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Abstract

Objectives: To describe blood lead (Pb-B), cadmium (Cd-B) and mercury (Hg-B) levels in children living in urban, indus-
trial and rural areas in Fez city (north of Morocco) and to identify the determinants and some renal effects of exposure.
Material and Methods: The study was conducted from June 2007 to January 2008 in 209 school children (113 girls, 96
boys), aged 6-12 years, from urban, industrial and rural areas in Fez city. Interview and questionnaires data were obtained.
Blood and urinary samples were analyzed. Results: The mean of blood lead levels (Pb-B) in our population was 55.53 ug/l
(range: 7.5-231.1 ug/l). Children from the urban area had higher blood lead levels (BLLs) mean (82.36 ug/l) than chil-
dren from industrial and rural areas (48.23 and 35.99 ug/l, respectively); with no significant difference between boys and
girls. BLLs were associated with traffic intensity, passive smoking and infancy in the urban area. The mean of blood cad-
mium levels (BCLs) was 0.22 ug/l (range: 0.06-0.68 ug/l), with no difference between various areas. Rural boys had high-
er BCLs mean than rural girls, but no gender influence was noticed in the other areas. BCLs were associated with the num-
ber of cigarettes smoked at children’s homes. The blood mercury levels (BMLs) mean was 0.49 pg/l (range: 0.01-5.31 pg/l).
The BMLs mean was higher in urban and industrial areas than in the rural area with no gender-related difference. BMLs
were associated with amalgam fillings and infancy in the urban area. About 8% of the children had BLLs = 100 pg/l par-
ticularly in the urban area, microalbuminuria and a decrease in height were noticed in girls from the inner city of Fez and
that can be related to high BLLs (89.45 ug/l). Conclusions: There is a need to control and regulate potential sources of
contamination by these trace elements in children; particularly for lead.
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INTRODUCTION

Heavy metal pollution has become a serious health con-
cern in recent years. Lead (Pb), cadmium (Cd) and mer-
cury (Hg) are the most studied toxic heavy metals. Contin-
uous exposure to low levels of these toxic trace elements
may result in bioaccumulation and cause a wide variety
of biological effects on human beings depending upon
the level and the duration of exposure [1,2]. The margin
is small between the level of exposure and toxic effects.
Therefore, for risk assessment and management and for
follow-up of time trends, there is a need for adequate in-
formation on exposure and health effects. For the toxic
metals Pb, Cd and Hg, their concentrations in blood are
relevant biomarkers of exposure, though the demands on
analytical quality are high [3,4].

The environmental situation in the city of Fez (north of
Morocco; Figure 1) is very disturbing, especially since it
is a big city with heavy traffic where lead is just limited,
but still used in gasoline [5]. Fez city is also the 2nd most
industrial city in Morocco (after Casablanca city), but the
majority of industrial areas are located close to residential
areas; as is the case of industrial area of Sidi Brahim that
houses many polluting industries: mechanical, electrical,
metallic, foundries, building materials, ceramics, glass,
wool and leather [6]. These industries are usually highly
charged with heavy metals and releasing particularly lead
and cadmium [7,8].

The general population is exposed to Pb mainly from pet-
rol, active or passive smoking, industrial emissions, paint
and ceramics [9,10]. Cigarettes smoke is the main source
of exposure to cadmium, although there are other such as
contaminated water, foods enriched with this metal like
shellfish, dairy products and meat (especially liver and
kidneys), foods improperly stored in containers, which
contain cadmium, and the inhalation of polluted air from
foundries or incinerations [11]. Environmental exposure
to mercury (Hg) comes mainly from fish intake and dental
amalgam fillings [4].
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Fig. 1. City of Fez in the north of Morocco

The nephrotoxic effects of both acute and chronic expo-
sure to heavy metals such as cadmium, lead and mercury
are well known. However, so far few studies have con-
cerned the actual impact of low environmental pollution
exerted by these metals on the kidney, particularly in chil-
dren who are considered a high-risk group as they absorb
heavy metals more readily than adults and are particularly
sensitive to them for biological and developmental rea-
sons [12]. Early signs of renal dysfunction can be found
even at low environmental levels of these heavy metals,
consisting mainly in a decreased glomerular filtration
rate (for lead) or in an increased urinary loss of tubular
enzymes (for cadmium and mercury). These effects have
mainly been described in adults, but certain reports have
also shown them to occur in children [13-15]. The urinary
markers chosen in our study were indicative of either the
integrity of specific segments of the nephron such as the
glomerular filter (urinary albumin) or the proximal tubule
by evaluating low molecular weight proteinuria (urinary
retinol bending protein: RBP); all adjusted for urinary
creatinine [16,17].
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Hence, we present here data on concentrations in blood
of Pb (Pb-B), Cd (Cd-B) and Hg (Hg-B), a number of
their determinants, and some sensitive biomarkers of their
early renal effects; in children (6-12 years) from 3 areas
in Fez city (Morocco): urban, industrial and rural. Strict
control of analytical quality was performed and we believe
this is the first study concerning the blood concentrations
of Pb, Cd and Hg, at environmental level of exposure in
Moroccan children with evaluation of determinants and
some renal effects of this exposure.

MATERIAL AND METHODS

Study areas and subjects

The study was conducted from June 2007 to January 2008.
Participants were selected randomly and a total of 209
school children (113 girls, 96 boys), sex ratio G/B: 1.17,
aged 6-12 years, in three primary schools located in the
Fez city (north of Morocco; Figure 1: the map) were stud-
ied. The 3 schools were chosen in 3 areas of Fez city: urban
(inner city in Bab Fettouh area), industrial (Sidi Brahim
area) and rural (Laanoucer area). Since all children lived
very close to their schools, the urban area is represented in
this study by the school of Bab Fettouh (in the inner city)
and children from homes located around it (less than 5 m
away from the main street, but more than 5 km away from
industrial plants), while the industrial area is represented
by the Sidi Brahim school and homes located around it
(about 1 km away from the main street, but about 500 m
away from the industrial activities).

The school of Laanoucer and homes located around it
represented the rural area (located about 40 km away
from Fez city, more than 5 km away from the main street
and with no industrial activity). Therefore, the rural area
is considered as the control area in terms of trace elements
environmental exposure. The exclusion criteria were obe-
sity, diabetes, puberty and living far from every school.
Only one child per household could take part in the study.

Questionnaire
A questionnaire containing a written description of the
study was sent to 500 families. Two hundred and fifty of
them agreed to give blood samples, and we were able to
take samples from 209 children (113 girls, 96 boys). First-
ly, a pediatrician performed an examination of the child
health state, and then a nurse measured arterial blood
pressure, glycemia and anthropometric data before quali-
fying a child to the study.
Most of the questions had predefined answers (categori-
cal), while some were numerical (number of meals, amal-
gams, etc.). Information on demographic and socioeco-
nomic characteristics of the families and individual factors
of potential concern for Pb, Cd and Hg exposure was ob-
tained through 2 sources: a questionnaire addressed to the
parents, and an interview/examination of the child. From
the parents’ questionnaire, the following information was
obtained:

— parental education level (basic, middle, high), parental
occupational exposure to the studied trace elements
(Pb, Cd, Hg: yes/no), parental smoking at home (yes/no),

— other people smoking at home (yes/no),

— number of cigarettes smoked per day (0 vs. 1-4
vs. = § cigarettes),

— child infancy in urban or rural environment,

- number of years of living in this area, source of water
and heating and lead-based pipes,

— house built before 1970 (use of lead in painting:
yes/no),

— closeness of house to incineration (< 100 m: yes/no),

— child’s intake of offal (less than one vs. one or more
meals per month),

— fish (fresh, frozen or canned: 0, at least once eve-
1y 2 weeks, once a week, and > 2 meals per week), and
shellfish (less than 1 vs. 1 or more meals per month),

- regular consumption of garden vegetables.

The information obtained at the interview/examination is

listed below:
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visits to a dentist during the last month (yes/no),
- number of amalgam fillings,

daily use of chewing gum on amalgams (yes/no),
— child’s attempts to smoke.

Blood and urinary sampling

Biological samples were collected with the written permis-
sion of either a children’s parent or the person respon-
sible for them. A nurse took venous blood samples from
the arm after cleaning it with an ethanol swab. We used
plastic 4 ml lithium heparin tubes for sampling (Greiner-
Bio One GmbH, Frickenhausen, Germany). The levels
of all three metals in these tubes were below 0.03 g/l
at leaching tests with 4 ml of 2% nitric acid. All samples
were stored in a freezer at —20°C directly after sampling,
transported to the laboratory of Lund (Sweden) by means
of DHL Society on dry ice and again stored at —20°C until
trace elements analysis.

After blood sampling, every child gave a urinary sample.
These samples were directly transported to the labora-
tory of UCL-Louvain (Brussels) by means of DHL So-
ciety on dry ice and again stored at —20°C until analysis
of urinary protein: albumin (Alb-U), retinol-binding pro-
tein (RBP-U) and creatinine (Creat-U). Due to the small
volumes of some samples, not all biological parameters
could be determined in all subjects. The exact numbers
of samples that could be analyzed are indicated in the
tables.

Chemical analyses

All trace elements analyses were carried out on whole
blood within one year of collection at the Department of
Occupational and Environmental Medicine, University
Hospital, Lund, Sweden. B-Pb and B-Cd were determined
by inductively coupled plasma mass spectrometry (ICP-
MS; Thermo X7, Thermo Elemental, Winsford, UK).
A sample volume of 250 ul was diluted 10 times with an al-
kaline solution [18].

[JOMEH 2014;27(4)

Using this solution as a carrier/rinsing fluid, the sam-
ples were introduced in a segment-flow mode and ana-
lyzed in peak-jumping mode, 75 sweeps and 1 point per
peak, 30 ms dwell time for 114 Cd and 118 Sn, 20 ms
for 206, 207, 208 Pb (summed) and 10 ms for the internal
standards 115 In, 205 Tl and 209 Bi. Interference correc-
tions were made for 114 Cd for the spectral overlap of Sn.
The detection limits for Cd and Pb, calculated as 3 times
the standard deviation (SD) of the blank (based on all
blanks in one analytical batch), varied slightly from day
to day and equaled on average 0.01 ug/l (range: 0.01-
0.04 ug/l) for Cd and 0.06 pg/l (range: 0.05-0.10 pg/l)
for Pb.

All samples were prepared in duplicate, and the meth-
od imprecision values (calculated as the coefficient of
variation for all duplicate preparations measurements)
were for Cd = 9.3% and Pb = 6.8%, with both prepara-
tions and analyses made pair wise. The analytical ac-
curacy was checked against the reference material: for
Seronom trace elements whole blood (Lot. MR4206,
SERO AS, Billingstad, Norway), the results obtained
were as follows: for Cd = 0.61+0.03 pg/l (mean
(M) = standard deviation (SD); N = 51; recommend-
ed: 0.68-0.80 ug/l), and for Pb = 26.7+1 pg/l (N = 21;
recommended 26.2-29 ug/l).

For human blood reference samples from the Centre
de Toxicologie du Quebec, International Comparison
Program, Quebec, Canada, the obtained value for Cd
(Lot C0515) was 0.76x0.14 ug/l (N = 51; recommended
0.79£0.23 ug/l) and for Pb (Lot L0608) it was 31.8+1.1 ug/l
(N = 21; recommended: 31.1+4.7 pg/l). Hg-B was deter-
mined in acid-digested samples by cold vapor atomic fluo-
rescence spectrophotometry [19]. The detection limit was
on average .07 ug/l (range: 0.03-0.13 pg/l). The method
imprecision was 7.6%. The analytical accuracy for Hg
in Seronorm trace elements whole blood (Lot. MR4206
and 0512627, SERO AS) was 2.1£0.15 ug/l (N = 115;
recommended: 2-2.4 ug/l) and 15.7£1.3 pg/l (N = 115;
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recommended: 16.1-19.7 ug/l). The authors express the
concentrations as ug/l:

- 1ug Cd/l = 0.0091 pmol/l,

- 1 ug Pb/1 = 0.0050 umol/l,

- 1 ug Hg/l =0.0050 umol/l.

All analyses of a given urinary parameter were performed
under similar experimental conditions within 6 months of
collection at the Environmental and Industrial Toxicology
Laboratory of the Catholic University of Louvain (UCL-
Brussels, Belgium). Albumin (Alb-U), and retinol-binding
protein (RBP-U) in urine were quantified by latex immu-
noassay [20] and urinary creatinine (Creat-U) by the Jaffe
method [16].

ETHICS

The approval of the local ethics committee in the Moroc-
can Health Ministry (Centre Hospitalier Universitaire
(CHU) Hassan II; Fez; Morocco) was obtained at the be-
ginning of the study. Contact was established first with the
school management and then with parents and children
with questionnaires containing a written description of the
study. A written consent was obtained from a parent of
each child. An oral consent was obtained from each child
before sampling.

STATISTICS

The statistical part of the study focused on the analysis of
the variability in the concentrations of heavy metals: cad-
mium, mercury and lead, and those of kidney markers: uri-
nary creatinine, albumin and RBP according to different
parameters; such as the study area (urban, industrial or ru-
ral), sex (girls or boys), age, body mass index (BMI), amal-
gams. The rate variability of heavy metals and renal mark-
ers for different parameters of variation were studied by
a multivariate analysis of variance performed by the GLM
procedure of SAS software taking into consideration

unbalanced numbers. Multiple comparisons of means and
their classification are provided by the Duncan test when-
ever the analysis of variance revealed significant differ-
ences [21,22].

Moreover, the analysis of the variability of heavy metals
and renal markers concentrations is complemented by
a correlation analysis (Pearson’s test) in order to quan-
tify the relationship that may exist between the exam-
ined variables. A statistical analysis was carried out with
the SAS statistical package. Geometric means were used
for describing average levels, results are expressed as
mean * standard deviation, and statistical significance
was set as p < 0.05.

RESULTS

The mean of blood lead levels (BLLs) in the whole popu-
lation of children (N = 196) was 55.531 ug/l (range: 7.5-
231.141 ug/l). In the urban area, the BLLs mean was much
higher (N = 49, M£SD: 82.365+45.9 ug/l) than in the in-
dustrial area (N = 66, M£SD: 48.231+20.8 ug/l), which
was also higher than the mean in the control area (rural
area; N = 81, M+SD: 35.991£22.8 ug/l) with p < 0.0001
(results not shown in tables). We obtained relatively simi-
lar results after data analysis of boys and girls separately as
can be seen in Tables 1 and 2. No significant difference be-
tween boys and girls was noticed in various areas (Table 3).
Figure 2 indicates that children with Pb-B above the
Centre for Disease Control and Prevention’s (CDC) lev-
el of concern (100 pg/l) [23] represented about 8% of the
population (among whom about 75% lived in the urban
area). Apart from the area of residence, BLLs were asso-
ciated with passive smoking and infancy in an urban area
(Table 4). The mean of blood cadmium levels (BCLs)
in all children was 0.221 ug/l (range: 0.067-0.676 ug/l).
There was no difference between various areas (Ta-
ble 1 and 2). The only difference between boys and girls
was in the rural area, where boys had a higher BCLs
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Table 1. Toxic metals exposure and renal parameters in girls living in the 3 areas of Fez, Morocco

Parameter Area Girls M SD Min. Max 2V ANOVA Sign
(n) (p)
Age (years) rural 48 9.521® 1.879 6.000 12.000
industrial 40 8.375° 1.333 6.000 12.000 0.0058 o
urban 26 9.346° 1.831 7.000 12.000
BMI rural 48 15.372¢ 1.798 11.421 20.254
industrial 40 16.201° 2.653 9.722 22.857 0.197 ns
urban 26 15.807¢ 1.791 13.125 20.384
Pb-B (ug/) rural 47 33.279¢ 17.027 7.500 94.265
industrial 34 48.701° 21.673 19.303 110.433 < 0.001 A
urban 26 89.451* 54.874 35.745 231.141
Cd-B (ug/l) rural 47 0.187¢ 0.056 0.086 0.341
industrial 34 0.224¢ 0.102 0.067 0.471 0.086 ns
urban 26 0.222¢ 0.102 0.072 0.473
Hg-B (ug/l) rural 46 0.275° 0.298 0.035 1.524
industrial 33 0.591¢ 0.807 0.074 4.248 0.026 *
urban 26 0.713 1.041 0.053 5313
Creat-U (g/) rural 42 0.983¢ 0.471 0.318 2.633
industrial 32 1.262: 0.526 0.411 2.256 0.059 ns
urban 21 1.025° 0.449 0.415 2.102
RBP-U (g/g Creat)  rural 41 131.161° 62.091 19.413 304.412
industrial 32 140.557*  129.994 7.206 703.456 0.879 ns
urban 21 141.695 85.231 37.452 381.028
Alb-U (g/g Creat)  rural 42 28.194 48.045 1.319 185.536
industrial 32 20.542 38.014 1.218 173.000 0.456 ns
urban 21 36.643 66.591 3.134 279.202

BMI - body mass index; Pb-B - blood lead; Cd-B - blood cadmium; Hg-B - total blood mercury; Creat-U — urinary creatinine; RBP-U — urinary RBP
(retinol bending protein); Alb-U - urinary albumin.

M - mean; SD - standard deviation; min. — minimal value; max — maximal value; p — value of Student’s t-test (test of comparison between means);
Sign. - significance of the difference between means; ns - not significant.

*p <0.05 ** p < 0.01; *** p < 0.001.

“ Means with the same letter are not significantly different.

ab.c Means with different letters are significantly different.

Table 2. Toxic metals exposure and renal parameters in boys living in the 3 areas of Fez, Morocco

646

Parameter Area B(?I})IS M SD Min. Max 2-way (Apl)\IOVA Sign

Age (years) rural 35 9.457¢ 1.899 7 12
industrial 38 8.131° 1.143 6 10 < 0.0001 s

urban 24 9.958¢ 1.601 6 12

[JOMEH 2014;27(4)



Table 2. Toxic metals exposure and renal parameters in boys living in the 3 areas of Fez, Morocco - cont.

Parameter Area Boys M SD Min. Max 2V ANOVA Sign.
(n) ()
BMI rural 35 15.483° 2.208 11.056 19.396
industrial 38 16.9712 2.252 14.117 24.615 0.011 *
urban 24 16.313¢ 1.477 14.211 19.545
Pb-B (ug/l) rural 34 39.753b 28.843 12.983 171.933
industrial 32 47.736° 20.191 22.931 89.966 < 0.0001 e
urban 23 74357 32.682 38.161 168.441
Cd-B (ugh) rural 34 0.232¢ 0.116 0.101 0.676
industrial 32 0.2172 0.093 0.072 0.582 0.604 ns
urban 23 0.206° 0.079 0.117 0.398
Hg-B (ug/) rural 34 0.176° 0.131 0.015 0.625
industrial 31 0.683¢ 0.555 0.091 2.324 0.0007 ok
urban 23 0.443¢ 0.709 0.067 3.519
Creat-U (g/l) rural 32 1.002 0.418 0.213 2.095
industrial 30 1.147: 0.643 0.44 3.827 0.416 ns
urban 22 0.969° 0.419 0.286 1.828
RBP-U (g/g Creat)  rural 32 145.653¢ 89.491 22.178 475.107
industrial 29 111.1812 93.591 4,678 354.229 0.231 ns
urban 22 118.3412 53.305 40.269 227.693
Alb-U (g/g Creat)  rural 31 15.754¢ 44.642 0.02 240.828
industrial 30 9.629 22.382 0.389 114.900 0.452 ns
urban 22 4,939 3.126 1.808 14.411
Abbreviations as in Table 1.
Table 3. Toxic metals exposure and renal parameters according to sex in children from the 3 areas of Fez, Morocco
Girls Boys p
2-wa
Parameter Area n M SD min. max n M SD min. max A(NOV/Y\)
(Sign.)
Age (years) rural 48 9521 1879 6 12 35 9457 1899 7 12 0.879
industrial 40 8375 1333 6 12 38 8131 1143 6 10 0.391
urban 26 9346 1831 7 12 249958 1601 6 12 0.216
BMI rural 48 15372 1798 11422 20255 35 15483 2208 11.056 19.396  0.801
industrial 40 8375 1333 9722 22857 38 8131 1.143 14118 24615 0.391
urban 26 0346  1.831 13.125 20385 24 9958  1.601 14.211 19545 0.216
Pb-B (ug/l) rural 47 33278 17.026 7500 94265 34 39.753 28.842 12983 171.933  0.215
industrial 34 48701 21.673 19303 110433 32 47.736  20.191 22931 89.966  0.851
urban 26 89449 54873 35745 231.141 23 74356 32.682 38.161 168.441  0.261
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Table 3. Toxic metals exposure and renal parameters according to sex in children from the 3 areas of Fez, Morocco - cont.

Girls Boys p
2-wa
Parameter Area n M SD min. max n M SD min. max A(NOVX)
(Sign.)
Cd-B (ugh) rural 47 0.186° 0.055 0.086 0341 34 02322 0116 0101 0.676  0.023*
industrial 340223 0102 0067 0471 32 0216 0.093 0072 0582 0.783
urban 260221 0101 0072 0473 23 0206 0.079 0.117 0398  0.542
Hg-B (ug/) rural 46 0275 0297 0035 1524 34 0175 0.131 0015 0.625 0.076
industrial 33 0591 0807 0074 4248 31 0683 0554 0091 2324  0.586
urban 26 0713 1.041 0.053 5313 23 0443 0709  0.067 3519  0.141
Creat-U (g/l) rural 42 0983 0471 0318 2633 32 1.000 0418 0213 2095  0.859
industrial 32 1262 0526 0411 225 30 1.147 0.643 0439 3827 0497
urban 21 1.025 0449 0415 2102 22 0969 0418 0286 1.828  0.664
RBP-U (g/g Creat) rural 41 131161 62.091 19.413 304.412 32 145652 89.491 22.178 475107  0.444
industrial 32 140557 129.994 7206 703.456 29 111.181 93591  4.678 354.229  0.261
urban 20 141.695 85.231 37452 381.028 22 118341 53305 40.269 227.693  0.317
Alb-U (g/g Creat)  rural 42 28193 48.045 1319 185536 31 15754 44.641  0.020 240.828  0.279
industrial 3220542 38.013 1218 173.000 30  9.629 22382  0.389 114901  0.136
urban 21 36.643* 66591  3.134 279.202 22 4.939> 3126 1.808 14411  0.037*

Means without any letter are not significantly different, means with different letters (%, *) are significantly different at p < 0.05 (*).

Other abbreviations as in Table 1.

mean than girls (Table 3). As shown in Table 4, BCLs
were associated with the number of cigarettes smoked at
children’s homes. The mean of the blood mercury levels

o~
[

N
o

w
&2}

Positive samples (%)

w
o

30-50 50-100 >100

Blood lead (pg/I)

Fig. 2. Frequency of lead detection in blood samples from
the studied population of children (N = 196)
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(BMLs) in our population was 0.491 ug/l (range: 0.015-
5.313 pg/l). The BMLs mean was higher in urban and
industrial areas than in the control area (Tables 1 and 2)
with no gender-related difference (Table 3). The BMLs
were associated with amalgam fillings and infancy in the
urban area (Table 4).

Pearson’s test indicated in the whole population (N = 196)
a negative correlation between BLLs and the urinary cre-
atinine concentrations (r = -0.174, p = 0.025), but no
correlations were found between BLLs and urinary mark-
ers Alb-U and RBP-U (p = 0.589 and p = 0.064, respec-
tively). Nevertheless, BLLs were negatively correlated with
height in girls from the urban area (N = 25, r = -0.425,
p = 0.034), and as can be seen in Table 3, the urinary albu-
min mean in these girls was high enough (36.643 ug/l) to
be considered as microalbuminuria. These subtle effects
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Table 4. The effect of various factors on toxic metals concentrations in blood among children of Fez, Morocco

Children Pb-B (M£SD)

Children Cd-B (MSD)

Children Hg-B (M+SD)

Factor Grou
(n) (ngh) P (ngl) G (ugh) P
Amalgams use I 5  83.176*%+55.494 (.148™ 0.2512+0.103  0.978" 5 1.499:+1.385  0.0004***
11 191 50.885*+34.087 191 0.212* £0.092 188 0.429°+0.601
Exposure I 51  58.164*+45.519 0.04* 0.2032+0.081 (.343" 51 0.498:+0.615 0.44"
to PassIve 11 145 49.439°+3(.242 145 0.2162+0.095 142 0.4412+0.662
smoking at
home
Number of I 86  48.916+29.096 0.219°+0.093 85 0.511*+0.808
mgaiet(ties II 83  52.945:+42.402 0.523™ 0.196°+0.071 0.018* 81 0.4312+0.545  0.392™
smoke
inside the III 27 56.803£25.356 0.246*+0.128 27 0.3622+0.245
child’s home
per day

Infancy inurban [ 124

environment 72 36.251°£23.214

60.685*+37.472 0.006** 124

0.217°x£0.093  0.891™ 122
0.205*+0.091 71

0.605*x0.769  0.002**
0.201°%0.165

For the factor “Number of cigarettes smoked inside the child’s home per day” — group I: “0”, group II: “1-4”, group III: “= § cigarettes”.

For other factors: group I: “yes”; group II: “no”.
Other abbreviations as in Table 1.

in girls from the inner city of Fez can be related to the
high BLLs in these girls that had the highest BLLs mean
in our population (89.451 ug/l) (Table 1).

DISCUSSION

Blood lead

In Morocco, there was just one study describing lead in
hair of 327 school children living in a wastewater spread-
ing field of Marrakesh city in the south of Morocco
(1999) and it reported the mean of 14.8+4.5 ug/g in ex-
posed children that was not significantly different from
the mean obtained in the control area [24]. Few studies
concern blood toxic metals environmental exposure in
children in the neighboring countries. In Egypt, a study
undertaken during the phase of leaded petrol in 126 traf-
fic policemen in Cairo city reported a high mean of BLLs
(292£75 ug/l) and a high hemoglobin concentration in the
examined subjects in comparison with the control group.
This occupational exposure indicated a potential risk from

traffic-exhaust-induced air pollution for other groups
of the Cairo population, such as children and pregnant
women [25].

The mean of blood lead levels (Pb-B) in all children
of our population was 55.531 pg/l (girls: 57.142 ug/l,
boys: 53.954 ug/l). This BLLs mean is in accordance with
the one found in 190 Egyptian school children of the same
age range (62.2 ug/l) exposed to high traffic density around
their school [26], but it is lower in comparison with the
mean reported by Mostafa GA in 2009 for 100 children
from Cairo city (median: 90 pg/l, range: 30-280 ug/l). Such
a high BLLs median, that can be related to high exposure
of children to traffic exhausts in the mega city of Cairo,
is however comparable to the BLLs mean that we found
in the urban area (82.36 ug/l) [27].

The comparison of the BLLs mean of all children in this
study with the means reported in other countries indicates
that BLLs mean in our series is higher than the means re-
ported recently in most Central Europe cities and in Ca-
nadian children with the same age range, with Pb-B means
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ranging between 10 ug/l and 20 ug/1 [28-30]. Children with
a BLLs mean above the Centre for Disease Control and
Prevention’s (CDC) level of concern (= 100 ug/l) [23] rep-
resented about 8% of the population (out of whom 75%
lived in the urban area), this percentage is lower that the
percentage reported in the studies on Egyptian children
(25% and 43%, respectively) [26,27]. About 30% of chil-
dren had BLLs between 50 ug/l and 100 ug/l (out of whom
about 50% lived in the urban area) (see Figure 2). The
absence of the gender-related influence on BLLs fits in
with other studies in children [31].

The mean of BLLs in the urban area (82.361 ug/l) is much
higher than the means reported in French children (8-12
years old) exposed to non-ferrous smelters pollution and
in children (8-11 years old) inhabiting French industrial
areas (39.5 and 34.8, respectively) [32,33]. It is also much
higher than the BLLs means in urban areas in Canada
(children aged 6-11 years, 10.2 ug/l) and in Brazil (chil-
dren aged 6-8 years, 24 ug/l) [30,34]. The BLLs in our se-
ries are however comparable to other studies in children
exposed to roads with heavy traffic, e.g., studies conducted
in India (children aged 3-12 years) and in Uruguay (chil-
dren aged 2-14 years) cities reported BLLs of 93.2 ug/l
and 94 ug/l, respectively [35,36]. Interestingly, these stu-
dies reported the proximity to traffic as the main determi-
nant of high BLLs in children.

Our findings concerning BLLs means in the 3 areas (Ta-
bles 1 and 2) indicate a great effect of exposure to traf-
fic exhausts of highways on BLLs in girls and boys from
the urban area (a significantly higher BLLs mean than the
means in the industrial and control areas); in compari-
son with the effect of industrial emissions, that is absent
in boys for whom no significant difference in the BLLs
mean was found between the industrial and rural area
(Table 2). Gitls from the industrial area had a significantly
higher BLLs mean than those living in the control area,
but this can be attributed to the fact that the mean age
of these girls was lower in the industrial area than in the
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control area (Table 1), and so the girls from the industrial
area could be more sensitive to the environmental lead ex-
posure. Then, the effect of industrial emissions in our chil-
dren, albeit present, remains small. Another observation
is the relatively high BLLs mean in children from the rural
area that suggests the implication of other determinants
of exposure to lead.

The use of leaded gasoline is a major cause of air pollu-
tion in urban areas [37]. In Morocco, surprisingly, the use
of lead is limited, but it was still used in gasoline in the
period when our study was performed (June 2007 - Ja-
nuary 2008) [5]. Thus, the traffic exhausts in the urban
area located in the inner city of Fez can partly explicate
the high BLLs found in children from the urban area,
while the relatively high BLLs in children from industrial
area can partly be explained by exposure to lead from in-
dustrial emissions. The effect of these emissions on BLLs
is weaker since they have generally been restricted during
the last decade. The BLLs mean is low in the control area
(rural area) that is located far from the traffic exhausts
and the industrial emissions. Matheea et al. reported in
a study undertaken in 2002 in 429 children (5-11 years
old) that the introduction of unleaded petrol in South
Africa (in 1996) produced significant reductions in the
mean Pb-B concentrations among Cape Peninsula inner
city children (from 160 to 64 ug/l) and in the proportion
of children with elevated blood lead levels > 100 ug/l
(from 90% to 10%) just in six years after the start of Phas-
ing Out Leaded Gasoline [38].

With respect to other lead exposure determinants (Ta-
ble 4), children exposed to passive smoking had significant-
ly elevated BLLs in comparison to children not exposed to
tobacco smoke. The BLLs increased also with the number
of cigarettes smoked at the child’s home, but not in a sig-
nificant way (p = 0.52). This can be explained by the low
number of cigarettes smoked at the children’s homes. The
exposure to passive smoking can explain well the relatively
high BLLs in children from the rural area that are exposed
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neither to heavy traffic nor to industrial emissions. A ciga-
rette generally contains 0.6-17 ug of lead [39,40]. Many
studies showed that parents’ smoking habits or passive
smoking had an impact on children’s BLLs [9,41]. Will-
ers et al. even found a dose-response relationship between
the amount of tobacco smoked by the mother and BLLs
of children [42].

Another determinant of elevated BLLs in children was the
infancy in an urban area, therefore, children that had spent
their whole childhood in an urban area had higher BLLs
(p = 0.006) than those who had just emigrated from the
rural area to Fez city. This can mainly be explained by the
exposure to traffic exhausts in the urban area and it can
confirm our findings in this area.

The adverse health effects associated with eleva-
ted BLLs have been widely studied and documented.
Children are particularly vulnerable to lead poisoning,
even more than adults because they absorb more lead
from their environments [43,44]. The CDC considers
lead poisoning as one of the most common preventable
pediatric health problems involving mainly neurological
effects in children with BLLs > 100 ug/l (0.5 umol/dI)
[23]. Therefore, about 8% of the children in our sample
that have BLLs > 100 ug/l need a strict medical follow-
up. Many reports have documented evident adverse ef-
fects of BLLs < 100 ug/l in children. Thus, children that
have BLLs 50-100 ug/l (approximately 30% of children
in our population particularly those living in the urban
area; see Figure 2) are likely to suffer from neurocog-
nitive and behavioral deleterious effects. It has been
revealed that attention, executive functions, visual-
motor reasoning skills (IQ scores), vestibular-propio-
ceptive control, and social behavior are especially af-
fected [45,46].

For these reasons, the declaration of Brescia on metal
neurotoxicity recommended that the B-Pb action level for
children should be reduced to 50 pg/l in nations world-
wide [47]. Furthermore, other findings suggest that there

may be no threshold for the adverse consequences of lead
exposure [48,49].

In addition, Menke et al. (2006) found that BLL was sig-
nificantly associated with both myocardial infarction and
stroke mortality at BLLs > 20 ug/l, approximately 5-times
lower than the recommended limit of CDC [50]. In this
case, even the children having BLLs 30-50 pg/l, that rep-
resent about 40% of our population (Figure 2), especially
those living in the urban area, are likely to suffer from ad-
verse effects of lead exposure, particularly if the environ-
mental exposure remains at this level.

As regards renal effects of lead exposure, as shown in Ta-
bles 1 and 2, none of the renal parameters studied showed
any statistically significant difference between children in
the 3 areas, either in gitls or in boys. The influence of lead
exposure on the renal parameters studied was further as-
sessed by Pearson coefficient in all children (N = 164) that
revealed a negative correlation between BLLs and the uri-
nary creatinine concentrations (r = -0.174, p = 0.025).
The urinary creatinine is not commonly used as the se-
rum creatinine in evaluating lead renal effects, but this
negative correlation at such a low level of exposure can
indicate negative effects of environmental lead on the
glomerular filtration rate in children, (evaluated generally
with the creatinine clearance [51]), particularly those with
high BLLs.

No correlations were found between BLLs either with
urinary albumin (AIb-U) or with urinary RBP (RBP-U)
(p = 0.589 and p = 0.064, respectively). However, a strong
positive correlation was found between Alb-U and RBP-U
(r = 0.361, p < 0.0001) indicating that glomerular and tu-
bular alterations can occur simultaneously and may con-
siderably affect the renal function in these children (par-
ticularly girls with high Alb-U levels).

In addition, positive correlations were found be-
tween BLLs and BCLs (r = 0.207, p = 0.0035), be-
tween BLLs and BMLs (r = 0.348, p < 0.0001), and be-
tween BCLs and BMLs (r = 0.681, p < 0.0001). Mercury
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was observed to increase the toxic effects of lead on the
glomerular filtration function and to potentiate cadmium
effects on the renal tubular function. On the other hand,
lead and cadmium had some competitive effects [52].
These strong positive correlations found between the
trace elements studied in our population indicate eventual
interactions between them. This can probably increase
lead toxic effects in children even at a low environmental
level of exposure.

No correlations between trace elements and renal mark-
ers were found after data analysis of every area separately.
In order to further analyze possible renal effects of lead
exposure in children, we checked for any correlations
between renal markers and BLLs within the smaller sub-
groups of children with high BLLs (above 50 ug/l, 70 ug/l
and 100 pg/1), but no correlation was detected in these
subgroups.

This finding was in accordance with other studies describ-
ing renal biomarker anomalies in children at a low level
of environmental exposure to lead [32,15]. Nevertheless,
when we further analyzed the outcomes concerning BLLs
effects on physical development of children, the only re-
sults found significant concerned girls from the urban area
(N = 25) that had the highest BLLs mean in our popu-
lation (89.451 pg/l) (Table 1), and for whom BLLs were
negatively correlated with height (r = -0.425, p = 0.034)
and even negatively correlated with weight, but without
clear significance (r = -0.369, p = 0.069).

Yangetal. (2012) [53] reported the same finding in Chinese
children (3-8 years of age; BLLs mean: 73 ug/l) exposed
to electronic waste. It has been known that lead affects
negatively the physical development of children by block-
ing the absorption of calcium, iron and other elements,
and inhibiting the synthesis and utilization of some hor-
mones [54,55]. Many studies also showed that high BLLs
had a negative correlation with children’s stature [56,57].
Another remarkable finding in girls from the inner city
area was the high mean of urinary albumin (36.643 mg/g
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creatinine) (Table 3). The American Diabetes Association
(2004) [58] considers Alb-U = 30 mg/g creatinine (micro-
albuminuria) as the earliest clinical evidence of chronic
nephropathy in children.

These effects in girls from the inner city of Fez can be re-
lated to the high BLLs in these girls that had the high-
est BLLs mean in our population (89.451 ug/l) and among
whom we noticed the highest Pb-B value in our series
(231.141 ug/l). Therefore, even a low environmental lev-
el of lead exposure in children can cause subtle effects
in children without clear evidence of a threshold. These
findings obtained for the first time in Morocco reinforce
the need to control and regulate potential sources of con-
tamination by this trace element. The situation in Fez city
indicates the real need to undertake preventive actions for
the protection of children from passive smoking; even at
home, and governmental actions involving firstly the elim-
ination of any leaded petrol in Morocco (officially used or
in the black market).

Blood cadmium

The mean of blood cadmium levels (BCLs) in all chil-
dren was 0.221 ug/l (girls: 0.212 pg/l, boys: 0.221 pg/l).
The BCLs means were lower than those reported in 103
primary school children (6-12 years old) in Cairo city
(1.34 ug/l) [59] and proved to be lower also in comparison
with the means in French, Canadian an Chinese children
living in urban areas (0.48 ug/l, 0.35 ug/l and 0.69 ug/l, re-
spectively) [32,53,60], but they are somehow elevated in
comparison with the BCLs means in children from many
urban areas in Central Europe cities [28,61-64].

As shown in Table 1 and 2, boys and girls from the 3 areas
have very close BCLs means with no significant differenc-
es between various areas. This finding demonstrates the
limited impact of industrial emissions on BCLs in Fez city.
This is in accordance with previous literature demonstrat-
ing that the residential area was found not to be a variable,
which can affect BCLs [65-67].
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The only effect of gender was noticed in the rural area,
where boys had a higher BCLs mean than girls (Table 3).
This finding is in agreement with some previous studies
reporting that boys tend to have a higher uptake of envi-
ronmental heavy metals than girls, principally due to be-
havioral differences [68].

Another factor that can explain this difference related to
gender is shown in Table 4; as the BCLs in children in-
crease with the increasing number of cigarettes smoked
at home. This effect of passive smoking was also reported
in Cairene (Egypt) children (aged from 6 to 12) environ-
mentally exposed to cadmium [59]. In Morocco, boys in
the same range of age studied in our study are more ac-
customed to be with their fathers-smokers or other men-
smokers smoking at home (smoking mothers are not com-
mon in Morocco) than girls, and thus they are more ex-
posed to passive smoking. This gender-induced effect was
found just in the rural area probably due to the low educa-
tion level. Men-smokers in the rural areas smoke usually
in the presence of boys, while girls are less exposed to this
passive smoking (due to social traditions).

Table 4 indicates also that there was no significant dif-
ference (p = 0.343) between BCLs means in children
exposed and non-exposed to parental smoking. This re-
sult can be explained by the low number of cigarettes
smoked at children’s homes. A cigarette contains gene-
rally 1-2 g of cadmium [39,40]. Shaham et al. reported
in 1996 that exposure to cigarette smoke via passive or ac-
tive smoking was able to increase the BCL by an average
of 0.01 ug/100 ml and this impact is greater whenever the
amount of tobacco smoke increases (increasing number of
cigarettes smoked per day) [69].

Long-term exposure to Cd is able to cause considerable
kidney and bone damage — particularly tubular protein-
uria — and low bone mineral density [70]. Although the
threshold value of BCLs beyond 5 ug/l was reported as
a risk of intoxication [65,71], recent studies have sug-
gested that estimates of levels of cadmium in the body

that produce renal damage in the kidney were too high
and that the tolerated cadmium limit defined should be
lower [72,73]. In this study, none of the renal parameters
studied showed any statistically significant differences be-
tween the 3 areas, either in girls or in boys (Tables 1 and 2)
and no correlation was found between BCLs and the stud-
ied renal markers concentrations.

This finding is in agreement with the results reported by
de Burbure et al., conducted in French and Czech 8-12-year-
olds with low BCLs (0.48 and 0.23 ug/l, respectively) [32,52],
and it is also in agreement with the findings in Egyptian
children with a relatively high cadmium level (1.34 ug/l) with
no effects of this level on o-1-microglobulinuria, suggest-
ing a subclinical renal effect after several years of cumula-
tive exposure in children [59]. Moreover, Cikrt et al. did not
find any relationships between Cd-B and Alb-U or RBP-U in
adults even with BCLs above 1 ug/l [74].

Total blood mercury

Very few studies concern blood mercury environmental ex-
posure in children in the neighboring countries. In Egypt,
El-baz et al. reported a highly significant increase in the
mean hair mercury level in autistic children compared to
the control group (0.79+0.51 vs. 0.12+0.086 ppm, respec-
tively) (p < 0.001), with a mild increase in the mercury
level in children with maternal history of dental amalgam
fillings and high fish consumption during pregnancy [75].
These interesting findings suggest that biological damage
from mercury as a neurotoxic substance, besides genetic
susceptibility in the form of reduced ability to excrete
mercury and/or increased environmental exposure at key
times in development, may play a causal role in autism.
The blood mercury levels (BMLs) mean in the whole
population of children was 0.491 pg/l (girls: 0.535 ug/l,
boys: 0.431 ug/l). This mean is in parity with previous stud-
ies in children from urban areas in Croatia (0.44 ug/l), Slo-
vakia (0.52 ug/l), Sweden (0.43 ug/l) [28] and the Czech
Republic (0.42 ug/l and 0.46 ug/l) [61,62], but it is higher
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than BMLs means in children from Poland (0.12 ug/l) [28§]
and from the US (0.33 ug/l) [76]. Moreover, no sex-related
differences were observed in different areas (Table 3), this
absence of the gender influence on BMLs fits in with other
studies in children [52,61,62].

As shown in Tables 1 and 2, children from urban and in-
dustrial areas had higher BMLs means than the mean re-
corded for children from the rural area, both in girls and
in boys. Environmental exposure to mercury (Hg) comes
mainly from fish intake and dental amalgam fillings [4].
Nevertheless, fish intake of children is low and cannot ex-
plain this difference. About 79.2% of children in the in-
dustrial area consume just one fish meal every two weeks,
and the percentages noticed in children from the urban
and rural areas are close (41.41% and 40.79%, respective-
ly) (results not shown in tables).

The use of amalgam fillings can however better explain
this difference, as 10% and 14% of children in the ur-
ban and industrial areas, respectively, have amalgams,
but no amalgams use was noticed in rural children (0%;
results not shown in tables). Moreover, as can be seen
in Table 3, in spite of the infrequent use of dental amal-
gam fillings in our population and the low BMLs means
found, the well known [4] determinant of elemental Hg
was present as children with amalgams had a significantly
(p = 0.0004) higher BMLs mean than children without
amalgam fillings.

The infancy in the urban environment was another de-
terminant of exposure to Hg-B, thus children that spent
their whole childhood in the urban area had a significantly
(p = 0.002) higher BMLs mean than children who had mi-
grated from a rural area to the Fez city. This finding can
be partly explained by the abundance of fish and the easy
access to it and to dental care (including amalgam fillings)
in the urban and industrial areas compared to the rural
area (due to economic factors).

None of the renal markers studied showed any statisti-
cally significant difference between the 3 areas, either in
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girls or in boys (Tables 1 and 2) and no correlation was
found between BMLs and the renal parameters indicating
a limited impact of Hg-B exposure on renal function in
children in the light of renal markers used. However, all
the present BMLs are much lower than those suspected
to cause health effects (> 20 ug/l) [77] since the highest
value of Hg-B in our series is 5.313 pg/l and most children
had Hg-B below 1 ug/1.

CONCLUSION

There are few environmental studies concerning the im-
pact of low environmental exposure to lead, cadmium
and mercury, especially in children who are considered
to be more sensitive to adverse effects of trace elements
than adults. In Fez city (north of Morocco), this is the
first study with a strict control of analytical quality con-
cerning blood concentrations of Pb, Cd and Hg in chil-
dren, at low environmental level of exposure, and evalu-
ation of some determinants and some early renal effects
of this exposure.

This study showed high BLLs in children - especially those
from the inner city. BLLs were associated with traffic ex-
hausts (in particular with the still present use of leaded
petrol), passive smoking and infancy in an urban area.
Renal and developmental effects of lead exposure noticed
in children (particularly in girls from the inner city) are
suspected to cause several health problems later in life.
About 8% of children in our population need a strict
medical follow-up (BLLs = 100 ug/l) and some nutritional
interventions can be undertaken to reduce lead absorp-
tion and to provide an adequate amount of calcium in
children’s diets, as calcium has been found to decrease the
intestinal absorption of lead [78].

Further studies with large cohorts and other renal mark-
ers in different areas of Morocco have to be conducted
to reduce the lack of data concerning the impact of low
environmental level of exposure to Pb, Cd and Hg in
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children. BCLs were associated with the number of ciga-
rettes smoked at children’s homes. Although these BCLs
were relatively low, the situation is far from comforting in
Fez city, because Cd accumulates in the body over time,
therefore, even the low levels observed in children now
may result in high concentrations in kidneys in the elderly
(especially in girls), in particular if exposure remains con-
stant at this level.

In spite of the low levels, BMLs displayed associations
with amalgam fillings and infancy in the urban area. BMLs
are much lower than those suspected to cause health ef-
fects due to low intake of fish and infrequent use of amal-
gam fillings in children in our population.

These findings obtained for the first time in Morocco re-
inforce the need to control and regulate potential sources
of contamination by these trace elements. This disturbing
situation highlights the real need to undertake preventive
actions for the protection of children from passive smok-
ing, even at home, and governmental actions involving
firstly the elimination of any leaded petrol in Morocco
(used officially or in the black market).
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