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1. Introduction 
Plants are continuously exposed to multitude stress 

from biotic and abiotic origin. The major pollutants 

coming from industrial and road activities are lead, 

zinc, copper and chromium [1]. Metal distribution 

between soil and plant is a key issue in the 

environmental impact of metals in the environment  

 

[2]. In road activity, these pollutants have several 

sources such as combustion, fluid leakage and 

corrosion of metals. Lead, cadmium, copper and zinc 

are the major metal pollutants of the roadside and are 

released from fuel burning, wear out of tires, leakage 

of oils and corrosion of batteries [3]. Plants are able to 
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take up heavy metals from all media, depending on 

their concentrations. There is a strong relationship 

between heavy metals and food crops [4-5]. In general, 

the bioavailability of heavy metals depends on the 

amount of exchangeable metals in soil. Carbonate-

bound and exchangeable metals are more bioavailable 

than other fractions [6]. The distribution of trace 

elements within the plant is closely related to the plant 

species. Some countries plan to list plant species to be 

grown preferentially on polluted soils [7-9], to assess 

the effect of a specific source of pollution [10], to 

differentiate between background (unpolluted) and 

polluted sites [9], and to monitor or assess the level of 

pollution in an area used 3 species Calopogonium 

mucunoides, Axonopus compressus and Sida acuta as 

accumulatrice species of metallic polluants [11-14]. 

Prasad et al. identified Fabaceae, Poaceae, 

Euphorbiaceae and Flacourtiaceae as potential 

hyperaccumulators of heavy metals [15]. Similarly, 

Bada et al. observed that Malvaceae is absorbed heavy 

metal from contaminated soil [16]. The bioavailability 

of heavy metals in plant varies for different plant 

organs, and the absorption and bioaccumulation rate 

is highest for roots as compared to other parts [17]. 

Heavy metals are first absorbed by the apoplast of 

roots and transported further into other parts of the 

cells. They are translocated to different plant parts 

through various pathways and resulted into 

reduction in growth by altering the physiological, 

biochemical and metabolic activities of the plants [18].  

The trace elements are distributed in the different 

organs and then can be remobilized, that is to say to 

change the organ later via the conductive vessels of 

elaborated sap, the phloem, in particular according to 

the stages of development of the plant [19].  

Phenolic compounds constitute an important class of 

secondary metabolites found in plants. Polyphenols 

are formed in almost all plant cells. However, they 

perform various functions, one of which is the 

protection of plants against abiotic and biotic stress 

[20-21]. Heavy metals can lead to an increase in the 

synthesis of phenolic compounds as a response to 

metal stress to protect plants from oxidative stress [22]. 

Olive (Olea europea L) is a popular evergreen tree 

grown and cultivated in the Mediterranean 

environment with several environmental factors in 

the growing climate [23]. Nowadays, in Tunisia, due 

to the intensive increase of the industrial productions, 

the olive cultivation, which is one of the main 

agricultural activities in the country, is facing the 

combined effects of arid climate and air pollution. 

Several studies have used olive leaves as a 

bionidicator of air pollution [24-26] 

Several studies are interested in the study of the 

impact of pollutants on the molecular characteristics 

of the olive tree [1], while others focus on the effect of 

pollution on the morpho-anatomical carcteristics of 

the olive tree [27]. In the region of Sfax, many research 

investigated the relationship between metal 

contamination and the contents of these elements in 

plant organs [25-26]. However, little information on 

heavy metals in roadside soils and plants, especially 

vegetables, is available.  

The objective of this study was determined the 

distribution of heavy metals between the leaves, stem 

and roots of Olive tree (Chemlali) by using different 

contamination index and the impact of this 

contamination on the physiological characteristics of 

olive tree. 

 

2. Materials and methods 
2.1. Study area 

Urban expansion, linked to population growth and 

major industrial development in the region of Sfax, is 

accompanied by intense road network development. 

All modes of transport are present in the region of 

Sfax; therefore, it has a diversity of infrastructure 

related to road, rail, sea and air. Away from the city 

center, just after the ring road of 4 kilometers, traffic 

experiences a significant decline. However, the transit 

(essentially consisting of buses) maintains the same 

size, which contributes to the increase in total traffic. 

The studies conducted by the Ministry of Equipment, 

Accommodation and Territorial Development 

(MEATD) between 2002 and 2007 showed that the 

traffic away from the city center recorded a growth 

rate of more than 9% annually (MEATD, 2016). The 

environment of the city of Sfax, as for other large cities, 

has been deteriorating rapidly over the last couple of 

decades due to various types of pollutants emitted 

from various types of anthropogenic activities 

affecting soils and plants. In order to emphasize the 

traffic pollution in the region of Sfax and its impact on 

soils and plants, our study focused on three roads i.e. 
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Gremda (toward the northwest), Manzel Chaker 

(toward the southwest) and Tunis (toward the north) 

(Fig.1) [68]. The traffic activity on these roads was 

21.757 Average Annual Daily Traffic (AADT), 10.775 

AADT and 17.007 AADT for Gremda, Manzel Chaker 

and Tunis, respectively. Sampling sites were chosen 

according to the distance from the road border (Fig. 1).  

 

 
 

Figure 1. Study area [68]. 

 

Moreover, a study prepared by the municipality of 

Sfax in 2006 showed that the public transport away 

from the city center (mainly buses of the Regional 

Transport Company of the Sfax region (SORETRAS) 

was different between the three roads. The most 

important public transport activity was recorded for 

Manzel Chaker with 214 AADT (average annual daily 

traffic) followed by Gremda (192 AADT) and Tunis 

(164 AADT). Moreover, this study showed the 

contribution of light and two-wheeled vehicles in 

raising the level of traffic on Gremda, followed by 

Tunis and Manzel Chaker roads. The recorded levels 

were 17513 AADT, 13716 AADT and 8719 AADT for 

Gremda, Tunis and Manzel Chaker, respectively. 

Whereas for two-wheeled vehicles the traffic levels 

were 3629AADT, 1777 AADT and 919 AADT for 

Gremda, Tunis and Manzel Chaker, respectively. 

Thus, the studied roads were ranked as follows:  

Gremda road: intense activity  

Tunis Road: Average activity  

Manzel Chaker road: Low Activity 
 

The sampling points were labeled according to the 

road considered (MC for Manzel Chaker, G for 

Gremda and T for Tunis) followed by the distance 

from the road for every point and their positions were 

recorded (Table1).  T
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Sampling was carried out in rural areas, but these sites 

link the Sfax region to other important regions, such 

as Tunis, Kairouan, Sidi Bouzid and Kasserine. 

Four sites were chosen in the eastern side: 3, 25, 50 and 

500 mE and four in the western side of Manzel Chaker 

road 3, 25, 50, and 500mW distant 3, 25, 50 and 500 m. 

A control side was selected with 1000 m of distance. 

The same sampling for the Tunis road 5 sites were 

chosen in the west south side of Gremda road distant 

3, 25, 50, and 500 mSW with a control side at a distance 

of 1000 m, respectively (Fig. 1). 
 

2.2. Roads characteristic 

2.2.1. Gremda road  

Created in 1935, the total length was 103 km and 

several reconstructions have been made, but they vary 

along the road. In 1993, an asphalt mix was spread on 

the 99 km-100.5 km section at a rate of 150 kg/m2. In 

1999, a 7 cm thick asphalt pavement was spread over 

the sampling section.  In 2001, bilateral widening and 

reinforcement by monolayer and bilayer coatings 

were realized. In 2008, bilayer coating of gravel from 

Hwareb was made up to the same section. In the same 

year, asphalt modernization was carried out only for 

the 91 and 92km section. In 2008, reinforcement made 

of bituminous concrete 6 cm thick and variable width 

was realized for the 91 and 97 km section.  
 

2.2.2. Manzel Chaker road 

Created in 1976. The width was between 6.5 m and 7.5 

m; in the same year, pavement was realized for the 1-

6 km section. In 1992, a waterproof bilayer coating of 

gravel (17 and 10 l/m2) for the sampling section. In 

2004, reinforcement and asphalt pavement for the 

same section. In 2005, the strength reinforcement was 

6-12 km. 
 

2.2.3. Tunis road 

The length is 274km. The width was between 6.5m 

and 7.5 m. Several reconstructions were performed. In 

1972, a section 240-254 km (from Tunis to Sfax) in 

sandstone layer from El Hwareb, (14 l/m2). In 1983, a 

widening and a reinforcement of the sampling section 

in Tuf from Rejich, 35cm thick, also coated with 6cm 

thickness from Elfaiedh for the same section. 

In 1993, asphalt, sand, gravel and bitumen were 

added to the sampling section, (244 and 252km), and 

in the same year, a bilateral expansion was made for 

this section. In 2010, a reinforcement of 238 to 256 km 

stretch in heavy bitumen, thickness 10 to 12 cm and 

reinforcement accotes by sandstone up to 254 km. 
 

2.3. Soil analysis 

Samples were collected in June 2022. To make a 

quality soil sample, it is important to respect certain 

rules concerning the homogeneity and size of the plot, 

sampling depth, number of individual samples and 

equipment. The samples were collected along an axis 

perpendicular to the road using a manual auger. The 

samples were collected at a depth of 20 cm. After this 

operation, the samples were brought back to the 

laboratory, dried in the open air and sieved through a 

2 mm mesh sieve [28]. 

Soil organic carbon was obtained using the 

dichromate oxidation method described by Walkley et 

al. [29].  Soil pH was measured in a soil–water mixture 

with a weight ratio of 1:2.5 (soil/water) using a glass 

electrode of pH meter (Neomet). 
 

2.4. Extraction of soluble sugar in the leaves of olive tree 

The extraction of sugar was carried out according to 

the method described by McCready et al.   [30]. A 0.1 

mg of dry vegetable matter was dissolved in 10 mL of 

ethanol 80%. After the water bath and centrifugation, 

anthrone was added to the extract. The readings were 

performed at a wavelength of 640 nm. A calibration 

curve was created from a mother glucose solution 

with a concentration of 1g/L. 
 

2.5. Extraction of metal elements 

The extraction of metal elements in the soil or plants 

was achieved by an acid attack using regular water; 

nitric and hydrochloric acid (V/V) [31] the 

determination of contents is carried out by the atomic 

absorption. 
 

2.6. Extraction of chlorophyll, polyhenols and proline in the 

leaves of olive tree 

Chlorophylls (a and b) were extracted from fresh 

leaves. Five disks of fresh material were extracted in 

acetone. Absorbance was measured spectrophoto-

metrically and chlorophyll concentrations were 

calculated according to the following formulas [32-33]: 
 

- Chl a (μg/mL) = 11.24 * (661.6) -2.04 * A (644.8)        (1) 
 

- Chl b (μg/mL) = 20.13 * A (644.8) - 4.19 * A (661.6)    (2) 
 

- Chl a + b = 7.05 * A (661.6) + 18.09 * A (644.8)              (3) 
  

n = number of disks = 5 
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The total polyphenol content was determined by 

spectrophotometry, according to the colorimetric 

method using the Folin-Ciocalteu reagent. This 

dosage was based on the quantification of the total 

concentration of hydroxyl groups in the extract. 

The protocol used was based on that described by 

Singleton et al. [34], with some modifications. Briefly, 

in glass hemolysis tubes, a volume of 200 μL of each 

extract was added, with a mixture of 1 mL of Folin-

Ciocalteu reagent (diluted 10 times), and 800 μL of a 

7.5% sodium carbonate solution. The tubes were 

shaken and kept for 30 min. The absorbances were 

recorted at 765 nm. 

The protocol for the proline extraction was based on 

that described as Bates et al.  [35]. A sample of 300 mg 

fresh weight (FW) was homogenized in 10 mL of 3% 

aqueous sulfosalicylic acid solution and the 

homogenate was passed through a filter paper 

(Whatman No. 1). Then, 2 mL of the filtrate was 

reacted with 2 mL of 0.2% acid ninhydrin and 2 mL of 

concentrated glacial acetic acid in a test tube for 1 h at 

100 °C. The reaction was stopped on ice for 15 min. 

The mixture was extracted with 4 mL of toluene for 20 

s with a vortex. The absorbance of the upper phase 

was measured by spectrophotometry (Shimadzu UV-

1800, Japan) at 520 nm. Proline concentration was 

calculated using a calibration curve and expressed as 

µmol proline g-1 FW. 
 

2.7. Bioconcentration and translocation factors.  

The calculation of the bioaccumulation factor (BF) and 

the translocation factor (TF) were calculated to assess 

whether plants could be categorized as accumulators, 

as follows:  
 

Bioaccumulation factor (BF)  
 

=
concentration in mangrove organ

concentration in the soil
                          (4) 

 

Translocation factor (TF)  =
   BCF of stem or leaf

BCF of root
             (5) 

 

3. Results and discussion 
3.1. Soil characteristic and contamination  

The soil pH of Manzel Chaker varied between 7 and 

8.7 (Table 1). A low pH value (pH = 7.3) was recorded 

at 50m from the right side of the road, and an alkaline 

pH (8.7) was recorded at a distance of 3 m from the 

south side of the road. For the two other sites, Tunis 

and Gremda, the pH values were in the range 5.1-7.2 

and 5.7-7.6 mg/kg respectively. The acidity of the soil 

solution of these last two sites generally increased the 

solubility of the trace elements by modifying the 

distribution equilibrium of metals between the liquid 

phase (solubilized element) and solid (precipitate). 

Thus the pH of the medium influences speciation and 

their mobility. In fact, the percolation of lead in soil 

and its availability for plants depends mainly on soil 

pH. When the soil is more acidic, metals are more 

soluble and bioavailable [33]. Indeed, the availability 

of metals in the soil-plant system depends on soil pH, 

organic matter concentration and plant 

developmental stage [36-37]. 
 

The organic content in soil also has a high affinity for 

metal cations due to the presence of ligands or 

functional groups that can form complexes with 

metals. Our results showed that the soil OM content 

of Manzel Chaker was close to 2% at the first site in 

north of the road and remained above 1% up to a 

distance of 10m. Only the first site in the south of the 

road had a content greater than 1%. In the immediate 

vicinity of the Gremda road (3m) the OM content 

(0.62%) was almost twice the value recorded at 500 m 

(0.3%). Similarly, there was a depletion in OM for the 

soil of Tunis where the contents did not exceed 1% for 

all sites. 
 

Therefore, the low pH and low organic matter content 

increased the solubility at the Tunis and Gremda sites, 

whereas the increase of these two parameters favored 

the immobilization of metals at the Manzel Chaker 

sites. 
 

In addition to pH and organic matter, the richness of 

major elements can contribute to the metal mobility. 

The soil of Tunis was poor in K+ (between 0.009% and 

0.026%), Na+ (0.005% and 0.052%) and Ca2 + (not 

exceed 1%), likewise for the soil of Gremda where we 

observed low contents of K+, Na+ and Ca2 +, Manzel 

Chaker soil, showed a richness of Ca2 + for the 3 mN 

(3.36%) and 25 mN (2.31%) sites. These major 

elements can participate in the reduction of metals by 

forming complexes with them. 
 

The metallic contamination of soil is shown in Fig. 2. 

The highest Zn contamination (214 μg/g) was 

recorded the 50 mSW site, which is 5 times higher than 

the Tunisian standard (39 μg/g) [38]. Near Tunis road, 

Zn levels above the thresholds reached a distance of  
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Figure 2. Heavy metals content in soil. 

 
50m east and 25m west of the road. The highest grades 

were recorded at the 25mE and 25mW sites. They are 

1.6 and 1.9 times higher than the standard, 

respectively. However, for Manzel Chaker road, Zn 

contamination was 2 and 1.4 times higher than the 

standard at the 3mN and 3mS sites. This 

contamination arrived at a distance of 25m north and 

south of the road. 

For Pb, the levels recorded were 1.7, 1.68 and 1.5 times 

higher than the standard (18μg/g) at the 3mSW, 3mE 

and 3mS sites, respectively. For the Gremda road, the 

rate exceeding the limit reached a distance of 50m. 

Similarly, for Tunis road, lead contamination was 

observed at a distance of 25m east of the road. Only, 

the 25mW site exceeded the standard west of the road. 

For Manzel Chaker road, two sites exceeded the 

standard: 25mN and 3mS.  Pb is one of the marker of 

road pollution and its elevation is related to road 

intensity [39]. 

Similar to other metals, Pb persists in the soil for many 

years, and is non-biodegradable. Tunisia 

implemented the use of Pb-free gasoline since 2002, 

but Pb in soil is likely to remain for a longer time.  Like 

all other countries, Tunisia banned the use of lead in 

gasoline in 2002. In Algeria, until 2015, 103 million 

people were still exposed to lead from gasoline (PNU, 

2015). In contrast many studies in countries that have 

signaled the corruption of Pb in gasoline have shown 

an elevation of Pb in soil [40-42]. About 60% of 

informal trade with Algeria concerns petroleum 

products (Confederation of Corporate Citizens in 

Tunisia, 2017). The smuggling of petroleum products 

(gasoline and diesel) with Libya and Algeria is 

estimated to be 1 billion liters annually (IPEMED, 

2017).  

Approximately, one million cubic meters (m3) per 

year, or a quarter of the national consumption of fuels, 

gasoline and, above all, diesel fuel, would come from 

smuggling from Algeria and Libya [43]. 

A study published by the World Bank in December 

2013, entitled "Estimating Informal Trade across 

Tunisia's Land Borders", estimated the volume of 

smuggled fuels, from Algeria, to a quarter of national 

consumption.  Algerian gas contained Pb till 2015. 

Similarly, the studies carried out by TISS, at the end of 

2015 estimated the quantities of smuggled fuels, from 

Algeria and Libya, at 26% of national consumption, 

which is a first approximation of 900,000 tons in 2015. 

For the other two metals, no site exceeded the 

standard, and there was variation in levels between 

sites. The 3mSW and 25mSW sites recorded the 

highest Cr contents at 13.12 and 21.04 μg/g, 

respectively. For Cu, the contents were 3mE and 25mE. 

Generally, we observed a decrease in pollutant levels 
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when moving away from roads. The decrease in 

metals as a function of distance was demonstrated 

[44]. 

The use of dendogram (Fig. 3) based on the the 

variation of heavy metals showed for Gremda soils, 

two clades, one containing the control site, and the 

other containing two subgroups: 3mSW and 25mSW; 

and 50mSW and 500mSW.  

 

 
Figure 3.  Correlation between sites. 

For Tunis road, 2 clades were observed, one is formed 

of 2 subgroups: 3mE and 25mE; and 3mW and 25mW 

with the other represented by the control site. For the 

Manzel Chaker sites, the distribution of the sites did 

not show definite groups. The impact of road traffic 

sometimes reached, a hundred meters on both sides 

of the road, and was particularly sensitive in the first 

80 to 100 meters [45].  

In addition to the intense road activity on the Gremda 

and Tunis roads, meteorological factors can play a 

role in the contamination of soil and plants in the 

vicinity of these roads. Gremda sites are influenced by 

N, NNE, NNW, SE, NE, ENE, E and ESE winds. The 

sites in the eastern side of Tunis road are subject to 

winds from the NW, WNW, W and WSW sectors, 

whereas those on the western side are subject to winds 

from the NNE, NE, ENE, E and ESE sectors. For sites 

south of Manzel Chaker road, the wind direction was 

ESE, E, NE, NNE and N, however, sites to the north 

were subject to wind direction S, SSE, SWS, SW, W 

and WNW. Thus, we noticed that the percentages of 

winds that brought emissions to the Gremda sites 

were are between 58% and 84% (for August, 

September, October November and December, 2021) 

and between 51% and 75% (January, February, March, 

April and May, 2022). The frequencies of winds which 

bring emissions to the eastern side of Tunis road were 

between 9% and 24% (in 2021) and between 12% and 

32% (in 2022). For the western side of Tunis, the 

frequencies of winds were between 27% and 46% (in 

2021) and between 43% and 66% (in 2022). On the 

other hand, the wind frequencies bring emissions to 

the northern side of Manzel Chaker road are between 

7% and 32% (in 2021) and between 16% and 39% (in 

2022). 

3.2. Leaves, stem and roots contamination  

The contents of metallic elements (Pb, Zn, Cu and Cr) 

are presented in Tables 2, 3 and 4. For Gremda road, 

Pb levels varied between 0.32 and 6.2 μg/g in the 

leaves, between 0.19 and 2.5μg/g in the stems and 

between 0.31 and 39.4 μg/g in the roots. For Zn, the 

highest levels were recorded in the roots (between 

20.2 and 198.62μg/g), followed by the leaves (between 

18.6 and 98.7μg/g) and the stems (between 0.19 and 

2.58μg/g). For copper, the values were 1.8-9, 0.5-10.4 

and 1.95-8.5 μg/g for leaves, stems and roots, 

respectively. Whereas for chromium, the contents  
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Table 2. Variation of heavy metal accumulation on olive near Gremda road. 

 

 

 

 

 

 

 

 

 

 

 

 

                    

 

 

Table 3. Variation of heavy metal accumulation on olive near Tunis road. 

 

 

were: 0.4-5.3, 3.3-6.5, and 0.6-9.5 μg/g for leaves, stems 

and roots, respectively. With reference to the normal 

values for metals in plants according to [46] (Pb: 1 

μg/g, Zn: 50 μg/g; Cu: 10 μg/g; Cr: 1.5 μg/g), the 

contamination by Cu, does not exceed 3m, while it  

reaches 25m for Pb and Zn, and 50m for Cr. 

For Tunis road, contamination of leaves, stems and 

roots by Pb and Cr (with the exception of 50mW stems 

and leaves sites with Pb and Cr contents below 

standard) has arrived up to 50m east and west of the  

 

 

 

 

 

 

Elements Sample 3m SW 25m SW 50m SW 500m SW Control 

 

Pb 

Leaves 6.2 ± 3.1 6.6 ± 1.6 0.6 ± 0.08 0.32 ± 0.26 0.5 ± 0.15 

Stem 2.58 ± 0.44 1.18 ± 0.17 0.37 ± 0.21 0.19 ± 0.09 0.13 ± 0.05 

Root 39.4 ± 6.1 22.2 ± 2.13 0.8 ± 0.09 0.3 ± 0.62 0.31 ± 0.13 

 

Zn 

Leaves 98.7 ± 12 78.8 ± 2.3 36 ± 5.4 34.2 ± 1.9 18.6 ± 2.3 

Stem 18.3 ± 3.4 8.6 ± 2.2 5.52 ± 1.45 3.53 ± 1.65 0.91 ± 0.32 

Root 198.62 ± 8.1 60.32 ± 2.32 47.2 ± 2.5 35 ± 1.3 20.2 ± 1.6 

 

Cu 

Leaves 5.5 ± 1.9 6 ± 1.4 4.2 ± 1.3 2.4 ± 1.53 1.75 ± 0.8 

Stem 6.2 ± 1.89 5.66 ± 1.87 4.02 ± 0.87 2.6 ± 0.43 0.5 ± 0.21 

Root 8.6 ± 2.9 8.88 ± 1.8 5.2 ± 2.4 3.1 ± 0.8 1.95 ± 0.3 

 

Cr 

Leaves 5.3 ± 0.5 6.2 ± 0.5 2.3 ± 0.38 1.3 ± 0.25 0.4 ± 0.09 

Stem 6.5 ± 1.43 3.53 ± 1.55 3.34 ± 0.67 0.5 ± 0.12 0.4 ± 0.11 

Root 3.15±0.66 5.96±0.45 9.5±2.6 1.2±0.3 0.65±0.2 

Elements Samples 
E W 

Control 
3m 25m 50m 500m 3m 25m 50m 500m 

 

Pb 

Leaves 
13.66 

±1.3 

4.32 

±1.1 

4.3 

±1.42 

0.62 

±0.56 

1.81 

±0.41 

1.75 

±0.2 

1.5 

±0.52 

0.98 

±1.56 

0.159 

±0.14 

Stem 
2.6 

±11 

6.5 

±2.2 

1.55 

±0.68 

0.5 

±1.14 

1.2 

±2.4 

2.8 

±0.74 

0.45 

±1.63 

0.93 

±0.54 

0.32 

±0.084 

Root 
35.6 

±1.32 

17.2 

±1.41 

16.2 

±2.1 

0.66 

±0.62 

1.96 

±0.8 

2.58 

±1.6 

1.84 

±0.85 

0.5 

±1.25 

0.37 

±0.17 

 

Zn 

Leaves 104.2±2.4 
87.3 

±4.2 

68.9 

±3.22 

29.08 

±1.65 

94.6 

±4.2 

94.2 

±4.2 

44.9 

±1.85 

16.2 

±2.2 

11.2 

±1.2 

Stem 
65.6 

±6.6 

45.1 

±4.8 

35.5 

±3.85 

28.58 

±5.25 

42.1 

±6.54 

57.4 

±7.5 

16.8 

±5.4 

3 

±0.66 

0.48 

±0.22 

Root 
101.6 

±1.66 

79.36 

±6.6 

40.4 

±4.4 

34.5 

±4.2 

108.4 

±7.6 

73 

±3.74 

46.2 

±6.2 

19.2 

±1.58 

13.33 

±3.15 

 

Cu 

Leaves 
5.44 

±2.24 

0.76 

±0.13 

0.71 

±0.12 

0.72 

±0.12 

3.6 

±1.23 

0.45 

±0.15 

0.2 

±1.02 

0.87 

±0.18 

0.66 

±0.28 

Stem 
5.18 

±1.18 

4.52 

±1.52 

1.98 

±0.62 

0.51 

±0.11 

6.22 

±2.2 

1.02 

±0.41 

2.65 

±0.74 

0.85 

±0.22 

0.62 

±0.18 

Root 
7.37 

±2.31 

5.86 

±1.86 

2.29 

±1.28 

0.72 

±0.16 

6.6 

±0.85 

1.22 

±0.28 

5 

±0.74 

1.4 

±0.41 

2.41 

±1.41 

 

Cr 

Leaves 
3.09 

±1.09 

1.97 

±0.87 

2.9 

±0.19 

1.2 

±0.2 

6.5 

±1.5 

3.85 

±0.87 

0.5 

±0.11 

1.66 

±0.523 

0.27 

±0.13 

Stem 
5.65 

±0.78 

8.27 

±1.27 

3.36 

±1.36 

1.34 

0.3 

9.9 

±0.9 

8.1 

±0.75 

2.23 

±0.23 

0.37 

±0.11 

0.22 

±0.09 

Root 
7.58 

±1.58 

10.16 

±2.85 

3.5 

±1.35 

1.75 

±0.11 

13.98 

±1.98 

10.3 

±1.52 

2.68 

±0.95 

1.08 

±0.12 

0.3 

±0.19 
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Table 4. Variation of heavy metal accumulation on olive near Manzel Chaker road. 
 

 
 

road. Zn contamination reached 50m east and 25m 

west of the road. On the other hand, Cu content did 

not exceed the norm. Generally, root levels were 

higher than leaf and stem levels. 

For Manzel Chaker road, Pb levels above the norm did 

not exceed the first site north of the road, while only 

for the roots, that arrived at 25m in the southern side. 

For Zn, the distribution of contamination was similar 

to that of Pb and did not exceed the 3m. For Cr, leaf 

contamination was observed at a distance of 50 m, 

north of the road. On the other hand, in the south of 

the road, the contamination by Cr affected the three 

organs but did not exceed the 3m. Similar to the 

Grmeda and Tunis road sites, the plants on the 

Manzel Chaker road were not contaminated by Cu. 

So, to summarize, the metal contamination in the 

three chosen sites were in the order: Zn> Pb> Cr> Cu. 

These metals were accumulated mainly in the sites 

close to the roads, confirming the intervention of road 

emissions in this contamination. Some workers have 

reported a positive correlation between Cu, Zn and Pb 

in plants grown near roads and have shown that they 

are derived from the same source of contaminants [47-

48]. Similarly, studies of Deruelle et al. [49] on birch 

leaves showed an accumulation four times greater 

when they were close to roads (110 μg / g against 26 

μg / g in the control leaves). 

Comparing the metal distribution between the three 

organs, we found the following order: Roots> Leaves> 

Stems. Several studies have indicated that metals 

preferentially accumulate in the root parts of the 

plants [25-26]. Similarly, in another study on 

Calopogonium mucunoides, Axonopus compressus and 

Sida acuta showed that leaves had higher heavy metal 

content, followed by stems and roots [44]. This can 

inform us of the relationship between soil and olive 

tree contamination near roads and the importance of 

soil-plant passage as the air-plant passage. Contrary 

to these results, the work of Capnesi et al. [50] 

indicated that Pb and Zn are more likely to be found  

 

Elements Samples 
N S 

Control 
3m 25m 50m 500m 3m 25m 50m 500m 

 

Pb 

Leaves 
4.9 

±2.1 

0.8 

±0.41 

0.9 

±0.2 

0.1 

±0.2 

3.6 

±1.1 

0.7 

±0.3 

0.2 

±0.15 

0.2 

±0.1 

0.1 

±0.14 

Stem 
3.8 

±1.5 

0.5 

±0.2 

0.1 

±0.01 

0.1 

±0.22 

3.1 

±1.01 

0.7 

±1.4 

0.2 

±0.41 

0.4 

±0.1 

0.3 

±0.02 

Root 
5.3 

±2.3 

0.9 

±0.14 

0.6 

±0.32 

0.2 

±0.52 

3.9 

±1.3 

1.4 

±1.02 

0.4 

±0.11 

0.8 

±0.6 

0.1 

±0.21 

 

Zn 

Leaves 
62 

±6.3 

45.9 

±5.1 

29.5 

±1.3 

25.5 

±1.2 

55.5 

±6.11 

36.3 

±3.2 

17.6 

±2.1 

23.1 

±1.1 

16.2 

±2.4 

Stem 
52.2 

±1.6 

44.7 

±1.2 

24.8 

±1.3 

17.2 

±3.2 

52.8 

±3.12 

45.6 

±1.3 

16.2 

±3.41 

11.2 

±2.1 

1.8 

±0.52 

Root 
83.2 

±0.9 

49.2 

±2.2 

42.5 

±3.61 

28.3 

±1.2 

59.6 

±6.1 

49.6 

±2.2 

19.8 

±2.11 

31.8 

±3.2 

26.9 

±2.1 

 

Cu 

Leaves 
3.2 

±2.3 

0.6 

±1.3 

3.8 

±1.1 

0.45 

±1.1 

1.8 

±3.14 

2.9 

±1.1 

2.2 

±1.4 

1.4 

±0.4 

0.5 

±1.2 

Stem 
2.7 

±1.2 

0.4 

±0.1 

1.9 

±0.85 

0.32 

±0.41 

1.4 

±0.32 

2.6 

±0.6 

1.8 

±0.11 

0.9 

±0.2 

0.4 

±0.15 

Root 
8.3 

±1.1 

1.6 

±1.1 

4.7 

±1.3 

0.85 

±0.6 

2.5 

±1.14 

4.2 

±1.2 

4.7 

±1.1 

1.8 

±0.2 

0.6 

±0.1 

 

Cr 

Leaves 
3.2 

±0.85 

2 

±0.52 

1.7 

±0.3 

0.62 

±0.22 

1.9 

±0.84 

0.4 

±0.2 

0.66 

±0.1 

0.8 

±0.1 

0.4 

±0.15 

Stem 
2.2 

±2.3 

3.03 

±1.1 

0.9 

±0.11 

0.32 

±0.11 

1.82 

±0.6 

0.41 

±0.14 

0.45 

±0.2 

0.47 

±0.1 

0.25 

±0.08 

Root 
3.9 

±1.3 

3.5 

±0.62 

1.8 

±0.4 

0.71 

±0.01 

1.92 

±1.7 

0.9 

±0.08 

0.8 

±0.03 

0.7 

±0.2 

0.51 

±0.21 
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Table 5. Accumulation and translocation factor of heavy metals on the olive tree near Gremda road (AF: accumulation 

factor; TF: translocation factor). 

 
 

in leafy vegetables than in roots.  

The variation in contamination between the three 

study sites revealed the intervention of several factors, 

such as road intensity, leaf age, and leaf surface area 

[39]. In addition, we cannot ignore the role of 

meteorological factors. The sample sites were 

agricultural fields plowed 4 to 6 times per year to a 

depth ranging between 5 to 25 cm and planted with 

olive trees at a planting density ranging between 17 

and 204 trees/ha. The wind observations recorded the 

weather station of Sfax (Tina Airport) often indicate 

bi-directional dominance: "East" and "West". Indeed, 

the direction of the monthly winds established over a 

period of 10 years (between 2002 and 2011) reveals a 

clear predominance of the winds coming from the 

directions ESE, SE, E, ENE, NNW and SW, as well as 

that the average wind speed is moderate, hardly 

exceeding 5 m/s [51]. The Gremda road sites were 

influenced by winds from the N, NNE, NNW, SE, NE, 

ENE, E and ESE. So, the five directions brought to the 

emissions from road to sampling area. Tunis road 

faces NNE, NE, ENE, E and ESE winds. Thus, the 

three wind directions were able to bring road traffic 

emissions to the sampling sites. Manzel Chaker road 

was under the dominance of ESE, E, ENE, NE, NNE, 

N and NNW winds and 4 of them enhanced 

spreading of pollutants toward sampling sites. The 

extent of metal contamination up to 50m in the sites of 

Tunis and the stop at a distance of 25m for the sites of 

Gremda and 3m for the sites of Manzel Chaker was 

linked to the intense traffic activity for Gremda and 

Tunis roads, compared to Manzel Chaker, however, 

in the case of Gremda sites, the intensive olive 

cultivation regime behaved as an obstacle and 

prevented the dispersion of pollutants over long 

distances. This is why the highest grades for Pb 

(39.4μg/g) and Zn (128.6μg/g) were recorded at 3 m 

from the Gremda road compared to those of other 

sites at the same distance. 

The study by Goldbach et al. [54] on a rich-soil by lead 

(3440 ppm) showed that the contents of this metal in 

the aerial part of Viperine (Echium vulgare, family 

Borraginaceae) were multiplied practically by 4 times 

in passing from June (1.11 ppm) to September (4.07 

ppm). This important increase was explained by the 

transfer of lead absorbed by the roots to the aerial 

parts during blooming in June. 
 

3.3. Index of contamination 

To better study the accumulation of metals by the 

different organs of the olive tree, we used two factors 

of contamination: The accumulation factor (Af) and 

translocation factor (Tf). The calculation of these 

factors are shown in Tables 5, 6 and 7. 

For the Gremda road, the accumulation factor showed 

an accumulation of Pb and Zn in the roots, up to a 

distance of 25m. For Cr, accumulation was only noted 

in olive roots at the site 25mSW. However, no 

accumulation of Cu was observed. The translocation 

factor showed only the passage of Cu from the roots 

and leaves of the olive trees, while the others  

Elements Samples 
3mSW 25mSW 50mSW 500mSW Control 

AF TF AF TF AF TF AF TF AF TF 

 

Pb 

Leaves 0.2 0.15 0.347 0.29 0.02 0.43 0.011 0.24 0.19 0.7 

Stem 0.08 0.06 0.062 0.05 0.013 0.04 0.0086 0.03 Nd - 

Root 1.27 - 1.16 - 0.02 - 0.0135 - 0.12 - 

 

Zn 

Leaves 0.5 0.5 0.45 0.41 0.16 0.81 0.205 086 0.87 0.92 

Stem 0.09 0.09 0.05 0.04 0.02 0.06 0.02 0.06 0.04 0.04 

Root 1.016 - 1.095 - 0.21 - 0.209 - 0.94 - 

 

Cu 

Leaves 0.419 0.63 0.29 0.7 0.34 0.71 0.214 0.56 0.24 0.89 

Stem 0.472 0.72 0.26 0.63 0.32 0.32 0.23 0.21 0.07 0.25 

Root 0.65 - 0.42 - 0.42 - 0.278 - 0.28 - 

 

 

Cr 

Leaves 0.65 1.66 1.15 1.006 0.23 0.24 0.14 0.62 - 0.53 

Stem 0.81 2.05 0.67 0.59 0.33 0.34 0.05 0.25 - 0.6 

Root 0.39 - 1.14 - 0.95 - 0.22 - - - 
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remained in the roots. 

For the sites of Manzel Chaker road, we recorded an 

accumulation of Pb in the leaves of 3mN and Zn in the 

roots of the same site. However, for the other two 

other metals, we did not record any accumulation at 

any of the sites. For the translocation factor, all sites 

had TF below 1 for all metals. 

For the Tunis road, the accumulation of Zn in the 

leaves reached a distance of 50 m in both directions, 

whereas for the roots, accumulation stopped at 25m. 

Similarly, copper and Cr accumulation was within 

25m east of the road and no accumulation was 

observed in the west of the road. Similarly, the use of 

the translocation factor has shown that for Zn, this 

factor is greater than 1 at the east of the road up to a 

distance of 50 m. Whereas for Pb, Tf was less than 1 

for all sites, which is the same as the difficulty passage 

of this metal from roots to stems and leaves. For Cu 

and Cr, the accumulation of these metals in the roots 

or leaves of sites not exceeding 25 m was observed. No 

Pb accumulation was recorded at the Manzel Chaker 

sites. The translocation factor exceeded 1 for Zn only 

in the 25mN site sheets. For Cu, TF exceeded 1 in the 

25mN, 500mN and 3mS sites. Cr contamination was 

indicated by the accumulation in the leaves at the 3 

mN site. Similarly, the roots and stems of the 3mS site 

were examined. 

The concentration of lead in the driving force is 

increased by the driving distance (99% of Pb) from the 

vehicle is distributed within 50m from the road [52-

53]. 

Comparing the three sites studied, the largest 

accumulation was recorded for the sites of the Tunis 

road, which arrived at 50m for the Zn, followed by the 

sites of the Gremda road (up to a distance of 25m) and 

finally the Manzel Chaker road sites that did not 

exceed 3m. Despite the intense road traffic on the 

Gremda road, the intensive regime of planting olive 

trees has prevented the distribution of pollutants at 

great distances, while the ordinary regime of the 

plantation for the olive trees on the Tunis road has 

facilitated the distribution of these metals up to a 

distance of 50 m. The low distribution of metals on 

Manzel Chaker roads is linked to low road activity 

and the intervention of meteorological factors. 

3.4. Chlorophyll, sugar, proline and polyphenol content 

The olive leaves were collected from the sites 3 m and  

25 m on the Tunis and Gremda roads presented brick-

red necrosis (Fig. 1). It is likely that the metals were 

absorbed through leaf stomata and moved by 

transpiration into the main body accumulation sites at 

the leaf tips and margins, where they caused 

structural damage and necrosis. Indeed, no obvious 

necrotic areas were found in the leaves from the 

control sites. 

The chlorophyll, proline and polyphenol contents are 

shown in Fig. 4. Levels of chlorophyll pigments were 

significantly reduced in the olive leaves at the sites 

close to the roads. For Chla, the most important 

reduction percentages of 60, 56 and 31% compared to 

control leaves were recorded at the site 3mSW, 

25mSW and 50mE, respectively. The sites of Manzel 

Chaker were less affected and the reduction 

percentage of Chl did not exceed 11%, whereas, those 

of Tunis and Gremda were the most affected. Chlb has 

experienced a different evolution and the largest 

reduction has affected only 3 sites: 1mSW, 1mE and 

50mE. 

Chla + b showed a reduction of 41% in 3mSW leaves, 

30% in 25 mSW and 21% in 50 mSW. Whereas for the 

Tunis road, the 3mE and 50mE sites showed a 

reduction in Chla + b with 27% and 19%, respectively. 

Therefore, we observed that the Chlb content was the 

least affected. [1] showed that road pollution 

negatively affects Chla levels and has no effect on 

chlorophyll b. Therefore, contamination with Pb (31 

μg/g) and Zn (195 μg/g) affected the chlorophyll 

content at the Gremda sites. Similarly, the synergism 

between the content of Pb (30.4 μg/g) and Zn (195.25 

μg/g is false) determined at the 3mE site affected the 

Chl content. 

The effect of metal pollution on chlorophyll levels has 

been demonstrated in several studies [54-59]. For 

soluble sugars, the olive leaves of the Manzel Chaker 

and Tunis roads recorded higher sugar contents than 

those of the Gremda road at a distance of 3m. They 

were 37, 38 and 40.3 μg/g for the 3, 3, and 3 mS sites, 

respectively. Almost half of these content was 

recorded at the same distance from Gremda road (19.5 

μg/g). Compared with the control sites, the 3mSW and 

3mE sites near Gremda and Tunis roads recorded 

increases of 37% and 58%, respectively, whereas while 

the two sites close to the 3mS and 3mN roads had 

small increases of 10% and 14%, respectively,   
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Figure 4. Variation of biochemical factors in the olive leaves. 

 
compared to the control site. The levels of sugars in 

the Gremda sites were lower than those of Tunis and 

Manzel Chaker. This is related to the use of an 

irrigation regime on the farm near Gremda road, 

which can cause a dilution of these sugars. This is 

confirmed by the low levels of proline recorded at the 

Gremda sites (11.7- 20.3 μg/g) compared with those of 

Manzel Chaker (21.8- 46.6 μg/ g) and Tunis (6.7- 48.3 

μg/g).  For the pigments of polyphenols and referring 

to the standard levels in olive leaves (23-28 mg/g) [60-
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61], we noticed higher levels which exceeded the 

standards at the 3mSW and 25 mSW sites. These sites 

are characterized by significant Pb and Zn pollution. 

The evaluation of polyphenol content in the northern 

side of Manzel Chaker road seems to be linked to 

organic pollution (PAH) [62].  The increase in 

polyphenol content is a mechanism of plant resistance 

to metal stress.  The study of the impact of road 

pollution on the polyphenol contents of olive trees is 

poor.  Furlan et al. [63] showed the impact of metal 

pollution from industry on the polyphenol contents of 

Tibouchina pulchra (Melastomataceae). Pandey et al. 

[64] studied the impact of metal pollution (especially 

Pb and Cd) on the species Albizia procera (Roxb.) 

(Fabaceae) increase from 2% in the control site to 4.2% 

in the polluted site. 

The use of PCA (Fig. 5) showed the existence of three 

groups, the most important being a group formed by 

Pb and Zn content in soil and olive root; the second 

group consisted of Chla, Chlb and Chl a + b, and these 

two groups were negatively correlated. The third 

group included the foliar Zn and Pb contents and the 

stem Pb content. The proline and soluble sugar 

contents were found to be in the same group. The 

existence of polyphenols in the same group as the 

foliar Pb and Zn contents indicates the absence of leaf 

contamination in the polyphenol contents.  

 

 
Figure 5. 2D projection of variables according to factors 1 

(explaining 76, 02 % of variability) and 2 (explaining 28.65% 

of variability) (where: S: soil, St: Stem, L: leaves). 
 

3.5. Antioxydants enzymes 

The enzymatic antioxidants catalase, together with  

ascorbate peroxidase and total peroxidase, constitute 

the major defense system against the reactive oxygen 

species produced by the electron transport chain 

located in chloroplast [65]. The results obtained 

showed (Fig. 6) that the peroxidase contents in the 

first two sites of the Gremda road represented 42% 

and 44% of the contents recorded in the control site 

(Tsw).  

Likewise, a 50% reduction in peroxide content was 

recorded at these sites compared to the Manzel chaker 

sites at the same distances. Similar results were 

obtained for catalase and ascorbate peroxidase. 

For the Tunis sites, in the eastern side, the polluted 

sites (3 m and 25 m) showed a 40% reduction in total 

peroxidase compared to the control site. The same 

results were obtained for the western sites of the road. 

For catalase and ascorbate peroxidase, the percentage 

of reduction was between 30% and 40 % for the 

eastern and western sites of the road compared to the 

control site. On the other hand, comparing the results 

with the sites close to the Tunis road (3m and 25m) 

with Manzel Chaker sites, only the total peroxidase 

content showed a reduction between 30% and 45%. 

According to studies by Fourati et al. [66], olive trees 

in the control site showed better antioxidant capacity, 

both enzymatic and non-enzymatic. Likewise, 

Pandey,et al. [64] observed an increase in certain 

antioxidant enzymes in plants facing drought, with a 

compensatory response that allowed the plants to 

recover their physiological state after rewatering. In 

this case, the multimetal stress, probably because it 

was continuous and chronic, was detrimental to the 

plant and the antioxidant capacity of the tissue of the 

olive tree was depressed. Moreover, under high Pb 

and Cd stress, superoxide dismutase (SOD) and 

ascorbate peroxidase were also inhibited to some 

extent, and excessive ROS resulted in a significantly 

higher degree of oxidative damage [67]. 
 

4. Conclusions 
The study of metal transfer between soils and plants 

near the three roads in the Sfax region (Tunisia) 

highlighted the impact of variations in soil 

characteristics on metal speciation. This variation led 

to a variation in the metal contamination of olive roots, 

stems and leaves. This contamination influences olive 

leaves, which show brick-red necrosis. Chlorophyll  
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Figure 6. Activities of ascorbate peroxidase, peroxidase and catalase in leaves of polluted and control 

plants (A: Southern side of Manzel Chaker road; B: Nordhern side of Manzel Chaker road; C: Eastern 

side of Tunis road; D: Western side of Tunis road; E: sites of Gremda road. 

 
 

pigment content was significantly reduced in olive 

leaves from sites close to roads. In this context, 

farmers are advised to avoid planting olive trees at a  

distance of 50m near the Gremda, Tunis and Gremda 

roads. We are trying to find a biological solution for 

this contamination, which will be the subject of a 

subsequent publication.  
 

Authors’ contributions 

Drafted the manuscript, C.M.; Contributed to the  

study conception and design, H.B.M., L.T., R.C., F.D.; 

Material preparation, data collection and analyses, 

K.G., S.E.C., B.N.  
 

Acknowledgements 
This study was conducted at the Olive Tree Institute. 

The facilities and services provided by the Olive 

Institute are gratefully acknowledged. This study was 

supported by the Ministry of Agriculture and Water 

Resources and the Ministry of Higher Education and 



J. Essent. Oil Plant Comp. 3(2), 76-94, 2025                                                                                  Chaker Mbadra et al., 2025    

https://doi.org/10.58985/jeopc.2025.v03i02.68 
Page | 91  

Scientific Research. Special acknowledgements are 

presented to Mr. Nabil Soua and Mrs. Mouna Khlif for 

their technical help and advice. The authors 

acknowledge Prof. Anne Lise Haenni for her help in 

improving the quality of this paper. 
 

Funding 

The authors declare that no funds, grants, or other support 

were received during the preparation of this manuscript. 
 

Availability of data and materials 

All data will be made available on request according 

to the journal policy. 
 

Conflicts of interest 

All authors declare that there is no conflict of interest in 

this work. 
 

References 
1. Eliwa, A.M.; Kmael, E.A.R. Olive plants (Olea europea 

L.) as bioindicator for pollution. Pak. J. Biol. Sci. 2013, 

16(12), 551-557.    

https://doi.org/10.3923/pjbs.2013.551.557 

2. Abulude, F.O.; Ogunleye, R.F.; Emidun, O.; Abulude, 

A.I.; Ogunkoya M.O. Assessment of the content of Pb, 

Cd, Ni and Cr in soaps and detergents from Akure, 

Nigeria. Res. J. Environ. Toxicol. 2006, 1: 102-104. 

https://doi.org/10.3923/rjet.2007.102.104  

3. Dolan, M.S.; Clapp, C.E.; Allmaras, R.R.; Baker, J.M.; 

Molina, J.A.E. Soil organic carbon and nitrogen in a 

Minnesota soil as related to tillage, residue and 

nitrogen management, Soil Tillage Res. 2006, 89(2), 221-

231. https://doi.org/10.1016/j.still.2005.07.015 

4. Bini, C.; Wahsha, M.; Fontana, S.; Maleci, L. Effects of 

heavy metals on morphological characteristics of 

Taraxacum officinale web growing on mine soils in NE 

Italy. J. Geochem. Explor. 2012, 123, 101–108. 

https://doi.org/10.1016/j.gexplo.2012.07.009 

5. Khan, S.; Waqas, M.; Ding, F.; Shamshad, I.; Arpd, 

H.P.H.; Li, G. The influence of various biochars on the 

bioaccessibility and bioaccumulation of PAHs and 

potentially toxic elements to turnips (Brassica rapa L.). J. 

Hazard Mater. 2015, 1–11. 

https://doi.org/10.1016/j.jhazmat.2015.06.050 

6. Wong, S.C.; Li, X.D.; Zhang, G.; Qi, S.H.; Min, Y.S. 

Heavy metals in agricultural soils of the Pearl River 

Delta, South China. Environ. Poll. 2002, 119, 33–44. 

https://doi.org/10.1016/s0269-7491(01)00325-6  

7. Maisto, G.; Alfani, A.; Baldantoni, D.; De Marco, A.; De 

Santo, A.V. Trace metals in the soil and in Quercus ilex 

L. leaves at anthropic and remote sites of the Campania 

region of Italy. Geoderma. 2004, 122, 269–279. 

https://doi.org/10.1016/j.geoderma.2004.01.013 

8. Tomasevic, M.; Vukmirovic, Z.; Rajsic, S.; Tasic, M.; 

Stevanovic, B. Characterization of trace metal particles 

deposited on some deciduous tree leaves in an urban 

area. Chemoshere. 2005, 61, 753–760. 

https://doi.org/10.1016/j.chemosphere.2005.03.077 

9. Rossini, O.S.; Mingorance, M.D. Assessment of 

airborne heavy metal pollution by aboveground plant 

parts. Chemosphere. 2006.   

https://doi.org/10.1016/j.chemosphere.2006.03.003 

10. Aghabarat, A.; Hosseini, S.M.; Maralian, H. Heavy 

metal contamination of soil and olive trees (Olea 

europaea L.) in suburban areas of Tehran, Iran. Res. J. 

Environ. Sci. 2008, 2, 323-329. 

https://doi.org/10.3923/rjes.2008.323.329  

11. Çelik, A.; Kartal, A.A.; Akdoğan, K.Y. Determining the 

heavy metal pollution in Denizli (Turkey) by using 

Robinio pseudoacacia L. Environ Int. 2005, 31, 105–112. 

https://doi.org/10.1016/j.envint.2004.07.004 

12. Al-Khlaifat, A.l.; Al-Khashman, O.A. Atmospheric 

heavy metal pollution in Aqaba city, Jordan, using 

Phoenix dactylifera L. leaves. Atmos. Environ. 2007, 41, 

8891–8897. 

https://doi.org/10.1016/j.atmosenv.2007.08.028  

13. Gratani, L.; Crescente, M.F.; Varone, L. Long-term 

monitoring of metal pollution by urban trees. Atmos 

Environ. 2008, 42, 8273–8277.   

https://doi.org/10.1016/j.atmosenv.2008.07.032 

14. Bada, B.S.; Akinola, O.T. Characteristics of soils and 

heavy metal content of vegetation in oil spill impacted 

land in Nigeria," Proceedings of the Annual 

International Conference on Soils, Sediments. Water 

Energy. 2012, 17, 2. 

15. Prasad, M.N.V.; Feitas, H. Metal hyperaccumulation in 

plants-biodiversity prospecting for plytoremediation 

technology. Electron. J. Biotechnol. 2003, 6(3). 

https://doi.org/10.2225/vol6-issue3-fulltext-6 

16.  Bada, B.S.; Raji, K.A. Phytoremediation potential of 

kenaf (Hibiscus cannabinus L.) grown in different soil 

textures and cadmium concentrations. AJEST. 2010, 

4(5), 250-255.   

17. Verma, S.; Dubey, R.S. Lead toxicity induces lipid 

peroxidation and alters the activities of antioxidant 

enzymes in growing rice plants, Plant Sci. 2003, 164 (4), 

645-655. https://doi.org/10.1016/s0168-9452(03)00022-0  

18.  Agarwal, R.; Kumar, R.; Behari, J.R. Mercury and lead 

content in fish species from the river Gomti, Lucknow, 

India, as biomarkers of contamination. Bull. Environ.  

Contamin. Toxicol. 2007, 78, 118–122. 

https://doi.org/10.1007/s00128-007-9035-8 



J. Essent. Oil Plant Comp. 3(2), 76-94, 2025                                                                                  Chaker Mbadra et al., 2025    

https://doi.org/10.58985/jeopc.2025.v03i02.68 
Page | 92  

19. Tremel-Schaub, A.; Feix, I. Contamination des sols-

Transferts des sols vers les plantes. Agence de 

l’Environnement et de la Maitrise de l'énergie 2005, 413. 

20. Belščak-Cvitanović, A.; Durgo, K.; Huđek, A.; Bačun-

Družina, V.; Komes, D. Overview of polyphenols and 

their properties. In: Galanakis C.M., 

editor. Polyphenols: Properties, Recovery, and 

Applications., 2018, Elsevier; Amsterdam, The 

Netherlands: pp. 3–44.   

https://doi.org/10.1016/b978-0-12-813572-3.00001-4  

21. Rana, B.; Chahal, K.; Hithamani, G.; Naveen, J.; 

Pushpalatha, H.G. Plant Metabolites under 

Environmental Stress., 1st Edn. Apple Academic Press; 

New York, NY, USA, pp. 203–218, 2023. 

22. Pieniążek, J.; Cichoński, M.; Michalik, J.; Chrzanowski, 

P.G. Effect of heavy metal stress on phenolic 

compounds accumulation in winter wheat 

plants. Molecules. 2023, 28, 241. 

https://doi.org/10.3390/molecules28010241  

23. Vitaglaino, C.; Sebastini, L. Physiological and 

biochemical ramarks on environnemental stress in 

olive (Olea europea L.). Acta Hort. 2000, 435-440. 

https://doi.org/10.17660/actahortic.2002.586.89 

24. Sait, C.S.; Burak, Y.; Pınar, K.; Duygu, A.; Cafer, T.; 

Aysun, S.  Olive tree, Olea europaea L., leaves as a 

bioindicator of atmospheric PCB contamination. 

Environ. Sci. Poll. Res. 2013, 20, 6178–6183. 

https://doi.org/10.1007/s11356-013-1640-y 

25. Mezghanni, I.; Boukhriss, M.; Chaieb, M. Accumulation 

du cadmium par quelques espèces végétales cultivées 

aux environs d’une usine d’engrais phosphatés a Sfax 

(Tunisie). Poll. Atmos. 2000, 80-88. 

https://doi.org/10.4267/pollution-atmospherique.3386 

26. Elloumi, N.; Ben Abdallah, F.; Mezghanni, I.;  Boukhris,  

M. Accumulation du Pb par quelques espèces végétales 

cultivées au voisinage d’une fonderie de plomb à Sfax. 

Poll. Atmos. 2003, 178, 285-295. 

https://doi.org/10.4267/pollution-atmospherique.1991  

27. Eliwa, A.M.; Kmael, E.A.R. Olive plants (Olea europea L.) 

as bioindicator for pollution. Pak. J. Biol. Sci. 2014, 16 

(12), 551-557. https://doi.org/10.3923/pjbs.2013.551.557 

28. El-Khatib, A.A.; Radwan, D.E.M.; Alramah-Said, A.A. 

Morpho-anatomical characteristics of olive (Olea 

europaea L.) trees leaf as bio-indicator of cement dust air 

pollution in Libya. J. Environ. Studies. 2012, 9, 65-72. 

https://doi.org/10.21608/jesj.2012.191533 

29. Walkley, A.; Black, I.A. An examination of DEGTJAREF 

method for determining soil organic matter and a 

proposed modifcation of the chromic acid titration 

method. Soil Sci. 1934, 37, 29–37. 

https://doi.org/10.1097/00010694-193401000-00003 

30. McCready, M.R.; Guggols, J.; Silviera, V.; Owens, S.H.  

Determination of starch and amylose in vegetables. 

Anal. Chem. 1950, 22, 1156-1158. 

http://dx.doi.org/10.1021/ac60045a016 

31. Hoening, M.; Dupire, S.; Wollast, R. L’atomisation 

électrothermique en spectrométrie d’absorption 

atomique et son application dans les études de 

l’environnement", Techniques et documentations, Paris. 

1979. 

32. Strain, H.H.; Svec, N.A.  Extraction, separation and 

isolation of chlorophylls In. The chlorophyll eds L. P. 

Varson and G.R. Seedy, Academic Press, New York. Pp. 

24-6, 1966.  

https://doi.org/10.1016/b978-1-4832-3289-8.50008-4 

33. Bacelar, A.; Santos, D.L.; Pereira, J.M.M.; Gonçalves, 

B.C.; Ferreira, H.F.;   Correia, C.M. Immediate 

responses and adaptative strategies of three olive 

cultivars under contrasting water availability regimes: 

Changes on structure and chemical composition of 

foliage and oxidative damage. Plant Sci. 2006. 

https://doi.org/10.1016/j.plantsci.2005.10.014 

34. Singleton, V.; Rossi, J.R. Colorimetry of total phenolics 

with phosphomolybdic –phosphothungstic acid. Am. J. 

Enol. Vitic. 1965, 16, 144. 

https://doi.org/10.5344/ajev.1965.16.3.144  

35. Bates, L.S.; Waldren, R.P.; Teare, I.D. Rapid 

determination of free proline for water-stress studies. 

Plant Soil, 1973. 39, 205 207.  

https://doi.org/10.1007/BF00018060 

36. Chlopecka, A.; Adriano, D.C. Influence of zeolite, 

apatite and Fe-oxide on Cd and Pb uptake by crops. Sci. 

Total Environ. 1996, 207(2–3), 195-206. 

https://doi.org/10.1016/s0048-9697(97)00268-4 

37. Jung, M.C.; Thornton, I.  Environmental contamination 

and seasonal variation of metals in soils, plants and 

waters in the paddy fields around a Pb-Zn mine in 

Korea. Sci Total Environ. 1997, 198 (2), 105-21. 

https://doi.org/10.1016/s0048-9697(97)05434-x.  

38. Serbaji, M.  Use of a multi-source GIS for understanding 

and integrated management of the coastal ecosystem of 

the Sfax region (Tunisia). Dissertation. 2000, University 

of Tunis. 

39. Othman, I.; Al-Oudat, M.; Masri, M.S.A. Lead levels in 

roadside soils and vegetation of Damascus city. Sci. 

Total Environ. 1997, 43-48. 

https://doi.org/10.1016/s0048-9697(97)00243-x  

40.  Khan, S.; Waqas, M.; Ding, F.; Shamshad, I.A.; Li G. 

The influence of various biochars on the bioaccessibility 

and bioaccumulation of PAHs and potentially toxic 

elements to turnips (Brassica rapa L.). J. Hazard Mater. 

2011, 300, 1–11  

https://doi.org 10.1016/j.jhazmat.2015.06.050 

41. Radulescu, C.; Stihi, C.; Popescu,  I.; Dulama, I.;   



J. Essent. Oil Plant Comp. 3(2), 76-94, 2025                                                                                  Chaker Mbadra et al., 2025    

https://doi.org/10.58985/jeopc.2025.v03i02.68 
Page | 93  

Chelarescu,  E.; Chilian, A.  Heavy metal accumulation 

and translocation in different parts of Brassica oleracea L. 

Rom. J. Phys. 2013, 9-10.  

https://doi.org/10.46939/j.sci.arts-22.3-b01.  

42. Christoforidis, A.; Stamatis, N.  Heavy metal 

contamination in street dust and roadside soil along the 

major national road in Kavala's region, Greece. 

Geoderma. 2009, 257-263. 

https://doi.org/10.1016/j.geoderma.2009.04.016  

43. Haddad, K.; Vizakos, N. Air quality pollutants and 

their relationship with meteorological variables in four 

suburbs of Greater sydney, Australia. Air Qual. Atmos. 

Health. 2016, 14, 55–67.  

https://doi.org/10.1007/s11869-020-00913-8 

44. Bada, B.S.; Akinola, O.T. Characteristics of soils and 

heavy metal content of vegetation in oil spill impacted 

land in Nigeria. Proceedings of the Annual 

International Conference on Soils. Sed. Water Energy. 

2012, 17, 2. 

45. Deruelle, S. Effects de la pollution atmosphérique sur la 

végétation lichénique dans le Bassin Parisien. Conv 

ention de Rech erch e n° 79-15, ministère de 

l'Environnement et du Cadre de Vie., 1981, 91-112. 

46. Markert, B. Plants as biomonitors-potentiel advantages 

and problems. Sci. Technol. Lett. North Wood. 1994, 11, 

New York, 601-613.  

https://doi.org/10.1007/978-90-481-9852-8_10 

47. Sezgin, N.; Ozcan, H.K.; Demir, G.; Nemlioglu, S.; Bayat, 

C. Determination of heavy metal concentrations in 

street dust in Istanbul E-5 Highway, Environ. Int. 2003, 

29(7), 979-985.  

https://doi.org/10.1016/s0160-4120(03)00075-8 

48. Çelik, A.; Kartal, A.A.; Akdoğan, K.Y.  Determining the 

heavy metal pollution in Denizli (Turkey) by using 

Robinio pseudo-acacia L. Environ Int. 2005, 31, 105–112. 

https://doi.org/10.1016/j.envint.2004.07.004 

49. Deruelle, S. Ecologie des lichens du bassin Parisien. 

Impact de la pollution atmosphérique (engrais, SO2, Pb) 

et relation avec les facteurs climatiques. Thèse de 

doctorat d’Etat, Université P. et M.Curie, Paris., 300, 

1983. 

50. Capnesi, G.; Cecchi, A.; Sadda, A.F. Feasibilty of oak 

leaves as monitor for airborne pollution. J. Radioanal. 

Nucl. Chem. Art. 1993, 167, 309-320. 

https://doi.org/10.1007/bf02037189 

51. Bahloul, M.; Chabbi, I.; Sdiri, A.; Amdouni, R.; 

Medhioub, K.; Azri, C. Spatiotemporal variation of 

particulate fallout instances in Sfax City, Southern 

Tunisia: infuence of sources and meteorology. Adv. 

Meteorol. 2015, https://doi. org/10.1155/2015/471396 

52. Wang, B.; Ding, S.A. study on the lead distribution in  

soil along the highway. Chongqing Environ. Sci. 1998,  

20(4), 53–55.  

53. Fakayode, S.O.; Olu-Owolabi, B.I.  Heavy metal 

contamination of roadside topsoil in Osogbo, Nigeria: 

Its relationship to traffic density and proximity to 

highways. Environ. Geol. 2003, 44, p. 150–157. 

https://doi.org/10.1007/s00254-002-0739-0 

54. Goldbach, H.E.; Grill, J.B.; Lendeman, N.; Porzelt, M.; 

Horrmann, C.; Lupp, B.; Gess-mer, B. Influence of 

boron on net proton release and its relation to 

othermetabolic processes. Curr. Topics Plant Biochem. 

Physiol. 1991, 10, 195–220. 

https://doi.org/10.1034/j.1399-3054.1990.800118.x 

55. Bibi, M.; Hussain, M. Effect of copper and lead on 

photosynthesis and plant pigments in black gram 

(Vigna mungo L.). Bull. Environ. Contamin. Toxicol. 

2005, 74, 1126–1133.  

https://doi.org/10.1007/s00128-005-0698-8 

56. Wani, P.A.; Khan, M.S.; Zaidi, A. An evaluation of the 

effects of heavy metals on the growth, seed yield and 

grain protein of lentil in pots. Ann. Appl. Biol. 2006, 

(Suppl TAC) 27, 23–24. 

57. Nanos, G.D.; Ilias, I.F. Effects of inert dust on olive (Olea 

europaea L.) leaf physiological parameters. Environ. Sci. 

Poll. Res. Int., 2007, 14, 212–214. 

https://doi.org/10.1065/espr2006.08.327 

58. Gill, S.S.; Khana, N.A.; Tuteja, N. Cadmium at high 

dose perturbs growth, photosynthesis and nitrogen 

metabolism while at low dose it up regulates sulfur 

assimilation and antioxidant machinery in garden cress 

(Lepidium sativum L.). Plant Sci. 2012, 182, 112–120. 

https://doi.org/10.1016/j.plantsci.2011.04.018 

59. Le Guédard, M.; Faure, O.; Bessoule, J.J. Early changes 

in the fatty acid composition of photosynthetic 

membrane lipids from Populus nigra grown on a 

metallurgical landfill. Chemosphere. 2012, 88, 693–698. 

https://doi.org/10.1016/j.chemosphere.2012.03.079  

60. Boudhrioua, N.; Bahloul, N.; Ben Slimen, I.; Kechaou, 

N. Comparison on the total phenol contents and the 

color of fresh and infrared dried olive leaves. Ind. Crop. 

Prod. 2009, 29, 412–419. 

https://doi.org/10.1016/j.indcrop.2008.08.001  

61. Aouidi, F.; Dupuy, N.; Artaud, S.; Roussos, S.; Msallem, 

M.; Perraud-Gaime, I.; Hamdi,  M. Discrimination of 

five Tunisian cultivars by Mid InfraRed spectroscopy 

combined with chemometric analyses of olive Olea 

europaea leaves. Food Chem. 2012, 131(1), 360-366. 

https://doi.org/10.1016/j.foodchem.2011.08.041 

62. Mbadra, C.; Gargouri, K.; Ben Mbarek, H.; Trabelsi, L.; 

Arous, A.; Ellouz, C.S.  Efect of near-road soil 

contamination on Solanum lycopersicum L., Cicer 

arietinum L. and Cucumis sativus L. Int. J. Environ. Sci.  

Technol. 2018, 16, 3467–3482. 



J. Essent. Oil Plant Comp. 3(2), 76-94, 2025                                                                                  Chaker Mbadra et al., 2025    

https://doi.org/10.58985/jeopc.2025.v03i02.68 
Page | 94  

https://doi.org/10.1007/s13762-018-2033-z 

63. Furlan, C.M.; Salatino, A.; Domingos, M. Leaf contents 

of nitrogen and phenolic compounds and their bearing 

with the herbivore damage to Tibouchina pulchra Cogn. 

(Melastomataceae), under the influence of air 

pollutants from industries of Cubatão, São Paulo. Revta 

brasil. Bot., São Paulo.1999, 22(2) (suplemento), p.317-

323. https://doi.org/10.1590/s0100-84041999000500014 

64. Pandey, P.; Tripathi, A.K. Effect of Heavy metals on 

morphological and biochemical characteristics 

of Albizia procera (Roxb.) Benth. Seedlings. Int. J. 

Environ. Sci. 2011,1(5), 1009-1018.  

65. Sofo, A.; Dichio, B.; Xiloyannis, C.; Masia, A. 

Antioxidant defences in olive tree during drought 

stress: Changes in activity of some antioxidant enzymes. 

Funct. Plant Biol. 2005, 32, 45e53. 

https://doi.org/10.1071/fp04003 

66. Fourati, R.; Scopa, A.; Ben Ahmed, C.; Ben Abdallah, F.; 

Terzano, R.; Gattullo, C.E.; Allegretta, I.; Fernanda, G.;  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marisa, C.C.; Adriano S. Leaf biochemical responses  

and fruit oil quality parameters in olive plants 

subjected to airborne metal pollution. Chemosphere. 

2017, 514-522. 

https://doi.org/10.1016/j.chemosphere.2016.11.041 

67. Zhang, H.; Li, X.; Xu, Z.; Wang, Y.; Teng, Z, An, M.; 

Zhang, Y.; Zhu, W., Xu, N.; Sun, G. Toxic effects of 

heavy metals Pb and Cd on mulberry (Morus alba L.) 

seedling leaves: Photosynthetic function and reactive 

oxygen species (ROS) metabolism responses, 

Ecotoxicol. Environ. Saf. 2020, 195, 110469. 

https://doi.org/10.1016/j.ecoenv.2020.110469 

68. Mbadra, C.; Gargouri, K.; Mbarek, H.B.; Trabelsi, L.; 

Kalicharan, B.; Ncube, B.; Soua, N.; Chaabouni, S.E. 

Metal accumulation and oil quality characteristics of 

Chemlali olive tree (Olea europaea L.) grown near road 

soil. J. Agric. Food Sci. Biotechnol.  1(1), 07-22, 2023. 

https://doi.org/10.58985/jafsb.2023.v01i01.02 

 

 

 

 

 


