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Abstract: The land use change can negatively impact ecosystems, enriching water and soil with
heavy metals (HMs). The fragile riparian areas along the Medjerda River of Northern Algeria are
particularly affected by this phenomenon, and biological tools able to combine information about
both matrices can be preferred in their monitoring. This research aimed to evaluate the suitability
of the spiny toad (Bufo spinosus D.) as a biomonitor for assessing the impact of three different land
uses (agricultural (AGR), urban (URB), and industrial (IND) managements) on soil and water for
Cu, Fe, Pb, and Zn by using the non-lethal skin biopsy. The IND land use, followed by URB, mostly
impacted soils for Cu and Pb, whereas management was not able to influence water differently
despite worrying Pb levels. The cluster analysis allows to show that toad responds like soil in terms
of land use and like water for HMs, as it is possibly related to the metal–chemical affinity. Although
the single skin analyses do not display any difference among the managements, the bioaccumulation
factor (BF > 1) shows that B. spinosus absorbs more HMs from water; skin accumulates Fe and Zn
regardless of the land use, probably for both natural and anthropogenic assimilation and Pb and Cu
for URB and IND, as it is related to their ionic forms and human impact.

Keywords: agriculture; urban and industrial activities; heavy metal contamination; Medjerda River;
skin biopsy; biomonitoring; bioaccumulation factor; amphibian; environmental monitoring

1. Introduction

Biomonitoring has developed notably in the last decades. Generally, biological moni-
tors are organisms able to indicate the level of vitality of living things, at single or commu-
nity level, and give information about the health status of the environmental compartments
that occupy [1]. These organisms experience cumulative effects of several environmental
changes in a temporal dimension, in particular, pollutants, estimating past exposure and
reflecting individual susceptibility [2]. Bioindicators are, therefore, able to act as both
sensitive and accumulative organisms as they undergo morphological and physiological
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changes caused by contaminants. Given their occupation in different ecological niches, they
have the potential to serve as sentinel organisms for assessing the health status of ecological
sites. Consequently, the evaluation of ecosystem health can be reflected by the organisms
inhabiting it [3]. Different biomonitors are reported in the scientific literature, in detail:
earthworms, arthropods, and land snails for soil [4–7]; fish or aquatic macroinvertebrates
for water [8,9]; lichens and moss for air [3,10,11]; and also microorganisms and vascular
plants (i.e., bacteria, fungi, herbs, and trees) [12–16].

Some biomonitors can indicate environmental changes in more than one compartment,
related to the ones in which they spend their own lifecycle, like insects or amphibians.
These latter have biphasic lifecycles occurring in both aquatic and terrestrial systems, as
they are very sensitive to the consequences of environmental threats, way more than other
species due to the peculiarities of their skin [17]. This organ is very complex, responsible for
respiration, osmoregulation, thermoregulation, and adsorption, and makes the amphibians
valid biosentinels [18]. Previews studies reported the efficacy of Hyla cinerea (Garman,
1892), Ambystoma barbourin (Kraus and Petranka, 1989), Rana pipiens (Schreber, 1782),
Rana clamitans (Latreille, 1801), Xenopus laevis (Daudin, 1802), Bufotes viridis (Laurenti,
1768) as rapid responders of environmental contamination and ecological damage [19–21].
Similarly, Guezgouz et al. [22] and Napoletano et al. [23] focused on the efficacy of the
anuran Bufo spinosus (Daudin, 1803) to act as biosentinel for ecological studies in some
Algerian riparian zones. Indeed, this toad is very sensitive to environmental changes as it
occupies a wide range of different habitats, including areas with fragmented landscapes.
Moreover, it is an Ibero-Maghrebian endemism with a population in Northern Africa (from
Morocco to Tunisia) and the Iberian Peninsula, besides the British Isles and Northern
Pyrenees, and it is classified as a “least concern” species according to the International
Union for the Conservation of Nature (IUCN) [24].

Because of the strict relationship between amphibian health status and the environ-
mental compartments in which they live, their skin is a reflection of changes that occurs in
water and soil. The use of innovative techniques, such as non-invasive skin removal after
capturing followed by the release of individuals, has proven to be a successful strategy since
it minimizes entropic pressure on the amphibian population. This approach is helpful for
monitoring overall environmental quality, including soil and water, especially in riparian
ecosystems [22,23]. These areas are complex and multidimensional, composed of a gradient
of characteristics ranging from terrestrial to aquatic systems [25]. They are hotspots of
ecological function in many landscapes and provide several ecosystem services related
to the stabilization of river banks, water regulation and supply, flood protection, erosion
regulation, storage capacity, nutrient regulation, pollination, aesthetic, amenity, habitat
refugium, and biodiversity [26,27]. Human influences are very pronounced in riparian
zones, ranging from extreme manipulation to agricultural needs [26]. Here, land use con-
version is the major anthropogenic change that reshapes these environments, resulting in
considerable risk to both soil and water.

Deforestation, agricultural intensification, and urbanization are the main land uses
that led to the modification and fragmentation of riparian areas, degrading soil and water,
and loss of biodiversity [28,29]. In developing countries, it has been observed that the
conversion of land use and land cover into agricultural lands and urban areas has resulted
in various environmental consequences, such as loss of ecosystem integrity, ecosystem
imbalance, and a below-optimum provision of ecosystem services [30]. An example of
these changes is seen in Africa, mainly in the Mediterranean countries. The expansion of
agriculture by local communities to satisfy their needs due to human population growth
is an important driver of land use change. In addition, water bodies and different land
covers have been reduced by agriculture and urbanization, causing severe contamination
by heavy metals (HMs) in these ecosystems. HMs pose intense environmental damage
because of their intrinsic toxicity that reflects on persistence, non-biodegradability and
bio-accumulation characteristics [31]. Moreover, they can accumulate and remain in water
and soil for a long time, also causing diseases and complications for humans [31,32]. The
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release of HMs is usually dependent on the anthropogenic activity that alters the natural
biogeochemical cycles of these elements, emphasizing the effects of land use change. Some
HMs, including copper (Cu), iron (Fe) and zinc (Zn), are crucial for metabolism at low
concentrations and considered micronutrients for biological activities. However, at high
concentrations, they induce toxic effects [33]. Moreover, certain heavy metals, in particular
lead (Pb), are described as the most problematic HMs, ranking among the major public
health concern chemicals, being able to damage the function of various organs even at low
concentrations [22,33].

Pb, alone and together with Cu, resulted as a driver in decreasing biological activity,
reflecting high microbial stress and low microbial abundance for the soils investigated by
Santorufo et al. [34]. In the comparison of different land uses, these authors showed a
marked overall reduction, especially in the agricultural soils, that affected the ecosystem
functioning, as compared to forest and urban areas.

However, the effect of land use assessed on the anthropization gradient from forest,
grassland, and cultivated in urban, industrial, mining, and military areas is usually related to
the increase in Cd, Cu, Pb, and Zn contaminations [35]. In fact, the addition of pesticides and
fertilizers to soils [36] and atmospheric fallout from traffic induce metal contamination [37]
and can contribute to the gradual increase in HMs from forest land use to more anthropized
land uses.

Therefore, there is a growing concern regarding the effects of land use change in
sensitive ecosystems such as riparian ones and in biomonitoring methods that use an
integrated approach alongside the study of water and soil alone for developing strategies
for sustainable management of these areas. In this perspective, the main goal of the current
research was to evaluate the suitability of Bufo spinosus as a biomonitor for assessing the
impact of three different land uses (agricultural, urban, and industrial managements)
on soil and water HM concentration in riparian zones of Northern Africa. The research
focused on the simultaneous assessment of Cu, Fe, Pb and Zn in soil, water and toad skin
from areas with similar edaphic and climatic characteristics but different land use. This
aspect was particularly interesting and provided information on the impact of land use at
the ecosystem level through a direct comparison that is not limited to one environmental
compartment. This integrated assessment of water, soil and organisms could be particularly
important in riparian areas. Another focus of this study was to highlight the reactivity of
the toad to changes in water and soil HM concentration, and the affinity to one or both
environmental compartments by using a non-lethal technique such as skin biopsy. In order
to estimate HM accumulation in the toad tissue and describe a preferential transfer from
soil or water, the bioaccumulation factor (BF) was calculated.

In addition, in agricultural, urban, and industrial areas, the determination of HM
concentrations in soil, water and toad skin was accompanied by the calculation of some
geochemical and ecological indices that are often considered informative on the degree of
contamination, anthropogenic enrichment, and environmental risk even in the absence of
an undisturbed control area as in this study [23,38].

2. Materials and Methods
2.1. Study Area and Experimental Design

The investigated riparian areas are located along the Medjerda River in the Souk-Ahras
province of Northern Algeria. This river is trans-frontal with headwaters in the Montagnes
region before traversing the urban section [22]. It is near the border with Tunisia and
has hydrological networks in Souk-Ahras. Its basin extends into Tunisia, and the overall
captivity area is about 23,700 km2. In addition, about 32% (about 7800 km2) of this land
mass lies in Algeria [39]. These territories have been intensively modified by anthropogenic
activity, and land uses are diverse and widely distributed. They have a semi-arid climate,
featuring hot, dry summers and mild winters, and are often affected by drought as a direct
result of climate change that reduced precipitation and increased temperatures [39,40].
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The study area comprises agricultural (AGR), urban (URB), and industrial (IND) sites
located 20–30 m from the river and only occasionally affected by flooding events over the
last years (Figure 1).
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All the sites were similar for parent material, pedogenesis, and climatic conditions
and, therefore, were chosen for this research. Moreover, each site was about 500 m2 wide.

Stagnic Fluvisols (AC profiles) were present as soils characterized by deposits of
calcareous silt and clay coming from recent alluvions [40,41]. They are weakly devel-
oped soils, showing obvious sedimentary stratification for their formation in an allu-
vial plain during flooding events, and the organic matter distribution is irregular. The
soils were covered by horticultural crops, mainly Cicer arientinum L., Hordeum vulgare L.,
Raphanus raphanistrum subsp. sativus L., Solanum tuberosum L., Triticum aestivum L., and
Vicia lens (L.) Coss. & Germ. in AGR, whereas perennial and annual herbs, belonging mostly
to Amaranthaceae, Apiaceae, Asteracee, Cyperaceae, Malvaceae, Poaceae, Solaneaceae and
Zygophyllaceae families in URB and IND sites. In detail, for URB and IND, vegetation was
not investigated more.

In this study, the topsoils of 0–10 cm depth (six per site in order to obtain representative
samples) were picked up considering that the soil’s upper layer generally exerts influences
on biota. A sieve of <2 mm was used to remove the soil’s bigger particles (aggregates
and stones), and then the samples were dried and analyzed for the main pedological
characteristics and heavy metals.

Water was collected from the river close to AGR, URB, and IND sites in six points per
land use, and for each point, six samples were collected and then mixed to have composite
samples. It was then passed through a filter of 0.45 µm in cellulose and kept in a refrigerator
at 20 ◦C in the dark until further investigations.

All the reagents used in this study were provided by Sigma-Aldrich (Milan, Italy) and
had the highest purity level (99.98%).

2.2. Soil Physico-Chemical Characterization

The following general parameters were assessed in soil: texture (sand, silt, and clay);
water-holding capacity (WHC); pH; organic matter (OM); and total content of heavy metals
(Cu, Fe, Pb, and Zn). Following the methods reported in the Italian official methods of
soil analysis [42], the particle size (%) was determined gravimetrically by the pipette and
wet sieving method after a pre-treatment with 3 mL of hydrogen peroxide (H2O2) at 30%
for oxidizing organic materials and 10 mL of sodium orthophosphate (Na3PO4) at 4% for
suspending the particles. WHC (%) was measured by inducing soil saturation with distilled
water and, after drying, calculated as ((wet mass − dry mass)/dry mass) × 100. Soil pH was
measured potentiometrically in soil as follows: distilled water suspension (1:2.5), whereas
OM was evaluated from soil organic carbon (TOC) according to the Walkley–Black wet
combustion technique, with K2Cr2O7 and H2SO4 for 30 min followed by the titration with
diphenylamine [43]. Then, TOC was divided by 0.58 to obtain OM content (% d.w.) [44].
The total and available concentration of Cu, Fe, Pb, and Zn (values in ppm) was determined
by atomic absorption spectrophotometry (VARIAN model SpectrAA-20, Varian Associates
Inc., Sunnyvale, CA, USA). The calibration curves for the instrument were obtained after
diluting pure standards (1000 ppm) in acidic solutions, similar to the digested soil samples.
Accuracy was checked by concurrent analysis of standard reference material (BCR CRM
142R—Commission of the European Communities, 1994, Joint Research Centre Institute
for Reference Materials and Measurements, Geel, Belgium). The overall element recovery
ranged from 80 to 120% for all the investigated samples. In detail, to determine the HM
total concentration, 2 g of soil was digested with 12 mL of HNO3 at 65% and 6 mL of HF at
50% (1:2 = v:v). Soil samples were oven-dried (105 ◦C) and grounded into a fine powder
by an agate mortar (Fritsch Analysette Spartan 3 Pulverisette 0, Fritsch, Idar-Oberstein,
Germany) before acid digestion in a microwave oven (Milestone-Digestion/Drying Module
mls 1200, MLS GmbH Mikrowellen-Laborsysteme, Leutkirch, Germany). The available
fractions of Cu, Fe, Pb, and Zn were determined in extracted soils according to Lindsay
and Norwell [45]. Briefly, 25 g of oven-dried (105 ◦C) soil samples were added to 50 mL of
diethylenetriamine pentacetic acid (DTPA), CaCl2 and triethanolamine (TEA) solution at
pH 7.3 ± 0.05. The soil suspensions were shaken for 2 h and filtered with the Whatman
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No. 42 filters. The available fractions of Cu, Fe, Pb and Zn are reported both as concentration
values in ppm and as a percentage of the total content of each HM.

The total content of each HM was used for the calculation of soil indices in order to
display differences in land uses starting from geochemical background and reported in
other works [38,46]. The following indices were evaluated: geo-accumulation index (Igeo);
enrichment factor (EF); contamination factor (CF); and potential ecological risk index (RI).

Igeo indicates the specific HM contamination in the specific soil and land use by com-
paring the current concentration with the natural level used as a reference and calculated
as reported in Equation (1) [23,47].

Igeo =
log2[sample]

1.5 × [re f erence]
(1)

where [sample] is the concentration of HM in the soil and [reference] is the geochemical
background of the same metal [48]. A factor of 1.5 is applied to minimize value fluctuations
due to the wide heterogeneity of the Earth’s crust. Therefore, Igeo can be grouped as un-
contaminated (Igeo 0), uncontaminated to moderately contaminated (Igeo 0–1), moderately
contaminated (Igeo 1–2), moderately to strongly contaminated (Igeo 2–3), strongly contam-
inated (Igeo 3–4), strongly to extremely strongly contaminated (Igeo 4–5), and extremely
contaminated (Igeo > 5).

EF estimates the amount of a given HM derived from human activities by comparing
the specific metal in the sample with an uncontaminated background after normalization
with Fe [49]. The formula is reported in the Equation (2):

EF =

[element]
[normalizer] sample
[element]

[normalizer] reference
(2)

where [element] and [normalizer] are the concentration of the investigated metal and Fe in
the sample and background, respectively. The classes are as follows: EF < 2 deficiency to
minimal enrichment; EF = 2–5 moderate enrichment; EF = 5–20 significant enrichment;
EF = 20–40 very high enrichment; EF > 40 extremely high enrichment.

CF describes the degree of the contamination in HMs related to background levels as
reported in the following Equation (3) [50,51]:

CF =
Cn
Bn

(3)

where Cn is the content of HM and Bn is the same metal concentration in the average
composition of the continental crust. CF < 1 means low contamination; 1 ≤ CF < 3 means
moderate contamination; 3 ≤ CF < 6 means considerable contamination, and CF ≥ 6 means
very high contamination.

RI provides information on the impact of HMs on environmental and ecological
processes according to the Equation (4) [52]:

RI = ∑ Ei
r (4)

where Ei
r represents the ecological risk factor of the HM calculated from CF and the toxic

response of the specific HM i (Ti
r) [23]. This index follows the following classes: low risk

(RI < 150); moderate risk (150 ≤ RI < 300); considerable risk (300 ≤ RI < 600); and very high
risk (RI ≥ 600).

2.3. Water Evaluation

During sampling at each site, the main chemical characteristics such as pH, dissolved
oxygen (DO) and biological oxygen demand (BOD) were measured in situ using a portable
multi-parameter apparatus WTW multiline P4 (WTW GmbH, Weilheim, Germany). The
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turbidity was determined through a nephelometric turbidimeter (2100N, Hach, Loveland,
CO, USA). The content of heavy metals was assessed after the addition of HNO3 at 3% (v:v)
using an atomic absorption spectrophotometer (Shimadzu AA 6200, Shimadzu, Japan) [22].

2.4. Toad Collection and Skin Analysis

Adult spiny toads were identified as Bufo spinosus (Daudin, 1803) after being ran-
domly captured with a standard technique by pitfall traps [53]. Only male individuals, in
accordance with their phenotypic and behavioral traits, ranging from 180 to 200 g, were
chosen. The collected toads were, in total, six per area, sampled for water and soil (six field
replicates for each land use). The toads were subjected to an in situ skin biopsy by scalpel
after ether somministration. This method was based on a non-lethal protocol characterized
by the collection of 1 cm2 of skin from each specimen [54]. Then, the animals were released
after a short period of recovery from the stress (ca. 20 min). The pool of collected skin
was dried at 120 ◦C for 2 h in a ventilated oven, and aliquots of 500 mg were treated with
HNO3 at 69%. After that, the digestion was facilitated by leaving the aliquots for five days
at about 25 ◦C; thus, a suspended grease was obtained. These samples were filtered twice
and diluted with Milli-Q ultrapure water (Millipore, Milan, Italy) in the tubes to a final
volume of 10 mL. A VARIAN SpectrAA-20 was used for metal determination as reported
for soil investigations.

2.5. HM Bioaccumulation

The bioaccumulation factor (BF) was calculated in order to estimate HM accumu-
lation in the toad tissue, describing the transfer of these elements from water and soil
(Equation (5)):

BF =
Ct
Ce

(5)

where Ct is the metal content in the toad’s skin, and Ce is the available content of the same
element in the specific environmental compartment, soil (BFs), or water (BFw) [55]. Three
classes of bioaccumulation were possible: BF > 1 means that the toad skin can be regarded
as an accumulator; BF < 1 means that it acts like an excluder, and BF = 1 means that there is
no influence [56].

2.6. Statistical Approach

The results of soil, water characteristics, and toad metals were reported as
means ± standard errors. Specifically, soil and water were means of 6 field points per
site × 3 laboratory replicates, while toad metals were means of 6 specimens per
site × 3 laboratory replicates. The Shapiro–Wilk test was used to assess if the data had
a normal distribution, and One-Way Analysis of Variance (ANOVA) was tested for the
significance of differences (p ≤ 0.05).

Hierarchical clustering was performed for soil, water, toad, and the merged dataset of
soil + water + toad in order to highlight differences and similarities among land uses and
metals. The paired group (UPGMA) with the Bray–Curtis similarity index was selected.

Systat_SigmaPlotsoftware version 12.2 (Jandel Scientific, San Rafael, CA, USA) and
Past version 4.03 (Øyvind Hammer, Oslo, Norway) were used in this research.

3. Results
3.1. Soil and General Water Characteristics

The general characteristics of the investigated soils and water collected in three different
areas subjected to different land uses, i.e., agricultural (AGR), urban (URB), and industrialized
(IND) in riparian zones of Northern Africa, are shown in Tables 1 and 2, respectively.
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Table 1. General soil characteristics (particle size %: sand, silt, and clay; water-holding capacity
(WHC); pH; and organic matter (OM) % d.w.) evaluated in the sites subjected to different land use
(AGR, URB, and IND) and reported as mean ± standard error. Different letters show statistically
significant differences among different land use (One-Way ANOVA, p ≤ 0.05).

Particle Size (%)

Sand Silt Clay WHC
(%) pH OM

(% d.w.)

AGR 66.8 ± 1.8 21.4 ± 1.6 ab 11.8 ± 1.2 30.7 ± 1.5 8.49 ± 0.05 b 9.21 ± 0.84 a
URB 65.1 ± 1.6 23.5 ± 1.5 a 11.4 ± 1.4 29.8 ± 0.9 8.66 ± 0.05 a 7.15 ± 0.22 b
IND 67.0 ± 1.7 20.6 ± 1.2 b 12.4 ± 1.6 30.1 ± 1.8 8.31 ± 0.10 b 6.92 ± 0.82 b

Table 2. General water characteristics (pH, turbidity, dissolved oxygen (DO), and biochemical oxygen
demand (BOD)) evaluated in the sites subjected to different land use and reported as mean ± standard
error. Different letters show statistically significant differences (One-Way ANOVA, p ≤ 0.05).

pH Turbidity
(NTU)

DO
(mg L−1)

BOD
(mg L−1)

AGR 6.4 ± 0.4 4.0 ± 0.3 9.8 ± 0.3 a 6.9 ± 0.2 a
URB 6.3 ± 0.5 3.7 ± 0.3 9.1 ± 0.2 b 6.3 ± 0.3 b
IND 6.0 ± 0.2 3.5 ± 0.5 9.0 ± 0.4 b 6.2 ± 0.2 b

Regardless of the land uses, the soils (Table 1) were generally sandy (>60% particles
in weight) with more than 11% in clay, having alkaline pH (>8), WHC around 30%, and
high content of OM (>6.9% d.w.). They resulted in statistical differences in silt, pH and OM.
In detail, URB showed the highest content of silt (23.5 ± 1.5%) and pH (8.66 ± 0.05). In
addition, AGR soil showed the highest values of OM (9.21 ± 0.84% d.w.); IND soil showed
the lowest value (6.92 ± 0.82% d.w.) but was statistically similar to URB (7.15 ± 0.22% d.w.).

On the other hand, water (Table 2) did not evidence any statistical difference in terms of
pH and turbidity, showing a trend as AGR > URB > IND. Conversely, DO and BOD showed
higher values (9.8 ± 0.3 mg L−1 and 6.9 ± 0.2 mg L−1, respectively) in water near AGR
sites than URB (9.1 ± 0.2 mg L−1 and 6.3 ± 0.3 mg L−1) and IND sites (9.0 ± 0.4 mg L−1

and 6.2 ± 0.2 mg L−1).

3.2. HM Concentration in Water, Soil and Toad Skin

The available fractions of Cu, Fe, Pb, and Zn for soil and the content of these elements
in water and toad skin were reported in Figure 2. In addition, the soil total content of HMs
is shown in Supplementary Figure S1. The studied land uses only statistically impacted
soil metals, regardless of water or toad. In detail, IND was the most contaminated soil,
reflecting the highest total and available concentrations of metals.

Cu and Fe availability was significantly higher in IND soil (Cu: 3.97 ± 0.12 ppm;
Fe: 10.82 ± 0.32 ppm) than in AGR and URB soils (Figure 2A). Pb was significantly more
available in IND and URB soils (1.89 ± 0.06 ppm and 1.93 ± 0.04 ppm, respectively), while
Zn was higher in IND and AGR soils (2.83 ± 0.24 ppm and 2.17 ± 0.24 ppm, respectively)
(Figure 2A). This trend is respected by the total metal content in soil under different land
use (Supplementary Figure S1).

The general trend of heavy metal availability in soils was Fe > Cu > Zn > Pb, while for
water and toads it was Pb > Fe > Cu > Zn and Fe > Pb > Zn > Cu, respectively.

Metal concentrations in water and toad skin (Figure 2B,C) showed greater variability
than in soil (Figure 2A), and there was no statistically significant difference among sites
with different land uses.

Analyzing the percentage of available metal in the soil over the total quantity, it
is evident that Pb > Cu > Zn > Fe (Table 3). The percentage of available Pb and Cu was
significantly high in AGR soil, with values of 70.5% and 54.4%, respectively. The availability
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of Fe was 0.16% in IND soil and 0.14% and 0.12% in AGR and URB soil, respectively (Table 3).
No statistical difference was found for the available percentage of Zn, which ranged from
11.7% in URB soil to 15.3% in IND soil (Table 3).
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Figure 2. Metal concentration (ppm) of Cu, Fe, Pb, and Zn reported as mean ± standard error in
soil (A), water (B), and toad skin (C) subjected to different land uses. For soil, the available fraction
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Table 3. Available fraction of Cu, Fe, Pb, and Zn expressed as % of total content ± standard error
evaluated in the soils subjected to different land use (AGR, URB, and IND). Different letters show
statistically significant differences in different land uses (One-Way ANOVA, p ≤ 0.05).

Cu Fe Pb Zn

%

AGR 54.4 ± 3.0 a 0.14 ± 0.01 ab 70.5 ±2.2 a 13.6 ± 2.0
URB 52.1 ± 2.2 a 0.12 ± 0.01 b 65.5 ± 0.5 b 11.7 ± 2.4
IND 37.4 ± 3.0 b 0.16 ± 0.01 a 64.7 ± 0.8 b 15.3 ± 2.1

3.3. HM Contamination Indices

The potential ecological risk index (RI) showed the strongest impact of metals on the
URB area (considerable risk), followed by IND and AGR areas with moderate risk (Table 4).
In terms of the geo-accumulation index (Igeo), all the soils were uncontaminated regardless
of the studied HMs. For the enrichment factor-EF, IND showed moderate enrichment
for Cu, very high enrichment for Zn, and either deficiency or minimal enrichment for Pb
(Table 4). However, EF showed significant enrichment for Zn in all sites (values between
10 and 20). Similarly, the contamination factor (CF) suggested moderate and considerable
contamination for Zn in the URB, AGR, and IND areas, respectively (Table 4).
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Table 4. Environmental indices calculated to evaluate the extent of contamination or enrichment of
a specific element in soils under different land uses (AGR, URB, and IND). The geo-accumulation
index (Igeo), enrichment factor (EF), contamination factor (CF), and potential ecological risk index
(RI) are reported as mean ± standard error. In brackets, the range for classification of heavy metal
contamination is shown. Different letters show statistically significant differences among different
land use (One-Way ANOVA, p ≤ 0.05).

Cu Fe Pb Zn

RI
(≤150–≥600)

Igeo
(0–≥5)

EF
(≤2–≥40)

CF
(≤1–≥6)

Igeo
(0–≥5)

CF
(≤1–≥6)

Igeo
(0–≥5)

EF
(≤2–≥40)

CF
(≤1–≥6)

Igeo
(0–≥5)

EF
(≤2–≥40)

CF
(≤1–≥6)

AGR 316
± 60 b

0.06
± 0.009 b

1.39
± 0.23 c

0.28
± 0.05 c

0.04
± 0.002 ab

0.20
± 0.007 ab

0.025
± 0.003 b

0.63
± 0.07 b

0.13
± 0.01 b

0.67
± 0.12 ab 17.06 ± 3.41 3.32

± 0.59 a

URB 537
± 25 a

0.08
± 0.005 b

2.14
± 0.13 b

0.40
± 0.02 b

0.04
± 0.003 b

0.19
± 0.01 b

0.03
± 0.001 a

0.94
± 0.07 a

0.17
± 0.003 a

0.45
± 0.13 b 11.28 ± 2.85 2.22

± 0.65 b

IND 390
± 58 b

0.16
± 0.02 a

3.46
± 0.41 a

0.79
± 0.09 a

0.05
± 0.003 a

0.23
± 0.02 a

0.03
± 0.001 a

0.77
± 0.06 ab

0.17
± 0.004 a

0.80
± 0.10 a 18.06 ± 3.0 3.99

± 0.50 a

3.4. HM Bioaccumulation in Toad Skin

The bioaccumulation factor was calculated to estimate HM accumulation behavior
and to describe the transfer of these elements from water and soil to the toad skin, the
values of which are reported in Table 5 and Supplementary Table S1. Indeed, it showed
values <1 for soil and toad skin (BFs are in Table 5 and Supplementary Table S1). BFw from
water to toad skin showed values above 1 for Fe and Zn regardless of land use. Cu and Pb
showed bioaccumulation (BFw > 1) only in the IND and URB sites, respectively (Table 5
and Supplementary Table S1).

Table 5. The bioaccumulation factors (BF) of heavy metals (Cu, Fe, Pb, and Zn) from water (BFw)
and soil (BFs) to toad for sites subjected to different land use (AGR, URB, and IND). Dark grey cells
indicate values > 1; light grey cells indicate values < 1.

BFw BFs
Cu Fe Pb Zn Cu Fe Pb Zn

AGR Fe > Zn > Cu > Pb Pb > Zn > Cu > Fe

URB Fe = Zn > Pb > Cu Zn > Pb > Cu > Fe

IND Fe > Zn > Cu > Pb Pb > Zn > Fe > Cu

Based on the bioaccumulation factor, the order in which metals were bioaccumulated
in toad skin from water and soil varied: in detail, the order for BFw was Fe > Zn > Cu > Pb
in AGR and IND sites and Fe = Zn > Pb > Cu in URB site (Table 5). In addition, the order
for BFs was Pb > Zn > Cu > Fe in AGR, Zn > Pb > Cu > Fe in the URB site, and Pb > Zn >
Fe > Cu in the IND site (Table 5).

3.5. Hierarchical Clustering

The hierarchical clustering that showed similarities among the land uses and metal
behavior was displayed in Figures 3 and 4, respectively.
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Focusing on the datasets of soil, toad, and the merged matrix of soil + water + toad,
the closeness between URB and AGR is shown in Figure 3A,C,D. The distinctive land use
was the industrial activity. Water alone highlighted a similarity between IND and AGR
and increased dissimilarity for urban sites (Figure 3B).
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On the other hand, the dissimilarity index for metals evidenced a similar behavior of
Cu and Zn and Fe and Pb in water and toads (Figure 4B,C). Conversely, in soil, Fe differed
from other metals (Figure 4A).

The dataset soil + water + toad showed three groups (Figure 4D). The first one was
represented by the soil metals, in which Fe constituted the first subgroup with the oldest
differentiation and Pb as the second subgroup. The second group was represented by the
closeness between Pb and Fe, and the third one by Cu and Zn with alternating positions
between water and toads.

4. Discussion
4.1. Impact of Land Uses on Soil and Water

This research focuses on the investigation of different land uses on soil and water in
riparian areas and proposes the use of toads to assess the impact on organisms living in
these areas. The evaluations were carried out in detail along the Medjerda River in the
Souk-Ahras province (Northern Algeria). Our findings highlight that the investigated soil
and water respond differently to IND, URB, and AGR land uses in terms of management.

These two compartments have different intrinsic properties as the soil has historical
memory, displaying the result of different dynamics occurring in it, compared to water,
which is a more dynamic system and, therefore, is less conservative [57,58]. Despite
different characteristics, soil and water interact, influence each other, and drive the lives of
the organisms inhabiting them.

For the soil compartment, the land use IND induces the enrichment in HMs as
it is possibly related to the intense industrial activities that discharge toxic particulate
matter in the surrounding zones, mainly containing Zn, Cu, and Pb [59]. In this view,
Guasmi et al. [60] have reported that the entire study area has undergone regional deteriora-
tion over the last decade, mainly because of industries of paper production, paintings, brick,
and textile factories. For these reasons, these anthropogenic activities are the main drivers
for high enrichment and contamination indices, as also reported by Napoletano et al. [23].
Particularly interesting is also the comparison with the results of Ben Ayed et al. [61], who
reported particularly high contamination with Pb and Cd in five industrial areas along the
Medjerda River. In addition, URB was the second most polluting land use due to it being
affected by vehicular emissions and open burnings that released contaminants, especially
Pb [62]. Santorufo et al. [34] also evidenced a high concentration of lead in the soils of urban
areas, addressing the same explanation. This enrichment led to the classification of these
soils as considerably risky according to the RI index, with an intense impact on ecological
processes. Moreover, although Zn is commonly reported to cause pollution, and the values
for the enrichment and contamination factors are high, its concentration in the investigated
soils cannot be considered high or impactful as it falls within the range of 10–300 ppm
for unfertilized and uncontaminated soils, as reported by Noulas et al. [63]. Similarly,
AGR land use reflects high but not critical values of Zn in its soils compared to the other
managements, and it seems to have more lithogenic than anthropogenic derivation [64].
Indeed, we cannot exclude a partial contribution of these elements (e.g., Zn and Fe) from the
parent material as background level meant the soil’s memory. However, high levels of Zn
are reported along the Medjerda River in Tunisian territory due to specific mining activities,
even though the interruption of activities had severely reduced inputs of this element [65].
Anyway, none of the investigated HMs exceeded the regulatory limits adopted in Algeria
from the Agence Française de Normalization (AFNOR) [66]. Also, the different leachability
of these HMs from the soil, along with the different anthropic contributions, may be the
key drivers for water contamination [22]. The dynamic nature of water that flows and
dilutes could be the possible reason for the marked differences not being reported among
the studied HMs for AGR, URB, or IND land uses [67]. However, the only alarming HM
is Pb, which exceeds the established threshold of 0.01 ppm for all sites, according to the
World Health Organization (WHO) [68] and reported for waters of nearby areas [22].
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The investigated land uses, usually reported to have a direct impact on these envi-
ronmental compartments in terms of HMs, as also reported by Joimel et al. [35] for their
case study in France, also drive general soil and water characteristics. In these terms, the
evidence is shown in URB soils where the alkaline pH is the result of both pedological
carbonates or external contributions related to requalification policies commonly carried
out for urban greening [69,70]. All the investigated land uses show high values of OM
(>4%), but AGR highlighted the highest values as agricultural soils need to cope with the
continuous production and removal of green biomasses and, therefore, have to be sup-
ported by different fertilization plans over time, linked to the specific planted herbs [71,72].
Regardless of the land use, all the investigated soils show sandy texture, with slight differ-
ences in silt contents dependent on soil spatial variability. However, OM and texture do
not seem to be directly responsible for WHC in soils of any of the studied land uses [23].
On the other hand, AGR, IND, and URB land uses significantly impact water for DO and
BOD. These characteristics are generally used as proxies for water quality as DO considers
the dissolved oxygen that is essential for the aquatic biota, and BOD defines the quantity
of organic matter available for oxygen-consuming bacteria [73]. They generally reflect a
similar trend and can be influenced by different properties of the catchment, soil typology
and land use [74]. Moreover, the intense agricultural production supported by the uncon-
trolled use of fertilizers and other long-term malpractices are probably the possible causes
of higher values in AGR water [75].

4.2. Responses to Different Land Uses of Bufo spinosus and Relationships with Soil and
Water Matrices

The use of amphibians for monitoring environmental quality is a common practice in
riparian ecosystems [19,20], as influenced by processes occurring in soil and water. Their
biphasic lifecycle makes these biomonitors to be effectively engaged as biosentinels. On the
other hand, the non-lethal technique of skin biopsy is quite rare despite this method permit-
ting the collection of skin samples without killing the animals through an environmentally
friendly approach. The analysis of such material did not display any difference in the
investigated land uses even if several factors, such as the affinity of HMs, deposition, rates
of uptake, and excretion, cannot be excluded [76,77]. Generally, the uptake of HMs depends
on the skin thickness, as a decreased amount of epidermal cell layers implies a decreased
passage length for diffusion [78]. In addition, further morphological characteristics, such
as the amount of glands, may influence dermal absorption. In this context, the chemical
form of HMs is important as they are potentially absorbed by living organisms as ions [79].

In terms of relationships between toads, soil, and water for land uses, the industrial
activities (IND) seem to be the most impactful for soil and toads, whereas URB impacts
more water when only considering the management for each investigated matrix. The
merged dataset soil + water + toad confirms the strongest environmental impact of the
IND management, which is probably related to the combined heavy-metal contribution
of each matrix. Some important information is then obtained from the behavior of heavy
metals in individual matrices. Indeed, water and toads reflect the same behavior compared
to soil. This trend could probably be due to the lithological origin of the studied elements
that drive the difference for soil. When we analyze the matrices together, the chemical
affinity of the HMs in water and toads is shown. Hence, the major difference in HMs for
soil allows them to cluster first. This different grouping is possibly associated with the
similarity in chemical forms, more soluble like ions for water and toads compared to the
soil’s more stable compounds like sulfates and phosphates, despite the available fraction
being taken into account [79]. However, the different percentages of the available fraction of
HMs allow us to show that Fe and Zn in the soil probably come from parent rock material
while Cu and Pb are of anthropic contribution. In addition, for these latter elements,
their high percentage available fraction of the total content is of particular environmental
concern. Notwithstanding this, Bufo spinosus, in terms of BF, seems to absorb more from
water. The bioaccumulation factor is a rapid index of understanding the mobility of HMs
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from environmental matrices to organic tissues [55] and has proved to be useful for many
animal species, including fish, mussels, and crustaceans [80]. The toad appears to be an
accumulator for Fe and Zn regardless of the land use, even if this measurement does
not permit the discrimination of their natural biological level from the anthropogenic
assimilation as they are essential microelements [81,82]. On the other hand, for Pb and Cu,
the studied amphibian acts like an accumulator for URB and IND, respectively.

This trend could be related to the different impacts of human activities on water,
emphasized by the use of biological tools [83]. Thus, Pb and Cu can become markers of
specific land use even if their concentrations are not as high as the copper in our study.
The bioaccumulation factor for these elements shows an alert for the health status of the
environment, as Pb and Cu are known to be hazardous to organisms and humans. Indeed,
lead and copper impact the behavioral performance of organisms and act like endocrine
disruptors [77,83]. Other studies tested the efficacy in utilization of amphibians for similar
studies that confirmed the toxicity of Cu and Pb also for Bufo arenarum H. and Lithobates
chiricahuensis, together with the difficulty to assess the negative effects of Fe and Zn in the
health of amphibians [82,84,85].

5. Conclusions

The results of this research performed along the Medjerda River in the Souk-Ahras
province of Northern Algeria highlight that agriculture, urbanization, and industrializa-
tion particularly affect riparian ecosystems through the release of HMs in terrestrial and
aquatic compartments.

Specifically, IND, followed by URB land use, mostly impacted soil in terms of HMs
such as Cu and Pb. Water quality is made a concern by a high concentration of Pb that
exceeds limits suggested by WHO, although it is not possible to directly discriminate a
different impact of the three land uses investigated as probably related to its dynamism and
less conservativity. The environmental indices emphasize a moderate to considerable risk
from agricultural to industrial and urban areas, and despite the fact that their concentrations
do not exceed the regulatory limits, they recommend attention with regard to Zn. In terms
of land use, toad responds like soil as IND is the most impactful management, whereas,
for HMs, toad reflects the same trend of water as possibly related to the chemical affinity
of the investigated elements. In addition, despite the single skin analyses not displaying
any statistical difference among the land uses, the bioaccumulation index allows us to
highlight that Bufo spinosus absorbs more HMs from water, especially Pb and Cu for URB
and IND, as they are related to similarity in the chemical forms. However, this approach
cannot discriminate if the toad also acts as an accumulator for Fe and Zn, as it is not
possible to differentiate anthropogenic assimilation from natural biological levels. Anyway,
Bufo spinosus turned out to be a good biosentinel for monitoring environmental quality in
the studied riparian ecosystems, and the non-lethal technique of skin biopsy seems to be
a powerful method able to obtain information from the animal without being invasive or
killing the collected individuals.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/w16040538/s1, Figure S1: Total metal concentration (ppm)
of Cu, Fe, Pb, and Zn reported as mean ± standard error in soil subjected to different land uses. Dif-
ferent letters show statistically significant differences (One-Way ANOVA, p ≤ 0.05); Table S1: Means
of raw values ± standard error for the bioaccumulation factors (BF) of heavy metals (Cu, Fe, Pb, and
Zn) from water (BFw) and soil (BFs) to toads for sites subjected to different land use (AGR, URB,
and IND).
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