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Perinatal dioxin exposure in the Netherlands; a long term follow up

Abstract:
In 1980-1990 it was realized that incinerators spread highly toxic dioxins into the environment, polluting 
humans and breast milk. In 1987 a cohort study was initiated in the Amsterdam/Zaandam region of the 
Netherlands to study possible effects of these chemicals on development and growth in a population 
of breastfed children selected after an optimal pregnancy and delivery and birth weight above 2500 
grams. Effects on thyroid hormone metabolism, liver, haematology and immunology, and retinol binding 
protein were found in neonates. Follow-up was performed at the age of 2½ years, 8-12 years and 13-18 
years. Effects on thyroid hormone metabolism indicating hypothyroidism shortly after birth were not 
persistent when need for T4 decreased, neither were the toxic effects on the liver. An enhanced psycho-
motor maturation was seen at the age of 2 ½ year.
Effects on bone marrow (haematological and immunologic parameters) continued into adolescence. 
Negative effects on lung function and on brain development (studied with neurophysiologic tests of 
visuo-motoric and cognitive performance) were demonstrated in the age of 8-12 years. The data for 
lung function, behaviour and energy metabolism of the recent follow-up study during puberty (13-18 
years) are under evaluation. Preliminary results show a delay of almost one year in breast development 
in girls in association with higher (above 40 ng ITEQ dioxin) prenatal dioxin exposure and again a negative 
effect on white blood cells. The abnormalities found in bone marrow, lung function, cognitive perform-
ance and breast development in this a priori healthy population are so far subclinical, but they increase 
vulnerability in more stressful circumstances. Preventive measures must be started before conception. 
New chemicals that have the same mechanistic effects or that are contaminated with these dioxinlike 
chemicals cannot be allowed to come on the market or if already there must be banned.

Introduction:
Ten years after the f irst detection of dioxins in f ly-ash by Olie et al. (1977) (1), the presence of dioxins 
in human breast milk, in women not living in “contaminated” areas, led to growing concern over possible 
teratogenic, and long-term health effects in children prenatally and postnatally exposed to these “back-
ground” concentrations. Background concentrations being the concentrations found in average, healthy 
people, not living in areas at extra risk for exposure. In the eighties especially the Netherlands, the UK, 
Belgium and some regions in Western Germany and probably France had very high background levels, 
twice as high as countries like Austria and Sweden (2). It was in this setting that a Dutch longitudinal  
cohort study was started in 1987, which later became known as the Amsterdam/Zaandam study 
(3,4). In this manuscript we review the results of the original study and the follow-up studies performed 
in the cohort, up into adolescence, covering the period from 1987 - 2005.

The original study:
The original study started in 1987 and was extended to 1991. The start was with 14 mother- baby pairs 
of which only the gestational age, the birth weight and levels in breast milk were available. The results 
were cause for alarm and 120 mother-baby pairs were enrolled in the extended study in 1990/1991. 
Forty-four babies were breastfed more than 11 weeks to study both prenatal and lactational exposure  
effects. In these 44 babies, blood samples were taken at birth, at 7 days and 11 weeks after birth.  
Thyroid hormones, liver function test, haematology (haemoglobin, leukocytes, differentiation and trom-
bocytes), and retinol binding protein, creatinine, ureum, bilirubin (total and direct) and cholesterol were 
measured. In urine sampled at 7 days, 11 weeks and 26 weeks post partum calcium/creatinine ratio was 
measured. All the infants had an optimal gestation and delivery according to the optimality concept of 
Touwen et al. (5) and a birth weight above 2500 grams.
The prenatal exposure was measured by taking the levels found in breast milk gathered 3-4 weeks after  
delivery. There is a high correlation between the levels of these very persistent bio-accumulating 
chemicals in the plasma of the mother during pregnancy and in her breast milk. Lactational exposure 
was calculated as the concentration measured in breast milk multiplied by the amount of breast milk 
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the baby consumed during the period of breastfeeding. In this study only the 17 PCDDs (polychlorinated-
dibenzo-p-dioxins) and PCDFs (polychlorinated dibenzofurans) that accumulate in man, were measured, 
and not the PCBs (polychlorinated biphenyls). However, other studies in the Netherlands 
have shown that the total dioxin content of milk fat in International Toxic Equivalents (ITEQs)  
is twice the PCDD/F levels, should the dioxin-like PCBs be included (6). Levels in breast milk expressed as 
ITEQs ranged from 8-93 ng/kg milk fat of PCDDs/ Fs with a mean of 29 ng. This was taken as the prenatal 
exposure and the children were divided in two groups above and below the median of the exposure. The 
lactational exposure varied between 4.3-279.9 ng ITEQ.
Immediately after birth a neonate is depending on free fatty acids for its energy supply and its brown fat 
for the production of so-called “non-shivering” heat, to retain temperature homeostasis (7). During the 
neonatal period the need for thyroid hormone is 5 times that of adulthood.
Therefore this f irst study focussed on thyroid hormone metabolism (8,4). Indeed higher prenatal dioxin 
exposure was associated with a significant increase in thyroid stimulating hormone at 11 weeks after 
birth (P= 0.04 two-tailed independent student t-test) and a significant increase in T4 /TBG ( thyroid 
binding globulin) at 7 days and 11 weeks post partum ( resp. P= 0.006 and 0.03 two-tailed independent 
student t-test ). During this period of extra T4 need the disruption became visible.
Other abnormalities included decreased thrombocyte counts and lower polynuclear cell counts, as well 
as increased liver transaminases above the normal level. (9). Retinol binding protein (RBP) was decreased 
at one week after birth (P= 0.095) and 11 weeks after birth, but the difference only reached significance 
after eleven weeks (P= 0.042). There was a no significant relationship to a 1½ to 2 times higher urinary 
excretion of calcium at 7 days, 11 weeks and 26 weeks (P= respectively 0.093, 0.109 and 0.062 two-tailed 
students t-test) in the higher exposed group at all three time points (10).

At 2 ½ years of age:
Of the group of 44 children born in 1990/1991, 38 took part in this f irst follow-up study. Psychomotor  
development was assessed with the Bayley test and neuromotor functioning with the Hempel test. The 
findings are related to the prenatal exposure. Again the high exposed children were compared with 
the low exposed using the median as cut-off point. Signs of enhanced neuromotor maturation in asso-
ciation with perinatal exposure to dioxins were found. Using the Hempel test in 22 out of 29 items 
less suboptimal scores were found in the high exposure group and in 5 items this difference reached  
significance (P<0.05). The children sat better and had a better trunk rotation and the posture of the left 
and right foot while standing was better and when walking the right foot did better. Overall f indings 
however with the Hempel test were in accordance with the normative data of Hempel for this age. The 
motoric part of the Bailey test was also 9 points higher in the high exposure group, this however didn’t 
reach significance. Reflexes were higher with a wider range of f indings in the high exposure group (P= 
0.02). T4 (thyroid hormone), T4/TBG (ratio of T4 to thyreo-binding-globulin), TSH (thyroid stimulating 
hormone), ASAT (aspartate aminotransferase) and ALAT (alanine amino-transferase) showed no abnor-
malities in the toddlers, in contrast to what was seen during infancy (11).

At the age of 8-12 years:
At this time point children were invited from both the original 14 born in 1987 and the 44 born in 
1990/1991. A total of 41 children could be included in this study. By the time of the second follow-
up, the children were old enough to undergo lung function testing, having reached the age of 8-12 
years. A decreased lung function was found in relation to both prenatal and lactational exposure (12). 
The Tiffenau’s ratio (forced expiratory volume in 1 second divided by forced vital capacity) was 1.2  
percent-points lower per 10 ng/kg of prenatal exposure (P=0.045) and 0.5 percent points lower per ng  
cumulative lactational exposure (P=0.0002). There were symptoms of obstruction in four children with 
higher prenatal exposure.
In addition, persistent haematological and immunological effects, with increasing prenatal and  
lactational exposure, were now visible 8 to 12 years after exposure (13). A decrease in allergy (odds  
ratio per 10 ng/kg increase in prenatal exposure) to 0.76 (P=0.023) and 0.45 (P= 0.03) per 10 ng increase 
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of lactational exposure was found. An increase in CD4 + T-helper (P=0.006) and in CD45RA (P=0.02) 
cells was seen in association with lactational exposure as was a decreased platelet count (P= 0.04) and an 
increased thrombopoietin concentration (P=0.03).
Neurophysiologic studies with Magnetic- and Electro- Encephalography, MEG and EEG did not reveal 
effects on spontaneous alpha frequency and alpha amplitude (MEG and EEG). However an increase in 
latency and amplitude of the motion-induced EEG N2b component was found, and combined statistical 
testing (MEG and EEG) of the f irst (N2a) and second (N2b) motion component yielded a significant  
increased latency (p=0.007) and amplitude (P=0.015) effect, suggesting a developmental delay of several  
years. The latency of the N200 (EEG) component elicited by a visual odd ball was increased. The  
amplitude of the N200 component was decreased. Combined statistical testing of latency and amplitude  
effects of N200 (P=0.0021) and P3b = cognitive f ield (P=0.011) suggested a developmental delay of 
about one year. So indications of disturbed brain development in different parts of the brain and also 
in the cognitive field, in the pre-pubertal children (14) were found. However no relation between verbal,  
performal and total I.Q. and prenatal and lactational dioxin exposure were seen with psychological  
testing, and no relation between exposure and the (neurological) Touwen test outcomes.

At the age of 13-18 years:
In this current study, 33 children consented to the third follow-up (of the original 58 [44 +14]).  
In 32 (18 girls and 14 boys) blood sampling was performed.
Current serum levels of PCDDs/Fs and dioxin-like PCBs and PBDE-levels were determined. Current dioxin 
levels were low compared to the levels in breastmilk of these 32 adolescents (table 1). While both pre-
natal and lactational exposure were highly correlated with each other (p < 0.001) no persisting influence 
was seen of perinatal exposure on dioxin levels in adolescence (correlation coefficients were usually 
negative with P-values > 0.2). We assessed effects on growth and development, behaviour, haematology,  
immunology, lung function, and additionally energy metabolism (glucose, leptin, cholesterol and  
triglycerides), and thyroid function.
Preliminary results show a retardation in initiation of breast development in girls (n=18) with a prenatal 
dioxin exposure of more than 40 ng ITEQ PCDD/F of almost one year. (15). In linear regression the poly-
nuclear cells were negatively associated with current dl-PCBs (P=0.017).
Results of other outcomes are forthcoming.

Discussion and Conclusion:

Bone marrow:
Toxic effects into adolescence are found in bone marrow: in the neonatal period both white blood cells 
and thrombocytes were negatively influenced, and again the effect on the number of thrombocytes and 
thrombopoietin levels indicating a toxic effect on the stem cell in bone marrow was seen at pre-pubertal 
age, in combination with effects on T-helper cells and memory cells. At the age of 13-18 years a negative 
effect with current dioxin-like PCBs is found on the number of polynuclear cells. Effects of early exposure 
on bone marrow were no longer visible in the last investigation. It could be that more recent exposures 
 did mask the chronic effects because current levels of dioxins and dioxin-like chemicals were not  
associated with perinatal exposure. This is likely due to the relatively short half-life of dioxins in children 
(16). Then effects on bone marrow are continuing to take place even at the rather low levels measured 
now in puberty. This is concerning because less choice in the number of stem cells may result in an  
earlier deviation giving rise to auto-immune diseases. Not all observed effects were adverse in nature. 
Most noteworthy a reduction in allergy incidence at the age of 8 to 12 years was found. Interestingly the 
same was observed in the Rotterdam study (17) that also described a higher frequency in otitis media. 
So the reduction in allergy might indicate a tendency towards immuno-suppression.



79

Chapter6, Perinatal dioxin exposure in the Netherlands; a long term follow up

Motoric performance:
At toddler’s age an enhanced motoric performance was found. This was supposed to be related to an 
agonistic effect of dioxins causing an increase in thyroid hormone as was measured in the perinatal 
period. Dioxins can have an enhancing effect on maturation as is seen in tadpoles showing an earlier 
metamorphosis (18). And prenatal teeth are another example (19).

Brain development:
Effects on cognitive and brain development are in this study only found with neurophysiologic methods. 
Neurophysiology has the advantage of being precise and better to control and with that method we 
found a delay in maturation of at least one year of visuo-motor and cognitive parts in the brain. What 
this means is not clear yet. The structure of the brain might be altered resulting in a delay of responses or 
the longer reaction time might be caused by a defect in myelination. In general reaction time is related 
to motoric performance. It is also related to IQ, however the psychological IQ-tests didn’t reveal a  
difference at this age of 8-12 years.

Thyroid Hormone Metabolism:
The original problem in thyroid hormone metabolism found in the neonatal period was not persisting.
In our children iodine levels in the urine were controlled shortly after birth and there was no iodine  
deficiency. We don’t know if the delay in brain development as detected at the age of 8-12 years is caused 
by endocrine disruption of the thyroid hormone metabolism in utero or is a direct effect on brain struc-
ture, neurogenesis and myelination. That thyroid hormone metabolism is affected was also found in the 
study done in Rotterdam and Groningen corroborating our results of a shortness of thyroid hormone in 
hypothalamic cells resulting in increased levels of TSH (20). Also disturbances in other steroid hormones 
not measured by us in 1990/1991 like De-Hydro-Epi-Androsterone (DHEA) or disturbances in the role of 
the hypothalamo/adipose tissue/liver axis might have played a role. The hormone leptin, which has an 
important function in the regulation of appetite in the hypothalamic appetite centre, is discovered only 
recently in 1994. After that year it became clear that white adipose tissue is a classic endocrine gland. 
Disruption of this hormone producing white adipose tissue by dioxins is likely, since one of the most 
well known effects of dioxins is the wasting syndrome in rats (7). And leptin has an effect on the thyroid 
hormone setpoint in the hypothalamus (21). That energy metabolism is affected already in the early 
postnatal period is made likely by our f inding of the lowering of retinol binding protein, that seems to 
play a role in glucose metabolism (22).

Lung function:
Effects on lung function found at the age of 8-12 years originating from damage in utero and after birth 
can be persistent (23). Although the FEV1/FVC ratios in our group were only rarely in the pathologic 
range (only two had ratios below 0.8), four of those from the higher exposed group had clinical signs of 
obstructive airway disease. The increase in obstruction is qualitatively comparable with abnormalities 
detected in children of smoking mothers (24).

Onset of puberty:
The delay in initiation of breast development in the girls in association with prenatal dioxin exposure is 
a new finding, which however is in agreement with animal experiments (25). This f inding demonstrates 
prenatal and maybe early postnatal imprinting probably influencing the hypothalamo-pituitary-gonadal 
axis. This delay in the initiation of breast development might be related to the anti-estrogenic activity 
of dioxins, but other hormone disturbances such as negative effects on leptin levels, that are important 
for the initiation of puberty, cannot be excluded. A study in Belgium revealed retardation in breast  
development in girls with higher current serum dioxins (26). What this means for the future of these girls 
we don’t know, growth disturbances can result in malignancies.
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Impact:
Environmental chemicals like dioxins have led to subclinical health effects in this Dutch population  
selected for healthiness based on normal pregnancy, delivery and neonatal period and all breastfed for a 
considerable period of more than 11 weeks. Because of the study design imposing a burden on the baby 
(vena puncture at 7 and 11 weeks of age) most mothers, that gave their consent, belonged to the higher 
social layer. This means that for the general population as a whole the outcome can be less favourable as 
is indeed found in the babies not breastfed, but bottle-fed in the Rotterdam study (27).
Studies in various other countries have also shown childhood effects of perinatal (= prenatal and  
lactational) exposure (28,29).
Effects like the delay in breast development still visible many years after perinatal exposure and the 
negative effect on lung function confirm Barker’s hypothesis of the origin of adult diseases in the  
prenatal period (30).
Due to their structure, these dioxins and dioxin-like chemicals will probably remain within our  
environment (and children’s bodies) for generations to come.
The studies f irst of all demonstrate the necessity to do a long-term follow-up into adulthood.  
Effects on neurodevelopment, sexual development, immunology, growth and behaviour are mostly 
missed with an observational period of two years only.
The lesson being: unexpected environmental pollution can have widespread health consequences.  
Preventive measures must be started before conception. New chemicals that have the same mechanistic-
effects or that are contaminated with these dioxinlike chemicals must be banned immediately.
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