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Abstract  The main objective of this work was 
to determine the soil contamination with trace met-
als within and around the dumpsite of Safi city 
(Morocco) and to evaluate the potential environmen-
tal risk associated. The results showed that the aver-
age soil concentrations of trace metals had the fol-
lowing order: Fe > Zn > Cu > Cr > Cd and exceeded 
the world and the upper continental background con-
centrations except for Fe. In addition, the concentra-
tions of Zn, Cu, and Cd remained beyond the limit 
standards given by the WHO/FAO. Geoaccumulation 
index, enrichment factor, and pollution load index 
(PLI) indicated that the dumpsite soil is highly con-
taminated and deteriorated, presenting evidence of 
high ecological risk proved by the values of the poten-
tial ecological risk index (PERI). Correlation analy-
ses revealed a strong relationship between the organic 
matter & [Fe, Zn, Cr, Cd], calcium carbonates & [Zn, 
Cr], and Cr & Cu inside the dumpsite soil. Principal 

component analysis confirmed the temporal and spa-
tial classification of Zone A as the oldest and Zone C 
as the youngest and indicated that the regrouped trace 
metals could have the same behavior and or the same 
origin. The interpolation of trace metals concentra-
tions and PERI revealed a plausible extension outside 
the landfill, confirmed by PLI values.

Keywords  Dumpsites · Soil contamination · Trace 
metals · Pollution indices · Ecological risks

Introduction

The soil is increasingly contaminated by a wide range 
of pollutants as a direct consequence of anthropo-
genic activities such as using pesticides and fertilizers 
in agriculture, fossil fuel burning, and mining (Naidu 
et  al., 2021). Additionally, the uncontrolled public 
dumps where municipal wastes are disposed of are 
among the major causes of large-scale soil contamina-
tion (Agbeshie et  al., 2020; Alam et  al., 2020). Actu-
ally, the world population produces more than 2 billion 
tons of municipal solid waste (MSW) of which 33% is 
dumped (Kaza et al., 2018). Landfilled wastes undergo 
a chemical and biological transformation or can be 
incinerated releasing important amounts of greenhouse 
gases such as CO2 and CH4, contributing to global 
warming (Abdel-Shafy & Mansour, 2018; Nanda & 
Berruti, 2021). Mainly for economic and managing rea-
sons, non-engineered landfilling represents the waste 
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management commonly used in developing countries, 
where no leachate or gas containment system is under-
taken (Agamuthu, 2013; Idowu et  al., 2019). Such 
inappropriate process in waste management by dump-
ing and open burning generates harmful air emissions, 
including a significant amount of dust highly loaded 
with various pollutants such as trace metals, which 
induces harmful effects and considerable threats to the 
environment and human health (Siddiqua et al., 2022; 
Velis & Cook, 2021; Vinti et al., 2021). Phosphate fer-
tilizers, liming materials, plant protection products, 
fertilizers used in agriculture, in addition to industrial 
activities, and atmospheric deposition can also contrib-
ute to soil contamination by trace metals (Taghavi et al., 
2023; Wuana & Okieimen, 2011; Zwolak et al., 2019). 
Furthermore, heavy metals can generate from particular 
categories of household waste, such as batteries, mobile 
phones, and laptops, when they are not correctly man-
aged (Chen et al., 2022). The soil contains natural lev-
els of trace metals (Abdu et al., 2017; Chandrasekaran 
et  al., 2015; Tóth et  al., 2016). However, the soil 
becomes heavily contaminated by trace metals when 
waste disposal sites are located, with sometimes levels 
well above current standards (Cocârţă et  al., 2016; El 
Fadili et al., 2022; Essien et al., 2019; Thongyuan et al., 
2021; Vural et  al., 2017). Trace metal contamination 
of soil is taking primary importance in ecotoxicologi-
cal approaches worlwide. Several studies conducted in 
such waste concentration areas around the world con-
firmed and assessed the contamination of landfill (and 
dumpsite) soil by trace metals either in developing Afri-
can countries (Agbeshie et  al., 2020; El Daba & Abd 
El Wahab, 2020; Kennou et al., 2015), in Asia (Hussein 
et al., 2021; Thongyuan et al., 2021; Wang et al., 2020, 
2022), and also in Europe (Nannoni et al., 2017; Vural 
et al., 2017).

Once in the soil, trace metals may follow vertical 
water transport by transferring in the deeper parts 
(Teta & Hikwa, 2017; Zeng et  al., 2021). Moreo-
ver, the dumpsite soil may constitute an epicenter 
that gradually contaminates the surrounding areas 
through a horizontal transfer of such pollutants. The 
spread of soil contamination depends on numerous 
parameters such as the quantitative and qualitative 
characteristics of the landfill, the soil pedological 
characteristics, and its topography, as well as other 
physical and chemical parameters (Hooda, 2010; 
Naveen et al., 2018; Shaheen et al., 2013). In addi-
tion, the degree of metal bioavailability depends 

on several physicochemical parameters in the pol-
luted soil as well as clay and organic matter content 
(Essien et  al., 2019). Furthermore, the presence of 
a geomembrane or a layer with low hydraulic con-
ductivity may strongly influence the spreading of 
leachate in the surrounding environment (Vaccari 
et al., 2018).

The soil is the primary matrix where almost all the 
biotic components of an ecosystem live (Bar-On et al., 
2018). Once they reach the soil, trace metals persist and 
accumulate over time becoming toxic to living organ-
isms when reaching high levels. Their accumulation in 
the soil directly impacts the food web (Agbeshie et al., 
2020; Ebong et al., 2019; Foti et al., 2017) through sev-
eral integration pathways, including root uptake at the 
plant level or dermal, respiratory, or ingestion for the 
animal biota potentially affecting human health (Vinti 
et al., 2023). Trace metals generate various cellular dam-
age (Akanchise et al., 2020), when they accumulate in 
vegetable and animal tissues and exceed tolerable levels. 
Even the essential trace metals, such as zinc and cop-
per, or non-essential trace metals like chromium and 
cadmium generate at high concentrations damage to 
cell division, water and nutrient imbalance, oxidative 
stress, and DNA damage (DesMarias & Costa, 2019; 
Ertani et  al., 2017; Genchi et  al., 2020; Kumar et  al., 
2021; Sarkar et  al., 2013; Shanker et  al., 2005; Wang 
et  al., 2021). This leads to a wide range of negative 
impacts on the whole biocenosis, including a decrease 
in plant productivity combined with multiple distur-
bances at various scales: physiological, morphological, 
and behavioral. The persistence and harmful effects of 
trace metals on the biota living in the soil make such 
pollution a global concern. Indeed, to assess the ecologi-
cal risks on the biological components of the local and 
nearby ecosystem of landfills, many studies around the 
world have used several indices such as geoaccumula-
tion factor, contamination factor, pollution load index, 
enrichment factor, and potential ecological risk index, 
e.g., in Europe (Foti et al., 2017; Rinklebe et al., 2019; 
Doležalová Weissmannová et al., 2019), in Asia (Arya 
et  al., 2021; Borah et  al., 2020; Hussein et  al., 2021; 
Thongyuan et al., 2021), and in Africa (Barakat et al., 
2020; Essien et al., 2019; Kennou et al., 2015; Okonkwo 
et al., 2021; Yassine et al., 2021).

Despite several government strategies adopted, 
Morocco is a developing country suffering from waste 
management issues. The annual amount of waste gener-
ated reaches 7 million tons, of which 85% are collected. 
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Among the collected waste, only about 40% is depos-
ited in controlled landfills, and almost 60% is disposed 
of in open dumps (Alikhan & Arib, 2019; Dahchour 
& Hajjaji, 2020). However, with the emerging concept 
of sustainable development, such a situation is becom-
ing of national concern and presents a great challenge 
to the government to be solved. In this context, a strat-
egy for rational management (National Domestic Waste 
Plan “NDWP”) has been recently launched to reduce 
the number of uncontrolled landfills and their impact 
on the environment. Still, expected results have not been 
achieved. Indeed, the current trend indicates that the 
efforts could not prevent the persistence of uncontrolled 
waste disposal sites which still constitute more than 70% 
of total discharges in the country (Dahchour & Hajjaji, 
2020). The situation worsens as scientific studies on the 
characterization of many aspects of landfills remain spo-
radic at the national scale. Indeed, few studies on four 
different landfills out of 220 in the country have been 
devoted to this subject in the last decade, linking soil 
contamination by trace metals and associated ecological 
risks. All the results indicated considerable soil contami-
nation with a blend of trace metals. Kennou et al. (2015), 
Fait et al. (2018), and Andaloussi et al. (2021) recorded 
significant contamination of landfill soils by trace met-
als with concentrations exceeding the critical values. El 
Fadili et al. (2022) revealed more recently a remarkable 
risk presented by a mixture of trace metals in the soil of  
a landfill near Bengrir city  and especially by toxic ele-
ments such as Cd and Pb which might pose a strong 
effect on public health and surrounding ecosystems.

Among uncontrolled dumps that continue to flour-
ish out of control, the waste disposal site of Safi city 
is one of the most polluted hotspots in the Moroc-
can urban areas. It concentrates the urban waste from 
more than 600,000 inhabitants (https://​www.​hcp.​ma/) 
and is an important industrial sector among the most 
prosperous nationwide, mainly the industries related 
to fishing activities. It daily receives about 300 tons 
of waste from various sources such as residential, 
commercial, construction, hospital, and industrial 
activities. Moreover, industrial activities include pot-
tery, cement production, fish canneries, and phos-
phate production. Organic waste represents more 
than 80%, while plastic, metals, and textile leather 
represent 5.7%, 1.4%, and 3.7% of municipal waste, 
respectively. Wastes are managed by dumping and 
open incineration, while the generated leachate flows 
in all directions due to the lake of the landfill leachate 

collection system and a waterproof layer. Notwith-
standing, to the best of our knowledge, no investiga-
tions have been carried out on the dumpsite of Safi 
city to describe its toxicological and ecotoxicological 
consequences despite its spatial extent and the socio-
economic importance it plays at the regional scale.

Fore these reasons, this study aims to identify the 
trace metal contamination levels in the dumpsite soil, 
to assess the potential pollution caused by these pol-
lutants, and to evaluate the ecological risk generated 
by these pollutants to the local and surrounding biota 
depending more or less on the soil. Indeed, during its 
functioning process, this dumpsite exhibited spatial 
dynamics with a spread of use that evolved from the 
area of dumpsite initiation or the epicenter and pro-
gressed to new areas of use. Such dynamics could be 
reflected in the pattern of soil contamination through-
out the landfill. We hypothesize that the dumpsite is a 
mosaic that maps out a temporal sequence in the use 
of space, leading to older areas that are more contam-
inated than newer areas still in use and the expanse of 
this contamination.

Material and methods

Study area and sampling method

The study area is the dumpsite of the coastal city 
of Safi. The open landfill is located near the town 
on the edge of the provincial road N° 2307, about 
3 km from the city center and a few hundred meters 
from the nearby dwellings. The dumpsite is located 
between latitude 32°16′36.2″N and longitude 
9°12′27.4″W at 50 m above sea level. The climate 
is relatively moderated due to the influence of the 
sea; however, it is characterized as semi-arid with 
a hot and dry summer (May–November) and wet to 
temperate winter (December–April). The minimum 
rainfall occurred in 1980 (100  mm) and the maxi-
mum, for its part, occurred in 1995 (970 mm) with 
a surplus of 573 mm compared to the annual aver-
age rainfall which is 397 mm (Ayt Ougougdal et al., 
2020). The average minimum temperature is 12.8° 
C in January, while the average maximum tempera-
ture is 32.1 °C in July. Geologically, the Safi open 
dump is located mainly on bioclastic limestones 
of the Plio-Quaternary and the silts of the recent 
Quaternary.

https://www.hcp.ma/
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The disposal site has been active since 1983 and is 
considered one of the oldest dumps in Morocco, with 
an area of 25 hectares. The dumpsite of Safi is charac-
terized by a considerable amount of leachate resulting 
from moistened wastes. This leachate flows in all direc-
tions due to the absence of a geomembrane or water-
proof layer to isolate it from the soil and collect it for 
treatment. The waste disposal site is characterized by 
informal activities of recovery of some waste by gar-
bage collectors, who burn specific waste such as tires 
and electrical cables to recover the metals. Ten sam-
pling sites are located inside the dumpsite, and two sta-
tions are located outside it. A total of three replicates 
are taken at each station point. The selection of sites 
was based on accessibility to areas inside the dumpsite 
where there is no current dumping or open burning of 
waste. According to the age of the dump, the site was 
classified into three different inside zones (see Fig. 1). 
The youngest zone inside the dumpsite was named Zone 
C and covers 5.9 ha and includes four sample stations 
(S1, S2, S3, and S4). The intermediate zone, called Zone 
B, covers 4.5 ha and incorporates three sample stations 
(S5, S6, and S7). Wastes are managed by landfilling in 

the two first zones. Finally, the old dump named Zone 
A with 14.6 ha includes three sample stations (S8, S9, 
and S10) where wastes were managed by uncontrolled 
open burning and by landfilling. In addition to the three 
inside zones, the study included soil samples taken out 
of the dumpsite body, but belonging to soil located at 
the vicinity of the landfill, situated 100 m away approxi-
mately from the external border of the dumpsite. For 
the control measurements, the soil was sampled from a 
distant area of 7 km away and was known to be free of 
any source of metallic contamination. A total of 45 soil 
samples were randomly collected from the inside and 
the outside of the dumpsite as well as from the control 
area at 0–30 cm depth after removing surficial waste and 
humus. Samples were performed in March 2020 with 
three replicates at each sampling station. Figure 1 illus-
trates all sample stations including 10 from inside and 2 
from outside the dumpsite body located in the southwest 
100 m away from the dumpsite. The first station (S11) is 
from agricultural land, while the second station (S12) is 
from unused land. Each sample was labeled and placed 
separately in a clean polyethylene bag before the treat-
ment and analyses in the laboratory.

Fig. 1   Localization of study area and sample points in the Safi landfill body and the nearby area
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Soil treatment and analyses

The treatment of samples was conducted within a few 
hours following the sampling process. Before analyz-
ing physical and chemical parameters as well as the 
total concentrations of trace metals, each sample was 
cleaned by removal of wastes, dried in an oven to 
constant weight, and then sieved through a sieve of 
3 mm stainless steel mesh.

For physical and chemical parameters of soil, pH, 
and EC were measured by electrometry in 1:2.5 and 
1:5 soil–water suspension, respectively (NF-ISO 10390, 
NF-ISO 11265). Soil samples underwent a three-step 
heating process in a muffle furnace. Firstly, the sam-
ples were heated to 105 °C to remove water. Then, they 
were heated to 550 °C for 4 h to eliminate organic mat-
ter. Lastly, the samples were heated to 930 °C for 2 h to 
remove calcium carbonate (CaCO3). The amount of OM 
and CaCO3 present in the sample was determined by 
calculating the difference in weight between the sample 
after heating to 105 °C and 550 °C and between the sam-
ple after heating to 550 °C (soil without water and OM) 
and 930 °C (without CaCO3), respectively (Ennaji et al., 
2020; Kouchou et al., 2020).

The concentration of five trace metals (Cd, Cr, Cu, 
Fe, and Zn) was determined after digestion of 0.5 g 
of each sample in an aqua regia (3:1): a mixture of 
concentrated nitric HNO3 65% (Sigma-Aldrich) and 
chlorhydric HCl 37% (Sigma-Aldrich) acids (Kouali 
et  al., 2020). Then, the digested solutions were fil-
tered and filled up with 50 ml of bi-distilled water and 
centrifuged (2000 rpm for 15 min) to obtain a trans-
parent supernatant. The determination was conducted 
in triplicate for each sample station by using flame 
atomic absorption spectrometry (AI 1200, Aurora 
Instruments Limited, Canada). The selection of these 
trace metals was under previous local and national 
works on coastal and terrestrial areas (El Fadili et al., 
2022; Kennou et al., 2015; Kouali et al., 2020, 2022a, 
b; Rafiq et al., 2022) that have focused on the assess-
ment of trace metal concentrations such as Cd, Cr, 
Cu, and Zn and the risk arising from pollution. The 
soil ISE-871 certified reference material supplied by 
Wageningen Evaluating Programs for Analytical Lab-
oratories (WEPAL) was used for Quality Assurance/
Quality Control (QC/QA) purposes. The analytical 
precision, measured as the relative standard devia-
tion, was below 8% in this study (Table 1S).

Assessment of contamination degree by pollution indices

The quantification of the soil contamination by trace met-
als and their toxicity was carried out using various single 
and total complex pollution indices such as the geoaccu-
mulation index (Igeo), the contamination factor (CF), the 
enrichment factor (EF), and the pollution load index (PLI) 
(Barakat et  al., 2020; El Hamzaoui et  al., 2020; Hilali 
et al., 2020, 2022; Oumenskou et al., 2018). According to 
Kumar et al. (2019), these indices provide the most effec-
tive tools for assessing trace metal pollution regarding 
their total concentrations in the soil.

Geoaccumulation index

Many studies, especially in Europe, use the geoaccu-
mulation index introduced by Müller (1969) to evaluate 
environmental contamination by trace metals (Barbieri 
et  al., 2014; Brtnický et  al., 2020; Charzyński et  al., 
2017; Korzeniowska & Krąż, 2020). It is calculated 
according to the equation mentioned in Table 1 by divid-
ing the concentration of the metal in the sample by its 
background concentration for the upper continental crust 
given by Hans Wedepohl (1995), with a coefficient of 
1.5 introduced to minimize the effect of possible varia-
tions in the background values attributed to the lithologi-
cal changes in the sediments or the influence of anthro-
pogenic sources.

Seven classes were defined based on Igeo and are 
as follows (Pecina et al., 2021):

•	 Uncontaminated if the values of the Igeo < 0
•	 Uncontaminated to moderately contaminated if 

0 < Igeo < 1
•	 Moderately contaminated if 1 < Igeo < 2
•	 Moderately to heavily contaminated if 2 < Igeo < 3
•	 Heavily contaminated if 3 < Igeo < 4
•	 Heavily to extremely contaminated if 4 < Igeo < 5
•	 Extremely contaminated if Igeo > 5

Contamination factor

The CF is defined as the ratio between the concentra-
tion of elements of interest in a soil sample and its 
background concentration. It can be computed using 
the equation mentioned in Table 1. The CF is classi-
fied as (Hakanson, 1980):
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•	 CF < 1: Low contamination
•	 1 ≤ CF < 3: Moderate contamination
•	 3 ≤ CF < 6: Considerable contamination
•	 CF > 6: Very high contamination

Pollution load index

The determination of the pollution status of the soil 
caused by the contamination with a mixture of trace 
metals can be assessed by the PLI, which can be com-
puted using the equation cited in Table 1. According to 
Yassine et al. (2021), this index classifies the soil as:

•	 Unpolluted soil when PLI < 1
•	 Pollutant levels are present when PLI = 1
•	 A deterioration of the site quality when PLI > 1

Enrichment factor

The enrichment factor is an index providing informa-
tion about the sources of trace metals, anthropogenic or 

natural, by comparing the concentration of the elements 
of interest against a reference metal. The main reference 
elements used in a wide range of studies are Al, Ca, Fe, 
Mg, and Mn. In this study, EFs were calculated accord-
ing to the equation cited in Table 1 with Fe as a refer-
ence element. There are five classes of EF identified 
according to Oumenskou et al. (2018) which are:

•	 EF < 2 (minimal enrichment)
•	 2 ≤ EF < 5 (moderate enrichment)
•	 5 ≤ EF < 20 (significant enrichment)
•	 20 ≤ EF < 40 (very high enrichment)
•	 EF ≥ 40 (extremely high enrichment)

Ecological risk assessment

Ecological risk assessment of trace metals allows the 
assessment of the risks posed by the presence of trace 
metals in the environment resulting from anthropo-
genic activities, on all living beings in the studied 
ecosystem. The calculation of Ei

r takes into account 
the concentration of the element in question and its 

Table 1   Equations of the soil pollution indices

Indices Formulas Variables Reference

Geoaccumulation index Igeo = log2(Cm/1.5Bn) Cm: The measured concentration of 
trace metal in the soil sample

Bn: The geochemical background 
value of trace metal in reference 
average shale (Hans Wedepohl, 
1995)

(Muller, 1969)

Contamination factor CF = Cm/Cbkg Cm: The measured concentration of 
trace metal in the soil sample

Cbkg: The background 
concentration of trace metal(Hans 
Wedepohl, 1995)

(Hakanson, 1980)

Pollution load index PLI = (CF1 × CF2 × CF3 × … × C
Fn)1/n

where CF is contamination factor 
of single metal and n is the 
number of metals

(Rai et al., 2019)

Enrichment factor EF = (Cm/CFe)sample/(Cm/CFe)
background

Cm: Concentration of trace metal 
in the soil

CFe: Concentration of Iron in the 
soil

(Barakat et al., 2020)

Ecological risk index Ei
r = Ti

r × CFi Ti
r: the toxicological response 
factor of each trace 
metal(Hakanson, 1980)

CFi: the contamination factor of 
each trace metal

(Kumar et al., 2021)

The potential ecological risk index PERI = ∑Ei
r Ei

r: ecological risk index of a single 
metal
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toxic response factor (Ti
r). The toxic response factor 

of every single trace metal is Zn = 1, Cr = 2, Cu = 5, 
and Cd = 30. The toxic-response factors used in this 
study are taken from Hakanson (1980), who deter-
mined them following the toxicity level of each trace 
metal and the response of biocenosis to this toxicity 
level. The potential ecological risk index (PERI) is 
expressed as the sum of the potential risks of indi-
vidual trace metals and can be calculated according to 
the equation cited in Table 1 (Thongyuan et al., 2021; 
Doležalová  Weissmannová et  al., 2019). The classi-
fication of Ei

r and PERI is listed in Table 2 (Pecina 
et al., 2021).

Data analysis

The descriptive statistics of physicochemical and 
trace metals metals of soil samples were performed 
using basic statistics such as mean, standard deviation 
(SD), and coefficient of variation (CV).

All data were checked for normality using the 
Shapiro–Wilk test and for homogeneity of variance 
by Levene’s test. On this basis, a non-parametric 
Kruskal–Wallis test was adopted to evaluate the dif-
ference between the various parameters of soil sta-
tions. Furthermore, Pearson’s correlation coefficient 
was used to check the level of correlation between soil 
parameters considered in this study. p value < 0.05 
was considered to indicate statistical significance. In 
addition, principal component analysis was employed 
to identify potential sources of trace metals in dif-
ferent soils of the open landfill of Safi city (Kumar 
et  al., 2021). All data were analyzed using Statis-
tics Package for Social Science (SPSS) version 18.0 
(IBM, Chicago, IL, USA).

Spatial analysis method

The spatial distribution of trace metal concentration in 
soil throughout the dumpsite body and the ecological 

risk parameters was visualized using the ordinary krig-
ing method. This method estimates a value at a point 
in a region for which a variogram is known, using data 
from the vicinity of the estimation location. To do this, 
a kriging estimate of the local mean is first determined, 
and then a simple kriging estimator using this kriging 
mean is examined (Wackernagel, 1995). It was imple-
mented in ArcGIS software version 10.2 (ESRI, Red-
lands, California, USA).

Results

Soil physical and chemical characterization

Results of the physical and chemical characteristics 
of soil from different sampling stations (control area, 
inside, and outside the dumpsite of Safi) are pre-
sented in Table 3. The soil in the control area is alka-
line and has higher pH values than all soils from the 
three areas of the waste disposal site of Safi and out-
side it which are slightly alkaline. The mean values 
of pH are significantly different (p < 0.05) between 
all studied soils and are as follows: 8.19, 7.61, 7.47, 
7.43, and 7.27 for the control area, Zone C, Zone B, 
Zone A, and outside the dumpsite body, respectively. 
Furthermore, the highest pH mean value is recorded 
at station 2 (pH = 7.80) and the lowest is recorded at 
station 8 (pH = 7.11) concerning the dumpsite soils. 
In contrast, values of organic matter (OM) show a 
reverse trend, being greater inside the dumpsite body 
compared to the values recorded outside the dump-
site body and in the control area. The mean values 
of the organic matter present the following decreas-
ing order: Zone A (9.85%) > Zone B (8.35%) > Zone 
C (5.83%) > outside dumpsite (3.69%) > control 
area (3.06%) with significant difference between 
all studied stations also including among the three 
dumpsite stations (Kruskal–Wallis test, p < 0.05). 
Moreover, soil inside the dumpsite body shows the 

Table 2   Classification of 
ecological risk index (Ei

r) 
and potential ecological risk 
index (PERI)

Ei
r Risk classification PERI Risk classification

Ei
r < 40 Low risk RI < 150 Low risk

40 ≤ Ei
r < 80 Moderate risk 150 ≤ RI < 300 Moderate risk

80 ≤ Ei
r < 160 Considerable risk 300 ≤ RI < 600 High risk

160 ≤ Ei
r < 320 High risk RI ≥ 600 Very high risk

Ei
r ≥ 320 Very high risk
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highest OM mean value at station 8 (12.02%), while 
the lowest is recorded at station 1 (5.35%). The 
same pattern is observed for the electrical conduc-
tivity (EC) throughout all the studied stations. Zone 
B presents the highest mean values (EC = 4.54  ms/
cm) compared to the remaining areas namely Zone 
A (EC = 2.97  ms/cm), Zone C (EC = 2.95  ms/cm), 
outside dumpsite (EC = 0.32 ms/cm), and the control 
area (EC = 0.18 ms/cm). Statistical analysis revealed 
a significant difference in meanvalues of EC between 
all studied areas (Kruskal–Wallis test, p < 0.05). In 
addition, this difference is more obvious between 
soils inside the dumpsite body. The most elevated EC 
value registered inside the dumpsite body is recorded 
at station 6 (EC = 5.11  ms/cm). However, the low-
est value is recorded at station 8 (EC = 0.56 ms/cm). 
Calcium carbonates (CaCO3), as shown in Table  3, 
conserve approximately the same distribution as that 
observed for the organic matter, but a higher variabil-
ity is recorded between the soil sampled inside and 
outside the dumpsite body. Indeed, the soil in Zone 
A has the highest calcium carbonate content with a 
mean value of 19.58%, whereas the lowest carbon-
ate calcium content is recorded outside the dumpsite 
body with a mean value of 0.78%. Additionally, cal-
cium carbonate values vary significantly inside the 
dumpsite body and show a maximum average value 
recorded at station 10 (21.52%) and a minimum aver-
age value obtained at station 2 (8.85%). The soil 
outside the dumpsite exhibits a low level of calcium 
carbonates (0.78%), whereas the control area exhibits 
surprisingly a comparable level of calcium carbonates 
with that recorded inside the dumpsite body with a 
mean soil content reaching 18.70%.

Trace metal contents

Table  4 summarizes mean concentrations of trace 
metals in studied soil, the descriptive statistics, and 
the data recorded in other dumpsites and in two land-
fills (referring to the Malaysia case study) around the 
world, in addition to other background and limit val-
ues. The mean concentrations of the five trace met-
als named Fe, Zn, Cu, Cr, and Cd in soil sampled in 
the control area are 9614.41 ± 379.08, 37.37 ± 19.02, 
6.09 ± 3.03, 3.44 ± 0.71, and 0.40 ± 0.27  mg/kg, 
respectively, and present a decreasing order as follow 
Fe > Zn > Cu > Cr > Cd. The mean concentrations of 
trace metals in soil sampled inside the dumpsite body 
follow the decreasing order: Fe (21,487 ± 10,017.3) > Zn 
(501.22 ± 211.48) > Cu (174.25 ± 85.79) > Cr 
(46.16 ± 28.12) > Cd (7.12 ± 2.60  mg/kg). These con-
centrations are 2.23, 13.41, 28.61, 13.42, and 17.80 
times higher than those recorded in the control area for 
Fe, Zn, Cu, Cr, and Cd, respectively. The result indi-
cates that soil in dumpsite bodies is highly enriched by 
these trace metals. In addition, the distribution pattern 
of trace metals is not similar throughout all study areas 
(Kruskal–Wallis test, p < 0.05). However, only several 
trace metals differed between stations inside the dump-
site body (Kruskal–Wallis test, p < 0.05). Indeed, we 
noticed a significant difference between Cr and Zn soil 
concentrations inside the dumpsite body, while the con-
centrations of Cu, Cd, and Fe remain similar. Details 
of concentrations of trace metals in every single sta-
tion are shown in Fig. 2. For example, station 4 inside 
Zone C shows the highest mean concentration of Cu 
(276.80 ± 1.1  mg/kg) but the lowest mean concentra-
tion of Zn (242.43 ± 3.07 mg/kg). Moreover, Zn records 

Table 3   Physical and chemical properties of the soils at different sites

The value in brackets corresponds to the coefficient of variation. Means sharing a letter are significantly different according to the 
Kruskal–Wallis test at a significant level of p < 0.05. The letter “a” is for the comparison between all sites, and the letter “b” is for the 
comparison between sites inside the landfill

Site pH E.C (ms/cm) OM(%) CaCO3 (%)

Inside dumpsite Zone A n = 9 7.43 ± 0.39a (5.25%) 2.97 ± 4.57a,b (153.30%) 9.85 ± 2.35a,b (23.85%) 19.58 ± 3.40a,b (58.30%)
Zone B n = 9 7.47 ± 0.32a (4.13%) 4.54 ± 1.02a,b (22.46%) 8.35 ± 2.36a,b (28.26%) 17.93 ± 3.08a,b (17.18%)
Zone C n = 12 7.61 ± 0.27a (3.55%) 2.95 ± 1.72a,b (58.30%) 5.83 ± 1.03a,b (17.67%) 11.97 ± 3.97a,b (33.16%)

Outside dumpsite n = 6 7.27 ± 0.12a (1.65%) 0.32 ± 0.04a,b (12.50%) 3.69 ± 0.36a,b (9.75%) 0.78 ± 0.31a,b (39.74%)
Control area n = 9 8.19 ± 0.12a (1.46%) 0.18 ± 0.02a,b (11.11%) 3.06 ± 0.80a,b (26.14%) 18.70 ± 1.24a,b (6.63%)
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the highest mean concentration at station 10 located in 
Zone A, reaching 914 ± 263.55 mg/kg. In contrast, this 
station exhibits the lowest average concentration of Cd 
(3.67 ± 0.6 mg/kg). On the other hand, station 5 located 
inside Zone B shows the lowest mean concentration 
of Cu (67 ± 2  mg/kg) and Fe (15,025 ± 1034.71  mg/
kg). In addition, the highest mean concentration of Cd 
(12.53 ± 0.91  mg/kg) and Cr (96.63 ± 2.04  mg/kg) is 
recorded at station 1 of Zone C and station 7 of Zone B. 
Finally, the lowest mean concentration of Cr is recorded 
at station 2 of Zone C and is about 7.53 ± 0.31 mg/kg.

Concentrations of trace metals in soil sampled at 
the vicinity of the dumpsite body follow the decreas-
ing order: Fe (13,801.67 ± 2580.41  mg/k) > Zn 
(55.92 ± 12.4  mg/kg) > Cr (29.18 ± 4.2  mg/kg) > Cu 
(25.75 ± 10.45  mg/kg) > Cd (0.22 ± 0.15  mg/kg). 

These concentrations are different from those in the 
interior of the dumpsite body (Kruskal–Wallis test, 
p < 0.05) but increase with the same trend. Except for 
Cd, these concentrations exceed those recorded in the 
control area and are 1.4, 1.5, 4.2, and 8.5 higher than 
those registered for Fe, Zn, Cu, and Cr respectively.

Pollution quantification

The geoaccumulation index 

Results of Igeo calculated for soil in all studied sta-
tions are presented in Fig. 3 using a box plot diagram. 
According to Igeo values obtained, the soil of the 
control area is uncontaminated by Fe, Zn, Cu, and 
Cr and moderately to extremely contaminated by Cd. 

Table 4   Trace metals concentration in Safi landfill, similar studies in the world and relevant standards (mg/kg dry weight)

NA not available. Results are given as mean values ± standard deviation and are expressed in mg/kg. Means sharing a letter are sig-
nificantly different according to the Kruskal–Wallis test at a significant level of p < 0.05. The letter “a” is for the comparison between 
all sites, and the letter “b” is for the comparison between sites inside the landfill

Zn Cu Cr Cd Fe

Inside 
dumpsite

Zone A n = 9 725.30 ± 195.21a,b 226.78 ± 69.44a 53.88 ± 15.17a,b 6.37 ± 2.59a 21,518.61 ± 7586.90a Current study

Zone B n = 9 505.64 ± 137.30a,b 140.23 ± 101.62a 66.50 ± 31.04a,b 6.20 ± 1.42a 24,148.06 ± 16,751.58a

Zone C n = 12 329.85 ± 57.92a,b 160.36 ± 70.50a 25.12 ± 18.58a,b 8.37 ± 2.94a 19,467.50 ± 2891.01a

Outside 
dumpsite

n = 6 55.92 ± 12.40a 25.75 ± 10.45a 29.18 ± 4.19a 0.22 ± 0.15a 13,801.67 ± 2580.41a

Control 
area

n = 9 37.37 ± 19.02a 6.09 ± 3.03a 3.44 ± 0.71a 0.40 ± 0,27a 9614.41 ± 379.08a

Morocco 
(Ben-
guerir)

42.51 13.32 21.16 1.77 406.27 (El Fadili 
et al., 2022)

Morocco (Marrakech) 574–1134 425–526 99.69–576 0.72–4 NA (Kennou et al., 
2015)

Ghana (Kronum) 166 32 66 13 NA (Akanchise 
et al., 2020)

(Amakom) 558 347 77 5.9 NA

Nigeria (Calaba) NA 44.7 NA 1.19 2215.36 (Ebong et al., 
2019)

Egypt (Hurghada) 492 402 68 44.3 7959 (El Daba 
& Abd 
El Wahab, 
2020)

Malaysia (Melaka and Negeri 
Sembilan)

61.25–96.70 0.40–61.63 8.38–346.82 0.47–1.88 20,190–58,123 (Hussein et al., 
2021)

Thailand (Phra Nakhon Si 
Ayutthaya)

21.41–968.12 16.51–470.44 13.96–108.66 0.16–1.67 6471.44– 20,611.61 (Thongyuan 
et al., 2021)

UCC​ 52 14.3 35 0.102 30,890 (Hans Wede-
pohl, 1995)

World Background 63 20 54 0.5 35,000 (Kabata-
Pendias & 
Mukherjee, 
2007)

FAO/WHO 300 100 100 3 27,800 (Barakat et al., 
2020)EU 300 140 150 3 21,700
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Furthermore, as expected, the soil inside the dumpsite 
body resulted contaminated at many points, but the 
results were heterogeneous. The mean values of Igeo 
for Fe qualified as uncontaminated soil in Zone C and 
Zone A. In contrast, soil can be ranked as uncontami-
nated to moderately contaminated by Fe for Zone B. 
In addition, the mean values of Igeo for Zn for the 
three zones inside the dumpsite body are between 
1.5 and 4, which qualify soil as moderately contami-
nated to heavily contaminated. As for Zn, soil inside 
the dumpsite body can be ranked between moderately 
contaminated and heavily to extremely contaminated 
by Cu as Igeo mean values calculated for this trace 
metal exceed 1.5 in all the three zones inside the 
dumpsite body and reach 4.25 at Zone A. In contrast, 
Igeo mean values for Cr remain inferior to zero in 

Zone C, exceed zero in Zone A, and reach 1 in Zone 
B, meaning that soil is generally uncontaminated to 
moderately contaminated by Cr inside the dumpsite 
body. The Igeo mean values for Cd surpass 5 in all 
zones inside the dumpsite body revealing that soil in 
the dumpsite body is extremely contaminated by Cd. 
On the other hand, the soil outside the dumpsite body 
is uncontaminated by Fe, Zn, and Cr as their respec-
tive Igeo mean values do not exceed zero. However, 
Igeo mean values for Cu surpass zero and reach 1 
indicating a moderate contamination status for this 
trace metal. In addition, Igeo mean values for Cd in 
the soil outside the dumpsite body vary between 2.5 
and 5 ranking soil of this area between moderately 
to heavily contaminated and heavily to extremely 
contaminated.

Fig. 2   Trace metal concentration in different stations
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Enrichment factor

The enrichment factor of trace metals used in this 
study is computed to evaluate the increase of their 
concentrations regarding their natural amounts in the 
soil (Fig. 4). For Zn, soil in Zone C, Zone B, and Zone 
A is significant to very highly enriched with mean 
values varying from 7.79 ± 0.20 (S4) to 32.43 ± 9.59 
(S10). However, the soil outside the dumpsite shows 
EF values ranging from 1.74 ± 0.15 to 3.33 ± 0.47, 
which reflects a minimal to modest enrichment. These 
values are very close to those recorded in soil belong-
ing to the control area which is modestly enriched by 
Zn with EF values ranging between 1.50 ± 0.1 and 
3.94 ± 0.09. For Cu, the soil inside the dumpsite body 
is also significant to very highly enriched with mean 
values varying from 8.32 ± 4.86 (S6) to 32.36 ± 0.8 
(S4). However, the soil outside the dumpsite shows 
EF ranging from 2.43 ± 0.33 to 6.23 ± 1.47 indicating 
a moderate to significant enrichment in contrast to 
the soil in the control area which presents a minimal 

enrichment by Cu which varies between 0.89 ± 0.33 
and 2.24 ± 0.38. For the harmful trace metals, Cd and 
Cr, the EF averages show conflicting values between 
these two metals for the soil inside the dumpsite body. 
EF for Cd presents dramatic values ranging from 
61.20 ± 8.3 (S8) to 188.7 ± 11.99 (S1), which trans-
late to an extremely high enrichment by Cd in whole 
stations. In contrast, average values of EF for Cr vary 
from 0.29 ± 0.03 (S1) to 3.71 ± 0.72 (S9), ranking soil 
inside the dumpsite body between less to moderately 
enriched by Cr. For the neighboring soil outside the 
dumpsite body, EF average values ranged between 
2.50 ± 1.07 and 7.78 ± 4.1 and between 1.72 ± 0.1 and 
2.06 ± 0.31 for Cd and Cr, respectively. These val-
ues classify soil outside the dumpsite body between 
“moderate enrichment” and “significant enrichment” 
for Cd and between “minimal enrichment” and “mod-
erate enrichment” for Cr. For the soil in the control 
area, recorded EF values indicate a significant enrich-
ment and a minimal enrichment for Cd (12.73 ± 8.71) 
and Cr (0.32 ± 0.06), respectively.

Fig. 3   Box-plots of Igeo
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The pollution load index 

Mean values and standard deviations of contamination 
factors of the five trace metals and the corresponding PLI 
in each zone are presented in Table 5. As expected, the 
soil is extremely deteriorated inside the dumpsite body 
with the highest PLI mean value registered in Zone A 
(6.82 ± 2.18). However, the minimum PLI mean value 
is recorded in Zone C (4.48 ± 1.51). PLI values present 
an increasing order of deterioration as follows: Zone 
C < Zone B < Zone A respecting, by the way, the age 
order of the three zones. In addition, the impact induced 
by trace metals inside the dumpsite body seems to be 
extended to the nearby soil as this later presents a PLI 
mean value of 1.09 ± 0.3, revealing a considerable pollu-
tion level and a probable deterioration of soil. In contrast, 
the soil of the control area is qualified to be unpolluted 
according to its low PLI mean value (0.52 ± 0.14).

The spatial distribution and the interpolation of 
trace metal concentrations inside the dumpsite body 
and nearby areas (Fig. 5) show heterogeneity in trace 
metal concentrations of soil and probable contamina-
tion of nearby areas. The same trend is highlighted by 
PERI which exhibits a higher value inside the dump-
site body with a decreasing trend from the center 
of the dumpsite body to nearby areas. However, the 
interpolation can reveal a considerable risk for the 
surrounding soil located in the east north east of the 
dumpsite especially.

Ecological risk indices

The ecological risk index of every single metal is 
computed to assess the single effect and to quantify 
the effect of all trace metals on living forms inside 
the dumpsite body and the nearby areas (Table  6). 
For the soil inside the dumpsite body, Cd presents the 
highest ecological risk (Ei

r) with a mean value sur-
passing widely 2093.14 ± 765.14 corresponding to a 
very high risk. Conversely, the lowest ecological risk 
is recorded for Cr and Zn with Ei

r values not exceed-
ing 9.64 ± 4.07 and 2.64 ± 1.61, respectively, which 
indicates low risk. However, Cu presents a moderate 
ecological risk with a mean Ei

r value of 60.92 ± 30. 
In addition, the increasing order of ecological risk 
registered for analyzed trace metals was similar for 
the three zones investigated, namely Zone C, Zone B, 
and Zone A, and was as follows: Cr < Zn < Cu < Cd. 
In contrast, all trace metals have low risk in the soil 
outside the dumpsite body with a mean Ei

r remain-
ing largely below 40, except for Cd which presents 
a moderate risk with a mean Ei

r of 63.73 ± 43.29. In 
contrast, trace metals in the soil of the control area do 
not show any ecological risk on living forms, except 
for Cd which records a mean Ei

r of 117.65 ± 79.19, 
revealing a considerable risk for organisms living in 
that soil. Moreover, PERI witch indicates the cumu-
lative risk of all trace metals reveals that soil inside 
dumpsite bodies presents a very high risk for these 

Fig. 4   Enrichment factor of 
trace metals
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organisms, with values for Zone C, Zone A, and Zone 
B reaching 2524.63, 1968.87, and 1886.09, respec-
tively. However, there is no ecological risk associated 
with soil contamination near the dumpsite as well as 
in the control area referring to their respective PERI 
mean values of 75.47 ± 47.43.

Relationship between trace metals and soil properties

To determine the relationships between trace metals 
on one hand and between trace metals and the physic-
ochemical soil parameters on the other hand, we used 
the Pearson correlation and the principal component 
analysis (PCA), which can provide information for 
the probable common origin of trace metals.

Pearson’s correlation coefficients between trace 
metals and soil properties are presented in Table 7. 
The correlation between all trace metals is not sig-
nificant inside the dumpsite body, whether posi-
tive or negative, except between Cu and Cr which 
is positively significant (p < 0.05). In addition, OM 
and CaCO3 show notable correlations with most 
the trace metals, while pH and electrical conductiv-
ity exhibit weak correlations. A significant positive 
correlation is recorded between OM and Fe, Zn, and 
Cr, while OM exhibits a moderat negative correla-
tion with Cd. Moreover, CaCO3 shows a significant 
positive correlation with Zn and Cr.

Results of PCA illustrated in Fig.  6 show that 
Zn, Cu, and Cr are regrouped in the same cluster 
according to the first principal component F1 (32%) 
compared to Cd and Fe which form another cluster 
(Fig.  6a). However, the distribution of sample sta-
tions exhibits two dominant clusters according to 
the first principal component F1 (32%). The first 
cluster includes stations of Zone C while the second 
involves stations of Zone A (Fig. 6b).

Discussion

Trace metal content

The assessment of trace metal concentrations in soils 
exposed to anthropogenic activities is a key step in 
identifying the extent of metal pollution as well as 
the potential risk that these pollutants may pose to all 
organisms and human health. In this respect, the con-
centrations found can be compared with the reference Ta
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thresholds set by the FAO, the WHO, and the EU 
(Barakat et  al., 2020) and therefore qualify the gen-
eral state of health of soils analyzed.

The concentrations of Zn, Cu, and Cd recorded out-
side the dumpsite exceed those in the upper continen-
tal crust (UCC) except for Cr and Fe. In addition, these 
concentrations remain inferior to the world background 
concentration (WBC) and limit values set by the FAO, 
WHO, and the European Union (EU). As expected, the 
recorded concentrations in the three zones inside the 
Safi dumpsite largely surpass concentrations in the con-
trol soil for all the analyzed metals, as well as UCC and 
WBC (except for Fe). Moreover, most of these concen-
trations inside the dumpsite body exceed the limit values 
fixed by the FAO, WHO, and EU except those related 
to Cr and Fe. These high levels are related to the dump-
ing of various wastes such as plastics, metals, alloys, 
pigments, paints, and used batteries (El Fadili et  al., 

2022). Furthermore, the observed enrichment of soil by 
trace metals can be explained by the open burning of 
wastes by garbage collectors, leading to the generation 
of ash loaded with high trace metal concentrations (Bay-
useno & Schmahl, 2010; Dung et al., 2018). The results 
recorded for the control soil taken as reference values 
for this study support the impact of metal pollutants on 
the dumpsite soil through anthropogenic dumping as 
the trace metal concentrations recorded in the control 
soil remain lower than those found in the dumpsite soil 
and even below the WHO, FAO, and EU guidelines. In 
addition, concentrations in the control soil were found 
to be lower than the concentrations in the UCC and 
WBC. Such a difference in concentrations in UCC and 
WBC might be related to the local soil physicochemi-
cal characteristics. In this context, it is important to note 
that a more comprehensive map of metal concentrations 
at a broader geographic scale, taking into account the 

Fig. 5   Spatial distribution of trace metal concentrations and the PERI

Table 6   The ecological factor index and potential ecological risk index of trace metals

Zone Ei
r PERI

Zn Cu Cr Cd

Inside dumpsite Zone A 13.95±3.75 79.29±24.28 3.08±0.87 1872.55±760.88 1968.87±789.78
Zone B 9.72±2.64 49.03±35.53 3.80±1.77 1823.53±418.54 1886.09±458.58
Zone C 6.34±1.11 56.07±24.65 1.44±1.06 2460.78±865.01 2524.63±891.84

Out dumpsite 1.08±0.24 9.00±3.65 1.67±0.24 63.73±43.29 75.47±47.43
Control 0.72±0.37 2.13±1.06 0.20±0.04 117.65±79.19 120.69±80.66
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heterogeneity of the geochemical background across the 
national geologic extent, is needed better to assess the 
degree of pollution at local scales. Compared to other 

investigated waste disposal sites throughout Morocco, 
such as Marrakech landfill receiving more than 700 
tons/day from a population of 1.3 million, Bengrir 

Table 7   The Pearson’s 
correlation matrix for the 
TM concentrations and the 
physico-chemical properties 
of the soils

Fe Zn Cu Cr Cd pH EC OM CaCO3

Fe 1.00

Zn -0.07 1.00

Cu -0.03 0.33 1.00

Cr 0.18 0.28 0.47** 1.00

Cd -0.10 -0.25 0.15 -0.16 1.00

pH -0.33 -0.08 -0.03 -0.25 -0.18 1.00

EC -0.07 -0.10 -0.09 -0.16 -0.20 0.52** 1.00

OM 0.52** 0.39* 0.27 0.51** -0.38* -0.52** 0.03 1.00

CaCO3 -0.27 0.67** 0.30 0.58** -0.28 0.05 -0.28 0.20 1.00

* Significance level alpha = 0.05; **significance level alpha = 0.01

Fig. 6   a principal compo-
nent analysis of trace metals 
and soil parameters of the 
dumpsite body. b Principal 
component analysis of 
sampling stations of the 
dumpsite body
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dumpsite for 93 tons/day from about 100,000 habitants, 
and Ahfir for 32 tons/day from about 20,000 habitants 
(El Fadili et al., 2022; Nhari et al., 2014). The concentra-
tion of all trace metals registered in Safi dumpsite soils 
is higher than those recorded in Benguerir landfill by El 
Fadili et al. (2022) but inferior to those recorded by Ken-
nou et  al. (2015) in the Marrakech landfill, except for 
Cd. These two landfills are geographically close to the 
Safi dumpsite (about 121.5 km and 125 km apart from 
the Benguerir landfill and Marrakech landfill, respec-
tively) and have similar climatic conditions. However, 
the nature of dumped waste differs greatly between the 
three landfills in that the Benguerir and Marrakech land-
fills are mainly domestic, whereas a large proportion 
of the waste from Safi and the surroundings consists of 
industrial wastes such as those related to the production 
of phosphate, cement, and canned fish. The difference 
observed in the contamination profile of every landfill 
is mainly related to landfill type (Wang et  al., 2022), 
waste nature, soil nature, and other properties. Never-
theless, Zn and Fe are predominant in all these land-
fills compared to other metals (El Fadili et  al., 2022; 
Fait et  al., 2018; Kennou et al., 2015), whose metallic 
contamination profile is different from that reported by 
Nhari et al. (2014) in Ahfir city (north east of Morocco) 
where the surficial soil is highly enriched by lead. Fur-
thermore, to be more exhaustive in our comparison, it is 
important to point out that the studied Moroccan land-
fills are not the same size and certainly not the same 
age, which might also impact their respective metallic 
pollution status. The Safi dumpsite remains among the 
oldest landfill in Morocco in addition to those of Mar-
rakech and Casablanca cities. Old landfills in contrast to 
young landfills are characterized by basic soils favoring 
the fixation of considerable amounts of trace metals by 
precipitation (Yuan et al., 2017). In young landfills more 
than in the old landfill, acid soils loaded with humic and 
fluvic acids retain trace metals selectively and have an 
important role in the migration of these components 
by leaching process outside the landfill or to the deep-
est soil layers. Wang et al. (2022) emphasized the effect 
of the landfill age on the soil trace metal concentration 
and indicates that Cd concentration in the soil decrease 
as the age of the landfill increase compared to other 
trace metals. Moreover, this can be related to the trend 
of soil being alkaline with age and the alteration of 
surficial soils containing considerable amounts of trace  
metals. On an international scale, the concentrations 
recorded for all trace metals in the present study are 

consistent with previous works conducted in Ghana by 
Akanchise et al. (2020) in two landfills receiving a sig-
nificant amount of e-waste and household waste. The 
same trend is recorded in other landfills recycling valu-
able wastes by waste workers and damping the organic 
ones (El Daba & Abd El Wahab, 2020; Thongyuan et al., 
2021). In contrast to the open landfill (or dumpsites), 
the engineered landfill can reduce the contamination 
of soils by using numerous layers of geosynthetic clay 
liner, HDPE membranes, and protective geo-textiles that 
prevent the leachate migration which contaminate adja-
cent soils and the contamination of deep layer of soils by 
infiltration. In this type of landfill, low concentrations of 
trace metals are recorded. Adamcová et al. (2017) regis-
tered low concentrations of trace metals in the soil inside 
and outside the aged landfill of Stepanovic which do 
not exceed limits fixed by the FAO and WHO (Barakat 
et  al., 2020). The study area is a non-engineered wild 
landfill, more similar to a dumpsite, where the infiltra-
tion of leachate accelerated by acid rainfalls, within the 
soil, leads probably to the contamination of the ground-
water closest to the surface. The characteristics of the 
bioclastic limestone underlying the dumpsite improve 
groundwater contamination probability. Relatively loose 
layers characterizing these bioclastic limestones are 
pretty rich in solution pores with a low resistance of ten-
sile strength (He et al., 2014). It remains consistent with 
previous works that emphasized groundwater contami-
nation as a consequence of the infiltration of pollutants 
through permeable layers under landfills which present 
a considerable health risk (Asouam et al., 2021; Chofqi 
et al., 2004; Fatta et al., 1999).

Thus, as could be expected from previous research 
(Vaccari et al., 2018), metallic pollution seems to spread 
from the landfill body to the adjacent soil. Indeed, 
the concentration of metals in the soil adjacent to the 
dumpsite also exceeds the concentrations recorded in 
the control soil. In addition, the soil concentrations of 
Zn, Cu, and Cr in the vicinity of the dumpsite body sur-
pass their respective UCC and WBC concentrations. 
The extension of the pollution from the dumpsite body 
to neighboring soil is a consequence of several routes, 
mainly the migration of the loaded leachate from the 
dumpsite to nearby soils (Makuleke & Ngole-Jeme, 
2020) and the wind dissemination of fly ash loaded by 
trace metals (Velis & Cook, 2021). Surrounding soils 
are mostly agricultural, with barley and maize being 
the most locally cultivated crops at the regional scale. 
These crops are well known for their high capacity 
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to concentrate trace metals, especially in their leaves 
(González et al., 2017; Poniedziałek et al., 2010; Sękara 
et al., 2005; Wuana & Okieimen, 2010). Their contami-
nation by metallic pollutants might then threaten soil 
fauna, domestic animals, and human health by consum-
ing contaminated crops and water wells.

Soil properties and trace metal contents

The physicochemical properties of soil affect greatly 
the behavior of trace metals and their bioavailability 
(Tack, 2010). The organic matter, pH, calcium car-
bonates, conductivity, and soil texture are significant 
soil properties influencing trace metal availability 
to soil organisms (Alloway, 2013; Hooda, 2010). 
Among the wide variety of wastes dumped in the 
landfill soil, organic matter is largely represented. At 
the level of the Safi dumpsite body, their content is 
sometimes two to five times higher than in the soil 
of the control area. The high content of OM recorded 
in the soil within the dumpsite body have the same 
trend as those reported for the landfill of Marrakech 
city (Morocco) (Kennou et al., 2015) and the landfill 
of The Kpone (Ghana) (Obiri-Nyarko et  al., 2021). 
Several results indicated that OM could be involved 
in the trace metals behavior in the contaminated soil 
and hence their bioavailability (El Fadili et al., 2022; 
Kennou et al., 2015; Makuleke & Ngole-Jeme, 2020; 
Obiri-Nyarko et al., 2021). The humification process 
of organic matter releases humic and fluvic acids 
(Guggenberger, 2005), which by complexation or 
adsorption can bind with the mineral fraction of the 
soil, including trace metals (Lefèvre, 2015). In addi-
tion, the release of nutrients by the mineralization of 
organic matter increases the cation exchange capacity 
of the soil and reduces the available amount of trace 
metals for plants (El Fadili et al., 2022). These argu-
ments are concordant with the positive relationships 
between the level of OM with all trace metals inves-
tigated in the dumpsite soil (Table 7), except for Cd 
which is negatively correlated with OM (r =  − 0.38, 
p < 0.05). The data in the literature are inconsist-
ent in this regard in that some are consistent with 
our results while others show opposite patterns. For 
example, Bjerre and Schierup (1985) studied the 
influence of waterlogging on the availability and 
uptake of trace metals by oat grown in different soils 
and highlighted the negative effect of higher OM lev-
els which decreases the transfer of Cd in the soil. In 

counterpart, the study conducted on the open landfill 
of Marrakech city by Kennou et al. (2015) indicated 
that the OM levels are positively correlated with Zn, 
Cu, Cd, Cr, and Pb concentrations; however, that 
correlation remains not significant as recorded by 
Obiri-Nyarko et al. (2021) within The Kpone landfill 
(Ghana) between the OM levels and Zn, Cu, Pb, and 
Hg concentrations compared to those recorded by the 
present study. In contrast, Makuleke and Ngole-Jeme 
(2020) around the closed Lumberstewart landfill reg-
istered a negative correlation between the OM levels 
and Fe, Zn, Cd, Cr, and Cu concentrations in surficial 
soil (0–30 cm). The authors explained such a negative 
correlation by the migration of trace metals to deep 
layers of the soil where their amounts surpass those 
found in the surficial soil. pH values recorded in the 
Safi dumpsite soils vary between 6.54 and 8.30 and 
indicate that soil is rather neuter to alkaline. Similar 
results were reported by previous studies conducted 
on numerous African landfills (Agbeshie et al., 2020; 
Ebong et  al., 2019; El Fadili et  al., 2022; Kennou 
et al., 2015). These results are related to the consider-
able amounts of calcium carbonates in the dumpsite 
soil which vary between 5.70 and 23.03%. Agbeshie 
et  al. (2020) explain the alkalinity of the dumpsite 
soil to the high content of liming materials and alkali-
earth metals in the soil and remain consistent with 
the ascertainment in the landfill of Marrakech where 
the alkalinity is related to carbonates such as CaCO3 
and MnCO3 (Kennou et al., 2015). The pH is greatly 
involved in many trace metal processes in the soil as 
solubilization, precipitation, adsorption, and desorp-
tion (Kouchou et  al., 2020) and thus controls their 
mobility (Ennaji et  al., 2020). Furthermore, calcium 
carbonates are highly correlated with Zn, Cr, and Cu 
indicating that they can influence their concentrations 
through a selective retention process towards these 
metals. However, these calcium carbonates show 
weak negative correlations with Cd and Fe suggest-
ing that such a retention mechanism between calcium 
carbonates and these two metals is not very evident 
(Table  7). In addition, as the electrical conductivity 
(EC) reflects the number of soluble salts in the soil, 
the mean value of EC obtained in our results (e.g., 
3.43  ms/cm) reveals that soil in the dumpsite body 
is moderately saline (Shirokova et  al., 2000). These 
results are consistent with those recorded by Ken-
nou et  al. (2015) in the landfill of Marrakech city 
but remain superior to those recorded by Agbeshie 
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et  al. (2020) in the landfill of Sunyani municipality 
(Ghana) and by Gujre et al. (2021) in the landfill of 
Guwahati city (India) adjacent to a Ramsar site. On 
the other hand, EC shows a very weak negative cor-
relation with Cd and Cr and is not correlated with Zn, 
Cu, and Fe which means that it does not influence the 
content of trace metals and does not affect directly the 
behavior of these pollutants in the Safi dumpsite soil.

Surface soil is the appropriate layer for the forma-
tion of the clay-humus complex. The high organic 
matter content, the presence of clay used to cover 
wastes, and cations linked with elevated conductivity 
within the landfill soil promote the formation of the 
clay-humus complex involved in the fixation of trace 
metals in the soil (Borůvka & Drábek, 2011).

Origin and spatial variation of trace metals

The metallic pollution profile change from one land-
fill (or dumpsite) to another as the behavior of trace 
metals in soil is related to several parameters such as 
trace metals origin, soil properties, and the valence 
state of trace metals (Kabata-Pendias, 1993). The 
anthropogenic source of trace metals is confirmed 
by the results of pollution indices (Igeo, CF, and 
EF) which present high values exceeding those of 
lithogenic metals. However, the lack of correlation 
between trace metals (Pearson test, p > 0.05), except 
for Cu and Cr (Pearson test, p < 0.05) (Table  7), 
indicates that these trace metals do not derive from 
the same type of waste, even though they all origi-
nally result from anthropogenic activities of dump-
ing wastes. In contrast to our study, El Fadili et  al. 
(2022) in the landfill of Bengrir (Morocco) and 
Thongyuan et al. (2021) in the landfill of Phra Nak-
hon Si Ayutthaya province (Thailand) recorded a 
very strong correlation between Zn, Cu, Cr, and Cd. 
They concluded that anthropogenic activities are 
likely the most probable source of these pollutants. 
In addition, the clustering formed by Zn, Cu, and 
Cr for the first cluster and Cd and Fe for the second 
(Fig.  6) indicates that these metals can present the 
same profile but not the same behavior in the dump-
site soil. Moreover, trace metals from the anthropo-
genic origin are very mobile which increases their 
bioavailability compared to those of lithogenic origin 
(Kabata-Pendias, 1993).

The difference observed in the contamination pro-
file of every landfill is related to waste nature  and 

soil properties. This difference can be observed in 
the same landfill as the case of our study area. Con-
centrations of Zn and Cr are significantly different 
(Kruskal–Wallis test, p < 0.05) between zones A, B, 
and C compared to Cu, Cd, and Fe which present 
the same trend of concentration within all zones 
(Table 4). This variability is illustrated more clearly 
in the results of the interpolation (Fig.  5) exhibit-
ing an increasing trend of contamination related to 
the age of studied zones. Besides, the oldest Zone A 
exhibits the largest surface which surpasses those of 
zone B an A. In addition, in the first years of exploita-
tion of the dumpsite, Zone A received a great amount 
of waste reduced by open burning practices. The 
open burning generates ashes loaded with trace met-
als which increase concentrations of trace metals and 
corroborates with the contamination state of Zone 
A. Moreover, the mean value of PLI combining the 
CF of all studied trace metals shows the following 
decreasing order of contamination as Zone A > Zone 
B > Zone C which matches well with the order of the 
age of the three studied zones within the landfill.

Contamination and ecological state

The uncontaminated state by trace metals of the soil 
of the control area is defined according to the result 
of Igeo and EF except for Cd which qualifies control 
soils as significantly enriched by Cd which presents 
also considerable risk according to their respective 
Ei

r. These results can be explained by the lack of local 
background concentration and the use of universal 
background concentration for all trace metals where 
the background concentration of Cd is fifty times 
lower than the WBC for Cd. The use of universal 
background in some cases can overestimate the pollu-
tion state of the studied soil. In addition, the summa-
tive contamination by all trace metals indicates that 
control soil is not deteriorated and has a low risk to 
all living beings and humans according to the result 
of PERI.

On the other hand, according to Igeo and EF 
results, the contamination state of the soil of the 
dumpsite body is alarming. These results are related 
to high-level concentrations of trace metals, espe-
cially toxic ones (Cd and Cr). Moreover, previ-
ous works emphasized the relationship between the 
deterioration of soil quality and the contamination 
by trace metals in landfills (Akanchise et  al., 2020; 
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Akoto et  al., 2016; El Fadili et  al., 2022; Makuleke 
& Ngole-Jeme, 2020; Thongyuan et al., 2021; Wang 
et  al., 2020). Moreover, the soil inside the dumpsite 
body is moderate to highly polluted by Zn and Cu. 
This result remains consistent with previous works 
on municipal dumpsites in Bengrir city (Morocco), 
Guwahati city (India), and Chiang Rak Noi munici-
pality (Thailand) (El Fadili et al., 2022; Gujre et al., 
2021; Thongyuan et  al., 2021). In addition, the soil 
of the dumpsite body is extremely contaminated 
by Cd and weakly contaminated by Cr and exhibits 
the same trend of pollution as the landfill of Mar-
rakech city (Kennou et  al., 2015). This contamina-
tion state is strongly related to the anthropogenic 
activity of dumping wastes. The dumpsite of Safi 
received numerous wastes in nature including wastes 
from artisanal activities such as pottery, tannery, and 
ceramic in addition to wastes from the fish canning 
industry. These wastes are highly loaded by Cd and 
Cr in addition to household waste such as batteries, 
wireless, and plastic (Mmereki et  al., 2016; Singh 
et  al., 2019). The value of PLI obtained translates 
the summative effects of all trace metals and reveals 
that soils inside the dumpsite deteriorate, where the 
Cd contributes more than 50% in the degradation of 
the quality of soils. The deterioration of the soil as the 
biotope of numerous fauna and flora imposes a very 
high ecological risk. This risk is evaluated by PERI 
which is the summative risk of studied trace metals. 
In our study, Cd contributed with more than 90% of 
the PERI computed compared to other trace metals, 
which translates to a very high ecological risk and 
consist with results recorded by El Fadili et al. (2022) 
in the soil of the open landfill of Bengrir city con-
taminated by Cd and Pb. Toxic trace metals such as 
Cd, Cr, Pb, As, and Hg contribute considerably to the 
increasing risk for all organisms due to their existence 
in the soil. Iqbal et al. (2021) reveal in a young land-
fill a considerable risk exhibited by the contamination 
of the soil with a low concentrations of Cd and Pb. 
The risk associated with the contamination of the soil 
of the dumpsite of Safi city can be more alarming if 
we considered other toxic trace metals not measured 
in the current study such as arsenic, lead, and mer-
cury. The ecological risk posed by the contamination 
of the soils of the dumpsite by trace metals affects 
animals spending their life or a part of their life cycle 

in this area. Soil-dwelling invertebrates such as snails, 
ants, and earthworms are among the most affected 
animals by soil contamination (Baroudi et al., 2020; 
Verma et  al., 2022). The Safi dumpsite is populated 
by these invertebrates that accumulate trace metals 
in their vital organs posing to them numerous issues. 
Furthermore, the effects can involve their behavior, 
fecundity, nutrition, and survival in extreme cases 
(Dar et al., 2019). In addition, small vertebrates and 
birds that frequent landfills to search for prey or mate-
rials to build nests are not spared from this contami-
nation. The dumpsite of Safi is frequented mostly by 
cattle egrets, storks, and seagulls. These animals can 
accumulate trace metals by inhaling aerosol and fly-
ing ash, ingesting plastic or other wastes, and having 
dermal contact with contaminated soil (Scaramozzino 
et  al., 2019). Therefore, this can affect the growth 
and development of certain parts of the animals, such 
as the length of the primary wings and beak. Waste 
workers and shepherds frequenting the dumpsite are 
also exposed to the pollution of soils by trace met-
als through the same pathways as animals. Moreover, 
in addition to waste workers, the local population is 
highly exposed. Indeed, consuming the milk and meat 
of livestock that graze in the landfill, in addition to 
the crops of the neighboring fields by the population, 
increases the possibility of transmitting trace metals 
to humans and thus increases the incidence of diseases  
associated (Chaithanya et  al., 2021; Neeratanaphan 
et al., 2017; Ruchuwararak et al., 2019).

The contamination by trace metals caused by the 
dumpsite spreads to neighboring areas due to several 
factors. Migration of leachate generated by water con-
tained in wastes and rainfall water, in addition to the 
wind as the motor of dissemination of aerosol and 
ash, contributes to the expansion of the pollution by 
trace metals. According to Igeo and EF, the soil of 
the nearby area is contaminated by Cu and Cd, espe-
cially. This fact indicates that the surrounding soil of 
the dumpsite is deteriorated and corroborates with 
the result of PLI (Table 5). In addition, the interpola-
tion of the PERI (Fig. 5) reveals an expansion of the 
pollution and the associated ecological risk from the 
center to the East and the northeast of the dumpsite, 
which match well with the direction of dominating 
wind in the Safi city (Minoubi et al., 2013).
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Conclusions

The study is the first contribution to explore the pol-
lution state of the dumpsite and its surrounding area 
in the province of Safi city. It reveals considerable 
soil trace metal contamination inside the dumpsite 
surpassing the background concentrations accord-
ing to results of the CF and Igeo and remains consist-
ent with other works conducted in other dumpsites 
worldwide. Trace metals extend outside the dumpsite 
to the surrounding area as indicated by the interpola-
tion of soil trace metal concentration, which resulted 
by their migration by leaching and the wind action. For 
instance, the order of soil enrichment by trace metals 
is Cd > Cu > Zn > Cr > Fe, confirmed by Igeo and EF. 
However, this enrichment is more highlighted inside 
the dumpsite. On the other hand, evaluating the quality 
of soils and associated ecological risk using PLI and 
PERI indicate that Safi dumpsite is a hotspot of trace 
metals pollutants with deteriorating quality of soils. In 
addition, the concentration and the behavior of trace 
metals are affected by soil properties such as OM and 
CaCO3 and by the age of the dumpsite zone. PCA sug-
gests that the trace metals may have originated from 
degraded waste that was dumped in the area. These 
results shed light on the ecological issues related to 
soil pollution with trace metals associated with inap-
propriate waste management methods. However, the 
evaluation of the potential threats to human health is 
paramount. Therefore, we are conducting further stud-
ies to investigate the transfer of trace metals from con-
taminated soils towards edible plants and invertebrates 
(snails) and evaluate the risk to human health, espe-
cially settlers near the dumpsite and also people con-
suming edible plants and snails picked from the dump-
site. Additionally, we focused on the rainy season in 
this research. However, it will be interesting to devote 
future contributions to studying the seasonal pattern of 
soil metal contamination in the Safi dumpsite and sur-
rounding area. This preliminary work enriches pieces 
of knowledge about the quality of the environment of 
Safi city, and local stakeholders can use it to choose 
adequate methods to restore this polluted area.
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