
*Corresponding author: Shaimi S
Department of Biology, University Abdelmalek Esaadi, Faculty of Sciences of Tetouan, Morocco

ISSN: 0976-3031
RESEARCH ARTICLE

ANALYSES OF THE RELEVANCE OF BLOOD LEAD LEVELS ESTIMATED BY THE
INERIS METHOD IN CHILDREN OF AN INDUSTRIAL AREA -MOROCCO-

COMPARATIVE STUDY BETWEEN A BIOLOGICAL AND METROLOGICAL APPROACH

Shaimi S1*, Bendriss E1, Idrissi M2 and Soulaymani BR3

1Department of Biology, University Abdelmalek Esaadi, Faculty of Sciences of Tetouan, Morocco2University Mohammed V Agdal-Rabat, Faculty of Sciences of Rabat, Morocco3Center Anti Poison and Pharmacovigilance of Morocco, Rabat, Morocco
ARTICLE INFO ABSTRACT

Article History:

Received 5th, January, 2015
Received in revised form 12th,
January, 2015
Accepted 6th, February, 2015
Published online 28th,
February, 2015

In this work, we propose a comparative study between biological approach entitled EVEXMEL, based on
lead determination in blood (BLL), and a metrological approach based on INERIS method by estimating
the blood lead level (BLLE) using environmental measurements and modeling. .We also proposes to
calculate the relative error (RE) between the two blood lead levels and a relative correction of the
proposed model in the calculation of the BLLE.

The RE between the measurement of BLL and BLLE was very high (> 2.2) at a distance less than 100m
from the industrial source. It is less than 1 in at a distance higher than 450m,that if one considers
maximum bioavailability of (100%).

To minimize the RE and thus correct relatively the model, we considered that the bioavailability is 30% in
the first scenario and 60% in other scenarios.

The model is relevant and reliable in patients with moderate industrial exhibition.
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INTRODUCTION

Lead is a biocumulative element known for its hematological,
kidney and neurological toxicity [Garnier, 2005; INRS,
2006], especially in children, because they ingest lead in
larger quantities because of their behavior (hands –mouth
soup) and they have higher rate gastrointestinal absorption
than in adults, and pregnant women because of the placental
transfer and lead toxicity on the fetus [INRS, 2006; Yazbeck
et al. 2007; Sheryl et al. 2015; Jian’an et al 2014].

Lead environmental contribution is mainly by foundries and
ore processing enterprises, diet, smoking, lead-based paint,
lead water pipe are also a major source of contamination
[Seong et al, 2014].

Lead absorbed by inhalation, ingestion or skin contact [INRS,
2006] will be absorbed by the body due to 10% in adults and
53% in children for lead in food and 30% for lead in the soil
[Validation criteria B and C,2005].

The absorbed lead passes into the blood circulation, where
over 90% is fixed to erythrocytes at the membrane and
hemoglobin, the rest diffuses into the serum. It is then
distributed to various organs and tissues. Thus, the

concentration of lead in the blood (BLL) is a good indicator
of lead exposure [INRS, 2006] which requires a blood
sample, invasive procedure that can generate anxiety in the
population and therefore a systematic screening is not
recommended.

For this, it is important to put in place a process and monitoring of
exposure to industrial waste and define the selection criteria of the
site around which systematic screening is take. However, to what
extent and under what conditions this exposure assessment
approach is reliable and relevant?

In this context, to check the consistency of a biological approach
and an approach to lead exposure assessment modeling, we
propose in this paper a comparative analysis of the quantification
of lead exposure by two studies developed around the same
industrial area of the town of Ain Sidi and Bernoussi sebaa, which
are contaminated by industrial emissions from smelters and
battery manufacturing companies: on the one hand, an
epidemiological study, EVEXMEL, [Shaimi et al., 2014] based
on direct measurement of BLL in the population of this region,
and on the other hand, a study based on the INERIS method that
combines modeling and direct measurement on the site [INERIS,
2001]. We also propose to calculate the relative error between the
resulting from two approaches and to relatively correct the
proposed model.
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MATERIALS AND METHODS

Area and study population

The region of Ain Sebaa and Sidi Bernoussi represent the
first industrial center of the city of Casablanca and the whole
country, that is a vast space that combines the houses,
foundries manufacturing batteries and companies, it is
characterized by a climate semi-arid and sub- humid with a
temperature between 13-30 ° C and an average annual
rainfall of between 300 and 500 mm, the average wind speed
is 4 m/s.

The population of this heavily industrialized area is subject to
environmental pollution by industries of foundry waste and
battery manufacturing of Ain Sidi and Sidi Bernoussi with
emissions of 6600kg /year of lead.

EVEXMEL Study based on biological parameter

The EVEXMEL project (Assessment of exposure to heavy
metals) is a cross-sectional study exposed / unexposed,
conducted by the National Poison Centre and
Pharmacovigilance of Rabat, over a period of three years,
with 473 participants (282 subjects in Casablanca including
88 children, and 191 subjects in Rabat). It is based on the
collection of blood samples for the determination of Pb and
Cd, and socio-demographic characteristics (gender, age,
housing, education, occupation, pregnant women), lead risk
factors and Cadmium exposure (smoking, type of drinking
water, type of pipe, the use of khol as cosmetic, use tajine,
renovations) using a questionnaire.

This project was designed to assess Pb and Cd in the
population of Casablanca (exposed group) and the population
of Rabat, which is considered as a control (unexposed group)
[Shaimi et al.,2014; INERIS, 2001] and identify potential
sources of contamination.

Dosing Pb and Cd in blood is performed by spectrometry
atomic absorption in the furnace [Shaimi et al., 2014, 2015;
CEEAQ].

In this study, in Casablanca, 282 (including 88 children)
unexposed professionally subjects living in this area for more
than 6 months were included [Garnier, 2005]. In Rabat, 191
unexposed professionally subjects residing in the unexposed
area were included in the study.

The dosage of BLL and CdB is performed by the furnace
spectrometry atomic absorption

INERIS Study based on environmental parameters and
modeling

INERIS is a methodology for evaluating health risks built in
four stages; hazard identification, toxicological
characterization, quantification of exposure and risk
characterization. It is based on the use of best available
toxicological, epidemiological and environmental data that
characterize the pollution sources and data representative of
the exposure of different groups of the population. [INERIS,
2001]
Recognizing this INERIS method, the Secretariat of State in
the Ministry of Energy, Mines, Water and Environment
(SSMEWE) combined two approaches to determine the levels
of lead in the blood of children residents in the industrial areas
of Ain Sebaa and Sidi Bernoussi: modeling relied on scenarios
based on numerous assumptions such as the selection of
toxicological reference values, the exposed population,
frequency, duration of exposure, and the exposure mode ... etc
and on the direct measurement on the site, including
atmospheric lead test. Table I shows the scenarios, parameters
and assumptions used in this model.

To highlight the effect of inhalation and ingestion of dust by
children, BLL was estimate using the SCREEN3 model set up
by InVS [InVS, 2001], this model calculates estimated BLL
for target population and a given exposure, using the following
equation

BLLE = Daily dose ingested (µg)*1,6 + CAA (µg/m3)* 19,2
Along With:
BLLE = estimated blood-lead levels
CAA: Atmospheric Average Concentration

The coefficient 1.6 for the way of ingestion and 19.2 for the
inhalation are dose-response coefficients between BLL and
lead exposure through ingestion (lead 1,6μg/L blood by 1mg
ingested /day/ kg) and by inhalation (19,2μg /L by mg/m3 d'air)
of the dust in the target population as defined by WHO [WHO,
1995].

Statistical analysis

The results of the EVEXMEL study  were analyzed using the
Epi Info epidemiology software 1.3.5© to calculate the

Table1Scenarios, assumptions and parameters used in the estimation of BLL by modeling

Scenarios proposed

 Children reside in slums at a distance of 100m from the source of pollution
 Children in schools at a distance of 450m from the source of pollution
 Children are living in buildings at a distance of 500m from the source of pollution
 Children of the entire area at a distance of 1800 m from the source of pollution

Exposure pathways
 Dust inhalation containing lead particles
 Ingestion Fallout on the ground responsible for lead

Hypothesis

 Population exposed to 100% of the time (365 days / years)
 Frequency of exposure = 1
 concentration Of lead in the air is the same inside and outside the building
 Bioavailability is 100%

Toxicological reference values used
 Ingested amount of dust =200 mg/j (US EPA)
 DJE= 3,5 E-03 mg/kg/j (AFSSA)
 IR= 0,25 µg/m3 (Directive européenne)

Environnemental measurements  Concentration of lead in ambient air (µg/m3)
[
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frequency, arithmetic mean and standard deviation
The comparative analysis, the calculation of the relative error
(RE) were realized by the Origin software 6.0 ©

RESULTS AND DISCUSSION

Result of the measurement of blood lead levels

During the period of February 2010, in EVEXMEL project
developed in the region of Ain Sebaa and Sebaa- Bernoussi,
282 BLL were measured, including 88 children under 15 years,
the average BLL obtained from all subjects was 53.74 ± 42.08
µg /L and average BLL obtained in children was 62.91 ± 36.25
µg/L[Shaimi et al., 2014].

Table II summarizes the BLL children enrolled in the study by
socio-demographic characteristics and risk factors.

No significant difference has been marked with respect to
different factors. Table III summarizes the BLL children in the
same scenarios proposed in the INERIS method as well as the
relative risk (RR) and confidence intervals (CI) found in the
EVEXMEL study.

BLL was approximately the same in the first three scenarios;
however it was remarkably decreased in children living at a
distance of 1.8 km from the source (fourth scenario) to reach a
value of 49.33 (± 33.60) µg /L.

Result of metrology of airborne lead and blood lead levels
estimated by modeling

Atmospheric lead concentrations were determined from the
dust samples collected over a period of one week from 24 to
30 October 2009, on a weather station located about 1.7 km
companies considered pollution source. The average lead
concentration of in ambient air was 0.33μg/m3

TableIII summarizes the results of modeling: average

concentrations of lead in ambient air, daily doses of exposure,
risk indices and BLLE by the distance from industrial sources.
It is found that the levels of lead in the air decreases gradually,
as we move away from the emission source, so the biggest
concentrations (5.33μg /m3) are those registered near slums at
a distance of 100m from industrial sources. For the four
scenarios studied, the BLL due to the ingestion of dust is lower
than inhalation. The BLLE was above 193μg/L in children
living in slums (first scenario) and in children living in
buildings within 500m from industrial source, provision of
BLLE is about 50μg /L, BLLE decreased to a level of
14,69μg/L in the population at a distance of 1.8 km from the
source (TableII). This positive correlation between pollution
by industrial waste and BLL near these sites has been stated in
several studies [Shaimi et al. 2014; WHO, 1995; Maravelias
et al., 1994; Patricia et al., 2011; Xiaofeng et al., 2012] which
showed that BLL are higher in populations living residents
near contaminated industrial sites.

In the first scenario, the children of slums at 100m from the
industry source, modeling BLLE is potentially higher than that
measured. This is due to several factors; in fact, the SSMEWE
examined the potential maximum concentrations of lead in
ambient air outside, and it is the same concentrations in indoor
air in schools, buildings and slums without any filtration
through measurement doors, windows and walls, it also
considered a frequency of exposure 1 and a maximum
bioavailability of100%.

Noting that the bioavailability is the ratio of the ingested dose
of lead in soil and absorbed dose in epithelial cells of the
intestine hailed ((absorbed dose / dose ingested) * 100) [Axelle
et al., 2007]. It is influenced by host characteristics (ex: age,
nutritional status of iron and calcium)And it depends on the
size of the inhaled particles[Marc et al., 2010], for example, it
is 34% to 60% for particles with a size less than 0.05μm, it is
10% to 30% of particles ranging from 0.05 to 5µm and for the
finer particles, it is 48% to 77% [Apostoli et al., 2006]. In the
second and third scenario, BLLE and the BLL measured are
approximately similar. In contrast, in the fourth scenario, we
note that the measured BLL were higher than BLLE.
This difference can be explained given that the modeling did
not take into account the speciation of lead, the general
condition of the target and the actual value of the
bioavailability of lead as well as environmental factors
exhibitions such as the contaminated food, exposure to dust
and flaking paint or plaster, the water pipe of lead and the wide
use of glazed pottery dishes like the "tagine", these factors
showed a positive correlation with BLL in several international
studies [Yazbeck et al., 2007; Shunqin et al.,2006].

Relative correction model

To be approximate to actual measurements of BLL found in
the same area and the same target population, we took the
bioavailability factor that varies between 30 and 100% and we
have recalculated the BLLE with different % of bioavailability
as well the relative error (RE) between the BLLE and BLL
measured. Graph 1 summarizes the results of the RE. For the
first scenario, and with a bioavailability of 100%, the RE is
very high (2.15), this value decreases proportionally with
bioavailability.

Table II Blood lead levels by socio-demographic
characteristics and risk factors

Characters n(%) BLL(µg/L)
means±SD

p(<0,05)

Gender
female
Men

42(48,2)
46(51,8)

57,68±37,57
66,24±34,93

0,2828

Habitat
House

Apartment
Shantytown

21(23,5)
62(71,8)
5(4,7)

49,43±33,61
66,20±37,16
61,19±24,36

0,2139

Drinking water
Tap water

Bottled water
Well water

88(100)
0
0

62,91± 36,25 -

Water pipe
Lead pipe

Plastic pipe
Unknown

23(25,9)
62(71,8)
3(2,4)

71,83±32,92
59,54±37,43

0,1863

Tajine
Yes
No

No answer

51(57,95)
0

37(42,05)
60,28±27,06 -

Renovation
Yes
No

5(5,68)
83(94,32)

65,28±53,33
61,71±36,27

0,1366

n : number of subjects
% : number of subjects on percentage
SD : Standard Deviation
p: Statistically significant difference
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Table III Comparative study between estimated blood lead levels by INERIS method and blood lead levels measured in EVEXME project

INERIS EVEXMEL

Scenario [lead] in air
µg /m3

Exposure
dose in

mg/kg/day

Risk indice
inhalation

/RFD

Risk indice
ingestion/

RFD

BLL/
inhalation

µg/l

BLL/
ingestion

µg/L

BLLE
total  µg/L

BLL
mesured    µg/L

Exposure
dose in

mg/kg/day

Risk indice /
Ingestion /RFD

RR (relatif
risque)

CI
à

95%
Scenario 1 : children living in the slum

(at 100m from the source)
5,33 3,82E - 03 21,32 1,09E +000 102,34 91,56 193,90 61,19 ± 24,36 1,20 E-3 0,34

2, 37

1,05

à

5,91

Scenario 2 : child attending school (at
450m from source)

1,07 7,657E - 04 4,28 0,22 20,54 24,19 44,73 59,70±37 ,32 1,17 E-3 0,33

Scenario 3 : : child attending school
and living buildings (at 500m from the

source)
0,95 1,04E - 03 3,80 0,297 18,24 33,28 51,52 60,41±42,75 1,14 E-3 0,32

Scenario 4 : Children who live within a
radius of 1,8 km

0,33 2,361E - 04 1,32 0,07 6,34 8,35 14,69 49,43± 33,61 0,97 E-3 0,28
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In the second and the third scenario, the RE was low (<0.59),
for a bioavailability that varies between 100% and 60%. This
value augmented again for a bioavailability less than 50% The
same for the fourth scenario, the value of RE is relatively the
same (0.83%) for a variant bioavailability between 100% and
60% and augmented again for a bioavailability of lower than
50%. According the figure, for a minimum and reasonable RE
between measured BLL and BLLE, it is proposed to re-
modeling to estimate blood lead using a bioavailability of 30%
for the first scenario and 60% for the other three scenarios, this
result is consistent with the model IEUBK (Integrated
Exposure Uptake Biokinetic) developed by US EPA, which
estimated the potential BLL in a population of children aged 6
months to 7 years taking a lead default bioavailability in the
soil of 60% [Axelle et al., 2007]. Other studies estimate that
children absorb between 30 and 50% of ingested lead [WHO,
1995; ATSDR, 2007].

Moreover, an inverse correlation between the emission particle
size and bioavailability was reported in the literature [INRS,
2006; InVS, 2002; Apostoli et al., 2006], in fact, the smaller
the particles are large the bioavailability is low [Gaelle et al.,
2009], of this and knowing that it the larger particles that settle
in the vicinity of the industrial site, and more particles become
smaller far from the source, which confirms our proposal.

CONCLUSION

In conclusion, the results of lead metrology in Casablanca air
confirmed the importance of pollution from industrial
emissions from smelters and battery manufacturers. These
results are consistent with the biological study EVEXMEL.
It was also concluded that the modeling assessment of health
risks associated with exposure to industrial waste is reliable
and relevant for scenarios with moderate exposure to dust and
impacts of pollutants in the region.
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