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ABSTRACT 

Wastewater from olive oil mills pollutes the ecosystem and poses potential risks to soil and human health in terms 

of heavy metals. These effluents are discharged to the ecosystem by three types of olive oil extraction systems (modern 

continuous centrifugation system, modern discontinuous system, and traditional pressure system), which are compared 

with each other to explore which is more toxic. To do this, a factorial analysis including Principal Component Analysis 

(PCA) was applied with sampling adequacy validating the results by the Kaiser-Mayer-Olkin test (0.78) and Bartlett's 

significant test. The analysis revealed that the traditional discontinuous system is the more toxic of the two modern 

systems. As in the case of Zinc and Iron, they present average concentrations of 185.75±47.61 and 51.75±11.16 mg/L 

respectively, exceeding the required standards. These metal pollutants effectively degrade the ecosystem and pose 

problems in agriculture through bioaccumulation and inhibition of plant germination, with of course high acidity and high 

salinity factors inhibiting root growth and pre-existing vegetation. 
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1. INTRODUCTION 

Among the Mediterranean countries that produce 

olive oil on an international scale, Morocco has become 

one of the leading countries in the production of this 

precious foodstuff at the national level and has therefore 

adopted the strategy of exporting this product and 

becoming one of the strongest competitors. However, this 

production is also accompanied by environmental risks 

due to the generation of wastewater from oil mills and 

industrial plants. These effluents contain high 

concentrations of metallic elements, which pose a major 

threat to soil and water bodies, as they exceed national and 

international discharge standards. The Mediterranean 

region is characterized by an almost worldwide majority 

of olive oil production, around 98%, during the olive 

harvest period (October to February) [1]. Moreover, these 

industrial effluents are difficult to biodegrade due to the 

presence of phytotoxic and antimicrobial compounds such 

as lipids (fatty acids), polyphenols, and agricultural 

insecticides [2]. The wastewater generated by these plants 

is discharged directly into the ecosystem without being 

treated conventionally, thereby considerably degrading the 

quality of soil, surface water, and groundwater. Due to the 

high organic matter content, self-purification of the water 

becomes difficult, which can lead to pollution spreading 

over long distances [3], particularly in the case of excess 

heavy metals. Consequently, these heavy metals pose an 

environmental problem due to human activities, producing 

wastes and by-products that can affect soil quality and 

preservation [4, 5, and 6]. It is logical to assume that the 

consumption of various vegetables loaded with heavy 

metals may present a potential health risk [7], as is the 

case for cereals containing harmful heavy metals [8]. The 

olive oil extraction systems studied in this work are: the 

modern continuous centrifugation system (MCS), the 

modern discontinuous system (MDS), and the traditional 

pressure system (TDS). Faced with this situation, these 

effluents need to be treated to avoid any pollution of the 

environment, in particular to preserve the health of the 

population. 

 

2. MATERIALS AND METHODS 

 

2.1 Study Area 

In this study, the wastewater from oil mills is 

discharged directly into the environment, including the 

soil, the sewage system, and the Rdom River, which flows 

through a large part of the province of Sidi Kacem, the 

capital in 1981 [9], belonging to the Rabat-Salé-Kénitra 

region. "The Gharb plain, covering an area of 4,000 km2, 

contains a major aquifer complex made up of two aquifer 

units: a shallow free aquifer and a deep semi-confined 

aquifer. The aquifer is fed by rainfall infiltration on the 

outcrops, by the convergence of deep flows from the 

Maâmora aquifer, by percolation through the beds of the 

Ouergha and Sebou rivers to the east of the plain, and by 

the restitution of irrigation water. Flows are made up of 

flows to the ocean, as well as withdrawals for drinking 

water and agriculture" [10]. The study area has a 

moderate, semi-arid Mediterranean climate, with annual 

precipitation reaching 445 mm. It is relatively well known 
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for a long dry period (May-September) with moderate 

temperatures (December: 11°C and August: 39°C) [9]. 

 

2.2 Experimental 

Sampling was carried out periodically over 5 

months (October, November, December, January and 

February). Four samples were taken for each month. The 

12 study sites are divided into three categories according 

to the type of olive oil extraction system, namely the 

modern continuous centrifugal system (continuous phase 

system) and the modern and traditional pressurized batch 

systems. The bottles used were sterile, with a volume of 

one liter, and rinsed with these effluents before being 

hermetically sealed. Samples were stored at 4°C and 

transported directly to the laboratories for specific 

analyses, using the sample storage and handling guide 

[11]. 

 

 
 

Figure-1. Flame atomic absorption spectroscopy 

(University Center for Analysis, Technology 

Transfer and   Incubator Expertise, Faculty 

of Sciences-Kenitra). 

 

In this work, flame atomic absorption 

spectroscopy equipment is used specifically to measure the 

heavy metals present in these effluents, via the NOVAA 

350 instrument from Analytik Jena AG. The flame used is 

of the acetylene/air type (50 mm slit burner, coded as 

standard) and a 0.7 annular slit pneumatic nebulizer 

(platinum/rhodium, graphite nozzle) with a flow rate of 4-

6 ml/min. To this end, the NOVAA 350 complies with the 

requirements of DIN-EN 61326 and is environmentally 

compatible with the requirements of DIN ISO 9022-3: 

9022-32-03-0 and 9022-2: 2003/01. It also meets the 

requirements of EC directives 2006/95/EC and 

2004/108/EC (manufacturing and testing). Before 

analyzing each element, the sample must be diluted to 

decreasing concentrations with standards for each metal to 

be analyzed (as standards: standards are available at 1000 

ppm in 120 and 500 mL vials for flame analysis). A series 

of six solutions containing 0.1 to 0.6 ppm of the element to 

be analyzed was prepared, with an ultrapure solution 

checked as a blank to establish a calibration curve A = 

f([metal]) under the software to obtain the required 

concentration. The statistical study was processed using 

Xlstat V.14 and JMP V.17 software, with principal 

component analysis and correlation coefficients between 

the various heavy metals. 

 

3. RESULTS AND DISCUSSIONS 

Heavy metals are a major concern for the 

environment and human health and are present in nature, 

liquid and solid waste. Table 2 shows descriptive statistics 

for heavy metals, with concentrations ranging from 

minimum to maximum, as well as their standard 

deviations. The 12 oïl mill wastewater treatment units 

were grouped into three categories of systems with a 

specific pollution gradient, namely the modern continuous 

system, modern batch systems, and the traditional system. 

In general, the three types of oil mill wastewater systems 

have average values for the following heavy metals: Ni, 

Cr, Cd, Fe, and Zn, approximately 0.16±0.10, 0.30±0.11, 

0.24±0.07, 51.75±11.16 and 185.75±47.61mg/L, 

respectively. The effluents from these industrial plants are 

characterized by a more acidic pH of 4.89±0.47 and a 

higher salinity of 12.25±4.15 (Table-1); this poses 

negative effects such as soil clogging and inhibition of 

seed germination of different plant species as well as 

reduced root growth. 

 

Table-1. OMW descriptive statistics. 
 

Statistics pH Salinity (mg/L) 

Minimum 4,020 3,950 

Maximum 7,070 23,900 

Median 4,905 11,515 

Mean 4,898 12,248 

Standard 

deviation (n) 
0,473 4,154 

Coefficient of 

variation (n) 
0,097 0,339 
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Table-2. Descriptive statistics of the heavy metals (mg/L). 
 

Variable Observations Minimum Maximum Mean Rejection standards 

As 12 0.15 0.91 0.38±0.22 0.22 

Cd 12 0.13 0.34 0.23±0.7 0.07 

Cr 12 0.07 0.41 0.29±0.11 0.11 

Hg 12 0.31 1.63 1.20±0.33 0.33 

Ni 12 0.08 0.40 0.16±0.10 0.10 

Se 12 0.07 0.93 0.41±0.27 0.25 

Pb 12 1.17 2.73 1.93±0.51 0.51 

Zn 12 132.00 259.00 185.75±47.61 45.44 

Cu 12 3.04 4.11 3.63±0.39 0.38 

Fe 12 35.62 64.67 51.75±11.16 11.06 

 

Figure-2 shows the correlation matrix for the 

various metal elements, with the highest correlation 

coefficients being As-Cd (0.98), Se-Zn (0.96), Cr-Pb 

(0.94), As-Pb (0.85), As-Cr (0.82), Cd-Cr (0.80), and Cd-

Pb (0.82). The results obtained reveal that the mean values 

of the metal elements Cd, Cr, Fe and Ni appear to be lower 

than the concentrations recorded by Salvemini (1985) (Cr 

= 0.66, Ni = 3.36, Cd = 0.84, Zn = 10, Fe = 103.4 mg/L), 

as well as Cu = 0.009 mg/L (discontinuous system) and 

0.01 mg/L (continuous system) [12], in contrast to the 

concentration of Zn, which is higher than that recorded by 

[13]. The average values of the metallic elements Cd, Zn, 

Cu, Fe, As, Hg, and Pb exceed the standards; on the other 

hand, the concentration of Cr remains within the standards 

[14]. These correlations represent existing interactions 

between these elements, affecting the metabolism of 

microorganisms and the limitation of carbon and 

phosphorus; this is the case for Zn with Cd, Cr, Pb, and as, 

which are 0.86, 0.93, 0.97, and 0.90 respectively, and for 

Cr with Se, Pb and 0. 92 and 0.94 respectively. This 

correlation reflects the synergistic effect of these heavy 

metals on soil health, as well as on plants and humans in 

terms of bioaccumulation, biomagnification, and 

bioconcentration, which cause homeostasis disturbances.  

 

 
 

Figure-2. Matrix of scatter plots. 

 

In Table-3, the sphericity test (Bartlett's test) is 

characterized by a highly significant probability (p-value 

= 0.0001) and below the significance level α = 0.05, 

making it possible to reject the null hypothesis (H0) and 

accept the alternative hypothesis (Ha). Bartlett's 

sphericity test shows that the correlation matrix no longer 
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corresponds to the identity matrix, rejecting the null 

hypothesis and suggesting that the variables are correlated 

and ideal. The Kaiser test (KMO) is used to measure the 

consistency of the principal component analysis (PCA), 

which must be between 0.5 and 1. In this case, the KMO 

value is 0.783, indicating good sample adequacy. 

 

Table-3. Test of sphericity of Bartlett. 
 

Sphericity of Bartlett 

Khi² (Actual value) 129.520 

Khi² (Breaking value) 61.656 

DDL 45 

Probability (p-value) 0.0001 

Significance threshold (α) 0.05 

 

Table-4 shows the total inertia of a maximum 

dispersion of the projected scatterplot, which is 85.86% in 

order to lose as little information as possible; it is also 

considered as a set of variances. With a low information 

loss of 14.14%. 

 

Table-4. Presentation of total inertia. 
 

 F1 F2 

Eigenvalue 8.027 0.559 

Variability (%) 80.270 5.594 

Cumulative % 80.270 85.864 

 

Table-5. Correlations the variables with the factors. 
 

Heavy metals F1 F2 

As 0.867 -0.323 

Cd 0.941 -0.241 

Cr 0.885 -0.161 

Hg 0.770 0.536 

Ni 0.815 0.047 

Se 0.923 0.209 

Pb 0.965 -0.074 

Zn 0.912 -0.109 

Cu 0.930 0.062 

Fe 0.933 0.127 

 

In terms of the correlation circle, the various 

variables (heavy metals) show strong correlations with the 

main component F1 rather than F2 (Table-5), which 

explains their high concentration in the traditional 

discontinuous system compared with the systems (Figure-

6). In terms of the correlation circle, all heavy metals are 

positively correlated on the F1 axis, with a variability of 

80.27% (Figure-3). The categorical variables are 

distributed from left to right on the F1 axis along a 

gradient of increasing pollution of these metals according 

to the farming systems used for olive oil extraction (SCM, 

SDM, and SDT). The total inertia of the variables 

represents a significant variability of 85.86% in the F1 x 

F2 factorial plane (Table-4). 

 

 
 

Figure-3. Projection of the variables on the factorial 

plan F1xF2 (85.86%). 

 

Table-6. Squared cosines of the variables. 
 

 F1 F2 

As 0.751 0.104 

Cd 0.886 0.058 

Cr 0.783 0.026 

Hg 0.593 0.288 

Ni 0.664 0.002 

Se 0.852 0.044 

Pb 0.931 0.005 

Zn 0.832 0.012 

Cu 0.866 0.004 

Fe 0.870 0.016 

 

The three categories of oil mill wastewater 

treatment systems are considered additional qualitative 

variables in the principal components analysis. The 

qualitative variable is a categorical variable of oil mill 

wastewater type, presented as SCM, SDM, and SDT 

(Figure-4). This will give us levels in terms of oil mill 

wastewater pollution on the F1 factorial plane, presenting 

an increasing gradient of pollution from left to right on the 

F1 axis, starting with the modern continuous system (sites: 

Fham2, Ait Lahssen and Ara IN2), passing through the 

modern discontinuous system (sites: Jerar, Rmail, Hamou, 

Dour43, Area IN1 and Road Tg), and arriving at the 
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traditional discontinuous system (sites: Fhama1, Grinate H and Chlihate) presented in Figure-4. 

 

 
 

Figure-4. Projection of the individuals on the factorial plan F1xF2 (85.86%). 

 

Figure-5 shows the variables and individuals 

projected onto the factorial plane (F1 x F2) with inertia of 

85.86%, indicating that the traditional oil mill wastewater 

treatment system (study sites Fhama &, Grinate H and 

Chlihate) generates significant concentrations of these 

different heavy metals compared to modern continuous 

and discontinuous systems. According to previous 

research, heavy metal contamination leads to a significant 

drop in soil fertility [18], producing toxicities and damage 

to soil micro-organisms, particularly Hg, Cr, Zn, Cd, As, 

Ni, Cu, and Pb [19]. This contamination also leads to 

changes in microbial diversity and structure [20]. As a 

result, trace metals in soil accumulate in plant and animal 

food chains, causing ecosystem and public health 

problems [21]. 

 

 
 

Figure-5. Variables and individuals projected on the factorial plane F1xF2 (85.86%). 

 

For example, if there is an excess of Ni in the 

soil, it becomes toxic and can decrease the root growth of 

plants, leading to leaf chlorosis [22, 23]. Similarly, excess 

as can cause vegetation death [24]. These are serious 

consequences that affect the ecosystem functioning of the 

soil, produced by the presence of heavy metals that inhibit 
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bacterial activity and growth [25], making the soil infertile 

and blocking the germination of vegetation in combination 

with other factors such as pH acidity, salinity, lipids, and 

polyphenols. Furthermore, these elements As, Cr, Pb, Ni, 

and Cu have negative effects on biological life directly or 

indirectly at the aquatic level [26]. Previous studies have 

shown that increased Cu concentrations inhibit the activity 

of certain seed germination enzymes, thereby modifying 

seed structure [27, 28]. Furthermore, bioaccumulation of 

traces such as Pb and Cd can occur in various plant crops 

[29, 30], after which their successive exposure has 

negative effects on human health, in terms of cancer and 

impacts on the nervous system [31, 32]. In addition, 

excess heavy metals such as Cd can cause kidney stones in 

humans, while Pb specifically affects the nervous system 

in children [33]. 

 

4. CONCLUSION 

According to this study, the traditional 

discontinuous pressure system is the most polluting and 

toxic of all modern systems and is characterized by 

increased concentrations of heavy metals, representing a 

contamination risk for the environment and public health. 

Indeed, soil quality is threatened by the harmful effects of 

heavy metals on vegetation, in particular, the reduction or 

even inhibition of the germination of various seeds by 

spreading on soil and direct discharge into surface waters, 

leading to the asphyxiation of living organisms; these 

effluents are rich in salinity, which is a factor that disrupts 

cell permeability, as well as acid pH, which has a negative 

influence on plant species that are not tolerant of acidity. 

Indeed, heavy metals pose a real environmental and health 

problem in terms of the high concentrations that exceed 

the required standards. 
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