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The potential toxicity in riverbed sediments was assessed with a bioassay using the bioluminescent bacteria Vibrio fischeri. The
selected area was characterized by the presence of ultramafic rocks (peridotites), and the sediments had high values in Ni, Cr, and
Co. For the toxicity bioassay with Vibrio fischeri, water-soluble forms were used. The results indicated that most of the samples
had a very low degree of toxicity, with 10% of reduction in luminescence in relation to the control; meanwhile 25% of the samples
had a moderate degree of toxicity with a reduction in luminescence between 13 and 21% in relation to the control. The toxicity
index correlated significantly with the concentrations of Ni and Cr in the water extracts. This toxicity bioassay was proved to be a
sensitive and useful tool to detect potential toxicity in solutions, even with anomalous concentrations in heavy metals of natural
origin.

1. Introduction
Today, in Ecological Risk Assessment (ERA), soil and sediment contamination studies are increasingly important. ERA
processes involve several predictive and descriptive phases
[1, 2] with special emphasis placed on the toxicity characterization of the contaminated media. In this field, many
toxicity assays are applied in the study of contaminated soils
[3–6], and for ecosystem protection, toxicity bioassays are
key to support the regulation framework in the declaration
of contaminated soils [7].
Most bioassays applied to contaminated soils and sediments are based on the evaluation of the toxic eﬀect of
the solution extracted from the solid phase or by the solid
phase itself over a living organism (animals, algae, plants,
and bacterial bioassays) [8]. In this way, bacterial bioassays
are commonly used because they are quick, cost eﬀective,
and reproducible [9]. Particularly, the bioassay using Vibrio
fischeri relates the presence of contaminants to the inhibition
in light emission from these luminescent bacteria. This test
is defined as sensitive and has a high correlation with the

response of other toxicity tests [10]; in addition, it has been
used in the toxicity assessment of soils contaminated by
heavy metals [11, 12].
Rivers distribute heavy metals in the ecosystem by
mobilizing pollutants and thus spreading the aﬀected area,
with potential toxicity risk to aquatic organisms as well as
to human health through the food chain. Heavy metals can
reach aquatic ecosystems by anthropic activities or by natural
processes, and in such circumstances, the contaminants can
be distributed as water-soluble species, colloids, suspended
forms, or sedimentary phases [13]. According to Jain [14],
heavy metal pollution in aquatic ecosystems has received
increased scientific attention in the recent years because the
contaminants tend to accumulate and progressively raise the
toxicity risk to the living organisms [15]. In this sense, many
studies have demonstrated that heavy metal concentration in
river bed sediments can be good indicators of pollution in
hydrological systems [16].
The diﬀerent forms of heavy metals in the sediments
of an aquatic medium determine their bioavailability and
toxicity. Thus, the study of the diﬀerent fractions of the
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elements in sediments is vital, because the total concentrations are not representative of the real degree of the
potential contamination. Heavy metals can be bound to
or occluded in amorphous materials, adsorbed on clay
surfaces or iron/manganese oxyhydroxides, coprecipitated in
secondary minerals such as carbonates, sulphates, or oxides,
complexed with organic matter, or included in the lattice
of primary minerals such as silicates [13]. The fractionation
techniques of heavy metals in the river sediments have been
used by diﬀerent authors [14, 17–20] to assess the mobility
and bioavailability of pollutants in this media.
The Verde River basin is located in the Province of Malaga
(southern Spain), and its catchment area receives many
streams flowing over peridotitic materials, characterized by
high concentrations of Mn, Cr, Co, and Ni. In this basin
lies La Concepción Reservoir, which contributes with more
than 24% of the drinking water used in the western Costa
del Sol (dominated by the city of Marbella), one of the main
tourist areas in Spain and in southern Europe. The abovementioned scenario prompted the examination of the riverbed sediments of this area.
In this study, we analyse the concentration in the riverbed sediments of heavy metals, both total as well as watersoluble forms, to characterize the potential mobility of these
elements in the Verde River basin. The potential toxicity of
heavy metals was studied using bioassay of bioluminescent
bacteria in order to assess the potential risk of contamination
in the area.

2. Material and Methods
Verde River is approximately 36 km long, originating in
the Sierra de Las Nieves mountains (2000 m.a.s.l.) and
sharply descending to 400 m to reach the Mediterranean Sea.
This abrupt change in altitude in a short distance involves
many diﬀerent slopes, with the steeper ones predominating
(25%–55%). The lithology is dominated by peridotite and
serpentine rocks and with carbonate and metamorphic
rocks in lesser proportion (Figure 1). The catchment area
is comprised of the main channel of the Verde River and
11 tributaries, including La Concepción reservoir, holding
44,515 hm3 /year.
Sediments of the Verde River and main tributaries were
collected in the bottom part of each stream (Figure 1).
At each sampling point, composite samples were taken by
mixing 250 g of sediments from each corner and center of a
square 0.5 m per side. Samples were taken from the river bed
to 0–20 cm depth. In the laboratory, samples were air dried,
and the fine fraction (<50 μm) of the sediments [19, 21]
was used to characterize the main properties for the toxicity
bioassay.
The total heavy metals were determined by Inductively
Coupled Plasma-Mass Spectrometry (ICP-MS) in a PE
SCIEX ELAN-500A spectrophotometer. The analyses were
made after acid digestion (HNO3 + HF; ratio 2 : 3) at
a high temperature and pressure in a Teflon-lined vessel.
The spectrometer was equipped with quartz torch, nickel
sampler, and skimmer cones, a cross-flow type pneumatic
nebulizer, and a double-pass Scott-type spray chamber.
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Instrumental drift was monitored by regularly running
standard element solutions between samples. The watersoluble forms were obtained from sediment-water extract
in a ratio of 1 : 5 [22, 23], and the heavy metals solubilized
were also determined by ICP-MS. All ICP-MS standards were
prepared from ICP single-element standard solutions (Merck
quality) after appropriate dilution with 10% HNO3 . For
calibration, two sets of multielement standards containing all
the analytes of interest at five concentrations were prepared
using rhodium as an internal standard. Procedural blanks for
estimating the detection limits (3∗ σ; n = 6) were <0.96 ppb
for Mn, <2.73 ppb for Cr, <0.24 ppb for Co, <0.42 ppb for Ni,
<0.12 ppb for Cu, <2.68 ppb for Zn, <0.21 ppb for As, and
<0.23 ppb for Pb. The analytical precision was better than
±5% in all cases.
The toxicity bioassay was made with the water extract of
the sediment. Prior to the assay, pH was measured potentiometrically in a 1 : 5 soil : water suspension in a CRISON 501
instrument, and electric conductivity (EC) was measured at
25◦ C in a CRISON 522 instrument. The toxicity bioassay was
made with bacterium (Vibrio fischeri), which diminishes its
bioluminescence capacity in the presence of toxic elements.
The freeze-dried luminescent bacteria (NRLLB-11177) and
the reconstitution solution were supplied by AZUR Environmental. The test was performed in a Microtox 500 analyser
from Microbics Corporation, according to a modification
of Microtox Basic Test for Aqueous Extracts Protocol [24],
in which the water-sediment extracts and a control sample
(distilled water) were used, with three replicates per sample.
The luminescence was measured before the mixture with
the extracts (0 min). The inhibition of bioluminescence was
measured at 5 (Inh5) and 15 minutes (Inh15) after the
mixture with the extracts of the samples. Afterwards, these
measurements were used to calculate two Toxicity Indexes:
(i) normalized Inhibition of luminescence at 5 min (I5),
calculated by:
I5 =



− Inh5sample − Inh5control

100 − Inh5control

,

(1)

where Inh5sample is the percentage of luminescence
reduction in the samples at 5 min, and Inh5control is
percentage of luminescence reduction of control at
5 min.
(ii) normalized inhibition at 15 min (I15), calculated by:
I15 =



− Inh15sample − Inh15control

100 − Inh15control

,

(2)

where Inh15sample is the percentage of reduction
of the sample at 15 min, and Inh15control is the
percentage of reduction of control at 15 min;
The values of I5 and I15 can range from −1 (maximum
toxicity) to >0, and the following classes can be established:
(a) 0 to −0.25 low, (b) −0.25 to −0.5 moderate, (c) −0.5 to
−0.75 high, and (d) −0.75 to −1 very high toxicity. Values >0
would indicate stimulation of the luminescence (hormesis).
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Figure 1: Location of the study area, sampling points, and lithological scheme of the River Verde basin.

3. Results and Discussion
The total concentrations of heavy metals in the sediments
(Table 1) indicate that the peridotite materials have very high
concentrations in Cr, Ni, Mn, and Co while in the other

materials (carbonate and metamorphic rocks) the values of
these elements are low, and the concentrations in Zn and
As are higher than in the peridotite area; the diﬀerences in
Pb are not statistically significant between the two types of
materials. Therefore, the total concentrations in heavy metals
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Mn
Cr
Co
Ni
Cu
Zn
As
Pb

Peridotite
1244.95 ± 81.92
1040.79 ± 131.15
114.86 ± 14.21
1833.26 ± 232.46
23.93 ± 1.45
69.40 ± 6.10
4.94 ± 0.80
19.43 ± 4.09

Other materials
708.07 ± 165.37
236.00 ± 125.62
34.00 ± 13.49
372.78 ± 273.77
32.50 ± 4.09
166.64 ± 67.25
26.41 ± 13.30
21.75 ± 6.97

100
Luminescence inhibition (%)

Table 1: Total heavy-metal concentrations (mg kg−1 ) in sediments
from peridotite materials and from other materials in the Verde
River basin.

75

50

25

0
C

Table 2: Water-soluble heavy-metal concentrations (mg kg−1 ) in
sediments from peridotite and from other materials in the Verde
River basin.
Other materials
0.280 ± 0.151
0.002 ± 0.001
0.003 ± 0.001
0.008 ± 0.002
0.008 ± 0.002
0.011 ± 0.006
0.004 ± 0.002
0.0004 ± 0.0003

in the sediments of the Verde River are directly related to the
diﬀerent parent materials present in the area.
The highest heavy-metal concentrations were for Ni
and Cr, with maximum values of 2552 mg kg−1 and
1514 mg kg−1 , respectively. According to the geochemical
background of the trace elements in soils of Andalusia [25],
the sediments of the study area have anomalous values
only for Ni, Cr, and Co in the peridotite materials, with
concentrations exceeding, respectively, 36-, 10-, and 2-fold
the reference values for the region. The concentrations of the
other elements were within the normal range in all cases.
For the assessment of the potential toxicity of the
samples, water extracts of the sediments were obtained to
make the toxicity bioassay using luminescent bacteria. The
main variables aﬀecting the measurement in the bioassay
were pH and electric conductivity (EC); these properties
should be determined to assess their influence in the test
results. The water extract of the samples had a pH value of
8.03 ± 0.13, and the mean value of EC was 1.36 ± 0.12. These
values are within the recommended range for this toxicity
bioassay [26]. The concentration of soluble heavy metals in
the water extracts are presented in Table 2. The sediments
coming from the peridotite area had significantly higher
concentrations in soluble Ni, Cr, and Co than the sediments
coming from other materials. The other elements analysed
had no significant diﬀerences in their soluble concentration
between the diﬀerent materials considered.
According to the toxicity bioassay with Vibrio fischeri,
most samples showed a decrease in the luminescence in
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Figure 2: Luminescence inhibition (%) of the water extract in the
sediment analysed (C = control sample).
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Toxicity index

Mn
Cr
Co
Ni
Cu
Zn
As
Pb

Peridotite
0.497 ± 0.245
0.013 ± 0.004
0.015 ± 0.006
0.153 ± 0.048
0.009 ± 0.002
0.019 ± 0.006
0.005 ± 0.001
0.0004 ± 0.0003
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Figure 3: Toxicity index of the water extract in the sediment
analysed.

relation to the initial value (Figure 2). Because this bacterium
is from a marine environment, the control samples (distilled
water) had also a luminescence reduction of between 27 and
34%. The water extract of the samples showed a reduction
at 5 min (Inh5sample ) and 15 min (Inh15sample ) below 50% in
relation to the initial value in all cases although these values
were normalized to calculate the inhibition in relation to the
control. The lower inhibition of luminescence was found in
the sediments belonging to the nonperidotite area (samples
5, 6, and 7) and in sample 12, which received a mixture of
sediment both from the peridotite materials as well as from
the metamorphic carbonate area.
The water extracts of the sediments had a very low
toxicity index in most cases (Figure 3), with values below
−0.1 (representing a 10% luminescence reduction in relation
to control) in 75% of the samples. Values of the toxicity index
at 5 and 15 min had a good correlation in the dataset studied.
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Table 3: Toxicity index of the water extract at 5 min (I5) and 15 min (I15). (M: mean; SD: standard deviation; a, b: significant diﬀerences
(P < .05) in Tukey test).

I5
I15

Sample
M
SD
M
SD

1

2

3

4

−0.13a

−0.01b

−0.07b

−0.21a

0.02

0.07

0.08

0.05

−0.15a

−0.02b

−0.09b

−0.19a

0.02

0.09

0.05

0.03

5
0.10b
0.10
0.08b
0.09

In the case of the sediments coming from the non-peridotite
area or from a mixture of diﬀerent parent materials (samples
5, 6, 7, and 12), the toxicity index had values higher than
zero, indicating the occurrence of hormesis phenomena
related to the stimulation of the bacterial activity. Only one
sample (4) had values of the toxicity index close to −0.25
(representing a 25% reduction in luminescence with respect
to the control), indicating a moderate degree of toxicity.
The ANOVA of the toxicity index indicated that samples
1, 4, and 11 (located in the lower part of the peridotite
area) significantly diﬀered in relation to the other samples
analysed (Table 3), with a toxicity index ranging from −0.13
to −0.21; therefore, these three samples had a luminescence
reduction of more than 10% but less than 25%, which
could be related to the heavy-metal concentrations in the
water extracts used in the bioassay. To correlate the heavy
metal concentration in the water extracts with the toxicity
index based on the reduction of luminescence, we used
the Spearman correlation coeﬃcient. In the studied dataset,
we found a negative and significant correlation (P < .05)
between the toxicity index and the Ni and Cr concentration
in the solutions. For I5, the coeﬃcients were −0.636 with
Ni and −0.622 with Cr, and for I15 the coeﬃcients were
−0.650 with Ni and −0.580 with Cr. The comparison with
the toxic levels in the literature [27] indicates that the only
elements exceeding these limits were Ni and Cr, for which
the toxic levels in water solutions surpassed 3- and 10fold, respectively. No significant correlations were detected
for other heavy metals in the water extract, indicating the
influence of the peridotite materials in the toxicity of the
samples analysed.

4. Conclusions
The study area is dominated by peridotite materials, and the
riverbed sediments in the basin have high concentrations
of Ni, Mn, Cr, and Co. The soluble forms were from
the water extract of the sediments of the main river and
tributaries in the basin. The toxicity bioassay with Vibrio
fischeri used the water extract of these sediments to assess
the bioluminescence reduction in these bacteria. The toxicity
degree was very low in 75% of the samples, with values of
luminescence reduction below 10% in relation to the control.
A moderate-to-low degree of toxicity was found in 25% of
the samples (all belonging to the non-peridotite area), with
a luminescence reduction between 13 and 21% in relation to
the control. The correlation coeﬃcient (Spearman) indicated
a negative and significant relation between the toxicity index
and the concentrations in Ni and Cr in the water extracts

6
0.05b
0.03
0.08b
0.05

7
0.04b
0.02
−0.03b
0.02

8
−0.03b

0.01
−0.06b

0.04

9
0.01b
0.08
0.00b
0.08

10

11

−0.03b

−0.14a

0.03

0.03

−0.04b

−0.15a

0.05

0.01

12
0.08b
0.10
−0.01b
0.05

of the sediments. This toxicity bioassay was proved to be a
sensitive and useful tool for detecting the potential toxicity
of solutions, even in samples with anomalous concentrations
in heavy metals of natural origin.
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mine spill-heavy metal content and mobility in soils and
sediments of the Guadiamar river valley (SW Spain),” Science
of the Total Environment, vol. 367, no. 2-3, pp. 855–871, 2006.
A. V. Filgueiras, I. Lavilla, and C. Bendicho, “Evaluation
of distribution, mobility and binding behaviour of heavy
metals in surficial sediments of Louro River (Galicia, Spain)
using chemometric analysis: a case study,” Science of the Total
Environment, vol. 330, no. 1–3, pp. 115–129, 2004.
F. G. Viets Jr., “Chemistry and availability of micronutrients in
soils,” Journal of Agricultural and Food Chemistry, vol. 10, no.
3, pp. 174–178, 1962.
G. Sposito, L. J. Lund, and A. C. Chang, “Trace metal
chemistry in arid-zone field soils attended with sewage sludge.
I: fractionation of Ni, Cu, Zn, Cd and Pb in soils phases,” Soil
Science Society of America Journal, vol. 46, pp. 260–264, 1982.
AZUR Environmental, “The Microtox Acute Basic, DIN,
ISO and Wet Test Procedure,” Carlsbad, Calif, USA, 1998.
J. Aguilar, C. Dorronsoro, E. Galán, and J. L. Gómez, “Criterios
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