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Summary y 

Dioxinss fall into the group of most toxic substances known. Over the last 
355 years much has been learned about high concentrations of exposures 
andd the resulting health effects in adults and far less so in children. Over 
thee last ten years studies have shown dioxin-related effects in children 
perinatallyy exposed to background levels of dioxins. However, the later 
childhoodd (and adult) effects of this exposure are still largely unknown. 
Thee data presented in this follow-up study of 7 - 12 year old children, 
perinatallyy exposed to dioxins, sheds some new light on the later 
childhoodd effects. 

Thee open chemical combustions in Zeeburg, Amsterdam, The 
Netherlands,, during the years 1961 up to and including 1969, possibly 
resultedd in a local increased incidence of orofacial clefts during this 
period.. Chapter 1 reports on a retrospective observational 
epidemiologicall  study, comparing the trend of the incidence of non-
syndromall  orofacial clefts during the sixties, for the Zeeburg maternity 
clinicc with that of the Wilhelmina Gasthuis. Both clinics were situated in 
Amsterdam,, but varying in distance and compass direction from the 
incinerationn works. Thereafter, the addresses of the mothers giving birth 
too infants with orofacial clefts were plotted on a map of Amsterdam. 
Off  the 8803 children born in the Zeeburg clinic during this period, 21 had 
aa non-syndromal orofacial cleft, producing an average incidence of 2.4 
perr 1000 births. For the years 1963 through 1965 the incidence rose 
dramaticallyy to peak at 7.1 per 1000, before plateauing at an average 
incidencee of 1.68 per 1000 births, still 155% higher than in the 
Wilhelminaa clinic (average incidence of 0.66 per 1000 during the years 
19666 through 1969). During the ten year period the Wilhelmina clinic 
exhibitedd no such rise. The incidence of non-syndromal orofacial clefts at 
thee Wilhelmina clinic at no time exceeded 2.3 per 1000 births during the 
tenn year period. The addresses of the mothers of the Zeeburg clefts were 
groupedd primarily to the northwest (and a smaller group to the west) of 
thee incineration works. 
AA relation between the open incineration of the chemicals and a local 
increasedd incidence of orofacial clefts seems very likely. 
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Perinatall  exposure to Dutch background dioxin levels is rather high. 
Studiess of calamities have shown that dioxins negatively influence the 
respiratoryy system. We hypothesized that perinatal exposure to 
backgroundd dioxin levels leads to lung suboptimality, probably through 
developmentall  interference. Chapter 2 reports on a study assessing lung 
functionn in relation to perinatal dioxin exposure. Spirometry was 
performedd in 41 healthy children (aged 7 - 12 y, mean 8.2 y) with 
documentedd perinatal dioxin exposure. The ratio of forced expiratory 
volumee in 1 s to forced vital capacity (FEV]/FVC ratio) was determined. 
AA complete medical history was taken. The prenatal exposure ranged 
fromfrom 8.74 to 88.8 (mean 34.6) ng TEQ dioxin kg fat"1, measured in breast 
milk.. The postnatal exposure ranged from 4.34 to 384.51 (mean 75.4) ng 
TEQQ dioxin. Twelve children had to be excluded. A significant decrease 
inn lung function in relation to both prenatal (p=0.045) and postnatal 
(p=0.0002)) dioxin exposure was seen in the 29 non-excluded children. A 
clinicall  association between chest congestion and perinatal dioxin 
exposuree was seen. 
Perinatall  background dioxin exposure may be inversely associated with 
thee FEVj/FVC ratio. 

Perinatall  exposure to Dutch "background" dioxin levels in 1990 was 
ratherr high, but comparable to other industrialised West European 
countries.. Exposure during the sensitive perinatal period may result in 
permanentt disturbances. Therefore we assessed the health status and 
variouss haematological and immunological parameters amongst our 
longitudinall  cohort and this is reported on in chapter 3. A medical history 
wass taken, and venapuncture performed, in the longitudinal cohort of 27 
healthyy 8 year old children, with documented perinatal dioxin exposure. 
Linearr regression revealed a decrease in allergy in relation to prenatal 
(p=0.02)) and postnatal (p=0.03) dioxin exposure. An increase in CD4+ T-
helperr (p=0.006) and in CD45RA (p=0.02) cells was seen in relation to 
postnatall  exposure. A persistent relatively decreased platelet count 
(p=0.04)) and increased thrombopoietin concentration (p=0.03) were seen 
inn relation to postnatal exposure. 
Thiss study provides indications of effects at stem cell level of perinatal 
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dioxinn exposure, persisting until minimally eight years after birth. 

Healthh effects of perinatal exposure to dioxins may span many years. 
Thereforee we determined plasma TSH, FT4, ALAT and ASAT levels 
amongstt our longitudinal cohort, as was done perinatally and at 2Vi years. 
Thee children underwent a caffeine loading test to determine CYP1A2 
activity.. The results of the study are presented in chapter 4. 
Thee longitudinal cohort of 37 healthy children (7 -12, mean 8.2 years), 
withh documented perinatal dioxin exposure, ingested 3 mg caffeine/kg 
BWW 6 hours prior to blood withdrawal. Paraxanthine/caffeine molar ratio, 
TSH,, FT4, ALAT and ASAT were determined in venous blood. 
Linearr regression of TSH and FT4 revealed no relation with prenatal and 
postnatall  dioxin exposure. No relation was found between ASAT and 
ALA TT and prenatal and postnatal exposure. No correlation was found 
betweenn the paraxanthine/caffeine molar ratio and prenatal and postnatal 
dioxinn exposure. 
Thiss study has shown a normalisation of previously abnormal thyroid 
hormonee homeostasis and ALAT levels, indicating a transient effect. 
CYP1A22 activity, measured by means of a caffeine-loading test, revealed 
noo correlation with the pre- and postnatal exposures. The validation 
studyy of the caffeine-loading test is also presented in this chapter 

Perinatall  exposure to Dutch "background" dioxin levels is rather high, 
butt not much higher than other industrialised nations. Exposure during 
thee sensitive perinatal period may result in permanent disturbances, 
whichh prompted us to assess the neurological development of our 
longitudinall  cohort, the results of which are presented in chapter 5. 
Magnetoencephalographyy (MEG) and electroencephalography (EEG) 
weree performed in the longitudinal cohort of 41 healthy 7-12 year old 
children.. Neuromotor functioning was tested, using the Touwen method, 
andd psychological testing was performed, using standardised WISC-R, 
TRFF and CBCL tests. 
Linearr regression revealed no relation between verbal, performal and 
totall  I.Q., and prenatal and postnatal dioxin exposure. An increase in 
sociall  problems (p<0.001), thought problems (p=0.005) and aggressive 
behaviourr (p=0.001), as reported by the teachers, was seen in relation to 
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increasingg postnatal dioxin exposure. An increase in anxious/depressed 
feelingss (p=0.002), as reported by the parents, was seen in relation to 
increasingg prenatal exposure, and increase in social problems was seen in 
relationn to both prenatal (p<0.001) and postnatal (p=0.001) dioxin 
exposure.. No relation was seen between prenatal and postnatal exposure 
andd spontaneous alpha frequency and amplitude in MEG and EEG 
recordingss after correction for age. 
Ann increase in latency time and amplitude of the EEG N2b component 
wass seen after a visual motion stimulus. Pooled results of the MEG and 
EEGG N2a and N2b component, following a visual motion stimulus, 
revealedd a significant increase in latency (p=0.007) and amplitude 
(p=0.015).. In our group this would amount to a retardation in 
neurologicall  development of a few years. Following a visual "oddball" 
stimulus,, the pooled latency of the N200 and P3b components were 
significantlyy increased (p=0.002) and the amplitude decreased (p=0.01). 
Whenn comparing this to our norm curve, this matches a 
neurodevelopmentall  retardation of about a year. An increased latency 
wouldd indicate a deficit in the myelinisation, a process that 
predominantlyy takes place around the thirtieth week of gestation. An 
increasedd amplitude may be the result of neurodevelopmental retardation 
andd a decreased amplitude the result of cerebral damage. 
Thee study illicited indications of neurodevelopmental influences of peri-
natall  dioxin exposure at "background" concentration levels in The 
Netherlands.. The results would indicate a three year retardation in 
neurodevelopmentt in our group. The increased aggression and social 
problems,, seen in the psychological tests, have been associated with a 
decreasedd P3b amplitude, which we also found, using MEG and EEG. 

AA Finnish study showed that breastfed children exposed to higher dioxin 
concentrations,, via their mother's milk, exhibited more mineralisation 
defectss in their permanent first molars than their lower exposure 
counterpartss (1). In our ongoing study of the development of children 
withh known perinatal exposure to dioxins, we therefore also examined 
thee dental statuses of our study participants. We then tested our 
hypothesiss that the higher exposure group would exhibit more dental 
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abnormalitiess of the permanent first molars than the lower exposure 
group,, as is described in chapter 6. 
Thee study was performed with a group of 41 children aged between 7 and 
122 years, with documented perinatal dioxin exposure, consenting to a dental 
examinationn and light photographs of the dentition. The prenatal exposure 
rangedd from 8.74 ng/kg fat to 88.8 ng/kg fat with a mean of 34.6 ng/kg fat 
(N=41,, SD=18.25). The postnatal exposure ranged from 4.34 ng to 384.51 
ngg with a mean of 75.4 ng TEQ dioxin (N=41, SD=77.54). 
Thee dental status of the children was performed by a practising dentist 
andd the light photographs of the dentition were taken by an experienced 
hospitall  photographer. Based upon the examination and photographs, the 
dentist,, who remained blinded to the perinatal dioxin exposure until she 
hadd completed the evaluations and analysis, classified the particular 
child'ss permanent first molar status. 
255 Children exhibited no dental abnormalities, 3 children had exclusively 
caries,, 7 had exclusively enamel abnormalities and 6 exhibited both 
cariess and enamel abnormalies. No relation was found between the 
prenatall  dioxin exposure and the dental status of the children at the age of 
7 - 122 years. The distribution of the dental abnormalities seen showed 
noo obvious trend towards increasing abnormalities with increasing 
prenatall  dioxin exposure. Similarly, we found no obvious relation 
betweenn the postnatal dioxin exposure and the dental status of our study 
participants.. Furthermore, we found no obvious trend towards increasing 
dentall  abnormalities with increasing postnatal dioxin exposure. 
Whilee it is quite possible that increasing perinatal dioxin exposure leads 
too increasing dental abnormalities, we have not been able to confirm that 
thiss is indeed the case amongst our longitudinal dioxin exposure study 
participants. . 

Concluding,, this thesis has provided some new insights on the effects of 
perinatall  dioxin exposure in children. We have seen a reduction in lung 
function,, and haematological and immunological interference. 
Fortunately,, the previously abnormal thyroid and liver functioning has 
noww normalised, and we could find no evidence of altered cytochrome P-
4500 1A2 enzyme activity, and no evidence for increased dental problems. 
Thee increased social problems and aggressiveness, combined with 
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indicationss of very subtle neurological influences warrants concern. 
Thesee results certainly justify continued surveillance of our cohort. 

Finall thoughts 

Theree seems to be a decrease in the average dioxin concentration in 
humann breastmilk over the last decade, from 10-34 pg/g fat for the period 
priorr to 1995, to 8-16 pg/g fat for the period 1995-1999. The 95th-
percentilee intake, based on data from The Netherlands and United 
Kingdom,, is 2-3 times the mean intake, meaning that 5% of the 
populationn still have a far too high body burden (2). Our study 
concentratedd on dioxins but a recent report showed that the TEQ 
contributionn of dioxin-like PCB intake averaged between 48 and 110 pg 
PCB-TEQ/dayy (approximately 0.8-1.8 pg PCB-TEQ/kg bw/day) (2). 

Largerr cohort studies are required in order to confirm the results 
presentedd in this thesis, and continued scientific research is required in 
orderr to present evidence of long term effects. The fact that we have 
seenn health effects in average, healthy children exposed to background 
levelss of dioxins implies that the background levels are/were too high. 
Theelenn estimated average daily dioxin intake amongst women, such as 
thee mothers of our cohort, to be in the order of 11 pg/kg/day (3). The 
Europeann Union strives to achieve a daily intake of approximately 2 
pg/kg/dayy (14 pg/kg/week). A fivefold decrease thus. Based on our 
results,, we would recommend a larger margin of safety such as a factor 
1000 below the lowest level of observed effects, which would mean a 
dailyy intake of 0.1 pg/kg/day. 

Dioxinss are still present in human breastmilk, and they should not be. 
Thee burning question remains: 'To breastfeed or not to breastfeed?". 
Fortunately,, in general, the many advantages of breastfeeding, such as 
betterr intelligence, beter immunity, mother-child bonding, reduced atopy 
andd many other advantages, still far outweigh the disadvantages of 
breastfeeding,, including the exposure to background levels of dioxins. 
Althoughh Walkowiak found brain development deficits in relation to 
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postnatall  exposure (4), he justly pointed out that a good home 
environmentt outweighs the negative effects of breastmilk dioxin 
exposuree on neurodevelopment. Most reported abnormalities have been 
relatedd to prenatal exposure. 
Inn general, pregnancy and breastfeeding belong together, and every effort 
too separate them and other aspects of reproduction should be refuted. 
Whilee it is certainly true that it is at times necessary to intervene in this 
naturall  process, each intervention should be considered an exception to 
thee rule. Dioxin concentrations in breastmilk have declined, probably 
alsoo as a result of improved incineration legislation, and so there is now 
moree reason to advocate breastfeeding. However, five to ten percent of 
womenn still have a high body burden. In The Netherlands this means that 
eachh year about 10 000 to 20 000 children are exposed to high concen-
trations,, during pregnancy and after birth. It would not be correct to 
ignoree this group, by claiming that there is currently no dioxin problem. 
Wee would propose that a governmental institution, such as the Dutch 
Nationall  Institute for Public Health and the Environment, develop a risk 
profilee of the higher exposed portions of the population and offer this 
groupp advice on how to reduce body burdens. The latter might include 
diett advice, such as to eat more vegetables and less animal fats. The 
advicee would have to be indiviually tailored. We then continue to 
advocatee breastfeeding, but also plead for interventions for the risk 
groups. . 
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