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Abstract 
Because of the relatively high exposure to dioxins of the Dutch population expensive measures 

have been taken to reduce emissions. The success ofthis policy is reflected in a 900/0 reduction in 

emissions to air and a significant decrease in dietary exposure and levels in human milk. It is 

expected that exposure to dioxins will drop below a level of concem for human health. The 

importance of an intemational approach is emphasized. 

1. Introduction 

The description 'dioxins' stands for two groups of closely related compounds: poly-

chlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFS). Dioxins are very persistent 

organic compounds. Of 210 possible congeners the most persistent are the seventeen 2,3,7,8-

chlorinated ones and these are extremely toxic. The most toxic one, 2,3,7,8-TCDD, is used as a 

reference for the toxicity, Toxicity equivaleney faetors have been assigned to the others. This 

international acoepted system to express the toxicity of mixtures of dioxins has been of great help 

in risk assessments and standard setting [NATO/CCMS 1988, Van Zorge et al, 1989], 

Dioxins are ubiquitous environmental pollutants of anthropogenic origin. They are micro-

contaminants in many processes: combustion, incineration and industrial. Because of their 

lipophilicity and persistence, dioxins accumulate in the fatty tissues of exposed organisms, 

including humans. They build up in the food chain and therefore present a hazard for predatory 

animals. Human exposure is mainly (> 950/0) by food and is at a level of concern. The human 

health hazard of 2,3,7,8-TCDD has been recognized for four decades now. Several coutries have 

set a Tolerable Daily Intake (TDI) for dioxins and many countries have developed policies to 

control emissions ofdioxlns. 

2. Historical Background 

The first Dutch confrontation with dioxin (2,3,7,8-TCDD) was on March 6 in 1963 when an 

explosion in a 2,4,5-trichlorophenol production site in Amsterdam contaminated the plant. Ofthe 

l06 workers involved in the cleaning operation 44 developed chloracne, a persisting and 

disfiguring skln disease. In 1957 dioxin had been identified as a very aetive chloracnogenic 

contaminant in the chlorophenol production by he German physician Schulz, Since it appeared to 

be impossible to elean the plant it was closed down and ten years later it was carefirlly pulled 
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down. The debris was put up in concrete and dumped into the Atlantic Ocean. 

In 1980 the ehemical contamination of the 'Volgermeer polder' was discovered. This polder 

had been used for long as a municipal waste dump site for Amsterdam, but it appeared that during 

the fifiies and sixties illegally thousands of tons of chemical waste had been dumped there, also 

from the plant mentioned above. Elevated levels of dioxin were found in soil, sediments and fish. 

The 60 hectares dump site was closed, partly covered with soil in order to prevent distribution of 

the pollution and fenced off.. 

A reseach group of the University of Amsterdam was the first to report that PCDDS and 

PCDFS are emitted by municipal solid waste incinerators (MSWls) [Olie et al. 1977]. This was 

the start of more govemment funded investigations in this field. But it was the detection in 1989 

ofdioxins in the milk of cows grazing near the most important MSWI in the country, at levels that 

raised concern for the public health, that has initiated an extensive national research programme 

on dioxins. 

By that time it was realized that what originally had started as a single substance problem 

(2,3,7,8-TCDD) was in fact a multi substances problem (PCDDS and PCDFS). In recent years it 

has been proposed to extend the substances involved with several PCBs, which because of their 

structural similarity have a comparable meehanism of action as the dioxins. This means that these 

dioxin-like PCBS should be included in risk evaluations and standard setting [Ahlborg et al. 1994, 

Health Council 1996, Van Leeuwen 1997]. 

3, the Lickebaert Affair 

The detection of high levels of dioxins in cow's milk near MSWls usually is refered to as the 

Lickebaert affair, after the name of the agricultural area near Rotterdam where the identification 

of this problem started. It not only gave the impulse for the national dioxin research programme 

but also for the emission reduetion policy. 

3 . I Emission reduction measures 

In August 1989 a guideline on incineration of municipal solid waste and related processes, 

like incineration of hazardous waste, hospital waste and sludges, was published. In this guideline 

an emission standard for dioxins of 0.1 ng TEQ/m3 was set for new incinerators. Existing 

incinerators had to meet this standard the frrst of December 1993. In February 1993 the guideline 

became part of the Law on Environmental Management and because of problems with the 
accommodation of the existing incinerators the date of enforcement was delayed to the first of 

January 1995. In practice it took until the start of 1997 before all the MSWls complied with the 

standards. For other dioxin emitting processes no standards have been set until now. Licence 

providing authorlties however have been instructed to ask for maximum acceptable emission 

reduction. If necessary for certain sources, emission maxima will be presented in the National 

Emission Guideline. 

The dioxin emission of MSWls has to be monitored at least twice a year. As the result of a 

round robin study an instruction for sampling, sample treatuent and analysis was publlshed in 

1993, in which also detection limits for the different congeners were dictated [Ministry 1993]. 

Since 1989 six of the twelve existing MSWls were closed, two of them were replaced by 

new ones and another three new incinerators have been build, Action was taken to reduce the 

amount ofwaste which has to be incinerated. Separated collection and composting ofthe organic 

fraction of municipal waste now is widely introduced in the country, 

3.2 Emergency measures 

In order to prevent the consumption of milk with high dioxin levels in 1989 a standard of 6 

pg TEQ/g fat was set for dairy products. This standard was derived fiom the Tolerable Daily 
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Intake for dioxins, the assessed exposure by non-dairy products and the average daily 

oonsumption of dairy products on a fat base. Milk of dairy farms near MSWls was monitored and 

in areas where the standard was exceeded the milk was destroyed. Animals in areas exeeding the 

milk standards also were taken out ofthe consumption chaln, 

As an illustration of the effectivity of emission reduction measures Figure I shows the 

dioxin levels in milk from reference farms in the Lickebaert area situated near the MSWI AVR, 

which with a capacity of ca, I millon tons of waste per year is the largest MSWI in the country 

[Liem and Van Zorge 1995]. The retrofitting ofthis ineinerator was completed in 1994 which was 

elearly reflected in the dioxin levels in milk. Moreover the levels in milk were in good agreement 

with the calculated values from a chain model that was developed to relate emissions to levels in 

cow's milk [Slob et al. 1993]. 
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Fig. I . Time couTse of dioxin levels in cow's milk from dairy farms in the Lickebaert area 

4. The National Dioxin Research Programme (1989-1994) 

Formally the programme was finished in 1994 but monitoring programmes are still going on 

in order to follow trends and to detect the effeet of the measures which have been taken. The 

targets of this programme were: 

detection of dioxin sources in the country, quantification of their emissions and the 

use of these data for an emission reduction strategy, 

' analysis of human exposure to dioxins and related compounds by food consumption ll 

and the monitoring ofmilk of dairy farms in suspected areas, 

" detection of environmental levels, background levels as well as levels in lll 

contaminated areas. 

4.1 Dioxin emissions in Tire Netherlands 

The study on sources and emissions made it clear that for the Netherlands MSWl's, with 

about 800/0 of the total emission, were by far the most important source of dioxins emission into 
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the air. Table I presents the emissions of dioxin sources in 1989 and 1991 together with the 

estimates for the year 2000 rBremmer et aL 1996]. It c]ear]y shows that munioipa] so]id waste 

Incineration ehanges from a major to a minor source of dioxin emission. Today wood combustion 

for house heating, industrial processes and the use of pesticides have beeome the major sources. 

The latter one is dominated by the extensive former use of pentachlorophenol (PCP) as a wood 

preserver. PCP contains relatively large concentrations of dioxins. The use of PCP was 

terminated at the start of 1 99 1 . 

Estimated loads of fresh surface water are presented in Table 2. Direct diseharges on surface 

water are small In eomparison to deposition from the air and municipal runn off. 

Emissions to soj] are domjnated by deposition from tbe air with the app]ication of sewage 

sludge in agriculture as a second source (estimated loads in 1990 resp 325 and 7 g TEQ). 

Table I . Sources of dioxin emissions into the air in The Netherlands 

Year 

Municipa] solid waste incineration 

Incineration of ehemical waste 

Incineration of tip gas, biogas, sludge 

Incineration of hospital waste 

Incineration of waste oll 

Incineration of wood 

Cable buming 
Fires, flares 

Traffi c 

Metal industry 

Applicatlon of pesticides 

Chemieal processes 

Various processes 

TOTAL 

1 99 1 

43 1 6 O. l 0,4 0,3 0.5 

31 

42 
3
 
lO 

899 5 1 6 63 

Table 2. Estunated load of fresh surface water (g TEQ/year) 

Emissions 1985 1990 1995 2000 

Direct d iseharges 4 4 4 6
 Deposition 30 14 14 37 

Mun icipa] 1 3 4 5 18 

61 22 

4.2 Environmental levels andfluxes 

Levels in surface soil (depth 0-5 cm) ranging from 2.2 to 16.4 ng TEQ/kg dry welght were 

obtained from 32 rura] areas, Near MSWJS surface soi] Ievels of 2.5-2S2 ng TEQ/kg dry weight 

were found. In several floodplains, where the soil can be contaminated by sludge from the river, 
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soil levels were 17-78 ng TEQ/kg dry weight [Hendriks et al. 1996]. High levels (60-98,000 ng 

TEQ/kg dry weight) in soil were deteeted on sites where wires and cars had been burned for metal 

reclamation [Van Wijnen et al. 1992]. 

Analysis of sediment samples from several rivers, Iakes and canals indicated that approx 1-

lO ng TEQ/kg dry weight can be considered as a present background levei, but levels up to 420 ng 

TEQrkg have been detected. Even higher levels were found in stagnant waters (up to 650 ng 

TEQrkg) and harbours (up to 4,000 ng TEQ/kg), In estuaries and seas levels are 8-21 ng TEQ/kg 

dry matter. A considerable amount of the dioxins in the Dutch aquatic environment originates 

from transboundary sources [Liem et al. 1993]. 

Ambient air samples were collected at four locations across the country, indieating an 

average background concentration in air is approx 25 fg TEQ/m3. The transboundary flux of 

dioxins was estimated by combination of concentrations in air and weather conditions. From the 

environmental data the fluxes of dioxins in the Dutch environment were calculated. Figure 2 

presents a sohematized presentation of these fluxes [Liem et al 1993]. It illustrates the important 

contribution from abroad to the dioxin load in The Netherlands. This makes it clear that an 

international approach is needed for a decrease of the present background. 

740 
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sediment 

deposition 

<3 

foreign 
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Fig. 2. Estimated flows of dioxins in the Dutch environment in g TEQ/year in 1990 

4.4 Human exposure and body burden 

Much effort has been put into investigations of dietary exposure. Two tracks were followed 

in these investigations: 

i analysis of duplicate diets for dioxins and related compounds, 

ii analysis of food catagories and calculation of exposure by use of the consumption 

data from the National Food Consumption Inquiry. 

The latter approach has the advantage that information is obtained for different age categories and 
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the decrease in dietary intake a further reduetion of 30-40"/. is predicted for the additional study 

which is planned for 1998. 

5. The Risk Assessment of Dioxins 

The Netherlands was the first country to propose a health based exposure limlt for dioxin. A 

TDI of 4 pg 2,3,7,8-TCDD/kg body weight was introduced rVan der Heijden et al. 1982] and 

almost unnotioed this afierwards was changed into the same value for TEQs. In 1991 the TDI of 

10 pg 2,3,7,8-TCDD/kg b,w, which was proposed in 1990 by WHO [Ahlborg et al, 1 9921 was 

adopted and again this value was interpreted as TEQs. In spite of this raise in the TDI the policy 

remained to reduce dloxin levels as far as possible. The Health Council of the Netherlands as a 

result of a re-evaluation of dioxin toxicity data advised to reduce the health based exposure limlt 

to I pg TEQlkg b,w. [Health Council 1996]. Besides that it was advised to Include dioxin-1ike 

PCB's in rlsk evaluations and standard setting. Herefore the use of the toxic equivalency factors, 

as proposed by WHO/EURO [Ahlborg et al. 1994], was recommended Based on the intake data 

for 1991- 1992 only I .5"/, of the population exceeded the existing TDI of 10 pg TEQlkg b,w.. At 

that time the exceedence of a TDI of I pg TEQ/kg b.w. would have been 93'/,. 

Beeause ofthe importance of international consensus on this subject the Dutch government 

decided in response to the advice of the Health Coucil to await the outeome of the WHO-

coordinated expert consultation for the re-evaluation ofthe TDI, which Is planned for the second 

quarter of 1998. Since there is a connection between the TDI and the standard for milk a change in 

the TDI would mean a re-evaluation (lowering) of this standard and the consequence of that 

would be an expensive control on levels in milk all over the country. In view of the goal of the 

government to lower the exposure to the level proposed by the Health Council, this would be a 

waste of effort and money. Recently the Dutch parliament has asked the goverment to present a 

plan in whioh the necessary steps to reach this goal and the time schedule for it are presented. 

The levels of dioxins and related substances in human milk have raised much concem about 

the high exposure of breastfed babies. This exposure may be two orders of magnitude higher than 

for adults although only for a short period, However in a comparitive study between breastfed an 

formula fed children only marginal differences were detected [Koopman-Esseboom 1995, 

Huisman 1996] and overall the effect of breastfeeding was positive, In a risk assessment of 

breastfed infants by use of a kinetic model the liver concentration after four months of 

breastfeeding was calculated to be approximately two times higher than the liver concentration in 

adults, but well below concentrations for whieh adverse effects can be expected [Liem and 

Theelen 1997], The Health Council concluded that limitatlon of breastfeeding should not be 

eonsidered [Health Concil 1 996] . 

6. European CommunityMeasures 

The WHO-coordinated human mllk studies [WHO/EURO 1989, WHO/ECEH 1996] showed 
the highest concentrations of dloxins In the highly industrialized Western-European countries. 

Fig. 2 indicates that background levels in The Netherlands might be reduced by measures in 

neighbouring countries. For that reason the the influence of the policy of European Community 

should not be underestimated. The implementation ofCommunity measures in natlonal legislation 

is obligatory. 

In the E.U. Dlrective on the combustion ofhazardous waste, which has been implemented at 

the start of this year, an emission limit for dioxins of O.1 ng TEQ/m3 is set. This means that 

faeilities for destruction of hazardous waste or facilities combusting hazardous waste as a source 
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of energy, e,g. cement kilns, will have to meet thls standard [Commission of the European 

Communities 1994]. The Directive on integrated pollution prevention control (IPPC) imposes the 

application of best available techniques (BAT) for indieated categories of industrial activities in 

order to reduce the impact on the environment [Commission ofthe European Communities 1996]. 

The existing EC-directives on municipal waste incineration date back to 1989 and do not dictate 

an emission limit for dioxins. Installations for municipal solid waste incineration however are 

included in the IPPC-list of aetivlties for which BAT must be introduced. 

In February 1993 the Council of Ministers of the European Union agreed upon the 5th 

European Community Environmental Programme in which a reduction target for emissions of 

dioxins of 90o/o was set for the year 2005 as compared to the reference year 1985. 

7. Conclusion 

In The Netherlands all the efforts and money spend on emission reduction of dioxins have caused 

a significant drop in human exposure. Probably a part ofthis drop has to be attributed to measures 

abroad. It is expected that the measures taken will effect a decrease of human exposure below a 

level that rises concern for their offspring. A condition for an ongoing downward trend is the 

maintenance of the measures which have been taken. Because of the transboundary flows of 

dioxins an international approach is necessary, Therefore the EU approach, as laid down in the 5th 

Environmental Programme, is promissing. 
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