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The effects of PCBs and Dioxins on child health

Abstract

Background/exposure:
Dioxins and PCBs are highly persistent and highly toxic environmental pollutants which at present are 
derived mainly from waste incineration and food contamination. They are widespread in nature and  
pollute human food, including breast milk so that basically all children in Europe are exposed to  
measurable levels.

Results/Toxicity in children:
The toxicity of dioxins and PCBs are well described both from animal studies and from a number of  
human epidemiological studies including several large cohort studies. Especially developmental  
exposure has been shown to affect endocrine and cognitive systems negatively. Measurable outcomes 
include reduced IQ and changed behaviour. Fetotoxic effects with reduced birth weight and increased 
congenital anomalies such as cleft lip have also been described. Exposure to PCBs and dioxins must be 
considered also in the context of multiple exposure to several toxins simultaneously or sequentially.

Conclusion/Suggested action:
Some measures aimed at reducing exposure to dioxins have been partly successful in that the dioxin 
content of breast milk is going down. However, further steps to reduce exposure must be taken. We 
suggest legislative measures for reducing the re-entry of especially PCBs from waste into the environment. 
Individual pre-conception counselling is recommended in order to reduce developmental exposure and 
its consequences. Biomonitoring of the substances themselves in breast milk and foods is recommended 
as well as monitoring possible endocrine effects.

Introduction
Dioxins and polychlorinated biphenyls (PCBs) are halogenated hydrocarbons and highly persistent 
environmental pollutants. There are 210 different dioxins and 209 different PCBs, differing in degree 
of chlorination and in the location of the chlorine atoms on the two benzene rings. 12 PCBs have  
com-parable toxicity to dioxins, but are less potent, and are referred to as dioxin-like PCBs (dl-PCBs). 
In the environment, these compounds occur as mixtures and they accumulate in the food chain,  
notably in animal fat and in f ish. Dioxins are not intentionally produced and have no direct commercial 
value (1). PCBs were previously used mainly as additives to hydraulic oils and plasticizers. The industrial  
manufacture of PCBs was essentially banned in 1977 (Directive 76/769 of the European Commission) 
but, similar to dioxins, they are also formed as by-products of many chemical and thermal reactions 
that contain organic substances and chlorine. Smelt furnaces and waste incinerators are at present still a  
major source (2). Open fires and backyard burning of house-hold waste are also sources of dioxins.
Dioxins and dioxin-like PCBs are structurally alike and exposure results in similar effects. Therefore the 
principal of TEQ (toxic equivalency) has been applied and is generally accepted. This is a system for  
ranking the relative potencies of the dioxin-like activity of different members of the group such that 
the toxicity of mixtures of dioxin-like chemicals may also be assessed. The toxicity is compared to that 
of TCDD, (“dioxin” or 2,3,7,8- tetrachlorodibenzo-p-dioxin), the toxicity of which is reasonably well  
described. It must be borne in mind, however, that in the environment, and in animals and humans,  
non-dioxin like PCBs also occur. These non-dioxin-like PCBs do not contribute to the dioxin-TEQ. They 
may act through other mechanisms and have other effects. In general they are considered as less toxic 
than dioxins and dioxin-like PCBs but they are more abundant. The sum of the three most abundant 
PCBs (PCB 138, 153 and 180) are often measured as an indicator of PCB levels in humans.
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Exposure
Dioxins and PCBs are poorly degradable in nature and persist in the environment. They do not dissolve 
easily in water and hence settle to surfaces, such as river sediments or grass from where it enters the food 
chain via f ish and herbivores which may then be eaten by humans.

The most important route of exposure for humans is therefore via food, which has been estimated to 
contribute as much as 90 % of human exposure (3). Many foods contain levels of dioxins and PCBs 
of around 1 pg/g fat with often higher levels in free range chicken eggs, dairy products and some 
meats. Generally, higher levels are found in beef, poultry and mutton, and slightly lower levels in pork. 
Fats and oils, and fish from less polluted areas contain approximately 1 pg/g fat. Fatty fish from more  
polluted seas such as the Baltic may contain more. Cereals, fruits and vegetables contain much lower levels. 
Due to their bioaccumulating properties and large distribution in numerous and various common foods, 
most humans are exposed to measurable quantities of these substances. The average daily intake of 
adults varies depending on degree of f ish food consumption and on the local pollution situation. 
Studies in Europe have suggested daily intakes of dioxin in adults of 29-97 pg I-TEQ/day and PCB intakes 
of 48-110 PCB-TEQ/day (3). Additional intake is, in highly polluted areas, possible from dioxins and PCBs 
present in air but these usually contribute to a smaller extent.
Dioxins and PCBs are fat soluble substances stored in the fat reservoirs. Due to their chemical  
properties, these compounds easily traverse the placenta, from the mother to the foetus. The levels of 
various PCBs in foetal tissues have been analysed and the distribution suggests equilibration with the 
blood of the mother early during pregnancy with no increasing trend through pregnancy (4). Thus, there 
is an equilibriation of the levels of these substances between mother and child although there may also 
be placental accumulation of some congeners (5).
In 1986 relatively high background dioxin concentrations in the breast milk of Dutch mothers was f irst 
reported, followed by similar f indings in other industrialised countries (6). As a result foetuses and 
breastfed children are exposed to relatively high “background” dioxin levels, averaging approximately 30 
ng/kg fat, as measured in breast milk (7;8).

Dioxin levels of the child at birth are usually lower than those in breast milk after birth, and the  
additional transfer of dioxins to the child via breast milk has been a major concern and source for much 
discussion regarding breast feeding. After birth the levels of dioxins in the organs of a breastfed child 
increase sharply and if the dioxin levels in breast milk are high, signs of liver damage and raised liver 
enzymes may be seen shortly after birth (9;10). Normalisation in early childhood has been demonstrated 
(11;12). Several epidemiological studies in Europe have measured dioxin levels in breast milk. The results 
of some of these studies have been summarised in WHO publications, and the data is sufficiently clear to 
convincingly demonstrate the following; i) all breastfed children in Europe are exposed to significant 
levels of dioxins, ii) the levels have been declining since the end of the 80s and early 90s (f ig 1).

Figure 1
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Almost all dioxins and PCBs present in breast milk are absorbed in the intestines of the baby (14).  
However, it must be remembered that breastfeeding has many positive aspects as well and it seems that 
the positive effects associated with breastfeeding outweigh the negative ones (15). The total daily intake 
of dioxins and PCBs of children in Europe has been estimated in several studies (table 1).
Table 1

Populations living near point sources and with specific diets, such as high consumption of f ish from  
polluted waters, high consumption of beef and mutton, etc, may have considerably higher exposure  
levels, something which has been shown in many recent epidemiological studies (see below).

Toxicology
High dose effects measured as LD50 levels show a large species-dependant variability in animals with 
some species (such as some strains of rats, mice and hamsters) having a very high LD50. However, it is 
important to note that other effects occur at similar and much lower exposure levels in both animals 
that are sensitive, and those resistant, to the lethal effects. For example, the TCDD doses associated 
with foetotoxicity are similar in hamsters, rats, mice, and guinea pigs (17). At LD50 doses in animals, 
death follows a characteristic wasting syndrome, in which animals mobilise much of their body fat 
and even muscle mass. This is thought to be partly due to hypophagia and depletion of energy stores.  
At doses below those causing lethality, temporary anorexia and reductions in body weight, are seen. 
Atrophy of the thymus and spleen occurs in some species, as well as gonadal atrophy. Haemorrhage,  
especially gastrointestinal, and anaemia may contribute to lethality and lung damage has been described 
(18) in animals as well as reduced lung function in children (19;20).

Chloracne:
Chloracne is a severe skin condition with both hyperkeratotic and hyperproliferative responses, that is, 
both altered differentiation and proliferation of the epidermis. In addition, an inflammatory response is 
often seen in the dermis. Thus, a proliferative response of multiple cell types is involved. Chloracne has 
been seen as the hallmark of acute dioxin poisoning, recently illustrated in the well known case of the 
poisoning of the Ukrainian president Yushchenko.

Low dose effects:
Many of the direct toxicological effects of dioxins which have been studied in animals seem to be  
dependent on the Ah-receptor (Aryl hydrocarbon receptor, also called “dioxin-receptor”) and are not 
seen in knock-out mice without this receptor (17).

 Country Age group Period Mean intake Intake in picogram 

    (picogram TEQ per day) per kg bodyweight 

    PCDD/F PCBs PCDD/F PCBs

 The Netherlands Babies 1995 112-118   

 The Netherlands Toddlers 1995 6.3-6.5   

 Germany Toddlers     

  (14-47 months) 1998 22  1.61 

 UK Toddlers     

  (1.5-4.5 years) 1992/1993 48.6 31.2 3.38 2.17

 France Children     

  (3-14 years) 1998/1999 72.0  2.28 

 France Adolescents 1998/1999 77.9  1.31 

  (15-18)     
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Liver toxicity: 
In animal studies, induction of specific liver enzymes (especially CYP1A2) are seen secondary to gene 
regulation of CYP1A2 mRNA, demonstrating a gene regulation. This is seen at very low exposure levels  
(17). The required doses in rodents are as low as <1 ng/kg/day, thus, liver enzyme induction is an  
extremely sensitive marker of dioxin effect. There are suggestions that induction of CYP1A1 is associated 
with enhanced sensitivity to cancer and hyperplasia, and fatty infiltration and necrosis are reported 
in many animal species (17). Other parts of the GI tract, such as the stomach, undergo hyperplasia in  
response to toxic doses of TCDD in several species, including primates (17).

Endocrinological toxicity: 
The endocrine system is also a critical target for dioxin at low doses (21-23). Dioxins have been shown 
to affect the levels of hormones, the number of hormone receptors, and the serum transport of various 
hormones. Concentrations of thyroxin are often decreased and transport of thyroid hormones is also 
altered with a compensatory increase in TSH levels (21;23;24). These effects are also demonstrable in 
humans (see below). Decreases in blood insulin and glucose are also seen.

Immunological toxicity: 
Numerous animal studies have demonstrated an effect of dioxin on thymic cellularity as well as humoral 
immune responses. Low level TCDD exposure during the early postnatal period mediated via a single 
gestational exposure of the mother leads to a permanent suppression in delayed-type hypersensitivity in 
the offspring (17). Higher doses have been found to give thymic atrophy (17). Immunological effects of 
perinatal dioxin exposure in humans have been seen up to eight years after exposure (25).

Sexual development/fertility: 
Permanent changes in sexual organ development and fertility has been demonstrated in offspring of rat 
dams exposed to low levels of TCDD at specific time points during gestation (26).

Neurology/neurochemistry: 
Experimental studies in animals have documented effects on neurochemical mechanisms known to 
be associated with cognitive development. Kakeyama et al have in a study on rats demonstrated clear  
effects of doses of 0-800 ng TCDD per kg on genetic expression of specific NMDA receptors known to 
be associated with neuronal and synaptic plasticity, processes central to development of the central  
nervous system and cognitive development (27). In a review, Kakeyama et al further discuss mechanisms 
for cognitive effects of PCB and Dioxins and conclude with the effects being tissue specific, and not 
necessarily dependent on hormonal effects. The effects of dioxins and PCBs are suggested to represent 
specific modifications on memory functions rather than a general toxic effect. PCBs are suggested to 
have a more clear effect on neural transmission, memory and learning than dioxins (28).

Non-TCDD like, non-coplanar PCBs (also called non-dioxin-like PCBs) have also been demonstrated  
to affect dopamine metabolism and dopamine levels in the brains of experimental animals (29). 
These results are supported by f indings of decreased dopamine in cell cultures and brain sub-cellular  
preparations. In addition, second messenger systems central to synaptic plasticity, especially calcium- 
dependent ones, are affected. Toxicological studies have pointed to Ca2+ homeostasis and protein  
kinase C activation, and translocation, as targets especially of non-dioxin like PCB congeners. Since these 
processes are also closely involved in activity-dependant synaptic and neuronal plasticity, especially  
during developmental maturation of the central nervous system and changes caused by learning,  
disruption of these processes may underlie some of PCBs cognitive effects (30;31).
Several investigators have suggested that some of the toxicity of dioxins seem to be related to measure- 
ments suggesting high levels of oxidative stress. The demonstration of signs of oxidative damage in liver 
and brain cells suggests that the detailed mechanism mediating this effect should be investigated further 
(17).
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Developmental exposure and neurotoxic and cognitive effects:
With special focus on children, it is notable that a specific characteristic of exposure to dioxins and 
PCBs is the sensitivity for effects at very low levels, when the exposure is developmental. In many cases, 
developmental effects have been clearly seen at levels where no overt toxicity could be detected when 
examining the mothers, who are the route of exposure (17).

Dioxins, PCBs and some hydroxylated metabolites of PCBs, being lipophilic, pass through the placenta 
freely. Therefore, the foetus is exposed to the same concentration as the mother. Since the foetus does 
not have much adipose tissue until the last few weeks before birth, it is completely dependent on the fat 
stores of the mother and can not deposit any lipophilic toxins in fat stores as does the mother. The only 
detoxifying system available to the baby is back through the placenta which, however, is also the main 
source of more dioxins/PCBs. Due to its rapid organogenesis, low body fat and non-existent detoxifying 
systems, the foetus is extremely vulnerable.
Some congenital anomalies such as cleft lip and palate are described in relation to PCBs/dioxins, as 
well as hydrocephaly and renal abnormalities such as hydronephrosis. The hydrocephaly and renal  
abnormalities are also found in the offspring of mothers with type 1 diabetes and since dioxins/PCBs 
are endocrine disruptors, one may speculate that these teratogenic effects may be mediated through  
endocrinological effects on glucose metabolism in the mother, similar to type 1 diabetes.
During the f irst 3-6 months of gestation, the foetus is completely dependent on the mother for thyroid 
hormone. Since sufficient thyroid hormone levels are essential for the development of the nervous system 
any disturbance in the mother may result in a lower IQ of the baby (32). Early in pregnancy a deficit of 
thyroxin may also cause hearing problems. Very young children have a relatively greater thyroxine need 
than older children. This is especially evident shortly after birth when the neonate’s energy supply comes 
from free fatty acids since the glucose transport from the mother has ceased, and gluconeogenes is not 
yet in operation. Furthermore, non-shivering thermogenesis is necessary for temperature control, and 
a rapid breakdown of triglycerides in the brown adipose tissue is used for this. The mobilisation of fat 
after birth is dependent on thyroxine, and this probably explains why the abnormalities in T4 and TSH 
levels attain significance, in relation to dioxin exposure, during the f irst few weeks after birth (24). After 
the neonatal period, the T4 need diminishes, as a result of a physiological lowering of the set point, and 
a reduced T4 need, and probably also as a result of the relative decrease of dioxin exposure, including a 
greater dilutional effect.

Although some of the studies showing an association between neurobehavioral effects and dioxin and 
PCB exposure have been criticised (33), much experimental material from animals, including monkeys, 
support such an association, and strengthens the evidence for a general effect of these substances,  
already at relatively low doses. PCBs (developmental exposure) have, in monkeys been associated with 
a syndrome similar to ADHD in humans. (34) Impaired cognitive development and learning has been 
described in monkeys whose mothers ingested ~ 0.2 ng/kg/day (17).
In addition, there are neurophysiological data supporting an association between markers related  
to central nervous system processing speed in humans and dioxin exposure (35) Similar increased  
latencies were also found by ten Tusscher using visual evoked potentials (12).

Human epidemiology

Acute high dose exposure
In humans, acute, high dose exposure to dioxins as for example seen in Chapaevsk in Russia, has been  
associated with malformations. Congenital hydrocephalus and agenesis or dysgenesis of the kidneys 
were the most significant malformations detected in this hot spot with high dioxin pollution (levels: 
42.26pg TEQ-dioxin/g milkfat and female workers with 412 TEQ pg/g lipid in their blood). A cluster of 
cleft lip with or without cleft palate was found in humans close to an open burning of chemical waste, 
with high release of dioxins (36).
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Foetotoxic effect
In several studies, reduced birth weight has been shown to be associated with PCB exposure (37-41). 
The birth weights were reduced by approximately 60-200 g when comparing children with high  
intrauterine exposure with those with a lower exposure. The high and low exposure groups had, according  
to Kimbrough, serum PCB levels of 6 ng/ml (ppb) and 4 ng/ml respectively (40).

Cognitive effects
The negative effects of PCBs on parameters related to cognitive functions during childhood have been 
convincingly described in several human epidemiological studies (Reviewed by (42-44).
A prospective cohort study of mother-child pairs in Rotterdam, The Netherlands, found associations 
between prenatal PCB and dioxin exposure, and cognitive performance.
Prenatal PCB exposure was shown to be adversely related to cognitive outcomes at 18 months of age 
(45) but this was no longer seen at 42 months of age (46). A negative correlation was found between  
cognitive functioning (lower IQ) at 42 months and PCBs measured in maternal blood collected during 
the last month of pregnancy (47). This f inding is in accordance with the studies of the Jacobssons who 
also noted a negative effect of prenatal PCB exposure and cognitive functioning at 4 and 11 years of age 
(poorer verbal IQ tests, poorer verbal IQ and reading comprehension at 11 years of age (reviewed by 
(44;48).
A recent study from Germany also clearly demonstrates the negative effects on cognitive development 
up to 42 months of age of pre- and postnatal non dioxin like PCB exposure. Postnatal exposure was  
associated with a lower IQ (49).
Also, a series of studies from the USA have found similar effects of prenatal PCB exposure on various 
aspects of cognitive functions such as visual recognition memory and habituation (50;51).

Such cognitive studies have been criticised, since the task of measuring cognitive functions in a valid 
and reproducible way in children is formidably diff icult, and there has so far been little agreement re-
garding which measuring system one should use (52). This makes comparisons between different stud-
ies using different assessment strategies very diff icult. However, the data are also supported by Dutch 
studies taking a more experimental approach using neurophysiological measurements (12;53) to assess  
parameters related to processing and transmission speed in humans (auditory and visual evoked re-
sponses). Another way of addressing cognitive performance in children is evaluation of play behaviour. 
Using such methods, associations between prenatal dioxin and PCB exposure and outcome, measured as 
change in sex-related play behaviour, was found in the Rotterdam cohort studies when the children were 
examined at school age (54).
Prenatal PCB exposure has also been suggested to be associated with delayed psychomotor development 
during the first few months after birth. The Rotterdam cohort was followed-up at the age of 7 years and 
psychomotor functioning was also tested and found to be affected by the exposure (Reviewed by (43).

Immunological effects
Epidemiological studies of breast-fed babies in populations with high PCB exposure, due to a diet  
containing much fish, have suggested a depression of the immune system and increased sensitivity to 
infections, as being associated with PCB exposure (55).

Sex ratio, sexual development and endocrinological effects
The term endocrine disruptor has been coined to describe chemical substances which mimic or affect 
levels of, endocrine mediators. Since thyroid hormone is absolutely vital for the healthy development of 
the brain and sex hormones are essential in the control of gender-specific behaviour, these suggestions 
have received much attention. The association of especially thyroid hormone effects with dioxins and 
PCBs provide a possible mechanism through which some of the cognitive and behavioural effects of 
these pollutants may be mediated (21;40).
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Both in the Seveso catastrophe and the Yucheng river catastrophe, a very high local exposure to dioxins 
and PCBs, respectively, was found to be related to changes in sex ratio of offspring of exposed parents 
(56-58). The mechanisms for this are not yet known but it has been suggested that the endocrinological 
disruptive effects of these agents on sex hormones might be involved. In the Seveso studies a change in 
sex ratio even of the children of exposed children was found, with a decrease in relation to the fathers 
TCDD concentration (56). There have been suggestions that transgenerational effects may occur after 
PCB exposure in analogy to what is seen for phenobarbital which has chemical properties similar to 
PCBs. This may be through intrauterine exposure of the ovum of the f irst generation. The mechanism 
may also be through hormonal disruptive effects in this case. To date, no direct confirmative studies have 
been performed demonstrating that this mechanism is also relevant for dioxins or PCBs.
Epidemiological studies have also demonstrated an effect on sexual maturation and delayed puberty has 
also been found to be associated with exposure to current or prenatal dioxins and PCBs (59;60).

Carcinogenesis
Since 1997, TCDD, being the main representative of the dioxins group, has been classif ied as a group 1 
(carcinogenic to humans) carcinogen based on studies showing increased overall cancer mortality, in 
four studies on herbicide producing workers and one on an accidentally exposed residential population  
(61;62). There are also suggestions of other malignancies such as uterus tumours and non-Hodgkin  
lymphomas, effects which are plausible also when considering the toxicological data (63;64).
The IARC classif ication of PCBs is in group 2 (possible human carcinogens) but with the human data  
regarded as inconclusive. This classif ication is based on epidemiological studies of occupational  
exposure and accidental food poisoning, which showed an increased risk of all cancers combined, and 
an almost f ive-fold elevated risk of liver cancer. However, due to multiple exposure in these settings, 
the IARC see the data for PCBs as not conclusive (65). Since no direct genotoxic effects of PCBs have 
been demonstrated, it may be that these effects are due to tumour promotional activity, which may be  
mediated via immunosuppression. The multiple exposure problem is discussed in more detail below.

Existing regulations and limits
PCB production in Europe was banned in 1977 and it was phased out completely by 1986 (Directive 
76/769 of the European Commission). As mentioned before, dioxins are not produced intentionally but 
are by-products of combustion processes. Therefore their production has not been formally banned. 
There are, however, maximum levels set for industrial emission of dioxins in various treaties regarding 
pollution, such as the Stockholm Convention of 2001, and the EU has a maximum emission limit of 0.1 
ng TEQ/m3. In several EU countries there have been limits set for maximum content of dioxins in milk, 
meat and fish (2-5 pg WHO-TEQ per gram fat) and similarly for total PCBs (100-200 ng total PCBs per 
gram fat) (66).
The WHO has set a provisional TDI (tolerable daily intake) of 1-4 pg I-TEQ per kg body weight per day 
with the aim of reducing this to below 1 (67). For PCBs no TDI has been fixed. The intake limits set by 
the European Scientif ic committee for food in 2001 are of a similar range (tolerable weekly intake of 14 
pg TEQ per kg) (68).
The reduced measurable levels of dioxins in breast milk since the late 80s (see f igure above) represent a 
measurable positive result of the measures taken during the past 3 decades in order to reduce exposure 
to dioxins. However, these highly toxic substances are still ubiquitously present in biological tissues, due 
to their bioaccumulating properties and persistency as well as to the continued addition of new quanta 
through processes related to the incineration of waste.

PCBs and dioxins in a multiple exposure situation
The human epidemiological studies regarding the toxicity of PCBs and dioxins have often been criticised 
due to the difficulty in separating dioxin and PCB toxicity from that of other co-exposed toxicants, such 
as heavy metals. This comes in addition to the fact that dioxins and PCBs themselves are a mixture of 
various substances with different degrees of toxicity. For dioxin and dioxin-like PCBs the introduction of 
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the TEQ principal has enabled the study of the effects of specific dioxin mixtures, and as such represents 
an example of the multiple exposure situation. With other studies such as epidemiological studies of 
people with a high consumption of sea-foods, the possibility of some of the toxic effects being caused 
by co-exposure to heavy metals, such as mercury, has been used to question the validity of such studies  
in relation to dioxin/PCB exposure. However, in epidemiological studies it is important to take into  
account the various co-exposure situations that exist with an understanding that different toxic  
substances may influence and accentuate the toxicity of one another. With PCBs and dioxins there is  
sufficient experimental data to support their individual toxicity including an understanding of many 
of the toxic mechanisms involved. In addition, many of the epidemiological studies performed use  
biological markers of these substances in serum, or breast milk, to describe the exposure situation, 
and relate the levels of these to measurable outcomes. A new development in this area is the use of  
bioassays such as CALUX. In contrast to chemical analysis which measures the individual dioxin and PCB  
compounds, this bioassay directly measures the toxicity of the mixture of persistent chemicals with  
dioxin-like activity. Persistent chemicals are extracted from serum lipids and exposed to genetically 
modified rat or mouse hepatoma cells that respond to all chemicals that activate the dioxin receptor.
The suggestion of multiple toxicity in a certain epidemiological exposure situation does, for aff licted 
individuals, not reduce the importance of the outcome on their health situation. Reduced cognitive 
function in a child exposed to both mercury, dioxins and PCBs is as devastating, whether or not one of 
the substances alone is responsible, or if it is the combined effects which causes the outcome. Until such 
time as the distinction can be made regarding which substance is the major culprit, the precautionary 
principle must be applied to all possible substances involved, bearing in mind the severe consequences 
of the relevant health outcomes.

Socioeconomic aspects
There have been few studies where a direct association between PCBs and dioxin toxicity and  
socio-economic status has been described. In three studies by Patandin, et al and Vreugdenhil et al, a 
higher exposure to PCBs and dioxins has been described in children from families where parents have  
a higher education (16;35;69). These Dutch studies show that children of well educated parents were 
more often breast-fed than those from less educated families. They had higher levels of dioxins and PCBs 
and lower scores on cognitive performance and longer reaction times. This is in contrast to the well 
known association of a higher prevalence of mental retardation among children from lower social classes 
(see (70;71) for reviews).

Conclusion and Policy recommendations
The toxicity of dioxins and PCBs is well established in a number of studies encompassing various  
experimental exposure models in animals and cell cultures. It has been demonstrated in epidemiological 
studies both related to accidental high dose exposure, as in Seveso and the Yucheng river catastrophes, 
as well as in more moderate exposure ranges in Europe. The exposure ranges seen in the epidemiological 
studies to be associated with significant health effects are near levels seen in large proportions of the 
population in Europe. Some of the toxic mechanisms are well described from experimental studies with 
outcomes closely related to those seen in epidemiological studies.
There are many studies which clearly point to the developing foetus as being especially vulnerable to  
dioxin/PCB toxicity. Exposure of the mother to doses which do not cause overt toxic symptoms to  
herself may still have severe consequences for the unborn child. The systems most severely affected  
appear to be the central nervous system, the immune system and the endocrine system. In addition  
there may be carcinogenic effects, probably mainly due to tumour promotional activity.
Legislation and control of the environmental pollution of dioxins and PCBs since the 1980s have given  
some clearly measurable positive results, demonstrating that in this area it is possible to achieve  
improvement if relevant measures are taken. However, these substances are long lasting in the  
environment and in biological tissues and it is disappointing to note that the rapid decrease observed 
during the 90s has slowed down since then. Therefore, we must not stop the efforts to decrease exposure 
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or assume that the main task has already been done. The combination of the severe health consequences 
and the fact that a large part of the European child population is still considerably exposed, both in 
utero and postnatal, makes it important not to loose focus on reducing these health effects. It must be 
remembered that effects in the body are related to total body burden. It must also be borne in mind that 
most parents, especially most mothers today, received the major part of their body exposure during their 
childhood in the 70s and 80s, i.e. before the described measures were taken. It is their exposure which 
will now affect their own children in utero and during breast feeding. The PINCHE project has identif ied 
several areas where there is need for action and these policy re-commendations may be summarised as 
requiring both individual action and collectively aimed action.

On the collective level we propose:
I. Stricter legislation must be made regarding PCBs, especially those with effects different from  

dioxins (i.e. non-dioxin-like PCBs).
II. Legislation regarding the correct handling of ash and waste from incinerators must be made to pre-

vent PCBs and dioxins from these possible pollution sources from re-entering the environment.
III. A positive incentive should be created for collecting old PCB containing oils and disposing of them 

adequately.

On the more individual level PINCHE recommends:
I. Preconceptional counselling involving advice on how to reduce exposure to the unborn child  

reduce consumption of fatty f ish from polluted waters, reduce consumption of shell f ish, increase 
consumption of vegetables). In addition adequate substitution/intake of folic acid and vitamin B12 
and vitamin A must be ensured, as well as monitoring of thyroid hormone levels and, if required, 
thyroid hormone substitution.

II. Breast feeding should be encouraged since its total positive effects may counteract part of the  
effects of the dioxins/PCBs present in milk.

In addition, PINCHE has identif ied several areas where there is a lack of information concerning dioxins 
and PCBs. Further research and continuous monitoring is required in the following areas:
I. Further research and continuous monitoring is needed within the following areas: Research 

into the role of PCBs and dioxins (and other endocrine disruptors) in the possibly increasing  
incidence of cognitive disorders including ADHD and autism.

II. Rigorous monitoring of levels in food including foods for children and breast milk substitutes, as 
well as continued monitoring of levels in breast milk.

III. Thyroid hormone metabolism and transport in the pregnant mother in relation to toxic effects of 
PCBs and dioxins should be further studied.

IV. Methods for research of multiple exposure involving dioxins and PCBs in combination with other 
toxins must be developed.

Finally, it is important to realise that a reduced focus on PCB and dioxin toxicity in a situation with 
limited resources, or in a commercially pressing situation, will inevitably mean a tendency to avoid the 
costs involved in the correct handling of these substances. Therefore dioxins and PCBs require continued 
attention and awareness and strict legislation.
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