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Study of transfer of heavy metals in irrigated cereals by the 

surface waters of Sebou and Beht at the city of Kenitra, 

North West of Morocco 
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1. INTRODUCTION 
The hydraulic basin of Sebou contains nearly a third of Morocco’s surface water, can be 

subdivided in hydraulic perspective in four collections, namely the Sebou (6000 Km
2
) from the 

middle atlas, L’orgha (73000 Km
2
), the Beht (9000 Km

2
) which receives Rdom’s river before 

joining Sebou in the plain Gharb, and lower Sebou (6000 Km
2
) which contains an unstable and 

insufficient channel to support the flood flow rates [1]. The hydraulic structures of the basin 

allow the regularization of a volume of 2970 mm
3
/year including more than 1000 mm

3
 is 

currently used for irrigation [1]. 

N. Benlkhoubi
1
, S. Saber

1
, A. Lebkiri

1
, E.L. Rifi

1
, M. Elfahime

2
, A. Khadmaoui

3
 

#1 Department of Chemical, Ibn Tofail University, Kenitra, Morocco. 

#2 UATRS – CNRST, Rabat, Morocco. 

#3 Department of Biology, Ibn Tofail University, Kenitra, Morocco. 

 

ABSTRACT 

      This work has determined the distribution of metallic levels (Arsenic (As), Cadmium (Cd), 

Cobalt (Co), lead (Pb), Nickel (Ni), Copper (Cu), Zinc (Zn) and Chromium (Cr)) between the 

stems and grains of both cereals (wheat: Triticum aestivum and barley: Hordeum distichon) 

irrigated by the surface water of Sebou and Beht. The results obtained have shown that some 

metals contents (Cd, Pb and Co) in grains and stems of cereals exceeded the thresholds 

recommended by WHO and the European Directive.   

      From soils used in this agriculture and is water for irrigation, the contents of Cr, Cd and As 

exceeded the accepted standards. Also, the elements which are more toxic ( As, Co, Co) were 

less assimilated by the roots of cereals compared to the remains of metals (Zn, Cu, Ni) except 

the Pb and Cd which illustrate respectively 14 % and 10 % as average transfer rate from sols to 

plants. 
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Different sources of pollution cause degradation of the quality of waters downstream Sebou 

including releases from Fes until delta [1], which generate by its population of one million in 

habitants and its diversified industrial park, a consequent pollution estimated at more than 

105.000 M
3
/day of wastewater [2], loaded by 140 T/year of metallic elements mainly from 

cottage industries estimated at as less than 2000 units [3], the quality of  water is a also affected 

at Rdom’s river downstream of Meknes and Beht’s river downstream Sidi sliman [1]. 

All this pollution drained along the rivers of the city of Kenitra, will be transferred in agricultural 

soils through the waters of irrigation and later in crops. This article presents the evaluation of the 

transfer of heavy metals to the stems and grains of sown cereals at agricultural soils irrigated by 

pumping stations of waters emanating from Sebou’s river and Beht’s river. 

 

2. MATERIALS AND METHODS  

  

2.1. Study sites: 

 

The farm lands of cereals were identified at two rural municipalities that belong to the city of 

Kenitra named Sidi Allal Tazi and Mograne. These farm lands were irrigated by four pumping 

stations of surface waters emanation from Sebou’s river and Beht’s river which are located at 27 

Km (MOGRANE) and 44 Km (SIDI ALLA TAZI) of the province of Kenitra. 

Two areas were selected in each rural districts based on the location of the pumping stations 

which are under the direction of the regional office of agricultural development of Gharb 

(ORMVAG) thus, the four areas were classified  as follow (Figure1) : 

Fig 1: Localization of the study sites at Sebou’s river and Beht’s River. 
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C1: Soft wheat sown on the soil1, and irrigated by the pumping station with surface waters of 

Sebou at Sidi Allal Tazi. 

C2: Soft wheat sown on the Soil2 and irrigated by a pumping station built over the canal to 

defect the flow of waters of Beht’s river to meet to farmers needs in matters of irrigation of their 

crops at Sidi Allal Tazi. 

C3: Soft wheat sown on the soil3 and irrigated by the pumping station of surface waters of Beht 

at Mograne. 

C4: barley sown on the soil4 and irrigated by the waters of the guard dam that  has the function 

of limiting the losses of waters from Sebou and the mountain to the sea and will be used as 

source of hydraulic irrigation. 

2.2. Materials used: 

 

Irrigation waters collection: Waters for irrigation were taken from the pumping stations in 

polyethylene’s bottles of 500 ml sterile and previously rinsed with sample before being 

transported to the laboratory and conserved at 4°c. 

Agricultural soil sampling: The soil was taken from five pints on average of ach site using helical 

auger. The soils (Layer 0-15 cm) of the same area are mixed, put into clean plastic bag and 

labeled for to be transported to the laboratory.  

Sampling of cereals: Cereals (soft wheat and barley) were collected from five points of each area 

of sampling on 04/20/2014, were placed in clean plastic bag and labeled for to be transported to 

the laboratory where they were washed by top water fallowed by rinse with distilled water to 

remove a dirt and dust. The plants were subdivided into several media so that the stems and 

grains are sorted and blended. 

2.3. Sample processing and analysis methods: 

 

Mineralization of waters for irrigation [4]: Sample of 10 ml of water was taken up in 10 ml of 50 

% hydrofluoric acid and dried in Teflon beaker on a sand bath. The dissolution of the residue 

obtained is done by addition of 7.5 ml of hydrochloric acid and 2.5 ml nitric acid. The beaker is 

placed in hot plate until the disappearance of read vapors synonymous with complete 

mineralization. The solution obtained after filtration was completed to 50 ml distilled water. 

Mineralization of soils [5]: A quantity of 1 g of soil was obtained from the same depth using 1 

mm sieve and dried at 70°c for 48 h, was calcined in a muffle furnace at 450°c for 2 hours, the 

sample was then taken up in 10 ml of hydrochloric acid 50 %, to be dried again in a Teflon 

beaker in a sand bath; the dissolution of the residue is done by a mixture of hydrologic and nitric 

acid (7.5 and 2.5 ml) the suspension of the solution obtained after filtration was completed in 50 

ml of distilled water. 

Mineralization of plant material [4]: A sample of 1 to 2 g of plant dried at 70°c for 48 hours and 

milled was calcined in muffle furnace at 450°c for 4 hours. The ashes obtained were mineralized 

by aqua regia (25% HNO3 and 75% Hcl) and then brought to dry on a sand bath until 

discoloration of the solution. The resolution residue was solved in 10 ml of Hcl (5%), then 

filtered to 0.45 μm before being diluted with Hcl (5%) until the final volume of 20%. 

Physicochemical analysis and determination of trace metal elements: The analysis of the physic-

chemical parameters of the soil and water for irrigation have been carried out in the laboratory of 

ORMVAG and determination of metallic fractions were read at the ICP-AES (ULTIMA2) at the 
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national scientific and technical research center (Rabat) the analytical laboratory uses standards 

(precise of 1000 ppm of johin Yvon) certified in ISO 9001 quality assurance system. 

The metal concentrations conversion formula of mg/l to mg/kg for solid supports is as flows:  

 Cech (mg⁄kg) = Cech (mg/l)*VMineralization (l) / Mass sec prise d’essai (kg) 

With Cech (mg/kg) the metal final concentration in mg/kg, Cech (mg/l) the metal concentration in 

mg/l, Vmineralization the volume of the sample after the mineralization in L and Mass sec prise d’essai 

(kg) the mass of the dried sample before calcinations in kg. 

 

3. RESULTS AND DISCUSSION  

 

3.1. Results analysis of water of irrigation 
 

Table 1 shows heavy metals concentration in irrigated waters taken from the pumping station 

also the pH measurements match that of weaker basic water. In fact, the level of As and Cd in 

irrigation water for the four areas, exceeded the average levels imposed by Moroccan standard of 

irrigation waters (0.1 ppm for As and 0.01 ppm for Cd) 

 

Table 1. Characteristics of irrigation water from different areas of study 

 

 C1 C2 C3 C4 Standards 

pH (Water) 7.95 7.22 7.76 7.91 6.5 à 8.4 

As (ppm) 0.247 0.261 0.717 0.286 0.1 

Cd (ppm) 0.042 0.037 0.049 0.058 0.01 

Co (ppm) 0.034 0.032 0.076 0.066 0.5 

Cr (ppm) 0.218 0.232 0.698 0.411 1 

Cu (ppm) 0.117 0.088 0.184 0.211 2 

Ni (ppm) 0.132 0.088 0.323 0.214 2 

Pb (ppm) 0.296 0.175 0.389 0.438 5 

Zn (ppm) 0.556 0.119 0.41 0.311 2 

3.2. Results of agricultural soil analysis 

 

Table 2 represents the results of the pH of the grain size and heavy metals concentration that 

characterize the agricultural soils. However the grain size of the four surfaces correspond with a 

silty clay texture and all areas were equipped with an alkaline pH. 

The concentration of Cr and Cd in all the soils exceeded the limits recommended by the AFNOR 

(NFU 44-041) standard. 

3.3 Results of metal fractions in cereals  

 

Metal contents represented by table 3 were compared to the maximum values imposed by the 

WHO (product of consumption for human) for the cereal’s grains and the contents imposed by 

the European Directive (Forage and animal feed) for cereal stems. 

For cereal’s grains, the contents of leads and cadmium were superior to the intervals 

recommended by the who (0.2 mg/kg for Pb and Cd). concerning cereal’s stems the 
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concentration of AS, Pb and Cd were in accordance with the European directive standards, with 

the exception of Cd content in barley’s stems (Zone C4) that exceeded the values imposed by the 

same entity. 

 

Table 2. Characteristics of agricultural soils of the different study areas 

 

 C1 C2 C3 C4 Standards 

pH (soils) 8.07 8.52 8.21 8.23  

Clay % 40.26 48.2 41.18 48.68  

Fin silt % 31.02 27.95 35.64 28.73  

Coarse silt % 16.46 16.98 22.26 25.03  

Fin stand % 12.89 4.55 0.9 0.72  

Coarse stand % 1.93 0.81 0.63 0.41  

As (ppm) 34.4 25.45 ≤LQ 40.2 - 

Cd (ppm) 9.5 5.65 7.2 8.9 2 

Co (ppm) 21.75 15 13.5 27.2 30 

Cr (ppm) 499 239.7 391.7 366.85 150 

Cu (ppm) 43.4 22.35 48.5 42.25 100 

Ni (ppm) 41.65 27.6 38.05 46.65 50 

Pb (ppm) 14.4 19.65 36.55 36.25 100 

Zn (ppm) 122.7 74.55 91.7 133.3 300 

 

Changes of metal concentration of cereals grain and stems: The metallic elements such as Zn Cu, 

Ni (Less toxic to humans and animals compared to Co, As, Cd …) in grains of cereals (Figure 2) 

and their stems (Figure 3) illustrate high concentration which exceeded the most toxic elements. 

In fact, the entry of these (Cd, Co, As …) in the cytoplasm induces the synthesis of compound 

called phytochelatins. The metals also were complexed by such substance and then transferred to 

the vacuole (then very important for sequestration of toxic elements in root cells) [6]. 

Evaluation of transfer of trace element in cereals: The contents of trace element (table 3) in the 

stems and grains of soft wheat and barley were converted to percentage of transfer (TF) based on 

the metallic concentration of the soils (Figure 4) according to the flowing formula:  

TF = (Cplant/Csoil)*100 

With Cplant metal final concentration in mg/kg in the vegetable carrier and Csoil the metal final 

concentration in mg/kg in the soil. 

This study was conducted on the North West of Morocco, the different metals do not have the 

same mobility for cereals (soft wheat and barley), this is consistent with the literature. In fact, the 

stability of metal compounds in soil depends on the electronegativity and the charge density of 

each trace element [7]. 

The metal have allow electronegativity and an important charge of density (As, Cr and Co) are 

weakly transferred into cereals (TF varies between 0 and 1.3 %). Contrary to anther metals (Cd, 

Cu, Pb and Zn) (TF varies between 3 and 24 %) having a intermediate behavior and form less 

stable compounds in the solid phase of the soil, which facilitates their distribution in the soil 
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solution (composed of water elements and dissolved molecules) that plays leading role since the 

stem of plants collected from trace metals in this solution [6]. 

The TF of Co were low (TF <1.5 %) in the stems and grains of soft wheat and barley used in this 

study, because the roots absorb low concentration of this metal, unlike leafy plant (Lettuce and 

cabbage) [8]. 

 

Table 3. Metal contents (mg/kg) in cereals 

 

 C1 C2 C3 C4 Standards (ppm) 

Grains :     WHO (CODEX 

STAN 193-1995) 

As ≤LQ ≤LQ ≤LQ ≤LQ - 

Cd 0.714 0.56 1 0.506 0.2 

Co 0.233 0.235 0.2 0.253 - 

Cr 0.48 0.56 0.788 0.453 - 

Cu 5.519 4.24 6.682 3.893 - 

Ni 4.246 3.241 4.247 2.6 - 

Pb 1.558 4.307 4.2 2.8 0.2 

Zn 23.688 18.44 20.87 16.38 - 

Stems :     European Directive 

As ≤LQ ≤LQ ≤LQ ≤LQ 4 

Cd 0.895 0.649 0.604 1.257 1 

Co 0.237 0.212 0.197 0.238 - 

Cr 0.881 0.828 0.709 0.88 - 

Cu 2.979 4.823 4.488 9.396 - 

Ni 1.664 2.473 5.174 4.062 - 

Pb 2.629 3.469 1.86 8.993 10 

Zn 23.202 12.344 13.23 11.15 - 

 

On this study the TF of Cr were very low (0.09% to 0.2 %) compared to other metals despite its 

abundance in the agricultural soil studied (Ph>7) the Cr(OH)4
-
 ions are less phytoavailable for 

the roots of cereals. 

The TF of Cu does not exceed 18 % for the grains of cereals and 22 % for the stems because the 

bioavailability of Cu is reduced when the soil’s pH is above 7 [9] (CuCO3,CuB(OH)4
+
, 

Cu[B(OH)4]4). 

In different countries, the average concentration of Cu in grains of wheat varies between 3.8 and 

6.7 mg/Kg, including our present study [8]. 

Ni shoes an average low TF (TF<14 %) for the stems and grains of cereals studied because it 

tends to accumulated in legumes than in other crops [10]. 

The TF of Pb (up to 20 %) exceeded the TF of Ni even if the alkaline pH of agricultural soils 

inhibits the bioavailability of Pb the roots of cereals [9]. The morphology and the plant species 

which are also factors controlling the transfer of such metal to different organs of the crops [11], 

can explain the fluctuations of TF between Pb and Ni. 
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Fig 2: Changes of metal concentrations (mg/kg) in cereal grains taken 

 

 

 

 

 

 

 

 

 

 

Fig 3: Changes of metal concentrations (mg/kg) in cereal stems taken 

 

Under normal conditions, plants absorb only small amounts of Cd from the soil very often, the 

Zn comes into competition with Cd for the absorption of the chemical species of the soil solution 

by crops root [12]  

Regarding this study (basic soil pH), various chemical forms of Zn (Zn
2+

, ZnHCO3
+
, ZnCO3 and 

ZnB(OH)4
+
) [13] are mobile and available for plants, while the form of Cd (Cd

2+
 and CdHCO3

+
) 

[13] tend to be less abundant for absorption by root cells of wheat and barley, because the TF of 

Zn (19% on average) is twice the TF of Cd (9% on average) for the grains of sampled cereals. 

This difference decreases for the stems recording an average of 14 % as TF for Zn and 9 % for 

Cd. 
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The absence of As in the stems and grains of wheat and barley is likely to lead to the formation 

of volatile arsenic compounds in the soil [6]. 

 

 

Fig 4: Example of the variation of the transfer rate (%) in sampled cereals (case of Cd) 

 

CONCLUSION 

 

In this study the average concentration of Cd and As in irrigation waters were superior to the 

thresholds required by national standards of waters intended irrigation. In contrast, the average 

contents of Cr and Cd in agricultural soils exceeded the limits imposed by the French standard 

AFNOR. Concerning the Pb and Cd content in grains of wheat were above the level imposed by 

WHO. 

The transfer percentages of trace elements for the grains and stems of samples cereals for this 

study conducted in the city of Kenitra (North west of Morocco) depends on: the chemical and 

metal forms in the soil, the morphology of vegetable species and electronegativity of the charge 

density of each metal and their ability to form stable compounds in the solid phase of soil. In 

fact, the transfer rate from the soil to plant for, Zn, Ni, Cu have exceeded those of As, Cr and Co, 

which are toxic to plants and may possibly present vulnerability vis-à-vis the consumers. 

Despite the abundance of Cr in areas studied in the stems and grains of the studies cereals remain 

very low-where the uptake of this metal by the roots of wheat and barley is less important.  
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