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Abstract 17 

Our paper syntheses results obtained from studying the effect of typical contamination sources on soils and plants 18 

in selected urban and suburban areas in the Safi City. Using common methods, the physicochemical 19 

characterization and metallic trace elements (TEs) contents of plants and soils, collected from different urban areas, 20 

control area (CA), cement factory (SF), uncontrolled landfill (UL), treatment and transformation unit of phosphate 21 

(TP), were determined. Results show that the studied urban and suburban areas can be qualified as polluted by 22 

metallic trace elements and the most polluted one is TP area (CA < SF < UL < TP). Results underline the significant 23 

contribution of the atmospheric pollution on the contamination of soils and plants collected from TP, UL and 24 

surrounding areas with TEs. The most contaminated plants species by TEs are those sampled from TP area and 25 

they are Eucalyptus globulus, Nerium oleander, Ficus carica and Medicago sativa. Sinapis arvensis L. and 26 

Carpobrotus edulis plants come in the second level with remarkable contamination levels of TEs respectively. 27 

Industrial activities in urban areas constitute a potential source of contamination of soils and plants by metallic 28 

trace elements that may pose real health risk for human population in the city. We can considered this study as a 29 

primary work to develop a global process to assess the environmental contamination of plants and soils in the 30 

region of Safi city. It can help us to manage potential polluted sites in a sustainable development strategy. 31 

 32 
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Introduction 39 

By 2050, the population of the world is projected to exceed 9.5 billion. According to FAO (2015), more than 50% 40 

of this population lives in cities and urban areas (54% in 2014), and by 2050, it will increase to reach more than 41 

66 % (FAO, 2015). The demographic explosion is generally accompanied by the evolution and the intensification 42 

of human activities, whether industrial, agricultural or urban activities. This can dramatically affect the urban 43 

environment by the release of different organic and/or metallic pollutants, which contribute to air, water and soil 44 

contamination. Urban activities are responsible of air pollution (Norra and Stüben 2004; Jin et al. 2016; Xian et 45 

al. 2020; Zgłobicki et al. 2018), water contamination (El Khalil et al. 2008a; Abdalla and Khalil, 2018), soil 46 

contamination mainly by toxic metallic trace elements (Wong et al. 2006; El Khalil et al. 2008b; Wei and Yang 47 

2010; El Khalil et al. 2013; El Khalil et al. 2016; Naylo et al. 2019; Laaouidi et al. 2020), soil degradation by 48 

consumption, desertification, and sealing (Scalenghe and Marsan 2009; Salvati et al. 2014; Charzyński et al. 2019) 49 

and for global and local climate change (Darmanto et al. 2019). In order to meet the growing demand for crops 50 

production, urban agriculture is a favorable and promising solution. Urban agriculture can help also to reducing 51 

greenhouse gas emissions at urban area. However, the use of increasingly contaminated soils can constitute a high 52 

risk for livestock’s animals and for human’s health. In urban environment, the soil contamination by metallic trace 53 

elements constitutes a serious health risk to the population (Jolly et al. 2013; Khan et al. 2015; Laaouidi et al. 54 

2020). Urban soils contamination constitutes the key way of metallic pollutants transfer to human by food chain 55 

(Wong et al. 2006; Laaouidi et al. 2020). The main origin of metallic trace elements in urban soil is anthropic 56 

resources. Anthropic metallic contamination of soil in urban areas can originate from air pollution, industrial 57 

activities and agricultural practices. Air pollution can be generated by direct releases from industrial activities on 58 

the soils or, indirectly, by air fallout after the dispersion of metallic trace element in the atmosphere (Baize 1997; 59 

Kabata-Pendias and Pendias 2001). In anthropized soils, both lithogenic and pedogenic metallic trace elements 60 

will be less mobile and less bioavailable than anthropogenic elements (Kabata-Pendias and Pendias 2001). Plants, 61 

like other organisms, provide different mechanisms to resist to abnormal concentrations and/or high metallic trace 62 

elements concentrations stress. Growing plants on contaminated soil localized in urban and suburban areas can 63 

potentially lead to the accumulation of metallic trace elements constituting a risk to animals and to human health 64 

(Kabata-Pendias and Pendias 2001; Kabata-Pendias 2004; Li et al. 2014; El Hamiani et al. 2015; Laaouidi et al. 65 

2020). The metallic trace elements uptake or accumulation by plants can have a several aspects of the hazards. 66 

According to phytotoxicity, it causes the vegetation cover loss, it introduces metallic trace elements into the food 67 

chain and it contributes to the cycling of these metallic trace elements to topsoil, leading to toxic effects on both 68 

flora and fauna (McLaughlin 2001; Moreno-Jiménez et al. 2010; Chen et al. 2016; Liang et al. 2017; Sun et al. 69 

2018). Despite the reported diversity in the toxicity levels, it can be stated that Cd, Cu, Cr, Hg, Ni, Pb and Zn are 70 

the toxic metallic trace elements for both higher plants and some microorganisms (Kabata-Pendias and Pendias 71 

2001, Kaur and Garg 2021; Ali et al. 2023). The elements Cd, Cu, Cr, Pb are considered highly phytotoxic due to 72 

their high solubility in water and their easy uptake by plants. Even at low concentrations, plants can uptake metallic 73 

trace elements which is the main way of its transfer to the food chain (Kabata-Pendias and Pendias 2001; DalCorso 74 

et al. 2010, Li et al. 2014; Tiwari and Lata 2018; Wang et al. 2020). In the city of Safi, the population exceed 75 

691 983 habitants, is one of the industrial centers of the Marrakech-Safi region located in the center of Morocco 76 

(DRMS 2017). In this city, urban and suburban agricultural activity is characterized by practices intended for 77 

common crops (cereals, legumes, vegetable crops and fodder crops). In Safi province, trees production is 78 



dominated mainly by olive, vine, and fig. The processing industries of the province of Safi are dominated by 79 

chemical industries, agro and food industries and the metallurgical industries. This region is known by the 80 

industrial units for the treatment of phosphate (phosphoric acid and fertilizers), located in the city of Safi with a 81 

production mainly intended for export, and quarries of minerals extraction. These minerals are exploited for the 82 

pharmaceutical industry, earthenware industry, construction sector and in the cement factories distributed 83 

throughout the region (DRMS 2017). According to the metallic trace elements composition of Moroccan 84 

phosphate ores presented by Silva et al. (2010), the use of these materials in the phosphoric acid and fertilizers 85 

production may have serious environmental impacts, because they are potentially contaminated by metallic 86 

elements (Silva et al. 2010). The cement factories constitute a potential metallic trace elements pollution origin. 87 

Due to the deposition of cement dust in the surrounding of these cement factories, the soil physic-chemical 88 

proprieties may be affected and the accumulation of metallic trace elements may be hazardous to the soil, plants, 89 

animals and human health (Al-khashman and Shawabkeh 2006; Zerrouqi et al. 2008; Khamparia et al. 2012; Uzma 90 

et al. 2018, Blois and Lay-Ekuakille 2021). Urban and industrial waste are generated all over the time. They are 91 

dumped without any treatment in non-controlled landfill. In the Safi City, there is many landfill sites constituting 92 

a potential risk because they contribute to the soil contamination manly by metallic trace elements that may be 93 

also hazardous to the soil, plants, animals and human health (Meneses et al. 1999; Hakkou et al. 2001; Segura-94 

Muňoz et al. 2004; El Maguiri et al. 2017; de Cassia Silva Bacha et al. 2021; Benhamdoun et al. 2023). Several 95 

works confirmed the coastal contamination by different metallic trace elements in the region of Safi (El Makhfouk 96 

et al. 2003; Ait Fdil et al. 2006; Benbrahim et al. 2006; Maanan 2007; Erramli et al. 2008; Boundir et al. 2019). 97 

However, there is no published data or research works studied the contamination of soils and/or plants by metallic 98 

trace elements in the city of Safi. 99 

Therefore, our study aimed at assessing of metallic trace elements contamination, mainly Cd, Cr, Cu, Pb and Zn, 100 

in soils and in some common plants species located around the main potential polluted urban and suburban areas 101 

in the Safi city, in order to describe the pollution level in these different urban areas. This study could improve 102 

understanding of the distribution of potentially toxic metallic elements, manly, between soils and plants. These 103 

metallic pollutants can be mobilized and, finally, have a serious impacts on the environment and have a serious 104 

human health hazard. Our study can be, also, an initiation and a contribution to understand the dynamics of metallic 105 

trace elements between urban soils and plants under contrasted land uses conditions. 106 

107 



Material and Methods 108 

Sites description 109 

The studied areas are located in the vicinity of cement factory (SF),, near an uncontrolled landfill (UL) in a 110 

suburban area of Safi city and TP,  in the vicinity of treatment and transformation unit of phosphate (TP), situated 111 

in the city of Safi (Fig. 1) are selected to assess the impact of their potential contamination sources on the soils and 112 

plants. Not influenced area was selected us control area (CA) located at Many disciplinary Faculty of Safi. The 113 

climate in this region is semi-arid, hot and dry during the summer (from May to November) and a wet and 114 

temperate during the winter (from November to April) with an average rainfall of 300 mm year-1 (DRMS 2017).  115 

Plant and Soil Sampling and treatment 116 

The table (1) described the sampling strategy adopted for all studied areas. For plants, an investigation of the 117 

studied areas has shown that the sampled species are those that are common between these four areas. To assess 118 

the impact of contamination origin in different studied areas, plants were sampled from different points in the wind 119 

direction and the species identification was confirmed in the Laboratory. For each plant species, an average sample 120 

was constituted of five specimens collected in each studied area. The plants samples were oven-dried for 48 h at 121 

70°C, then crushed separately through a steel grinder and the samples were kept at ambient temperature. Six topsoil 122 

(0-15cm) were sampled from each studied area. Soil sampling was achieved according to the distance from the 123 

penitential contamination source. Soil (1) is the closest, while Soil (6) is the furthest one in all areas except for 124 

control area (CA). All soils samples were also constituted by a composite of 5 subsamples. They were 125 

homogenized, air-dried, disaggregated, sieved (2 mm) and the pH, the conductivity, total organic carbon (TOC), 126 

total nitrogen (TNK) and organic phosphorus (Polsen) were measured according to the common methods (Laaouidi 127 

et al . 2019).   128 

Metallic trace elements analyses 129 

To measure the metallic trace elements concentrations, the plant samples were mineralized according to the 130 

common method using acid digestion. A sample of 0.5 g of dry matter was introduced into a mixture of 8 mL 131 

HNO3 and 2 mL H2O2 and was heated on a sand bath. After filtration through ash-free filter paper (Prolabo), the 132 

solution adjusted in a 25 mL vial with 0.1 M HNO3. Metallic trace element was extracted from the soil samples 133 

using aqua regia digestion, as described in the NF standard (French standards) (X 31-415, ISO 11 466) (NF ISO 134 

11466 1995). The quantity of 1g sample of soil was treated with 15 mL HCl and 5 mL HNO3 and kept at room 135 

temperature for 24 h. It was then heated in a sand bath on a hot plate to 50°C for 5 h, and then refluxed at 130°C 136 

for 3 h. The samples were filtered, washed with deionized water, and placed in 50 mL volumetric flasks. 137 

To determine the contribution of atmospheric deposition of metallic trace elements, according to El Hamiani et al. 138 

(2015), a quantity (5 g) of leaves (fresh weight) of an average plant sample was washed thoroughly three times 139 

with deionized water (50 mL). The deionized water sample from the plant washing was collected and stored at 140 

4°C until chemical analysis.  141 

The metallic trace elements concentrations in plants and in soils samples were analyzed by Atomic Absorption 142 

Spectrophotometer (Aurora TRACE AI 3000). Metal concentrations in the plants and in the soils were calculated 143 

according to dry weigh and the spatial distribution of measured metallic trace elements in different studied areas, 144 

was achieved according to the linear interpolation using ArcGIS software (3.1). The Bioaccumulation Factor for 145 

plants (BAF) of metallic trace elements from soil to plant were calculated according to the common methodology 146 

(Zheng et al. 2007; Hu et al. 2020; Wieczorek et al. 2023) as following: 147 



𝐵𝐴𝐹 = Element concentration in plantElement concentration in soil  148 

The assessment of soil contamination was also carried out using the Contamination Factor (CF). As described by 149 

Hakanson (1980), the CF is a single element index and four classes are recognized (Table 2). The CF equation was 150 

used as follows: 151 𝐶𝐹 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑚𝑒𝑡𝑎𝑙𝑠𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 152 

Following the unavailability of the background concentration of the region of Safi, we considered the average 153 

values of the Control Area (CA), less impacted area by urban or industrial activities, as representative of the 154 

background concentration. 155 

The Pollution Load Index (PLI), proposed by Tomlinson et al. (1980), was used us an appropriate tool for 156 

comparing the pollution levels between different studied areas. According to Angula (1996), the PLI is able to 157 

give an estimate of the metal contamination status and the necessary action that should be taken. A PLI value of 158 

<0 indicates that the site is unpolluted, 0 < PLI ≤ 1 indicates baseline levels of pollutant present, 1 < PLI ≤ 10 159 

indicates that the site is polluted, 10 < PLI ≤ 100 indicates that the site is highly polluted and PLI > 100 indicates 160 

a progressive deterioration of environment and immediate intervention is necessary to alleviate the effect of the 161 

pollution (Dung et al. 2013). 162 PLI = √CF1xCF2x … xCFn𝑛
 163 

n: Number of metallic trace elements, for our study n=5 164 

CF: Contamination factor for each metallic trace element  165 

Assessment of phosphatase activity in plants 166 

The phosphatase activity was determinated, using p-nitrophenyl phosphate as a substrate, according to the method 167 

described by Asmar and Gissel-Nielsen (1997). Samples of leaves from each plant (100 mg of fresh material) were 168 

carefully detached and immediately frozen at -80°C. Each sample was crushed with an extraction mixture 169 

constituted by 500 μL of acetate buffer (0.1 M, pH 5) and 5 μL of β-mercapto-ethanol. The ground material was 170 

centrifuged at 4°C for 30 min at 13,000g. A volume of 100µL of the extract from each sample were incubated at 171 

37°C for 30 min after the addition of a mixture of 200µL of acetate buffer and 200µL of p-nitrophenyl phosphate 172 

(p-NPP). The reaction was stopped by the addition of 1 mL of NaOH (0.5N), and the acid phosphatase activity 173 

was measured by spectrophotometer at 410nm using a control constituted by the same mixture, replacing the plant 174 

extract with acetate buffer. Acid phosphatase activity is expressed in µmole of Pi released per min per g of fresh 175 

leaf material. 176 

Statistical Analysis and Quality Control 177 

Data are analyzed using Statistical software STATISTICA (7.1). The measurements are expressed in terms of 178 

average. The data are processed using ANOVA I analysis of variance. Pearson’s correlation, with p<0.05 as the 179 

level of statistical significance, was achieved to study the relationship between metallic trace element contents in 180 

soil and in plants. Principal Component Analysis was employed to underline potential parameters conditioning the 181 

differences observed between studied urban and suburban areas. The quality control for plant and soils analysis 182 

was based on the use of ERM® Certified Reference Materials for trace elements (European Community), samples 183 

from inter-laboratory comparisons, internal control samples, and duplicates of the analysis. 184 

  185 



Results and Discussion 186 

The results of the agronomic characterization showed that studied topsoils had similar properties (Table 3). 187 

However, some topsoils, sampled from UL and TP areas presented high values. The soils of the control area CA 188 

have a relatively neutral pH (Table 3). The highest pH values were observed for all soils sampled from the area 189 

TP, whose pH varies between 8.1 and 8.8, and for some soils sampled from area SF (8.1-8.2). Bayhan et al. (2002) 190 

investigations showed that the pollution in the vicinity of cement factories caused changes in some characteristics 191 

of the soil with an increase of their pH and their electrical conductivity which can explain the high pH measured 192 

in soils sampled from SF and TP areas. The physicochemical factor can affect the concentration of the soil solution 193 

for several types of solutes including metallic trace elements. In the acid pH condition, metallic salts are highly 194 

mobilized and this can be explained by the destruction of the retention phase (Pickering 1986; Gorbunov et al. 195 

1992). The global load of the solution of studied soils was evaluated by conductivity. It showed that some soils 196 

are characterized by a high soluble salt such as in soil 2 (39.1 mS/cm) in area TP and soil 1 (11.4 mS/cm) in area 197 

UL (Table 3). Generally, studied soils of the UL area and those of the TP area presented conductivity values 198 

relatively higher than the conductivity values measured in soils of the control area (CA) (Table 3). This 199 

particularity can have considerable effect on the bioavailability of metallic pollutants in these soils, which can 200 

increase their bioavailability and therefore their transfer to plants. The soil organic matter of soils became an 201 

important indicator and tool to assess their sustainability. The particularity of urban and suburban soils that they 202 

are highly modified by human activities. The results of TOC, TNK and Polsen showed that soils sampled from UL 203 

area exhibited the highest values, mainly in soil 1 (47.5 g.kg-1, 2.3 g.kg-1 and 3.9 mg.kg-1 respectively) and soil 2 204 

(30.0 g.kg-1, 1.9 g.kg-1 and 1.8 mg.kg-1 respectively) (Table 3). This can directly be related to their proximity to 205 

the landfill and to the contributions of organic matter brought by waste amendments (Noirot-Cosson et al 2016; 206 

2017). For soils (1 and 2) sampled from the TP area, they present, also, high phosphorus values (2.5 and 2.29 207 

mg.kg-1 respectively), which can be explained by the contributions due to their proximity to the phosphorus mining 208 

transformation and treatment unit. The levels measured in studied soils of CA, SF and TP were similar to those 209 

found in urban soils of Marrakech (Morocco) presented by Laaouidi et al (2020), Beroigui et al (2020) and to those 210 

found in urban soils of Western Paris (Frensh) presented by Zaouche et al (2017). According to the metallic trace 211 

elements analysis, the results showed that the soils sampled from the control area (CA) presented the lowest 212 

metallic trace elements level comparing to those sampled from SF, UL and TP areas. The contents did not exceed 213 

0.1 mg Kg-1 for Cd, 13.0 mg Kg-1 for Cu, 19.1 mg Kg-1 for Cr, 0.7 mg Kg-1 for Pb and 32.0 mg Kg-1 for Zn (Table 214 

4). The metallic trace elements contents of soils, sampled from the area TP, contained relatively the highest 215 

concentrations followed by those sampled from UL area (Table 4). Their concentration ranged between <dl and 216 

1.7 mg Kg-1 for Cd, 24.4 and 30.9 mg Kg-1 for Cu, 54.9 and 102 mg Kg-1 for Cr, 1.2 and 4.8 mg Kg-1 for Pb and 217 

70.6 and 148.7 mg Kg-1 for Zn  in TP area and between <dl and 0.5 mg Kg-1 for Cd, 13.0 mg Kg-1 and 24.4 mg Kg-218 

1 for Cu, 12.9 and 78.5 mg Kg-1 for Cr, 1.05 and 3.9 mg Kg-1 for Pb and 17 and 88.9 mg Kg-1 for Zn in UL area 219 

(Table 4). The highest concentrations for Cd (1.8 mg Kg-1), Cu (30.9 mg Kg-1), Cr (102 mg Kg-1), Pb (4.8 mg Kg-220 

1) and for Zn (148.7 mg Kg-1) were recorded in the soil (1) sampled from TP area and located near of the industrial 221 

site (Table 3). Metallic trace elements contents found in soils sampled from SF area were relatively lower than 222 

metallic trace elements contents observed in soils of TP and UL areas. The concentrations of Metallic trace 223 

elements in SF area soils ranged between <dl and 0.43 mg Kg-1 for Cd, 11.4 mg Kg-1 and 13.0 mg Kg-1 for Cu, 224 

15.2 and 24.3 mg Kg-1 for Cr, 0.3 and 1.8 mg Kg-1 for Pb and 21.8 and 49.0 mg Kg-1 for Zn (Table 3). Results 225 



showed that soils sampled from the nearest point of the main contamination sources for all studied areas were the 226 

most contaminated by metallic trace elements (Table 4). The average concentrations of metallic trace elements, 227 

measured in soils from different studied areas, showed that it is possible to classify these areas according to their 228 

metallic trace elements contamination levels in the order CA < SF < UL < TP. The remarkable concentrations 229 

observed can probably explained by the industrial activities present in these areas. Several work showed that the 230 

phosphate fertilizer industry and phosphoric acid industry could release an elevated content of metallic trace 231 

elements in the environment (Al-Masri et al. 2004; Gaudry et al. 2006; Aoun et al. 2010; Silva et al. 2010). The 232 

cement industry can also causes atmosphere, water and soil contamination by metallic trace elements (Al-233 

khashman and Shawabkeh 2006; Zerrouqi et al. 2008; Jin et al. 2016; Arfala et al. 2018). However, in urban areas 234 

it is difficult to conclude that trace elements found in soil originate only from industrial activity. The urban activity 235 

can contribute also to the pollution of soils (Laaouidi et al ., 2020; Beroigui et al., 2020). The excessive metallic 236 

trace elements accumulation was also confirmed in soils of the vicinity of non-controlled public landfill sites 237 

(Meneses et al. 1999; Hakkou et al. 2001; Segura-Muňoz et al. 2004; Pruvot et al. 2006; El Baghdadi et al. 2016; 238 

Bacha et al. 2021). The highest metallic trace elements concentrations observed in the studied soils are below the 239 

limit values required by the WHO and those required by the European Commission (EC), except for the Cd 240 

concentration (1.8 mg Kg-1) and Cr concentration (102 mg Kg-1) measured in the soil (1) sampled from the TP 241 

area (Table 4). However, which can be explained by the impact of industrial and urban activity (European 242 

Commission 2000; WHO/FAO 2007; Martin and Wendy 2009; Yuswir et al. 2015). Compared to metallic trace 243 

elements contents in anthropized and urban soils, measured concentrations were relatively similar to metallic trace 244 

elements levels found by Laaouidi et al. (2020) in garden soils of urban areas in Marrakech city, they are very low 245 

than those found by El Khalil et al. (2008a) in Marrakech urban and suburban topsoils and they are also very low 246 

than concentrations measured by El Hamiani et al. (2015) in garden soils sampled from some mining areas located 247 

in the region of Marrakech and Ouarzazate cities. The metallic trace elements found in the studied urban and 248 

suburban soils can be easily transferred to plants. The knowledge of the metallic contamination of plants in urban 249 

areas as well as the impact of the consumption of vegetables cultivated on polluted urban soils on animal and 250 

human health remains very limited. The hazard related to the contamination of the food chain by metallic trace 251 

elements, were confirmed and their ingestion by human and animals can cause negative health effects 252 

(neurological, reproductive, immune, carcinogenic …) (WHO/FAO 2001; Boularbah et al. 2006; Martin and 253 

Wendy 2009; Yuswir et al. 2015; Green and Planchart 2018). The metallic trace element concentrations measured 254 

in plants sampled from different studied areas are presented in the table (5). The plants sampled from the control 255 

area (CA) exhibited, as found for soils, the lowest contents (Table 5). However, the plants, sampled from the TP 256 

area, were the most contaminated. They contained relatively the highest contents of Cd (<dl - 0.4 mg Kg-1), Cu 257 

(0.864 - 1.826 mg Kg-1), Cr (0.8 – 2.0 mg Kg-1), Pb (0.8 - 1.7 mg Kg-1) and of Zn (4.1 - 19.9 mg Kg-1). The 258 

measured metallic trace elements concentrations in different plants were in decrease order: TP > SF > UL. The 259 

concentration of these metallic trace elements in studied plants ranged between <dl and 0.2 mg kg-1 for Cd, 0.588 260 

and 1.228 mg Kg-1 for Cu, 0.66 and 1.6 mg kg-1 for Cr, 0.4 and 0.9 mg Kg-1 for Pb, 2.6 and 9.5 mg kg-1 for Zn in 261 

SF area and between <dl and 0.1 mg kg-1 for Cd, 0.53 and 0.718 mg Kg-1 for Cu, 0.6 and 1.2 mg kg-1 for Cr, 0.28 262 

and 0.7 mg Kg-1 for Pb, 1.6 and 6.1 mg kg-1 for Zn in UL area (Table 5). The metallic trace elements found in 263 

studied plants, particularly those collected from industrial area TP, were similar to those reported by Laaouidi et 264 

al. (2020) for plants grown in market garden soils irrigated with industrial or domestic wastewater in urban areas 265 



of Marrakech and they were relatively higher than those found in different plants sampled from garden soils of 266 

some mining areas of the Marrakech region and of the south of Morocco (El Hamiani et al. 2015). Nerveless, these 267 

metallic trace elements concentrations remained very low than metallic contents reported by Boularbah et al. 268 

(2006) in different plants sampled from of mining areas in the South Morocco. The metal concentrations in studied 269 

plants were below the United States Domestic Animal Metal Toxicity Limits (Kabata-Pendias and Pendias 2001). 270 

However, the Cd concentrations of some studied plants exceeded the WHO/FAO limits (0.1 mg Kg-1) mainly for 271 

the plants sampled from TP area (WHO/FAO 2001). The results showed different distribution of metallic trace 272 

elements contamination of plants depending of the sampling areas. The metallic trace elements concentrations 273 

found in all plant species showed that their metallic contamination increases according to the following order: CA 274 

< SF < UL < TP and followed the same tend as metallic concentrations of the soils manly in CA and TP areas. 275 

However, metallic trace elements contamination levels found in the plants sampled from the SF were higher than 276 

those found in plants sampled from the UL in contrast with their distribution according to their soils metallic 277 

contamination levels. This result can be related to the atmospheric dust pollution impact known in the vicinity of 278 

cement factory (Al-khashman and Shawabkeh 2006; Zerrouqi et al. 2008; Jin et al. 2016; Arfala et al. 2018). 279 

Considering the most contaminated area TP, which is characterized by the presence of the Fertilizer production 280 

unit, Sinapis arvensis L. exhibited the highest concentrations of measured metallic trace elements (Table 5). The 281 

same species, Sinapis arvensis L. in the SF area, showed also the highest metal contents (Table 5). This area (SF) 282 

is characterized by the presence of the industrial unit (Cement Factory). Even if the Cd content measured in Sinapis 283 

arvensis L. sampled from the TP and SF areas exceeded the WHO/FAO limit, it remained lower than the Cd 284 

content reported by Brunetti et al. (2009) in  Sinapis arvensis (0.71 mg Kg-1 of Cd) grown in contaminated soils. 285 

The plants of Sinapis arvensis were very abundant in the Safi region, which makes them available to livestock 286 

(Taleb et al. 1998). This plant can increase the risk of metallic trace elements transfer to the food chain. 287 

Carpobrotus edulis species sampled from TP area exhibited a relatively high metallic trace elements 288 

concentrations. The concentration of Cd (0.3 mg Kg-1) recorded by Carpobrotus edulis sampled from TP area 289 

exceed also the WHO/FAO limit and can be explained by its ability to accumulate Cd (WHO/FAO 2001; Zhang 290 

et al. 2014). The metallic content measured in the Carpobrotus edulis sampled from TP area remained very low 291 

than the metallic concentrations reported in this plant grown in the sewage sludge used as species for the 292 

phytoremediation process (Chiban et al. 2011; Erdogan et al. 2011). In urban environments, plants played an 293 

important role by controlling metal pollution. They can immobilize metallic pollutants in the soil via root uptake 294 

or by decreasing the air pollution via foliar uptake (Kumar et al. 2008; EL-Khatib et al. 2011; El Hamiani et al. 295 

2015; El-Khatib et al. 2019). The metallic analyses of metallic trace elements contents showed that Eucalyptus 296 

globulus, Nerium oleander and Ficus carica plants, sampled from TP area, exhibited remarkable concentrations 297 

(Table 5). The Nerium oleander and Ficus carica, sampled from the SF area, exhibited also remarkable metallic 298 

trace elements concentrations, but they remain lower than those scored by Sinapis arvensis L. plants sampled form 299 

the same area (Table 5). The Ficus carica plants sampled from the UL area presented lower metallic concentrations 300 

compared to those observed in the same plants sampled from UL and TP areas. The measured contents of metallic 301 

trace elements in Medicago sativa plants showed that the plants sampled from TP area were the most contaminated 302 

mainly by Cu (0.978 mg Kg-1), Cr (1.0 mg Kg-1), and Pb (0.96 mg Kg-1) (Table 5). Medicago sativa plants exhibited 303 

relatively the same concentration found in Eucalyptus globulus and Ficus carica plants sampled from SF area 304 

characterized by the presence of the Cement factory (Table 5). The concentrations of Cd found mainly in 305 



Eucalyptus globulus and in Nerium oleander plants sampled from TP area exceeded the WHO/FAO limit 306 

(WHO/FAO 2001). The Eucalyptus globulus plants are known by their high dust holding capacity, which explain 307 

their use as green belt surroundings industrial sites such cement industry (Kumar et al. 2008; El-Khatib et al. 2019). 308 

This particularity can be explained the relative high concentrations metallic trace elements found in this plant 309 

sampled from different studied areas. El-Khatib et al. (2020) showed that Eucalyptus globulus can accumulate 310 

different metallic trace elements and there metallic levels can be considered as good indicator of metallic trace 311 

elements accumulation in urban areas (El khatib et al. 2011; 2020). The plants of Nerium oleander showed 312 

remarkable concentrations of measured metallic trace elements, except for the Nerium oleander plants sampled 313 

from the control area CA. These levels were still lower than those reported by Doğanlar and Atmaca (2010) in the 314 

same plants in urban areas. The higher contents of these metallic trace elements observed in Nerium oleander 315 

plants, from TP area, were very low than those reported by Galfati et al. (2011) found in plants of Nerium oleander 316 

growing near the phosphate treatment industry (Tunisia). Concerning the common fig (Ficus carica), which 317 

produce fruits as an edible product, there metallic trace elements contents were lower than those reported in several 318 

studies interested by this plant species in urban or industrial areas (Benaissa 2006; El Hamiani et al. 2015; Ugulu 319 

et al. 2016; Alzahrani et al. 2017; Reboredo et al. 2018). As a part of the improvement of the forage crops program, 320 

Medicago sativa plants are introduced to the region of Safi (DRMS 2017). The Alfalfa (Medicago sativa) plants, 321 

studied in the urban and suburban areas of Safi, are characterized by a similar metallic trace elements contents 322 

reported by Rezaeian et al. (2020) in Alfalfa plants selected from industrial and non-industrial areas. However, 323 

several studies showed that this plant can accumulate a remarkable concentration of metallic trace elements (Al-324 

Rashdi and Sulaiman 2013; El Hamiani et al. 2015; Mbarki et al. 2018). The variations of the concentrations of 325 

metallic trace elements uptake by plants depend on several physicochemical and biological factors which influence 326 

their root uptake from the soil and their deposition on the different plants organs (foliage or bark) (Lehndorff and 327 

Schwark 2010). In metal stressful urban environment, the plants developed different reactions to the metallic 328 

pollution depending on plant species and their physiological characteristics such as its morphology, total leaf 329 

surface (Beckett et al. 2000; Freer-Smith et al. 2004; EL-Khatib et al. 2011; Liang et al. 2017; Sun et al. 2018). 330 

The Pearson correlation test achieved, presented in the Table (6),  showed a strong positive correlation (r = 0.63 331 

to 0.98) between the average concentration of measured metallic trace elements found in the soils sampled from 332 

studied areas and the average concentration of these metallic trace elements measured in plants sampled from 333 

studied areas (p<0.05).  334 

The highest Bioaccumulation Factor for Plants (BAF) values were found for Cd (0.1-0.9), Pb (0.1-1.1) and for Zn 335 

(0.03-0.4) (Table 7). This can be related to the higher mobility of Cd, Pb and Zn in soil, and their low retention in 336 

the soil than other toxic metallic pollutants (Kabata-Pendias and Pendias 2001). Elevated values of Cd BAF were 337 

recorded for Eucalyptus globulus sampled from the CA area (0.9), followed by the BAF recorded for Sinapis 338 

arvensis L. sampled from SF area (0.8) (Table 7). The highest BAF of Pb was also recorded in the plants of 339 

Medicago sativa (1.1), Sinapis arvensis L. (1.0), Eucalyptus globulus (1.0) and Ficus carica (0.9) sampled from 340 

the SF area. The Eucalyptus globulus, sampled from TP area, exhibited also remarkable BAF of Pb (0.8) (Table 341 

7). The BAF values for studied metallic trace elements, for different studied plants, varied greatly between plant 342 

species, locations and soil contamination (Table 7). It was apparent that BAF of these metallic trace elements 343 

increased with an increase of their concentrations in soils.   The BAF for the studied plants were, relatively, similar 344 

to those reported by Jolly et al. (2013) and they were very low compared to the BAF values presented by El 345 



Hamiani et al. (2015) for the plants sampled from mining areas us Ficus carica. The uptake of metallic trace 346 

elements by plant roots was influenced by many parameters controlling their bioavailability such us soil 347 

physicochemical properties, plant species and by metallic trace element properties (Song et al., 2016). Thornton 348 

and Farogo (1997) considered that a BAF of 0.1 indicates that metallic element is excluding from plant tissues 349 

such as 1 out of 6 plants from SF, all from UL, and 5 out of 6 from BAF (Table 7). Chary et al. (2008) suggested 350 

that for a BAF above 0.2 indicated an anthropogenic contamination of the plants and for a BAF value higher than 351 

0.5 indicated that plants could be considered as contaminated by metallic trace elements caused by anthropogenic 352 

activities, which requires an environmental monitoring of the area (Kloke et al. 1984; Chary et al. 2008). 353 

Consequently, the BAF values underlined the impact of anthropogenic activities on the metallic contamination 354 

levels of these plants, mainly in the TP and in the SF areas. In these areas, the contribution of atmospheric pollution, 355 

with the foliar absorption of atmospheric metal deposits maybe important and is not taken in account by the BAF. 356 

The FC and PLI were used for an environmental assessment of the studied urban and suburban areas. The values 357 

of CF were presented in Table (8). As expected, the highest CF values for metallic trace elements analyzed were 358 

recorded for TP area. The CF values calculated based on the average metallic trace elements contents showed that 359 

soils of SF and UL areas could be classified with moderate contamination (Table 2 and 8). For soils sampled from 360 

TP area could be classified with a considerable contamination according to CF values (Table 2 and 8). The CF 361 

values calculated based on the metallic trace elements contents showed, also, that the soil (1), the nearest sampling 362 

point of the main contamination source for all studied areas, could be classified as a very high-contaminated zone. 363 

Concerning the other soils (soil 2 to soil 6), they showed a moderate contamination and a considerable 364 

contamination by measured metallic trace elements in different studied areas (SF, UL et TP) (Table 8). The spatial 365 

distribution, according to linear interpolation, confirmed that soils, sampled from the nearest point to the 366 

contamination sources (soil 1), are the most contaminated mainly for studied areas TP, UL and SF (Figure 3). This 367 

spatial distribution showed clearly that the most contaminated soils by metallic trace elements were those sampled 368 

from TP area, followed by soils sampled from UL area and followed by soils sampled from SF area (Figure 3). 369 

The results confirmed that soils, sampled from nearest sampling points of the potential sources of the 370 

contamination in the studied urban and suburban areas were submitted to a huge anthropogenic pressure leading 371 

to their contamination. The results confirmed that soils, sampled from different studied urban and suburban areas, 372 

near the potential contamination sources, were submitted to a huge anthropogenic pressure leading to their 373 

contamination. The assessment of the contamination degree of studied urban and suburban areas of the Safi City 374 

using the PLI (Figure 2) indicated that SF, UL and TP areas (13.4, 17.1 and 22.8 respectively) can be qualified us 375 

polluted by metallic trace elements (1 < PLI ≤ 10) (Dung et al. 2013). The most contaminated area TP, located 376 

near the industrial area, exhibited the highly PLI (22.8). Consequently, to alleviate the effect of this pollution, it is 377 

necessary to take immediate and preventive intervention to avoid a progressive deterioration of the environment 378 

quality in these urban and suburban areas. Generally, the negative correlation between the PLI and the BAF could 379 

be explained by the toxic effect of metallic trace elements on the plant leading to decreases of their transfer from 380 

the roots to the other parts of plant (Ntzala et al. 2012). In our study, a positive correlation between the PLI and 381 

the BAF of metallic trace elements was observed (Table 7 and Figure 2). Principal Component Analysis results 382 

showed that the characteristics of the TP area stood out and it was much more influenced by parameters related 383 

mainly to metallic contents in soils and plants and by some agronomic parameters (pH, Conductivity and P- Olsen) 384 

according to the Factor (1) (63%) (Figure 4). For UL area, it was stood out also, however, it was more influenced 385 



by agronomic parameters of soils mainly carbon content (TOC), nitrogen content (NTK) and phosphorus content 386 

(P-olsen) (Figure 4). Concerning the SF area, it was the only area, which presented relatively close characteristics 387 

to those of presented by the control area. Results of Principal component analysis confirmed the similarity between 388 

the characteristics of these last two areas (figure 4). The presence of metallic contamination sources contributing 389 

to the metallic contamination of soils and plants. According to the characteristics of different studied areas, this 390 

contribution to the enrichment of studied soils and plants by metallic trace elements could be related to the 391 

contamination by atmospheric deposits. The determination of metallic trace elements levels in the leaves rinsing 392 

water of studied plants showed that these levels are very low for the majority of studied areas (Table 9). However, 393 

some concentrations measured in the rinsing water of some plants present remarkable levels for some metallic 394 

trace elements. Eucalyptus globulus and Ficus carica, sampled in the SF area, presented remarkable concentrations 395 

of Pb (0.15 and 0.09 mg L-1 respectively), but they remain lower than those recorded by the same plants sampled 396 

in the TP area (0.4 and 0.2 mg L-1 respectively). The results of the determination of trace metal elements in the 397 

leaves rinsing water also showed that Eucalyptus globulus plants, sampled from the TP zone, presented the highest 398 

values of Cd (0.08 mg L-1), Cu (0.07 mg L-1), Cr (0.1 mg L-1), Pb (0.4 mg L-1) and Zn (0.9 mg L-1) (Table 9). For 399 

Ficus carica plants sampled from the TP zone, they presented remarkable values of Cd (0.07 mg L-1), Pb (0.2 mg 400 

L-1) and Zn (0.5 mg L-1). The values measured in the leaves rinsing water of these plants underlined the 401 

phenomenon of atmospheric deposition of these metallic trace elements in these areas and they are relatively high 402 

compared to the total contents found in these plants. The Pb levels observed in the leaves rinsing water of 403 

Eucalyptus globulus and Ficus carica, sampled in the SF area, constituted high percentages (18.5% and 12% 404 

respectively) of total Pb concentrations measured in these plants. These percentages are higher for the plants 405 

sampled from TP area. They represented for Eucalyptus globulus 40% for Cd, 5% for Cu, 5% for Cr, 23.5% for 406 

Pb and 4.5% for Zn and for Ficus carica 70% for Cd, 23.5% for Pb and 4.5% for Zn. For Carpobrotus edulis, 407 

sampled in the TP area, the leaves rinsing water presented, also, a remarkable concentration of Zn, which 408 

constituted 7.1% of the total concentration of Zn measured in this plants (Table 9). Therefore, it confirmed the 409 

impact of the atmospheric pollution underlined by deferent metallic contamination level of metallic trace elements 410 

uptake observed in studied plants mainly in Eucalyptus globulus, Sinapis arvensis L. and Carpobrotus edulis. It 411 

was necessary to take into account the number of metallic trace elements used to determinate the PLI and which 412 

ones that have the most contribution to the computation of the PLI, such in the case of this study (Angula 1996). 413 

The impact of the metallic contamination on plants could be confirmed by the results of phosphatase activity 414 

presented in Table 10. Generally, results showed that the leaves phosphatase activity decreases according to 415 

metallic trace elements contamination increasing in studied areas. The values observed in leaves of different plants 416 

sampled from the TP area (0.3 - 0.9 µmol Pi min-1g-1) were the lowest values comparing with phosphatase activity 417 

values (0.6 - 2.5 µmol Pi min-1g-1) found in leaves of plants sampled from control area (CA). For SF and UL areas, 418 

the phosphatase activity measured in leaves of plants (0.6-1.9 µmol Pi min-1g-1 and 0.5-1.5 µmol Pi min-1g-1 419 

respectively) was relativity low than values of phosphatase activity found in leaves of plants sampled from CA 420 

area (Table 10). Plants can be exposed to different types of environmental stress, which can affect their functioning 421 

and yield. Metallic trace elements constitute one of the main toxic environmental pollutants and their relative 422 

toxicity depends on plant species and on others abiotic conditions (Kabata-Pendias and Pendias 2001, Goswami 423 

and Deka 2020). Tejera García et al (2004) underlined the effect of metallic trace element on the phosphatase 424 

activity. Metallic trace elements (Cu, Pb and Zn) strongly inhibited the phosphatase activity in leaves and root of 425 



Phaseolus vulgaris (common bean) (Tejera García et al 2004). This can confirm, relatively, our results found for 426 

studied plants sampled from urban and suburban areas of the city of Safi. However, the low number of studies and 427 

specific data of studied plants could not relate, directly, the decrease of phosphatase activity in leaves of these 428 

plants to the metallic contamination. 429 

Conclusion 430 

The metallic contamination of soils and plants in studied urban and suburban areas of Safi City show that the soils 431 

receive a non-negligible amount of metallic trace elements. The average contamination levels of measured metallic 432 

trace elements in all soils allow to classify these urban and suburban areas in the order CA< SF < UL < TP. The 433 

most contaminated soils are those located in urban areas TP and SF respectively. Thus, it constitutes a high hazard 434 

related to the transfer of these metallic pollutants to the food chain. The results of metallic trace elements 435 

concentrations found in all plants species show that their metallic contamination increases according to the 436 

following order CA< UL < SF < TP. This underling the possible accumulative impact of atmospheric dust pollution 437 

found in suburban area SF known by the cement factory and in the urban area TP known by the phosphate 438 

transformation unit. The most contaminated plants species by metallic trace elements are Eucalyptus globulus, 439 

Nerium oleander, Ficus carica and Medicago sativa. Sinapis arvensis L. and Carpobrotus edulis plants come in 440 

the second level with remarkable contamination levels of metallic trace elements respectively. This study 441 

underlines the impact of anthropogenic activities on the metallic contamination levels of plants mainly in TP and 442 

UL areas using the BAF values. The FC and PLI, used to assess the environmental impact, show that studied urban 443 

and suburban areas of Safi City, are polluted by metallic trace elements and the most polluted ones were urban 444 

areas (TP and UL). The deposit of metallic trace elements on the leaves of plants collected in the vicinity of 445 

different contamination sources in studied urban and suburban areas confirm the important impact of the 446 

atmospheric pollution and underline also that the soils surrounding different sources of contamination in these 447 

studied areas receive considerable amounts of metallic trace. In coordination with local government and deferent 448 

industrials actors of the Safi city, these results can be used to propose a global process for an environmental 449 

assessment. The acquired knowledge can help to develop new tools used in the decision-making process according 450 

to a sustainable development strategy requested by managers.  451 
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Table 1. Description of sampling strategy in the four studied areas in the region of Safi 

Areas Plants Species Distance* (m) Part sampled Soils Distance* (m) deep (cm) 
Main Contamination 

Source 

CA 

Eucalyptus globulus  - Shoot Soil 1 20 0-15 

no contamination 

sources 

Nerium oleander  - Shoot Soil 2 200 0-15 

Ficus carica - Shoot Soil 3 400 0-15 

Medicago sativa - Shoot and root Soil 4 600 0-15 

Sinapis arvensis L. - Shoot and root Soil 5 800 0-15 

Carpobrotus edulis - Shoot Soil 6 1000 0-15 

SF 

Eucalyptus globulus  100-600 Shoot Soil 1 20 0-15 

Cement Factory 

Nerium oleander  100-500 Shoot Soil 2 200 0-15 

Ficus carica 200-1000 Shoot Soil 3 400 0-15 

Medicago sativa 100-600 Shoot and root Soil 4 600 0-15 

Sinapis arvensis L. 100-600 Shoot and root Soil 5 800 0-15 

Carpobrotus edulis 50-500 Shoot Soil 6 1000 0-15 

UL 

Eucalyptus globulus  20-600 Shoot Soil 1 20 0-15 

Uncontrolled landfill 

Nerium oleander  100-600 Shoot Soil 2 200 0-15 

Ficus carica 100-1000 Shoot Soil 3 400 0-15 

Medicago sativa 100-600 Shoot and root Soil 4 600 0-15 

Sinapis arvensis L. 100-600 Shoot and root Soil 5 800 0-15 

Carpobrotus edulis 100-600 Shoot Soil 6 1000 0-15 

TP 

Eucalyptus globulus  20-600 Shoot Soil 1 20 0-15 

 Phosphoric acid and 

fertilizers production 

unit 

Nerium oleander  100-600 Shoot Soil 2 200 0-15 

Ficus carica 100-1000 Shoot Soil 3 400 0-15 

Medicago sativa 100-600 Shoot and root Soil 4 600 0-15 

Sinapis arvensis L. 100-600 Shoot and root Soil 5 800 0-15 

Carpobrotus edulis 100-600 Shoot Soil 6 1000 0-15 

* Distance between the potential source of pollution and the sampling point, SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill in a 

suburban area of Safi city, TP: located in the vicinity of treatment and transformation unit of phosphate, CA: A not influenced area or Control area



Table 2. Contamination factor class and level us described by Hakanson (1980). 

 

CF Values Contamination Factor level     

CF < 1 Low contamination 

1 ≤ CF<3 Moderate contamination 

3 ≤ CF<6 Considerable contamination 

CF ≥ 6 Very high contamination 

 



Table 3. Agronomic proprieties of soils studied in different studied areas.   

Area Soil 
pH 

(H2O) 

Cond. 

mS/cm 

TOC  

(g kg-1) 

NTK  

(g kg-1) 

P(Olsen) 

(mg kg-1)  

CA 

Soil 1 7.2 0.23 17.2 0.70 0.40 

Soil 2 7.2 0.26 15.4 0.60 0.62 

Soil 3 7.3 0.25 17.8 0.55 0.25 

Soil 4 7.0 0.24 15.0 0.71 0.71 

Soil 5 7.2 0.25 16.0 0.67 0.39 

Soil 6 7.1 0.25 14.2 0.71 0.59 

SF 

Soil 1 7.5 0.39 16.0 0.76 0.75 

Soil 2 8.1 0.27 15.3 0.69 0.70 

Soil 3 8.2 0.22 18.2 1.52** 0.69 

Soil 4 8.1 0.21 19.7 1.07 0.70 

Soil 5 7.8 0.16 17.0 0.67 0.53 

Soil 6 7.6 0.26 18.4 0.77 0.64 

UL 

Soil 1 6.8 11.4** 47.5 2.30** 3.9** 

Soil 2 7.7 4.2** 30.0 1.92** 1.8** 

Soil 3 7.4 1.18 22.0 0.86 0.83 

Soil 4 7.5 0.49 19.0 0.80 0.75 

Soil 5 6.8 1.2 20.1 0.91 0.76 

Soil 6 7.5 0.23 18.9 0.83 0.78 

TP 

Soil 1 8.4 2.0 12.0 0.45 2.50** 

Soil 2 8.8 39.1** 15.3 0.61 2.29** 

Soil 3 8.2 3.4** 15.0 0.64 0.74 

Soil 4 8.1 2.7 13.0 0.51 0.86 

Soil 5 8.4 1.7 19.5 0.88 0.78 

Soil 6 8.8 0.5 17.0 0.56 0.71 

SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill  

in a suburban area of Safi city, TP: located in the vicinity of treatment and transformation  

unit of phosphate, CA: A not influenced area; **: significant differences at p <0.05. 

 

  



Table 4. Total concentrations of measured metallic trace elements (mg kg-1) of studies topsoils. 

Area Soil Cd  Cu  Cr   Pb  Zn 

CA 

Soil 1 0.1 8.1 15.0 0.50 28.0 

Soil 2 <0.002 9.8 18.9 0.32 30.0 

Soil 3 <0.002 11.4 12.3 0.70 24.9 

Soil 4 <0.002 13.0 19.1 0.61 32.0 

Soil 5 0.1 8.1 12.7 0.41 22.5 

Soil 6 <0.002 5.8 13.9 0.52 23.0 

SF 

Soil 1 0.43** 13.0 24.3 1.8 49.0 

Soil 2 0.2 11.4 22.9 0.88 33.1 

Soil 3 0.26 14.7 17.3 0.72 28.6 

Soil 4 <0.002 14.7 16.2 0.60 24.9 

Soil 5 <0.002 11.4 15.2 0.51 21.8 

Soil 6 0.1 11.4 16.1 0.3 22.0 

UL 

Soil 1 0.5 24.4** 78.5** 3.9** 88.9** 

Soil 2 0.26 21.2** 45.7 3.2** 60.5 

Soil 3 <0.002 16.3 50.4 1.3 44.2 

Soil 4 0.1 22.8** 24.8 1.5 28.9 

Soil 5 <0.002 17.9 12.9 1.05 17.0 

Soil 6 <0.002 13.0 9.1 0.8 10.3 

TP 

Soil 1 1.8** 30.9** 102.0** 4.8** 148.7** 

Soil 2 0.5 27.7** 90.0** 2.3 96.3** 

Soil 3 0.66 24.4** 85.9** 1.4 79.8** 

Soil 4 <0.002 27.7** 89.1** 1.6 90.6** 

Soil 5 0.2 26.0** 69.5** 1.5 70.6** 

Soil 6 <0.002 24.4** 54.9** 1.2 71.2** 

 SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill in a suburban area of 

Safi city,  

TP: located in the vicinity of treatment and transformation unit of phosphate, CA: A not influenced area;  

**: significant differences at p <0.05. 

 

  



Table 5. Total concentrations of measured metallic trace elements (mg kg-1 DW) of studies plants.  

Area Plant Cd Cu Cr Pb Zn 

CA 

Eucalyptus globulus  0.09 0.536 0.8 0.2 5.1 

Nerium oleander  <0.002 0.54 <0.005 <0.001 3.7 

Ficus carica <0.002 0.498 <0.005 0,1 4.5 

Medicago sativa <0.002 0.476 <0.005 <0.001 9.1 

Sinapis arvensis L. <0.002 0.508 0.6 <0.001 11.0** 

Carpobrotus edulis <0.002 0.52 <0.005 <0.001 3.1 

SF 

Eucalyptus globulus  <0.002 0.729 1.6 0.81 8.1 

Nerium oleander  0.1 0.878 1.0 0.42 5.0 

Ficus carica 0.1 0.732 1.1 0.75 9.5 

Medicago sativa <0.002 0.726 0.90 0.90 4.5 

Sinapis arvensis L. 0.2 1.228** 0.98 0.82 4.7 

Carpobrotus edulis <0.002 0.588 0.66 0.40 2.6 

UL 

Eucalyptus globulus  <0.002 0.661 1.0** 0.5 6.1 

Nerium oleander  0.1 0.718 0.9** 0.3 4.7 

Ficus carica <0.002 0.572 1.2** 0.4 3.5 

Medicago sativa <0.002 0.588 0.8 0.76 2.5 

Sinapis arvensis L. <0.002 0.56 0.9** 0.52 3.7 

Carpobrotus edulis <0.002 0.53 0.6 0.28 1.6 

TP 

Eucalyptus globulus  0.2 1.204** 2.0** 1.7** 19.9** 

Nerium oleander  0.15 0.925 1.8** 0.7 5.9 

Ficus carica 0.1 0.864 1.5** 0.85 10.5** 

Medicago sativa <0.002 0.978 1.0** 0.96** 6.5 

Sinapis arvensis L. 0.4** 1.826** 1.3** 0.92** 7.0 

Carpobrotus edulis 0.3** 1.792** 0.8 0.80 4.1 

SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill in a  

suburban area of Safi city, TP: located in the vicinity of treatment and transformation unit  

of phosphate, CA: A not influenced area;**: significant differences at p <0.05. 

 

 



Table 6. Pearson’s correlation matrix for agronomic proprieties of soils and average content of Metallic trace elements in soils and in plants. 

  pH Cond. TOC NTK 
P(Olsen

) 
Cd_Soil Cu_Soil Cr_Soil Pb_Soil Zn_Soil 

Cd_Pla

nt 

Cu_Pla

nt 

Cr_Plan

t 

Pb_Plan

t 

Zn_Plan

t 

pH 1               

Cond. 0.72291 1              

TOC -0.49155 -0.10098 1             

NTK -0.44773 -0.24991 0.96001 1            

P(Olsen

) 
0.29226 0.74089 0.58985 0.45865 1           

Cd_Soil 0.88216 0.96302 -0.25143 -0.33470 0.62515 1          

Cu_Soil 0.71033 0.96997 0.08571 -0.03191 0.85287 0.94040 1         

Cr_Soil 0.76970 0.99748 -0.15025 -0.28424 0.70925 0.97944 0.96633 1        

Pb_Soil 0.47056 0.86855 0.39762 0.26172 0.97543 0.78011 0.94636 0.84649 1       

Zn_Soil 0.81105 0.98616 -0.25306 -0.37722 0.63175 0.98697 0.93767 0.99442 0.78658 1      

Cd_Pla

nt 
0.96500 0.86242 -0.47251 -0.50333 0.40256 0.96236 0.81659 0.89598 0.58854 0.93000 1     

Cu_Pla

nt 
0.98273 0.83579 -0.44481 -0.45273 0.40561 0.95194 0.80915 0.87255 0,5853 0.90513 0.99556 1    

Cr_Plan

t 
0.97036 0.83986 -0.29651 -0.29309 0.51445 0,95182 0.85443 0.87355 0.66929 0.89134 0.96944 0.98505 1   

Pb_Plan

t 
0.95954 0.75521 -0.22815 -0.18300 0.50145 0.89142 0.80530 0.79309 0.63720 0.80696 0.91812 0.94948 0.98506 1  

Zn_Plan

t 
0.80177 0.64358 -0.82598 -0.87324 -0.03234 0.74422 0.48730 0.68139 0.18819 0.75430 0.86011 0.82608 0,71671 0.61991 1 

 

 



Table 7. Metallic trace elements Bioaccumulation Factor for plants   

Area Plant Cd Cu Cr Pb Zn 

CA 

Eucalyptus globulus  0.9** 0.06 0.05 0.4 0.2 

Nerium oleander  - 0.06 - - 0.1 

Ficus carica - 0.05 - 0.2 0.2 

Medicago sativa - 0.05 - - 0.3 

Sinapis arvensis L. - 0.05 0.04 - 0.4 

Carpobrotus edulis - 0.06 - - 0.1 

SF 

Eucalyptus globulus  - 0.06 0.09 1.0** 0.3 

Nerium oleander  0.4 0.07 0.05 0.5 0.2 

Ficus carica 0.4 0.06 0.06 0.9** 0.3 

Medicago sativa - 0.06 0.05 1.1** 0.2 

Sinapis arvensis L. 0.8** 0.1 0.05 1.0** 0.2 

Carpobrotus edulis - 0.05 0.04 0.5 0.09 

UL 

Eucalyptus globulus  - 0.03 0.03 0.3 0.2 

Nerium oleander  0.4 0.04 0.02 0.2 0.1 

Ficus carica - 0.03 0.03 0.2 0.08 

Medicago sativa - 0.03 0.02 0.4 0.06 

Sinapis arvensis L. - 0.03 0.02 0.3 0.08 

Carpobrotus edulis - 0.03 0.02 0.1 0.03 

TP 

Eucalyptus globulus  0.3 0.05 0.02 0.8** 0.2 

Nerium oleander  0.2 0.03 0.02 0.3 0.06 

Ficus carica 0.1 0.03 0.02 0.4 0.1 

Medicago sativa - 0.04 0.01 0.5 0.07 

Sinapis arvensis L. 0.5 0.07 0.02 0.4 0.08 

Carpobrotus edulis 0.4 0.07 0.01 0.4 0.04 

SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill in a  

suburban area of Safi city, TP: located in the vicinity of treatment and transformation unit  

of phosphate, CA: A not influenced area; **: significant differences at p <0.05. 

 

 

  



Table 8. Contamination Factor according to studied areas  

Area Soil Cd  Cu  Cr   Pb  Zn 

SF 

Soil 1 4.3** 1.4 1.6 3.5** 1.8 

Soil 2 2.0 1.8 1.5 1.7 1.2 

Soil 3 2.6 1.6 1.1 1.4 1.1 

Soil 4 nd 1.6 1.1 1.2 0.9 

Soil 5 nd 1.2 1.0 1,0 0.8 

Soil 6 1.0 1.2 1.0 0.6 0.8 

UL 

Soil 1 2.0 1.9 4.2** 4.9** 3.0** 

Soil 2 1.1 1.7 2.4 4.4** 2.0 

Soil 3 nd 1.3 2.7 1.6 1.5 

Soil 4 0.4 1.8 1.3 1.9 1.0 

Soil 5 nd 1.4 0.7 1.3 0.6 

Soil 6 1.0 1.0 0.5 1.0 0.3 

TP 

Soil 1 6.3** 1.6 2.8 2.5 3.6** 

Soil 2 1.7 1.4 2.4 1.2 2.3 

Soil 3 2.3 1.2 2.3 0.7 1.9 

Soil 4 nd 1.4 2.4 0.8 2.2 

Soil 5 0.7 1.3 1.9 0.8 1.7 

Soil 6 1.2 1.5 1.5 0.6 1.7 

SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill  

in a suburban area of Safi city, TP: located in the vicinity of treatment and transformation  

unit of phosphate, nd: not determined, **: significant differences at p <0.05. 

 

  



Table 9. Metallic trace elements concentration (mg L-1) in leaves rinsing water of plants  

Area Plant Cd Cu Cr Pb Zn 

CA 

Eucalyptus globulus  <0.002 <0.004 <0.005 <0.001 <0.003 

Nerium oleander  <0.002 <0.004 <0.005 <0.001 <0.003 

Ficus carica <0.002 <0.004 <0.005 <0.001 <0.003 

Medicago sativa <0.002 <0.004 <0.005 <0.001 <0.003 

Sinapis arvensis L. <0.002 <0.004 <0.005 <0.001 <0.003 

Carpobrotus edulis <0.002 <0.004 <0.005 <0.001 <0.003 

SF 

Eucalyptus globulus  <0.002 <0.004 <0.005 0.15** <0.003 

Nerium oleander  <0.002 <0.004 <0.005 <0.001 <0.003 

Ficus carica <0.002 <0.004 <0.005 0.09 <0.003 

Medicago sativa <0.002 <0.004 <0.005 <0.001 <0.003 

Sinapis arvensis L. <0.002 <0.004 <0.005 <0.001 <0.003 

Carpobrotus edulis <0.002 <0.004 <0.005 <0.001 <0.003 

UL 

Eucalyptus globulus  <0.002 <0.004 <0.005 <0.001 <0.003 

Nerium oleander  <0.002 <0.004 <0.005 <0.001 <0.003 

Ficus carica <0.002 <0.004 <0.005 <0.001 <0.003 

Medicago sativa <0.002 <0.004 <0.005 <0.001 <0.003 

Sinapis arvensis L. <0.002 <0.004 <0.005 <0.001 <0.003 

Carpobrotus edulis <0.002 <0.004 <0.005 <0.001 <0.003 

TP 

Eucalyptus globulus  0,08 0.07 0.1** 0.4** 0.9** 

Nerium oleander  <0.002 <0.004 <0.005 <0.001 <dl 

Ficus carica 0.07 <0.004 <0.005 0.2** 0.5** 

Medicago sativa <0.002 <0.004 <0.005 <0.001 <0.003 

Sinapis arvensis L. <0.002 <0.004 <0.005 <0.001 <0.003 

Carpobrotus edulis <0.002 <0.004 <0.005 <0.001 0.3** 

SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill  

in a suburban area of Safi city, TP: located in the vicinity of treatment and transformation  

unit of phosphate, CA: A not influenced area, <dl: less than detection limit,  

 **: significant differences at p <0.05. 

 

 

 

  



Table 10: Average phosphatase activity (µmol Pi min-1g-1) measured in leaves of studied plants 

 CA SF UL TP 

Eucalyptus globulus  0.7±0.05 0.6±0.02 0.5±0.02 0.5±0.01 

Nerium oleander  0.6±0.02 0.7±0.01 0.6±0.01 0.4±0.01 

Ficus carica 0.9±0.04** 0.8±0.03 0.8±0.05 0.3±0.01 

Medicago sativa 2.5±0.09** 1.7±0.05** 1.1±0.06 0.8±0.05 

Sinapis arvensis L. 1.8±0.05** 1.9±0.05** 1.5±0.01** 0.9±0.05 

Carpobrotus edulis 0.9±0.03 0.8±0.01 0.5±0.01 0.4±0.03 

 SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill  

in a suburban area of Safi city, TP: located in the vicinity of treatment and transformation  

unit of phosphate, CA: A not influenced area, **: significant differences at p <0.05.



 

Fig. 1. Localization of sampling areas in the region of Safi  

SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill in a suburban area of 

Safi city, TP: located in the vicinity of treatment and transformation unit of phosphate, CA: A not influenced 

area 

 

 

 

  



 
 Fig. 2. Pollution Load Index calculated for studied areas in the region of Safi  

SF: located in the vicinity of cement factory, UL: located near an uncontrolled  

landfill in a suburban area of Safi city, TP: located in the vicinity of treatment  

and transformation, **: significant differences at p <0.05.  
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Fig. 3. Spatial 
distribution of 
Cr, Cu, Pd and 
Zn in studied 
urban and 
suburban 

areas in the region of Safi  
SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill in a suburban area of Safi city, TP: located in the vicinity of treatment and 
transformation unit of phosphate, CA: A not influenced area 



 

Fig. 4. Principal Component Analysis achieved for studied urban and suburban areas. 

SF: located in the vicinity of cement factory, UL: located near an uncontrolled landfill in a suburban area of Safi city,  

TP: located in the vicinity of treatment and transformation unit of phosphate, CA: A not influenced area, Metal_SL : Metal content in soil, Metal_PL: Metal content in plant, 

BAF_Metal : Bioaccumulation Factor for metal.  
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