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Heavy metal contamination from mining site in marrakech-Morocco:
Diffusional transport of trace elements from contaminated soil to crop plants
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ABSTRACT

Couch grass, Tamarix Galica and wheat, grown in industrially polluted
region, were included in the present research. The experimental plots were
situated at two different villages near a mine area(district of DARÄA

LASFAR) who is located in North-West of the Mrabtine zone, located at
approximately 10 km in the west of Marrakech-MORROCO. The aim of this
work was to estimate whether a given soil is suitable for cultivation of
plants used as food or feed. The paper discusses the transfer of metal
ions(Al, Cd, Cu, Pb and Zn) from contaminated soils to plants. We
investigated the level of soils pollution and the way heavy metals enter the
fibre crops, by taking soil and plant samples. The contents of heavy metals
in plant materials(roots and leaves) were determined after the method of
the dry mineralization. The quantitative measurements were carried out
with atomic absorption spectroscopy (AAS). A clearly distinguished species
peculiarity exists in the accumulation of heavy metals in the vegetative
and reproductive organs of the three corps. Couch grass seems to be the
most strongly absorber and accumulator of heavy metals from the soil; it
removes considerable quantities of heavy metals from the soil with its root
system. Such a relationship is generally observed between the total soil
content of a given metal and that of the plant. For this reason, it was
necessary to develop a mathematic expression to get easy the
comprehension of the way heavy metals enter the fibre crops and their
transfer from contaminated soils, based on diffusional transport of the soil
solute towards the roots. 2008 Trade Science Inc. - INDIA

INTRODUCTION

Heavy metals are the main group of inorganic
contaminants and a considerable large area of land is
contaminated with them due to use of sludge or

municipal compost, pesticides, fertilizers, and emissions
from municipal waste incinerators, car exhausts, residues
from metalliferous mines, and smelting industries[21,24,61].

Irrespective of the origin of the metals in the soil,
excessive levels of many metals can result in soil quality
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degradation, crop yield reduction, and poor quality of
agricultural products[35], pose significant hazards to
human, animal, and ecosystem health[4,61]. It is the case
of the district of Daraa Lasfar who is located in North-
West of the Mrabtine zone, located at approximately
10km in the west of Marrakech.

Although metals are present naturally in the Earth�s
crust at various levels and many metals are essential for
cells(e.g. copper(Cu), iron(Fe), manganese(Mn), nickel
(Ni), zinc(Zn)), all metals are toxic at higher concen
trations[8,40,61].

The accumulation of heavy metals and metalloids in
agricultural soils is of increasing concern due to the food
safety issues and potential health risks as well as its
detrimental effects on soil ecosystems[19,18,8,40].

The threat of heavy metals to human and animal
health is aggravated by their long-term persistence in
the environment[23,61], they may be transferred and
accumulated in the bodies of animals or human beings
through food chain, which will probably cause DNA
damage and carcinogenic effects by their mutagenic
ability[11,31,40,61].

Soil-to-plant transfer of heavy metals is the major
pathway of human exposure to soil contamination. Health
risk due to soil contamination with single heavy metal
has been widely studied. For example, lifetime exposure
to low level soil contamination with cadmium(Cd) has
shown to cause renal dysfunction in residents living near
the contamination sites in Japan[52] and China
[6,28,44,57,58,10].

 The bioavailability of metallic elements to plants is
controlled by many factors associated with soil and
climatic conditions, plant genotype and agronomic
management, including: active/passive transfer
processes, sequestration and speciation, redox states,
the type of plant root system and the response of plants
to elements in relation to seasonal cycles[29,8], the nature
of the soil on which the plant is grown and the degree of
maturity of the plant at the time of harvesting[32,54,56].
The nature of the soil is one of the most important factors
in determining the heavy metal content of food plants
[27,37]. However, the heavy metal content in plants can
also be affected by other factors such as the application
of fertilisers, sewage sludge or irrigation with wastewater
[38,14,20,41].

The aim of this work was to estimate whether a

given soil is suitable for cultivation of plants used as
food or feed on the basis of the composition of soil
extract by studying metal ions transfer from soil to plant
and to predict before sowing(based on soil composition)
whether the concentration of a given contaminant in
plants would be below the acceptable level.

An important part of this investigation was the
elaboration of a mathematic expression (simple model)
that enabled estimation of the content of metals in soil
transferred to plants during the growing season.

 A significant problem is the choice of a variable
that has the largest impact on the level of concentration
of a given element in plants. For many years, such a
variable chosen was the total content of a given trace
element in soil. But it was difficult to find a clear
dependence, since not all the forms of metals present in
soil are available to plants[8].

As is well known, a major fraction of a trace element
present in the rooting-zone may be fixed to soil
constituents. This has led to the development of the
concept of �bioavailability� of trace substances in soil[13,53].

Procedures which are simple and reliable unfortu
nately do not seem to be available for determining the
bioavailable fractions of metallic elements traces in soils.
Commonly, sequential extraction techniques are applied
which use a sequence of progressively aggressive reagents
to selectively leach the fractions of trace substances bound
to specific soil components[3,19,47,48,49], they provide a
scale of availability of these pollutants. Both selectivity
and reproducibility of the extraction steps, however, have
been debated[3,9,30,39,43,60]. Specifically, a relationship
between the operationally-defined �bioavailable� fraction

determined by these techniques and plant root uptake
remains to be established[17].

MATERIEL AND METHOD

In order to investigate the level of pollution and the
way heavy metals enter the plants, soil and plant samples
were taken.

Soil samples were taken at depth from 0 to 20cm,
they were air-dried and crushed to pass through a 2mm
nylon screen and were then used to determine total
metallic elements traces (Al, Cd, Cu, Pb, Se and Zn).

A1.000g sample of the <2mm soil fraction
mineralised into a Muffle furnace(T=4000C) for 4 h,
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then was digested in an open system in Teflon crucibles
with a solution of concentrated HF at 1500C to assure
complete dissolution of silica. General soil properties
(OM, pH, texture) were analyzed using standard
methods[8]. Soil chemical and physical properties of the
samples are listed in TABLE 1.

Plant samples were washed in deionised water[16],
transferred to paper bags, and dried in an air-forced
oven at 600C for 48h. Dry plant material was ground in
a stainless steel blender to pass through a 2-mm screen.
All samples were stored at ambient temperature and
humidity.

The contents of heavy metals in the plant material
were determined after the method of the dry
mineralization. The results are summarised in TABLES
2, 3 and 4.

TABLE 2 : Evolution of heavy metals concentration in couch grass vegetative and reproductive organs during corps flowering
stage

Couch Grass 
Al (mg/kg dry weight) Cd (mg/kg dry weight) Cu (mg/kg dry weight) Pb (mg/kg dry weight) Zn (mg/kg dry weight) Months 

roots leaves roots leaves roots leaves roots leaves roots leaves 
V1 134.448.80 3.530.11 0.410.04 0.280.02 7.860.30 1.070.19 5.730.32 0.200.01 370.9938.36 121.437.16 

1 
V2 664.2434.13 10.231.71 0.500.01 0.250.01 10.740.27 1.730.04 8.430.17 0.290.01 589.4020.07 162.861.65 
V1 1246.48119.71 32.771.54 0.660.02 0.460.01 10.160.44 1.380.28 6.000.18 0.210.01 534.608.85 174.991.65 

2 
V2 2204.6744.87 33.960.93 0.830.05 0.420.01 13.640.34 2.200.05 9.740.14 0.340.02 1098.4434.58 303.512.84 
V1 1477.4591.25 38.841.17 0.670.04 0.470.02 12.040.20 1.630.13 16.010.23 0.560.03 722.2223.24 236.404.34 

3 
V2 2897.3465.54 44.631.36 1.020.09 0.520.01 14.350.44 2.310.07 19.700.29 0.690.06 1370.01162.76 378.5513.38 
V1 1977.4777.36 56.501.22 0.750.05 0.610.02 13.000.50 3.400.36 37.880.69 1.320.04 978.0245.89 336.4811.69 

4 
V2 3900.21303.95 66.321.10 1.580.15 0.930.03 15.110.57 5.370.29 38.171.66 1.980.03 1558.02±25.77 539.4073.60 
V1 3302.4639.13 63.512.23 1.080.04 0.620.02 14.470.48 5.510.43 61.840.97 1.370.03 1281.8867.03 245.3111.79 

5 
V2 4115.33237.21 86.691.71 1.830.03 0.710.01 17.321.03 7.990.42 67.061.39 2.020.01 2016.88±33.24 549.42135.67 
V1 4021.99117.57 80.763.29 1.190.08 0.680.04 16.010.22 6.090.20 61.840.97 2.030.01 1443.6881.72 276.2714.38 

6 
V2 6263.1053.99 96.653.05 2.060.05 0.800.03 19.251.04 8.880.43 78.171.66 2.740.04 2097.6718.70 571.4376.34 
V1 4210.68281.11 90.763.26 1.330.03 0.760.02 24.040.45 9.150.41 92.591.99 3.230.07 2266.9754.69 540.5694.98 

7 
V2 8921.2511.89 115.043.11 2.730.05 1.070.04 27.491.72 12.690.71 100.422.16 5.560.13 2824.74539.79 617.5519.13 
V1 4925.63144.58 113.064.27 1.550.81 0.880.36 28.190.38 10.730.34 94.651.20 3.300.04 2754.27533.01 589.8541.56 

8 
V2 13653.3622.44 138.904.33 3.070.21 1.200.10 29.65? 0.30 13.680.26 102.642.21 6.240.09 3082.27236.18 750.2926.58 

 S1 (village 1) S2 (village 2) 
Clay 21.,42,1 25.33.1 
Fine silt 16.11,7 13.52.7 
Coarse slit 9.2? 1.4 8.71.5 
Fine sand 25.2? 2.9 23.43.1 
Coarse sand 27.72.5 28.32.8 

Chemical properties 
pH 8.12? 0.57 7.930.64 
C.E (ms/cm) 1.510.43 1.670.36 
CEC (meq/100g) 31.613.06 35.242.67 
MO (%) 4.72? 1.09 5.540.68 
COT (%) 2.740.63 3.220.40 
Al (g/g) 4762.711210.02 2577.12916.35 
Cd (g/g) 1.110.66 2.210.15 
Cu (g/g) 227.83225.27 3 Long 5322.76 
Pb (g/g) 221.36±40.70 288.6144.24 
Se (g/g) 9.233.42 34.059.93 
Zn (g/g) 648.04174 Long 890.45101.03 

TABLE 1: Organic and mineralogical proprieties of soils(n=3)

Wheat 
Al (mg/kg dry weight) Cd (mg/kg dry weight) Cu (mg/kg dry weight) Pb (mg/kg dry weight) Zn (mg/kg dry weight) Months 

roots leaves roots leaves roots leaves roots leaves roots leaves 
V1 197.0.342.37 72.752.93 0.280.03 0.18±0.01 5.35±0.23 1.54±0.02 2.01±0.03 0.03±0.01 163.75±27.28 448.63±21.40 

1 
V2 245.1016.01 86.303.42 0.440.01 0.26±0.01 8.59±1.07 3.12±0.23 2.99±0.03 0.45±0.01 398.56±86.45 937.50 ± 45.23 
V1 253.9956.54 93.793.91 0.660.03 0.42±0.01 6.96±0.74 2.01±0.05 3.20±0.08 0.35±0.03 319.57±59.77 288.83±46.88 

2 
V2 302.779.73 106.612.08 0.800.07 0.47±0.06 10.18±1.00 3.70±0.22 4.97±0.36 0.85±0.05 548.72±65.42 253.32±15.26 
V1 297.014.98 122.385.08 1.050.03 0.44±0.01 8.75±0.06 2.84±0.02 3.23±0.16 0.52±0.01 457.27±19.58 271.41±28.39 

3 
V2 404.6314.37 135.591.35 1.17±0.06 0.58±0.17 12.62±0.24 4.62±0.07 6.94±0.08 0.84±0.08 812.27±27.37 365.33±44.51 
V1 342.252.29 141.961.69 1.22±0.02 0.47±0.07 15.81±0.40 3.02±0.01 7.81±0.25 1.03±0.01 492.27±34.00 366.78±17.15 

4 
V2 448.5413.04 193.682.28 1.60±0.06 0.79±0.06 18.51±0.62 5.64±0.01 9.83±0.68 2.12±0.08 780.17±23.14 932.95±129.35 
V1 383.064.51 177.513.52 1.45±0.03 0.58±0.17 17.01±0.33 3.09±0.09 8.54±0.14 1.11±0.01 591.99±53.07 224.15±9.21 

5 
V2 496.73100.34 210.702.27 1.75±0.04 0.93±0.05 21.50±0.75 6.17±0.06 11.93±0.13 2.60±0.32 918.32±68.10 1422.61±155.88 
V1 413.0420.48 195.215.84 1.70±0.03 0.60±0.06 17.74±0.86 4.15±0.03 9.36±0.09 2.00±0.01 658.02±7.21 490.00±42.43 

6 
V2 569.305.88 242.513.85 1.93±0.04 1.18±0.04 21.93±0.82 6.58±0.06 11.60±0.11 2.62±0.01 970.19±18.97 598.11±34.85 
V1 468.5445.17 204.103.43 1.78±0.04 0.83±0.04 18.95±0.48 5.23±0.36 10.89±0.39 2.94±0.06 693.99±85.22 332.62±38.87 

7 
V2 626.3947.29 331.452.01 2.19±0.05 1.40±0.02 23.48±0.31 6.69±0.12 12.51±0.29 3.87±0.53 1016.22±31.14 424.21±20.28 
V1 673.3337.29 394.305.39 2.23±0.19 0.88±0.05 23.79±0.46 5.56±1.30 11.22±0.11 3.68±0.59 725.54±31.14 418.90±5.45 

8 
V2 833.17159.04 422.5369.57 2.79±0.06 1.70±0.08 28.72±0.97 7.10±0.54 13.92±0.13 4.82±0.58 1085.47±133.29 470.72±44.88 

TABLE 3: Evolution of heavy metals concentration in wheat vegetative and reproductive organs during corps flowering
stage
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increased.
This report indicated a clearly expressed tendency:

For the same heavy metals contents in the soil, as the
duration of the corps flowering stage increased, as strong
tendency towards increase of heavy metals contents in
the roots of studied corps was observed.

The results obtained proved that heavy metals
movement and accumulation in the vegetative organs of
the studied crops differed considerably.

The highest values were obtained after eighth month
in couch grass roots, where Pb reached 94,7mg/kg in
village 1 VS 102.6mg/kg in village 2, Cd 1,6mg/kg in
village 1 VS 3,1 mg/kg in village 2,Cu 28,2 mg/kg in
village 1 VS 29.7mg/kg in village 2, Zn 2754.27 mg/kg
in village 1 VS Long82.3mg/kg in village 2 et al.
4925,6mg/kg in village 1 VS 13653,4 mg/kg in village
2(TABLE 2). Lower values were established in Tamarix
Galiva roots-2,8mg/kg Pb, 14,8 mg/kg Cu, 486,4mg/
kg Zn and 0.5mg/kg Cd (TABLE 4). The results
obtained could be explained with the anatomic and
biological features of the plants[1]. A bigger part of the
heavy metals that had entered the soil were fixed and
accumulated in the couch grass roots, as couch grass
formed weakly developed root system. The lower
values, obtained in Tamarix Galiva, were correlated to
its more deeply penetrating root system.

The results for the heavy metals contents in the roots
wheat(TABLE 3), grown in the studied region, were
analogous, but the obtained values were far lower
compared to those obtained for couch grass. Pb
contents varied from 2mg/kg in village and 3.0 mg/kg in
village 2 in the first month to 11.2mg/kg and 13.9mg/kg
in the eighth one, Cd from 0,3 and 0.4 mg/kg to 2,2
and 2.8mg/kg, Cu from 5,4 and 8.6mg/kg to 23.8 and
28,7mg/kg, Al from 197,0 and 245.1mg/kg to 673.3
and 833,2mg/kg and Zn from 163,7 and 398.6mg/kg
to 725.5 and 1085,5mg/kg.

Our results show that the trace elements quantities

TABLE 4 : Evolution of heavy metals concentration in Tamarix Galica vegetative and reproductive organs during corps
flowering stage

Tamarix Galica 

Al (mg/kg dry weight) Cd 
(mg/kg dryweight) 

Cu 
(mg/kg dry weight) 

Pb 
(mg/kg dryweight) 

Zn (mg/kg dry weight) 

M
on

th
 

roots leaves roots leaves roots leaves roots leaves roots leaves 
1 771.8±19.9 941.9±43.4 0.28±0.02 0.92±0.01 5.92±0.17 12.64±0.19 1.38±0.03 3.83±0.14 168.19±8.87 474.33±5.06 
2 805.5±43.4 1091.0±47.0 0.29±0.02 0.89±0.05 6.74±0.06 14.65±0.17 1.75±0.07 5.73±0.13 380.61±41.76 508.31±22.49 
3 812.2±53.7 1153.4±78.2 0.33±0.03 0.78±0.06 10.83±0.37 13.05±0.62 1.82±0.09 6.35±0.21 428.21±31.74 446.60±10.04 
4 1130.5±165.1 1484.5±219.3 0.48±0.03 0.54±0.01 14.82±0.45 13.75±0.13 2.75±0.12 7.19±0.30 486.36±39.48 818.68±48.56 

A sample was weighed in a quartz crucible to 1g
and put into a Muffle furnace (T=4000C) for 4h until
ashing. After cooling to room temperature, 1ml HNO3
(1:1) was added, evaporated in a sand bath and put
again into the Muffle furnace (T=4000C). The
procedures were repeated until the ash was white. It
was finally dissolved in 5ml 5% HCl, transferred in a
scaled 10ml flask and brought to volume with bi-distilled
water[1].

RESULTS

Hyperaccumulation of heavy metals by higher plants
is a complex phenomenon. It involves several steps,
such as: (a) transport of metals across the plasma
membrane of root cells; (b) xylem loading and
translocation; and(c) detoxification and sequestration
of metals at the whole plant and cellular levels[34,61].

Heavy metals had no influence on the crops�
development and productivity. Anthropogenic increase
of heavy metal concentration leads to increase uptake
of heavy metals by Couch grass, Tamarix Galica and
wheat without evident yield depression or decrease of
quality of harvested products[1].

Our results, presented in TABLES 2, 3 and 4, show
that all plants used in this study have an ability to absorb
metals from the soil and accumulate them in the shoots
under low and high metal levels[29,61]. The plant response
to heavy metals in soil depends on the plant species,
the total soil metal concentration, and on the
bioavailability of the metal itself depending on physico-
chemical properties of soils[5].

The results for the heavy metals contents in the
studied plants given in TABLES 2, 3 and 4 show
considerable differences in the metals distribution in the
separate plant parts. For all metallic trace elements, the
main concentrations were accumulated in the roots and
their quantity increased as their time of growing
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in the fibre crops� leaves were considerably lower

compared to the root system, which proved that heavy
metals movement along the plants conductive system

was strongly limited[1].
These results show a clearly distinguished species

peculiarity existed in the accumulation of heavy metals
in Tamarix Galica, couch grass and wheat vegetative
and reproductive organs. Couch grass was the crop
that most strongly extracted and accumulated heavy
metals from the soil, followed by wheat and Tamarix
Galica. This was probably in connection with the plats
anatomic and biological features, as well as with the
presence of protective mechanisms in plants[61].

Finally, the results show that heavy metals contents
in Tamarix Galica leaves were higher compared to root
system, while the opposite tendency was observed in
couch grass and wheat. Pb in Tamarix Galica leaves
reached 7.2mg/kg (TABLE 4), while the obtained values
in couch grass and wheat were very close-6.2 and 4.8
mg/kg respectively(TABLEs 2 and 3). The results
obtained for Al, Cu and Zn were analogous. This higher
heavy metals accumulation was probably due to the
fact that the Tamarix Galica leaves were exposed to the
dominant wind directions which enabled the transfer
and embedding of aerosol contaminators on their surface
and their absorption into the leaves. Our results
corresponded to the ones obtained from[33], according
to which, under conditions of soil and air pollution from
pollution(from a factory producing amorphous),
considerable quantities of Pb and Zn were deposited
and absorbed in the leaves of cotton plants[33,61]. The
obtained results matched well with those of Watson et
al.[59] and Mullins and Burmester[42], who found that
Cd, Cu, Fe, Mn and Zn contents were the highest in
leaves of some plants.

The study of the wind rose of the city of Marrakech-
Morocco(figure 3) can be used to justify the increase
of concentrations of metallic elements traces obtained
in Tamarix galica leaves. Strictly defined, the wind rose
denotes a class of diagrams designed to display the
distribution of wind direction experienced at a given
location over a period of time.

The wind rose shows that northwest-southeast wind
directions are dominant and that the relative frequency
of the wind speed covers the samples site of Tamarix
Galica, witch explain the role of wind as a principal
transportation and dispersion factor of metallic elements.

Diffusional transport

Figure 1: Draa Lasfar mine localisation in Marrakech
region

Figure 2 : Major processes proposed to be involved in heavy
metal hyperaccumulation by plants

Figure 3 : The wind rose of Draa Lasfar district
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Solutes are transported to plant roots by mass flow
and diffusion[2]. Mass flow occurs with the convective
flow of water which is created by root water uptake in
response to transpiration. If, however, root uptake rates
of a solute exceed mass flow rates, depletion of the
solute at the root-soil interface creates a concentration
gradient which initiates additional diffusional transport
of the solute towards the roots. As a consequence, a
depletion zone around the absorbing root develops,
which in the long term reduces uptake rates of the
solute[45,17].

The passive diffusion tends to establish a balance
between the concentrations exist on both sides of a
biological membrane. The toxic cell accumulation is
comparable to the oil-water partition.

At the equilibrium state, the following equation will
be satisfied[12]:

K1

K2

Co Ci

When an organism is exposed to a poison, the
movements of entry per unit of time can be described
by [47]:

       cst       /Co)tCK-(KLn(Ct/Co)

/Co)dt  CK- (KdCt/Co

/Co)CK-Co(KdCt/dt

CK-CoKdCt/dt

i21

i21

i21

i21









(1)

At- t=teq, Ct/Co=1, K
1 
Co=K

2
 C

i
 ;

 
So- cst = 0

(1) Becomes

                                 e Co Ct 

e  Ct/Co

/Co)tiC2K-1(K  Ln(St/Co)

t /Co)CK(K

/Co)tCK(K

i2 1

i2 1







(2)

To characterize quantitatively the transfer of an
element from soil to plant, the soil�plant Partition

Coefficient[8] or Transfer Factor(TF) or Concentration
Ratio or Biological Accumulation Coefficient(BAC) that
expresses the ratio of contaminant concentration in plant
parts to concentration in dry soil can be
used[7,15,22,25,8,50,17,51,55].

 tal_Soil.CPlant/CToTF 

(2) Becomes
)t   TFK  -K ( 21e CoCt 

CONCLUSION

High correlation between heavy metal content in
soil and in plants was found for all studied soils and
crops. Species of plants, type of soil and physico
chemical properties of heavy metals determine the most
important parameters of this dependence.

Couch grass is a crop, suitable for growing in
industrially polluted regions, as they remove considerable
quantities of heavy metals from the soil with their root
system and can be used as potential crops for cleaning
soil from heavy metals.
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