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Introduction

At DIOXIN 2010 we reported on the intentional commtion of soil and clay materials by humans, a ficac
called geophagy. This practice has already beecrides by Aristotle (1), Dioscorides and Avicenmadi0 BC
and 1000 AD respectively (2) and subsequently birapologists, colonial physicians and exploreke lvon
Humboldt and Livingstone in South America and Adricespectively (3). The practice has apparentlynbee
abandoned in Western societies but it is still vesynmon in Africa. Pregnant women e.g. consume aky
cure against morning sickness but possibly alsa ssurce of minerals, like iron. Various clay producan be
purchased in shops for this reason. Also in theh&inds and the UK women from ethnic minoritieil st
consume these clay materials. Amounts as high 8sgBdm per day were described as being consumed, bu
average daily intakes seem to be more around 3fy&88. Whether this practice has actual benefi¢fatts has
never been described.

In 2002 the FSA reported that various clay prodirctthe UK contained elevated concentrations of/iea
metals like lead. In the Netherlands the VWA stard@ investigation and obtained similar resultsadidition
certain clay products have caused problems indbd €hain due to high levels of dioxins. The uséadlinic
clay was quite popular as an aid for mixing vitasnamd minerals in animal feed but was terminateer af
detection of high dioxin levels by Jobst et al. @)similar practice occurred in the US where loddly was used
for this purpose. In 2004 the use of kaolinic diarysorting potatoes, caused a small incident ofdéased dioxin
levels in milk in the Netherlands due to the fegdof dioxin contaminated potato peels to dairy cd@js
Knowing the problems, the VWA also investigated sssamples of so-called '‘pregnancy clays' for tlesguice
of dioxins. Some of the samples were highly contetgd. Since in Africa this practice is much masenmon,
the question arose whether the clays used in Afrigght also be contaminated, implying a potentisk for the
unborn child. Therefore, samples were also colteatéAfrica and examined for heavy metals and diexSome
of these samples were shown to contain high lesfetoxins. At DIOXIN 2010 also data were presentédhe
WHO/UNEP study on human milk samples from differeatintries, including a number of African countries
(6). It was therefore of interest to compare tresta in order to evaluate whether there were adigations that
the use of contaminated clay may add to the diexposure of children.

M aterials and methods

Materials
Clay products were obtained at local (ethnic) shinfike Netherlands and various countries in Africa

GC/HRMS

GC/HRMS on clay samples was performed by RIKILTpasviously described. In brief, samples were spiked
with *C labeled standards and extracted under elevateperature and pressure using the ASE (Dionex). This
was followed by clean up on the automated PowefPrepstem (FMS) which was composed of disposable pre



packed columns (Jumbo silica, mixed bed silicaméiha and carbon) to aid in the isolation of thefeddnt
fractions. The clean up resulted in the collectidntwo purified fractions, one with mono-ortho PE€RBnd
indicator PCBs and the other with dioxins, furand aon-ortho PCBs. The fractions were concentrasiug the
Turbo-Vap (Buchi, Germany) and analyzed by GC-HRMSing an Agilent (Wilmington, USA) gas
chromatograph 6890N (GC column DB5 MS 60m, 0.25nmum 0.25um; J&W, Folson, USA) and an AutoSpec
Ultima high resolution mass spectrometer (Watersfokdl, USA) operated in electron impact ionizatiorode
using selected-ion monitoring and controlled by dasx data system. HRGC-HRMS data was processed usi
DIOXNOP software to determine the concentrationd subsequently the TEQ levels were calculated based
WHO TEFs 1998.

GC/MS on human milk samples was performed by CVUdilsurg as described previously (6).

Results and discussion:

Dioxin levels in clay samples

Samples of clay were first screened using the DR.I@A bioassay, eight from the Netherlands and 20nfro
African countries. This revealed a number of susggbsamples both from the Dutch market and tholected
in different African countries. The suspected sanplere further investigated using GC/HRMS. Foutheke
samples showed relatively high levels of 66 (Mab@kmeroon, sampled in the Netherlands), 66 (Mabele,
Democratic Republic of Congo (DR Congo), samplethenNetherlands), 75 (Kaolin, Céte d’'lvoire) ar@BIng
TEQ/Kkg product (labeled as Mabele sale, sampleétdarNetherlands, country of origin unknown). Onl@BDs
contributed to the levels but patterns were notsdume for all clay samples. Figure 1 shows theepaffor the
PCDD/Fs in these samples. In addition there waangpke from Nigeria (Nzu) with a level of 24 ng TEQ/
product and another sample from Cameroon (Mabeii) avlievel of 4.5 ng TEQ/kg product. Levels in @th
samples were much lower, showing that not all ctaygtain high levels of dioxins.
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Figure 1. PCDD/F patterns in a number of clay sagsptollected in The Netherlands (Mabele clays) @t
d’lvoire. Patterns are presented in terms of contributiothie dioxin TEQ level (total TEQ-level in parersise
in the legend in ng TEQ/kg product).



Dioxin levels in human milk samples from Africa

Pooled human milk samples from different Africarutiies were analyzed for PCDD/Fs. Highest levedsew
observed in samples from Céte d’lvoire and the Denatic Republic of Congo, being respectively 1Indl 42.5
pg TEQ/g fat. The milk sample from Senegal showéelveal of 7.2 pg TEQ/g fat but that from other ctrigs
were much lower, being in the range of 1.5 to 3J9TEQ/g fat. Figure 2 shows the patterns obserneithe
human milk, expressed as the relative contributibifferent PCDD/Fs to the TEQ-level. Although nmost
samples also 2,3,4,7,8-PeCDF contributes signifigait is clear that the PCDDs contribute mostiie TEQ,
varying from 57% for Nigeria to 85 and 90% for Cdtksoire and DR Congo. Another interesting obséinrais
the high contribution of 1,2,3,7,8,9-HxCDD in trengple from DR Congo. The two highest human milk glams
were therefore examined in more detail and comptaréiae congener patterns observed in the diffesiays.
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Figure 2. Congener patterns observed in differefiicAn human milk samples, expressed as contributicthe
PCDD/Fs TEQ level (dioxin TEQ levels in parenthésithe legend in pg TEQs/g fat).

Figure 3 shows the congener pattern of human milknfDR Congo compared with three different clayest th
were characterized by a very specific high contithu of 1,2,3,7,8,9-HXCDD. The patterns are remblka
similar and suggest a contribution of the intakearitaminated clay to the relatively high dioximdés in human
milk.

A similar comparison was made for the milk sampltarf Céte d’lvoire (Figure 4). The pattern was hjghl
comparable with the kaolinic clay used in the 2@@htamination incident in the Netherlands and tlasy c
collected from Cote d’lvoire and labeled kaolinitelso the Mabele clay from DR Congo showed a close
resemblance. It should however be pointed outttliatcongener pattern seems a bit less specifit tiva one
observed in the milk from the DR Congo (see Fid)re

Conclusion

Both the relatively high levels of PCDDs in humaitknfrom Congo and Ivory Coast and the similarifytioe
congener patterns with those from the clays stgosgtigest that the use of clays during pregnanoyribaites
to these high levels in the milk. Regarding thecspsibility of the developing fetus and young chibddioxins
the use of contaminated clays should be prevented.
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Figure 3. Comparison of the congener pattern in Aanmilk from the Democratic Republic of Congo with
patterns observed in three different clay samples.
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Figure 4. Comparison of the congener pattern in haomilk from Cote d'lvoire with the patterns obsshin
three different clay samples.
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