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There is a worldwide growing concern about soil pollution caused by phosphate industry creating thus
large amounts of phosphogypsum slurry. This slurry is piped from the processing facilities up into acidic
wastewater ponds that sit atop the mountainous waste piles known as gypsum stacks. This issue is of special
interest because of toxic metals threats to groundwater tables as well as to the surrounding environment.

The aim of the present work is to assess the level of trace elements content in soil around stocked solid
waste “a phosphogypsum” derived from a former phosphate fertilizers factory and to investigate their factors
of variation. Twenty soil samples were collected at the depths of 20 cm and analyzed for their
physicochemical properties, the content of their major elements (Ca, Mg, K, Na, Al, Fe, Mn), and some trace
elements such as Zn, Pb, Cr, Cu, Co and Ni. Data were processed with multivariate statistical analysis in
order to investigate relationships among the trace elements and the factors controlling their distribution in the
phosphogypsum surrounding environment. Enrichment factors (EF) were calculated to assess either natural
and/or anthropogenic origins. The results indicate moderate levels of contamination and big differences in
variability among elements. The maximal and mean concentrations found in soil, except the soil sample S5.1,
were 95.2 and 36.5 mg Kg' for Zn, 75.2 and 30.23 mg Kg™' for Pb, 28.4 and 17.5 mg Kg™' for Cr, 61.9 and
15.6 mg Kg™' for Cu, 5.28 and 2.7 mg Kg™' for Co, and 13.2 and 6.4 mg Kg™' for Ni. Most of the elements
were positively correlated with pH and cation-exchange capacity, and no correlation with total organic carbon
and electrical conductivity except for Cu, Zn and Pb was found. The EF values of the most trace metals were
higher than 1.5 indicating that the phosphate fertilizer industry had an anthropogenic effect causing a negative
impact on the environment. The relatively increased amount of toxic metals in the examined soils requires the
area to be controlled since a variety of agricultural activities are conducted nearby moreover the surroundings
are programmed to be residential zones.

Keywords: trace metal; phosphogypsum,; Pearson and Spearman correlation, principal component
analysis; soil pollution.

Introduction

Metal contamination of soil potentially

phosphoric acid production represents an important

jeopardizes the quality and the function of all
biosphere components. Sources of contamination
include, traffic emissions, power transmission,
intensive agriculture (Sun et al. 2007, Maas et al.
2010), mining and refining of metals, sludge dumping
and industrialization (Varun et al. 2012). In Tunisia,
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industrial activity. The production of phosphoric acid
from natural phosphate rock mainly mined in Gafsa
(South west of Tunisia) by means of wet processes
gives rise to an industrial by-product named
phosphogypsum (PG) (Chakchouk and Trabelsi
1989). The problems associated with this solid waste
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are numerous due to its strong acidity, and presence
of numerous potential contaminants. Chemical
analysis of some phosphogypsum samples revealed
the presence of significant quantities of various toxic
compounds such as fluor, metals (lead, zinc, mercury,
copper, and cadmium), salts and radioactive elements
(Rouis and Bensalah 1990). Phosphogypsum pH is
always very low (around 2), because it is stored
without neutralization. Rain and storage water can
percolate easily through the phosphogypsum pile and
carry the contaminants to the surrounding soils and to
groundwater. Relatively high hydraulic conductivity
of stored phosphogypsum (107 to 10 cm sec™) and
the absence of a watertight barrier between the pile
and the natural soil is a powerful factor of a potential
pollution. Trace metals are considered crucial
contaminants because they cannot be degraded and
tend to accumulate in soil, water, animal, plant, and
humans after entering the food chain. Many
researchers have reported significant toxicity of
nickel, chromium, cadmium, cobalt, lead, and zinc
and their potential damages to the nervous system, to
the internal organs, and as carcinogenic factors
especially to young children, (Lee et al. 2007; Maas et
al. 2010). Many studies have also examined the
relationships among elements (major and trace), and
between elemental concentrations, and other soil
properties (clay content, cation exchange capacity,
pH, soil texture, carbonates) in contaminated or non-
contaminated soils (Vega et al. 2004; Covelo 2007).
Taking  this in  consideration, disposing
phosphogypsum directly into the environment without
any pre-treatment, or its storage as a pile exposed to
weathering processes, may lead to chemical and
radioactive  contamination with trace metals
(Rutherford et al. 1994). Leaching of phosphogypsum
with water shows that Cu and Cd can be easily
transferred into the ground water and to the
surrounding environment (Al-Masri et al. 2004). In
her study Carvalho (1995) shows that increasing sand
proportion in soil is found to have a diluting effect on
the concentration of Pb, since this metal is considered
as a non-reactive agent in a sandy soil. Similar results
are found by Al-Masri et al. (2004), who had
confirmed that trace elements are always concentrated
in a fine particle fraction. Variation of parameters
such as temperature, pressure, and concentrations of
salts affect the distribution of elements. Al-Masri et
al. (2004) have sustained this conclusion in their
survey of the distribution of trace elements in Syrian
phosphogypsum.

In this study, the distribution of major elements
(Ca, Mg, K, Na, Al, Fe, Mn) and trace elements (Zn,
Pb, Cr, Cu, Co and Ni) is investigated around the Sfax
region (central eastern coast of Tunisia) where a
phosphate fertilizer industry is located at 34° 42' 10"
N, 10° 43' 26" E and which is storing its solid waste,
without any pre-treatment, directly into exposed
landfills in the surrounding environment.
Contaminants are studied on the particle fractions less
than 200 um. The main goal is to evaluate the impact
of such waste on soil and to identify the most
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influencing factors of distribution of contaminants.
Samples of topsoil (0-20 cm depth) are extracted
using the solution of HF-HCIO4-HCIl. Data are
evaluated with statistical multivariate analysis
techniques, i.e., Spearman and Pearson Correlation
and Principal Component Analysis (PCA). This
stastical analysis provides relevant information on the
sources of contamination and relationships among
trace metals and other properties as reported by
Lucho-Constantinoa et al. (2005) and Cai et al.
(2012). The lithogenic or anthropogenic origin of
trace metals and the importance of contamination are
evaluated by using enrichment factors (Zoller et al.
1974; Mico et al. 20006).

2. Material and methods

2.1. Study area and soil sampling

Sfax is a city with dry climate (average
precipitation: 210 mm) influenced by the hot
southerly winds known as Sirocco. The study has
been conducted around a Sfaxian chemical fertilizer
enterprise  which produces a wide range of
phosphates. Residues of the production of this
enterprise are being thrown into two enormous
dumping grounds of phosphogypsum. The first one is
12 meters high and covers an area of 40 ha, however
the other is 30 meters high and covers an area of 60
ha. These two dumping grounds are situated on the
coastal strip of the urban area and unload into the sea.
Solid particles are carried by wind, as well as acids
and washed particles. At several altitudes around the
industrial complex, many residential units are
distributed intermittently. Small industries of
metallurgy and plastic are located in the north and the
north-east of the enterprise whereas a waste water
treatment plant is situated in the south-west of this
fertilizer industry. The region is limited by the sea and
El Maou Oued in the south-east and the road in the
north (Figure 1). Dominant wind direction is mostly
blowing from the south or the south-west and
occasionally from the north, especially during the fall
season, and the water flow is in the direction east-
west, direction of Oued.

The soil in the studied area is calcareous with
scant development of sandy-loam texture (Choura
2007). A groundwater assessment of this area has
revealed the existence of a highly polluted zone in the
vicinity of the pile, as reported by Kobbi-Rebai et al.
(2012). Based on these previous results, samples are
taken from the north, south, east, and west directions
of a dumping phosphogypsum pile because on-site
marshes and adjacent estuaries pose a potential risk to
ecological receptors. The sampling design adopted in
the studied area consists of five marked line transects
across the surface of the dumping grounds of
phosphogypsum according to the circulation of water
masses. To obtain the information on metals
diffusion in all directions, 20 soil samples are
collected at regular intervals (100 m) along the
transect lines with an Edelman-type auger into the soil
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to a depth of approximately 20 cm. The reference soil
samples are collected from a non urban region
(Elhajeb site) located at around 17 km from the south-

Fig.1.
2.2. Analytical methods

Soil samples were air-dried at the room
temperature (20-25°C), stones or other debris were
removed, then sieved through a 200 pm mesh screen
and stored in polyethylene bottles until further use.
Electrical conductivity (EC) and pH were determined
in a 1:5 material/water ratio according to the method
described by Rayment and Higginson (2002). Total
organic carbon (TOC) was determined by the
modified Springer-Klee method (Ciavatta et al. 1989).
Cation exchange capacity (CEC) was determined
according to the ISO 23470 (2007) and calcium
carbonate was determined by the method described by
the U.S Salinity Laboratory (1954). Total metal
concentrations were determined using an atomic
absorption spectrophotometer (Spectro A.A 220-
Varian, Australia) after digestion with a HF-HCIO4-
HCI solution according to the technical protocol
developed by the AFNOR Certification: NF X 31-147
(1996). Certified soils references (MRI-E 2005) were
also used to check the accuracy of the results. The
recovery rates for the elements analyzed were 99 %
for Co, 98 % for Ni, 99 % for Cr, 96 % for Pb, 97 %
for Zn, 96 % for Cu, 104 % for Mn, 98 % for Al, 99
% for Fe, 99 % for Ca, 105 % for Na, 104 % for K
and 106 % for Mg. Phosphogypsum and reference
soil were also digested with the HF-HCIO4-HCI
solution to compare with all the soil samples collected
from the study sites.

2.3. Enrichment factors
To determine a relative degree of metal

contamination, comparisons were made with
reference concentrations in a soil sample using Fe as a
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west of the study area. The sampling was performed
in December, 2011.
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Map of sampling in the vicinity of the pile (Sfax City)

reference element, following the assumption that its
content in the soil was not disturbed by anthropogenic
activity. The enrichment factors (EF) were calculated
according to the equation generalized by Zoller et al.
(1974). Then Fe was chosen to calculate EF.
According to Ergin et al. (1991) EFs are defined by
the following equation (1). Gargouri et al. (2010) and
Ghannem et al. (2010) used that formula for the
assessment of heavy metal concentrations in the
surface marine sediments of Sfax Coast (Tunisia).
Cm

——|sample
<CF2> P

—— |background
(CFe> 9

M
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C
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)Sample -the ratio of the concentration of trace

metals (Cm) to that of Fe (Cg.) in the soil
sample;

)comrol/backgroundvalue' the reference ratio in the

control/background value.
2.4. Statistical analysis

Descriptive  statistical ~ parameters  were
calculated with the commercial statistics software
package SPSS version 18.0 for Windows. Principal
Component Analysis (PCA), Spearman and Pearson
correlation were used to analyze the multivariate
relationships among soil properties, major and trace
element concentrations in environmental studies and
their possible sources (Mico et al. 2006; Cai et al.
2012). Pearson coefficient of correlation was
statistically analyzed at a significance level of P<0.05
and P<0.01.
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3. Results and discussion

3.1. Environmental impact of phosphogypsum on the
studied area

The storage of phosphogypsum (PG) without
any prior treatment requires large land areas and can
cause serious environmental contamination to soil,
water, and the surrounding environment. Negative
atmospheric impacts can be caused by both erosion of
PG piles and release of highly polluting substances,
due to the presence of hazardous vapors containing
trace metals. Trace metals including, Zn, Cu, Pb, Cr,

Ni, and Co have been measured from the dumping
grounds of PG and are summarized in Table 1.
Results clearly show that the trace metal content is
similar to that found by other authors (Azabou et al.
2005; Tayibi et al. 2009; Szynkowska et al. 2009;
Perez-Lopez et al. 2010). Regarding these results, it is
obvious that the concentrations of trace metals in the
PG surrounding area are much higher than in the
reference soil except for Co and Ni. Thus, the amount
of pollution that can often enter the surrounding
environment can have a negative impact on the
quality of human life and the environment.

Table 1. Content of some trace elements (mg Kg'') in phosphorgypsum (PG), reference and contaminated soils at Sfax region

Element PG* PG" PG°| PG'| PG®| Ref-Soil® | Mean-Soil (N=19) Ss.1
Zn (mgKg™") | 190.0 | 50-100 [ 3150 - | 5.63 11.2 36.5 282.1
Pb(mgKg") | 23.0 <5 | 50 [222] 446 4.4 30.2 30.5
Ni(mgKg') | <LD 350 150 |[7.95] 146 3.4 6.4 23.1
Cu(mgKg') |44 5-18 6-12 | 14.4 | 4.92 7.7 15.6 49.4
Cr(mgKg") | 176 | 10-30 | 200 | 147 | 109 7.1 7.5 82.4
Co(mgKg") | 55 - 8.0 - - 1.1 2.8 5.3

a: Our study; b: Azabou et al. (2005), c: Tayibi et al. (2009) ; d: Szynkowska et al. (2009), e:Perez-Lopez et al. (2010)
The Ss.; sample has been removed from the 19 other ones as it appears as an outlier for most elements.

3.2. Characteristics of soil and descriptive statistics

Table 2 and Table 3 summarize the physical-
chemical properties and trace metal content of soil
samples. Sample S5-1, the closest to the pile and in

the stream of run-off water, appeared to be highly
contaminated with most elements contained in PG. It
has been considered as an outlier value and discarded
from the other nineteen samples for further statistical
analysis.

Table 2. Descriptive statistics about physical-chemical properties of 19 soil samples (in the depth 0-20 cm) at the Sfax

region
Mini Max Median Mean | S.D CvV Skewness Kurtosis S5
pH 7.20 9.02 8.27 8.17 0.52 | 0.06 -0.45 -0.70 6.63
TOC (%) 0.15 1.75 0.62 0.66 0.33 | 0.50 2.04 6.30 2.05
CaCOs (%) 8.75 21.12 12.62 13.43 346 | 0.21 0.74 -0.33 10.25
CEC(cmol, kg'l) 4.61 11.94 6.70 7.22 2.07 | 0.29 0.99 0.36 16.49
EC (mS cm") 0.63 24.00 5.80 8.68 6.79 | 0.78 1.00 0.20 13.60

The Ss_; sample has been removed from the 19 others as it appears as an outlier for most elements

Kolmogorov-Smirnov test (3=0.05) has been
performed to test normal distribution of soil
properties. It appears that only the content of TOC,
Na, Ni and Cu should not be considered as presenting
normal distribution within the study area. A
logarithmic transformation of the data allows
researchers to reach normality, excepted for the Ni
content, which can be explained by the occurrence of
numerous values below the limit of quantification.
Data analyses of the Pearson correlation coefficient
and principal component have been performed using
log-transformed data. Spearman coefficients are
adapted to the analysis of correlation between
untransformed and skew distributions.

Results of the analyzed soil properties in the
study area summarized in Table 2 show that the pH
values vary from 7.20 to 9.02 with a mean value of
8.17, which suggests neutral to sub-alkaline
conditions for all the soil samples. Soil alkalinity is
associated with the presence of calcium carbonate
(CaCO0s) as shown in Table 2. The TOC values range
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from 0.15 to 1.75 % with a median value of 0.62 and
a mean value of 0.66 %. CEC of the soil is rather low,
between 4.61 and 11.94 cmolc Kg™' with a mean value
of 7.22 cmolc Kg'. CEC is largely determined by
organic matter and clay content and in alkaline
conditions by Fe and Al oxides. As pH increases, the
negative charge on such surfaces is increased, and
hence adsorption of cations occurs. High
concentration of Ca may also lead to the reduction of
P or Fe solubility (Deka and Sarma 2012).

Descriptive  statistics  of  trace  metal
concentrations (mg Kg') are given in Table 3.
Skewness and kurtosis values of trace metals, except
Ni and Cr, are higher than the unit which is very
frequent (Cai et al. 2012). Based on the coefficients of
variation (CV), the studied trace and major elements
can be classified into three groups: (i) Al, Mn, and K
with CV values lower than 0.25; (ii) Fe, Zn, Pb, Ni,
Co, Cr, Mg and Ca with CV values in the range 0.25-
0.75, and (iii) Cu and Na with CV values higher than
0.75.
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Table 3. Descriptive statistics about total concentrations in trace and major elements of 19 soil samples (at a depth of 0-20

cm) at Sfax region

Element Mini Max | Median | Mean SD| CV Skewness | Kurtosis S5
Al (%) 1.08 247 1.51 1.57 | 034 0.22 1.03 1.33 2.43
Fe (%) 0.50 1.37 0.83 0.81 | 0.21 | 0.26 0.96 1.49 3.59
Mn (mg Kg™) 89.7 190 127.5 | 132.1 | 23.0| 0.17 0.63 1.39 239
Zn (mg Kg™) 13.2 95.2 344 36.5 | 204 | 0.56 1.32 2.50 282
Pb (mg Kg™) 12.3 75.2 247 302 | 15.6 | 0.51 1.55 2.72 30.5
Ni (mg Kg™) - 13.2 6.8 6.4 39| 0.62 -0.43 -0.19 23.1
Cu (mg Kg™") 4.4 61.9 10.1 156 | 14.8 | 0.95 2.05 4.49 49.4
Cr (mgKg") 11.8 28.4 16.7 17.5 49 0.28 1.04 0.19 82.4
Co (mg Kg™) 1.38 5.28 2.55 27| 0.84 | 031 1.59 4.32 5.27
Ca (mgKg™) 1211 6378 3825 | 4075 | 1564 | 0.38 -0.03 -097 | 6670
Mg (mg Kg™) 206 1367 675 653 | 309 | 0.47 0.48 -0.06 [ 2120
K (mg Kg™) 688 1207 961 954 152 ] 0.16 -0.06 -058 605
Na (mg Kg™) 153 3138 625 1016 | 863 | 0.84 1.21 0.72 | 3205
The Ss_; sample has been removed from the 19 others as it appears as an outlier for most elements.
Iron, aluminum and manganese are abundant in  anthropogenic sources via exhaust fumes and

soil. An increase in their concentrations can’t be
easily distinguished from the already high background
levels. In conditions of our study these elements are
poorly mobile. Indeed, at high pH values, manganese
and iron ions from primary minerals are easily
oxidized, which reduces mobility and bioavailability
in soil (Varun et al. 2012). The mean and standard
deviations show high values for Al equal to 1.57+0.34
% and low values for Fe equal to 0.81+ 0.21 %. Al is
one of the main constituents of soil, which commonly
ranges from 0.45 % to 10 % (Kabata-Pendias and
Mukherjee 2007). Regarding the concentration of iron
in contaminated soil, it is clear that there is no
contribution from a phosphogypsum deposit entering
the surrounding land. The concentration of iron in the
soil is naturally elevated, as evidenced by reference
samples (Table 1).

In fact, some plots in the study area contain high
Zn amountt. The minimum and the maximum of Zn
concentrations ranged from 13.2 mg Kg' and 95.2 mg
Kg™', respectively, with a mean value equals to 36.5
mg Kg'. Moreover, in this study the highest
concentration in Zinc was recorded in the site S5-1
and equaled to 282 mg Kg'. This value is about 25
times higher than the reference soil and 1.5 higher
than that of the phosphogypsum (Table 1), indicating
a high input into the soil from the dumping grounds of
phosphogypsum. As shown in Table 3, the Zn
concentrations are not distributed homogeneously in
the surface soil. Similar values have been observed by
Mass et al. (2010) in contaminated soil located in the
city center of Annaba in Algeria. Other studies have
shown that values of areas with mining activity
contaminated with Zn can exceed the maximal values
reported in this study by over 10 times (Guo-l et al.
2008).

The distribution of Pb level ranges from 12.3 mg
Kg' to 75.2 mg Kg' with the mean value of 30.2 mg
Kg' (Table 3). Pb content arises from a variety of
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industrial sources. The concentration ranges of Pb
exceed the values recorded in the sediment underlying
the coastal release of phosphogypsum sludge in
Selaata (5- 35 mg Kg™') and Akkar (6.2- 15.8 mg Kg°
") (Abi-Ghanem et al. 2009). The impact of the
phosphogypsum discharged by the Sfax chemical
fertilizer company confirms an anthropogenic origin
of the Pb enrichment.

Chromium in contaminated sites can originate
from a wide variety of anthropogenic sources such as
agricultural and municipal waste and atmospheric
deposition from industrial sources (Kabata-Pendias
and Mukherjee, 2007). In this study site, the mean
value of chromium concentration is equal to 17.52 mg
Kg'. Similar mean values have been recorded by
Maas et al. (2010) in the Annaba city contaminated
area and in the urban soil affected by phosphogypsum
industry and traffic (Szynkowska et al. 2009).
Chemical composition of phosphogypsum indicates
that chromium is present in concentrations which may
pose a health risk through this pathway (Rouis and
Bensalah 1990). Distribution of nickel level in the
studied area ranges from non-detectable to 23.2 mg
Kg', with the mean value of 7.23 mg Kg' and
standard deviation of 5.35 mg Kg"' (Table 3). The
major sources of nickel contamination in the soil are
metal plating industries, combustion of fossil fuels,
nickel mining, and electroplating (Koudadoust et al.
2005). Low Ni concentrations measured in soil
samples suggest that industrial activities do not lead
to contamination of soil with this element.

Soil samples in the study area contain cobalt
ranging from 1.38 mg Kg' to 5.28 mg Kg' with a
mean value of 2.55 mg Kg™' (Table 3). Cobalt usually
occurs in association with other metals such as Cu and
Ni. One of the most important properties of Co is soil
acidity. The more acidic the soil is the greater the
potential of cobalt toxicity (Casas et al. 2003; Krishna
and Govil 2007). As soil in the study area is neutral to
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alkaline in reaction, it is not possible to derive high
values from that soil, the source, as it happens, is of
anthropogenic activity from a phosphogypsum
deposit. Therefore, low concentrations of Co indicate
that this element does not contribute to soil
contamination and can be demonstrated to be of
natural origin. Relative abundance of the major
elements in the studied area is shown in Table 3. The
concentration of copper in the surface soil in the study
site varies from 4.37 to 61.93 mg Kg™', with a mean
value of 15.57 mg Kg' and the median value of 10.09
mg Kg' (Table 3). This value is higher than that
reported by Szynkowska et al. (2009) in the
phosphogypsium contaminated aera in Poland
(Wislinka), where Cu values range from 2.3 to 47.2
mg/kg.

3.3. Correlation analysis

Both Pearson (on log transformed data) and
Spearman (untransformed data) correlation
coefficients are statistically analyzed at the
significance level of (p<0.01) and (p<0.05). The
correlation coefficient is used to measure the degree

of linear relation between logarithms of two variables
and can provide suggestive information as to trace
metal sources and relationships among them (Al-
Khashman and Shawabkeln 2006; Cai et al. 2012). It
is noticed that numerous factors control their
abundance, for example, original content of trace
metals in soil and parent materials, various processes
of soil formation, and anthropogenic factors such as
contamination by human activities. Table 4 presents
the Pearson correlation coefficients between soil
properties and investigated elements. The findings are
globally the same for the Pearson correlation. No
correlation was found between the trace element
content and TOC, and no significant correlation
between pH and Cu, Pb and Zn. The alkalinity
properties of soil in the studied area are the mean
values of pH - 8.17 and can be responsible for this
effect (Mico et al. 2006). Boekhold et al. (1993) have
found that sorption is highly sensitive to pH, as each
increase in 0.5 of the unit in pH results in twice as
much sorption of Cd. These results suggest that a
change in pH causes the transfer of elements from one
phase to another; thereby permitting estimation of
mobility of trace metals in the soil

Table 4. The Person correlation for trace metal and soil properties (N=19)

pH | EC TCO cec | €O | pe | Al [ Mo | cu|zn| P | Cr| Ni|cCo
3

pH 1

EC | 0.19 1

Toc | 003 | 010 | 1

CEC | 044 | 023 | 034 | 1
CaCOs | 0617 | 0.06 | 0.08 | 0.50" 1

Fe 0.777° | 020 | 0.09 | 0777 | 0.62" 1

Al 063 | 016 | 024 | 072 | 056 | 939 |

Mn | 0727 | 011 | -014 | 061 | 04s | 020 0T84

*k 0-57

cu | 034 o058 015 | 043 | 033 | %7 037|037 | 1

zn | o517 | 041" | 031 | o085 | 057 | 02| 0 [ 038 [ 0T

Pb | 032 | 050" | 014 | 036 | 016 | %% | 020 | 031 | %21 |08+

cr o068 | 014 | 032 | 065 | 050" | %I | 0661 0651 503 [ 067 | 16| 1

Ni | 046" | 047" | 029 | 0717 | 044 | 07| 076 | 060 | 0.48 1 071 | 555 | 073 |

Co | 049" | 017 | 0.14 | 080 | 0,67 | %17 | 087 [ 069 | g3p | 064 | g3 | 937|077 | 4
** Correlation is significant at 0.01 levels
*Correlation is significant at 0.05 levels

Electrical conductivity shows no linear  a high significant positive correlation (p <0.01) with

relationship with most elements except for Pb, Cu
which shows high significant correlation (p<0.01) (r =
0.61; r= 0.57, respectively) and moderate for Zn
(p<0.05) ( r= 0.48). Significant positive correlations
might be interpreted as an effect of the source shared
by these elements. Cation exchange capacity indicates
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all elements Fe, Al, Cu, Ni, Cr, Co and Zn and a
moderate positive correlation (p <0.05) with CaCO;,
pH, Mn and Pb (Table 4). On the other hand,
significant positive correlation (p<0.01) of Zn with
Cu (= 0.79), Zn with Pb (r= 0.72) and Cu with Pb (r=
91) indicates that general contamination originates
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from the same source of these metals, primarily from
industrial activities (Al-Khashman and Shawabkeln
2006). On the other hand, a highly positive correlation
is found between Al and Mn (r= 0.73, P<0.01), Al and
Ni (r= 0.72, p<0.01), Al and Co (r=0. 83, p<0.01), Al
and Fe (r= 89, p<0.01), Fe and Mn (r= 0.83, p<0.01)
and Fe and Co (r= 0.78, p<0.01), indicating that they
may be of a common origin (Choura 2007).
Therefore, it should be noted that high correlations of
trace metals with Zn, Pb and Cu and moderate
correlation with major element and with Al and Fe
imply that the contamination of soil is caused by
lithogenic and anthropogenic activity such as industry
of phosphogypsum, traffic emissions.

3.4. Results of multivariate statistical analysis

Principal Component Analysis (PCA), a type of
multivariate analysis, is being widely used in soil and
sediment pollution studies to reduce the data and to
extract a smaller number of independent factors for
analyzing the relationships among observed variables
(Micé et al. 2006; Cai et al. 2012).The method was
applied to assist or to indicate the pollution degree by

trace metals from lithogenic action and anthropogenic
sources. Varimax rotation with Kaiser Normalization
was used in this study to perform the analysis as the
rotation method, to maximize the variances of the
factor loadings across the variables for each factor
(Micé et al. 2006; Cai et al. 2012).

Results of the PCA for trace metal content are
presented in Table 5. According to the results of the
initial eigenvalues, the three principal components are
considered which account for over 89 % of the total
variance. The eigenvalues of the two first extracted
factors are greater than one and the third becomes
greater than one after matrix rotation. The first
component (PC1) explains 65 % of the total variance.
Before rotation matrix, the principal component (PC1)
for nineteen samples indicates that Fe, Al, Zn, Mn,
Ni, Cr and Co are associated, and display high values
greater than 0.77, while Pb and Cu are isolated in the
second factor loading. The rotated component matrix
contributes to clarify these ambiguities. The elements
show strong (Al, Fe, Mn and Co), moderate (Zn, Cr
and Ni) or weak (Pb and Cu) loadings on axis One.
This suggests the influence of natural sources and
some anthropogenic input.

Table 5 Total variance explained and the matrix of principal components analysis after logarithmic transformation (N=19)

Compo- Initial eigenvalues Extraction sums of squared Rotation sums of squared
nent loadings loadings

Total | % of Cumulative | Total % of Cumulative | Total | % of Cumula-

variance (%) variance (%) variance | tive (%)

Total variance explained
1 5.859 65.101 65.101 5.859 65.101 65.101 | 3.406 37.840 37.840
2 1.594 17.716 82.818 1.594 17.716 82.818 [ 3.466 27.402 65.242
3 0.562 6.243 89.061 0.562 6.243 89.061 [ 2.144 23.819 89.061
4 0.455 5.059 94.119
5 0.234 2.597 96.716
6 0.152 1.692 98.409
7 0.087 0.963 99.371
8 0.042 0.463 99.834
9 0.015 0.166 100.00
Ele- Component matrix Rotated component matrix
ment
PC1 PC2 PC3 PC1 PC2 PC3
Component matrix |
Cr 0.771 -0.333 0.421 0.440 0.025 0.829
Zn 0.856 -0.306 -0.229 0.333 0.607 0.638
Fe 0.949 -0.082 -0.210 0.828 0.371 0.357
Al 0.876 -0.306 -0.229 0.878 0.140 0.350
Co 0.838 -0.311 -0.100 0.780 0.110 0.436
Mn 0.830 -0.235 -0.315 0.866 0.188 0.240
Ni 0.856 -0.104 0.295 0.480 0.276 0.723
Pb 0.568 0.786 -0.076 0.129 0.962 0.076
Cu 0.648 0.728 -0.054 0.197 0.944 0.149

Extraction method: principal component analysis; rotation method: Varimax with Kaiser Normalization

The component Two (PC2), which explains the
17.72 % of the total variance, shows negative loading
for Zn, Cr, Co, Mn, Al, Fe, Mn and high positive
loading for Pb and Cu. The rotation of the matrix
explains a high positive loading for Pb, Cu and Zn
and the low loading for other elements. Low
association of elements such as Pb and Cu with Mn,
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Fe and Al in soil at the studied sites indicates plainly
the distinct sources for these two metals, whilst the
remaining ones are associated with lithogenic inputs,
but mainly with diffuse anthropogenic sources. The
significant correlation coefficient between Zn, Cu and
Pb confirms this result and indicates that these metals
are influenced by anthropogenic activities such as
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road traffic and domestic emissions. Other studies
report that the strong association of elements such as
Co, Al, Mn and Fe in soil samples suggests similar
sources (Al-Khashman and Shawabklen 2006; Cai et
al. 2012). The component Two represents pollution
caused by industrial activities and emissions from
traffic.

We conclude that the component Two represents
a factor of pollution caused by industrial activities and
phosphogypsum and is an important source of trace
metals entering the soil for Cr, Zn, Ni and especially
for Pb and Cu. Regarding the correlation coefficients
between Al, Mn, and Fe, and the other heavy metals
we verify that Al and, Mn and Fe hydroxides play a
significant role in the distribution, sorption and
fixation of these trace metals in soil. Similar results
have been observed by Shkeri et al. (2009).

The component Three (PC3) with 6.24 % of
variance is high loading for Cr, Zn and Ni and
moderate loading for Fe, Al, Co, and Mn, and low
factor loading for Pb and Cu. It can be suggested that
this component is affected by lithogenic and
anthropogenic sources

3.5. Results of enrichment factor analysis

To evaluate the magnitude of trace metals in
soil, the enrichment factors (EFs) have been
computed for each location relative to the abundance
of species in the source materials, to the
control/reference value, and the equation reported by
Zoller et al. (1974); Dragovic” et al. (2008) and Cai et
al. (2012). They have been employed to assess the
degree of contamination and to elucidate the origin of
these elements. Recent suggestion shows that some
elements which are naturally derived have EF near to
the unity, while elements of anthropogenic origin
have EF values of several orders of the magnitude
(Sekabira et al. 2010), while the values greater than
1.5 mean that trace metals are derived from an
anthropogenic sources such as industrial activities.

Basic statistics for EF of all analyzed elements
have been determined. Cu has been found between
depletion and minimal enrichment and significant
enrichment, its minimal value is 0.56 and its maximal
value is 5.47. On the other hand, Zn has been
depletion to minimal enrichment at its minimal value
of 1.26 and moderate enrichment at its maximal value
of 4.57. Pb is considered to have strong anthropogenic
concentration, its minimal value is 1.12 and
significant enrichment at a maximal value is 11.79.
EF of Cr ranges between the minimum (1.17) and the
maximum (2.41) has been considered to be the
depletion to the minimal and moderate enrichment,
respectively. Ni and Co have a similar enrichment at
minimal values which are 0 and 0.75, respectively;
their background concentration at a maximal value is
moderate enrichment and equal to 1.29 and 1.68,
respectively. EFs mean values of these metals follow
a descending order as: Pb> Zn> Cr >Co > Cu> Ni.
The mean values are 4.81 for Pb, 2.35 for Zn, 1.78 for
Cr, 1.68 for Co, 1.45 for Cu and 1.29 for Ni. It is
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presumed and according to Harikumar and Jisha
(2010) that EFs values for Pb, Zn, Cr, Co, Cu, and Ni
are higher than 1.5 indicating that the phosphate
fertilizer industry causes a strong anthropogenic
impact and leads to the accumulation of these trace
metals in surrounding soils.

4. Conclusion

This study has revealed the existence of a
medium to high polluted zone surrounding the
environment of the phosphate fertilizer industry in the
vicinity of Sfax. Statistical analyses including
principal component analysis (PCA) and correlation
coefficients are used to estimate the degree of linear
relation between logarithms of two variables and can
provide suggestive information regarding trace metal
sources and relationships among trace metals and
other properties. Results show significant positive
correlation between the majorities of detected trace
metals. In the cases of Cu, Zn and Pb the enrichment
factor values are found to be greater than 1.5. In
general, these results confirm the source of
contamination to be anthropogenic industrial activities
in the region of Sfax, which have led to contamination
of soil in this area. The mean of trace metals follows a
descending order as Zn> Pb> Cr > Cu> Ni> Co. Two
main sources of these studied elements, as well as
some subdivided sources, are identified. Ni and Co
originate from soil materials, but Zn, Pb, Cr and Cu
are anthropogenic inputs. This study presents an
original survey distribution pattern of heavy metals in
the soil surrounding the phosphogypsum dump, as
well as the progressive enrichment in Zn, Cu and Pb
concentrations in soil due to PG. Mobility and
bioavailability of heavy metals in soil or sediments
and their potential toxicity need to be studied further.
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Fosfaty pramonés dirvoZemio tarSa pédsakiniais metalais Sfakse—
Tuniso teritorijoje

Ahmed Wali', Gilles Colinet', Moncef Khadhraoui’, Mohamed Ksibi'

Energetikos ir aplinkotyros universitetas, Vandens laboratorija, Tunisas
21+ v . . . v . . . .o
Ljezo universitetas, DirvoZemio ir vandens sistemos, Belgija

(gauta 2013 m. birzelio men., priimta spaudai 2013 m. rugséjo meén.)

Visame pasaulyje vis labiau riipinamasi dirvozemio tarSa, kuri yra salygojama fosfaty
pramonéje susidariusiy didelio fosfogipso sruty kiekio. Sios srutos yra pumpuojamos i§ pramonés
gamybos jrenginiy j rigscius nuoteky tvenkinius, kurie yra $alia didziuliy sukrauty gipso atlieky
kiekiy, vadinamyjy gipso atlieky kalny. Taip pavojingi metalai, esantys sruty atlickose, gali
prasiskverbti j aplinka, gruntinius vandenis ir sukelti pavojy gyviesiems organizmams.

Sio tyrimo tikslas — itirti dirvozemio, esan&io Salia fosfaty tra§y pramonés jmonés,
mikroelementy sudétj, koncentracijas ir nustatyti veiksnius, lemiancius jy kiekiy pasiskirstyma.
DirvoZzemio méginiai buvo imami 20 cm gylyje, nustatomos fizikinés ir cheminés savybés,
atlickama mikroelementy (Ca, Mg, K, Na, Al, Fe, Mn) ir sunkiyjy metaly (Zn, Pb, Cr, Cu, Co ir
Ni) analizé. RySiams tarp sunkiyjy metaly kiekiy ir veiksniy, salygojanciy jy sklaidg dirvoZzemyje,
rasti duomenys buvo analizuojami taikant daugiafaktorinés statistinés analizés metoda.
Praturtinimo faktorius (Enrichment factor (EF)) buvo skaiCiuojamas tam, kad bty nustatyta
sunkiyjy metaly kilmé: natiirali ar antropogeniné. Eksperimento rezultatai atskleidé vidutinj
dirvozemio uzterStumg ir netolygy cheminiy elementy kiekiy pasiskirstymg. Maksimalios ir
vidutinés pédsakiniy metaly koncentracijos buvo nustatytos daugelyje (iSskyrus S5.1) méginiy: Zn
(95.2 ir 36.5 mg Kg™'); Pb (75.2 ir30.23 mg Kg™"); Cr (28.4 ir 17.5 mg Kg™"); Cu (61.9 ir 15.6 mg
Kg™); Co (5.28 ir 2.7 mg Kg™) ir Ni (13.2 ir 6.4 mg Kg ). Dauguma metaly koncentracijy kiekiai
teigiamai koreliavo su pH ir katijjony talpos reikSmémis. Koreliacijos nebuvo nustatyta su
bendrosios organinés anglies kiekiu ir elektros laidumu, i$skyrus tokius elementus: Cu, Zn ir Pb.
Praturtinimo faktoriaus reik§més buvo gautos didesnés negu 1,5. Tai rodo antropogeninj neigiama
poveikj dirvozemiui, salygota fosfaty trasy pramonés jmonés. D¢l salyginai padidéjusios
pavojingos tarsos tirtame dirvozemyje turi biiti sugrieztintos Zemés naudojimo salygos zemes iikio
ir gyventojy tikslams.
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