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ABSTRACT

In this work, the epidemiologic study showed that more than 63 % of the
working population of this zone works in agriculture. This activity puts
directly the population in contact with wastewater and the grounds dust
enriched in certain trace elements contents, whose can pass in the human
organism by cutaneous way or/and by inhalation. The impregnation of the
studied population by the trace elements (particularly children of lessthan
10years), isaarming. In additionto the direct contamination by food, these
children are not safe from an additional (indirect) contamination by the
smoke of the tobacco, their play activitiesinside and especially outside the
habitats associated with a defective hygiene. The study also showed that
the habits (use of kohl) play avery significant role in the increase of metal
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concentration in population, especially in women.
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INTRODUCTION

In recent years, there has been an increased
awareness in the several countries about the health
effectsof toxic and other traceelementsinrelationto
nutritional disorders, environmental or occupational
exposure, pathologica statusand medical therapy!*5¢2.

A variety of humanectivities, notably industrid and
mining process have been responsible for thewider
diffusion of heavy metals into the environment
(Loumbourdis, 1997).

Severd toxic metds, notably Cd and Pb, have been
released in large quantitiesinto the environment®™l in
industrial areas, and large population groups may be

exposed totoxic metalsfrom the pol luted environment,
asisthe casein the district of DARAA LASFAR,
located in the North-West of the Mrabtine zone,
approximately 10 km to the west of Marrakech city
(Morocco).

Thus, exposure to these metals, and other
environmental pollutants, are considered as severe
environmental pollution and occupational hygiene
problemswith possible short- and long-term adverse
effectsonhuman hedth.

The threat of heavy metals to human health is
aggravated by their long-term persistenceintheenviron
ment'?17, they may betransferred and accumulatedin
the bodies of animals or human beingsthrough food
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chain, which will probably include teratogenesis,
anomaliesin reproduction (Loumbourdisand Wray,
1998, Loumbourdiset al., 2006), cause DNA damage
and carcinogenic effectsby their mutagenic ability (Das,
1997; Knasmuller etd., 1998; McLaughlinet d., 1999,
Yangetd., 2005).

Biologica monitoring of thegenerd populationand
of groupsconddered a risk providesessentid informeation
for both the evaluation of exposure and risk
characterization. In this study we measured the
concentrationsof Cd, Cu, Pband Zninblood and hair
of ‘healthy’ subjects (men, women, girls and boys) using
analytical methods based on el ectro-thermal atomic
absorption spectrometry.

Inthispaper, we present the preliminary results of
thissurvey and eva uatethem inthelight of dataobtained
inagroup of healthy subjects (controls) from arural
area, and datapreviously reported intheliteraturefor
thegenerd populationlivingin other countries.

METHODAND MATERIAL

Sampling

Blood sampleswere collected from 67 subjects.
Themgority of themwasbornand/or lived at least one
year onthespot. They aredistributed asfollowing:

- 26 men of morethanten years.

- 18 women of morethan ten years.
- 16 boysof lessthan ten years.

- 8girlsof lessthanten years.

All the subjects receive the same food ration
composed especially onlocal animal foodstuffsand
vegetablesirrigated from the same source: the Tensift
River recaivingthe Draa Lasfar mine wastewater.

Control blood samples were collected from 30
subjectsfromarurd area. Therura areaselected was
at approximately 35Km in the southern part of the
Marrakech region (Amzmiz region), to minimizethe
possibleinfluence of aimospheric deposition from the
industrial region (the prevailing wind direction in
Marrakechisfromthe northwest).

Before sampling blood, a questionnaire was
managed with both population groupsin order to col lect
variables relating to the individual factorslikely to
influencetherateof the e ementstracesin blood (and
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hair) and thevariablesrelating to thevariousfactors of
studied risks.

Sampling blood was carried out by puncture after
careful disnfection using thecotton soaked with surgica
alcohol. Approximately 5 ml of blood were collected
aseptically with needles of single use and stored in
heparinised tubes. Tubesare numbered and placedina
refrigerator.

Approximately 10 g of hair of each subject were
taken onfromthenapeof theneck then placedin plastic
bags and numbered.

Prepar ation of samples

All samples obtained from the smokersand from
thed cohol drinkerswerediminated. Theliteraturehas
reported that these two factors can intervene in the
evolution of themeta concentrations.

Blood

Approximately 2 ml of blood sub-sampleswere
dried to constant weight at 85°C; (6424352666746 Dried
sampleswerecold digestedin 1.5ml of concentrated
nitric acid overnightt“d,

Hair

The measurement of trace elementsin hair isnot
without itsown inherent problems. Infact, andyssmust
only takeinto account theinternd (endogenous) fraction
3960611 ywhich highlightstheimportance of removing the
externd (exogenous) contaminant fraction coming from
the meta -rich dust deposited on the hairlt®61,

Thehair procedurewashingwascarried out asit’s
described by severd authord®: nitricacid (10%) 4 x10
min.

Approximately 2g sub-samples were dried to a
constant weight at 80°C. A precisely weighed 50 mg
test specimen was carefully dried at constant
temperature to constant weight. This specimen was
introduced into apolystyrenetube, and 1ml nitricacid
8N was added“?,

The corked tube was preserved at ambient
temperaturefor 24h. Duringthispreliminary phase, most
of the sample dissolved in the acid. To perfect
dissolution, the corked tubeswereplaced for lhina
boiler at 60°C*?. Corkswere maintained in place by
pressure (plate plusweight).

Therecovered liquidswerediluted in asuitable
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amount of bi-demineralised water for trace e ement
andyss.

M ethod validation

Sincethequdlity of andyticd resultsisan essential
pre-requisitefor the assessment of hedlthrisks, methods
werevaidatedin-houseaccordingtothe EURACHEM
guideing? and therequirementsof 1SO/IEC 1702552
and 1SO 1518954, including estimates of uncertainty
of measurement according to the EURACHEM/
CITAC Guide?,

Analysis

Trace metal concentrationswere determined by
flame atomi ¢ absorption spectroscopy for Copper and
zinc, and by graphite furnace atomic absorption

spectroscopy for cadmium and lead. Metal
concentrations were expressed as mean individual
values+ standard deviation.

RESULTS

Descriptivedatisticson blood and har concentrations
of cadmium, copper, lead and zinc anaysed in the 67
subjectsfromthemining areaandinthe 30 subjectsfrom
arura areaareshowninTABLES 1-4.

Results show that mining area population has
significantly higher tracedementslevesthanrurd area
onein both blood and hair (p<0.05).

Traceelementsin hair
155 samplesof hair and 67 samplesof blood were

TABLE 1: Cd, Cu,Pb and Zn blood levelsin mining population and statistical study of influence of ageon their accumulation

IP AP

Element Sex v D v D F test Z t Conclusion
Cd F 1.95 111 1.76 1.06 1.09 t 0.25 2.02 Ho
(ng/l M 1.28 0.81 1.67 0.83 1.07 t 1.56 2.07 Ho
Cu F 1.46 0.27 1.33 0.48 1.55 t 0.47 2.02 Ho
(ug/l) M 1.59 0.34 1.55 0.42 3.24 t 0.08 2.02 Ho
Pb F 186.17 28.41 226.31 57.27 3.66 NA 1.27 2.02 Ho
(ng/l) M 194.00 36.46 194.68 75.39 4.27 NA 0.04 2.07 Ho
Zn F 3.69 0.87 4.00 0.85 1.05 t 0.55 2.02 Ho
(ng/l M 3.37 0.86 3.71 1.06 1.50 t 1.14 2.07 Ho

IP: Infantile population; AP: Adult population; F: Females; M: males
TABLE 2: Cd, Cu, Pb and Zn blood levelsin mining population and statistical study of influence of sex on their accumulation.

Element Sex M F D M M D F test Z t Conclusion
Cd AP 1.76 1.06 1.67 0.83 161 t 0.36 2.02 Ho
(ug/l) IP 1.95 111 1.28 0.81 1.89 t 0.97 2.09 Ho
Cu AP 1.33 0.48 155 0.42 1.31 t 1.66 2.02 Ho
(ug/l) IP 1.46 0.27 1.59 0.34 158 t 0.38 2.09 Ho
Pb AP 226.31 57.27 194.68 75.39 1.92 t 0.63 2.02 Ho
(ug/l) IP 186.17 28.41 194.00 36.46 1.65 t 0.32 2.09 Ho
Zn AP 4.00 0.85 3.71 1.06 157 t 0.98 2.02 Ho
(ug/l) IP 3.69 0.87 3.37 0.86 1.01 t 0.51 2.09 Ho

IP: Infantile population; AP: Adult population; F: Females, M: males
TABLE 3: Cd, Cu, Pb and Zn hair levelsin mining population and statistical study of influenceof ageon their accumulation.

Element Sex M AP D M \P D F test Z t Conclusion
Cd F 1.91 0.64 1.76 0.41 2.46 t 0.40 2.02 Ho
(ng/g) M 2.03 0.77 1.69 0.86 1.23 t 1.42 2.02 Ho
Cu F 23.36 1.86 21.22 343 341 NA 1.26 2.13 Ho
(ng/g) M 23.07 5.90 26.24 3.26 3.27 t 0.12 2.02 Ho
Pb F 22.44 6.37 17.06 5.76 1.26 t 1.34 2.02 Ho
(ng/g) M 19.36 5.67 15.01 7.18 1.61 t 2.17 2.02 H,
Zn F 157.48 37.55 161.06 48.20 1.65 NA 0.13 2.02 Ho
(ng/g) M 159.56 57.94 158.68 27.46 4.45 t 0.07 2.01 Ho

IP: Infantile population; AP: Adult population; F: Females; M: males
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TABLE 4: Cd, Cu, Pb and Zn hair levelsin mining population and statistical study of influenceof sex on their accumulation

F M

Element Sex v D M D F test Z t Conclusion
Cd AP 1.91 0.64 2.03 0.77 1.48 t 1.24 2.02 Ho
(ugll) IP 1.76 0.41 1.69 0.86 4.47 NA 0.35 2.02 Ho
Cu AP 23.36 1.86 23.07 5.90 10.09 NA 0.24 2.03 Ho
(ng/l) IP 21.22 343 26.24 3.26 1.11 t 2.01 2.07 Ho
Pb AP 22.44 6.37 19.36 5.67 1.27 t 1.71 2.02 Ho
(ugll) IP 17.06 5.76 15.01 7.18 1.60 t 0.47 2.07 Ho
Zn AP 157.48 37.55 159.56 57.94 2.38 NA 0.14 2.02 Ho
(ug/) IP 161.06 48.20 158.68 27.46 3.08 t 0.10 2.07 Ho

IP: Infantile population; AP: Adult population; F: Females, M: males

andyzed.

However, all theresultswere not exploitable, so
we eliminated some va uesthose were obviously too
high and weregpart from an acceptablezone of variation
and asaconsequent wererepresenting either aparticular
exposure to metals or a contamination during the
preparation of the samples.

Cadmium

Statigticd andysisof the obtained resultsshowsthat
themean Cd contentsfound inthemen (2.03+0.77ug/
g) livingin mining zone are higher thanthosefoundin
women (1.91+0.64 pg/g). These two values are not
sgnificantly different (P<0.05) but thesearesignificant
with referenceto the mean contentsnoted inthe control
population, 0.04+0.15 png/gand 0.43+0.12 ng/ginmen
and women respectively.

Moreover, thisgatigticd andyssequaly showsthat
thegirlsof agelessthan 10 yearsaccumulate more Cd
(1.76 + 0.41ug/g) intheir hairs compareto the boys
(1.69+ 0.86 ng/g), athough the difference between
thetwo vauesisnot significant (P<0.05).

In all the studied cases (mining and rural
populations), thestatistical andysisdid not highlight the
effectsof ageand sex ontheaccumulation of theCdin
thehair of individuds.

Severa authorshavemade different observations
for the populations living in the neighbourhood of
deserted mines. Intheir study, Zumkley et a.[¥ have
found that Cd cadmium contentsare higher inmen (8.2
ug/g) thaninwomen (6.4ug/g). Same has been noted
by Medeirosand Pellum®@ 9.5 ug/gvs 7.9ug/ginthe
USA and Nishiyamaand

Nordberg® 6.9ug/gvs4.5ug/gin Japan. TheCd
concentrations obtained in our study arelessthan to
thosenoted in USA andin Japan, but are higher thanto

those noted by Pereira et a.™ in Portugal for the
population livinginthevicinity of anunused Cumine
(0.89ug/gin men and 0.62ug/ginwomen), by Barlow
and Al20.22ug/g observed in general populationin
Great Britain and by Leotsinidis and Kondakisg*!
0.19ug/gin Greece. Remembering that thecontentslevel
notedinour study remaininferior tothereferenceva ues
cited in by lyenger and Woittiez*¥ of the order of 2.4

Hg/g.
Copper

Thestatistical analysisof theresults showed that
the difference between mean Cu contentsin thetwo
sexeshair (23.1+5.9ug/ga themenand 23.4+ 1.9ug/
g among women) isnot significant (P< 0.05). Thus,
these mean contents remai ned higher than those noted
intherura population (11.1+ 1.6 ug/gat themenand
12.9+ 1.8ug/gamong women). The samereport was
madein children.

The obtained levelsin our study are lower than
those found by Suzuki et al.["¥ (46 ng/g) in exposed
femal e popul ation in Japan and those noted by Jamall
andAllen™ (30.7 ug/g) inatota populationin Pakistan.

However, they arelower than those published by
Gibson?¥ (14.9ug/g) in agenera population) and by
L eotsinidisand Kondakis*! (10.6ug/ginwomen and
10.5ug/ginmen).

L ead

Statistical analysis of the results obtained showed
that contrary to cadmium, the mean Pb contents are
higher infemaehairsthanthose of themaes. Thus, the
Pb contentsnoted respectively inwomenand girls(22.4
+6.4ug/gand 17.1+ 5.7 ug/g) are higher than those
observed in menand boys (19.4+ 5.7ug/gand 15.0 +
7.2ug/g) respectively. However, the differenceisnot
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significant (P< 0.05). Moreover, thecontentsnoted in
thetwo sexesarelargely higher than those of therura
population (4.0+ 1.3 ng/ginwomenand 5.3+ 1.2ug/
ginmen). A significant differencewas noted between
girlsandwomen (TABLE 3).

The Pb contentsnoted in thisstudy are higher than
those published by Wagar and al.["? in Pakistanina
total population (10.6ng/g) and by Leotsinidis and
Kondakisg* for the population in Greece (4.4ug/g).
However, they are lower than those noted by other
authors; in the United States, 54ug/gin women and
23ug/gin men®™, in Venezuela, 49.9ug/g in atota
popul ation exposed to Pb*% and in Pakistan (31.7ug/
g) inatota population®!,

A technica explanation can beusedtojustify this
increasein the Pb contentsin thewomen hairsin our
study. Infact, the samplingsof hairswere carried out
onthelast centimetresat theend of hairswhichremained
alongtimeexposed to acontamination>®, Thestudies
undertaken by Sedki® highlighted that the Pb contents
inthehair increasesgradualy fromthe hair root to the
point. Moreover, the age of a hair segment is
proportiona to thedistancewhich separatesit fromthe
scalp, more a segment is far from the root more it
remained along time exposed to the contaminants
(sweast, water, cosmetics, airborne dusts...) witch
supportsitsimpregnation by these elementstraces®.
Zinc

Statigtica anaysisof the obtained resultsshowsthat
the mean Zn contentsfound in the men of the mining
zone(159.6+ 57.9ug/g) arehigher than thosefoundin
women (157.5+ 37.5 ng/g), but the differenceisnot
significant (p<0.05). However, these Zn contentsare
higher than thoseof therura population (96.8+9.6ug/
ginmenand 104.2 + 17.2ug/ginwomen). Thesame
report wasmadein children.

Moreover, the study of the age effect on the
accumulation of zincinthehair reved ed that thereisno
sgnificant difference between the mean contentsof this
element inchildren andin adultshair (p<0.05).

Theabsence of significant difference betweenthe
two sexes (absence of asex effect ontheaccumulation
of zinc in hair) for this metal was noted by several
authorg®!. TheZincleves, whichwenoted, werelower
than those publishes by Wagar and al.["” in Pakistan

(25444 16.6pg/ginmenand 236.1+22.5 in women)
and by Leotsinidisand Kondakig*! (182.5ug/ginmen
and 187.5ug/ginwomen) in Greece.

Traceeementsin blood
Cadmium

Contrary inthehair, blood cadmium levels(CdB)
inwomen (1.76+ 1.06ug/l) werehigher than thosein
men (1.67 + 0.84ug/l), but the difference was not
sgnificant (P. <0.05). Ontheother hand, asignificant
differencewasnoted between the studied zoneand rura
areas(0.71 png/l and 0.73ug/dl respectively inmenand
women).

For infants, ahigher Cd level wasnoted in girls
blood (1.95ug/l) compared to theboys (1.28ug/l). No
significant difference wasnoted between theselevels
(p<0.05).

The obtained Cd levelsin this study were lower
than those published by Maravelaias et al. 7 in an
exposed Greek population (3.7ug/l inmenand of 3.4ug/
| inwomen), by Bergomi et al. inan Italian genera
population (4.7ug/l), by Senft et a.1%59 (CdB = 5.9ug/
) inatotal populationin Czech, and by K oreckovd®"d
in the same population (2.36 + 0.26ug/l). However,
our valueswere higher than those noted by Kowal et
a."¥in USA population (1.1ug/l inmenand 0.7ug/l in
women). Remembering that the contentslevel notedin
our study remaininferior to thereferencevaues (0.3
0.7ug/d!) cited in by lyenger and Woittiez!*4.

Copper

Normal values of copper in blood (CuB) vary
between 0.8to 1.4 mg/I2,

Statigticd anaysisof theobtained resultsshowsthat
the mean Cu contentsfound in the studied popul ation
arehigher thanthosefoundin rural population.

M oreover, men and boys present higher contents
(1.6+0.7 mg/land 1.6+ 0.3 mg/1) than those in women
and girls (1.3 £ 0.5 mg/l and 1.5 £ 0.3 mg/l). No
significant differencewasnoted by thestatistica tests.

These CuB values are higher than those reported
by Cui et a. in two Chinese exposed popul ations
(1.06 mg/l and 0.89 mg/l inmen, 1.02 mg/l and 0.90
mg/l inwomen), by DIhopolcek and Laurincovad® ina
totd populationin Slovak (0.94mg/l), by Vicek et dl [
in Czech (1.3mg/l) and by Burgueraet a.™% (1.0 mg/l
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in women and 1.4 mg/l in men) in a population in
Venezuda

Lead

Inthebad ance state, the blood lead (PbB) represents
2% of thetotd lead quantity present intheorganismf*319,

Contrary totheresultsof many studies (higher PbS
in men than in women), our results confirmed the
reverse, with 226.3+ 57.3ug/l and 186.2+ 28.4ug/I
inwomen and girlsblood respectively, whereasthose
noted in men and boysareonly 194.7 + 75.4ug/l and
194.0+36.5 ug/l respectively.

Statistical analysisof theseresultshighlighted that
neither sex nor age effect on theaccumulation of this
element inblood. Moreover, these Pblevel sarehigher
thanthosein therura subjects(40.0+4.9ug/l and 38.0
+2.3ug/l inmen and women respectively).

Our results are higher than those published by
Koreckovaand Skopkova®"* in aCzech popul ation
exposed to metal risks (respectively 71.3and 42.7 ug/
| in men and women), by Bittnerova® in a Czech
population (165,8ug/l) and by Rod sand Lauweryg4
inaBegian population (163ug/l a themenand 114ug/
| among women).

However, our resultsarelessthan those noted by
Vysckocil et a.[™in aCzech population (296.3ug/l),
by Kriz and KodI“! 267ug/l inboysand 255,9 ug/l in
girlsrespectively.

Zinc

Our results showed that women and girls present
higher zinc contentsin blood (ZnB) (4.0+ 0.8 mg/l and
3.7+ 0.9 mg/l respectively) than men and boys (3.7 +
1.1 mg/l and 3.4+ 0.9 mg/l respectively).

These values were largely higher than those
published by Cui et a.' intwo exposed popul ations
inChina(1.18and 1.12mg/linmenand 1.11and 1.14
mg/l inwomen), by Burgueraet a.*% (ZnB =0.98 mg/
[) inatotal populationinVenezuela, by Leps et al .19
(ZnB =1.1Mg/L) inamale populationin Czech, by
Derzsovaetd. (ZnB=1.1mg/l) inatota population
livinginaminezonein Sovak, by Kosut®™ (ZnB=1,1
mg/l) inan exposed tota populationin Czech. Dastych
et d '8 havenoted higher va uesfor thesamepopul aion,
but remain lower than those noted in our study (ZnB =
1,4 mg/l). However, theesearelower than thosefound

= Eeotoxlicology
by Astrug et a.[¥ (6.9+ 3.7 mg/1), Djingoval® (8.5+
0.8 mg/l), Dover et . (6.6 mg/l) and by Sedki!(®
(6.2+2.5 mg/l in women and 8.5 + 3.2 mg/l in men).

Theobta ned vauesin our sudy remainedingenerd
inferior to thereferencevaues (6 to 7 mg/l) cited by
lyengar™,

DISCUSSIONS

Theeva uation of theriskscongitutestoday amgor
tool for decision making regarding management of the
environmentd Stuations,

At international level, several ecotoxicological
researchesreported that theuse of wastewater toirrigate
arablelands contributesto considerable concentration
of metalsin grounds ™%,

Several workg®2749 reported that surface and
underground watery ecosystemsthoseareenrichedin
meta contents, cause the contamination of theagricul
tura soilg*4?4, of the spontaneous higher plants™ and
of local fauna: earthworms, birds, bovinesand shegp®.
Theresultsof thiswork indeed showsthat there can be
aredl transfer of mineral micropollutantsthrough the
polluted soil stowardsthelinks of thetrophic chainsto
reachtheManfindly, living sedentarily inthese zones,
viathefood products, animals and vegetabl eg 22469,
Inthiscontext, severa authorg*3%%l; underlinedintheir
worksthat theimpregnation of human body by thetrace
elementsdoes not depend only onthetransfer of these
micropolluants through the polluted soils via the
foodstuffs to the Man, but also on the sex of the
individud, hisage, hisprofessiond statute, hispassve
nicotinism®; and on thefactorsrelated to the habitat
anditssituation compared to theming®,

Theresultsof thetraceelementsmeasuringinhair
show that the mean contents of Cd (asout of Cu) are
higher in male sex than in female sex. Theseresults
perfectly coincidewiththose of several workg®, This
report can bejustified by the nature of their activities
(morethan 63 % arefarmers), of their frequent contact
with theground and wastewater and of their physica
effortsrequired causing anincreasein the organism
metabolism and consequently anincreaseinthe quantity
of introduced contaminated food.

Inblood, the Cd concentrations obtainedin men’s
hair are contrary lessthaninwomen. Thislightincrease
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inwomen can beexplaned by alonger biologica half-
life of Cd than in the men™®. This great capacity of
conservation of blood Cd could be due to a more
effective synthesis of metallothioneic proteins in
women(™,

Contrary to Cd, theresults obtained show that the
mean contentsof Cu inblood arehigher inmenthanin
women. Theseresults Coincide perfectly withwork of
severd authorg®4l, which judtify thisdifferenceby the
fact that 90 to 95 % (according to the authors) of trace
elementsinblood arerelated to red blood corpuscles.

Thenumber and the volumeof red blood corpuscles
play amainroleinthefluctuationwithineachindividud.
However, precisdy theageand thesex inducesignificant
modifications, either through the number of red blood
corpuscles or through their mean volume. Several
authors confirmed that the number of red blood
corpusclesislower by 10 % inwoment®®,

Contrary to Cd, the Pb content is higher in both
women hair and blood. Several explanations are
possible: in addition to thedirect contamination by the
food and contact withwastewater and thegroundsdust,
women of thiszonehave particular habitstotrest diseases
or tomake up themselves. They useminerd, vegetable
and anima sproductswhich aresometimesveryrichin
certain trace el ements like hennaand especialy kohl
(cosmeticeyepiece). Thislast, ismadeof at least 65%
of lead®6424366] gnd its preparation utilizes other
mineras, vegetables or animal substanceswhich make
itsuse dangerous (antimony, arsenic, mercury, silver,
ginger, musk, camphor, crushed cores of olive, opium,
birdsbile, viper extract ...). The list of the products
using in the preparation of kohl is very long and
increasingly complex according to the product finality.

Nevertheless, thiscosmetic hasagreat reputation
withinthe population thanksto itssupposed therapeutic
virtues. Moreover, the use of thisproduct isdangerous
becausein addition to the cutaneous contamination,
women areaccustomed to soaking Miroued (instrument
of make-up) by salivabeforethe application of Kohl,
method which permitsto the metal to passinthe body
by oral way. Thisparticular risk issignificant because
women usethiscosmetic at least threetimes per week
and asof their youth.

It should be stressed that the quantity of cadmium
andleadinchildren hair especidly thoseof lessthanten

years (child not yet in school) appearsashigh asinthe
other agegroups. Thiscould beexplained by defective
hygiene, children behaviour particularly during their
activitiesinside the habitats notably consumption of
fragmentsof wall linings falenontheground or snatches
fromthewalls. Nevertheless, for thislast assumption,
theinvestigation reved ed that themgority of thehouses
(inthetwovillages) are built with soil and are bleached
ingdewithlime, whichcouldlimit thisrisk. Thebehaviour
outside the habitat aso has asignificant rolein this
contamination. Children spend along periodintheday
to play in neighbourhoods of thetwo villages, which
putsthem indirect contact with wastewater and dust of
thegroundschargedin metal tracee ements. Moreover,
they have abehaviour of hand-mouth ‘Pica syndrome’
which possi bly worsensthis pol lutionf*3.,
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