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Abstract

Hypothesis: The open chemical combustions in Zeeburg, Amsterdam, The Netherlands, during the years 1961 up to

and including 1969, resulted in a local increased incidence of orofacial clefts during this period.

Study: A retrospective observational epidemiological study was performed, comparing the trend of the incidence of

non-syndromal orofacial clefts during the sixties, for the Zeeburg maternity with that of the Wilhelmina Gasthuis. Both

clinics were situated in Amsterdam, but varying in distance and compass direction from the incineration works.

Thereafter, the addresses of the mothers giving birth to infants with orofacial clefts were plotted on a map of

Amsterdam.

Results: Of the 8803 children born in the Zeeburg clinic during this period, 21 had a non-syndromal orofacial cleft,

producing an average incidence of 2.4 per 1000 births. For the years 1963 through 1965 the incidence rose dramatically

to peak at 7.1 per 1000, before plateauing at an average incidence of 1.68 per 1000 births, still 155% higher than in the

Wilhelmina clinic (average incidence of 0.66 per 1000 during the years 1966 through 1969). During the 10 year period

the Wilhelmina clinic exhibited no such rise. The incidence of non-syndromal orofacial clefts at the Wilhelmina clinic at

no time exceeded 2.3 per 1000 births during the 10 year period. The addresses of the mothers of the Zeeburg clefts were

grouped primarily to the northwest (and a smaller group to the west) of the incineration works.

Conclusion: A relation between the open incineration of the chemicals and a local increased incidence of orofacial

clefts seems very likely. Ó 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

While researching an article on epilepsy and con-

genital defects in 1973, Koppe and her colleagues ser-

endipitously discovered what seemed to be a surprisingly

high incidence of orofacial clefts during the 1960s, in the

Zeeburg area of Amsterdam, The Netherlands. This

high incidence was not indicative of the incidence at a

maternity clinic (the Wilhelmina Gasthuis) elsewhere in

the same city (Koppe et al., 1973). Much later it was

discovered that chemicals had been incinerated in the

open air in the vicinity of the Zeeburg maternity clinic,

at the Diemerzeedijk, during the 1960s. A coincidence?

From literature sources and our ongoing studies on

possible e�ects of dioxin exposure on the growth and

development of children, we have become aware of the

(possible) teratogenic and/or carcinogenic e�ects of these

environmental pollutants. We therefore hypothesised

that the local increased incidence of orofacial clefts was

a direct result of the open incinerations of the chemicals

at the Diemerzeedijk incinerator.

1.1. The diemerzeedijk waste site

The company responsible for the incinerations, which

took place from 1961 to 1973, was allocated the ``Die-

merzeedijk'' terrain in 1961. Commissioning commenced
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shortly thereafter. It was soon apparent that a tremen-

dous demand existed for such an incinerator, and major

multinational companies, many of whom were later to

deny the fact, exploited the opportunity in order to

dispose of chemical wastes. The incinerations must have

proved lucrative, for the quantities of incinerated

chemicals increased phenomally. The incineration com-

pany promptly began importing waste chemicals for

combustion from all over Europe, from countries such

as Germany and Cechoslovakia, and even from as far as

Finland. A scanty registration of the quantities com-

busted was kept (Table 1). (However, these ®gures have

been shown to be up to 70% understated)!

While the rapidly increasing activities were probably

favourable to the incineration company, this was not so

for many residents of the surrounding urban areas. In-

numerable complaints regarding the extreme smells and

air pollution were made. Whilst the incinerations (one to

three thousand tons per time) took place merely once

every one to three months, it was noted that on the days

that they took place, sedimentation powders fell over the

surrounding areas. This more than likely was also a

consequence of the manner of incineration: the 100 l

drums of chemicals were lined up, to at times more than

a hundred metres long, tens of metres wide and eight to

ten barrels high. A number of the drums were then

pierced, allowing the contents to ¯ow out and this was

then ignited. According to the o�cial report of the City

of Amsterdam (DOW GRM, 1987) this was quite an

impressive scene to witness, with drums ¯ying high into

the sky as the chemicals and drums exploded! The thick

pitchblack smoke columns, more than 100 m high, were

visible from tens of kilometres away. The ®re depart-

ment was noti®ed before the chemicals were ignited.

The incineration company was found to be in viola-

tion of environmental legislation during the years of

operation. This eventually led to the City of Amsterdam

taking over the responsibility and drastically reducing

the incinerations, and ®nally decommissioning the waste

site in 1973.

Since then, the site has been found to contain nu-

merous toxic chemicals and in toxic concentrations.

Anno 1998, a quarter of a century after its closure, the

Diemerzeedijk complex remains a prohibited terrain ±

this as a result of the toxicity. Anglers are prohibited

from ®shing in the vicinity of the Diemerzeedijk, for fear

of their possible ingestion of the contaminated aquatica.

2. Method

Analysing possible environmental in¯uences on the

health and well-being of individuals has, in the past

proven a di�cult challenge. With the advent of modern

technological advances, many occupational health haz-

ards have been plotted. For the ``uncontained, uniso-

lated'' environment this has been more problematic, and

animal studies, while indicative, are not perfect, because

of well documented interspecies variations (Bracken,

1997). It was therefore decided to test the clinical ob-

servation by way of a retrospective observational epi-

demiological study. The trend of the incidence of

orofacial clefts at the Zeeburg maternity clinic, for the

period 1960 up to and including 1969, was compared

with the quantities of combusted chemicals during this

same period. Thereafter the trends of the incidence of

orofacial clefts were compared at two maternity clinics

in Amsterdam, The Netherlands, over the ten year pe-

riod from 1960 up to and including 1969. Finally the

addresses of the mothers who gave birth to children with

orofacial clefts were plotted on a map of Amsterdam.

Table 1

The quantities of chemicals incinerated at the Diemerzeedijk incinerator, 1960±1973a

Year Quantities of incinerated chemicals Remarks

1960 Nil

1961 Unknown Terrain allocated to the incineration company

1962 Unknown

1963 Unknown

1964 Unknown Complaints of extreme smells and air pollution

1965 4235 tons

1966 8574 tons

1967 9061 tons Incinerations only permitted by south westerly winds

1968 11,789 tons

1969 Unknown

1970 2500 tons Under management of the city of Amsterdam

1971 2500 tons Under management of the city of Amsterdam

1972 2500 tons Under management of the city of Amsterdam

1973 Cessation Cessation of incineration activities

a The quantities up to 1968 have been shown to be up to 70% understated (see text) (DOW GRM, 1985).
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All the pregnancies at a maternity clinic in Zeeburg,

Amsterdam, The Netherlands, situated nearby the waste

incinerator mentioned above were reviewed from the

medical log books. Each pregnancy was su�ciently

documented. The number of orofacial clefts was noted.

In order to exclude syndromal clefts, other abnormali-

ties were also noted, as were speci®cs such as gender.

These data were then related to the total number of

births, live and stillborn.

The same procedure was performed for another

maternity clinic, Wilhelmina Gasthuis, also situated in

Amsterdam, The Netherlands, yet in the west of the city,

about 12 km away from the waste incinerator (the wind

in The Netherlands is mostly from the south-west).

It is important to note that births in the Zeeburg

clinic were on social indications only, for example,

mothers who had no appropriate room at home for the

delivery. Any pathologic pregnancies were sent to the

Wilhelmina clinic, where specialised centres for mother

and child were available. The Wilhelmina clinic births

were thus both on social and on pathological indication.

3. Results

From a total of 8803 births in Zeeburg, in the period

1 January 1960 up to and including 31 December 1969,

22 babies had a non-syndromal orofacial cleft (Table 2).

Thus an average incidence of 2.5 per 1000 births. In

1963, 973 infants were born in Zeeburg, of which 5 with

an orofacial cleft, producing an incidence of 5.1 per 1000

births. In Zeeburg in 1964, 990 infants were born, of

which no less than 7 with an orofacial cleft ± an inci-

dence of 7.1 per 1000 births. In the years 1963 and 1964,

3 and 2, respectively, of the cases of orofacial clefts were

of cleft palatum molle (soft palate). The incidence of

orofacial clefts for the years 1963 and 1964 were statis-

tically signi®cantly higher for the Zeeburg clinic than for

the Wilhelmina clinic.

In the maternity clinic Wilhelmina Gasthuis a total of

21078 infants were born from 1 January 1960 up to and

including 31 December 1969, including 25 with a non-

syndromal orofacial cleft (Table 3). Therefore the aver-

age incidence of orofacial clefts over the ten year period

was 1.2 per 1000 births. In 1963 the incidence was 1.0,

with 2 of 2100 babies born with a non-syndromal oro-

facial cleft. In 1964, 2187 infants were born, of which 5

had an orofacial cleft, producing an incidence of 2.3. At

no time during the ten years from 1960 up to and in-

cluding 1969 did the incidence of infants born with an

orofacial cleft rise beyond 3.0 per 1000 births (Fig. 1).

All the addresses of the mothers who gave birth to

children with an orofacial cleft were uncovered with the

exception of one of the Zeeburg population and ten of

the Wilhelmina population. When the addresses of the

children born with an orofacial cleft in the Zeeburg

clinic were plotted, there was a remarkable dispertion.

No less than 14 of the 24 children were born to mothers

living to the northwest of the Diemerzeedijk. There was

also a smaller grouping to the west of the incinerator.

When the addresses of the children born with an oro-

facial cleft in the Wilhelmina clinic were plotted, they

were far more spread out across the city of Amsterdam,

as would be expected.

4. Discussion

4.1. Confounders

While it is no longer possible to reliably control for

further confounders, it is arguable that this is not needed.

While smoking in the 1960s was not widespread amongst

women in The Netherlands, the Zeeburg clinic population

Table 2

The incidence of orofacial clefts at the Zeeburg maternity clinic for the years 1960 up to and including 1969a

Year Total no.

of births

CLP CPS Syndromal

cleft

Total no.

of clefts

Remarks

1960 894 1 ± 1 Sister also had an orofacial cleft

1961 996 1 ± ± 1 Sister also had an orofacial cleft

1962 1119 1 ± ± 1

1963 973 2 3 ± 5

1964 990 5 2 ± 7

1965 860 2 ± ± 2

1966 758 1 ± ± 1

1967 929 ± 1 2 3

1968 711 1 1 ± 2

1969 573 ± 1 ± 1

Total 8803 14 8 2 24

a CLP� cleft lip with or without cleft palate, CPS� cleft palatum molle (soft palate).
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would certainly not have had a greater number of

smoking mothers than the Wilhelmina clinic. The socio-

economic statuses of the two populations was similar.

Both populations were generally from lower socio-eco-

nomic groups. This also formed the basis for their social

indications for giving birth in a clinic, and not at home ±

there was no suitable room at home for this purpose and/

or the parent(s) had insu�cient funds for the more ex-

pensive hospitals or for home delivery. The selection be-

tween delivery in the Zeeburg clinic and the Wilhelmina

clinic (apart from pathology and suspected pathology)

was based on the residential address of the mother, and on

the availability of rooms in both clinics.

This reasoning can also be applied to possible genetic

confounders. Neither population was an enclave, and

therefore the gene-pools would not have been restricted.

While the genetic backgrounds (especially for TGFa)

would not be expected to be di�erent for the two pop-

ulations, any known genetic risk factors would have

been indications for delivery in the Wilhelmina clinic.

Furthermore, the use of anti-epileptica could be of-

fered as a possible confounder. A pregnant woman with

epilepsy was a pathological condition. Such women

would have given birth at the Wilhelmina clinic, and

once again, certainly not the Zeeburg clinic. This was

also a major reason why Koppe et al. (1973) selected the

Fig. 1. The trend of the incidence of non-syndromal orofacial clefts for the Zeeburg and Wilhelmina clinics, for the years 1960 up to

and including 1969.

Table 3

The incidence of orofacial clefts at the Wilhelmina Gasthuis maternity clinic for the years 1960 up to and including 1969a

Year Total no.

of births

CLP CPS Syndromal

cleft

Total no.

of clefts

Remarks

1960 2364 3 ± 1 4

1961 2353 4 ± 3 7 1 CLP is sibling of an epilepsy patient

1962 2381 3 1 ± 4

1963 2100 2 ± 1 3

1964 2187 4 1 ± 5

1965 2129 2 ± ± 2

1966 2095 ± 1 1 2

1967 1947 ± 1 1 2

1968 1804 2 ± ± 2

1969 1718 1 ± 3 4

Total 21078 21 4 10 35

a CLP� cleft lip with or without cleft palate, CPS� cleft palatum molle (soft palate).
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Zeeburg population as a control group, and the Wil-

helmina population as the exposed group in their study

on epilepsy and congenital abnormalities.

A di�erence in alcohol consumption between the

Zeeburg and Wilhelmina populations would, for the

same reasons as smoking (vide supra), be unlikely. In

addition, it was not usual for women to drink alcohol

during the 1960s, and this was certainly so for women in

the lower socio-economic classes (both Zeeburg and

Wilhelmina populations) who would have found it dif-

®cult to a�ord the price of regular alcohol consumption.

Finally, we must consider vitamin de®ciencies. There

was a shortage of food in the Amsterdam region, during

and after World War II. Calorie-wise this was rapidly

corrected after the war but a shortage of folic acid might

have lasted longer. Yet, a vitamin de®ciency would have

meant that the pre-war high incidence of anencephaly

would have remained high. To the contrary, the inci-

dence dropped dramatically before and during the six-

ties, and the socio-economic circumstances improved

greatly (Romijn and Tre�ers, 1983; Romijn et al., 1982).

Thus vitamin de®ciencies could not reasonably be of-

fered as an explanation for the extraordinary results.

An increased concentration of other chemicals, such

as PAHÕs, and of heavy metals have also been found in

the vicinity of the incineration complex (DOW GRM,

1987). We have not considered them in the current study

because we could not ®nd evidence in a medical litera-

ture search for a link between such substances and

orofacial clefts. Other (possible) health e�ects of these

substances are beyond the scope of this article.

4.2. Comparison

As Fig. 1 graphically illustrates, the incidence of

orofacial clefts in the Zeeburg maternity clinic showed a

relatively gigantic surge in 1963±64. The very atypical

trend of incidence over the ten year period, with the

peaking in 1963±64 was clearly not indicative of the

incidence elsewhere in the same city. This can also be

seen in Fig. 1. The Wilhelmina Gasthuis trend displays

an incidence of between 1 and 3 cases per 1000 births.

This is in agreeement with the average Dutch and Bel-

gian incidence of 1.47 per 1000 births (including both

syndromal and non-syndromal clefts) (Derijcke et al.,

1996). Furthermore, it remains remarkable that the in-

cidence in Zeeburg dropped dramatically during 1965,

plateauing at a level 155% higher than the Wilhelmina

clinic. It is interesting to note that this rise in the inci-

dence of orofacial clefts seems to follow the rise in tons

of combusted chemicals (Table 1). While there are no

absolute amounts of combusted chemicals known for

the years 1961±1964, evidence points towards a steady

increase, which is evident from the years following, when

more accurate records were kept (DOW GRM, 1987).

The Zeeburg maternity population was a group se-

lected on optimality regarding favourable, healthy

pregnancies, with little chance of pathology. This in

contrast to the Wilhelmina clinic where approximately

half the population group was selected on possible or

probable pathology. It is therefore to be expected, con-

trary to what was found, that there would then be a

higher incidence of orofacial clefts in the Wilhelmina

clinic than in the Zeeburg clinic. This can be seen in the

fact that the average incidence of orofacial clefts in the

Wilhelmina clinic (1.66 per 1000 births) is higher than

the 1.47 per 1000 births reported for The Netherlands

(Derijcke et al., 1996).

4.3. Airborne pollution

Research has pointed out that the incineration pro-

cesses at the Diemerzeedijk produced large amounts of

sedimentation powders, many of which were carried by

the wind. Many of the chemicals combusted by the

company are known to produce dioxin and dioxin-like

sedimentation powders, easily carried by the wind. Eye-

witness reports have veri®ed that indeed powdery sedi-

mentations were often seen in the vicinity of the

Diemerzeedijk during incinerations (DOW GRM, 1987).

Table 1 shows the registered incinerated chemical

quantities from the waste incinerator for the same time

period, 1960±1973. Incineration activities were only

permitted when the wind was blowing from the south

west (DOW GRM, 1987). The reasoning being that any

residues would be blown over the IJssel Lake, as op-

posed to over the urban areas to the south and west of

the terrain.

The collected eels and rabbits from the vicinity of the

combustion terrain were shown to have toxic concen-

trations of dioxins in their bodies (DOW GRM, 1987).

Additionally, the Dutch Ministry of Water A�airs, in a

separate report concluded that there was an increase in

the concentration of PCBÕs in the bordering IJssel Lake

(DOW GRM, 1987), and this while bearing in mind that

PCBÕs, due to their hydrophobic nature, are poorly

transported by water. Was this increase a result of air-

borne PCB pollution or due to leakage?

The wind in The Netherlands is normally from the

southwest, but often comes from the southeast and east.

Assuming that the company only combusted the chem-

icals while a south-westerly wind was blowing. Residues

and sedimentation powders would then be blown east

and north-east, over a lake, the IJssel Lake. What if the

wind changed direction during the day, or if the com-

pany, in violation of the stipulations, decided to com-

bust while the wind was blowing from the south-east or

east? These same residues would then be blown north-

west and west over urban areas of Amsterdam. It is then

very interesting to ®nd the atypical groupings of orofa-
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cial clefts to the northeast and to the west of the Die-

merzeedijk incineration complex.

In his overview of possible health e�ects of land®ll

gases, Watson (1998) quoted the British ENTEC report

of land®ll gases. ENTEC stated that ``In many respects

the composition of these community air samples appear

similar to the air samples collected from positions im-

mediately above the land®ll surface''. Watson concludes,

``Whilst it is not possible to pinpoint the exact mecha-

nism, chemical or combination of chemicals by which

the community around a land®ll site could be a�ected

there is enough evidence to justify concern'' (Watson,

1998).

It is thus no far-fetched hypothesis that a consider-

able part of northwest Amsterdam was probably pol-

luted by very potent chemicals, and that the residents of

Zeeburg, were thereby more than likely exposed to toxic

concentrations of dioxins. Dioxins are able to pass the

placental barrier (van Wijnen et al., 1990; Krowke et al.,

1990).

4.4. Aetiology

Orofacial clefts have a multifactorial aetiology. While

there has long been evidence of a genetic in¯uence, en-

vironmental in¯uences also play a role (Lie et al., 1994).

Recently it was postulated that a trend indicated an

increased risk of oral clefts with increased overall ex-

posure to glycol ethers, a common industrial and

household chemical (Cordier et al., 1997). Additionally,

it has been demonstrated that a small, yet statistically

signi®cant risk of orofacial clefts (especially cleft palates)

exists for the o�spring of mothers who smoke during the

®rst trimester of their gestation period (Wyszynski et al.,

1997; K�all�en, 1997). The risk increased with increasing

exposure, up to ten-fold, when in combination with the

gene variant transforming growth factor alpha allele

(Shaw et al., 1996). While cigarettes contain many (po-

tentially) toxic substances, it is interesting to note that

they also contain N-nitroso compounds and polycyclic

aromatic hydrocarbons (for e.g., benzo(a)pyrene). It has

been noted that placental oxidation activities, such as

the induction of cytochrome P-450 for polycyclic aro-

matic hydrocarbons, were reduced in malformed infants

compared with normal controls, of mothers who

smoked during pregnancy (Shaw et al., 1996).

4.5. TCDD e�ects on palatal formation

The normal human palate is a result of the fusion of

the primary and secondary palatal primordia. This

process begins in the ®fth embryological week and is

completed by the end of the twelfth week, with its most

critical period being between the sixth and ninth weeks.

Failure to fuse results in an orofacial cleft (Moore and

Persaud, 1993). Orofacial cleft anomalies are relatively

common with an incidence of 1±2 per 1000 births, with a

higher prevalence amongst males than females (Derijcke

et al., 1996).

Animal studies with mice elicited cleft palate and

hydronephrosis in TCDD, a dioxin, exposed embryos. It

was postulated that exposure to a teratogenic dose of

TCDD led to disturbed proliferation and di�erentiation

of palatal cells. TCDD is known to bind with the Ah

receptor (AhR) and thereby alter transcription of spe-

ci®c genes. AhR is found in palatal epithelial and me-

senchymal cells, and has its highest expression in

epithelium thereof. Furthermore, AhR mRNA and

protein were found to be downregulated in mice palates

exposed to TCDD (Abbott, 1995). These studies add

credence to the proposed relationship between the open

chemical incinerations at the Diemerzeedijk and the

alarming increase in the incidence of orofacial clefts in

Zeeburg during the 1960s.

Couture et al. (1990) examined human palatal shelves

exposed to TCDD and concluded that exposure to high

levels of TCDD would need to occur in order to alter

palatal development. Abbott and colleagues recently

stated that they have found evidence for a regulatory

system by which human palates could be less sensitive to

TCDD than mice palates (Abbott et al., 1998). It must,

however, be remembered that these studies were per-

formed with in vitro palatal tissue, and this may be

di�erent from the in vivo situation. Furthermore, these

studies do not necessarily negate our ®ndings and our

hypothesis. While overt signs of dioxin toxicity, such as

chloracne, were not evident, chronic high doses of di-

oxins and at crucial moments during embryogenesis may

still very well have caused palatodysgenesis in a number

of infants in the Zeeburg area.

4.6. Other midline defects

While researching the incidence of orofacial clefts we

noted that a large number of babies born in the Zeeburg

clinic had midline defects. This we found surprising,

baring in mind that the Zeeburg population was selected

on optimal, healthy pregnancies, and that any indica-

tions of pathology were reason for the birth to take

place in the Wilhelmina clinic. The incidence of central

nervous system (CNS) defects (the majority being spina

bi®da in the Zeeburg group) and of genital defects (the

majority being hypospadias in the Zeeburg group) are

displayed in Table 4. As can be seen, the incidences fall

within the normal incidence range (approximately 3

CNS defects per 1000 births and approximately 1 genital

defect per 300 births).

However, in view of the population selection, are

these incidences possibly too high? Interestingly, when

we plotted the residential addresses of the children born

with CNS and genital defects, the vast majority lay to
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the northwest of the incineration site, with a smaller

group to the west.

5. Conclusion

Let us now summarise what we have found and some

of the ®ndings found in a literature search:

1. There were numerous complaints of sedimentation

powders as a result of the incineration works.

2. Many of the chemicals combusted are known to pro-

duce dioxin- and dioxin-like sedimentation powders

when combusted, as well as other chemical com-

pounds.

3. There was an increased PCB concentration found in

the IJssel Lake, and eels and rabbits collected from

the vicinity of the Dimerzeedijk have toxic concentra-

tions of dioxins in their bodies.

4. Dioxins readily pass the placental barrier, collecting

in adipose tissues. 2,3,7,8-tetrachlorodibenzo-p-diox-

in, or TCDD, a dioxin, is known to produce

hydronephrosis and orofacial clefts in mice. TCDD

is known to bind to the aryl hydrocarbon receptor,

a receptor seen in high concentrations in epithelial tis-

sues (which also make up the human palate and lip).

5. Chemical agents can be causative of orofacial clefts,

for example a higher incidence of orofacial clefts

was found amongst smoking mothers, amongst

mothers exposed to glycol ethers, and amongst the

o�spring of Vietnam-war veterans (American and

Vietnamese) exposed to the dioxin-based defoliant,

Agent Orange (Sterling and Arundel, 1986).

6. The Zeeburg population was a population selected on

optimality regarding health and pregnancy yet dem-

onstrated a very atypical trend and incidence of oro-

facial clefts for the years 1960 up to and including

1969.

7. Vitamin de®ciencies, smoking mothers, genetic en-

claves and anti-epiletica could not reasonably be of-

fered as confounders or explanation for the

abnormal trend and distribution of the orofacial

clefts.

Concluding, while it is probably impossible to prove

beyond a doubt a cause-e�ect relationship, the results

strongly indicate an association between the open in-

cineration of chemicals, and the increased incidence of

orofacial clefts in Zeeburg, Amsterdam, The Nether-

lands, for the years 1960 up to and including 1969.

References

Abbott, B.D., 1995. Review of the interaction between TCDD

and glucocorticoids in embryonic palate. Toxicology 105,

365±373.

Abbott, B.D., Probst, M.R., Perdew, G.H., Buckalew, A.R.,

Receptor, A.H., 1998. ARNT, Glucocorticoid Receptor,

EGF Receptor, EGF, TGFa, TGFb1, TGFb2, and TGFb3

Expression in Human Embryonic Palate, and E�ects of

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Teratology

58, pp. 30±43.

Bracken, M.B., 1997. Musings on the edge of epidemiology.

Epidemiology 8 (4), 337±339.

Couture, L.A., Abbott, B.D., Birnbaum, L.S., 1990. A critical

review of the developmental toxicity and teratogenicity of

2,3,7,8-tetrachlorodibenzo-p-dioxin: recent advances to-

ward understanding the mechanism. Teratology 42, 619±

627.

Cordier, S., Bergeret, A., Goujard, J., Ha, M.C., Aym�e, S.,

Bianchi, F., Calzolari, E., Walle, H.E.K., Knill-Jones, R.,

Candela, S., Dale, I., Dananch�e, B., Vigan, C., Fevotte, J.,

Kile, G., Mandereau, L., 1997. For the occupational

exposure and congenital malformations working group,

congential malformations and maternal occupational ex-

posure to glycol ethers. Epidemiology 8 (4), 355±363.

Derijcke, A., Eerens, A., Carels, C., 1996. The incidence of oral

clefts a review. Br. J. Oral Maxillofac Surg. 34 (6), 488±494.

DOW GRM, 1987. Nader Onderzoek Brandplaats Die-

merzeedijk. Opdracht 3930 GRM 33. Dienst Openbare

Werken Bureau Grondmechanica, Amsterdam.

K�all�en, K., 1977. Maternal smoking and orofacial clefts. Cleft

Palate Craniofac J. 34 (1), 11±16.

Koppe, J.G., Bosman, W., Oppers, V.M., Spaans, F., Klooster-

man, G.J., 1973. Epilepsie en aangeboren afwijkingen. Ned

Tijdschr Geneeskd 117 (6), 220±224.

Krowke, R., Abraham, K., Wiesm�uller, T., Hagenmaier, H.,

Neubert, D., 1990. Transfer of various PCDDÕs and

PCDFÕs via placenta and motherÕs milk to marmoset

o�spring. Chemosphere 20 (7±9), 1065±1070.

Lie, R.T., Wilcox, A.J., Skjñrven, R., 1994. A population-based

study of the risk of recurrence of birth defects. N. Engl. J.

Med. 331 (1), 1±4.

Moore, K.L., Persaud, T.V.N., 1993. The Developing Human.

W.B. Saunders, Philadelphia.

Shaw, G.M., Wasserman, C.R., Lammer, E.J., OÕMalley, C.D.,

Murray, J.C., Basart, A.M., Tolarva, M.M., 1996. Orofa-

cial clefts parental cigarette smoking, and transforming

Table 4

The incidence of central nervous system (CNS) and genital

defects at the Zeeburg maternity clinic for the years 1960 up to

and including 1969

Year Total no.

of births

CNS

defects

Genital

defects

1960 894 1 4

1961 996 ± ±

1962 1119 1 2

1963 973 1 2

1964 990 3 1

1965 860 1 2

1966 758 2 3

1967 929 ± 1

1968 711 ± ±

1969 573 1 3

Total 8803 10 18

G.W. ten Tusscher et al. / Chemosphere 40 (2000) 1263±1270 1269



growth factor-alpha gene variants. Am. J. Hum. Genet. 58

(3), 551±561.

Sterling, T.D., Arundel, A., 1986. Review of recent vietnamese

studies on the carcinogenic and teratogenic e�ects of

phenoxy herbicide exposure. International Journal of

Health Services 16 (2), 265±277.

Romijn, J.A., Smit, D.E., Tre�ers, P.E., 1982. Anencefalie in

Nederland in de Periode 1950±1980. Regionaal en in de

Tijd. Ned Tijdschr Geneeskd 126 (48), 2185±2188.

Romijn, J.A., Tre�ers, P.E., 1983. Anencephaly in the Nether-

lands, a remarkable decline. The Lancet 1 (8314±5), 64±65.

van Wijnen, J., vanBavel, B., Lindstr�om, G., Koppe, J.G., Olie,

K., 1990. Placental transport of PCDDÕs and PCDFÕs in

humans. Dioxin Õ90 Congress, pp. 47±50.

Watson, A., 1998. Possible Health E�ects of Land®ll Gases. 6/11.

Wyszynski, D.F., Du�y, D.L., Beaty, T.H., 1997. Maternal

cigarette smoking and oral clefts a meta analysis. Cleft

Palate Craniofac J. 34 (3), 206±210.

1270 G.W. ten Tusscher et al. / Chemosphere 40 (2000) 1263±1270


