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Abstract The aim of the present work is the
assessment of metal toxicity in runoff, in their
contaminated soils and in the groundwater sampled
from two mining areas in the region of Marrakech
using a microbial bioassay MetPLATE™. This
bioassay is based on the specific inhibition of the
β-galactosidase enzyme of a mutant strain of Escher-
ichia coli, by the metallic pollutants. The stream
waters from all sampling stations in the two mines
were all very toxic and displayed percent enzyme
inhibition exceeding 87% except SWA4 and SWB1

stations in mine C. Their high concentrations of

copper (Cu) and zinc (Zn) confirm the acute toxicity
shown by MetPLATE. The pH of stream waters from
mine B and C varied between 2.1 and 6.2 and was
probably responsible for metal mobilization, suggest-
ing a problem of acid mine drainage in these mining
areas. The bioassay MetPLATE™ was also applied to
mine tailings and to soils contaminated by the acidic
waters. The results show that the high toxicity of
these soils and tailings was mainly due to the
relatively concentration of soluble Zn and Cu. The
use of MetPLATE™ in groundwater toxicity testing
shows that, most of the samples exhibited low metal
toxicity (2.7–45.5% inhibition) except GW3 of the
mine B (95.3% inhibition during the wet season and
82.9% inhibition during the dry season). This high
toxicity is attributed to the higher than usual concen-
trations of Cu (189 μg Cu l−1) and Zn (1505 μg Zn
l−1). These results show the potential risk of the
contamination of different ecosystems situated to the
vicinity of these two metalliferous sites. The general
trend observed was an increase in metal toxicity
measured by the MetPLATE with increasing total and
mobile metal concentrations in the studied matrices.
Therefore, the MetPLATE bioassay is a reliable and
fast bioassay to estimate the metals toxicity in the
aquatic and solids samples.
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Introduction

Anthropogenic activities represent the main source of
metal contamination in the environment (Adriano
1986). Heavy metal toxicity disrupts natural ecosys-
tems and affects the food chain, leading to health
problems in humans and animals. Once metals are
introduced into the environment, they undergo several
biological and chemical processes that lead to their
distribution in environmental compartments such
soils, sediments, and water (Misra et al. 1994;
Herreweghe et al. 2002; Jung et al. 2002; Liu et al.
2003; Tahiri et al. 2005). The biogeochemical
processes that control metal mobility and bioavail-
ability include sorption on mineral and organic
surfaces, dissolution, (bio-)mineralization, redox pro-
cesses, complexation by biogenic or non-biogenic
ligands and uptake by the biota (Kraemer and Hering
2004). These processes could determine the metal
speciation in the environment and therefore, their
bioavailability and toxicity.

Mining activity is an abundant source of metal
contamination of ecosystems. This activity affects
relatively small areas, but could have a significant
impact on the environment. Following mine closure,
the tailings are disposed onto surrounding soils,
leading to their exposure to environmental factors.
Metal release from the tailings may lead to acid mine
drainage (AMD), thus impacting soil and aquatic
environments (Salomons 1995; Passariello et al.
2002; Mian and Yanful 2003). Several studies have
been undertaken on the impact of mining activity on
soils, waters, sediments, and plants. They generally
show that the most widespread phenomenon in these
sites is acid mine drainage which is due to the
oxidation of metal sulfides (e.g., pyrite (FeS2)),
leading to the acidification of the drainage water
(Salomons 1995; Bell et al. 2001; Mian and Yanful
2003; Baker and Banfield 2003; El Gharmali et al.
2004; Lee et al. 2005; Boularbah et al. 2006a, b).

The impact of mining activity on a given site is
controlled by several factors, including the climate,
mining methods, geological conditions, and whether
the mine is active or abandoned (Bell et al. 2001).

Morocco, mainly the southern region, has a large
number of metalliferrous sites, some of which are
being exploited while others have been abandoned.
These sites are concentrated in the region of Marra-
kech, Ouarzazate and in the North of the Anti-Atlas

mountains (Abarro et al. 1998; Eddebbi et al. 1998).
The dissemination of particles carrying metals can be
done by wind and/or hydraulic way. This phenome-
non is accentuated with the absence of plants in these
metalliferous sites (Adriano 1986; Boularbah et al.
2006a, b). It presents a potential danger to the health
of human populations residing in the vicinity of these
mining areas. Studied mining areas are localized in
the North of Marrakech-Tensift region. In this area,
several others anthropogenic sources such as the
discharge of solid wastes, urban and industrial waste-
waters, contribute to the chemical and microbial
contamination of the stream waters. The contaminated
stream waters may seep through fissured and deteri-
orated zones of alluviums and faulted zones (Direction
des Mines, de la Géologie et de l’Energie 1975; Hibti
2001). This explains the relatively low chemical
and microbiological quality of underground waters in
the region, mainly the groundwater in the North of
Marrakech (Lyakhloufi et al. 1999; Hydraulic Basin
of Tensift Agency (ABHT) 2004).

A wide range of bioassays have been used to
identify the contamination of polluted sites. They give
supplemental information that complements chemical
analyses and help assess metal bioavailability and
toxicity (Misra et al. 1994; Mika and Aimo 1996;
Tarradellas et al. 1997). Therefore, as a complement
to chemical analyses, biological assays allow the
characterization of the risk related to the impact of
toxic wastes on the environment.

In the last years, microbial and enzymatic toxic-
ity assays have been developed to assess toxicity
of metals in the environment (MetPAD™ ,
MetPLATE™) (Bitton et al. 1992, 1994). These as-
says are useful tools in assessing the bioavailability of
metals in agricultural, urban or industrial soils
(Boularbah et al. 2006a). They are based on the
inhibition, by bioavailable metals, of the enzyme
β-galactosidase in a mutant strain of Escherichia coli.
The MetPAD™ and MetPLATE™ biotests are spe-
cific for heavy metal toxicity, they respond rapidly,
and give a quantitative estimate of the toxicity of the
medium. The sensitivity of these biotests to heavy
metals (Cu, Zn, Cd, Pb, Hg, Cr(III)) is generally
higher than Microtox (Bitton et al. 1994). These
biotests are insensitive to organic compounds at
concentrations much higher than those found in the
environment (Bitton et al. 1994). They can be run
concurrently with other assays for general toxicity to
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help distinguish between cases where the toxicity of
an environmental sample is due solely to heavy
metals, only to organic pollutants, or to a mixture of
the two. The sensitivity of MetPLATE™ varied
according to the metal element. The MetPLATE™
bioassay is very sensitive to Cd (EC50=0.029 mg l−1),
Hg (EC50=0.038 mg l−1), Zn (EC50=0.11 mg l−1), Cu
(EC50=0.22 mg l−1) and less sensitive to Pb (EC50=
10 mg l−1) (Bitton et al. 1994). The toxicity measured
by the biotest is explained by additional effect of
metallic pollutants in the samples (Boularbah et al.
2006a). Therefore, the MetPLATE™ assay shows the
total metal toxicity in the studied matrices.

We have recently used a selective chemical
extraction and the MetPAD™, a semi-quantitative
biotest (Boularbah et al. 2006a) to evaluate the metal
contamination from mining sites of south Morocco.
We have shown that water-extractable metals in soils
were highly toxic as shown by the MetPAD™ test.
The toxicity of soil water extracts was mainly due to
high concentrations of Zn (785–1,753 mg l−1), Cu
(1.8–82 mg l−1) and Cd (2.0–2.7 mg l−1). Therefore,
the soils and tailing materials are important sources of
available heavy metals for plant uptake and contam-
ination of surface and/or groundwater (El Gharmali
et al. 2004; Boularbah et al. 2006a, b; Lee et al. 2005;
Concas et al. 2006).

The objective of this work was the assessment of
heavy metal concentration and toxicity in soil runoffs
and groundwater sampled from two mining sites
located in southern Morocco. This evaluation was
studied by running concurrently chemical extractions
and analysis, and toxicity testing with MetPLATE™
(Bitton et al. 1994).

Materials and methods

Site description and sampling

Two mining sites (mines B and C), located in the
region of Marrakech in southern Morocco, were
selected to assess their impact on metal content and
toxicity of soil runoffs and groundwater. The selection
of the two mines was based on their ore composition.
The pollymetallic mine B ore is composed of 7–95%
of pyrrhotite with associated sphalerite, galena,
chalcopyrite, arsenopyrite, pyrite and magnetite. The
mine C deposit had reserves of raw ore estimated at

25 millions tons and containing 18% sulfur and 0.6%
copper. The ore is dominated by pyrrhotite associated
with other sulfides such as pyrite and chalcopyrite.
Sphalerite and galena have also been observed but at
low concentrations (Hibti 2001). The mining sites are
located in an area with an arid climate (precipitations
ranging from 150 to 300 mm per year) and were
described elsewhere (Boularbah et al. 2006a). Mine B
is situated on the southern end of the Tensift river.
Water and soil samples were taken from different
points between the mine and the Tensift river (Fig. 1).
Mining activity in copper mine C ended in 1982, due
to several operational problems (Eddebbi et al. 1998;
Hibti 2001). The mine wastes (tailings) were disposed
of on a large area drained by two streams character-
ized by a seasonal flow during the rainy periods
(Fig. 1). The stream waters and soils in the upper
horizon profiles were sampled during rain events.
Water and soils samples were simultaneously taken
from an upstream control site (see Fig. 1). The stream
waters samples were centrifuged at 1,100 g for 15 min
and soils were air-dried, homogenized, and sieved
through a 2-mm plastic screen before toxicity assay
and chemical analyses. Groundwater was sampled
from selected wells located in the vicinity of the two
mining sites. All the wells have been selected
according to their proximity to the mine and their
use (drinking or irrigation). The groundwater sam-
pling was carried out during the spring (March 2005)
(rainy season) and summer season (July 2005) (dry
period). pH (WTW 330i pH-meters), temperature,
conductivity (Conductivity Meters 125/150, ORION
Research, Inc.) and total dissolved solids (TDS) were
measured in situ. The groundwater samples were
passed through 0.45 μm-size cellulose-nitrate mem-
brane filters before chemical analyses. Chloride,
sulfate, orthophosphate, nitrite, nitrate, sodium, po-
tassium, calcium and heavy metals were measured
according to the methods described in the literature
(Association Française de Normalisation (AFNOR)
1983; Rodier 1996).

Metplate™

The bioassay is based on specific inhibition of the
β-galactosidase of a mutant strain of E. coli by the
metallic pollutants. MetPLATE is a simple and rapid
test that is sensitive to several metals and relatively
insensitive to organic pollutants (Bitton et al. 1994;
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www.metplate.com). The MetPLATE™ methodology
is described in Fig. 2. The toxicity testing kit includes
a bacterial reagent, consisting of freeze-dried bacteria
which have been rehydrated in 5 ml of diluent
(moderately hard water) and mixed thoroughly by
vortexing until a uniform suspension was obtained.

The test was applied to streams water, groundwater,
and water extracts from soils and tailings. A volume
of 0.1 ml of bacterial reagent was added to 0.9 ml of
sample (S). A control sample (Cs) was prepared by
mixing 0.9 ml of the same sample with 0.1 ml diluent.
A blank was prepared by mixing 0.9 ml of diluent
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with 0.1 ml of bacteria (B), whereas 1 ml of diluent
was added to Cb (control blank). Control and blank
were added to take into account the potential
interference due the presence of color and any
indigenous β-galactosidase. The mixtures were vor-
texed, and then incubated at 35°C for 90 min. At the
end of the exposure period, 0.2 ml of incubated
mixtures (S, Cs, B, and Cb) was placed in a well on a
microplate with 0.1 ml of buffered chlorophenol red
β-D-galactopyranoside substrate (CPRG). The micro-
plate was incubated at 35°C until a color change from
yellow to red-purple developed in the negative control
(B). This indicated an active β-galactosidase enzyme
of E. coli. Absorbance at 575 nm was determined on a
Multiscan Photometer reader. When precipitation
occurred following phosphate buffer addition, 3-[N-
Morpholino]propanesulfonic acid (MOPS) (Sigma®)
was used as the buffer. Each toxicity test was run in
triplicate.

Metal content of aquatic and soil samples

Metal concentrations in stream waters, soils and
groundwater, were measured, using Flame Atomic
Absorption Spectrometry (A.A.S.) (ATI-UNICAM
929, Unicam Absorption Atomic, Cambridge
CB12SU, UK) according to standard methods (Asso-
ciation Française de Normalisation (AFNOR) 1983).
The metals of concern were cadmium (Cd), copper
(Cu), manganese (Mn) and zinc (Zn), since they were
the most abundant metals in the two metalliferous sites
(El Gharmali et al. 2004; Boularbah et al. 2006a, b).
The values of detection limit (mg metal l−1) as
indicated by the Methods Manual no. 9499 230
2401 issue 2 are 0.032 for Cd, 0.041 for Cu, 0.029
for Mn, and 0.013 for Zn. The protocol adopted for
the measure the metal concentrations in groundwater
is achieved with acid attack according to the Rodier
(1996) method. A volume of 50 ml of the groundwater

Introduce 5 ml of diluent in the bacterial reagent and mix it well in the vortex 

Withdraw 0.2 ml of each sample and add to wells
of microplate

Incubate for 1 hour at 35˚C

Add 0.1 ml of the substrate (CPRG) to each
well

Incubate for color development (Yellow red-purple)

Read absorbance with Microplate reader at 575 nm

Calculate the percent inhibition

S Cs Cb B 

Add 0.9 ml of sample to S and Cs. Add 0.1
ml of bacterial reagent to S and add 0.1 ml

of diluent to Cs 

Add 0.9 ml of diluent and 0.1 ml of
bacterial reagent to B and 1 ml of diluent to

Cb

Fig. 2 MetPLATE liquid
phase bioassay methodolo-
gy (Bitton et al. 1994).
(S: Sample ; Cs: Control
Sample; B: blank; Cb:
Control blank)
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were evaporated at 80°C and digested by a mixture of
nitric acid-hydrochloric acid-perchloric acid (2v/6v/
2v). Total metals were extracted in 1 g soil with 10 ml
aqua regia (2.5 ml of nitric acid and 7.5 ml of
hydrochloric acid) (NF EN ISO 11 466). For toxicity
testing, 20 g of soil were extracted with 50 ml of
deionized water and were shaken for 2 h at room
temperature (approx. 25°C). The soil samples were
then centrifuged at 1,100 g for 15 min. The extracts
were stored in a refrigerator at 4°C until chemi-
cal characterization and toxicity testing, using
MetPLATE™.

Analysis, quality control and data treatment

Total Metal concentrations were measured according
to the common methods and following the standard
(NF EN ISO 11 466). Quality control was based on
the use of a certified soil sample (BCR 141:

Community Bureau of Reference, Commission of
the European Communities-Brussels), samples from
inter-laboratory comparisons, internal control samples
and duplicates of the analysis. Due to the unavail-
ability of certified reference materials for heavy
metals in water, standard metallic solutions purchased
from Fluka and Riedel-deHaën company were used to
validate the analytical method. A blank (deionised
water acidified at 1% with HNO3) and acidic reagents
shows a value less than detection limits. A blank and
standards used for the calibration were tested period-
ically, and finally, in order to validate our analytical
work, the reference soils were analysed. Relative error
between measured, certified values (BCR 141) and
Fluka-standard metallic solutions were less than 10%.

The Mann–Whitney test was adopted to compare
the biotest responses and the soluble metals concen-
trations (Cd+Cu+Mn+Zn) using StatBox V6.40 Pro
(Laboratoire Sols et Environnement, ENSIAI/INPL-
Nancy, France).

Table 1 Toxicity and metal concentrations in stream waters of the mine B and C

Stream watersa pH MetPLATE (% inhibition) Metal concentration (mg l−1)

Cd Cu Mn Zn

Mine B
SW1 2.1 97.3±3.2 1.67 189.7 637.2 2,009
SW2 2.2 96.7±2.0 1.18 68.3 175.4 619.6
SW3 2.3 96.1±2.2 1.08 59.9 156.6 650.0
SW4 2.5 96.0±1.7 0.83 29.1 55.0 316.0
SW5 2.5 97.1±1.0 1.05 28.0 136.2 279.2
SW6 3.1 97.0±0.4 0.86 23.0 242.4 865.0

Mine C
Control 6.6 25.5±6.7 0.08 0.04 0.1 0.06
Stream A
SWA1 2.5 96.5±3.4 0.38 61.2 47.0 19.8
SWA2 2.1 96.3±2.9 0.42 22.1 25.6 24.6
SWA3 3.2 87.5±8.7 0.33 9.6 18.4 4.8
SWA4 3.3 26.2±8.1 0.40 3.3 10.1 3.1
SWA5 2.9 97.9±0.9 0.39 3.7 42.2 1.5
SWA6 3.0 98.3±1.1 0.41 3.8 12.3 3.5
Stream B
SWB1 6.2 33.1±4.9 0.31 0.06 0.3 <dl
SWB2 2.2 93.7±7.4 0.39 202.8 16.9 22.6
SWB3 2.4 96.9±2.9 0.38 17.2 6.1 2.5
SWB4 3.1 97.1±3.2 0.37 3.8 3.4 1.4

<dl: lower than detection limit
aSampling point are presented in Fig. 1.
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Results and discussion

Mine B

The streams waters from all six sampling stations in
Mine B were all very toxic and displayed enzyme
inhibition percentages exceeding 95% (Table 1). The
high metal concentrations in the stream waters
confirm the acute toxicity shown by MetPLATE™.
Metal concentrations were between 55 and 637 mg l−1

for Mn, 279.2 and 2,009 mg l−1 for Zn, 23 and
189.7 mg l−1 for Cu, and between 0.83 and 1.67 mg
l−1 for Cd. The low pH of these waters (pH=2.1–3.1)
(Table 1) was probably responsible for metal mobili-
zation, suggesting a problem of acid mine drainage in
this mining site. The presence of the sulfide minerals
(pyrite) in mine B induces the microbial production of

very acidic soil run-off (i.e. acid mine drainage,
AMD) in the presence of oxygen (Salomons 1995;
Bell et al. 2001; Boularbah et al. 2006a). These
contaminated surface waters can transfer the metallic
pollutants to soils and other ecosystems situated in the
vicinity of the site.

Soil sampling at eight stations along the water flow
showed MetPLATE inhibition varying from non toxic
to 94.4% (Table 2). The toxicity was highest in
stations S1 and S2 which were the closest to the
tailings deposits and decreased as the distance from
the tailings increased.Agricultural soils (stations S6 and
S8) did not display any toxicity, and this was possibly
due to amendments (manure, fertilizers) added to the
soil in agricultural practice. These amendments may
bind metals, thus reducing their toxicity (Ghabbour
et al. 2005; Zhou et al. 2005; Hernández et al. 2006).

Table 2 Toxicity, total and water extractable metal concentrations of soils from mines B and C

Soilsa pH MetPLATE
(% inhibition)

Total metal concentration
(mg kg−1)

Water extractable metal concentration
(mg Kg−1)

Cd Cu Mn Zn Cd Cu Mn Zn

Mine B
S1: contaminated with tailing runoff 3.2 94.3±0.9 60.2 820 3,462 5,730 4.2 272.5 1,164 365.2
S2: contaminated with tailing runoff 5.2 94.4±0.3 1.0 358 507 1,060 1.0 26.7 131 50.9
S3: contaminated with tailing runoff 8.1 14.0±1.4 0.3 34.0 nd 116 <dl 0.1 3.0 0.8
S4: contaminated with tailing runoff 7.0 43.0±3.7 83.7 489 559 2,026 0.04 0.3 5.5 1.1
S5: contaminated with tailing runoff 6.8 44.3±7.0 15.5 520 852 688 0.02 0.3 4.4 0.9
S6: agricultural soil 7.3 No toxic <dl 300 683 142 <dl 0.1 2.5 0.01
S7: contaminated with tailing runoff 7.4 19.4±4.6 0.05 110 689 996 <dl 0.1 2.2 0.08
S8: agricultural soil 7.8 No toxic <dl 18.7 532 73.7 <dl 0.1 1.9 0.02

Mine C
Control soil 7.1 10.7±5.5 1.9 52.81 1,344 22.0 0.04 0.6 0.8 <dl
Stream A
SA1: contaminated with stream water 3.2 100±8.1 3.3 1,341 2,841 578 0.5 334 447.7 231.0
SA2: contaminated with stream water 2.9 94.4±2.5 3.0 658 712 252 0.4 149 198.3 88.5
SA3: contaminated with stream water 3.2 94.9±0.2 2.3 636 1,450 367 0.4 133 106.0 0.2
SA4: contaminated with stream water 3.2 51.8±4.1 1.5 601 2,535 327 0.1 43.9 108.6 0.5
SA5: contaminated with stream water 3.5 87.9±11.2 0.9 479 962 101 0.1 10.4 26.0 1.9
SA6: contaminated with stream water 2.1 67.4±6.6 0.6 241 1,551 213 0.1 4.9 9.2 1.5
Stream B
SB1: contaminated with stream water 4.2 95.2±2.1 2.5 398 578 436 0.3 0.3 33.4 0.5
SB2: contaminated with stream water 2.6 93.5±2.3 2.9 2,175 460 261 0.2 1,135 43.2 2.0
SB3: contaminated with stream water 2.7 13.4±4.0 1.8 1,164 377 109 0.3 93.7 76.3 8.0
SB4: contaminated with stream water 3.2 94.7±2.6 1.1 770 398 22.1 0.09 41.4 55.4 11.7
Tailing 2.4 95.4±26.7 3.0 2,008 926 319 0.13 36.8 38.0 0.5

<dl: lower than detection limit; nd: not determined
aSAx: Soils sampled in mine-C-from the point × (Fig. 1).
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This statement is also supported by the finding of low
metal concentrations in the water-extractible metal
fractions of soils S6 and S8 (0.1 mg kg−1 for Cu and
0.01–0.02 mg kg−1 for Zn).

However, there is still concern over contamination
of the food chain with metals. Zn (142 mg kg−1) and
Cu (300 mg kg−1) contents in soil S6 exceed the
standards adopted by the European Community or
Canada (Kabata-Pendias and Pendias 1992; Baize
1997). Moroccan standards for heavy metals in
contaminated soils have been not set yet. These
results confirm those found by Boularbah et al.
(2006a).

The use of MetPLATE in groundwater toxicity
testing shows that, most of the samples exhibited

relatively low metal toxicity (16–43% inhibition).
However, groundwater from well GW3 showed a
strong inhibition (95.3% inhibition during the wet
season and 82.9% inhibition during the dry season)
(Table 3). This high toxicity is attributed to the
higher than usual content of Cu (59.8–189 μg Cu
l−1) and Zn (537–1,505 μg Zn l−1) in groundwater.
The contamination of this well can be explained by its
proximity to the mine. The groundwater of this
mining area is characterized by a high conductivity
which exceeds the drinking and irrigation water
standards adopted by Morocco (Tables 4 and 5)
(Ministère de l’Environnement 1996). TheTDSvalues
confirm the high mineralization of these waters. They
largely exceed the US EPA (EPA 2003) drinking water

Table 3 Toxicity and metal concentrations in groundwater collected from mine B and C areas

March 2005 July 2005

MetPLATE % inhibition Metal concentration (μg l−1) MetPLATE % inhibition Metal concentration (μg l−1)

Cd Cu Mn Zn Cd Cu Mn Zn

Mine B
GW1 16.1±2.6 <dl <dl <dl 121 Not toxic <dl <dl 34.0 64.5
GW2 22.9±6.3 <dl <dl <dl 89.5 Not toxic <dl <dl 29.5 39.3
GW3 95.3±0.2 <dl 189 <dl 1,505 82.9±1.9 <dl 59.8 30.5 537
GW4 26.6±3.8 <dl <dl <dl 126 45.5±5.2 <dl <dl 47.0 31.3
GW5 18.3±4.9 <dl 34.0 <dl 97.5 Not toxic <dl <dl 39.3 28.0
GW 6 31.0±8.9 <dl 30.8 <dl 50.5 Not toxic <dl <dl 29.0 43.8
GW7 35.2±4.2 <dl 36.8 15.8 17.3 Not toxic <dl <dl 45.8 58.8
GW8 33.0±2.8 <dl 31.2 <dl 31.3 Not toxic <dl <dl 32.5 78.0
GW9 31.7±2.3 <dl 28.5 <dl 59.3 Not toxic <dl <dl 44.5 55.8
GW10 21.5±4.6 <dl 31.0 15.3 39.0 Not toxic <dl 30.5 24.5 55.5
GW11 27.1±4.6 <dl 39.3 <dl 15.0 24.3±5.8 <dl <dl 10.3 59.3
GW12 38.9±4.9 <dl 35.3 <dl 20.8 1.2±6.8 <dl <dl 12.8 77.8
GW13 43.6±2.9 <dl 34.8 <dl 20.8 Not toxic <dl <dl 15.5 36.8
Mine C
GW1 10.4±5.3 <dl <dl 19.0 7,735 6.5±16.5 <dl <dl 27.8 57.7
GW2 22.0±3.2 <dl <dl <dl 2,217 28.3±5.5 <dl <dl 47.5 44.8
GW3 14.8±2.1 <dl <dl <dl 1,780 28.1±12.2 <dl <dl 40.3 40.3
GW4 18.7±1.7 <dl <dl <dl 987 6.7±8.1 <dl <dl 25.3 35.8
GW5 15.5±5.2 <dl <dl <dl 927 34.9±7.4 <dl <dl 27.3 59.0
GW6 11.8±8.2 <dl <dl <dl 387 2.7±8.4 <dl <dl 29.8 44.8
GW7 14.1±3.2 <dl <dl <dl 207 29.7±9.9 <dl <dl 29.3 48.5
GW8 17.4±4.1 <dl <dl <dl 222 23.2±4.9 <dl <dl 41.3 55.3
GW9 23.6±1.8 <dl <dl <dl 347 36.2±7.9 <dl <dl 36.8 50.3
GW10 17.7±7.1 <dl <dl <dl 422 22.4±13.3 <dl <dl 26.0 51.5
GW11 15.7±3.7 <dl <dl <dl 387 17.8±8.2 <dl <dl 33.0 48.5
GW12 25.4±9.3 <dl <dl <dl 310 40.1±17.5 <dl <dl 29.5 34.8
GW13 21.0±2.8 <dl <dl <dl 272 14.6±6.5 <dl <dl 49.0 35.0
GW14 13.9±2.8 <dl <dl <dl 190 8.7±10.4 <dl <dl 20.5 50.8

<dl: lower than detection limit
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Table 4 Physico-chimical propriety of groundwater of B and C mining areas

Wells P.L.
(m)

T.
(°C)

pH C.
(mS)

TDS
(mg l−1)

NO2
−

(μg l−1)
NO3

−

(mg l−1)
SO4

2−

(mg l−1)
Cl−

(mg l−1)
PO4

2−

(mg l−1)
Ca2+

(mg l−1)
K+

(mg l−1)
Na+

(mg l−1)

March 2005
Mine B
GW1 363 23.7 7.5 2.8 1,410 0.5 3.5 148.9 369.2 0.02 171.5 0.8 532.2
GW2 365 20.9 7.3 2.8 1,430 4.2 2.0 147.4 340.8 0.01 144.8 1.1 271.3
GW3 ND 21.8 6.7 4.9 2,580 1.9 3.3 231.7 738.4 0.03 264.8 1.5 271.3
GW4 ND 23 6.8 5.5 2,900 5.9 6.5 267.8 695.8 0.03 247.0 1.1 341.2
GW5 368 21.8 6.5 10.9 6,010 19.8 3.3 88.7 1,917 0.05 369.6 2.0 1,669
GW6 361 24 6.8 3.1 1,580 2.2 2.3 153.4 411.8 0.07 175.9 1.1 231.4
GW7 364 23.9 6.7 3.1 1,590 0.7 3.8 130.9 411.8 0.03 175.9 0.8 152.4
GW8 357 23.1 6.7 3.5 1,760 2.8 1.5 194.1 454.4 0.02 153.7 1.5 222.8
GW9 358 21.6 7.0 5.5 2,870 3.5 3.5 352.1 823.6 0.03 247.0 1.5 391.9
GW10 362 22.1 6.6 16.9 9,620 4.4 0.9 648.6 3,124 0.02 467.4 3.7 3,661
GW11 363 22.4 6.3 26.8 15,200 0.2 3.5 671.2 5,452 0.03 6,481 2.0 1,704
GW12 363 24.1 6.5 6.7 3,560 2.2 1.9 252.8 1,264 0.04 546.3 1.1 271.2
GW13 338 24.5 6.9 2.2 1,100 1.5 1.6 103.8 255.6 0.05 149.2 1.5 30.5
Mine C
GW1 478 22 6.2 4.1 2,130 0.9 6.5 213.6 497 0.01 122.6 3.7 587.6
GW2 481 20.6 7.1 1.8 900 4.2 4.5 85.7 156.2 0.01 76.8 1.1 391.9
GW3 494 20.5 7.0 3.1 1,570 9.4 1.8 117.3 326.6 0.01 158.1 1.1 658.7
GW4 485 21.3 7.0 1.7 852 4.4 4.4 67.6 142 0.02 74.6 0.8 249.1
GW5 472 22.4 6.9 1.8 864 2.2 4.1 72.1 142 <dl 701.8 0.8 286.4
GW6 472 21.6 7.0 2.4 1,210 0.9 7.3 109.8 284 <dl 135.9 1.1 249.5
GW7 450 24 7.1 2.7 1,370 1.9 6.5 130.8 312.4 <dl 113.7 1.5 391.9
GW8 ND 23.4 6.4 5.7 2,980 4.8 4.2 1,338 184.6 0.02 224.8 1.5 625.9
GW9 436 18.6 7.3 4.6 2,370 10.2 5.1 1,195 198.8 0.05 198.1 2.0 797.8
GW10 416 23.8 7.0 1.8 928 3.7 4.3 141.4 142 0.03 135.9 0.8 418.3
GW11 438 23.6 6.7 5.0 2,630 2.9 0.9 945.1 284 <dl 360.7 2.5 562.6
GW12 458 24 6.7 1.3 632 2.2 3.5 75.2 85.2 0.02 76.8 1.1 341.2
GW13 420 24.2 6.6 2.3 1,150 2.4 4.0 97.7 255.6 0.02 135.9 2.5 532.2
GW14 380 22 6.9 3.7 1,880 22.6 10.0 185.0 440.2 0.01 149.2 1.1 761.9

July 2005
Mine B
GW1 365 24.5 7.9 2.7 1,330 4.6 1.0 153.4 454.4 0.03 113.7 1.5 135.6
GW2 365 23 7.5 2.8 1,400 8.9 0.7 166.9 468.6 0.03 109.3 0.8 170.4
GW3 ND ND 7.3 5.4 2,800 4.5 4.9 224.2 1,235 0.02 198.1 1.1 208.4
GW4 ND 24.3 7.0 4.9 2,550 2.6 2.1 240.7 1,065 0.03 198.1 1.1 189.0
GW5 367 21.7 6.8 9.3 5,070 6.8 2.1 312.9 1,519 0.06 189.3 1.1 1,030
GW6 359 24.1 7.0 3.5 1,580 2.9 1.9 144.4 568 0.03 113.7 0.8 306.0
GW7 363 24.2 7.1 2.9 1,470 2.4 2.9 121.8 539.6 0.04 158.1 0.8 174.4
GW8 353 23.8 7.3 4.7 2,410 6.3 0.8 260.3 951.4 0.13 171.5 1.5 357.8
GW9 360 23 7.6 4.9 2,530 3.7 1.9 293.4 994 0.08 153.7 1.5 366.2
GW10 373 21.8 6.8 13.9 7,710 3.3 0.8 377.7 4,402 0.09 238.1 3.7 1,526
GW11 364 21.8 6.8 26.0 14,700 3.1 3.6 623.0 8,946 0.05 1,581 2.5 1,039
GW12 365 23.8 6.9 9.3 5,070 3.1 0.4 276.9 2,471 0.05 546.3 1.5 340.8
GW13 345 24.8 7.6 2.2 1,090 1.9 0.1 81.2 383.4 0.04 85.7 1.5 118.8
Mine C
GW1 481 23.1 7.1 3.8 1,990 2.6 17.7 173 596.4 <dl 189.2 2.5 377.9
GW2 478 22.1 7.4 1.8 869 62.0 6.1 72.2 156.2 0.12 118.1 2.5 208.4
GW3 494 22.0 7.3 3.2 1,590 41.4 26.3 79.7 426 0.12 135.9 1.1 228.5
GW4 483 22.6 7.5 1.7 847 5.5 5.7 73.7 170.4 0.03 69.3 0.8 214.3
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guideline (500 mg l−1 TDS) in all groundwater
samples. The pH values are within recommended
ranges (Table 5) (Ministère de l’Environnement 1996;
EPA 2003; WHO 2004). The high mineralization of
these groundwater samples can be explained by
elevated concentration of chloride and sulfate during
both the wet or dry seasons (Table 4). The relatively
high concentrations of Mn, observed in surface waters
(0.1–637.2 mg l−1), and soils (377–3,462 mg kg−1) at
the two mining areas (Tables 1 and 2), present a
potential health risk for the human populations
residing in the vicinity of the mine. It has been
suggested that Mn is associated with the onset of
Parkinson’s disease (Baek et al. 2003; Gorell et al.
2004). The lack of control measures for the solid and

liquid wastes from this active mine may adversely
affect the biota in the vicinity of the mining site. Our
results show that the mining activity represents a
significant source of metal contamination (Cu, Mn
and Zn) in the surface waters and soils in the studied
region. However, most of the groundwater studied
had relatively low metal concentrations and present an
elevated conductivity and TDS and high concentra-
tions of sulfate confirming probably the impact of the
mining activity on the water resources in the region.

Mine C

Table 1 shows that Cd, Cu, Mn, and Zn concen-
trations in stream waters from Mine C were between

Table 4 (continued)

Wells P.L.
(m)

T.
(°C)

pH C.
(mS)

TDS
(mg l−1)

NO2
−

(μg l−1)
NO3

−

(mg l−1)
SO4

2−

(mg l−1)
Cl−

(mg l−1)
PO4

2−

(mg l−1)
Ca2+

(mg l−1)
K+

(mg l−1)
Na+

(mg l−1)

GW5 471 23.5 7.2 1.7 851 7.2 3.7 69.1 184.6 0.07 193.7 1.1 276.8
GW6 469 23.2 7.4 2.7 1,350 3.1 9.4 85.7 411.8 0.03 144.8 2.0 228.5
GW7 446 24.5 7.4 2.7 1,340 3.1 4.5 90.2 383.4 0.04 87.0 2.0 189.0
GW8 438 24.7 6.9 5.6 2,940 5.2 5.7 1,338 241.4 0.04 737.0 1.5 692.3
GW9 436 21.9 7.5 4.8 2,510 13.7 8.5 1,052 198.8 0.17 247.0 2.0 249.5
GW10 413 24.0 7.3 1.7 963 0.5 5.2 123.3 170.4 0.04 104.8 1.1 103.9
GW11 436 24.2 6.8 5.0 2,630 0.7 9.9 848.8 369.2 0.02 229.2 2.0 271.3
GW12 457 24.6 7.2 1.2 581 0.7 2.2 60.1 113.6 0.05 100.4 0.8 75.5
GW13 419 24.8 6.9 2.1 1,050 0.03 3.0 85.7 269.8 0.01 104.8 1.1 135.6
GW14 372 24.4 7.3 3.3 1,670 1.9 4.0 130.8 525.4 0.01 127.0 2.0 317.1

T: Temperature; C: Conductivity; P.L: piezometric level; <dl: lower than detection limit; ND: no determined

Moroccana US EPAb (MCL) WHOc

pH 6.5–9.2 6.5–8.5 6.5–9.2
Conductivité μs/cm 2,700 n.i. n.i.
TDS mg l−1 n.i. 500 1,500
Chloride mg l−1 750 250 250
Nitrates mg l−1 50 10 50
Nitrites mg l−1 n.i. 1 3
Sulphates mg l−1 200 250 250
Orthophosphates n.i. n.i. n.i.
Na+ mg l−1 n.i. n.i. 200
K+ mg l−1 n.i. n.i. n.i.
Ca2+ mg l−1 n.i. n.i. 200
Cd2+ μg l−1 5 5 3
Cu2+ μg l−1 1,000 1,300 2,000
Mn2+ μg l−1 100 50 400
Zn2+ μg l−1 5,000 5,000 3,000

Table 5 National and
international drinking
water guidelines

aNM: Norme Marocaine
(NM 03-7-001, 1991);
MCL: Maximal Concentra-
tion limit, n.i.: not issued
bU.S. Environmental
Protection Agency
cWorld Health Organization
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0.31 and 0.42 mg l−1 for Cd, 0.06 and 202.8 mg l−1

for Cu, 0.3 and 47 mg l−1 for Mn, and from non
detectable to 24.6 mg l−1 for Zn. Metal concentrations
along the two streams (streams A and B) of mine C
were generally lower that those observed in mine B.
A study of the metal concentrations in mines B and C
also revealed that the tailings in mine C had lower
metal content than those in mine B (Boularbah et al.
2006a). The metal contents in the runoff stream water
are comparable to those found by El Gharmali et al.
(2004) in the waters of this mine and those published
by many authors in surface waters of several mining
areas (Rösner 1998; España et al. 2005; Concas et al.
2006).

The pH of these waters varied between 2.1 and 3.3,
except for station SWB1 which displayed a pH of 6.2
(Table 1). These low pHs are generally due to sulfuric
acid resulting from the oxidation of pyrite (Boularbah
et al. 2006a; Hibti 2001). The low pH was responsible
for metal mobilization, suggesting, as suggested for
mine B, a problem of acid mine drainage in this
mining site (Salomons 1995; Bell et al. 2001).

Toxicity testing of water from six stations in stream
A showed that the % inhibition given by Met-
PLATE™ varied between 26.2% in station SWA4 to
98.3% in station SWA6. The enzyme inhibition was
higher than 85% in five out of six stations. Similarly,
three out of four stations in stream B displayed
inhibition above 90%. Water from an upstream
control site, not known to be impacted by the tailings,

showed only 25.5% inhibition. These metallic pollu-
tants could be transferred to other aquatic ecosystems
(rivers and estuaries) (Liu et al. 2003; El Gharmali
et al. 2004; Cheggour et al. 2005).

The bioassay MetPLATE™ was also applied to
mine tailings and to soils contaminated by the acidic
waters. The control soil sampled upstream of the mine
was not toxic to the assay bacterium (only 10%
inhibition). On the other hand, the tailings were
highly toxic (95.4% inhibition). Except for the SB3

soil, all soils sampled downstream of the mine were
moderately to highly toxic (51–100% of inhibition).
The soil toxicity was compared to the total and water
extractable Cd, Cu, Mn and Zn (Table 2). The results
show that the high toxicity of these soils and tailings
was mainly due to the relatively high content of
soluble Cu. Elevated concentration of Mn found in
some soils impacted by the mining activity (soils
contaminated with tailing runoff and stream waters)
as well as in the control soils constitute an evidence
for geochemical background of Mn in soils in this
area. These results confirm also that stream waters
(i.e., soil runoffs) were quite contaminated by heavy
metals, contributing to soil contamination in the
vicinity of the mine. The metal content of these soils
well exceeded the European standards (Kabata-
Pendias and Pendias 1992; Baize 1997). These re-
sults confirm the data reported for sediments collected
in a dry stream in a Mexican mining area (Razo et al.
2004). The Mann–whitney test was used to compare

Table 6 Total metal concentrations in the tailings and soils of mining sites in South Morocco compared to concentrations
in soils in France

Total metal
mg kg−1

French soilsa Moroccan soils

Without
geochemical
anomaly

With moderate
geochemical
anomaly

With strong
geochemical
anomaly

Agricultural and garden soils
in the vicinity of minesb

(n=11)

Mining soils
and tailingsb

(n=18)

Studied mining
soils and tailings
(n=17)

Cd 0.05–0.45 0.70–2.0 2.0–46.3 <dl–2.4 0.1–228.0 <dl–83.7
Cu 2–20 20–62 65–160 34–570 138–8,635 110–2,175
Ni 2–60 60–130 130–2,076 <dl–53 <dl–51 nd
Pb 9–50 60–90 100–10,180 27–2,847 14–30,100 nd
Zn 10–100 100–250 250–11,426 110–4,023 34–108,000 22–5,730

<dl: lower than detection limit; nd: not determined
a(Baize 1997)
b (Boularbah et al. 2006a)
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the MetPLATE biotest response and the soluble
metals concentrations (Cd + Cu + Mn + Zn) using
StatBox V6.40 Pro. The results show that there is a
relationship between the biotest response and the
soluble metal concentrations (Cd + Cu + Mn + Zn) in
the studies samples (α=0.05) confirming our previous
data with a semi quantitative MetPADTM biotest used
for toxicity testing of soils collected from five mines
in southern Morocco (Boularbah et al. 2006a).

Total metal concentrations in mining soils in the
vicinity of the studied mining site were compared with
concentrations found in French soils more or less
impacted by geochemical anomalies (Baize 1997)
(Table 6). Metal concentrations in agricultural and
garden soils in the vicinity of mines in Morocco were
generally higher than concentrations in French soils with
moderate geochemical anomaly (Table 6) (Boularbah
et al. 2006a). Our results show that the mining soils and
tailings under study had lower metal concentrations than
those published by Boularbah et al. (2006a). These
concentrations are in the range of French soils strongly
impacted by geochemical metals and can be higher for
Cu. For example, maximum metal concentrations were
1.8 (Cd)–13.5 (Cu) times higher than those measured in
French soils with strong geochemical anomaly. The soils
studied in this work are modified by human activities:
they are anthrosols (WRB 2006) (Soils profoundly
impacted through the addition of organic materials or
household wastes, irrigation, or cultivation). Some of
them are so strongly modified that they can be called
technosols (soils with a high amount of artefacts). These
soils were newly introduced in the second edition of the
World Reference Base for Soil Resources (WRB 2006,
IUSS). Our data confirms that technosols appear mostly
in industrial areas (e.g. mine sites), and that they are
more likely to be contaminated than Anthrosols
(Boularbah et al. 2006a; El Khalil et al. 2006).
Technosols must be treated with care as they can
contain toxic substances resulting from industrial
processes.

The toxicity assessment of the groundwater, sam-
pled from selected wells in mine C area during the
rainy and dry seasons, shows that these waters were
weakly toxic (β-galactosidase inhibition varied from
10.4 to 25.4% in wet season and 2.7–40.1% in dry
season) and contained very low metal concentrations
(Table 3). The physico-chemical characterization
showed a high mineralization in all groundwater
samples (Table 4). The US EPA drinking water

guideline value of 500 mg l−1 TDS (EPA 2003) was
exceeded at all wells (Table 5). Elevated TDS and
conductivity, are also higher than WHO and Moroc-
cans drinking and irrigation water standards
(1,500 mg l−1 TDS and 2,700 μs/cm conductivity,
respectively), for the majority of the samples tested
either during the wet or dry season (Ministère de
l’Environnement 1996; WHO 2004). The pH values
are within the EPA (2003), WHO (2004), and
Moroccan recommended ranges (Table 5). However,
we observed high concentrations of sulfates and
chlorides (Table 4). The sulfates may have a geo-
chemical origin following the oxidation of metal
sulfides or an anthropogenic origin (Moncaster et al.
2000). In mining areas, the phenomenon of acid mine
drainage may probably be the main generator of
sulfates (Salomons 1995; Umita 1996; Baker and
Banfield 2003). Groundwater contamination may be
due to infiltration of contaminated surface water. This
region is located on the JBILET hills constituted by
old material, metamorphic or igneous, which can be
considered almost waterproof. However, the contam-
inated stream waters seep through cracks and deteri-
orated zones of alluviums and faulted zones
(Direction des Mines, de la Géologie et de l’Energie
1975; Hibti 2001).

Conclusion

The present study evaluated the heavy metal content
and toxicity in soil runoffs and groundwater collected
from two mining areas located in the region of
Marrakech in southern Morocco. The stream waters
from all sampling stations in the two mines were all
very toxic. Their high copper and zinc concentrations
confirm the acute toxicity shown by MetPLATE™
bioassay. The acidic pH of these waters could be used
as a good indicator of the acid mine drainage in the
two mining areas. Metal contamination may lead to a
potential danger for the health of human and animal
populations in the vicinity of these mining areas. As
expected, the stream waters heavily enriched with
toxic metals contribute to the contamination of the
soils located along the water flow and may seep
through fissured and faulted zones, leading to
groundwater contamination. This study shows that
metal toxicity was highest in stations which were the
closest to the tailings deposits and decreased as the
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distance from the tailings increased. The high toxicity
of these soils and tailings was mainly due to a
relatively high content of soluble Cu, Zn and possibly
Mn in the two mines (no data is available on the
response of MetPLATE to Mn). Assessment of
groundwater toxicity, sampled from selected wells in
mine B and C areas, shows that these waters are
weakly toxic. However, groundwater from well GW3
showed strong inhibition during both the wet and dry
seasons. This high toxicity is attributed to its elevated
concentration of Cu and Zn. The contamination of
this well can be explained by its proximity to mine B.
Furthermore, most of the groundwater samples
exhibited an elevated conductivity and TDS and high
concentrations of sulfate. They confirm the impact of
the mining activity on the water resources in the
region. Microbial toxicity assays, such as MetPLATE,
are useful tools in assessing the bioavailability of
metals in aquatic environment, agricultural, urban or
industrial soils.
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