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Abstract
Children are not only being born into a chemically toxic 
world, they are exposed to these toxins throughout their 
gestational development. They are exposed to hundreds of 
toxic compounds via cord blood and release many of them 
in the meconium. These toxins include numerous neuro-, 
immuno-, and endocrine-toxic compounds present during the 
critical stages of hormonal, immunological, and neurological 
development. Outcome studies have shown that animal and 
human offspring who are so exposed can not only be born 
with birth defects, but suffer from lifelong health and behavior 
problems. This article discusses the effect of xenobiotics on 
fetal and child health, essential information for any health 
care provider working with women of childbearing age. 
Recommendations for maternal testing and dietary changes 
to avoid the greatest sources of exposure are also included.
(Altern Med Rev 2009;14(3):212-222)

Introduction
The use of thalidomide from 1957 to 1961 

for the treatment of multiple myeloma and as a seda-
tive resulted in a number of babies born without limbs. 
A decade later an observant clinician noted that young 
women born to mothers who had taken diethylstilbes-
trol (DES) while they were in utero developed clear cell 
carcinoma of the vagina. While thalidomide caused 
birth defects when the children were exposed in utero, 
DES led to health problems that did not show up in 
the offspring for a couple of decades. These two drugs, 
with different adverse health effects on the child, set the 
stage for the recognition that chemicals can seriously af-
fect health and dramatically impact the quality of life of 
children.

The concept that environmental toxins (other 
than prescribed medications) could impact the health 
of the next generation, rather than the generation di-
rectly exposed, was brought into focus by the ground-
breaking work of Theo Colburn, PhD. When Colburn 
studied the effect of Great Lakes pollution on local 
wildlife, she made the startling discovery that reproduc-
tive problems caused by environmental pollution were 
found in the offspring of the exposed animal, not the 
exposed adult. She also found the animals were not dy-
ing from cancers as she expected. Instead, their demise 
was due to a variety of endocrine problems that seemed 
to be magnified in animals higher up the food chain. In 
fact, of the fourteen species studied, all of which were 
in population decline, the two most commonly found 
problems were wasting and reproductive effects in the 
next generation (11/14 each).1

Contrary to the previously held belief that the 
placenta protects the fetus from toxic compounds in the 
mother’s blood, it is now known that xenobiotics readily 
cross through the placenta and flow into the fetus.2 The 
developing fetus is exposed to the chemicals, persistent 
pollutants, and those with a limited half-life, that are in 
the mother’s bloodstream. Many of these compounds 
are potent toxins to the immune, neurological, and en-
docrine systems, which are going through critical devel-
opmental milestones in the fetus.
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Measurement of xenobiotics in cord blood of 
newborns is one method for determining the toxic ex-
posure of the fetus during the time spent in utero. One 
of the most comprehensive measurements of cord blood 
was conducted by the Environmental Working Group 
(EWG).3 The EWG assessed the cord blood of 10 ba-
bies born in U.S. hospitals for the presence of 413 toxic 
compounds and found a total of 287 to be present. Of 
these toxins, the babies had an average of 200 in their 
cord blood. This begs the question, of course, “What 
effect, if any, do these compounds have on the child?” 
Table 1 outlines the compounds looked for in the cord 
blood samples and how many were found.

The vast majority of the compounds listed 
in Table 1 are fat-soluble and bioaccumulative (with 
the exception of polycyclic aromatic hydrocarbons). 
These lipophilic compounds are not present in the 

blood as free-floating chemicals, but are carried by 
serum lipids. Since cord blood is known to contain a 
smaller percentage of lipids than adult blood, the sam-
pling of toxins in cord blood may not reveal the total 
burden.4

A review of studies on the level of certain xeno-
biotic compounds in meconium samples reveals a large 
number of compounds also present in the child’s first 
bowel movement.5 These compounds include pharma-
ceutical agents, illegal drugs, heavy metals, and pesti-
cides (Table 2).

The meconium studies picked up organophos-
phate pesticides that were not looked for in the EWG 
cord blood study. Organophosphate pesticides and py-
rethroid pesticides are the most commonly used insec-
ticidal agents. They are water-soluble and do not have 
the biological persistence found in their chlorinated 

Number of 
Compounds Tested

1

18

12

17

12

28

46

70

209

Number of 
Compounds Found

1

9

7

11

9

21

32

50

147

How Used/Where Found

Dental amalgams; present in seafood

Combustion by-product (from tailpipes 
and cigarettes)

Contaminants of brominated fire 
retardants

By-products of plastic production (PVC), 
industrial bleaching, and incineration

Teflon, Scotchgard, fabric and carpet 
protectors, food wrap coatings 

Most are now banned for use; found in 
farmed salmon and other fat-containing 
foods

Flame retardants; high in farmed 
salmon

Wood preservatives, varnishes

Used as lubricants and insulation; a 
worldwide ban on production and use; 
high in farmed salmon.

Compound

Heavy metal mercury

Polycyclic aromatic 
hydrocarbons (PAH)

Polybrominated dioxins and 
furans (PBDD/F)

Polychlorinated dioxins and 
furans (PCDD/F)

Perfluorinated chemicals (PFCs)

Chlorinated pesticides

Polybrominated diphenyl ethers 
(PBDE)

Polychlorinated napthalenes

Polychlorinated biphenyls 
(PCBs)

Table 1. Xenobiotics Found in Cord Blood
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 predecessors. So these compounds, and others pres-
ent in the environment that have a short half-life in the 
bloodstream, represent a portion of the toxic load on 
adults and fetuses and should not be overlooked.

Adverse Birth Outcomes
Some of the problems caused by in utero toxin 

exposure are clearly visible at birth, while others do not 
show up until later in life. A number of compounds 
have been positively and significantly associated with 
low birth weight, short length, and small head circum-
ference. Included in the list of toxins affecting infant 
growth are the chlorinated pesticide metabolite dichlo-
rodiphenyldichloroethylene (DDE), organophosphate 
pesticides, and the polycyclic aromatic hydrocarbons 
(PAHs).

PAHs are by-products of combustion and are 
emitted from cigarettes, tailpipes, factory smokestacks, 
jet engines, barbeque grills, volcanoes, and forest fires. 
For decades it has been known that maternal cigarette 
smoking is associated with the delivery of small-for-ges-
tational-age babies.6 Sufficient studies have been done 
to quantify the fetal weight reduction due to maternal 
smoking to 30-40 g. In addition, common urban out-
door air pollution, another source of PAH exposure, 
has been associated with smaller infants.7,8

In utero exposure to the organophosphate pes-
ticide chlorpyrifos is also associated with reduced birth 
weight, length, and head circumference.9 Although 
chlorpyrifos has been banned for use in the United 
States, many other organophosphate pesticides are still 
being used. The metabolite of organophosphate pesti-
cides is cleared from the bloodstream by the phase 2 

enzyme paraoxonase 
(PON), which has 
been shown to be poly-
morphic. Mothers who 
have a PON polymor-
phism, leading to re-
duced blood clearance 
of organophosphates, 
are much more likely 
to give birth to smaller 
children.10 This same 
study also revealed that 
DDE presence is as-
sociated with smaller 
birth weight and head 

circumference. Presence of the herbicide atrazine in the 
municipal drinking water supply has also been positive-
ly associated with smaller babies and preterm delivery.11

In addition to causing in utero growth restric-
tion, chlorpyrifos has been linked to severe birth de-
fects. A review of four cases revealed that in utero expo-
sure to this organophosphate pesticide was associated 
with defects of the brain, eyes, ears, palate, teeth, heart, 
feet, nipples, and genitalia.12 Brain defects were pres-
ent in the ventricles, corpus callosum, choroid plexus, 
and septum pellucidum. Genital defects were present 
in both males and females in the form of undescended 
testes, microphallus, and fused labia. Three of the four 
children also exhibited severe mental retardation. The 
publication of this association persuaded the U.S. Envi-
ronmental Protection Agency to ban this chemical from 
agricultural and residential use.

A number of cases of anencephaly and hydro-
cephaly have also been reported in children exposed to 
organic solvents in utero.13 Organic solvents have been 
linked to the formation of cleft-palate.14 Other defects 
in the renal-urinary system and gastrointestinal systems 
have been associated with maternal exposure to toluene, 
a commonly used solvent.15

Adverse Effects on Immune 
Development and Function

The impact of ubiquitous xenobiotics on the 
developing immune system is similar to environmen-
tally burdened adults. Some xenobiotic compounds, 
including lead, have been found to shift the fetal im-
mune system to greater T-helper 2 (Th2) dominance, 

Table 2. Xenobiotics Found in Meconium

Pharmaceuticals

Anesthetics
Analgesics

Antihistamines
Adrenergics
Expectorants 

Antidepressants
Anticonvulsants

Drugs of Abuse

Cocaine
Opiates

Cannabinoids
Morphine

Methadone
Stimulants

Cotinine (nicotine)

Heavy Metals

Lead
Cadmium
Mercury

Pesticides & PCBs

Arochlor (PCB)
Chlordane

Chlorpyrifos
Organophosphate metabolites

DDT
Lindane

Malathion
Parathion
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which appears to lead to increased asthma and allergy 
for the neonate and child.16,17 This Th2 imbalance can 
also potentially lead to increased rates of autoimmunity. 
Perinatal exposure to dioxin in animals has already been 
associated with adult onset of autoimmunity.18

Not all exposures, even by the same com-
pound, cause consistent immune problems. The key to 
the downstream effect on the immune system appears 
to be the timing of exposure. Since different parts of 
the immune system develop throughout the 38 weeks 
of gestation, the areas of potential impact will change. 
The major developmental events during gestation for 
the immune system are represented in Table 3. As can 
be seen, most developmental activities occur during the 
first trimester; thus, a toxic insult during this time could 
result in a wide range of childhood health problems that 
could persist into adulthood.

Prenatal and post-
natal exposure to cigarette 
smoke is associated with 
increased rates of respi-
ratory infection, asthma, 
wheezing, otitis media, and 
even sudden infant death 
syndrome.19 Non-cigarette 
smoke PAH exposure, de-
pending on the timing of 
exposure, can lead to vari-
ous immune system imbal-
ances including a reduction 
in T-cells, increases in B-
cells, and elevation of IgE 
levels.20

Several animal 
studies have shown early 
exposure to polychlori-
nated biphenyls (PCBs) 
can lead to atrophy of the 
thymus gland.21,22 Human 
children with fetal expo-
sure to PCBs have a prob-
lem with more frequent 
and recurrent infections 
than children without that 
exposure.23 The most com-
mon recurrent infections 
are respiratory, with cough 
and otitis media also found 

in children with prenatal exposures to DDE.24,25 Not 
only can infection rates be higher, but response to im-
munizations can be weaker. A study of Dutch children 
revealed gestational exposures to PCBs resulted in re-
duced levels of antibody formation after the measles-
mumps-rubella (MMR) vaccination.22

The immune damage from exposure to xeno-
biotics while in utero is also being explored as a possible 
etiological factor for childhood leukemia and autism.26,27

Adverse Effects on Neurological 
Development and Function

The developing brain is also a unique target for 
a wide range of xenobiotic compounds. In adults, fat-
soluble pollutants such as chlorinated pesticides, PCBs, 
and solvents can easily cross the blood-brain barrier and 

Table 3. Gestational Development of the Immune System

Approximate Gestational
Time Period

Weeks 4-24

Weeks 6-12

Weeks 7-8

Weeks 8-12

Weeks 10-22

Weeks 10-12

Weeks 12- 14

Weeks 14-16

Weeks 12-28

Weeks 18-38

Weeks 24-birth

Weeks 37-birth

Trimester

1-2

1

1

1

1-2

1

1

2

1-2

2-3

2-3

3

Adapted from: Hertz-Picciotto I, Park HY, Dostal M, et al. Prenatal exposures to persistent 
and non-persistent organic compounds and effects on immune system development. Basic 
Clin Pharmacol Toxicol 2008;102:146-154.

Area of Immune Development

Macrophage differentiation and seeding

Thymus seeding with pro-T cells

B-cell production begins in the liver

IgE production in the liver

IgE production in spleen and lung

Thymus cortex formation

Bone marrow lymphopoiesis begins

Thymus medulla fully formed

T-cell clonal expansion

IgM production

Allergen and microbial specific antibody response

Development of Th1 capacity
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cause damage. In a developing neurological system the 
blood-brain barrier is not even developed, making the 
fetus even more susceptible to such neurotoxins (all 
pesticides kill the insect by neurotoxicity). The most 
commonly recognized and studied developmental neu-
rotoxins are the heavy metals, lead and mercury. But 
published studies also show chlorinated and organo-
phosphate pesticides, PCBs, and solvents impact the 
developing neurological system.

Effects of Mercury
Significant research indicates that when ex-

pectant mothers consume fish or fish oil daily their 
offspring will have better brain function. Yet the most 
common source of methylmercury is the large carnivo-
rous fish. Thus, even with the brain-enhancing value of 
consuming oily fish, the neurotoxic effect of methylmer-
cury outweighs the benefit. This has been demonstrated 
in a study of mother-child pairs in Massachusetts. The 
amount of fish intake during the second trimester was 
recorded along with maternal RBC mercury levels. At 
six months of age the children who ate more fish had 
better brain function; for each additional serving of fish 
per week the child scored 4 points higher on visual rec-
ognition memory tests.28 But when the child’s hair mer-
cury (a specific indicator of methylmercury exposure) 
was measured, it was found that for each ppm of mer-
cury a 7.5 point reduction in visual recognition memory 
was demonstrated. The children dropped almost twice 
the number of points from mercury as they gained by 
fish consumption. When the children were three years 
old they were assessed for cognitive performance. Chil-
dren born to mothers who consumed more fish had sig-
nificantly better cognitive function, while those whose 
mothers had higher mercury values had poorer func-
tion.29 Not only can methylmercury adversely affect 
cognition, it can also affect behavior.30 Expectant moth-
ers should carefully pick the fish they consume and 
avoid the most mercury-toxic varieties.

Effects of Lead
When rats were exposed to lead prior to breed-

ing, their offspring exhibited increasing difficulty with 
memory and problem-solving abilities.31 When children 
were exposed to high levels of lead in utero from their 
mothers’ bone stores they also showed reduced mental 
abilities at age 24 months.32 As the estimated levels of 

trabecular (bone) lead of the mother increased, there 
was a corresponding decrease in mental function as 
measured by the Bayley Scales of Infant Development-
II. This occurred two years after delivery, demonstrating 
the lead exposure to the growing fetus resulted in long-
term neurological impairment.

Effects of Chlorinated Compounds
Polychlorinated biphenyls are industrial 

chemicals historically used as coolants or heat transfer 
agents in electrical transformers. They were also used 
in microscope immersion oils, carbonless copy paper, 
cutting oils, and as a pesticide inert ingredient. The 
use of PCBs began in the 1930s and continued until 
their restriction in the 1970s. Because of widespread 
environmental PCB spills, it is now a fairly ubiquitous 
environmental contaminant in ocean and fresh-water 
fish, butter from around the globe, and numerous other 
foodstuffs. Neonatal exposure of mice to PCBs results 
in long-term neurologic deficits. Exposed mice exhibit 
persistent behavior aberrations that only get worse as 
they age.33 PCB exposure also adversely affects learning 
and memory function when the mice reach adulthood. 
PCB exposure from fish can affect intellectual function-
ing when children are exposed in utero.34

The effect of PCB contamination has been 
studied in different populations where it was present as 
a dietary contaminant. In 1979, 2,000 people became ill 
after exposure to PCB-contaminated rice bran cooking 
oil. This group developed primary symptoms of hyper-
pigmentation, chloracne, and peripheral neuropathy in 
what was termed “yu cheng” (Chinese for “oil disease”). 
Individuals had used the contaminated oil for as long as 
nine months, consuming about 1 g of PCBs and 3.8 mg 
of polychlorinated dibenzofurans (PCDFs). PCDFs 
are created when PCBs are repeatedly heated, as had 
occurred in this case. The first 39 children born to ex-
posed mothers were hyperpigmented and eight of them 
died.35 The exposed individuals and surviving offspring 
are now followed in a Taiwan registry.

Children born to mothers who consumed the 
contaminated oil have been followed for cognitive de-
velopment. They were tested between ages 4-7 years 
and scored 5-8 IQ points lower on cognitive tests.36 Re-
duced cognition was found in children born up to six 
years after the mother’s exposure. These children had 
more behavioral and activity problems than matched 
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controls.37 Twelve to 16 years after exposure, these 
children continued to show adverse cognitive effects as 
evidenced by reduced IQ points and increased behav-
ior and activity difficulties.38 This group showed higher 
urinary porphyrin levels, specifically coproporphyrins, 
than controls.39 While elevated porphyrins can have ad-
verse mental and emotional effects, the cognitive defects 
are thought to occur from the thyroxin-lowering effect 
that PCBs demonstrate.40

Studies examining the effect of PCBs and oth-
er persistent organic pollutants have been conducted 
on two U.S. populations. Children of women who con-
sumed fish from the Great Lakes prior to giving birth 
were studied.41 By the age of seven months, children 
with prenatal PCB exposure showed adverse cognitive 
effects using visual recognition cognitive testing. The 
results of the testing showed a significant inverse corre-
lation with umbilical cord PCB levels. There was no sig-
nificant association between breast milk PCB exposure 
and test responses. By the time the children were four 
years old, those with higher in utero PCB exposure had 
significantly worse short-term memory function and 
cognitive processing speed. By the time these children 
reached age 11, the children of fish eaters had lower IQ 
scores, poorer reading skills, memory problems, and 
more attention deficits.42 The most alarming note was 
that the level of PCBs in the mothers was not much 
higher than published “normal background” levels.

A study population from North Carolina was 
also identified. Like the Great Lakes group, they also 
had exposure to a variety of persistent organic pol-
lutants including PCBs and DDE. Children with in 
utero exposure showed motor abnormalities at birth.43 
The finding of hypotonicity and hyporeflexia was sig-
nificantly associated with prenatal PCB exposure levels 
and hyporeflexia was associated with DDE levels. By 
age two years, those children with the highest in utero 
PCB exposure showed significant psychomotor de-
lays44 that were no longer identifiable when the children 
reached ages 5-10,45 a finding that is gratifying, but not 
in line with other published studies. Studies from New 
York, Holland, Germany, and the Faroe Islands have all 
confirmed that in utero PCB exposure leads to reduced 
cognitive function in infancy and childhood. In fact, 
by the time these children are in school they typically 
exhibit greater impulsivity, poorer concentration, and 

poorer verbal, pictorial, and auditory working memo-
ry.46 An excellent review of these studies has just been 
published.47

Interestingly, rats exposed to PCBs while  in 
utero experience reduced hearing ability.48 Hearing was 
assessed when the rats were 200 days old; the rats ex-
hibited permanent hearing defects of cochlear origin 
that were not present in control rats.

Children with gestational exposure to the chlo-
rinated pesticides DDT and DDE also showed differ-
ences from non-exposed children. Those with higher 
levels of DDT/DDE exposure had poorer mental 
development.49 Those exposed to hexachlorobenzene 
(HCB) during pregnancy did not show cognitive or 
psychomotor defects, but by age four showed poorer so-
cial competence and had a far higher odds ratio (2.71) 
for having attention deficit hyperactivity disorder.50

Effects of Organophosphate Pesticides 
Children with  in utero exposure to organo-

phosphate pesticides have more abnormal reflexes at 
birth than children without such exposure.51,52 Reflexes 
are checked on newborns because they are important 
markers of neurological integrity. One would surmise 
from these studies that as these children age, they 
would begin to exhibit other neurological problems, an 
assumption that turns out to be correct. As these chil-
dren age they begin to have difficulties performing tasks 
that require short-term memory, and they also tend to 
exhibit slower reaction time, impaired mental develop-
ment, and some may have pervasive developmental de-
lays.53

Effects of Solvents
Solvents are neurotoxic by nature and can also 

lead to infertility. Less is known about the persistent 
neurologic damage from gestational exposure. In rat 
models, xylene (present in gasoline, cigarette smoke, 
and some household cleaners) causes severe neurotoxic-
ity. Levels of xylene that are not toxic to the adult animal 
induce a range of problems in the offspring, including 
decreased brain weight and difficulty with neuromotor 
abilities, learning, and memory, which persist as they 
age.54,55
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Adverse Effects on Endocrinological 
Development and Function

Since proper thyroid function is critical for 
proper neurological development, researchers have 
studied the potential problems that gestational expo-
sure to xenobiotics can cause. Because adult exposure 
to PCBs and other chlorinated compounds has been 
associated with a variety of thyroid problems, it is rea-
sonable to examine whether gestational exposure can 
cause similar issues.  In utero exposure to PCBs has 
been positively associated with increased levels of thy-
roid stimulating hormone (TSH) in children, although 
there are not many current studies of this issue.56 The 
effect of perchlorate in the water supply on the devel-
oping thyroid gland also poses concern. Perchlorate is 
a competitive inhibitor of iodine and decreases the ac-
tive transport of this halogen molecule into the thyroid 
gland. It was actually used as an anti-thyroid drug in 
the 1950s and 1960s but was discontinued because of 
some incidence of aplastic anemia. It is now found in 
some water supplies as an industrial waste product and 
a large number of children are being exposed to it in 
utero and neonatally. Fortunately, water pollution with 
this potent anti-thyroid compound does not appear to 
cause adverse thyroid effects in exposed children.57

While there are undoubtedly many factors as-
sociated with childhood obesity, including a decrease in 
physical activity and a high sugar intake, environmental 
toxic burden may impact it as well. In adults the pres-
ence of chlorinated pesticides (a class with multiple 
compounds found in all individuals tested) has been 
documented to adversely affect the rate of thermogene-
sis.58 The higher the blood levels of these pesticides, the 
lower the resting metabolic rate, which accounts for the 
majority of calories burned in a day. This finding was 
mirrored in a study that examined mitochondrial mark-
ers for fatty acid metabolism. These markers, reflective 
of fat being broken down in adipose tissue, showed that 
the higher the blood levels of pesticides and PCBs, the 
lower the level of these markers, indicating inhibition of 
fat metabolism.59

Another common toxin, benzo(a)pyrene 
(BAP) from cigarettes, tailpipes, and other combus-
tion sources, can also lead to weight gain. The presence 
of BAP inhibits fat breakdown and has been shown to 
cause weight gain in animal models.60 In children,  in 

utero exposure to the chlorinated pesticide HCB pre-
disposed them to being overweight by the time they 
reached age six. Children with gestational exposure to 
HCB were 2.5-3.0 times more likely to be overweight 
than children without this exposure, no matter what 
their dietary intake or activity level.61 In animal mod-
els, adult mice exposed to cigarette smoke  in utero were 
given a high-fat diet for two weeks. During that time, 
mice with prenatal tobacco smoke exposure gained sub-
stantially more weight and had far higher levels of total 
cholesterol than non-gestationally exposed controls.62

Sex hormone levels can also be affected by ges-
tational xenobiotic exposure. German children whose 
mothers had higher levels of polychlorinated dibenzo 
dioxins (PCDD) and furans (PCDF) had lower cord 
blood levels of estrogens (more so in male babies) and 
testosterone (more so in female babies) than controls.63 
Taiwanese girls ages 13-19, whose mothers were ex-
posed to PCBs when pregnant, were more likely to 
have irregular menses and higher estradiol and follicle 
stimulating hormone (FSH) levels during their follicu-
lar phase than control girls the same age.64 Male Tai-
wanese children also showed sex hormone differences, 
with those exposed  in utero to PCBs and PCDFs hav-
ing higher serum estradiol and FSH levels at puberty 
along with lower testosterone.65

In animal models, maternal exposure to poly-
brominated diphenyl ether (PBDE), a common flame 
retardant found in high concentrations in farmed At-
lantic salmon, had profound long-term effects for both 
male and female offspring.66 Females had fewer primary 
and secondary follicles and experienced delayed puberty. 
Male animals had dramatic decreases in circulating sex 
hormones at weaning, which persisted into adulthood. 
Another study showed males with a history of PBDE 
exposure also had reduced spermatogensis.67

Conclusion and Recommendations
Table 4 shows the health effects on children 

from gestational exposure to compounds documented 
in cord blood and meconium studies. Children are in-
creasingly under assault before they are born and the 
major targets include immune and neurological func-
tioning.

In an effort to help obtain this information, 
Colburn has developed a website that summarizes the 
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critical windows of 
exposure for these 
chemical compounds. 
The website is: http://
www.endocrinedis-
ruption.com/prena-
tal.criticalwindows.
overview.php

Fortunately, 
fairly simple ap-
proaches exist to re-
duce exposure to some 
of these compounds. 
The organophosphate 
pesticides are easily 
avoided by not con-
suming commercial 
varieties of the 12 
most toxic fruits and 
vegetables (list avail-
able at www.food-
news.org). Avoidance 
of a strikingly similar 
list of foods resulted 
in a dramatic decrease 
in organophosphate 
pesticide metabolites 
from the urine of pre-
schoolers in Seattle.68 
By avoiding farmed 
salmon and catfish 
one can also avoid 
the greatest source of 
current exposures to 
PCBs, PBDEs, and 
other chlorinated pesticides.69 Other common dietary 
sources of lower levels of PCBs and dioxins include 
dairy products and fish oils.70

In addition to avoiding consumption, a pro-
spective mother (any sexually active menstruating fe-
male) can be tested to find out if she is carrying a sizeable 
burden of any of these compounds. The heavy metals, 
chlorinated pesticides, and PCBs can be measured in ei-
ther the serum or urine. Chelation can reduce the heavy 
metal burden but will not lower the levels of persistent 
chemicals. To reduce those levels one needs to increase 

the fecal excretion of those compounds through the fol-
lowing dietary supplementation as well as with sauna 
therapy and colonic irrigations.

Pregnant women who consumed high-chlorel-
la supplements during pregnancy were able to reduce 
the amount of dioxin in their babies’ cord blood by 26 
percent and levels in breast milk by 30 percent.71 The 
active ingredient in chlorella is chlorophyll. Several 
other research projects have been conducted in animals 
to examine the effect of chlorophyll and chlorophyll-
containing compounds on removal of dioxins and PCBs 
via the stool. The higher the content of chlorophyll in 
the diet, the greater the excretion of these fat-soluble 

Table 4. Summary of Xenobiotics from Cord Blood or Meconium and Effects 
on Children

Location

Meconium/Cord blood

Meconium

Meconium/Cord blood

Cord blood

Cord blood

Cord blood

Meconium/Cord blood

Cord blood

Cord blood

Meconium/Cord blood

Meconium

Compound

Mercury

Lead

Polycyclic aromatic 
hydrocarbons (PAH)

Polybrominated dioxins and 
furans (PBDD/F)

Polychlorinated dioxins and 
furans (PCDD/F)

Perfluorinated chemicals (PFCs)

Chlorinated pesticides

Polybrominated diphenyl ethers 
(PBDE)

Polychlorinated napthalenes

Polychlorinated biphenyls (PCBs)

Organophosphate pesticides

Adverse Effects in Offspring

Reduced cognition and altered mood

Neurological and immune dysfunction

Allergies, asthma, recurrent infections

No studies to date 

Cognitive and behavioral problems, sex 
hormone differences

No studies to date 

Recurrent infections, allergies, reduced 
cognition and memory, childhood 
obesity, attention deficit disorder

Endocrine disorders in animal models

No studies to date

Reduced infection fighting, recurrent 
infections, diminished IQ points, activity 
disorders, thyroid dysfunction, sexual 
changes, hearing loss

Reduced cognition and mental 
development
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persistent toxins in the feces. The ranges of chlorophyll 
went from a low of 0.1 percent to a high of 0.5 per-
cent in the diet. A diet with 0.1-percent chlorophyll is 
roughly equivalent to consuming 10 percent of the diet 
as spinach or 20 percent as seaweed. In the 0.1-percent 
group the fecal excretion of the various toxins ranged 
from 40- to 80-percent greater than the control group. 
At the end of the study the animals given chlorophyll 
had lower total body burden of persistent toxins than 
their counterparts.72

In a laboratory setting, rice bran fiber (RBF) 
was shown to have a high binding affinity for PCBs 
and other toxins, including the combustion by-product 
benzo(a)pyrene.73 When measured against other fibers, 
RBF demonstrated the ability to dramatically reduce 
the reabsorption (termed “hepatic recycling”) of PCBs 
from the intestines in animals.74 Hepatic recycling oc-
curs after the liver dumps some of these toxins into the 
intestines with bile; however, when these compounds 
reach the small intestine they are reabsorbed into the 
bloodstream and sent back to the liver. This recycling 
pattern is the primary reason a minute amount of these 
toxins are actually excreted from the body. While RBF 
helps prevent recycling, wheat bran showed no benefit.75 
A study using either spinach fiber or RBF in animals ex-
posed to PCBs showed RBF increased fecal PCB excre-
tion 6.6 times and spinach fiber 4.1 times.76 Therefore, 
simply increasing the amount of brown rice and dark 
green vegetables in the diet will reduce the exposure to 
and increase the excretion of these fat-soluble persistent 
compounds. It may take up to 12 months to significant-
ly reduce toxin levels.
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