined from a birth defects registry, when
“~ compared to an unexposed population.!” However, in this study, the number of children

of mothers with the highest likelihood of exposure was too small to assess specific
categories of birth defects. Other limitations include possible exposure misclassification
. and unrecognized spontaneous abortions that may have resulted from fetal
malformations. Children of exposed women have not been examined for subtle structural
of functional developmenta) deficits.'® : :



‘el

In Times Beach, Missouri, an area contaminated with dioxin-containing oil that
had been spread oo roads for dust control, there was no apparent increased risk of fetal
deaths or low-birth-weight babies.”” There was, however, a two-to-three-fold increase in
risk of nervous system defects and undescended testicles, though this was not statistically
significant. Because of the small sample size, a six-fold increase in risk would have been
necessary in order to achieve statistical significance.

Investigators in the Netherlands found that higher dioxin levels in breast milk
correlate with lower thyroid hormone levels in breast-feeding infants.2® This finding is
particularly important since the correlation appears at current levels of ambient dioxin
exposure. Moreover, in pre-term and low-birth-weight babies, decreased thyroid
hormone in the first weeks of life is associated with increased risk of neurological
disorders, including the need for special education by age nine.”! Although the thyroid
hormone levels in the Netherlands study were still in the normal range, it is possible that
the observed changes will influence infant development, a subject that will require further
research. - ’
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