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INTRODUCTION

Measurable residues of organochlorine pesticides, polychlorinated biphenyls
(PCBs), polybrominated biphenyls (PBBs), polychlorinated dibenzodiox.ins
(PCDDs), and polychlorinated dibenzofurans (PCDFs) are present in human tissues worldwide (Mes et al., 1982, 1986; Ahmad et al., 1988; Patterson et al.,
1988; Thoma et al., 1990; Schecter, 1991; Sasaki et al., 1991). These contaminants share similar physical and chemical properties such low vapor pressure,
chemical stability, lipid solubility, and a slow rate of biotransformation and
degradation. Because of these same properties, they also persist in the environment, bioaccumulate, and biomagnify within various food chains and food webs
to eventually reach measurable concentrations in human tissue.

as

This chapter is a synthesis of reports from the last decade on concentrations of
organochlorine contaminants in human reproductive tissues, adipose tissue, and
blood from the general population worldwide, ex.eluding industrial exposure
(Table 1). Special consideration is given to human breast milk fat concentrations
of those chemicals that have been shown to disrupt the endocrine system in vivo
(Table 2). This chapter also focuses on recent findings of transgenerational health
effects, ex.pressed as loss of function that are not obvious and are difficult to
measure in offspring of ex.posed adult animals and humans.
The purpose of this chapter is threefold: first to provide evidence that humans are
exposed to chemicals capable of disrupting the endocrine system; second to
demonstrate that each endocrine disrupting chemical appears to have its own mix.
of mechanism(s) of action and unique target sites; and third to provide insight
into the difficulty of interpreting" what exposure to these chemicals means. Only
recently have researchers.begun to understand the effects of these chemicals on
functionality and have begun to develop parameters for measuring the results of
parental exposure in offspring. _It is this literature that this chapter reviews.
BACKGROUND

A number of factors hinder comparisons between and among studies reporting on
concentrations of contaminants in human tissue. For ex.ample, sample
1. Corresponding Author: Theo Colborn, World Wildlife Fund, 1250 Twenty
Fourth Street, NW, Washington, DC 20037.
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collection, storage, preparation (extraction and cleanup), chemical analyses, statistical, and mathematical analyses, and data interpretation vary among reports
world wide. Consideration must be given to whether concentrations are reported
on a whole weight or lipid basis; whether isomer- or congener-specific analyses
were performed for components of complex mixtures; and whether the same analytical method was used in each study. For example, DDT can be analyzed colorimetrically as opposed to the more sensitive gas-liquid chromatography (GLC)
multi-residue screening technique which yields very different results (Jensen and
Slorach, 1991). Table 1 includes the various quantitative analyses used to measure human tissue concentrations from a number of geographical locations. In
most instances, the more recent studies cited in this paper provide complete descriptions of the technology used, thereby making comparisons between reports
feasible.
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Recently. a number of generalities concerning the bioaccumulation and compartmentalization of organochlorine contaminants in human tissues have emerged as
the result of new technologies capable of detecting chemicals at parts per trillion
or less. With rare exceptions, levels of persistent organohalogens are about the
same in milk, blood, adipose, and muscle tissue, when calculated on an extractable fat basis. Blood concentrations of these compounds, however, will vary
depending on the mobilization from body fat and recent intake of the compounds
(Humphrey, 1988; Jensen and Slorach, 1991). Mobilization of stored contaminants from adipose tissue takes place during starvation and lactation and as a
result of disease. In general, individuals from many third world countries still
using DDT have higher concentrations in their tissues than individuals in countries where DDT has been banned or restricted. Individuals in industrialized
nations have higher levels of the industrial chemicals, PCBs, PCDDs, and
PCDFs in their tissues than individuals in developing nations (Jensen and
Slorach, 1991).
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Long-term exposure to relatively small amounts of the organochlorine contaminants in Table l leads to the accumulation of considerable deposits in animal and
human tissues (Calabrese, 1982; Humphrey, 1987, 1988; Subramanian et al..
1987; Norstrom et al., 1988). These contaminants have been associated with an
array of harmful effects in laboratory animals, such as endocrine disruption
(Table 2), immunotoxicity, neurotoxicity, carcinogenicity, metabolic disorders.
and reproductive disorders (Street and Sharma, 1975; Rattner et al., 1984; Skene
et al., 1989; Safe, 1990). In some instances, the disorders are expressed as loss
of function in offspring resulting from maternal exposure (Kubiak et al., 1989;
Sager et al., 1991; Peterson et al., Chapter 10). In humans, the transfer of
organochlorine chemicals across the placenta to the fetus has been well documented, as has the transfer via breast milk to the new born (Ando et al., 1985;
Roncevic et al., 1987; Rao and Banerji, 1988; Ron et al., 1988; Jacobson et al ..
1989). The effects of chemicals in the developing offspring may be entirely different than the effects noted in mature individuals. In addition, what may be con
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1.00.143.2

... ...
..
..

blood

54.4
0.519

125.8 2 .745
1.314 0.013-8.290

292 (99.31')
292 (99.3")

0.0-26.30
0.0.00.16

3.72
0.13

Gl.C-ECO
(Webb-McCal
melhod)
30 f19'ml

JacobSOI\ J. l. el al
(1989)

No history
d exposu-e

1-flGC.l-f'lMS

PlllterSOf1. D.O. et ol.
(1988)

No tislory
or exposure

GLC-ECD
Ahmad, N. et al
(Ahmed & Merot 1986) (1988)
0.001 ppm (811')
0.001 DDm (81 -102")

Nohislory

Wllams, D. T. et al
OO'MS
(leBel & Wllams 1986) (1968)
l .4ng'g
3.0ng'g
1.1 ng'g
1.21lg'g
0.9 ng'g
1.7 ng'g
1 8ng'g
100 r,g:g

.adipose/wet
.

ppb(ng'g)

or e,cpostxe
141 (1001')
H1 (1001')
141 (1001')
141 (100%)
141 (99 3")
141 (1001')
141 (922%)
141 (100Y.)

84
84
33
3237
47
84
11
2136

56

82
27
2602
41
80
13
1473

18- 373
14- 530
2- 107
138-12167
o. 235
7. 369
o. 98
197-11209

..
.1.0 .f19'ml
..
..

edlpose/whol
serlJ'll'whole

ppm(ug'g)

Canada, Ort•lo
(1984)

beta-HCH
Heptachlor epodde
p,p'-DDE
cieldrln
p,p' -DDT

3.29
4.81
1.5
2.66
3.87
4.47

pp!

AUS1relia, ~cn,,y
(1985-86)

DOT
dleklri1

4.18
4.82
2.44
2.95
4.36
4.24

205 (52.2%)
BO (48.81')
205 (12. 71')
80 (21 .31')
202 (69. 8")
79 (77.21')

(Chben 4 yrs. old)
No history
d e,q,osu-e
Fish expotU"e
Farm e,cposure
Fish eq,osure
Farm expostxe
Fish exposu-e
Farm exposure

.adipose
.
..
.
.
.
.

(Continued)
erence

Israel, Jeruslllem ·

(1984-85)

ppb(ng'g)

NohiS1ory

GC-MS

or expature
(Meles-5 yr. hlslory

orwenlly •

-·· -· -·· ····

(Gretchus et al 1974)

Pines, A. et al
(1987)

~

5=
c::,

s

c,.J,l,O·lvUU

AUSlfalia, 5Ydney
(1985-86)
DOT
dieldrin

Canada, Oraario
(1984)
HC8
bela-HCH
HeplachlOr epcdde
p,p'-OOE
dieldrin
p ,p'-OOT

"""'''
PC8

TABLE I.

0Ul1W11)

04. 1

50(100%

0.519

I

1e.>.a ,~

· 140

1.314 0.013-8.290

,aa,po~llOI
senm'whole

ppm(u9'g)
292 (99. 31')
292 (99.3%)

3.72
0.13

0.0-26.30
0.0-00.16

B4
B4
33
3237
47
B4
11
2136

56 1B- 373
B2 14- 530
27 2- 107
2602 138-12167
41
0- 235
7- 369
BO
13 0- 96
1473 197-11209

GLC-ECD
Ahmad, N.
(Ahmad & Marol 1986) (1988)
0 001 ppm (811')
0.001 ppm (81 -102")

No listory
ol ecposure

Wilems, 0. T. el II.
(LeBel & Williama 1986) (1988)
1.4 "9'9
3.0"9'9
1.1 "9'9
1.2 "9'9
Ung/9
1.7 ng/9
1.8 ng/9
IOOnglg

..

adiposdwel

ppb("9'g)
141 (1001')
141 (1001')
141 (1001')
141 (1001')
141 (993")
141 (1001')
141(9221')
141 ll~)

Nomtory
ol ecposuro

.adipose
. ..
..
. .
..
..
. .

el

el

GCIMS

(Continued)

p,p:OOT
p,p'OOE
o,p'OOT
o,p'-OOE
iooDieldrin
heplachlor epo<ide

tota1PC8S

USA, Teo<as, Gt.« Coe,
(1979-80')
HCB
p,pOOE
2,4,5,2',4',5'-HC6P
2,3,4,2',4',6'-HCBP

No history

ppb("9'g)

Israel, Jerusalem
(1984-65)

3.09
0.4
16.1
10.65
7.11
5.83
2.61
1.27
2.28
1.13
3.65
2.69
6.31
11 .64
11 .21
'7.94

29
14
29 (1001')
14(1001')
29
14
29
14
29
14
29
14
29(100%)
14 (100%)
29
14

6.B1
0.99
11 .62
8.17
6
8.6
3.61
2.04
2.42
0.67
3.71
2.47
3.83
3.67
13.46
14.69

0.0-26.B
0.0- 3.5
2.9-43.4
2.1-32.1
0.0-21 .6
0.0-32.2
0.0-16.4
0.0- 6.4
00-9.B
0.0-3.0
0.0-15.9
0.0- 7.1
3.0-15.8
7.0-21.7
0.0-64.2
0.0-47.3

blood

. .

.. ..
. .
..
. .

.
.
..
...
.

..
.
.
.

..
. ..

Nolisto,y
ol ecposure

ppm
7 (B5. 7%)
7 (1001')
7 (1001')
7(1001')

cl eo<poSU'e
(Males-5 yr. listory
ol lriell*Y.
SlUOjgoup)
SlUOjgroup
Cortrol goup
SlUOj gr<4>
Cortrol 9'"'4>
SlUOf goup
Cortrolgroup
SlUOjgroup
Conrol goup
SlUOf group
Cortrol group
SlUOj goup
Cortrolg0<4>
SIUOf group
Conrol goup
SlUOjgroup
Cortrol croup

0.021
3.849
0.164
0.645

0.0 -0.043
0.643-6.627
0.098-0.267
0.211-1 .625

.. ..

adipose

. .

Ge.MS

Pines, A. el el
(1987)

(Greicttls el el 1974)

gi

fs~-

~

t,

.::;·

.g

c:i
~

;:;·
::i::

GLC-ECD

Amari. Q.A. 5. el Ill.
(1986)

0.005 ppm (661')
0.004 ppm (961')
0.006 ppm (92")
0.005 nnn, 1951')
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sidered "safe levels" for human adults may be detrimental to the developing embryo, fetus, and newborn (Calabrese. 1982: Tilson et al.. 1990).
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Historically, research on the health effects of organochlorine chemicals has
focused primarily on carcinogenicity and acute toxicity. It is now realized that
many of these contaminants are probably weak carcinogens at concentrations
currently found in human tissue. However, wildlife and laboratory studies reveal
that at ambient concentrations these contaminants may have other less obvious,
but equally devastating effects, depending upon timing of exposure, especially
during the prenatal period (Fry et al., 1987; Peterson et al., Chapter 10). Recent
human studies suggest that the contaminants are functional teratogens at
contemporary concentrations found in cord blood and breast milk (Rogan et al.,
1985; Jacobson and Jacobson, 1988). Since most of these xenobiotic compounds
are transported across the placenta and via breast milk to the progeny.
simultaneous exposure to a number of them takes place during this most
sensitive period of development (Wasserman et al .. 1982; Rogan and Gladen,
1985; Rogan et al., 1986).
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A number of in vivo studies were undertaken to address the unknowns associated
with simultaneous exposure to large numbers of chemical contaminants .
Contaminated Great Lakes fish were fed to rats (Villenueve et al., 1981; Chu et
al., 1984; Daly et al., 1989; Daly, 1991, 1992) to coho salmon (Oncorhynchus
kisutch) (Leatherland and Sonstegard. 1982), to ranch mink (Heaton et al.,
1991), and to white leghorn chickens (Summer et al., 1991). In each case,
significant measurable changes in either functionality or survivability were
reported in the animals, lending support to the hypothesis that compounds that
bioaccumulate in fish were responsible.
Several human epidemiological studies provide clues and raise a number of questions concerning the effects of concomitant exposure to a number of organochlorine contaminants on the well being of individuals as a result of intrauterine and
breast feeding exposure. For example, prenatal exposure to contaminants in Lake
Michigan fish has been associated with deficits in birth size and gestational age
(Fein et al., 1984), postnatal growth (Jacobson and Jacobson, 1988), motor development (Gladen et al., 1988), and short-term memory in infancy and childhood (Jacobson et al., 1985, 1990a,b). These effects are reported in children
whose mothers consumed contaminated Lake Michigan fish two to three times a
month for at least six years preceding their pregnancies. A noteworthy conclusion from this series of reports is that the functional deficits detected in the children were not associated with what their mothers ate during pregnancy, but with
what their mothers ate in their lifetime prior to conception. In these studies, significant associations were reported between PCB concentrations in maternal
serum and breast milk and mother's fish consumption. Associations were also
reported between cord blood PCB concentrations and children's lowered weight
and loss of verbal and quantitative function; and between breast milk PCB concentrations and children's activity deficits. The children's deficits. in this case,
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could represent the integrated toxicity of the antagonistic, agonistic, additive. and
synergistic effects of all the other contaminants in the fish, and not PCB alone.
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PESTICIDES COMMONLY REPORTED IN HUMAN TISSUE

Cyclodienes
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Chlorinated cyclodienes are now recognized as environmentally persistent and
among the more toxic pesticides. As a result, in recent years their production and
use have been restricted in the US and Canada, yet they continue to be reponed
as residues in human tissue (Table 1). The cyclodienes most often found in human tissue are chlordane, oxychlordane, trans-nonachlor, heptachlor, heptachlor
epoxide (HE), aldrin and dieldrin. All of these pesticides induce hepatic microsomal cytochrome P-450 activity, and induce the monooxygenases which hydroxylate testosterone (Haake et al., 1987).
Animal Data
Adult male and female rats fed 0.31 ppm dieldrin, approximately 0.015
mg/kg/body weight (15 ppb), for 300 days experienced reduced fertility when
mated. In a later study, it took twenty times the dos~ to produce the same effect
when dosing females alone. Whether this indicates a male-dependent effect needs
to be explored (ATSDR, 1987a). Three-week old rats were administered 20
mg/kg/body weight dieldrin in a com oil vehicle and sacrificed 5 days later. at
which time hepatic 16-alpha- and beta-hydroxytestosterone hydroxylases were
significantly increased (Haake et al., 1987).
Chlordane had a damaging effect on spermatogenesis and caused dose-related degenerative changes in testicular tissue in mice fed by stomach tube the equivalent
of 0.08 mg, or 0.25 mg active ingredient per day for 30 days (Balash et al..
1987). Lundholm (1988) reponed that 110 x 10-6 M of chlordane reduced progesterone binding in rabbit uterine mucosa in vitro and 1.1 x 10-6 M of chlordane
significantly inhibited progesterone binding in the mucosa of the shell gland of
egg-laying ducks. Prenatal chlordane exposure at 0.16 mg/kg/maternal body
weight/day throughout gestation effected alterations in plasma corticosterone
concentrations in murine offspring which varied according to sex at days 101 and
400 (Cranmer et al., 1984).
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Human Data
The average background levels of cyclodienes in breast milk world wide are
presented in Table 2. In recent years, the levels of dieldrin in human milk have
decreased. although relatively high levels are still reported in the Middle East.
South America, and Australia. Heptachlor epoxide (HE) is found in elevated
concentrations in breast milk in Belgium, Italy, Israel, and Guatemala.
Heptachlor levels in milk from Italy and Spain are also elevated. Chlordane and
its isomers are found more frequently in human milk in the US than elsewhere.
The highest levels of chlordane in breast milk have been found in Mexico and
Iraq (Table 2).
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Dichlorodiphenylethanes
The dichlorodiphenylethanes include DDT, DDD. DDE. dicofol. perthane. and
methoxychlor (Amdur et al., 1991). DDT and its metabolites are commonly
found in human tissue samples, and are the most widespread contaminant in
human milk (Jensen and Slorach, 1991). A newer analogue of DDT,
methoxychlor, used extensively in urban areas of the Eastern United States for
elm bark beetle control, breaks down readily to an estrogenic-like compound
(Gray et al., 1989), but is not monitored in human tissue.
,i
Animal Data
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Commercial DDT consists of 10% to 25% o,p'-DDT. an estrogenic isomer of
DDT (Fry and Toone, 1981; Jensen and Slorach, 1991). Following a 0.5 mg
intravenous injection of p,p'-DDT, rat uteri exhibited myometrial hypertrophy
and endometrial edema, evidence that p,p'-DDT also has estrogenic activity
(Bustos et al.. 1988).
Fry and Toone (1981) induced feminization in male California gulls (Larus
ca/ifornicus) and western gulls (Larus occide11talis) by injecting fertilized eggs
with 2-100 ppm of commercial DDT. Following a single 2 ppm injection of
o,p'-DDT into eggs, seven of eight male embryos developed a thickened ovarylike cortex in the left testis, a sensitive indicator of feminization requiring
histopathological examination to detect. (Normal gull testes have a thin fibrous
cortex surrounding the seminiferous tubules and interstitial cells.) Male gulls
treated embryonically via egg injections with 5 ppm of o,p'-DDT developed both
left and right oviducts. The concentrations of DDT which caused feminization in
the gulls was the same as those found in seabird eggs in southern California in
the late 1960s (Fry and Toone, 1981).
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In an effort to determine the underlying cause of the abnormal sex ratio skew and
breeding patterns of Western and California gulls in the 1970s, Fry et al., ( 1987)
considered both toxicological, demographic, and behavioral variables. They
injected fertile eggs of both species with 2, 5, 20, 50, or 100 µg/g of o.p'-DDT.
p,p'-DDT, p,p'-DDE, and methoxychlor. reflecting the range of pollutant
concentrations found in pelican and gull eggs in southern California in 1970 and
1973. Administration of o,p'-DDT (5> ppm) and methoxychlor (20, 50. or 100
ppm) caused feminization (modification . of the reproductive organs),
demasculinization (modification of the developing brain) of male embryos, and
development of right oviductal tissue in surviving female embryos (ordinarily
females have only a left oviduct). A 4: l mixture of p,p'-DDE and p,p'-DDT at
50 ppm caused feminization of both male and female embryos via increased
development of oviductal tissue.
Fry and co-workers also reported female-female pairing in two demographic
situations. One in newly formed or rapidly expanding colonies of ring-billed
gulls (Larus delaware11sis) and western gulls where the gulls shifted nesting sites
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from year to year. The second in situations where populations of herring gulls
(Larus argelltatus), western gulls, and glaucous-winged gulls (Larus glaucescens)
were breeding in areas polluted with organochlorines and exhibiting declines in
numbers. An incidence of 14% supernormal clutches attended by two females
was reported in the Santa Barbara Island colony of western gulls. The authors
concluded that the increased number of female gulls in the second situation
might be the result of: (1) a reflection of the decreased fitness of male gulls
hatched.from contaminated eggs, and (2) juvenile and/or adult male gulls exposed
to organochlorine chemicals in their food base.
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Lundholm (1988) studied the effects of o,p'-DDE and p,p'-DDE in vitro on the
progesterone receptor in the eggshell gland mucosa of egg-laying ducks and
domestic fowl, and in the endometrium of the rabbit uterus. At a range of 1.1 to
110 x 10-6 M, both isomers inhibited the binding of progesterone to its receptor
in a dose-dependent fashion in the tissue of the three species. The most potent
inhibitor was the o,p'-DDE isomer. He also noted that p,p'-DDE was a partial
agonist to progesterone. He reached this conclusion because p,p'-DDE in vivo
acted similarly to chronic administration of progesterone, reducing ovulation and
effecting atrophy of uterine mucosa.
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Human Data
Levels of total hexachlorocyclohexane (HCH) isomers, lindane, aldrin, p,p'DDT, p,p'-DDD, p,p'-DDE, and total DDT were measured in maternal blood,
placentae, and umbilical-cord blood from women experiencing stillbirth and live
births (Saxena et al., 1983). The levels of aldrin and p,p'-DDT in all samples of
stillbirth cases were significantly higher than the controls (Table 1). The authors
concluded that since the samples taken from stillborn cases held considerably
higher concentrations of the above chemicals than those associated with live
births, a possible association with the fetal deaths existed. The additive effects of
these compounds may be more toxic than the individual compounds alone, but
was impossible to determine in the study.
Jacobson et al., (1989) analyzed serum from 285 Michigan children at age 4 for
environmental contaminants. The children who were exposed in zttero and during
breast feeding were divided into two cohorts: those whose mothers consumed
Lake Michigan fish and those whose mothers consumed food contaminated with
PBBs or PCBs as a result of farm incid~ts. DDT was present in more than 70%
of the samples tested. Factors such as duration of nursing. having older mothers.
and residing in a rural area were reflected in significantly elevated children's
serum DDT levels. The authors concluded that breast feeding was the principal
source of exposure for DDT, PCBs. and PBBs in these children.
Large differences in tissue levels of DDT are not unusual from country to
country. The concentration of total DDT found in breast milk did not change
noticeably in the United States from 1970 to 1982, although in the last two
decades concentrations have decreased gradually in several European countries
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(Calabrese. 1982: Jensen and Slorach. 1991). Since the 1973 ban of DDT in
Ontario, Canada. there has been no significant change in total DDT or DOE
levels in milk fat in that province, and since 1985 the DDE levels in human
breast milk appear to have reached an "equilibrium" with DDE levels in the
Ontario environment (Gobas, 1990).. Jensen and Slorach (1991) report elevated
concentrations in human tissue in southeastern US, southern and eastern Europe,
and in third world countries. DDT use has been restricted in North America and
Europe, but it is used extensively in Third-world countries because it is
considered the least expensive alternative to control insects which devastate crops
and affect human health (Amdur et al., 1991; Jensen and Slorach. 1991).

Hexachlorobenzene (HCB)
HCB was used as a fungicide in the US until 1985. Until recently, a large
component of HCB in the US environment was derived as a by-product from the
production of three chlorinated solvents (Holliday, 1988). However, the main
source in the environment today is from the manufacture of pesticides in which
it is an unwanted by-product (Ando et al., 1985: ATSDR, 1990). It has been
reported as a contaminant in approximately 135 pesticides ingredients (Nair and
Pillai, 1989). It is estimated that in the US 10.000 kg HCB per year are released
through the use of the pesticides, dacthal · (DCPA), picloram, and
pentachlorophenol alone (ATSDR, 1990). It was detected in human fat and breast
milk samples from residents in India, where it was never used as a fungicide, and
where the highest HCB concentrations were found in samples collected from
industrial areas (Nair and Pillai, 1989). A mass-intoxication resulting from the
consumption of HCB-treated wheat in Turkey in the late 1950s generated global
concern over HCB and led to its banning.

Animal Data
At a dose of 300 µM/kg intraperitoneal HCB induces hepatic 6-beta-. 16-alpha-,
and 16-beta-hydroxytestosterone and androstenedione hydroxylases in rats (Haake
et al., 1987). Rat pups were fed HCB at 0.32, 1.6, 8.0. or 40.0 ppm from
weaning to 90 days (Arnold et al., 1985). At the end of the 90 days these rats
(the Fo generation) were bred. Following weaning, the Fl generation were also
fed the same diet as their parents for 130 weeks. At 130 weeks the F1 animals
displayed linear trends in parathyroid adenomas and phaeochromocytomas in both
sexes, and sex-specific liver and kidney anomalies, however fertility was not
affected (Arnold et al., 1985).

Human Data

~

The average worldwide background concentration of HCB in human milk fat is
approximately 0.1 ppm (100 ppb) (Jensen and Slorach, 1991). Mes et al., (1986)
found HCB in 100% of human milk samples from Canada with a mean
concentration of 54.0 ng/g (ppb) and a maximum of 256.0 ng/g (ppb) in milk
fat. HCB was present in all 50 human milk samples from a town in Croatia,
Yugoslavia (median concentration of 0.21 mg/kg (210 ppb) milk fat)
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(Krauthacker et al., 1986). Mes et al., (1984) measured a significant drop in
Canadian breast milk HCB concentrations throughout 98 days of lactation. This
is in agreement with the findings of Ando and coworkers (1985).
HCB was detected in all samples of maternal blood from 36 healthy women from
rural Japan in the seventh month of pregnancy (Ando et al., 1985). It was also
detected in all samples of placentae, cord blood, and breast milk following
parturition, confirming that HCB is transferred from mother to fetus through the
placenta and breast milk. A significant correlation was discovered between
placental HCB and cord blood. It was concluded that the main sources of HCB
exposure in the general population in Japan are from the use of
pentachloronitrobenzene (PCNB) and pentachlorophenol (PCP), two commercial
pesticides (Ando et al., 1985).
Based on Canadian data, HCB intake is two to three times higher for toddlers and
infants than it is for adults (Holliday, 1988). The breast-fed baby is the most
highly exposed, taking in 10 times as much as the mother. This is equivalent to
200 - 300 times the adult intake on a bodyweight basis.
The US Environmental Protection Agency (EPA) Office of Water Regulation
and Standards (OWRS, 1986), reported that HCB was found in 98% of human fat
samples in a nationwide survey at levels between 50 and 100 ppb. It also reported that during the preceding 10 years [1975 to 1985] the level of HCB remained the same or possibly increased in human tissue. This is confirmed by a
more recent survey that found HCB levels in adipose tissue increasing in the US,
UK, and Canada (Jensen and Slorach, 1991).

Hexachlorocyclohexanes
Technical hexachlorocyclohexane is a mixture of isomeric hexachlorocyclohexanes (HCHs), and is also referred to as benzene hexachloride (BHC). The approximate isomer content of the insecticide is alpha-HCH (53-70%), beta-HCH (314%), gamma-HCH (11-18%), delta-HCH (6-10%), others (3-10%). The International Organization for Standardization (IOS) recognizes gamma-BHC,
gamma-HCH, and lindane as common names for the gamma isomer. The pure
isomer is not less than 99% pure gamma-BHC (Smith, 1991). The pure isomer
(lindane) is the most acutely toxic with an LD50 in rats of approximately 200
mg/kg/body weight, while the LD50 for alpha and beta-HCH are in the range of
500 to 2000 mg/kg/body weight (Jensen and Slorach, 1991). However, betaHCH is the most persistent, bioaccumulating isomer and is often 90% of the total HCH found in human milk samples. It has also been reported to exhibit
estrogenic activity in rodents (Jensen and Slorach, 1991; Van Velsen et al.,
1986).
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Animal Data
Both estrogen and anti-estrogen effects of lindane (gamma-HCH) were
demonstrated in a two-phased study in which vaginal opening was delayed and
ovarian cyclicity was disrupted up to 110 days of age in female rats when
chronically exposed to lindane (5, 10, 20, and 40 mg/kg). In the second phase,
21-day-old prepubertal female rats were gavaged with lindane (30 mg/kg) for 7
days and then administered estradiol (Cooper et al., 1989). Reduced serum
luteinizing hormone (LH) and increased pituitary LH, follicle-stimulating hormone (FSH), and prolactin levels suggested that lindane interfered with target
tissue responding to the estradiol. The authors admit that interpretation of the results is difficult.

Weanling rats were fed beta-HCH (purity > 98%), at 0, 2, 10, 50, or 250 mg/kg
(ppm) in their feed for 13 weeks (Van Velsen et al., 1986). Doses of 2> mg/kg
induced liver enzyme induction and at 50> mg/kg significantly reduced testes and
thymus weights. Males dosed with 250 mg/kg beta-HCH experienced atrophied
testes, which involved reduced size of the seminiferous tubules and decreased
number of interstitial cells in association with spermatogenic arrest. In females
the 250 mg/kg dose caused atrophy of the ovaries, impaired oogenesis, and focal
hyperplasia.
Human Data
Concentrations of HCH reported in human breast milk for most of the European
countries average around 0.2 ppm in milk fat, with higher concentrations found
in Czechoslovakia, France, and Italy. In Italy, a high ratio of total-HCH/betaHCH is reported, indicating possible ongoing use of technical HCH or lindane.
In India and the People's Republic of China the average concentration is 6 ppm
in milk fat. Concentrations of the gamma-HCH isomer alone average around
0.05 ppm in human milk fat worldwide (Jensen and Slorach, 1991).

INDUSTRIAL POLLUTANTS COMMONLY
REPORTED IN HUMAN TISSUE
Polychlorinated Biphenyls (PCBs)
Polychlorinated biphenyls are industrial chemicals which have been used as heat
transfer fluids, adhesives, dielectric fluids for capacitors and transformers, fire
retardants, and waxes (Safe. 1990). PCBs consist of 209 different congeners or
permutations, depending upon the number of chlorine atoms present and their
position on two benzene rings. Each of the congeners has its own chemical and
toxicity profile. Fifteen coplanar PCBs, including the non-ortho chlorine
substituted 3 ,3' ,4,4'-tetrachlorobiphenyl. 3.3 ',4,4' ,5-pentachlorobiphenyl, and
3,3',4,4',5,5'-hexachlorobiphenyl, elicit the same receptor binding avidity as the
highly toxic 2,3,7,8-tetrachlorodibenzo-p-dioxin, but with less potency (Safe,
1986, 1990). These congeners have been associated with immune suppression.
dermal abnormalities, porphyria, "wasting", and teratogenicity in laboratory
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animals. However, endocrine disruption, neurotoxicity, respiratory problems, and
male fertility have been associated with other PCB congeners that are not among
the 15 dioxin-like congeners (Dieringer et al., 1979; Bush et al., 1986; USEPA,
1991; Seegal and Shain, 1992).
Animal Data
Sager (1983) observed the reproductive success of male rats exposed to PCB
(Aroclor 1254) postnatally via dam's milk. Lactating mothers received 8, 32, or
64 mg/kg (ppm) Aroclor 1254 in 0.2 ml peanut oil on days 1, 3, 5, 7, and 9 of
lactation. At maturity the males at the two highest doses when mated with
unexposed females displayed reduced incidence of implantations and embryonic
loss following implantation in a dose response manner. In a more recent study
using the same methodology with an additional dose of 16 mg/kg added to the
dosing regime, Sager and coworkers (1991) found PCB affected the ability of
sperm to fertilize eggs. Other parameters such as epidiciymal sperm production,
morphology, and motility, were not affected.

Shain et al., ( 1986) measured the accumulation of PCB congeners in perinatally
exposed rat pups. The dams' diet contained 0, 3, 30, and 300 µg/gm (ppm)
Aroclor 1254 from the time of fertilization to the time the pups were weaned.
Tissue samples from both the dams and pups were analyzed for 67 PCB
congeners at birth and weaning, allowing the description of PCB congener
compartmentalization during gestation and lactation. Exposure to pups was
greater during breast feeding than during gestation. The more highly chlorinated
PCB congeners accumulated in breast milk and at concentrations that correlated
with those in the feed. In other words, they were not readily metabolized by the
dams, but stored in maternal fat. At weaning, the pups of the dams exposed to
30 µg/gm PCB accumulated PCBs 3.5 times greater than that found in the feed.
The authors concluded that the increase could be due to the additional time of
exposure during lactation, or could be partially due to dietary PCBs bypassing
the liver and moving directly to the mammary glands in the nursing rats.
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Schantz et al., (1991) found that low-level PCB (Aroclor 1016 or 1248) perinatal
exposure in rhesus monkeys (Macaca mulatto) alters cognitive function.
Learning deficits were recorded at four to six years of age, even though the four
and six year olds had not been exposed to PCBs since they were weaned at four
months of age. PCB concentrations of maternal milk ranged 0.5 to 4.0 µg/g
(ppm) on a fat basis, which is in the range of the human population.
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A cross-fostering study using virgin rats on a diet of O and 30 mg/kg (30 ppm)
lower-chlorinated PCBs in their diet for 60 days preceding mating revealed that
"active avoidance learning" and "retention of a visual discrimination task" deficits
occurred only in the prenatally exposed pups (Lilienthal and Winneke. 1991 ).
Brain tissue analysis revealed that the lower chlorinated PCB congeners were
more readily transferred across the placenta and the blood brain barrier than the
higher chlorinated biphenyls. Exposure to the lesser chlorinated PCBs was
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The average concentration of PCBs in human breast milk is approximately 1
ppm on a fat basis in industrialized nations. This is equivalent to a dose of
approximately 5 µg/kg/body weight/day for the suckling infant based on the
infant consuming 130 g milk/body weight/day and breast milk consisting of
3.7% fat (Jensen and Slorach, 1991). This is well above the Allowable Daily
Intake (ADI) for PCBs set by the Food and Agriculture Organization, at 1
µg/kg/body weight/day based on a 70 kg adult (A TSDR. 1987b).
At birth, the baby and mother are at equilibrium in respect to PCB
concentrations. On a fat basis, PCB is the same in maternal blood. breast milk,
and baby cord blood. Eventually an infant will exhibit a 4 fold increase in blood
PCB after 6 to 9 months of breast feeding, whereas the mother's blood PCB will
drop 2.5 fold during the same time period (Gobas, 1990). A survey of breast
milk fat from 24 Inuit women from Hudson Bay in 1987 and 1988 revealed a
mean of 3.6 ppm PCB, reflecting the mothers' diets of marine mammals and fish
and freshwater fish (Dewailly et al., 1989). At 6 to 9 months. the Inuit infants
could carry 14.4 ppm PCB in their blood fat if the above increases are also true
for Inuit populations.
Tilson et al., (1990) found that children exposed to PCBs transplacentally at
concentrations considered to be background in the U.S. experienced hypotonia
and hyporeflexia at birth. delays in psychomotor development at 6 and 12
months, and poorer visual recognition memory at 7 months. Using EPA's risk
assessment model (USEPA, 1989) for the determination of a PCB reference dose
(RID) for humans based on neurotoxicological endpoints, Tilson et al.. (1990)
reexamined the results of the above studies that measured standard development
in infants and young children. They arrived at a no-observed-adverse-effect-level
(NOAEL) of 93 µg/kg/body weight/day for hypotonicity based on the results of
the Brazelton Neonatal Behavioral Assessment Scale; 93 µg/kg/body weight/day
based on a decreased Bayley Psychomotor Scale Index (motor and language
development) measured at 12 months of age; and 27 µg/kg/body weight/day for
Impaired Visual Recognition Memory. Introducing a safety factor of ten. they
arrived at Rills of 9.3. 9.3. and 2.7 µg/kg PCB/body weight/day. respectively
for PCBs. This places suckling infants consuming breast milk at the nationwide
average of 5 µg/kg PCB/body weight/day ( I ppm PCB on a fat basis in the
breast milk) at tl)e margin of safety for neurotoxicological effects. Using the
USEPA (1989) risk assessment model mentioned earlier. Tilson and co-workers
also compared PCB NOAELs between rodents, rhesus monkeys. and humans and
found that the human fetus is 4 orders of magnitude more sensitive than the
rodent to the neurological effects mentioned above.
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Human Data

Levels of PCBs in human breast milk from the Great Lakes Basin have remained
· constant from 1969 to 1985 with a range of 0.5 to 1.5 ppm (Gobas, 1990). PCB
concentrations in breast milk doubled in Norway between 1970 and 1976 from
11 to 24 µg/kg (ppb) whole milk: and between 1976 and 1982 (mean= 0.8 ppm
on a fat basis), no change was noted (Skaare et al., 1988).
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Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs) consisting of 75 and 135 PCDF congeners respectively (Safe, 1986).
Of the 75 dioxin congeners, 2.3.7,8-tetrachlorodibenzo-p-dioxin (TCDD), also
referred to as dioxin, is considered most toxic. All other 2,3,7 ,8-substituted
congeners have the same toxicological profiles as 2.3,7.8-TCDD, but are less
potent. Both PCDDs and PCDFs are by-products or unwanted components from
the manufacture of many industrial and agricultural chemicals. They are formed
during the processing of intermediate chlorophenols in the manufacture of, for
example. 2.4,5-T and 2,4-DCPB (dacthal), which are widely used herbicides.
Other sources include the emissions from steel foundries, municipal waste and
hospital incinerators, paper and pulp bleaching, and exhaust emissions from
vehicles (Skene et al. , 1989; Rappe, 1991). PCDFs are by-products in the
manufacture and combustion of ·polychlorinated biphenyls and naphthalenes
(Safe, 1986).
Animal Data
The endocrine disrupting toxicity of TCDD varies from species to species and is
expressed in a number of ways depending on how it interacts with a number of
hormones and hormone receptors, e.g., epidermal growth factor, estrogens.
glucocorticoids, low density lipids. prolactin. and thyroxine (Umbreit and Gallo,
1988). In addition, timing of exposure to TCDD plays a significant role in the
development of the embryo, fetus. and neonate. For example, a single meal of
TCDD administered to a female rat on day 15 of gestation can adversely affect
the sexual maturation of the male rats she is bearing. Male rats are highly
sensitive to intrauterine and lactational TCDD exposure at a single dose as low
as 0.064 µg TCDD/kg to the mother (See Chapter IO. Peterson et al., for a
description of TCDD effects in male offspring).
'

The male reproductive system is more sensitive to TCDD when exposure occurs
early in development than at maturity. Androgenic deficiency was reported in mature male rats when exposed to 15 µg/kg TCDD (Moore et al., 1985).
Deficiencies were reported in in utero exposed male rats whose mothers were exposed to 0.064 µg/kg TCDD. which signifies much greater sensitivity between
rats exposed perinatally and those exposed after sexual maturation. The effects on
the female offspring were not determined in these studies (Peterson et al.,
Chapter I 0).
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Human Data

In industrialized countries the background concentration of the most toxic dioxin
congener (TCDD) in human milk fat is approximately 2 ppt (Jensen and
Slorach, 1991). TCDD serum levels reported on a lipid basis in children from
Seveso, Italy were from 1770 to 56,660 ppt (ng/kg). The exposure was the
result of an explosion in a factory during the production of 2,4.5-trichlorophenol
(Kimbrough, 1990).
A number of schemes to compare the toxic potency of the various PCDD and
PCDF congeners and t_he dioxin-like PCB congeners have been developed.
TCDD-equivalency factors (TEFs) based on enzyme induction activity using the
most potent compound, 2,3,7,8-TCDD, as the standard compared with the other
structurally related compounds are currently under evaluation in the US (Safe,
1990: USEPA, 1991). The 1988 Nordic International Toxicity Equivalency
Factors (I-TEF) are used in the data that follows concerning congeners present in
milk fat (Slorach and Jensen, 1991).
The PCDDs that have been detected in human milk samples are all 2.3.7.8-chlorine substituted, considered the most toxic of the PCDD congeners. One of the
relatively toxic congeners, 1,2,3,7,8-PentaCDD, (1-TEF = 0.5), is found in human milk at concentrations averaging 50 ppt: three hexa substituted PCDDs
concentrations are found between 20-300 ppt (I-TEF = 0.1); and only one of the
two hepta-substituted PCDDs is found at concentrations between 30 and 150 ppt
(I-TEF = 0.01) (Slorach and Jensen, 1991).
The total background concentrations for PCDF (two having the 2,3,7,8-substitution) in human milk fat is 20-50 ppt (I-TEF = 0.01). Three hexa substituted
isomers, all with 2,3,7,8-substitution have been detected in milk fat at concentrations ranging from 10-100 ppt (I-TEF = 0.1). The concentration of 2,3,7,8TCDF in human milk fat ranges between 2-5 ppt (I-TEF = 0.1) (Jensen and
Slorach, 1991). On an equivalency basis, it is estimated that the breast fed infant
takes in 70 pg TCDD equivalents for each kilogram of body weight each day
compared with 1.2 pg for an adult (Jensen and Slorach, 1991).
TCDD induced carcinogenicity, immunosuppression, reproductive and behavioral
effects, and enzyme induction have been reported in laboratory animals at exposure levels equal to or only one or two orders of magnitude higher than the concentrations normally found in human milk in industrialized countries (Jensen and
Slorach, 1991).

DISCUSSION
It was not within the scope of this paper to report on every study concerning
bioaccumulative chemicals in human tissue. This review, however. reveals that
many of the chemicals of concern were and are still found in human tissue at
concentrations that can have untoward effects on wildlife and humans. Data are
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II

I

I

accumulating acmss a number of wildlife and laboratory animal species as well
as in humans that these chemicals can disrupt the organization and progressive
development of the endocrine system via transfer of the chemicals to the offspring. This information has been slow coming to light because of the indirect
pathway of exposure and the delayed manifestation of the functional deficits. In
addition, it is difficult to measure loss or change of function and in many instances researchers have not known what to measure or when. The delayed effects
in the offspring often are not fully manifested until adulthood, and are therefore
the most difficult to trace. For example, the current epidemiological approach of
screening exposed adults (the initial targets of exposure) for cancer and other obvious clinical symptoms has not revealed significant associations with the chemical(s), e.g., symptoms such as cancer, fertility, or even gross birth defects in
offspring. Epidemiological surveys of exposed individuals must transcend the
initial target individual and include functional decrements expressed in the offspring of the targeted adult.
In theory, a woman who suspects that she has experienced excessive exposure to
bioaccumulative chemicals could have her blood tested before she decided to get
pregnant or during her pregnancy to determine the risks posed to her baby. The
equilibrium between blood fat, adipose tissue, and breast milk fat makes this
possible and could be used to determine whether to breast feed or not. However,
the cost involved, the shortage of qualified laboratories, the long turn-aroundtime between sample collection and final analyses, and the shortage of properly
informed physicians make this an option to only a few women. In addition,
interpretation of the quantitative results would be difficult using current
knowledge.

II

ii11
ii

Recent reports continue to support the practice of breast feeding despite the
knowledge that (1) infants are exposed to elevated concentrations of certain
chemicals through breast milk and (2) associations have been made with
untoward effects in exceptionally exposed infants and these chemicals (UC,
1991). This support for breast feeding is based on the advantages associated with
breast feeding, such as mother-child bonding, immunological benefits transferred
from mother to child, nutritional values, and reduced risk of sepsis from poorly
prepared formulas . It is also based on the results of studies revealing that prenatal
intrauterine exposure is the source of the greatest neurological effects. compared
with postnatal breast feeding exposure. On the other hand, it does not consider
the exceptional early dose to a female child who can someday, in turn, expose
her own embryonic, fetal , and breast feeding offspring to the chemicals in her
body. Until long-term studies surveying the results of delayed onset endocrine
disruption in adults exposed in the womb have been completed. questions of this
nature will not be answered. Future research must be directed toward developing
end points that signal endocrine disruption in its early stages in order to remove
the anxieties associated with the decision of whether or not to breast feed.
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