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ABSTRACT

Soil is contaminated with various potentially harmful metals (PTMs). Therefore, the adequate protection 
of soil from contamination is imperative, as the soil is regarded as the primary cradle for living and 
environmental balance. Accordingly, the purpose of this study was to assess the contamination level 
by PTMs in Touggourt city, where soil samples have been collected randomly from 18 sites. These 
sites included manufacturing companies and institutions belonging to the industrial region of Touggourt 
city. The concentrations of six PTMs - zinc (Zn), iron (Fe), cobalt (Co), copper (Cu), lead (Pb) and 
manganese (Mn) were assessed using the atomic absorption spectrophotometer (AAS) instrument 
as well as the application of the modern pollution indices such as CF (Contamination Factor), PLI 
(Pollution Load Index) and EF (Enrichment Factor). The highest values of contamination factor (CF) for 
Zn, Fe, Co, Cu, and Pb were 0.605, 1.605, 0.277, 0.05, 0.438, and 0.01, respectively, and the highest 
value of pollution load index (PLI) was 0.139, while the results of enrichment factor (EF) for the Zn, Mn, 
Co, Cu and Pb metals were 2.608, 0.060, 0.740, 0.122, and 2.358, respectively. According to these 
pollution indices, the results of this study have indicated that human effects or industrial wastes and 
traffic, in particular, were the sources of heavy metal contaminating the studied region. 

INTRODUCTION 

The massive increase in the volume of pollutants as a result 
of human activities on the one hand, and the increased level 
of potentially toxic metals (PTMs) in soil, water, and air, on 
the other hand, has sparked a worldwide interest in studying 
these toxic metals (Fang & Lin 2002, Woitke et al. 2003, 
Santos et al. 2002, Adamo et al. 2005). PTMs pollution has 
become a worldwide problem because these metals are con-
sidered non-organic pollutants with non-degradable nature, 
so they persist for long times and mostly accumulate in high 
levels in the environment, which leads to harmful effects 
(Ayangbenro & Babalola 2017).

PTMs are considered one of the most dangerous soil 
pollutants, which lead to the change in some of the soil phys-
icochemical properties, However, some of these metals are 
essentially important for life but in low concentrations, which 
makes it one of the most serious ecological problems at all 
(Zheljazkov & Nielsen 1996, Adamo et al. 2018). Therefore, 
we consider the soil polluted when it contains high concen-
trations of the PTMs, regardless of the different sources of 

such metals, as it becomes toxic for humans, plants, and 
animals (Wuana & Okieimen 2011, Dehghani et al. 2017).

Soil is considered clean when the concentration of the 
PTMs is below the environmental level with a value similar 
to or lower the value naturally present. The background value 
is the total metal concentration obtained from soil, which is 
not affected by human activities (Silva et al. 2019).

Accordingly, many researchers and those interested in 
the environmental pollution field emphasized the necessity 
of assessing the pollution level of the non-agricultural area’s 
soil with PTMs (Kelly et al. 1996, Chen et al. 1997, Manta 
et al. 2002). 

Based on the fact that PTMs pollution originating main-
ly from industrial activities is considered one of the most 
serious problems that the world suffering from in the last 
few decades, the purpose of this study was, therefore, to 
investigate the source of topsoil contamination with some 
PTMs in Touggourt city by measuring some of the pollution 
indices, such as Contamination Factor (CF) (Victoria et al. 
2014), Pollution Load Index (PLI) (Gong et al. 2008) and 
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Enrichment Factor (EF). The latter is considered a potent 
indicator for distinguishing and detecting whether the source 
of heavy metal pollution is anthropogenic or natural (Ozkan 
et al. 2012).

Touggourt city is located in the north Algerian Sahara. 
It is also a part Valley and known as the Upper Oued Righ. 
Touggourt city is characterized by having a central location, 
in which it lies at the junction between two national roads; 
N3 and N16 that connect many cities (Boulghobra et al. 
2016). Accordingly, Touggourt city witnessed massive hu-
man movements throughout history and rapid expansion of 
urbanization and industrialization over the last decades. The 
Touggourt area is about 404 km², equivalent to 0.25 % of the 
state area. According to the 2019/2020 census, Touggourt 
district has a population of 200,007. 

MATERIALS AND METHODS

Study Area

Touggourt, the capital of Oued Righ that literally means 
“gateway” as the historians called it because of the 

importance of its geographical location, which makes it a 
transit point and commercial center. Far away about 650 km 
from the capital Algiers between longitudes 5°59’20 “ and 6 
° 48’ 49” east of the Greenwich meridian and between two 
latitudes 33°12’89” and 33°85’67” north of the equator. It 
is 65-80 m above sea level (Daniel 1978).

 In addition, the topography of the region and its suburbs 
is characterized by its diversity in terms of soil and vegetation 
as well as numerous sand dunes that surround it from east to 
west. It is interspersed with salt plains and some barren mud 
hills (Abdelhamid 1999).     

Besides the agricultural land use in Touggourt, there are 
a lot of economic activities going on, such as oil and natural 
gas industries and others (Fig. 1). Hence, there are many an-
thropogenic sites and activities, such as fuel filling stations, 
factories, waste dumpsites, cars, markets, etc. 

Samples Collection, Preparation, and Analysis

Surface soil samples were collected from 18 sites after re-
moving leaves, grasses, and other strange items at a depth of 
0-10 cm using a soil auger. Table 1 provides the geographic 
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Fig. 1: Map of Touggourt city showing the locations of the sampling sites. 
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Fig. 1: Map of Touggourt city showing the locations of the sampling sites.
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coordinates of sampling sites, while Fig. 1 represents the 
map of the study area with sampling sites on it.  At each 
site, the samples were collected at random from 5 different 
points and then bulked together to ensure the representative-
ness and adequacy of samples. Bulked soil samples were 
placed on clean polyethylene plastic bags and sent to the 
lab for analysis. Standards were used for analysis accord-
ing to the method used by Gee and Bauder (Galindo et al. 
2011). First, the samples were air-dried, ground, kept in an 
electronic oven at 120°C for 24 h until the weight stabilized 
and sieved through a 0.2 µ sieve. Second, the samples were 
digested with acidic aqua regia solution (prepared from HCl 
and HNO3 in ratio 1:3), where 2 g of the soil were weighted 
into a clean bottle. 15 mL of aqua regia were measured 
and added to the bottle, then the mixture was heated at 
a temperature of 120°C for 2 h, and then cooled at room 
temperature. Third, the mixture was filtered through 42 µ 
filter paper and kept in sealed plastic bottles (NOMA 2019). 
The concentrations of PTMs in these samples were detected 
using a flame atomic absorption spectrophotometer working 
with acetylene gas (Perkin Elmer, AA 900T). All tests for 
measuring the concentration of the following PTMS: Zn, 
Co, Fe, Cu, Pb and Mn were done in the Center for Scien-
tific and Technical Research on Arid Regions (CRSTRA),  
Biskra (Algeria).

Pollution Indices

Assessment of the metal contamination in the soil is generally 
carried out by comparing the measured concentrations of 
PTMs in the tested soil with the geochemical background val-
ues (Pobi et al. 2020). The reference value used in the present 
study is based on the average continental crust of worldwide 
soils (Kabata-Pendias et al. 2007). Some pollution indices 
were used in this study, such as Contamination factor (CF), 
Enrichment factor (EF), and Pollution Load Index (PLI), 
which can determine the degree of PTMs contamination in 
Touggourt industrial soils and whether the source of pollution 
is anthropogenic or natural (Keshav & Rama 2016).

Contamination Factor (CF)

The contamination factor is used the categorize the metals 
pollution degree in the study area. This factor can be com-
puted using Equation (1):

                  CF = (Cm1)sample/Cm)background	 …(1)

In the above equation, the “(cm) sample” refers to the 
concentration of specific metal in the soil, while “(cm) 
Background” refers to the geochemical background reference 
value of the same metal (Chandrasekaran et al. 2015, Liu et 
al. 2005). As shown in the table below, the contamination 
factor was divided into four categories (Table 2). 

Enrichment Factor (EF)

The enrichment factor is considered one of the geochemical 
indices used for the assessment of anthropogenic pollution 
(Gałuszka & Migaszewski 2011). It can be computed from 
Equation (2):

	          CF = (Cm1)sample/Cm)background	 …(2)

Where (Cm/Cref Sample) is the ratio of heavy metal to 
the reference metal concentration in the same sample and 
(Cm/Cref) background is the ratio of the heavy metal to 
the reference metal concentration in a suitable geometrical 
background value (Zakir et al. 2008).  Many metals have 
been proposed to be the potential conservative reference 
metal and used in literature for the measurement of the en-
richment factor, such as Fe, Mn, Aluminum (Al), Scandium 
(Sc) Manganese (Mn), and others (Schiff & Weisberg 1999, 
Chen et al. 2020). Among these metals, Fe and Al are the 
most frequently used ones. The enrichment factor is classified 
into 5 categories as shown in Table 3.

Pollution Load Index (PLI)

Pollution load index (PLI) indicator measures the cumulative 
metal pollution load in the study area and gives a clear picture 

Table 1: Sampling sites names and geographic coordinates.

Sampling
site (s)

Longitude Latitude

S1 E 6° 43’ 89’’ N 33° 85’ 67’’

S2 E 6° 36’ 61’’ N 33° 82’ 77’’

S3 E 5° 60’ 86’’ N 33° 13’ 45’’

S4 E 6° 35’ 37’’ N 33° 65’ 55’’

S5 E 6° 36’ 49’’ N 33° 81’ 57’’

S6 E 6° 35’ 89’’ N 33° 74’ 23’’

S7 E 6° 48’ 49’’ N 33° 82’ 35’’

S8 E 5° 59’ 23’’ N 33° 16’ 87’’

S9 E 6° 35’ 45’’ N 33° 75’ 67’’

S10 E 6° 35’ 95’’ N 33° 10’ 47’’

S11 E 6° 32’ 60’’ N 33° 72’ 59’’

S12 E 6° 55’ 81’’ N 33° 75’ 52’’

S13 E 6° 35’ 38” N 33° 73’ 91’’

S14 E 6° 36’ 57” N 33° 55’ 64”

S15 E 6° 40’ 50” N 33° 76’ 18”

S16 E 6° 43’ 77” N 33° 85’ 39”

S17 E 6° 34’ 19” N 33° 76’ 46”

S18 E 5° 59’ 20” N 33° 12’ 89”
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about the extent of PTMs toxicity in the tested soil sample 
through assessment of the contamination status of the soil so 
that the appropriate procedures for environmental protection 
could be taken (Hossain et al. 2015). PLI can be computed 
by using the CF value of every metal (Usero et al. 2000). 
This index is expressed by Equation (3):
                         PLI = (CF1*CF2*CF3*…….CFn)	 …(3)

Where n represents the number of metals. Parker et al. 
(2008) classified the Pollution Load Index (PLI) into 7 cat-
egories as shown in Table 4.

Statistical Analysis

Results obtained from all samples were subjected to descrip-
tive (mean, standard deviation, and ranges) statistics.

RESULTS AND DISCUSSION

Assessment of Level of Soil Contamination

The concentrations of PTMs in the surface soil samples 
taken from the study area are shown in Table 5. The spatial 
distribution of PTMs (Zn, Mn, Pb, Cu, Co, and Cu) from 
the industrial region in Touggourt were compared with their 
geochemical background reference level.  These results indi-
cate the variation in the average concentration of the tested 
PTMs, where the highest average concentration for Zn was 
17.61 mg.ml-1, 9.48 mg.ml-1 for Fe, 5.6 mg.ml-1 for Mn, 2.36 
mg.ml-1 for Pb, 0.7 mg.ml-1 for Cu and 0.64 mg.ml-1 for Co. 
Except for copper and cobalt, the average concentrations of 
the tested PTMs in the study area exceed their threshold limit 
values (TLV) in Algeria (OJPDRA 2006). 

This contamination is a result of the solid, liquid, 
and gaseous wastes from the various industrial facili-
ties within the study area that are derived from natural 
and anthropogenic inputs. For a better assessment of 
the anthropogenic inputs, computing of some pollution 
indices represented by the Contamination factor (CF), 
Pollution Load Index (PLI), and Enrichment factor (EF) is  
required.

Contamination Factor (CF)

The contamination factor expresses the level of soil 

contamination with any heavy metal and also indicates the 
level of anthropogenic pollution of specific soil (Adamu 
et al. 2014). The CF values of metals in various sampling 
sites are presented in Table 6. From the results shown in 
Table 7, it can be noticed that the average CF values follow 
the ascending order of Mn < Cu < Co < Pb < Fe < Zn. as 
shown in Table 7.  All of these values belong to the low 
contamination factor category, CF < 1. This result indicates 
that the Earth’s crust rocks are the main source of these 
metals (Szefer et al. 2008). The relatively higher CF value in 
the study area was for ZInc (Zn), which could be a result of 
the petroleum compounds emissions. In addition, the lowest 
CF value was for Manganese (Mn), being stable metal in the  
Earth’s crust.

Pollution Load Index (PLI)

PLI represents the number by which the heavy metal concen-
tration in the soil exceeds its background value and it gives 
a clear picture of the extent of the heavy metal toxicity in 
the soil. It also represents the soil contamination in a cer-
tain location and it has many definitions, where it has been 
defined by Hakanson (1980) as the sum of contamination 
factor values and it has also been defined as the arithmetic 
mean or the geometric mean of the analyzed pollutants 
(Mmolawa et al. 2010).

 According to the results of PLI shown in Table 8, the PLI 
values of all soil samples were 0 < PLI < 1 and belong to the 
low contamination category (PLI < 1.5). Since the pollution 
load index value is less than 1.5 (the error correction factor 
used in classification, Table 4), It does not necessarily mean 
that there is no intervention of anthropogenic activities in 
pollution induction. According to Muller (1969), PLI values 
less than 1.5 indicate that the source of the heavy metal is 
entirely from natural processes, while values greater than 1.5 
suggest that the source is more likely to be anthropogenic. 
However, these low PLI values will not reflect the non-con-
tamination of the studied soil samples with industrial wastes. 
In addition, the pollution load index value did not reach 
higher values because the contamination factor (CF) values 
of PTMs in the study area are very close to their background 
values in the reference soil.

Table 3: Categories of enrichment factor (EF).

CategoryEF valueClass

Deficiency to minimal enrichmentEF < 2     Class 1

Moderate enrichment2 ≤ EF < 5Class 2

Significant enrichment 5 ≤ EF <20Class 3

Very high enrichment20 ≤ EF < 40Class 4

Extremely high enrichmentEF ≥ 40    Class 5

Table 2: Categories of contamination factor (CF).

Class CF value Category

Class 1 CF<1 Low contamination factor

Class 2 1<CF<3 Moderate contamination factor

Class 3 3<CF<6 Considerable contamination factor

Class 4 CF>6 Very high contamination factor
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Table 4: Categories of Pollution Load Index (PLI).

CategoryPLI valueClass

Clean or very low pollutionPLI < 1. 5               Class 1

Low pollution1.5 ≤ PLI < 2Class 2

Moderate pollution2 ≤ PLI < 4Class 3

Significant pollution4 ≤ PLI < 8Class 4

Very high pollution       8 ≤ PLI < 16Class 5

Extremely high pollution16 ≤ PLI < 32Class 6

Excessive pollutionPLI ≥ 32         Class 7

Table 5: Average concentration of PTMs in Touggourt industrial soil.

Metal concentration (ppm)Sampling site

ZnFeCoCuPbMn

11.8207.8230.4470.5062.0257.365S1 

4.2063.4630.4700.5000.9503.856S2 

6.2253.7570.3840.4450.5623.862S3 

14.766.2830.6360.6452.9377.467S4 

24.8680.252.7772.8810.8176.041S5 

22.506.9080.5380.7030.8757.044S6 

52.495.2350.4990.5734.0845.392S7 

9.2052.3380.2850.2600.6672.254S8 

11.064.7790.5080.4871.5343.300S9 

8.5722.2370.4260.2920.9171.212S10 

41.8419.741.0110.8666.13425.96S11 

42.375.3020.3501.3946.9203.068S12 

16.422.9670.3380.2862.1713.821S13 

5.2224.4550.3700.3191.1381.416S14 

9.0113.1870.3670.5793.1183.848S15 

5.6202.8790.3770.3481.1513.464S16 

22.3308.2450.9261.0593.0339.276S17 

8.4800.7700.7460.3723.4302.106S18 

7050105514900Background refer-
ence level (mg/kg) 

21210.51Threshold limit val-
ue  (TLV) (mg/ml)

Enrichment Factor (EF)

The enrichment factor is widely used to confirm the presence 
and assess the magnification of the anthropogenic contami-
nation of soil with PTMs, i.e. its value determines the degree 
of contamination (Barkett & Akün 2018). The results of EF 
of surface soils are represented in Table 9, where Fe has been 
chosen as a reference element for calculation. Akoto et al. 
(2008) illustrated that the EF values range between 0.5-1.5 

indicate that the PTMs originate from natural geological 
processes, while the EF values greater than 1.5 indicate that 
the sources of the PTMs are anthropogenic processes. The EF 
values of PTMs in the soil of the study area in the following 
order Mn < Cu < Co < Pb < Zn as shown in Table 10

 As given in Table 9, a significant enrichment is observed 
for Zn (at S7, S12, and S18), a moderate enrichment is 
observed for Zn and Pb (at most of the tested sites), and a 
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moderate enrichment for Co (at S18). However, the obtained 
results of EF for remaining PTMs showed very low enrich-
ment (EF<1) in all industrial soils.  Soil samples with EF > 
2 for a specific metal are considered contaminated with this 
metal (Zakir et al. 2008). Accordingly, as shown in Table 
10, most of the surface soil samples taken from the studied 
sites are considered contaminated with Pb and Zn, where the 
highest EF value for Zn was 2.608 (Moderate enrichment), 
while the highest EF value for Pb was 2.358 (Moderate 
enrichment). On the other hand, the highest EF values for 
Cu and Mn were recorded as 0.122 and 0.060, respectively 
(Deficiency to minimal enrichment) and the highest EF value 

for Co was recorded as 0.740 (Significant enrichment). The 
abundance of Zn and Pb in the soil of the Touggourt indus-
trial region is low, but their higher enrichment suggests that 
Zn and Pb contamination in the study area is derived from 
various anthropogenic activities, such as industrial zones, 
especially the petroleum ones as well as gaseous emissions 
from traffic (Wang et al. 2017). are more likely to be the 
source of PTMs in the study area. 

Touggourt city is characterized by the presence of high 
traffic density (cars, trucks, buses, agricultural tractors, 
motorcycles, etc.), besides the excessive use of brakes due 
to the irregular dump sites. Zn and Pb are classified as traf-

Table 6: Contamination factor (CF) of PTMs in soil samples of Touggourt industrial area.

                                                                                  MetalSampling 
Site

MnPbCuCoFeZn

0.0080.1450.010.0440.1560.168S1

0.0040.0680.010.0470.0690.060S2

0.0040.0400.010.0380.0750.088S3

0.0080.2090.0110.0630.1260.210S4

0.0070.0580.0520.2771.6050.355S5

0.0070.0630.0120.0530.1380.321S6

0.0060.2920.0100.0490.1070.749S7

0.0030.0480.0040.0280.0460.131S8

0.0040.1090.0080.0500.0950.158S9

0.0010.0650.0050.0420.0440.122S10

0.0290.4380.0150.1010.3940.597S11

0.0030.4940.0250.0350.1060.605S12

0.0040.1550.0050.0330.0590.234S13

0.0020.0810.0060.0370.0890.075S14

0.0040.2220.0110.0360.0630.128S15

0.0040.0820.0060.0370.0570.080S16

0.0100.2160.0190.0920.1650.319S17

0.0020.2450.0070.0740.0150.121S18

Table 7: The average and range of contamination factor (CF) values of PTMs in soil samples of Touggourt industrial area.

CategoryContamination factor (CF) valueMetal

AverageRange

Low contamination factor0.2440.06-0.749Zn

//0.1890.015-1.6015Fe

//0.0590.028-0.277Co

//0.0120.004-0.052Cu

//0.1550.040-0.494Pb

//0.0060.001-0.029Mn
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fic-related metals that are the products of vehicle emission 
and/or mechanical wear of parts of cars (e.g. brake discs and 
tires). The EF value of Pb and Zn is found >1 in most of the 
sampling sites, suggesting that heavy traffic contributes to 
higher enrichment of Zn and Pb in the study area (Dytłow 
& Górka-Kostrubiec 2020).

CONCLUSION

The study area is characterized by a significant number of 
productive facilities. It is well known that any industrial 
activity must leave a mark on the environmental resources 
surrounding it and the topsoil is surely one of the most af-
fected resources by such industrial activities. Therefore, this 
current study has concluded that the study’s soils content of 
PTMs exceeds the permissible limit, although the contami-
nation factor results fall into the low contamination category, 
besides the pollution load index results, which need more 
detailed study. The fact that the pollution index values are in 
the low range does not imply that there is no contamination; 
rather, it reflects the high PTMs content in the reference soil, 
which is extremely near to the PTMs level in the study’s 
soil samples. Hence, the most important conclusion from 
this study is that the anthropogenic activities are the major 
sources of the PTMs concentrations in the soil of the study 
area as shown in the computed pollution indices and this is 

Table 9: Enrichment factor (EF) of PTMs in soil samples of Touggourt 
industrial area.

                                       MetalSampling 
site

PbCuCoMnZn

0.9240.0590.2860.0521.079S1 

0.9800.1310.6790.0620.868S2 

0.5340.1080.5110.0571.184S3 

1.6690.0930.5060.0661.678S4 

0.0360.0330.1730.0040.221S5

0.4520.0930.3890.0572.326S6 

2.7860.1000.4770.0577.162S7 

1.0190.1010.6090.0542.812S8 

1.1460.0930.5310.0381.653S9 

1.4640.1190.9520.0302.737S10 

1.1100.0400.2560.0731.514S11 

4.6610.2390.3300.0325.708S12

2.6130.0880.5700.0723.953S13 

0.9120.0650.4150.0180.837S14

3.4940.1650.5760.0672.020S15

1.4280.1100.6550.0671.394S16

1.3140.1170.5620.0631.935S17

15.9090.4394.8440.1527.866S18

Sampling site CF Zn CF Fe CF Co CF Cu CF Pb CF Mn PLI value

S1 0.168 0.156 0.044 0.010 0.145 0.008 0.055

S2 0.060 0.069 0.047 0.010 0.068 0.004 0.033

S3 0.088 0.075 0.038 0.010 0.040 0.004 0.031

S4 0.210 0.123 0.063 0.011 0.209 0.008 0.063

S5 0.355 1.605 0.277 0.052 0.058 0.007 0.133

S6 0.321 0.138 0.053 0.012 0.063 0.007 0.054

S7 0.749 0.107 0.049 0.010 0.292 0.006 0.071

S8 0.131 0.046 0.028 0.004 0.048 0.003 0.025

S9 0.158 0.095 0.050 0.008 0.109 0.004 0.042

S10 0.122 0.044 0.042 0.005 0.065 0.001 0.024

S11 0.597 0.394 0.101 0.015 0.438 0.029 0.139

S12 0.605 0.106 0.035 0.025 0.494 0.003 0.074

S13 0.234 0.059 0.033 0.005 0.155 0.004 0.038

S14 0.075 0.089 0.037 0.006 0.081 0.002 0.029

S15 0.128 0.063 0.036 0.011 0.222 0.004 0.043

S16 0.080 0.057 0.037 0.006 0.082 0.004 0.030

S17 0.319 0.165 0.092 0.019 0.216 0.010 0.085

S18 0.121 0.015 0.074 0.007 0.245 0.002 0.032

Table 8: Pollution load index (PLI) of PTMs in soil samples of Touggourt industrial area.
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reflected by the results of the Enrichment Factor, the main 
factor among the environmental pollution indices, which 
showed the deterioration in the soil of the study area. Detailed 
in-depth investigation regarding physicochemical properties 
of Touggourt industrial soil, bioavailable metal fractions in 
it, and associated health risks are still required.
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