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Abstract
In the plain of Saiss, the most agricultural region of Morocco, the studies concerning the assessment of environmental and 
human risks related to metal contamination of agricultural soils are severely missing. To overcome the lack of such studies, 
trace-element analyses were carried out on six sampling sites of agricultural surface soils (66 sampling points), irrigated 
by superficial watercourses with high heavy metal contents. The average trace-element contents were 78, 55, 33, and 119 
(mg kg−1), respectively, for Cr, Cu, Ni, and Zn. These values are above average worldwide soil and geochemical background 
levels. Multivariate statistical analyses, principal component, and cluster analyses suggest that soil contamination by Cr, 
Cu, and Zn is mainly due to wastewater irrigation, with the exception of Ni, which is probably of pedo-lithogenic origin. To 
provide further information on contamination transmission, the bioavailability and distribution of the four heavy metals in 
the soils were studied by sequential and single extractions. The results indicate that Cu and Zn are potentially available and 
can constitute a potential risk to the environment. The risk assessment of soil contamination was also carried out using risk 
assessment code, enrichment factor, contamination factor, degree of contamination, pollution lead index, geoaccumulation 
index, and potential ecological risk factors. The health risk evaluation by the Hazard Index was used to derive a combined 
risk of soil ingestion, dermal contact, and inhalation for adults and children. According to these indices, the soils present a 
moderate-to-high contamination for Cu and Zn elements, respectively. Hazard Index values indicate the relative absence of 
health risks associated to heavy metals for both adults and children.

Keywords Agricultural soils · Wastewater irrigation · Heavy metals · Bioavailability · Soil contamination · Risk 
assessment · Health risks · Saiss plain · Morocco

Introduction

Like many regions in the world, the Saiss plain has been 
under great environmental threat in recent years, follow-
ing the development of urban, industrial, and agricultural 
activities. This is particularly the case for the agricultural 
soils irrigated by Oued Fez, which is an intermittent river 
that receives raw wastewater of a population of 1.2 million 
inhabitants, plus handcraft activities, such as tanneries and 
brass making. It is one of the main tributaries of Oued 
Sebou which waters are used for the irrigation of agri-
cultural zones and other purposes such as drinking water 
and industry (Perrin et al. 2014). Contaminants emitted 
by anthropogenic activities accumulate in the soil and 
undergo various physical, chemical, and biological pro-
cesses that can lead some of the toxicants to migrate to the 
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groundwater, or to integrate the food chain (Wong et al. 
2006; Vegter 2007; Morel and Heinrich 2008; Foti et al. 
2017). Indeed, heavy metals remaining in the environment 
have the ability to bioaccumulate in the food chain, and, 
at high concentrations, may be toxic to humans and other 
organisms (Dudka and Miller 1999; Raghunath et al. 1999; 
Adriano 2001).

Several experimental and mathematical methods have 
been proposed to estimate the risks induced by high levels 
of heavy metals in soil which constitutes the first receptor 
of these elements in the agricultural system.

The experimental methods which have been developed 
are mainly based first on the pseudo-total chemical extrac-
tion of heavy metals from contaminated soils, and thereafter 
on the selective ones for instance “the single extraction” 
using a chelating agent like ethylenediaminetetraacetic acid 
(EDTA) or the “sequential extraction” using specific solvent 
for each step of extraction (Bruder-Hubscher et al. 2002). 
This multi-step extraction makes it possible to differenti-
ate the mobile and residual fractions and to characterize the 
different labile fractions (Leleyter and Probst 1999; Leleyter 
and Baraud 2006; Leleyter et al. 2012). EDTA is used as a 
complexing agent because of its high extraction capacity of 
metals on exchange sites of both organic and inorganic com-
plexes (Sahuquillo et al. 2003; Zhang et al. 2010; Leleyter 
et al. 2012).

Numerous calculation methods and approaches have been 
used to assess contamination and environmental quality 
of soil (Cheng et al. 2007; Qingjie et al. 2008; Marrugo-
Negrete et al. 2017) namely the risk assessment code (RAC), 
enrichment factor (EF), contamination factor (CF), degree 
of contamination (DC), the pollution load index (PLI), and 
the geoaccumulation index (Igeo). Furthermore, in the case 
of agricultural soils, it is wiser to evaluate the ecological and 
health risks of a pollution source (Ma et al. 2007) by cal-
culating different indexes such the index of ecological risk 
(ER), potential ecological risk (RI), hazard quotient (HQ), 
and the overall potential risk (HI hazard index).

Despite the importance of agriculture in the semi-arid 
Mediterranean region, there is little information on the pre-
sent state of contamination level of agricultural soils. In fact, 
such studies have mainly been conducted in the European 
countries (Reimann et al. 2001; Micó et al. 2006). In Saiss 
plain that is the most important agricultural zone in Morocco 
where olive groves, orange trees, cereals, vines, and vari-
ous vegetables are cultivated, some studies, based on the 
total concentrations of heavy metals and their mobility via 
sequential extraction, were conducted on soils irrigated by 
the raw wastewater of Oued Fez and Oued Sebou (El Ass 
et al. 2004; Bellarbi et al. 2015). However, to our knowledge, 
as regards the study of ecological and human health risk, this 
study will be the first to evaluate these indexes, and it will be 
used to provide baseline information of this area.

Thus, the aims of the present study were to evaluate the 
quality of agricultural soils irrigated by wastewater in the 
urban and suburban area at Saiss plain by (i) examining the 
concentration of four selected heavy metals (Cr, Cu, Ni, and 
Zn) in soils from six sites with 66 samples using different 
experimental methods such as pseudo-total extraction, and 
sequential and single extraction; (ii) using a multivariate 
analysis to identify the metal contamination sources and to 
evaluate their extents in study area; (iii) considering several 
indexes such as risk assessment code, indexes of soil con-
tamination and pollution, ecological risk assessment, and 
human health risk with different concentration of Cr, Cu, 
Zn, and Ni.

Materials and methods

Description of study area

This study was conducted at Saiss plain in the region of Fez-
Meknes, located in the northern part of Morocco. The Saiss 
plain, at an elevation of 400 m, is boarded by mountains 
to the North and the South, cut by the Oued Sebou valley, 
and opening to the Atlantic Ocean to the West. The Saiss 
plain is an intracontinental basin located between the two 
major structural domains of the northern part of Morocco 
namely The Rif and The Middle Atlas mountains. Overlying 
a Paleozoic basement, this basin is filled with Post-Miocene 
terrigenous sediment predominantly by Liassic carbonates, 
Miocene shale, and Plio-quaternary lacustrine deposits 
(Charrière 1990; Dauteuil et al. 2016).

The climate is continental semi-arid with cold winters 
and hot summers. However, over the period 1980–2010, 
January has the coldest days of the year, with a monthly 
average of 8.45 °C, while the hottest days are concentrated in 
August, with a monthly average 24.94 °C (Lasri 2015). The 
precipitation data recorded at the Sebou Hydraulic Basin 
Agency station over the period 1978–2017 revealed that the 
study area has a contrasting seasons and a relatively dry 
summer compared to other seasons. Thus, a strong inter and 
intra-annual rainfall variation was observed in the rainfall of 
this period, a characteristic of semi-arid climates.

Soil sampling analyses

We considered five soil sites situated before and after the 
confluence of the two rivers (FES1 and FES2: soils along 
Fez river (urban soils), CFS: soil at confluence, and SAV1 
and SAV2: respectively at 4 km and 14 km to the con-
fluence downstream of Sebou river (suburban soils). The 
SAM which is a suburban soil irrigated with uncontami-
nated Oued Sebou courses is considered as a control soil. 
It is located upstream of Sebou river before the confluence 
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which does not receive wastewaters, neither domestic, nor 
from artisanal activities. These sites were selected follow-
ing a contamination gradient, according to reference stud-
ies (Koukal et al. 2004; Perrin et al. 2014; Bellarbi et al. 
2015) which showed the lowest values of heavy metals and 
dissolved organic matter in the irrigation water and soil at 
SAM site, and pointed the low water quality of Sebou and 
Fez downstream and contamination of soils (Fig. 1). All 
the sampling site areas do not exhibit significant differ-
ences regarding to the plant community, the crop manage-
ment, and the farm practices.

To carry out this work, 66 topsoil samples were col-
lected from surface horizons (0–10 cm) of the studied 
sites using a plastic scoop. Then, the samples were stored 
in clean polyethylene bags before transportation to the 
laboratory where they were disaggregated and thoroughly 
mixed by hand, air-dried at room temperature (20–22 °C), 
and sieved to 2 mm which is the most reactive size frac-
tion of soils. All the analyses were carried out on triplicate 
subsamples.

Soil physical and chemical characterization

Physical and chemical characteristics of soil samples were 
determined, using the following standard analytical pro-
cedures: for pH and EC by electrometry in, respectively, 
(1:2.5) and (1:5) soil–water suspension (NF-ISO 10390, 
NF-ISO 11265); carbonate content  (CaCO3) by volumetric 
calcimetry (NF-ISO 10693); organic matter (OM) content 
by pyrolyse at 375 °C during 16 h after predrying at 150 °C 
(NF EN 12879); clay, silt, and sand were measured by laser 
particle size (NF X 31-107).

The measurement of the dissolved organic carbon (DOC) 
was carried out using a Shimadsu TOC-5000 Total Organic 
Carbon Analyzer. The soil samples were first rewetted with 
water in 1:5 ratio. They were then shaken for 30 min at 
300 rpm and centrifuged at 75,000g for 10 min. They were 
then filtered and the filtrate was further acidified to pH 2 
(ultrapure HCl) (Bolan et al. 1996). Acidification allowed 
the preservation of the sample and the degassing of inor-
ganic carbon.

Soil heavy metal analyses

Total of heavy metal concentrations

For total trace metal analysis, the solid was digested with a 
mixture of fluoro-nitro-perchloric acid following the stand-
ard procedure of NF-ISO 14869-1. For a 1 g (dry weight) 
of soil, the sample was first digested in a teflon crucible 
with a solution of concentrated (5 mL) nitric acid, (5 mL) 
perchloric acid, and (10 mL) hydrofluoric acid were added; 
and then placed on a hot plate (100 °C without boiling), to 
evaporate the acids and until the appearance of white fumes. 
After evaporation, the samples were cooled and 2 mL of 35% 
 H2O2 were added to attack the persistent organic matter. The 
temperature was increased until all the liquid is dry and a 
viscous mixture is obtained. It is allowed to cool, and then, 
2.5 mL of nitric acid was added and the total evaporation 
was resumed (a pearl is obtained). The residue was dissolved 
with 5 mL of 50% nitric acid and 10 mL of distilled water, 
and boiled for 5 min. The resulting solution was transferred 
to a volumetric flask and diluted to 100 mL by bidistilled 
water.

The accuracy of the analysis was regularly verified; an 
intercomparison of concentrations of trace elements was 
determined in reference materials and measured by ICP-AES 
radiale Thermo Scientific ICAP 6500. The results agreed 
within ± 5% of the certified values. Several samples of soil 
were taken for inter-laboratory analysis to further ensure the 
validity of the results. The instrument was calibrated before 
analyzing the samples with a blank and appropriate calibra-
tion standard with only R2 above 0.999 was accepted. The 
calibration was verified with appropriate internal standard. Fig. 1  Map of sampling site locations along Fez and Sebou Rivers
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A quality assurance program was established to ensure and 
to examine the production of validate results for all samples, 
and this process entailed instrument calibration and parallel 
sample experiments. The parallel sample experiments were 
performed in triplicate and data were reported as an aver-
aged value with standard deviations (SD). Data was consid-
ered acceptable when percentage difference within triplicate 
samples and percent error were below 10%.

All reagents used in the preparation of the samples for 
chemical analyses were of analytical grade. All the relevant 
material was cleaned prior to digestion with heated aqua 
regia and distilled water.

Sequential extraction

An amount of 1 g dry wt of soil sample was transferred to 
a centrifuge tube to perform successive extractions and to 
minimize the risk of contamination and losses through han-
dling. It should be mentioned that the method of extraction 
used in this study is that developed by Tessier et al. (1979).

Fractions were identified and measured according to the 
elements leached from the solid phase into solution. For all 
fractions (F1, F2, F3, F4, and F5), different extraction rea-
gents were used as follows:

Fraction 1 (exchangeable) The sample was extracted at 
room temperature for 1 h with 8 mL of either magnesium 
chloride solution (1 M:  MgCl2, pH 7.0) with continuous 
agitation.
Fraction 2 (bound to carbonates) The residue from (F1) 
was leached at room temperature with 8 mL of 1 M: 
NaOAc adjusted to pH 5.0 with acetic acid (HOAc). Con-
tinuous agitation was maintained and the time necessary 
for complete extraction was evaluated.
Fraction 3 (bound to iron and manganese oxides) The 
residue from (F2) was extracted with 20 mL, 0.04 M 
 NH2OH.HCl in 25% acetic acid. The latter experiments 
were performed at 96 ± 3 °C with occasional agitation and 
the time needed for complete dissolution of the free iron 
oxides was evaluated.
Fraction 4 (bound to organic matter) To the residue from 
(F3), were added 3 mL of 0.02 M  HNO3 and 8 mL of 30% 
 H2O2, adjusted to pH 2.0 with  HNO3, and the mixture was 
heated to 85 ± 2 °C for 5 h with occasional agitation. A 
second 3 mL aliquot of 30%  H202 (pH 2 with  HNO3) was 
then added and the sample was heated again to 85 ± 2 °C 
for 3 h with intermittent agitation. After cooling, 5 mL 
of 3.2 M  CH3COONH4 in 20%  HNO3 was added and the 
sample was diluted to 20 mL and agitated continuously 
for 30 min.
Fraction 5 (residual) The residue from (F4) was digested 
with a fluoro-nitro-perchlorique mixture. Minerals such 

as aluminosilicates (feldspars and clay minerals) are 
destroyed.

Between each successive extraction, separation was 
effected by centrifuging at 4500 rpm for 30 min. The super-
natant was removed with a pipette and stored in polyethyl-
ene bottles to which 0.1 mL of 70% HNO3 were added for 
sample preservation. The residue was washed with 8 mL of 
bidistilled water; after centrifugation for 30 min, this second 
supernatant was discarded.

The metal concentrations were determined by ICP-AES 
(ICAP 6500).

Single extractions

An amount of 2 g of soil sample was transferred to an extrac-
tion bottle in which 20 mL of 0.05 mol L−1 ethylenediamine-
tetraacetic acid (EDTA) was added. The mixture was shaken 
using an end-over-end shaker operating at 30 revolutions 
per minute for 1 h at 20 ± 2 °C (Wear and Evans 1968). The 
resulting mixture was filtered at 0.45 μm, and the filtrate was 
analyzed using ICP-AES (ICAP 6500).

Data processing

Contamination source identification and spatial patterns 
of the heavy metals

Principal component analysis (PCA) was employed using 
XLSTAT software with the aim of identifying associa-
tions and common origins among metals. Varimax rota-
tion was employed to facilitate the interpretation of PCA 
results, because orthogonal rotation minimizes the number 
of variables with a high loading on each component. Cluster 
analysis (CA) was applied to identify different geochemical 
groups, clustering the samples with similar heavy metal con-
tents. CA was formulated according to the Ward-algorithmic 
method, and the squared Euclidean distance was employed 
for measuring the distance between clusters of similar metal 
contents. Pearson’s product moment correlation matrix was 
used to identify the relationships among metals and to sup-
port the results obtained by multivariate analysis.

Assessment of soil contamination

The impact studies of soil contamination by heavy metals 
can be addressed by several approaches. In this study, four 
methods were used such as the following:

Risk assessment code (RAC) It is known that the percent-
age of bioavailable concentrations of heavy metals is 
important for assessing the environmental risk (Oomen 
et al. 2003; Naji and Ismail 2012; Luo et al. 2012; Sany 
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et  al. 2013; Yuswir et  al. 2015; Marrugo-Negrete et  al. 
2017). The RAC assesses the availability of metals in 
solution by applying a scale to the percentage of metals 
in the adsorptive and exchangeable, and bound to car-
bonate fractions (Sundaray et  al. 2011). These fractions 
are considered to be weakly bonded metals which may 
equilibrate with the aqueous phase, and thus become more 
rapidly bioavailabile (Pardo et  al. 1990). When the per-
centage F1 + F2 (water-soluble and exchangeable frac-
tion + carbonate-bound) is less than 1%, there is no risk. 
For a range of 1–10%, there is low risk, medium risk for a 
range of 11–30%, high risk for 31–50%, and very high risk 
for 51–100% (Marrugo-Negrete et al. 2017).

Indexes of  soil contamination and  pollution Several 
approaches reported in the literature were used in this 
study to assess the contamination level. The formulae are 
given in Table 1.

The enrichment factor (EF) for each metal is calculated 
referring to a chosen baseline and to a specific immobile 
element. The determination of the EF requires the meas-
ured heavy metal to be standardized against a reference 
element. In this study, iron (Fe) was taken as the refer-
ence element, because its origin is believed to be strongly 
related to the bedrock (Reimann and de Caritat 2005).

The contamination factor (CF) accounts for the contam-
ination of a single heavy metal relative to its background 
reference value (Wedepohl 1995).

The Pollution Load Index (PLI) developed by Tomlin-
son et al. (1980) provides a simple, comparative means for 
assessing the level of heavy metal pollution.

Another indicator that can assess the degree of soil pol-
lution is called index of geoaccumulation (Igeo) which 
was introduced by Müller (1979). Where  log2 is logarithm 
base two, Cn is the concentration of element in soil and 
Bn represents the background concentration or the average 
shale concentration. The coefficient of 1.5 has been used 
in this relation to correct the effects of soil parent material 
and content of natural fluctuations and very little changes 
in the environment caused by human activities.

Ecological risk assessment Individual heavy ecologi-
cal risk indexes (ER) were used to determine the degree 
of individual heavy pollution’s effect. The ER formulae 
(Table  1) used a specific biological toxic-response fac-
tor (TR) for each individual heavy metal (2, 5, 6, and 1 
for Cr, Cu, Ni, and Zn, respectively). This study used the 
toxic-response factors proposed by Hakanson (1980), who 
determined them in accordance with the toxicity level of 
each heavy metal and the response of the biological com-
munities to this toxicity level. It is used as a diagnostic 
tool to determine the overall degree of heavy metal pol-

lution in soil (Qingjie et al. 2008). All heavy metal index 
equations and grades are shown in Table 1.

Human health risk assessment The human health risk posed 
by exposure to heavy metal is usually characterized by the 
target hazard quotient (HQ) (US EPA 1997), and the ratio 
of the chronic daily intake (CDI) resulting from exposure 
to site media compared to the reference dose (RfD) for an 
individual pathway and chemical (Zhuang et al. 2014). The 
HQ is determined using the equation in Table 1. The chronic 
estimated daily intake (CDI ingestion, CDI dermal, and CDI 
inhalation) of heavy metals by the human beings was calcu-
lated using the following equation, which is recommended 
by US EPA (US EPA 2004):

CDI is the chronic daily intake, Cs is the exposure-
point concentration: mg kg−1, Ef is the exposure frequency 
(350 day a−1) (US EPA 2011), Ed is the exposure duration 
(30 a) (US EPA 2011), Et is the exposure time (24 h day−1) 
(UDOE 2011), At is the average time for non-carcinogens, 
which was set to 365*Ed day (US EPA 2002), Bw is the 
body weight (70 kg for adult and 16 kg for children) (US 
EPA 1991), Sa is the exposured skin area (5700 cm2 for 
adult and 3317 cm2 for children) (US EPA 2011), AF is the 
adherence factor (0.07 mg cm−2 for adult and 0.2 mg cm−2 
for children) (US EPA 2011), ABS is the dermal absorption 
fraction (0.001) (US EPA 2011), Cf is the units conversion 
factor  (10−6 kg mg−1) (US EPA 2002), IRS is the ingestion 
rate (100 mg day−1for adult and 200 mg day−1 for children) 
(US EPA 2011), and PEF is the particle emission factor 
(1.36 × 109 m3 kg−1) (US EPA 2002).

The reference dose obtained from the Integrated Risk 
Information System (US EPA 2007) is an estimation of max-
imum permissible risk to a human population through daily 
exposure when taking into consideration a sensitive group 
during a lifetime (Zhuang 2014). The applied RfD for Cr, 
Cu, Ni, and Zn was 1.5, 0.04, 0.02, and 0.3 mg kg−1day−1, 
respectively. In general, the RfD is an estimate of a daily 
exposure to the human population that is likely to be without 
an appreciable risk of deleterious effects during a lifetime 
(US EPA IRIS).

To assess the overall potential risk of adverse health 
effects posed by more than one metal, the HQ can be 
summed across contaminants to generate a hazard index (HI) 

CDI ingest − soil =
Cs × IRS × Ef × Ed

Bw × At
× Cf

CDI dermal − soil =
Cs × Sa × Af × ABS × Ef × Ed

Bw × At
× Cf

CDI inhale − soil =
Cs × Et × Ef × Ed

PEF × 24 × At
.
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to estimate the risk of a mixture of contaminants (Table 1). 
The HI refers to the sum of HQ through oral, dermal, and 
inhalation routes (HQ ingestion, HQ dermal contact, and HQ 
inhalation) (US EPA 1989) for multiple substances and/or 
multiple exposure pathways. In the present study, the HI was 
used as a screening value to identify whether there is sig-
nificant risk caused by heavy metals through average dietary 
consumption for the residents living near the study area.

Results and discussion

Soil physical and chemical characterization

The main soil properties of the soils analyzed are shown 
in Table 2. The pH can be considered the most influential 
factor; it controls precipitation/solubilization and adsorp-
tion/ desorption reactions (Basta et al. 2005), causing an 

Table 1  Equations for indices and grades of heavy metal enrichment, contamination, and pollution factors

TR biological toxic factor of an individual heavy metal
a—The different grades were given according to Hakanson (1980) and Qingjie et al. (2008) in Foti et al. (2017)
b—The different grades were given according to Hakanson (1980) and Qingjie et al. (2008)
c—The different grades were given according to (US EPA 2002)

Indexes Codes Formula Grades

(a) Enrichment factor EF EFn = (Cn/Fe) sample/(Cn/Fe)back-
ground

EF < 2 Natural variability
2 < EF < 5 Moderate enrichment
5 < EF < 20 Significant enrichment
20 < EF < 40 Very high enrichment
EF > 40 Extremely highly enriched

(a) Contamination factor CF CFn = Cn sample/Cn background CF < 1 Low contamination
1 ≤ CF < 3 Moderate contamination
3 ≤ CF < 6 Considerable contamination
CF > 6 Very high contamination

(a) Degree of contamination DC DCn = ΣCFn DC < 5 Low contamination
5 ≤ DC < 10 Moderate contamination
10 ≤ DC < 20 Considerable contamination
DC ≤ 20 Very high contamination

(b) Index of geoaccumulation Igeo Igeo = log2(Cn/1.5 Bn) Igeo < 0.42 Unpolluted
0.42 < Igeo < 1.42 Low polluted
1.42 < Igeo < 3.42 Moderately polluted
3.42 < Igeo < 4.42 Strongly polluted
Igeo > 4.42 Extremely polluted

(b) Pollution load index PLI PLI = (CF1 × CF2 × CF3 × ···  × CFn)1/n PLI < 1 Unpolluted
PLI = 1 Indicate heavy metal loads close to the 

background level
PLI > 1 Polluted

(a) Potential ecological risk index ER ERn = TRn × CF ER < 40 Low risk
40 ≤ ER < 80 Moderate risk
80 ≤ ER < 160 Considerable risk
160 ≤ ER < 320 High risk
ER ≤ 320 Very high risk

(a) Potential ecological risk RI RIn = ΣΕRn RI < 65 Low risk
65 ≤ RI < 130 Moderate risk
130 ≤ RI < 260 Considerable risk
RI ≤ 260 Very high risk

(c) Hazard quotient HQ HQ = CDI/RfD HQ < 1 Absence of health risks
HQ > 1 There is a chance that a health risk may 

occur
(c) Hazard index HI HI = ΣHQi HI < 1 Absence of health risks

HI > 1 There is a chance that a health risk may 
occur
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increase in solubility and, therefore, the bioavailability of 
the elements inversely proportional to soil pH (Silveira et al. 
2003; Antoniadis et al. 2008). The data proved that soils are 
basic with variations from 8 to 8.6 (8.3 on average), as a 
result of calcareous parent material presence. These condi-
tions favor the adsorption of metals and decreasing bioavail-
ability (Lasat 2002). The EC was lower than 4 dS m−1 in all 
samples, reflecting that soils do not present a problem of 
excess salinity according to USDA’s criteria. The ability of 
soils for retaining heavy metals in an exchangeable form is 
generally attributed to the organic matter. It was shown that 
the adsorption of heavy metals onto soil constituents was 
reduced with decreased organic matter content in soils (Het-
tiarachchi et al. 2003; Antoniadis et al. 2008), which may 
serve as chelates and increase metal availability to plants 
(Vega et al. 2004; McCauley et al. 2009). The percentage of 
organic matter (OM) in the analyzed soils is relatively high 
(5.8% on average), with variations from 0.4 to 12.8% sug-
gesting bioavailability of heavy metals and higher formation 
of organometallic complexes based on the OM content, as a 
result of intensive use of irrigated wastewater. Moreover, the 
dissolved organic matter in soils would increase the mobil-
ity and uptake of heavy metals to plant roots (Impellitteri 
et al. 2002; Du Laing et al. 2009). The DOC content was 
95.1 mg kg−1, ranging from 33.6 to 170.4 mg kg−1. Kou-
chou et al. (2017) reported that the possible formation of 
metal–organic complexes could increase metal retention 
and mitigate enzyme inhibition by metals and/or the organ-
isms that produce them. The carbonate content  (CaCO3) was 
also high (42% on average) ranging from 24.7 to 65.9%. It 
is known that the carbonated nature of the soil may also 
promote the binding of cations in alkaline environment 
(Adriano 2001). Park et al. (2011) showed that when pH 
increases, the surface functional groups of organic matter 
or clay are negatively charged, the metal cations are bound, 
and toxic metal fractions are transformed to biologically 
inactive forms.

Sand content is 34%, and ranged from 13 to 56%, whereas 
the soil clay content is 17.2%, ranging from 12 to 26%, 
the silt content is 42.2%, and ranged from 33 to 60%. A 

predominance of silt and sand fractions was observed. Pre-
vious studies reported that soil type is an important factor 
influencing the concentration of heavy metals (Temminghoff 
et al. 1997; Yan et al. 2013). While the enrichment by soil 
clay can play a limiting factor for Cr, Cu, and Ni availabili-
ties, because the heavy metal ions may undergo fixation in 
the interlayer spaces, or with time those possessing appro-
priate ionic radius, may become incorporated into the octa-
hedral layer of clay minerals (Helios-Rybicka and Förstner 
1986). The sandy soils thus allow a transfer of heavy metals.

Heavy metal contents

Pseudo‑total chemical extraction of heavy metal 
in the agricultural soils

Descriptive statistics for the heavy metal contents in the 
agricultural soils of the study area are shown in Table 3. 
Because of a lack in the Moroccan regulations on soils, 
results were compared with the heavy metal concentration 
values compiled from Kabata-Pendias (2010) and the UCC 
(Upper Continental Crust) (Wedepohl 1995) (Table 3). The 
mean concentrations of all the analyzed heavy metals in the 
agricultural soils were higher than UCC and average world-
wide soils (Table 3). However, their contents vary depend-
ing on the location of the soils. The concentration of the 
investigated element not exceeds the lower guideline value 
standards of the Ministry of Environment of Finland (2007) 
for all samples.

The median values of the elements if all sampling points 
are considered altogether followed the decreasing order: 
Zn > Cr > Cu > Ni. Average concentration of Cr, Cu, Ni, 
and Zn in the study area was 78, 55, 31, and 119 mg kg−1, 
respectively.

For each site, the median values followed a decreasing 
sequence: Zn > Cr > Cu > Ni for SAM and SAV1 and the 
following sequence: Zn > Ni > Cr > Cu; Zn > Cu > Cr > Ni; 
Cr > Zn > Cu > Ni; Cr > Zn > Cu > Ni for FES1, FES2, CFS, 
and SAV2, respectively.

Among the six sites in the study area of Saiss plain [two 
urban areas (FES1 and FES2) and three suburban areas 
(SAM, CFS, SAV1 and SAV2)], the soil samples col-
lected from FES2 showed the highest concentrations of Cr 
(103 mg kg−1), Cu (157 mg kg−1), and Zn (294 mg kg−1) 
(Table 3). The level of Ni was higher at FES1 (71 mg kg−1). 
The highest concentration of all heavy metals was found in 
urban soils.

The heavy metal contents can be related to natural con-
centrations of the soil and to anthropogenic activities. High 
values of heavy metals and their accumulations are mainly 
the result of anthropogenic activities such as industrial and 
artisanal activities, irrigation, fertilization, and intensive use 
of pesticides and herbicides (Smith 2009; Chen et al. 2015). 

Table 2  Physical and chemical parameters of soil samples

Mean Median Minimum Maximum SD

pH 8.3 8.3 8 8.6 0.2
EC µS cm−1 184.1 92.4 13.8 1107 243.2
CaCO3 (%) 42.4 36.3 24.7 65.9 14.1
OM (%) 5.8 4.9 0.4 12.8 3.2
DOC mg kg−1 95.1 98.9 33.6 170.4 40
Clay (%) 17.2 15 12 26 5.2
Silt (%) 48.2 51 33 60 9.8
Sand (%) 34 35 13 56 15.2
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The long-term use of wastewater irrigation for agricultural 
production is a significant source of soil heavy metal pol-
lution worldwide (Gupta et al. 2012; Lu et al. 2015). This 
may have been the case in agricultural urban soil of Saiss 
plain where urban districts discharged their wastewater into 
the Fez River. This is corroborated by the previous studies 
that identified the presence of high concentrations of Cr, 
Cu, Ni, and Zn in wastewater used in soil irrigation of Saiss 
plain (Koukal et al. 2004; Perrin et al. 2014; Hayzoun et al. 
2015). In addition, other parameters as, for example, crop 
type, irrigation frequency, and rate of fertilizer applications 
may all have a role in determining the concentrations that 
accumulate (Marrugo-Negrete et al. 2017). In our case, the 
use of the phosphate fertilizers may have had some impact 
on introducing some of these metals to soils.

Table 3  Total concentrations of heavy metals (mg kg−1) in soil sam-
ples

SD standard deviation
a—Mean values compiled from Kabata-Pendias (2010)
b—UCC (Upper Continental Crust) (Wedepohl 1995)

Cr Cu Ni Zn

All sites (n = 66)
 Mean 78 55 31 119
 Median 75 34 24 80
 SD 32 60 22 95
 Minimum 34 13 14 36
 Maximum 253 322 135 434

FES1 (n = 6)
 Mean 59 36 71 101
 Median 62 40 69 105
 SD 13 8 45 24
 Minimum 34 20 22 61
 Maximum 72 43 135 122

FES2 (n = 13)
 Mean 103 157 28 294
 Median 99 148 24 293
 SD 54 73 10 74
 Minimum 39 65 18 168
 Maximum 253 322 53 434

SAM (n = 13)
 Moy 69 27 26 69
 Median 56 32 21 66
 SD 25 9 14 29
 Minimum 48 13 14 43
 Maximum 106 40 58 159

CFS (n = 13)
 Mean 71 28 29 64
 Median 71 34 19 69
 SD 26 10 21 16
 Minimum 36 14 14 36
 Maximum 108 40 70 85

SAV1 (n = 13)
 Mean 75 31 24 84
 Median 78 34 22 84
 SD 17 8 6 17
 Minimum 49 18 16 60
 Maximum 97 44 33 115

SAV2 (n = 8)
 Mean 83 33 27 76
 Median 85 28 27 71
 SD 5 9 7 13
 Minimum 75 23 20 63
 Maximum 88 44 40 101

(a) World-soil
 Mean 60 39 29 70

(b) UCC 
 Mean 35 14 19 52

(d) MEF
 LGV 200 150 100 250
 HGV 300 200 150 400

d—MEF Ministry of Environment of Finland 2007. Lower guideline 
value (LGV) and Higher guideline value (HGV). The guideline val-
ues have been defined on the basis of either ecological risk

Table 3  (continued)

Fig. 2  Percentage of heavy metal in different fractions in a all of agri-
cultural soils and for b each category of agricultural soil: urban soil 
(FES1, FES2) and suburban soils (SAM, CFS, SAV1 and SAV2). 
Mean ± SD. F1 + F2: water-soluble and exchangeable + carbonate-
bound; F3: reducible metals; F4: OM-sulfides; F5: residual metals
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Sequential extraction

Figure 2a shows the percentage of the chemical fractions of 
Cr, Cu, Ni, and Zn analyzed in soils. Cr, Cu, and Zn content 
in soils associated with the residual fraction (F5) represents 
82% (Cr), 79% (Ni), and 72% (Cu). While Zn represents a 
low proportion in this fraction (12%) of the total content. In 
this fraction, Cr, Ni, and Cu are bound to minerals as part of 
their crystal structures and are, therefore, difficult to mobi-
lize. The oxidizable fraction bound to organic matter and 
sulfides (F4) represents 10% (Cr), 10% (Cu), 2% (Ni), and 
0% (Zn). In this phase, the heavy metals exhibit a moderate 
mobility and may be associated with organic ligands (humic 
and fulvic acids). The reducible fraction (F3) represents 8% 
(Cr), 11% (Cu), 18% (Ni), and 49% (Zn), showing that a 
great part of Zn at the different sampling sites is associated 
with amorphous aluminosilicate materials, such as oxides of 
Fe and Mn. The most available fraction (F1 + F2) represents 
0% (Cr), 7% (Cu), 0% (Ni), and 39% (Zn). This fraction 
corresponds to the fraction of the total contaminant in the 
interstitial water and soil particles that are available to organ-
isms, while Cu and Zn are easily mobilized compared to the 
Cr and Ni elements. The mobility sequence of heavy metals 
for all agricultural soils may be resumed as the following: 
Zn > Cu > Ni > Cr.

Figure 2b shows that the Cr, Cu, and Ni are always bound 
to the residual fraction (F5) with a percentage of 80% (Cr), 
69% (Cu), and 69% (Ni) for urban soils, and 84% (Cr), 
74% (Cu), and 86% (Ni) for suburban soils. In contrast, the 
large part of Zn (61%) is bound to the bioavailable fraction 
(F1 + F2) for suburban soils, and to the reducible fraction 
(F3) (85%) for urban soils. Only Cu and Zn are present in the 
bioavailable fraction (F1 + F2) with 4% and 5%, respectively, 
for Cu and Zn in urban soils, and 9% and 61%, respectively, 
for suburban soils, implying that these two elements present-
ing a higher risk to be free are, therefore, absorbed by living 
beings, which presents a higher environmental risk com-
pared to Cr and Ni regardless of the type of our agricultural 
soils (urban or suburban soils).

Single EDTA extraction

The results of the extraction of Cr, Cu, Ni, and Zn by EDTA 
(Fig. 3) show that the percentages of Cr, Cu, Ni, and Zn 
released are 0.1%, 16%, 1%, and 11%, respectively for all 
agricultural soils (urban and suburban soils). These results 
mean that Cu and Zn are potentially more available than 
Cr and Ni, and can constitute an environmental threat. The 
mobility sequence for all agricultural soils may be resumed 
as the following: Cu > Zn > Ni > Cr.

The results of EDTA confirm the results of the sequen-
tial extraction, which is that Zn and Cu are the most 

available elements regardless the extraction method. There 
is also a difference in the extraction sequence as EDTA 
has more affinity for Cu than Zn, which is the result of 
the affinity between EDTA and Cu and the dissolution of 
organic compounds by the chelating agent to which Cu is 
strongly bound (Andersson 1975).

The EDTA single leachate in this case may be consid-
ered as an underestimate, because the sequential extrac-
tion (F1 + F2 + F3 + F4) (Fig. 2a) is more aggressive to 
removing Cr, Cu, Ni, and Zn from all the studied samples. 
Several authors have reported a decrease in metal removal 
efficiency of EDTA in calcareous soils due to the alkaline 
pH. It is due to the hydrolysis of aquo-complexed metals 
at higher pH, and their low solubility compared to that of 
Ca (Nowack et al. 2006). Moreover, in calcareous soils, the 
higher affinity of a Ca-EDTA complexation reduces EDTA 
efficiency to solubilize heavy metals (Manouchehri et al. 
2011; Chatterjee and SenGupta 2011).

Figure 3 shows that Cu and Zn extracted by EDTA 
were very high in urban soils compared to suburban soils, 
this result confirms the finding study conducted by Kou-
chou et al. (2017) who suggests that these heavy metals 
are linked to the bioavailable fraction of organic matter 
and explained that to an external source of labile natu-
ral organic matter, coming from the contaminated water 
courses used for irrigation. When EDTA extraction is 
compared with all the fractions considered as the mobile 
fractions (F1 + F2 + F3 + F4) (Rauret 1998), the sequential 
extraction procedure (SE) seemed more aggressive than 
the EDTA single leachate at removing Cr, Cu, Ni, and Zn 
from all the studied samples. However, these results show 
that the EDTA single leachate provided a poor prediction 
to estimate Cr, Cu, Ni, and Zn mobility. This conclusion 
agrees with the results obtained by Kubová et al. (2008), 
Menzies et al. (2007) and Leleyter et al. (2012). Other 

Fig. 3  Percentage of heavy metals leached by EDTA in urban soils 
(FES1 and FES2) and suburban soils (SAM, CFS, SAV1, and SAV2), 
and in all agricultural soils (urban and suburban soils)
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studies carried out by Madrid et al. (2007) and Leleyter 
et al. (2012) showed that only a small proportion of the 
metals accessible to the mobile fractions of sequential 
extraction are likely to be soluble in EDTA.

Contamination source identification and spatial 
patterns of the heavy metals

To identify the metal contamination sources and to evaluate 
their extents in study area, the PCA was performed. This 
is a technique that clusters variables into highly correlated 
groups (Dragovic et al. 2008).

The results of the PCA of heavy metal contents and sam-
pling points are presented in Fig. 4. Two principal com-
ponents with eigenvalues greater than 1 were extracted. 
The PCA method permitted to reduce the initial data set 
to two components explaining 77.7% of the data variation. 
Therefore, these two factors afforded the suitable explana-
tion related to metal contamination in the study area. As 
shown in Fig. 4a the rotated component matrix demonstrated 
that Cr, Cu, and Zn were involved and correlated to the first 
component (PC1), whereas the second component (PC2) 
included Ni (0.9429). The PC1, which has the highest load-
ings of Cr, Cu, and Zn accounts for 51.5% of variance and 
is the most important component. In more detail, PC1 could 
be better explained as an anthropogenic source, specifically 
related to the agricultural activities taking place in the area 
for a long period of time. Cr, Cu, and Zn are well-known 

marker elements of agricultural activities, specifically 
related to the irrigation which probably amplified the pol-
lutant loads (Acosta et al. 2011; Kelepertzis 2014), which 
shows an increased accumulation in soils after long-term 
wastewater irrigation. Several authors confirm the elevated 
concentration of organic matter, nutrients (P, N, and C), and 
four heavy metals Cr, Cu, Ni, and Zn of the water used for 
irrigation, particularly in the wastewater irrigation of oued 
Fez (Koukal et al. 2004; Perrin et al. 2014; Hayzoun et al., 
2015). PC2 accounts for 26.2% of the total variability and 
can be presumed to represent a different source, probably 
from a different origin than those related to wastewater irri-
gation, like pedo-lithogenic origin.

Based on information obtained from principal component 
analysis, hierarchical cluster analysis (CA) was performed 
(Gotelle et al. 2004). Two main clusters can be distinguished 
in the dendrogram obtained from the CA performed on the 
analyzed parameters with Ward’s method and the squared 
Euclidean distance as a similarity measure (Fig. 5a). Cluster 
1 includes elements Zn, Cu, and Cr, which, in the previous 
section, were identified as contaminants derived from agri-
cultural activities, which is mostly controlled by anthropo-
genic sources as irrigation activities. Cluster 2, which con-
tains Ni, is probably derived from a different origin which 
can be due to pedo-lithogenic source.

Similarly, sampling points were also analyzed by clus-
tering methods and organized in a dendrogram to iden-
tify similar groups (Fig. 5b). The sampling sites could 

Fig. 4  Principal component analysis (PCA) results. a Loading plot of 
the two components influencing geochemical variation of agricultural 
soils from Saiss plain, b Score plot PC1 vs. PC2 of sampling sites. 

Red labels: FES1_1–FES1_6 and FES2_1–FES2_13: Urban soils, 
blue labels: SAM1–SAM13, CFS1–CFS 13, SAV1_1–SAV1_13, and 
SAV2_1–SAV2_8: suburban soils
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be grouped in two clusters, with the majority in cluster 2 
with 41 samples, and cluster 1 with 25 samples. In addi-
tion, among all the sampling sites, 62% represent cluster 
2. Interestingly, in cluster 2, 92.68% of the sampling sites 
are located in the suburban agricultural soils irrigated 
by Sebou River SAM (69.23% of sampling site), CFS 
(84.61% of sampling site), SAV1 (84.61% of sampling 
site), and SAV2 (92.30% of sampling site). This distribu-
tion is also observed in Fig. 4b, where sites SAM, CFS, 
SAV1, and SAV2 (blue circle) exhibit high PC2 scores. 
There are 25 sampling sites with high scores in PC1 (> 1) 
(red circle) corresponding that 64% represents the urban 
soil FES2 (100% of sampling site) and FES1 (50% of 
sampling site) which are enriched in Cr, Cu, and Zn.

The correlative data between Cr, Cu, and Zn concen-
trations in the soil (Table 4) imply that Cr, Cu, and Zn 
are co-contaminants with an external source, and thus, 
a common pollution source could be invoqued. This 
external source would be the contaminated water courses 

used for irrigation. In general, correlations between met-
als (Table 4) agreed with the results obtained by PCA, 
and CA was useful to confirm some new associations 

Fig. 5  Dendrogram obtained by hierarchical clustering analysis for a the heavy metals and b the sampling sites

Table 4  Correlations between heavy metals in the studied soils

Each value represents the Pearson correlation coefficient with the p 
value in parenthesis. Correlations were carried out based on 66 sam-
ples. Significance was corrected for multiple comparisons with Pear-
son’s correlation coefficients α = 0.05
*Significant correlations

Cr Cu Ni Zn

Cr 1 0.2909 
(0.0178)*

− 0.1303 0.4231 (0.0004)*

Cu 1 − 0.0133 0.8156 (< 0.0001)*
Ni 1 0.0238
Zn 1
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between metals that were not clearly stated in the previ-
ous analysis.

Assessment of soil contamination

Risk assessment code (RAC)

According to the RAC which distinguishes the bioavail-
able fraction (F1 + F2) from the non-bioavailable fraction 
(F3 + F4 + F5) (Table 5), it is possible to identify according 
to the risk categories, that Cu presents a low risk regardless 
the soil type (urban or suburban). While Zn represents a very 
high risk in suburban soils, and a low environmental risk 
in urban soils. The presence of the high percentage of bio-
available fraction of Zn in suburban soils could be probably 
explained by the extensive use of fertilizers by farmers in 
this area (Bouih et al. 2005). Zn is bound either in exchange-
able or in carbonate fraction (about 61.2%) in the suburban 
soils, which reflects that Zn comes more than 50% of the 
total metal, which can easily enter the food chain, and can 
pose serious threat to the ecosystem. However, Cr and Ni are 
present mostly in residual form, from which it cannot be eas-
ily leached out and comes under the no-risk category (< 1%).

Indexes of soil contamination and pollution

The EF, CF, and Igeo values in soils are summarized in 
Fig. 6. The EF values calculated for each metal studied 
are shown in Fig. 6a. The range of EF for the different ele-
ments was 0.9–14.8 (Cr), 0.9–46 (Cu), 0.6–30.3 (Ni), and 
0.6–32.9 (Zn). Overall, the average order of EF values is: Cu 
(7.7) > Zn (4.6) > Cr (4.2) > Ni (3.7). According to the EF 
grades (2 < EF < 5), Zn, Cr, and Ni are moderately enriched, 
unlike Cu which is significantly enriched (5 < EF < 20). The 
EF values of heavy metals in this study are higher than those 
conducted by Loska et al. (2004) in the farming soils of 
southern Poland and Marrugo-Negrete et al. (2017) in agri-
cultural soil in Colombia. For each site (Table 4) according 
to the EF grade, FES1 records a significant enrichment for 
all the heavy metals studied [Cr (6.7), Cu (10.5), Ni (18.1), 
and Zn (8.3)]. While FES2 records a moderate enrich-
ment for Ni (3.1), significant enrichment for Cr (6.0) and 
Zn (11.9), and a very high enrichment for Cu (22.9). The 

suburban areas SAM, CFS, SAV1, and SAV2 exhibit a mod-
erate enrichment for all the heavy metals studied.

The range of CF for the different metals was 1–7.2 (Cr), 
0.9–22.5 (Cu), 0.8–7.2 (Ni), and 0.7–8.3 (Zn). According 
to our results (Fig. 6b), the CF average value for all met-
als follows the decreasing order: Cu (3.9) > Zn (2.3) > Cr 

Table 5  Level of bioavailable 
and non-bioavailable fractions 
(%) in all agricultural soils, 
urban soils, and suburban soils 
of studied sampling

All agricultural soils Urban soils Suburban soils

Bioavailable 
metal (%)

Non-bioavaila-
ble metal (%)

Bioavailable 
metal (%)

Non-bioavaila-
ble metal (%)

Bioavailable 
metal (%)

Non-bioavaila-
ble metal (%)

Cr 0.0 100.0 0.0 100.0 0.0 100.0
Cu 7.1 92.9 3.6 96.4 9.4 90.6
Ni 0.0 100.0 0.0 100.0 0.0 100.0
Zn 38.9 61.1 5.4 94.6 61.2 38.8

Fig. 6  Box and whisker plots display of the distributions of the dif-
ferent contamination indexes: enrichment factor (a), contamination 
factor (b), and geoaccumulation index (c). Boxes depict 25th, 50th 
(median), and 95th percentiles and whiskers depict minimum and 
maximum values. Mean values (+); outliers (.)
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(2.2) > Ni (1.7). The CF average value based on background 
values for all metals indicates contamination by human 
sources (CF > 1), with metals such as Zn, Cr, and Ni pre-
senting a moderate degree of contamination (CF of 1–3), 
whereas Cu showed considerable contamination (CF of 
3–6). In comparison with other countries, values of CF in 
different soils collected in Saiss plain are lower than those 
reported by Marrugo-Negrete et al. (2017) in Colombia and 
Liu et al. (2013) in China for Cu, Ni, and Zn. Nevertheless, 
the research conducted by Khan et al. (2008) in agricultural 
soils irrigated with wastewater in China showed that the CF 
of Cr, Cu, Ni, and Zn were 3.0, 3.9, 10.9, and 2.1, respec-
tively. The contamination by heavy metals, especially Ni, 
was more severe than that in our study area. For each site 
(Table 6) and according to the CF grade, FES1 was classified 
as considerably contaminated for Ni (4.3) but moderately 
contaminated for Cr (1.6), Cu (2.5), and Zn (2); FES 2 was 
moderately contaminated for Cr (2.9) and Ni (1.5), consider-
ably contaminated for Zn (5.7), and severely contaminated 
for Cu (11). While all the suburban soils SAM, CFS, SAV1, 
and SAV2 were classified as moderately contaminated for 
all heavy metals.

The degree of contamination (DC) calculated from the 
sum of CF shows that all agricultural soils are consider-
ably contaminated by heavy metals (Table 7). The overall 
degree of contamination (DC) was in the following order: 
FES2 [very high contamination (21.1)] > FES1 [consider-
able contamination (10)] > SAV2 (7.6) > SAV1 (7.2) > CFS 
(6.7) (moderate contamination) > SAM [low contamination 
(4)] (Table 7).

The Igeo was also used as a reference for estimating the 
extent of metal pollution (Fig. 6c). Mean Igeo values are 
in the order Cu (0.87) > Cr (0.47) > Zn (0.29) > Ni (− 0.06). 
Therefore, the Igeo indicates that the soils are unpolluted for 
Ni and Zn (Igeo < 0.42), and that pollution is low to heavy 
for Cr and Cu in the study area, depending on each metal 
and sampling station location. In comparison with other 
countries, our values of Igeo are higher than those reported 
by Loska et  al. (2004) in the farming soils of southern 
Poland and lower than those reported by Marrugo-Negrete 
et al. (2017) in agricultural soil in Colombia. For each site 
(Table 6) according to Igeo grade, FES1 exhibits a low 
degree of pollution for Cu (0.7) and Ni (1.1). FES2 is mod-
erately polluted for Cu (2.7) and Zn (1.9). While SAV1 and 
SAV2 present a low degree of pollution for Cr (0.5 and 0.7, 
respectively), Cu (0.5 and 0.6, respectively), and Zn (0.7 and 
0.6, respectively).

The pollution load index (PLI) calculated from CF shows 
that the soils are heavily contaminated by all investigated 
heavy metals with a value ranging from 1.0 to 6.7 for all 
agricultural soils (Table 7). The FES2 soil shows the highest 
average value of PLI (3.9) within the study area, and the rest 

of the area (FES1, SAM, CFS, SAV1, and SAV2) is low-to-
moderately polluted (mean of PLI around 2).

In conclusion, we can deduce that the sequence of the 
contamination Cu > Zn > Cr > Ni is kept for EF and CF 
index. In the case of the Igeo, the Zn and Cr exchanged 
their places (Cu > Cr > Zn > Ni), it can be considered as the 
least reliable index compared to the two others indexes EF 
and CF, and may mislead us in our case study. Considering 
the indexes for each site for all the heavy metals studied (PLI 
and DC), we see that FES2 is always the most contaminated 
and polluted compared to other sites. These results affirm 
the reliability of the use of these indexes.

Ecological risk assessment

The range of ER for the different metals was 1.9–14.5 
(Cr), 4.5–112.6 (Cu), 4.6–43.5 (Ni), and 0.7–8.3 (Zn). 
According to our results (Table 7), the ER average values 
for all metals follow the decreasing order: Cu (19.3) > Ni 
(10.0) > Cr (4.5) > Zn (2.3). All the sampling sites, for all 
heavy metals, present a low risk except for FES2 which 
presents a moderate risk for Cu (55.6), while the ecologi-
cal risk (RI) calculated from ER shows a low risk for all 
heavy metals. The overall degree of risk (RI) was in the 
following order: FES2 [moderate risk (75.5)] > FES1 [low 
risk (41.7)] > SAV2 [low risk (26.5)] > SAV1 [low risk 
(24.6)] > CFS [low risk (24.3)] > SAM [low risk (23.2)] 
(Table 7). FES2 followed by FES1 exhibits higher anthro-
pogenic heavy metal concentrations and risk assessment 
values than all suburban soils (SAM, CFS, SAV1, and 
SAV2). As previously explained, urban soils, at the origin 
agricultural soils already rich in organic matter, were fer-
tilized for more than a century using wastewater in large 
quantities as irrigation source. This wastewater not only 
contained organic matter but was also very rich in heavy 
metals (Koukal et al. 2004; Perrin et al. 2014; Hayzoun 
et al. 2015). Moreover, these soils may have also accumu-
lated more heavy metals than the soils from the other sites, 
especially for heavy metals produced by human activities 
(air borne inputs from traffic road, effluent from industrial 
areas and artisanal activities, etc.). Indeed, the agricultural 
urban soils, especially FES2, have higher organic matter 
contents than suburban soils (Kouchou et al. 2017) that 
probably contribute to accumulation of heavy metals in 
urban soils, since the soil organic matter tends readily to 
adsorb heavy metals (Kabała and Szerszeń 2002). These 
results are consistent with the findings of other studies 
on heavy metals in urban and agricultural areas (Li et al. 
2001; Chen et al. 2005; Cheng et al. 2007; Bhuiyan et al. 
2010; Liu et al. 2013). The levels of individual and overall 
contamination and risk are the highest in the agricultural 
urban area, especially at FES2, according to the pattern 
of heavy metals concentrations and enrichments along 
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Table 6  Values of contamination factor (CF), enrichment factor (EF), and geoaccumulation index (Igeo) for each site

Indexes codes Heavy metals FES1 (n = 6) FES2 (n = 13) SAM (n = 13) CFS (n = 13) SAV1 (n = 13) SAV2 (n = 8)

EF Cr
 Mean 6.7 6 3.1 4.1 2.9 3.9
 Median 7.4 5.9 2.4 3.8 2.7 4
 SD 1.5 3.4 1.3 2.2 1.9 0.2
 Minimum 4 1.2 0.9 1.2 1.1 3.5
 Maximum 7.9 14.8 4.8 9.1 8.7 4.2

Cu
 Mean 10.5 22.9 2.9 3.9 2.9 3.8
 Median 11.8 25.6 3.6 4.7 2.9 3.2
 SD 2.7 12 1.2 2 1.4 1
 Minimum 6 4 0.9 1.4 0.9 2.7
 Maximum 12.4 46 4.5 8.7 6.6 5.1

Ni
 Mean 18.1 3.1 2.2 3.1 1.8 2.4
 Median 17.2 2.5 1.4 1.6 1.4 2.4
 SD 9.7 1.5 1.3 2.4 1.2 0.6
 Minimum 4.9 1 0.6 0.8 0.7 1.7
 Maximum 30.3 6.4 4.9 7.5 5.5 3.5

Zn
 Mean 8.3 11.9 2.1 2.6 2.2 2.4
 Median 9.4 10.3 1.9 2.3 2 2.3
 SD 2.1 6.9 1 1.5 1.6 0.4
 Minimum 4.9 3.8 0.6 0.6 0.6 2
 Maximum 9.8 32.9 4.9 7 7.2 3.2

CF Cr
 Mean 1.6 2.9 2 2 2.1 2.4
 Median 1.8 2.8 1.6 2 2.2 2.4
 SD 0.4 1.5 0.7 0.7 0.5 0.2
 Minimum 1 1.1 1.4 1 1.4 2.1
 Maximum 1.9 7.2 3 3.1 2.8 2.5

Cu
 Mean 2.5 11 1.9 1.9 2.2 2.3
 Median 2.8 10.4 2.2 2.4 2.4 2
 SD 0.6 5.1 0.6 0.7 0.6 0.6
 Minimum 1.4 4.5 0.9 1 1.3 1.6
 Maximum 3 22.5 2.8 2.8 3.1 3.1

Ni
 Mean 4.3 1.5 1.4 1.6 1.3 1.5
 Median 4.1 1.3 1.1 1 1.2 1.4
 SD 2.3 0.5 0.8 1.1 0.3 0.4
 Minimum 1.2 1 0.8 0.8 0.9 1.1
 Maximum 7.2 2.9 3.1 3.8 1.8 2.1

Zn
 Mean 2 5.7 1.3 1.2 1.6 1.5
 Median 2.3 5.6 1.3 1.3 1.6 1.4
 SD 0.5 1.4 0.6 0.3 0.3 0.2
 Minimum 1.2 3.2 0.8 0.7 1.2 1.2
 Maximum 2.4 8.3 3.1 1.6 2.2 1.9
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the urban pressure gradient. Despite these high levels of 
contamination and risk compared to the other sites, the 
associated grades of individual risk (ER) show that only 
urban soils present a moderate level of pollution. The Cu 
concentration may be classified at moderate-risk level, 
and the associated overall risk (RI) at low-risk level for 
biological communities (Table 7). In addition, besides 
the inhalation of dust, through hand-to-mouth ingestion 
or dermal contact agricultural urban soils could be trans-
ferred to humans, especially the most vulnerable, namely 
children (Bright et al. 2006).

Human health risk assessment

The study of the chemical contaminant risks on a target 
organism requires an estimate of the level of exposure to 
hazard. Thereby, in this study, to estimate the risk on human 
through inhalation, ingestion, and dermal contact of soils, 

we used the total heavy metal concentrations to calculate 
hazard quotient (HQ). The HQ of metals on soil for both 
adults and children is given in Table 8. The HQ of inges-
tion, dermal contact, and inhalation of soils for Cr, Cu, Ni, 
and Zn ranged from 5.38 E−05 to 9.47 E−05, 9.41 E−04 
to 5.42 E−03, 1.65 E−03 to 4.91 E−03, and 2.93 E−04 to 
1.35 E−03, respectively for adults, while it ranged from 4.70 
E−04 to 8.27 E−04, 8.09 E−03 to 4.73 E−02, 1.44 E−02 to 
4.29 E−02, and 2.56 E−03 to 1.18 E−02, respectively for 
children. The data indicated that the HQ values were < 1; 
therefore, the health risk of heavy metal exposure through 
the inhalation, dermal contact, and ingestion of soils had not 
harmful consequences. In comparison with other countries, 
our values of HQ are lower than those reported by BBodshV 
(1999) and Carlon (2007) in the farming soils of Europe, 
CCME (2018) in Canada, MoE (2018) in Korea, and Perez-
Vazquez et al. (2016) in Australia.

Table 6  (continued)

Indexes codes Heavy metals FES1 (n = 6) FES2 (n = 13) SAM (n = 13) CFS (n = 13) SAV1 (n = 13) SAV2 (n = 8)

Igeo Cr

 Mean 0.1 0.8 0.3 0.3 0.5 0.7

 Median 0.2 0.9 0.1 0.4 0.6 0.7

 SD 0.4 0.7 0.5 0.6 0.4 0.1

 Minimum − 0.6 − 0.4 − 0.1 − 0.6 − 0.1 0.5

 Maximum 0.5 2.3 1 1 0.9 0.7

Cu

 Mean 0.7 2.7 0.2 0.3 0.5 0.6

 Median 0.9 2.8 0.6 0.7 0.6 0.4

 SD 0.4 0.7 0.5 0.6 0.4 0.4

 Minimum − 0.1 1.6 − 0.7 − 0.6 − 0.3 0.1

 Maximum 1 3.9 0.9 0.9 1 1

Ni

 Mean 1.1 − 0.1 − 0.2 − 0.2 − 0.3 − 0.1

 Median 1.3 − 0.2 − 0.4 − 0.6 − 0.4 − 0.1

 SD 1.1 0.5 0.7 0.9 0.3 0.3

 Minimum −0.3 − 0.6 − 1 − 1 − 0.8 − 0.5

 Maximum 2.3 0.9 1 1.3 0.2 0.5

Zn

 Mean 0.3 1.9 − 0.3 − 0.3 0.1 − 0.1

 Median 0.4 1.9 − 0.2 − 0.2 0.1 − 0.1

 SD 0.4 0.4 0.5 0.4 0.3 0.2

 Minimum − 0.4 1.1 − 0.9 − 1.1 − 0.4 − 0.3

 Maximum 0.6 2.5 1 0.1 0.6 0.4
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The chronic daily intake (CDI) of Cr, Cu, Ni, and Zn 
was below the tolerable limits. The CDI of heavy metals for 
children are higher than those for adults. Oral reference dose 

(RfD) for Cr, Cu, Ni, and Zn is 1.5 E−0, 4 E−2, 2 E−2, 
and 0.3 E−0 mg kg−1 day−1, respectively (US EPA IRIS). 

Table 7  Values of pollution lead index (PLI), degree of contamination (DC), potential ecological risk index of an individual metal (ER), and 
potential ecological risk index (RI) for each site and for all agricultural soils

FES1 (n = 6) FES2 (n = 13) SAM (n = 13) CFS (n = 13) SAV1 (n = 13) SAV2 (n = 8) All agricul-
tural soils 
(n = 66)

PLI
 Mean 2.3 3.9 1.5 1.5 1.7 1.8 2.1
 Median 2.2 3.9 1.4 1.7 1.8 1.9 1.8
 SD 0.6 1 0.3 0.3 0.2 0.2 1
 Min 1.6 3 1.2 1 1.4 1.6 1
 Max 3.1 6.8 2.5 2 2 2 6.8

CD
 Mean 10 21.1 4 6.7 7.2 7.6 10
 Median 9.2 20.7 3.2 6.9 7.2 7.7 7.6
 SD 3 5.9 1.4 1.3 0.8 0.8 6.3
 Min 6.9 13.4 2.7 3.9 6 6.6 3.9
 Max 14.5 32 6.1 8.3 8.3 8.6 32

ER
 Cr
  Mean 3.3 5.9 4 4 4.3 4.7 4.5
  Median 3.6 5.7 3.2 4 4.5 4.9 4.3
  SD 0.8 3.1 1.4 1.5 1 0.3 1.8
  Min 1.9 2.3 2.7 2 2.8 4.3 1.9
  Max 4.1 14.5 6.1 6.2 5.5 5 14.5

 Cu
  Mean 12.8 55.1 9.4 9.7 10.9 11.5 19.3
  Median 14 51.8 11.1 11.9 11.8 9.8 11.9
  SD 2.9 25.4 3.1 3.4 3 3.2 21.1
  Min 7.1 22.7 4.5 4.9 6.3 8 4.5
  Max 14.9 112.6 14.1 14 15.3 15.3 112.6

 Ni
  Mean 23 9.1 8.5 9.3 7.7 8.8 10
  Median 22.3 7.6 6.8 6.1 7 8.6 7.7
  SD 14.4 3.1 4.6 6.7 1.8 2.2 7
  Min 7.1 6 4.6 4.6 5.3 6.3 4.6
  Max 43.5 17.1 18.6 22.7 10.5 12.8 43.5

 Zn
  Mean 1.9 5.7 1.3 1.2 1.6 1.5 2.3
  Median 2 5.6 1.3 1.3 1.6 1.4 1.5
  SD 0.5 1.4 0.6 0.3 0.3 0.2 1.8
  Min 1.2 3.2 0.8 0.7 1.2 1.2 0.7
  Max 2.4 8.3 3.1 1.6 2.2 1.9 8.3

RI
 Mean 41.1 75.7 23.2 24.3 24.6 26.5 36
 Median 37.6 68.8 21.1 24.1 24.3 27.5 26.7
 SD 15.6 27.2 4.9 5.5 2.4 2.7 24.1
 Min 24 41.4 18.1 14.8 21.5 21.9 14.8
 Max 64.5 131.9 36.5 34.3 28.1 29.2 131.9
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However, it seems that this parameter does not have a sig-
nificant risk on the scale of lifetime (US EPA IRIS).

According to Fig. 7, the total exposure HI of ingestion, 
dermal contact, and inhalation soils for both adults and chil-
dren did not exceed 1 in all sampling sites. The HI for adults 
and children is higher on agricultural urban soils (FES1 and 
FES2) compared to agricultural suburban soils. The elevated 
non-cancer risk noted in agricultural urban soils was mainly 
attributed to the level of Cu, Ni, and Zn from both natural 
and anthropogenic sources such as wastewater irrigation 
and a probably use of fertilizers. Figure 7 clearly shows that 
the HI ingestion of soil is higher for children than those for 
adults, what could be explained because children tend to 

be exposed to greater amounts of soil than adults through 
ingestion due to pica and play behavior (Murgueytio et al. 
1998; CDC 2005). From Fig. 8, we observed a similar pro-
file for inhalation and dermal contact of soils on both adults 
and children. Although there are many of human exposures 
to heavy metals, it must be noted that our assessment only 
considered the intake of those elements through direct soil 
exposure. Indeed, humans are mostly exposed to chemi-
cal contaminants through other routes of exposure such as 
food (vegetables, meats, water, and other liquids) (Wang 
et al. 2005; Zheng et al. 2007; Chary et al. 2008; Sipter 
et al. 2008). Therefore, to successfully identify the prevail-
ing exposure routes of potential concern, it is recommended 

Table 8  CDI and HQ of 
ingestion, dermal contact, and 
inhalation of soils on adult 
and children in six agricultural 
soils based on total heavy metal 
concentrations

Type of sampling soil Sites Individuals Cr Cu Ni Zn

Urban soils FES1 (n = 6) Adults
 CDI 8.07E−05 5.02E−05 9.81E−05 1.39E−04
 HQ 5.38E−05 1.25E−03 4.91E−03 4.62E−04

Children
 CDI 7.05E−04 4.38E−04 8.58E−04 1.21E−03
 HQ 4.70E−04 1.10E−02 4.29E−02 4.04E−03

FES2 (n = 13) Adults
 CDI 4.72E−05 7.23E−05 1.29E−05 1.35E−04
 HQ 9.47E−05 5.42E−03 1.94E−03 1.35E−03

Children
 CDI 1.24E−03 1.90E−03 3.38E−04 3.53E−03
 HQ 8.27E−04 4.73E−02 1.69E−02 1.18E−02

Suburban soils SAM (n = 13) Adults
 CDI 9.63E−05 3.77E−05 3.81E−05 9.11E−05
 HQ 6.42E−05 9.41E−04 1.90E−03 3.04E−04

Children
 CDI 8.33E−04 3.24E−04 3.18E−04 8.25E−04
 HQ 5.55E−04 8.09E−03 1.59E−02 2.75E−03

CFS (n = 13) Adults
 CDI 9.73E−05 3.83E−05 3.97E−05 8.79E−05
 HQ 6.49E−05 9.56E−04 1.99E−03 2.93E−04

Children
 CDI 8.51E−04 3.34E−04 3.47E−04 7.68E−04
 HQ 5.67E−04 8.35E−03 1.73E−02 2.56E−03

SAV1 (n = 13) Adults
 CDI 1.02E−04 4.31E−05 3.30E−05 1.16E−04
 HQ 6.85E−05 1.08E−03 1.65E−03 3.83E−04

Children
 CDI 8.98E−04 3.76E−04 2.88E−04 1.00E−03
 HQ 5.99E−04 9.41E−03 1.44E−02 3.35E−03

SAV2 (n = 8) Adults
 CDI 1.15E−04 4.52E−05 3.77E−05 1.04E−04
 HQ 7.62E−05 1.13E−03 1.88E−03 3.47E−04

Children
 CDI 9.98E−04 3.95E−04 3.29E−04 9.09E−04
 HQ 6.66E−04 9.87E−03 1.65E−02 3.03E−03
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to apply multi-pathway risk analyses related to suitable 
environmental media (Dong and Hu 2012; Qu et al. 2012; 
Zhuang et al. 2014).

Conclusion

The present study showed that the heavy metal total concen-
trations in all urban and suburban agricultural soils of Saiss 
plain in Morocco were higher compared to crustal and aver-
age worldwide soils, which implies that the soil quality status 
related to heavy metals content, particulary to Cu and Zn and 
to a lesser extent to Cr, is pretty threatened. Moreover, the two 
chemical extraction methods (single and sequential) showed 
that Cu and Zn are more potentially available than Cr and Ni, 
with a special affinity for Cu by EDTA. Besides the aforemen-
tioned results, we confirm that the sequential extraction is more 

aggressive than the EDTA for extraction in our alkaline agri-
cultural soils. Multivariate analyses (PCA, CA) and correla-
tion matrix used in this study provide important tools for better 
understanding of the source identification and spatial variations 
of selected heavy metals in the agricultural soils of the studied 
area. The results showed that Cr, Cu, and Zn contamination in 
soils mainly originates from anthropogenic origin, while Ni 
exhibits a different origin like a pedo-lithogenic origin. The 
application of the enrichment factor (EF), contamination factor 
(CF), degree of contamination (DC), pollution lead index (PLI), 
and index of geoaccumulation (Igeo) enables us to find consid-
erable to high levels of Cu and Zn, respectively, in the urban 
agricultural soils irrigated by wastewater of the studied area. 
The present study suggests that Igeo index was the less reliable 
index in our case study, compared to the EF, CF, DC, and PLI 
indexes. However, the results show that the potential ecological 
risks were low-to-moderate in urban agricultural soils irrigated 
by wastewater. The hazard indexes (HI) of the studied metals 
were < 1 for both adults and children, indicating that there is 
not a health risks associated with the ingestion, dermal con-
tact, and inhalation of contaminated soils. Future studies should 
pay attention to understanding the dynamics of heavy metals, 
in agricultural soils of the Saiss plain area, and to monitoring 
where and which heavy metal accumulate. This should involve 
studying the deeper soil layers and not only the surface soil 
layer, and apply a multi-pathway risk analysis considering all 
relevant environmental media to identify the dominant pathway 
of potential concern. Ultimately, this study will fill a gap in 
the literature by reporting the human health impacts of heavy 
metals in agricultural soil from urban and suburban areas in the 
Saiss plain. This study may also guide policy decisions aimed 
at protecting human health and the environment.

Acknowledgements This work was supported by the French Ministry 
of Foreign Affairs and of Higher Education and Research and Moroccan 

Fig. 7  Box plot of total exposure hazard index (HI) of ingestion, 
dermal contact, and inhalation of soils based on total heavy metal 
concentrations on adult and children in six agricultural soils. Boxes 

depict 25th, 50th (median), and 95th percentiles and whiskers depict 
minimum and maximum values. Mean values (+); outliers (.)

Fig. 8  Values of each hazard index (HI ingestion, HI dermal and HI 
inhalation) for adults and children in urban (FES1 and FES2) and 
suburban soils (SAM, CFS, SAV1 and SAV2)



Environmental Earth Sciences          (2020) 79:131  

1 3

Page 19 of 22   131 

Ministries of Higher Education, Scientific Research and Agriculture and 
Rural Development—(PHC PRAD-TOUBKAL). We would like to thank 
the City of Innovation of Sidi Mohamed Ben Abdellah University for 
providing the technical assistance for the analysis of heavy metals.

References

ABHS (2005) Agence du Bassin Hydraulique de Sebou (English : 
Hydraulic Basin Agency of Sebou). Etude d’actualisation du 
plan directeur d’aménagement integré des ressources en eau du 
bassin hydraulique du Sebou (PDAIRE). Mission I: Evaluation 
des ressources en eau du bassin du Sebou. MI.2: Ressources en 
eau souterraines, pp 106

BBodSch V (1999) Bundes-Bodenschutz- und Altlastenverordnung 
(BBodSchV) vom 12. Juli 1999. Bundesgesetzblatt I 1999, 1554 
(English Version). (Federal Soil Protection and Contaminated 
Sites Ordinance, dated 12 July 1999)

Acosta JA, Faz A, Martínez-Martínez S, Arocena JM (2011) Enrich-
ment of metals in soils subjected to different land uses in a typi-
cal Mediterranean environment (Murcia City, southeast Spain). 
Appl Geochem 26:405–414

Adriano DC (2001) Biogeochemical processes regulating metal behav-
ior. Trace elements in terrestrial environments. Springer, New 
York, pp 29–59

Alloway BJ (2013) Heavy metals and metalloids as micronutrients for 
plants and animals. Heavy metals in soils environmental pollu-
tion. Springer, Dordrecht, pp 195–209

Alloway BJ, Jackson AP (1991) The behaviour of heavy metals in 
sewage sludge-amended soils. Sci Total Environ 100:151–176 
(Honour Vol. Eric. Hamilt)

Andersson A  (1975) Relative efficiency of nine different soil extract-
ants. Swed J Agric Res 5:125–135

Antoniadis V, Robinson J, Alloway B (2008) Effects of short-term 
pH fluctuations on cadmium, nickel, lead, and zinc availability 
to rye grass in a sewage sludge-amended field. Chemosphere 
71:759–764

Baath E (1989) Effects of heavy metals in soil on microbial processes 
and populations (a review). Water Air and Soil Pollut 47:335–379

Baruah NK, Kotoky P, Bhattacharyya KG, Borah GC (1996) Metal 
speciation in Jhanji River sediments. Sci Total Environ 193:1–12

Basta NT, Ryan JA, Chaney RL (2005) Trace element chemistry in 
residual-treated soil: key concepts and metal bioavailability. J 
Environ Qual 34:49–63

Bellarbi M, Rais N, Elsass F, Duplay J, Ijjaali M (2015) Speciation of 
Cr, Cu, Ni and Zn in soils irrigated with contaminated waters: 
a case study of agricultural soils from the plain of Saiss (Fez, 
Morocco). Environ Earth Sci 73:3465–3474

Bhuiyan MAH, Parvez L, Islam MA, Dampare SB, Suzuki S (2010) 
Heavy metal pollution of coal mine-affected agricultural soils in 
the northern part of Bangladesh. J Hazard Mater 173:384–392

Bolan NS, Baskaran S, Thiagarajan S (1996) An evaluation of the 
methods of measurement of dissolved organic carbon in soils, 
manures, sludges, and stream water. Commun Soil Sci Plant Anal 
27:2723–2737

Bouih HB, Nassali H, Leblans M, Srhiri A (2005) Contamination en 
métaux traces des sédiments du lac Fouarat (Maroc). Afrique 
Sci 1(1):109–125

Bright DA, Richardson GM, Dodd M (2006) Do current standards of 
practice in Canada measure what is relevant to human exposure 
at contaminated sites? I: a discussion of soil particle size and 
contaminant partitioning in soil. Hum Ecol Risk Assess Int J 
12:591–605

Bruder-Hubscher V, Lagarde F, Leroy MJF, Coughanowr C, Engue-
hard F (2002) Application of a sequential extraction procedure to 

study the release of elements from municipal solid waste incin-
eration bottom ash. Anal Chim Acta 451:285–295

Buykx SEJ, Bleijenberg M, Hoop MAGT, van den Loch JPG (2000) 
The effect of oxidation and acidification on the speciation of 
heavy metals in sulfide-rich freshwater sediments using a sequen-
tial extraction procedure. J Environ Monit 2:23–27

Carlon C (2007) Derivation methods of soil screening values in 
Europe: a review and evaluation of national procedures towards 
harmonization. European Commission, Joint Research Centre, 
Ispra, EUR 22805-EN, pp 306

CCME (2018) Canadian Council of Ministers of the Environment. Soil 
Quality guidelines for the protection of environmental and human 
health. Available at. https ://www.ccme.ca/en/resou rces/canad 
ian_envir onmen tal_quali ty_guide lines /index .html, Accessed 
date 20 Jun 2019

CDC Centers for Disease Control and Prevention (2005) Preventing 
lead poisoning in young children. CDC, Atlanta

Charrière A (1990) Héritage hercynien et évolution géodynamique 
alpine d’une chaine intracontinentale: le Moyen-Atlas au sud-
est de Fès (Maroc). PhD, University of Toulouse III, p 589

Chary NS, Kamala CT, Samuel Suman Raj D (2008) Assessing risk of 
heavy metals from consuming food grown on sewage irrigated 
soils and food chain transfer. Ecotoxicol Environ Saf 69:513–524

Chatterjee PK, SenGupta AK (2011) Interference-free detection of 
trace copper in the presence of EDTA and other metals using two 
complementary chelating polymers. Colloids Surf Physicochem 
Eng Asp 384:432–441

Chen TB, Zheng YM, Lei M, Huang ZC, Wu HT, Chen H, Fan KK, Yu 
K, Wu X, Tian QZ (2005) Assessment of heavy metal pollution 
in surface soils of urban parks in Beijing, China. Chemosphere 
60:542–551

Chen W, Lu S, Pan N, Wang Y, Wu L (2015) Impact of reclaimed 
water irrigation on soil health in urban green areas. Chemosphere 
119:654–661

Cheng J, Shi Zhu Y (2007) Assessment and mapping of environmen-
tal quality in agricultural soils of Zhejiang Province, China. J 
Environ Sci 19:50–54

Dauteuil O, Moreau F, Qarqori K (2016) Structural pattern of the Saïss 
basin and Tabular Middle Atlas in northern Morocco: hydrologi-
cal implications. J Afr Earth Sci 119:150–159

Deng Q, Cheng X, Zhou G, Liu J, Liu S, Zhang Q, Zhang D (2013) 
Seasonal responses of soil respiration to elevated  CO2 and N 
addition in young subtropical forest ecosystems in southern 
China. Ecol Eng 61:65–73

Dong Z, Hu J (2012) Development of lead source-specific exposure 
standards based on aggregate exposure assessment: Bayesian 
inversion from biomonitoring information to multipathway expo-
sure. Environ Sci Technol 46:1144–1152

Dragović S, Mihailović N, Gajić B (2008) Heavy metals in soils: dis-
tribution, relationship with soil characteristics and radionuclides 
and multivariate assessment of contamination sources. Chemos-
phere 72:491–495

Du Laing G, Rinklebe J, Vandecasteele B, Meers E, Tack FMG (2009) 
Trace metal behaviour in estuarine and riverine floodplain soils 
and sediments: a review. Sci Total Environ 407:3972–3985

Dudka S, Miller WP (1999) Permissible concentrations of arsenic and 
lead in soils based on risk assessment. Water Air Soil Pollut 
113:127–132

El Ass K, Laachach A, Azzi (2004) Three-stage sequential extraction 
procedure for metal partitioning in polluted soils and sediments. 
Ann Chim 94:325–332

Foti DF, Gignoux J, Lata JC, Lerch T, Mathieu J, Nold F, Nunan N, 
Raynaud X, Abbadie L, Barot S (2017) Trace element concentra-
tions along a gradient of urban pressure in forest and lawn soils 
of the Paris region (France). Sci Total Environ 598:938–948

https://www.ccme.ca/en/resources/canadian_environmental_quality_guidelines/index.html
https://www.ccme.ca/en/resources/canadian_environmental_quality_guidelines/index.html


 Environmental Earth Sciences          (2020) 79:131 

1 3

  131  Page 20 of 22

Gotelli NJ, Ellison AM (2004) A primer of ecological statistics, 1st 
edn. Sinauer Associates, Sunderland, p 492

Gupta N, Khan DK, Santra SC (2012) Heavy metal accumulation in 
vegetables grown in a long-term wastewater-irrigated agricultural 
land of tropical India. Environ Monit Assess 184:6673–6682

Hakanson L (1980) An ecological risk index for aquatic pollution con-
trol: a sedimentological approach. Water Res 14:975–1001

Hans-Wedepohl K (1995) The composition of the continental crust. 
Geochim Cosmochim Acta 59:1217–1232

Hayzoun H, Garnier C, Durrieu G, Lenoble V, Le Poupon C, Angeletti 
B, Ouammou A, Mounier S (2015) Organic carbon, and major 
and trace element dynamic and fate in a large river subjected to 
poorly-regulated urban and industrial pressures (Sebou River, 
Morocco). Sci Total Environ 502:296–308

Helios-Rybicka E, Förstner U (1986) Effect of oxyhydrate coatings on 
the binding energy of metals by clay minerals. Sediments and 
Water Interactions. Springer, New York, pp 381–385

Hettiarachchi GM, Ryan JA, Chaney RL, La Fleur CM (2003) Sorption 
and desorption of cadmium by different fractions of biosolids-
amended soils. J Environ Qual 32:1684–1693

Impellitteri CA, Lu Y, Saxe JK, Allen HE, Peijnenburg WJM (2002) 
Correlation of the partitioning of dissolved organic matter frac-
tions with the desorption of Cd, Cu, Ni, Pb and Zn from 18 Dutch 
soils. Environ Int 28:401–410

Kabała C, Szerszeń L (2002) Profile distributions of lead, zinc, 
and copper in dystric cambisols developed from granite and 
gneiss of the Sudetes Mountains, Poland. Water Air Soil Pollut 
138:307–317

Kabata-Pendias A (2010) Trace Elements in Soils and Plants, Fourth 
Edition. CRC Press, Boca Raton

Kelepertzis E (2014) Accumulation of heavy metals in agricultural 
soils of Mediterranean: insights from Argolida basin, Pelopon-
nese, Greece. Geoderma 221:82–90

Khan S, Cao Q, Zheng YM, HuangYZ ZhuYG (2008) Health risks 
of heavy metals in contaminated soils and food crops irrigated 
with wastewater in Beijing, China. Environ Pollut 152:686–692

Kouchou A, Rais N, Thoisy JC, Duplay J, Ghazi M, Elsass F, Ijjaali M, 
El Ghachtouli N (2017) Behavior of enzyme activities exposed 
to contamination by heavy metals and dissolved organic carbon 
in calcareous agricultural soils. Soil Sediment Contam Int J 
26:259–276

Koukal B, Dominik J, Vignati D, Arpagaus P, Santiago S, Ouddane B, 
Benaabidate L (2004) Assessment of water quality and toxicity 
of polluted Rivers Fez and Sebou in the region of Fez (Morocco). 
Environ Pollut 131:163–172

Kubová J, Matús P, Bujdos M, Hagarová I, Medved J (2008) Utilization 
of optimized BCR three-step sequential and dilute HCl single 
extraction procedures for soil-plant metal transfer predictions in 
contaminated lands. Talanta 75:1110–1122

Lasat MM (2002) Phytoextraction of toxic metals: a review of biologi-
cal mechanisms. J Environ Qual 31:109–120

Lasri M (2015) Les inondations menaçant l’agglomération de Fès: De 
l’étude hydrologique et du risque à la cartographie des dangers 
d’inondation. Ph.D Thesis defended in 2015 at the Faculty of 
Letters and Human Sciences, Fez, Saїs, pp 265

Leleyter B (2006) Selectivity and efficiency of the acido-soluble 
extraction in sequential extraction procedure. Int J Soil Sci 
1(2):168–170

Leleyter L, Probst JL (1999) A new sequential extraction procedure for 
the speciation of particulate trace elements in river sediments. Int 
J Environ Anal Chem 73:109–128

Leleyter L, Rousseau C, Biree L, Baraud F (2012) Comparison of 
EDTA, HCl and sequential extraction procedures, for selected 
metals (Cu, Mn, Pb, Zn), in soils, riverine and marine sediments. 
J Geochem Explor 116:51–59

Li X, Poon C, Liu PS (2001) Heavy metal contamination of urban soils 
and street dusts in Hong Kong. Appl Geochem 16:1361–1368

Liu G, Tao L, Liu X, Hou J, Wang A, Li R (2013) Heavy metal specia-
tion and pollution of agricultural soils along Jishui River in non-
ferrous metal mine area in Jiangxi Province, China. J Geochem 
Explor 132:156–163

Loska K, Wiechuła D, Korus I (2004) Metal contamination of farming 
soils affected by industry. Environ Int 30:159–165

Lu Y, Yao H, Shan D, Jiang Y, Zhang S, Yang J (2015) Heavy metal 
residues in soil and accumulation in maize at long-term waste-
water irrigation area in Tongliao, China [WWW Document]. J 
Chem. https ://doi.org/10.1155/2015/62828 0

Luo XS, Ding J, Xu B, Wang YJ, Li H, Yu S (2012) Incorporating bio-
accessibility into human health risk assessments of heavy metals 
in urban park soils. Sci Total Environ 424:88–96

Ma H, Hung ML, Chen PC (2007) A systemic health risk assessment 
for the chromium cycle in Taiwan. Environ Int 33:206–218

Madrid F, Reinoso R, Florido MC, Díaz Barrientos E, Ajmone-Marsan 
F, Davidson CM, Madrid L (2007) Estimating the extractability 
of potentially toxic metals in urban soils: a comparison of several 
extracting solutions. Environ Pollut 147:713–722

Manouchehri N, Besançon S, Bermond A (2011) Kinetic characterizing 
of soil trace metal availability using Soil/EDTA/Chelex mixture. 
Chemosphere 83:997–1004

Marrugo-Negrete J, Pinedo-Hernández J, Díez S (2017) Assessment 
of heavy metal pollution, spatial distribution and origin in agri-
cultural soils along the Sinú River Basin, Colombia. Environ 
Res 154:380–388

McCauley A, Jones C, Jacobsen J (2009) Soil pH and organic matter. 
Nutrient management modules 8, #4449-8. Montana State Uni-
versity Extension Service, Bozeman. Montana 1–12

MEF 2007 Ministry of the Environment, Finland. Government Decree 
on the Assessment of Soil Contamination and Remediation 
Needs (214/2007, March 1, 2007)

Menzies NW, Donn MJ, Kopittke PM (2007) Evaluation of extractants 
for estimation of the phytoavailable trace metals in soils. Environ 
Pollut 145:121–130

Micó C, Peris M, Sánchez J, Recatalá L (2006) Heavy metal content of 
agricultural soils in a Mediterranean semiarid area: the Segura 
River Valley (Alicante, Spain). Span J Agric Res 4(4):363–372

MoE (2018) Ministry of Environment, Korea. Soil contaminants and 
control limits. Available at. https ://eng.me.go.kr/eng/web/index 
.do?menuI d=311, Accessed date: 20 Jun 2019

Morel JLB, Heinrich A (2008) Soils in urban, industrial, traffic, min-
ing and military areas. An interdisciplinary working group of 
the “International Union of Soil Science” (IUSS) dedicated to 
soils strongly modified by human activities. J Soils Sediments 
8:206–207

Moreno JL, García C, Hernández T, Pascual JA (1996) Transference 
of heavy metals from a calcareous soil amended with sewage-
sludge compost to barley plants. Bioresour Technol 55:251–258

Mossop KF, Davidson CM (2003) Comparison of original and modi-
fied BCR sequential extraction procedures for the fractionation 
of copper, iron, lead, manganese and zinc in soils and sediments. 
Anal Chim Acta 478:111–118

Müller G (1979) Schwermetalle in den Sedimenten des Rheins - 
Veränderungen seit, 1971. Umschau 79:778–783

Murgueytio AM, Evans RG, Sterling D, Serrano F, Roberts D (1998) 
Behaviors and blood lead levels of children in a lead-mining area 
and a comparison community. J Environ Health 60:14

Naji A, Ismail A (2012) Metals fractionation and evaluation of their 
risk connected with urban and industrial influx in the klang river 
surface sediments, Malaysia. Environ Asia 5:17–25

Nowack B, Schulin R, Robinson BH (2006) Critical assessment of 
chelant-enhanced metal phytoextraction. Environ Sci Technol 
40:5225–5232

https://doi.org/10.1155/2015/628280
http://eng.me.go.kr/eng/web/index.do?menuId=311
http://eng.me.go.kr/eng/web/index.do?menuId=311


Environmental Earth Sciences          (2020) 79:131  

1 3

Page 21 of 22   131 

Oomen AG, Rompelberg CJM, Bruil MA, Dobbe CJG, Pereboom 
DPKH, Sips AJM (2003) Development of an in vitro digestion 
model for estimating the bioaccessibility of soil contaminants. 
Arch Environ Contam Toxicol 44:281–287

Pardo R, Barrado E, Lourdes P, Vega M (1990) Determination and 
speciation of heavy metals in sediments of the Pisuerga River. 
Water Res 24:373–379

Park JH, Lamb D, Paneerselvam P, Choppala G, Bolan N, Chung JW 
(2011) Role of organic amendments on enhanced bioremedia-
tion of heavy metal (loid) contaminated soils. J Hazard Mater 
185:549–574

Pérez-Vázquez FJ, Flores-Ramírez R, Ochoa-Martínez AC, Carrizales-
Yáñez L, Ilizaliturri-Hernández CA, Moctezuma-González J, 
Prundeda-Alvarez LG, Ruiz-Vera T, Orta-Garcia ST, Gonzalez-
Palomo AK, Pérez-Maldonado IN (2016) Human health risks 
associated with heavy metals in soil in different areas of San Luis 
Potosi, Mexico. Human Ecol Risk Assess J 22(2):323–336

Perrin JL, Raïs N, Chahinian N, Moulin P, Ijjaali M (2014) Water quality 
assessment of highly polluted rivers in a semi-arid Mediterranean 
zone Oued Fez and Sebou River (Morocco). J Hydrol 510:26–34

Qingjie G, Jun D, Yunchuan X, Qingfei W, Liqiang Y (2008) Calculat-
ing pollution indices by heavy metals in ecological geochemistry 
assessment and a case study in parks of Beijing. J China Univ Geo-
sci 19:230–241

Qu CS, Ma ZW, Yang J, Liu Y, Bi J, Huang L (2012) Human expo-
sure pathways of heavy metals in a lead–zinc mining area, Jiangsu 
Province China. PLoS ONE 7:e46793. https ://doi.org/10.1371/
journ al.pone.00467 93

Raghunath R, Tripathi R, Kumar A, Sathe AP, Khandekar RN, Nambi 
KSV (1999) Assessment of Pb, Cd, Cu, and Zn exposures of 6–10 
year old children in Mumbai. Environ Res 80:215–221

Rattan RK, Datta SP, Chhonkar PK, Suribabu K, Singh AK (2005) Long-
term impact of irrigation with sewage effluents on heavy metal con-
tent in soils, crops and groundwater : a case study. Agric Ecosyst 
Environ 109:310–322

Rauret G (1998) Extraction procedures for the determination of heavy 
metals in contaminated soil and sediment. Talanta 46:449–455

Reimann C, de Caritat P (2005) Distinguishing between natural and 
anthropogenic sources for elements in the environment: regional 
geochemical surveys versus enrichment factors. Sci Total Environ 
337:91–107

Reimann C, Koller F, Frengstad B, Kashulina G, Niskavaara H, Engl-
maier P (2001) Comparison of the element composition in several 
plant species and their substrate from a 1500000  km2 area in North-
ern Europe. Sci Total Environ 278:87–112

Rothenberg SE, Du X, Zhu YG, Jay JA (2007) The impact of sewage 
irrigation on the uptake of mercury in corn plants (Zea mays) from 
suburban Beijing. Environ Pollut 149:246–251

Sahuquillo A, Rigol A, Rauret G (2003) Overview of the use of leaching/
extraction tests for risk assessment of trace metals in contaminated 
soils and sediments. TrAC Trends Anal Chem 22:152–159

Sany SBT, Salleh A, Sulaiman AH, Sasekumar A, Rezayi M, Tehrani 
GM (2013) Heavy metal contamination in water and sediment of 
the Port Klang coastal area, Selangor, Malaysia. Environ Earth Sci 
69:2013–2025

Silveira MLA, Alleoni LRF, Guilherme LRG (2003) Biosolids and heavy 
metals in soils. Sci Agric 60:793–806

Sipter E, Rózsa E, Gruiz K, Tátrai E, Morvai V (2008) Sitespecific risk 
assessment in contaminated vegetable gardens. Chemosphere 
71:1301–1307

Smith SR (2009) A critical review of the bioavailability and impacts of 
heavy metals in municipal solid waste composts compared to sew-
age sludge. Environ Int 35:142–156

Soler-Rovira P, Madejón E, Madejón P, Plaza C (2010) In situ remedia-
tion of metal-contaminated soils with organic amendments: Role 
of humic acids in copper bioavailability. Chemosphere 79:844–849

Sundaray SK, Nayak BB, Lin S, Bhatta D (2011) Geochemical specia-
tion and risk assessment of heavy metals in the river estuarine 
sediments—a case study: Mahanadi basin India. J Hazard Mater 
186(2):1837–1846

Temminghoff EJM, Van der Zee SEATM, de Haan FAM (1997) Cop-
per Mobility in a copper-contaminated sandy soil as affected by 
pH and solid and dissolved organic matter. Environ Sci Technol 
31:1109–1115

Tessier A, Campbell PGC, Bisson M (1979) Sequential extraction pro-
cedure for the speciation of particulate trace metals. Anal Chem 
51:844–851

Tomlinson DL, Wilson JG, Harris CR, Jeffrey DW (1980) Problems in the 
assessment of heavy-metal levels in estuaries and the formation of 
a pollution index. Helgoländer Meeresunters 33:566–575

UDOE (2011) Best practices laboratories for the 21st century: modeling 
exhaust dispersion forspecifying. Acceptable Exhaust/ Intake 
Designs. https ://www1.eere.energ y.gov/femp/pdfs/bp_model 
ing_508.pdf. Accessed 1 Dec 2018

US EPA, IRIS United States, Environmental Protection Agency, Inte-
grated risk information system. https ://www.epa.gov/iris/subst  
(December 2006)

US EPA (1989) Risk assessment guidance for superfund (RAGS): volume 
I. Human Health Evaluation Manual (HHEM)—part A, baseline 
risk assessment. Washington DC: Officeof emergency and remedial 
response [EPA/540/1–89/002]

US EPA (1991) Risk Assessment Guidance for Superfund (RAGS), vol-
ume I: Human Health Evaluation Manual (HHEM) supplemen-
tal guidance. Washington DC: Office ofemergency and remedial 
response [EPA/540/R-92/003]

US EPA (2002) Supplemental guidance for developing soil screening 
levels for superfund sites.Washington, DC: Office of soild waste 
and emergency response [OSWER9355.4-24]

US EPA (2004) Risk Assessment Guidance for Superfund. Volume I: 
Human Health EvaluationManual-part E, supplemental guidance 
for dermal risk assessment. Washington, DC: Office of super-
fund remediation and technology innovation [EPA/540/R/99/005.
OSWER 9285. 7-02EP PB99-963312]

US Epa United States Environmental Protection Agency (2007) Inte-
grated risk information system-database. EPA, Philadelphia, 
Washington

US EPA (2011) Exposure factors handbook 2011 edition (Final). https ://
cfpub .epa.gov/ncea/risk/recor displ ay.cfm?deid=23625 2

Vega FA, Covelo EF, Andrade ML, Marcet P (2004) Relationships 
between heavy metals content and soil properties in minesoils. 
Anal Chim Acta. In: Papers presented at the VIIIth International 
Symposium on Analytical Methodology in the Environmental Field 
and XIIIth Meeting of the Spanish Society of Analytical Chemistry, 
University of A Coruna, Spain 21–24 October 2003 524, 141–150

Vegter J (2007) Urban soils—an emerging problem? J Soils Sediments 
7:63–63. https ://doi.org/10.1065/jss20 07.01.202

Wang X, Sato T, Xing B, Tao S (2005) Health risks of heavy metals to 
the general public in Tianjin, China via consumption of vegetables 
and fish. Sci Total Environ 350:28–37

Wear JI, Evans CE (1968) Relationship of zinc uptake by corn and sor-
ghum to soil zinc measured by three extractants. Soil Sci Soc Am 
J 32:543–546

Wong CSC, Li X, Thornton I (2006) Urban environmental geochemistry 
of trace metals. Environ Pollut 142:1–16

Yan X, Zhang F, Gao D, Zeng C, Xiang W, Zhang M (2013) Accumula-
tions of heavy metals in roadside soils close to Zhaling, Eling and 
Nam Co Lakes in the Tibetan Plateau. Int J Environ Res Public 
Health 10:2384–2400

Yuswir NS, Praveena SM, Aris AZ, Ismail SNS, Hashim Z (2015) Health 
risk assessment of heavy metal in urban surface soil (Klang Dis-
trict, Malaysia). Bull Environ Contam Toxicol 95:80–89

https://doi.org/10.1371/journal.pone.0046793
https://doi.org/10.1371/journal.pone.0046793
http://www1.eere.energy.gov/femp/pdfs/bp_modeling_508.pdf
http://www1.eere.energy.gov/femp/pdfs/bp_modeling_508.pdf
http://www.epa.gov/iris/subst
http://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252
http://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252
https://doi.org/10.1065/jss2007.01.202


 Environmental Earth Sciences          (2020) 79:131 

1 3

  131  Page 22 of 22

Zhang W, Huang H, Tan F, Wang H, Qiu R (2010) Influence of EDTA 
washing on the species and mobility of heavy metals residual in 
soils. J Hazard Mater 173:369–376

Zheng N, Wang Q, Zheng D (2007) Health risk of Hg, Pb, Cd, Zn, and 
Cu to the inhabitants around Huludao Zinc Plant in China via con-
sumption of vegetables. Sci Total Environ 383:81–89

Zhuang P, Lu H, Li Z, Zou B, McBride MB (2014) Multiple exposure and 
effects assessment of heavy metals in the population near mining 
area in South China. PLoS ONE 9(4):e94484

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Evaluation of the environmental and human health risk related to metallic contamination in agricultural soils in the Mediterranean semi-arid area (Saiss plain, Morocco)
	Abstract
	Introduction
	Materials and methods
	Description of study area
	Soil sampling analyses
	Soil physical and chemical characterization
	Soil heavy metal analyses
	Total of heavy metal concentrations
	Sequential extraction
	Single extractions

	Data processing
	Contamination source identification and spatial patterns of the heavy metals
	Assessment of soil contamination
	Risk assessment code (RAC) 
	Indexes of soil contamination and pollution 
	Ecological risk assessment 
	Human health risk assessment 



	Results and discussion
	Soil physical and chemical characterization
	Heavy metal contents
	Pseudo-total chemical extraction of heavy metal in the agricultural soils
	Sequential extraction
	Single EDTA extraction

	Contamination source identification and spatial patterns of the heavy metals
	Assessment of soil contamination
	Risk assessment code (RAC)
	Indexes of soil contamination and pollution
	Ecological risk assessment
	Human health risk assessment


	Conclusion
	Acknowledgements 
	References




