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ABSTRACT

This study evaluated the contribution of anthropogenic pollution to toxic metal residues(Cd, Cu, Pb and Zn) in
sheep in Draa Lasfar mining area of Marrakech(Morocco). Samples of blood, wooal, liver and kidney from animals
aged 24-60 monthswere obtained from the mining area(50 sheep) and from arural area(12 sheep). Sampleswere acid-
digested, and level s of metal s determined by atomic absorption spectrophotometry. Sheep from Draa Lasfar mining
area showed higher tissue levels of Cd, Cu, Pb and Zn than sheep from the rural area. The most effect of pollution
on Cd, Pb and Znwere seenin thekidney (PFCd-k=3,7 ; PFPb-k=1,7 and PFZn-k=1,4), and on Cuin theliver(PFCu-
1=2,2). Asthesetrace elements are known to be highly toxic compoundsto which chronic exposureresultsin severe
diseases or even death, there is an urgent need to initiate an extensive epidemiological study of people consuming
animal productsoriginating fromthisarea. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Although metalsare present naturally inthe Earth’s
crust a variouslevelsand many meta sare essential for
cdlge.g. copper(Cu), iron(Fe), manganese(Mn), nickel
(Ni), zinc (Zn)), dl metalsaretoxic at higher concen
trationg14477,

A varigty of human activities, notably industrid and
mining process have been responsiblefor the wider
diffusion of heavy metd sinto the environment®*”,

Theaccumulation of heavy metd sand metadloidsin
agriculturd soilsisof increasing concern duetothefood
safety issues and potential health risksaswell asits
detrimentd effectson soil ecosystemgo1449,

Thethreat of heavy metalsto human and animal
hedlthisaggravated by their long-term persistencein
the environment27", they may be transferred and
accumul ated in the bodies of animal sor human beings
through food chain, which will probably include
teratogenesis, anomaliesin reproductioni*#e, cause
DNA damage and carcinogenic effects by their
mutageni ¢ ability!15394977,

Themainam of the present sudy wasto determine
the presence of sometrace elementsin blood, kidney,
liver and wool of ovinereared and dlaughtered intwo
villagesnear aminearea(Digtrict of Draalasfar) |ocated
in north-west of the Mrabtine zone at approximately
10Kminthewest of Marrakech city (figure 1).
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Figurel: DraalLasfar minelocalisation in marrakech
region

Theliver and the kidney were examined because
they accumul ate the highest concentrations of heavy
metal 956144, The wool was examined because the
current scientific approachisto useabiologica materia
which is easy to collect and to preserve3+%3%30 |ts
analysiscan makeit possibleto detect and quantify the
presence of toxic metals (such as mercury, lead,
cadmium, arsenic.) intheanimas’ organism and thus
reveal any exposureto these pollutantg06,

Toxicaccumulation kinetics

Severd investigationshave studied thetransfer of
heavy metals from soil to animals either by direct
contamination or viathe vegetation>*,

Derachel*®ldefined theratio Ci-Cs/Ci, known as
theextraction-ratio or elimination-ratio that measures
therate of extraction(Ke) of apollutant. Hea so defined
aclearanceof the toxic substance which represented
thevirtua volumeof tissuescompletely removed from
the substance per unit of time.

Cl=KexV

The processof eimination of metalictrace
elementsisexponentiall®l,
dCt/dt=-Ke.Ci dCt/Ci=-Kedt
JdcuCi=fKedt

LnCt/Ci=-Ket. (@)
Ct/Ci=exp(-Ket)
Ct=Ci.exp(-Ket)
Inaddition, expression of pollutant concentration
accumulated intheorganismis:
Ca=Ci-Ct
(1) becomes
Cs=Ci(1l-exp(-Ket))

MATERIALAND METHODS

Sampling

50 sheep werethe subject of thisstudy. They belong
to owners of Draa Lasfar area. The mgjority of the
sheep was born and/or reared at |east oneyear onthe
spot They aredistributed asfollowing:

8 sheep of lessthantwo yearsincluding 4 femaes

and4 maes.

- 12 sheep between two and threeyearsincluding 4
femaesand8males.

- 4 sheep between threeand four yearsincluding 1
femaeand 3males.

- 26 sheep of more than four years including 11
femaesand 15males.

All thesheeprecel vethe samefeed ration composed
of bad grasses(Couch grass mainly), they water from
the same source: the Tensift river receiving the Draa
Lasfar minewastewater.

Control samples were collected from 12 sheep
raised in arural area. Therura area selected was at
approximately 35Km in the southern part of the
Marrakech region, to minimizethe possbleinfluenceof
atmospheric deposition fromtheindustria region(the
prevailing wind direction in Marrakech isfrom the
northwest).

Beforesampling blood, approximately 10g of wool
of each animal aretaken on from the nape of the neck
then placed in plastic bagsand numbered.

Sampling blood was carried out by punctureinthe
jugular vein after careful disinfection using the cotton
soaked with surgical acohol. Approximately 3ml of
blood were collected aseptically with needlesof single
use and stored in a heparinised tube. Tubes are
numbered and placed in arefrigerator.

Liver and kidney (including both cortex and
medulla) samples were collected immediately after
daughter. All sampleswere packed in numbered plastic
bagsandimmediatdy transported to thelaboratory and
stored at -18°C until analysis.

Prepar ation of samples
1. Liver and kidney

Approximately 1g sub-samples were dried to a
congtant weight at 80°C and then powdered. Accurately
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weighted aliquots of approximately 100mg of each
powder organ were digested in 2ml of concentrated
nitric acid at 250°C for 4h. The volumewas adjusted
to 20ml doubledistilled water!®.

2.Blood

Approximately 2ml of blood sub-sampleswere
dried to constant weight at 85°C. Dried sampleswere
cold digested in 1.5ml of concentrated nitric acid
overnight!4,

3. Wool

The measurement of trace d ementsinwool isnot
without itsown inherent problems. Infact, andyssmust
only take into account the internal (endogenous)
fraction>* which highlightstheimportance of removing
theexterna (exogenous) contaminant fraction coming
from themetal -rich dust deposited onthe hai ',

This part of work, the objectivewasto compare
two washing proceduresto select the most effective
method in fully or almost fully removing the trace
elementsof externd origin, that is, those settlingonthe
wool, without affecting the hair matrix and removing
theinterna fraction which alonereflectstrace metal
accumulaionintheorganism.

Two washing procedureswere compared. Thefirst
washing was carried out as it’s described by
Mehennaoui®; thewool is soaked in ebullient water
overnight. Onethen carries out arinsing with water
demineralised and the need abrushing to remove any
macroscopic particle.

A second washing procedureisbased ontheuse
of arock product(Ghassoul) mixed with ebullient water
until obtai ning aconsi stent paste. Thewool issoaked
and kept inthe pasty mixtureat least 30min. thewoal is
then washed abundantly with bi-demineralised water.

Approximately 2g sub-samples were dried to a
constant weight at 80°C. A precisely weighed 50mg
test specimen of washed/non-washed wool wascarefully
dried at constant temperatureto constant weight. This
specimen wasintroduced into apolystyrenetube, and
1ml nitric acid 8N was added>2,

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 1hina

= Egotoxlcologdy

TABLE 1: Resultsof trace e ementsconcentrationsin non-
washed and washed wool with thetwo differ ent methods

No- Washed Washed with

washed  with water r hassoul

M 0.11 0.10 0.10

SD 0.05 0.05 0.07

Max 0.25 0.28 0.34

Cd Min 0.06 0.04 0.04
Cv 0.42 0.55 0.71

M 6.48 5.99 4.41

SD 6.15 4.86 2.67

Max 33.36 27.64 14.77

Cu Min 1.78 2.08 1.84
cv 0.95 0.81 0.60

M 45.65 14.32 6.78

SD 39.03 15.70 5.84

Max 181.45 68.63 21.18

Po Min 11.34 1.85 0.22
Cv 0.85 1.10 0.86

M 140.14 112.81 92.35

SD 53.37 20.43 20.83

Max 383.48 151.30 140.21

Zn  Min 87.61 75.59 48.11
cv 0.38 0.18 0.23

M: mean; SD: Standard deviation; Max: maximum value; Min:

Minimum value; CV: coefficient of variation
boiler at 60°C“4. Corkswere maintained in place by
pressure(plate plusweight).

Therecovered liquidswere diluted in asuitable
amount of bi-demineralised water for trace el ement
andyss.

Analysis

Trace metal concentrations were determined by
flame atomi ¢ absorption spectroscopy for Copper and
zinc, and by graphite furnace atomic absorption
spectroscopy for cadmium and lead. Metal concen
trationswereexpressed asmean individual values+
standard deviation.

RESULTS

Washing procedure

TABLE 1 summaries results of trace elements
variation concentrationsin non-washed and washed
wool withthetwo different methods. It showsthat both
of thetwo washing methods coul d decrease thetrace
dementsconcentrationinthewool matrix but a different
degrees. This decrease is undoubtedly due to the
remova of contaminants bound onto thewool.

Theresults show d so that washing with ebullient
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water had more difficultiesto removetrace elements
from the wool than Rhassoul. Thus, ebullient water
removing 12.3% of Cd, 7.5% of Cu, 68.5% of Pband
19.5% of Zn seemsto belessefficient than Rhassoul
removing 15.8% of Cd, 31.9% of Cu, 85.1% of Pb
and 34.1% of Zn.

Rhassoul was the subject of many recent studies
[121355,32331748 From the mineralogical point of view,
Rhassoul containsinadditiontothestevenste(trioctaedric
smectite) other minerdssuch asquartz, gypsum, dolomite
or sepiolitebutinsmall proportions!®,

In order to maintain the electro-neutrality of the
congtitutivelayersof thesmectite, their negativecharge
resulting of isomorphic substitutionsof Al3+by Mg2+/
Fe2+ or from the deprotonation of thelayersedgesis
compensated by the adsorption of an equivaent quantity
of ions(Ca, Mg, K, Na, H...), they are compensation
aniong®.

These counter anions are localised on external
surfaces of the particleslike between theunit layers.
Because substitutions are localised mainly in the
octahedra layer (external surface), the compensation
anionsaredightly related to the surface of the particles
and can be exchanged by other cations present inthe
medium(Cd, Cu, Pb, Hg, Zn...).

Tissuesaccumulation

Descriptive statistics on blood, wooal, liver and
kidney concentrations of cadmium, copper, lead and
zinc analysedinthe 50 sheep(30 maesand 20 femades)
fromthemining areaandinthe 12 sheep(6maesand 6
females) from arura area, are shownin TABLE 2
and 3.

The obtained results show a difference in the
capacity of accumulation of these trace elements by
sheep, it varies according to the targeted organ, the
traceelement in question, theage of animal and itssex.

Results show that sheep from the mining area
showed significantly higher trace el ementslevelsthan
sheep fromtherura areain all tissuesana ysed except
zincinwool.

Cdlevelswerevery low in bothgroupsof animals,
andalargeof samplesof dl tissuestypesdid not contain
detectable concentrations. This was particularly
pronounced for wooal.

In both groups of animals, Cd levels were

TABLE 2: Cd, Cu, Pband Zn levesinliver, kidney, wool (mg/
kg) and blood (mg/l) of female sheep raised in theindustrial
areaandtherural area
Mining area Rural area
GM SD Max Min GM SD Max Min

PF

Cd
Liver 17 07 32 09 09 01 12 08 19
Kidney 55 33 147 21 16 08 32 09 34

Wool 0.11 0.08 0.40 0.10 0.09 0.02 0.12 0.07 1.2
Blood 39 22 84 04 29 14 44 13 13
Cu

Liver 116.9 48.9 231.8 47.8 53.0 30.4125.5 30.3 2.2

Kidney 24.2 23.01255 17.5 20.3 0.3 20.6 185 1.2

Wool 43 21 103 15 42 07 50 32 10
Blood 311.1 98.6 510.0 143.3253.343.5296.7 206.7 1.2
Pb

Liver 6.7 29 137 37 40 10 56 28 17

Kidney 5.7 23 127 26 46 12 47 37 14

Wool 108 10.2 416 11 69 10 79 59 16
Blood 38.7 3.5 50.8 33.4 34.013.047.7 18.0 1.1
Zn

Liver 65.4 18.3 98.0 36.2 65.0 13.569.1 31.2 1.0
Kidney 84.2 35.6 231.1 38.1 629 13.0 77.0 38.1 1.3
Wool 11.4 103 31.6 04 117 84 264 6.2 1.0

Blood 418.4 95.9 632.7 268.0354.181.9428.3257.3 1.2
TABLE 3: Cd, Cu, Pband Znlevdsin liver, kidney, wool (mg/
kg) and blood (mg/l) of male sheep raised in theindustrial
areaandtherural area

Mining area Rural area
GM SD Max Min GM SD Max Min

PF

Cd

Liver 16 10 54 08 10 01 12 09 16
Kidney 5.1 26 115 22 13 01 15 11 39
Wool 0.01 0.07 0.30 0.10 0.05 0.01 0.07 0.05 2.0
Blood 32 20 50 07 21 14 20 23 14
Cu

Liver 122.8 60.6 270.9 29.5 55.0 41.3137.5 32.8 2.2
Kidney 31.5 30.0 141.1 13.6 23.2 4.2 250 17.7 14

Wool 44 27 148 18 42 0.7 38 18 1.0
Blood 282.2148.2807.4 96.1 191.4 61.8 256.6 168.0 1.5
Pb

Livr 70 30 134 31 59 14 84 48 12
Kidney 76 29 161 44 39 02 47 37 19
Wool 68 58 212 02 6.6 53 187 17 1.0
Blood 36.4 158 62.0 6.0 35.3 13.0 47.7 18.0 1.0
Zn

Liver 57.7 189 103.529.9 55.8 175 69.1 31.2 1.0
Kidney 93.4 32.8 188.1 31.2 63.0 12.8 76.9 47.1 15
Woo 92 21 140 48 93 03 96 87 10
Blood 466.1141.9824.7252.0354.581.9407.3284.0 1.3

significantly higher in the kidney than in the liver
(p<0.001). These levels varied from one animal to
another, they spread from 2,1mg/kgto 14,7mg/kg wet
weight. Levelsin both organs(liver and kidney) were
sgnificantly higher thaninwool and blood.
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Figure 2 : Electronic attraction and exchange of the
compensation cationsby metallic pollutants
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Figure3: Cdlevesin liver, kidney, wool (mg/kg) of male
and femalesheep raised in theindustrial area

Themaximum pollution factor(PF), calculated as
ratiosof Cd(ingenerd traceeement) levelsinthemining
zonetothesamedement levdsintherurd zone(contral),
wasnoted for kidney(3.4 for femalesand 3.9for maes).

Results show also that copper levels were
sgnificantly higher(p<0.001) inliver and bloodthanin
kidney and wool. Themost marked effect of pollution
on copper was seenintheliver (PF=2.2 respectively
for maesandfemdes), andtolesser extentinthekidney
(PF =1.4 for males and PF=1.2 for females). No
significant copper accumul ation was noted inthewaool
of sheep(PF=1).

Lead levelsweresgnificantly higher inblood than
inthe other tissues, inwitch an equa Pb repartitionin

= Egotoxlcologdy

liver and kidney was noted (p<0.05) for malesbut not
for femaes. theselevels(7,0+2, 8mg/kgintheliver and
6,92, 9mg/kg inthekidney) remain higher than those
noted by Baxter et a.[? (4,3ug/g in kidney), Vos et
al.l'4(0,42ug/ginkidney and 0,96ug/ginliver) and
those published by Hestrom and West?® (0,1ug/gin
thekidneysand 1,8ug/ginthelivers). Nevertheless,
several authorg*®Y noted contents more than in our
study (12ug/ginthekidneys)(7,1ug/ginthekidneys).
Themost marked effect of pollution onlead wasnoted
inkidney for males(PF=1.9) and inwool for females
(PF=2). No significant lead accumulation (PF=1) was
seenintheblood of sheep (malesand females).
Znlevelsweresgnificantly higher inblood thanin
kidney(p<0.001) and levels in both tissues were
significantly higher thaninliver and wool. Znlevelsin
no casediffered Sgnificantly between shegpfrommining
and rurd areas, with PFsbeing closeto 1 for al tissues
except kidney, in witch The most marked effect of
pollution on zincwas noted(PF=1.5for malesand 1.3
for fema es). No s gnificant zincaccumul ation was seen
intheliver and wool of sheep (maesand females).

DISCUSSION

It is clear from the results of this study that
environment contamination hasas gnificantly effect on
toxicmeta levelsin Draa Lasfar sheep. The results show
cadmium to concentrate primarily inthekidney, Cuin
theliver, Pbinblood and Zninthekidney. Thisunequa
distribution amongst theorgansisreated to differences
inthespecific physiologica functionsof theseelements
and dependson their relative dbundanceinintrace lular
ligandsableto bind metds, such asmetalloproteing®2,

Results show that sheep have ahigh capacity to
accumulate Cdinkidney(figure 3). Thesameobsarvation
wasmadeby several authors™#% who reported intheir
work that kidney isthe principal organ of cadmium
accumulation.

Cdlevelsvaried from oneanimal to another. This
differenceinrena cadmium concentrationisundoubtedly
explained by theeffect of theage onitsaccumulation.
Thestudy of thisinteraction age-cadmium accumulation
reved ed theexistence of apositivecorrelation between
thesetwo parameters. Inthesameoptics, severd authors
confirmed this report(7241:20.385867],
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Figure4: Culevelsin liver, kidney, wool(mg/kg) of male
and femalesheep raised in theindustrial area

F) +r|'._....:_..............:......._....__:.......

= 1 Fda 4es

E :nl.... .’...;... :-_:_-.- R e T

E 5i.. .[..'...:... ..'.:_;_'.-;_:.'.'. o _'.i’_"

a Livee Yoy Wl
Males

3 1 R i

3 1] + . -

e 1

=

e 1 E o tiraa g

E @ 4

1A

B .

£ I ] o o

a [ Elsas Wl
Females

Figure5: Pblevelsin liver, kidney, wool(mg/kg) of male
and femalesheep raised in theindustrial area

The results show aso that the renal cadmium
concentrationsweredightly higher inthefemaekidney
thaninthemaleto such adegreethat all correlations
between the sex effect and the cadmium accumulation
wereregected(p<0,05). Kottferova& Korenekova®
announced intheir work that thislight increaseinrena
cadmium concentration can be explained by thelongest
biologica hdf-lifeof cadmiuminthefemaesthat inthe
maleg®4, Thisdifferencein cadmium conservation
aptitude between malesand femalescould bedueto a
more effectivemetall othionein synthesis444,

The cadmium levels in blood and wool were
generally low(TABLE 1). Theseresultsare consistent
with previousworks*. Infact, thelow sheep blood
cadmium contents can be explained by studying the
mechanismsimpliedinitstransport in the organism™
reported intheir work that theintestinal absorption of
cadmiumischaracterized by arapid rateaccumulation
intheintestinal mucous membrane and alow rate of
diffusive transfer in systemic circulation. Other
works7348l postul ated that in response to acadmium
exposure, there is an induction of metallothionein
synthesisintheenterocytes. Thesynthesisof thisprotein
at high concentrationscan act asabarrier whichwould
reduce the amount of Cd entering into systemic
circulationand consequently trapsitinthesmdl intestine
mucous membrang ™. Theretention of cadmium by the
enterocyteswould consequently reduce the cadmium
guantity loaded to target organs (such liver and the
kidney)®52,

Copper levels show a high capacity of sheep to
accumulaeitintheliver (figure4). Theseresultscoincide
perfectly withworksof TerresMartoset al .68,

Lopez et a.[®!, Bohosiewicz et al [ and Fal andysz
(18 reported in their worksthat thereisnoindicative
referenceva ueof copper toxicity. Inthisconnection™27,
had noted somedinicd Sgnswhen copper hepaticleves
reached 150mg/kg wet weight. Gummow!® madethe
same observationsfor about 152mg/kg. Perrini®® also
made the same observations but for weaker hepatic
copper concentrations for about 126 mg/kg. In our
study, 23% of the cases exceed 150mg/Kkg.

Severa studiesmade on the copper accumulation
inthekidney*#! recorded clinical signsfor acopper
renal level of 15mg/kg. Blood et a.(1992) reportedin
their work that thisleve isnot agood indicator of copper
Impregnationin the organism sincethe hepatic contents
incopper werenormal. In our study, therena contents
of copper were higher than thelimit fixed by Buck et al.
[Mfor 90% of the studied cases. Levelsof copper inthe
blood of sheep of Draa Lasfar mining area showed that
thereisnot asignificant difference(p<0,05) between
ma esand females, with higher concentrationsinfemae
blood. Thisresult wasjustified by TerresMartoset d [
by their higher gut absorption efficiency for copper than
males. Inthesameoptic, Piscator™ justifiesthisresult
by the influence of female oestrogens on copper
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Figure6: Znlevelsinliver, kidney, wool (mg/kg) of male

and femalesheep raised in theindustrial area

metabolism.

Lopez et al.*l, Bremner & Beattie!®® and
Bremner*¥ reported in their works that copper isa
poor inductor of metallothionein synthesis, but it canbe
fixed by acompetition phenomenon with zinc for the
metallothionein binding sites. Infact, Cuhasahigher
avidity to metdlothioneinthan Zn; Cu can competewith
and displaceZn fromthe metallothionein even after Zn
hasinducedits synthesi§°19,

Lead level sshow that sheep havealow capacity to
accumulate Pbinal anayzed tissues; they accumul ated
itatlow levels(8,8ug/ginwool, 6,9ug/ginliver and
6,6ug/ginkidney) (figureb).

Unitil theselast years, it wastraditionally considered
that |ead penetration through theintestind wall isweak
and ranging between 5 and 10%, correspondent to
90%(to 95%) of Ingested lead fecd dimination™®. This
report can justify thelow lead level found in tissues
sheep. Infact, the calcium, which hascertain common
propertieswith lead, can competewith Pb for certain
intestinal proteins responsible of Pb absorption®. In
the same optic, the phosphate ion decreases lead
absorption in considerable proportions(from 63 to
10%), thisactionispronounced for smultaneousca cium
absorption?. This same antagonistic action was
observed withiron and at lessdegree, with zinc.

Zinc levels show an unequal distribution of this
essential metal in analysed tissues, they show alsoa

= Egotoxicology

high capacity of sheep to accumulate it in the
Kidney(84,2ug/g for females and 93,4ug/g for
maes)(figure6). Zinc organotropisminandyzed tissues
depends especially on the organs physiological
function™®, In addition to thestrong blood irrigation of
kidney and its purifying properties, the presence of
proteins rich in thiols-groups explains this strong
accumul ation capacity; capacity especialy ensured by
the presence of themetall othionein, whose synthesisis
strongly induced by the exposure to zinc
Q/nthes §75,76,62,56,6]_

Generally, zinciscomplexed to plasmatic organic
ligandg?? such dbumin and certain acid-amino. Inthis
form, zinciseadly exchangesbleand canbindtovarious
tissue proteins (mainly metallothionein) in liver and
kidney. A weak part of circulating zincistrapped by o-
2 macroglobulin and thiscomplex can dissociate only
inlivert,
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