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Introduction

The Belgian federal authorities are regularly monitoring dioxins in milk and dairy products. Results
and trends are investigated by an informal working group, gathering representatives of the federal food/
feed inspection services, the regional environmental inspection services and labora-tories. Initially,
emphasis was on PCDD/F analysis; since 1999 non-ortho PCBs are also measured.

The present paper reports on the temporal trend of the average WHO-TEQ (PCDD/F) levels in
Belgian milk, seasonal effects, the variability among the Belgian provinces and the congener
distribution. It also compares the observed levels with those from other recent studies in Europe.

Materials and methods

Sampling
Cow’s milk was sampled one (1994), two (1995-1999) or three (since 2000) times per year, aiming

at a representative sample for each Belgian province. The samples were taken at a dairy factory and
composed of raw milk from three different trucks, known to collect milk at farms in different parts of
one province. Generally two samples were taken for the province of Hainaut, due to practical
difficulties in obtaining a representative sample for the province of Brabant-Wallon. For various
reasons some other minor deviations occurred in the scheme. Samples were stored in well-cleaned
glass bottles and kept cool until analysis.

Chemical analysis
After partly evaporating the milk and mixing with chemical drying agents, the fat fraction was

extracted with 2/1 n-hexane/acetone and gravimetrically determined. For clean up ca. 7 g of extracted
fat was spiked with 16 13C-labelled internal standards and subsequently purified by column
chromatography on silica/H2SO4, HPLC using a carbon column, and column chromatography on basic
alumina. The measurements were performed with GC-HRMS. A complete description of the analytical
procedure and QA/QC measures applied is given elsewhere1. The laboratory has been accredited
according to EN 45001 for this analysis since 1998 and participates successfully in international
interlaboratory studies.

Dioxin concentrations are given in pg WHO-TEQ (PCDD/F) per g fat, using the TEF values
published by Van den Berg2. They were calculated as upper bound levels, as proposed in Council
Regulation (EC) N° 2375/20013. Lower bound levels were, on the average, 4.2 % lower.

Results

The yearly average dioxin levels in Belgian cows’ milk show a clear decreasing trend from 3.1 pg
TEQ per g fat (range: 5.1-1.3; n=8) in 1994 to 1.1 pg TEQ per g fat (range: 1.9-0.5; n=29) in 2001
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(Figure 1). In 2000 the background dioxin level in cow’s milk had reached 48 % of the 1995 level. This
procentual decrease is almost equal to the reduction of dioxin emissions in the Flemish part of Belgium
during the same period, as calculated from the emission inventory for the various sources4.. None of the
levels in 2001 exceeded a value of 2 pg TEQ per g fat, which is far below the limit value of 5 pg TEQ
per g fat imposed by the Belgian legislation5.

Figure 1. average PCDD/F levels and their range in Belgian cow’s milk

Provincial trends confirm the overall decrease of the background levels; the TEQ values measured
in 2000 and 2001are consistently and markedly lower than earlier values. Between the highest value
and the one observed in 2001, the relative decrease ranges from 49 to 74 % depending on the province.

In order to assess seasonal variabilities, for each of the 16 campaigns in the period 1995-2001 the
procentual deviation of the campaign’s average from the yearly average TEQ level was calculated and
related to the month of sampling. Though all months were not represented equally in the sampling
history, the average deviations per month (Figure 2) indicate that winter background levels tend to be
higher than spring and summer levels. Similar seasonal effects have been noticed in the dioxin
deposition monitoring programme in Flanders, Belgium, as well as in other studies6.

Figure 2. seasonal variability of PCDD/F levels in Belgian cow’s milk
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Spatial variability was investigated by comparing yearly averages for the different provinces with
overall yearly averages. As shown in Figure 3, overall averages are exceeded almost consistently in 4
provinces, being Oost-Vlaanderen, West-Vlaanderen, Hainaut and Vlaams- Brabant. Though in the
period 1994-1999 dioxin levels in some provinces were up to ca. 70 % higher than the overall yearly
average, this has dropped to ca. 20 % in 2000-2001.

Figure 3. spatial variability of PCDD/F levels in Belgian cow’s milk

The contribution of the various PCDD/F congeners to the WHO-TEQ (PCDD/F) was found to be
quite stable throughout the years, with 3 congeners (23478-PCDF, 12378-PCDD and 2378-TCDD)
representing approx. 80%. Figure 4 presents the contribution of 12 congeners in early and recent years;
the remaining congeners contributed less than 1% to the total TEQ. The observed pattern agrees well
with literature data for Belgium7 as well as other European countries8.

Figure 4. contribution of the various congeners to the total WHO-TEQ (PCDD/F) level in Belgian
cow’s milk; only congeners with contribution >1 % are shown

Since mid 2000, also non-ortho PCBs (PCB 77, 81, 126, 169) have been measured. The average
WHO-TEQ for non-ortho PCBs in 2000 and 2001 amounts to 1.9 and 1.7 pg TEQ per g fat, and is
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made up almost entirely by PCB 126. The limited number of data obtained so far does not indicate
seasonal variability of the non-ortho PCB TEQ level. The contribution of the non-ortho PCB TEQ to
the sum of PCDD/F and non-ortho PCB TEQs ranges from 53 to 65 %.

Discussion

In general, the background dioxin levels in Belgian milk in 2001 still would appear slightly higher
than recent values reported for other European countries (Table 1). However, taking into account the
inherent spread on average values, possible effects of sampling strategy and treatment of non-quantifiable
congeners, apparent differences might not be significant. More data on dioxins (in pg NATO-TEQ per g
fat) and dioxin-like PCBs in European foodstuffs up to 1999 have been compiled in a SCOOP report12.

Table 1. recent background levels (pg WHO-TEQ per g fat) for European dairy products

PCDD/Fs non-ortho PCBs

Belgium raw milk, 2001 (n=29)  (present study) 1.15 1.65
pasteurized milk, 2001 (n=35) 7 1.11* 1.14*
cheese, 2000-2001 (n=15) 9  0.93 1.16

The Netherlands milk-butter-cheese, 1999 (n=6 **) 8 0.64 * 0.69 *
raw milk, 1998-1999 (n=12) 8  0.64 * 0.87 *

Germany milk-dairy products, 1998 (n=26) 10 0.77 * 1.55 *
Various European butter, 1998 (n=8 **) 11 0.72 * 0.94 *
countries cheese, 2000-2001 (n=15) 9  0.65 0.85

* lower bound value (<LOQ = 0); ** composite samples
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