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Waste oil represents a major challenge to soil quality and environmental sustainability. 

This study was conducted to determine the environmental impact of refinery effluent on 

the soil within the refinery site and surrounding area. Six different test sites were selected 

to measure soil pollutant concentrations according to their distance from the untreated 

effluent discharge lagoon. The study period lasted six months, as the testing work began in 

April and ended in September 2023. Standard methods were used to determine the 

physical, chemical, and biological pollutants of the soil, and soil pollution indices (PLI, 

CF, and Igeo) were adopted in determining soil quality. The results showed a clear effect of 

untreated wastewater on soil properties. The soil of the testing sites near the refinery 

appeared to be highly contaminated with organic pollutants (O&G, TOC, and phenol) and 

gradually decreased towards the city. The concentrations of heavy metals in the soil were 

less than the permissible limit of WHO at the various testing sites, with the exception of 

the concentrations of Cd and Pb. The Cd concentration was approximately 200% higher 

than the permissible limit, while the Pb concentration was close to the permissible limit or 

slightly more. Generally, the measured concentrations of these metals followed the order: 

Ni<Pb<Co<Cd<Cu, while there was no effect of other heavy metals or biological 

contamination at all testing sites. The refinery soil and the surrounding area were classified 

according to index (PLI) within the baseline level in terms of heavy metals, while index 

(CF) indicated that it was highly contaminated with cadmium and had little contamination 

with other heavy metals. The index (Igeo) indicated that the soil was highly polluted with 

cadmium, while it did not indicate contamination with other heavy metals. The study 

recommends that in order to reduce pollution from refinery effluent, the responsible 

administration must implement waste drainage networks, establish a treatment plant for the 

untreated effluent, and also use modern technologies to reduce gaseous emissions and their 

deposits on the soil. 
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1. INTRODUCTION

Petroleum plays an important role in meeting the needs of 

various aspects of human life. The process of exploitation, 

refining, and storage of petroleum products, coupled with 

limited technical progress, leads to the inevitable release of 

waste residues (gaseous emissions deposits and untreated 

effluents) containing petroleum chemicals into the soil, which 

exacerbates the problem of environmental pollution. 

The primary focus of some environmental protection 

research has been the ecological behavior of rock and oil 

pollutants in soil [1, 2]. The presence of large quantities of oil 

within the soil environment had a profound impact on its 

characteristics [3, 4]. 

The degree of soil pollution depends on the soil type and the 

polluting chemicals, which means increasing the difficulty of 

getting rid of these pollutants due to the various interactions 

between them. The impact of soil pollutants can be reduced in 

various ways (physical, chemical, and biological), but some 

pollutants, including petroleum, cannot be completely 

removed [5]. Monitoring the amount of crude oil present in the 

soil is a good way to avoid its contamination and reduce its 

impact on soil characteristics [6, 7]. 

Soil pollution also affects plant cultivation, and the degree 

of pollution depends largely on the dose to which the soil is 

exposed to concentrations of petroleum pollutants. It is now 

believed that identifying and using plants that have a high 

ability to adapt to pollution caused by crude oil is a safer and 

more cost-effective solution than other options to address food 

security issues and environmental concerns caused by crude 

oil [8, 9]. The study [10] indicated that spent motor oil in any 

concentration seriously affects soil properties, and 

phytochemical analysis showed the inhibitory effects of spent 

motor oil on plant growth. 

Many studies have confirmed that oil pollution of the soil 

affects the physical properties of the soil and thus affects the 

lives of residential areas that are located within or near the 

pollution area because organic fluids affect the geotechnical 

behavior of the soil [11, 12]. The results obtained from the 

study [13] showed that the physical properties of the soil 
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(moisture content, liquid and plastic limit) were affected due 

to oil pollution, and the hydraulic conductivity decreased by 

10% due to oil contamination. 

At present, basic physical and chemical treatment methods, 

such as thermal treatment and other filtration methods, are 

used for the purpose of determining the concentration of soil 

pollutants, although there is also a need to develop some other 

central treatment technologies at a limited cost that are non-

secondary, especially in order to quickly treat pollution in 

emergency situations such as explosions, accidents and oil 

spills [14]. 

The study [15] reported that the high concentration of spent 

oil in the soil affected most of the soil specifications. Therefore, 

periodic testing of soil contamination with spent motor oil 

must be carried out carefully to ensure the sustainability of the 

productivity of agricultural areas. 

Another study [16] discussed the compositions and 

properties of petroleum pollutants, investigated some methods 

for restoring oil-contaminated soils, and compared and 

analyzed the advantages and disadvantages of three types of 

bioremediation techniques. Prospects for physical and 

chemical remediation, bioremediation, and microbial plant 

remediation were also presented to provide some suitable 

principles for soil remediation contaminated with oil. 

The study [17] showed that lubricating oil residues 

negatively affected both the physical and chemical properties 

of the soil. It has also been proven that lubricating oils contain 

many toxic and hazardous substances, such as PCBs, PAHs, 

benzene, lead, arsenic, zinc, etc., which pollute the soil. 

Other researchers have achieved indirect methods to reduce 

soil pollution by improving vehicle fuel specifications. 

Nanoparticles have been added to reduce the amount of fuel 

used, enhance braking power, and reduce hydrocarbon 

emissions [18]. 

This review aims to investigate the environmental impact of 

untreated oil refinery waste on soil characteristics and to 

determine soil quality according to standard soil pollution 

indices. 

 

 

2. STUDY AREA 

 

Maysan Governorate is located in the southeast of the 

country (Iraq), and the city of Amara represents the main 

center of the governorate. The city of Amara is about 320km 

away from the capital of Iraq (Baghdad). The population of the 

governorate is about 1,202,175 people, according to the 

statistics of the Ministry of Planning in Iraq for the year 2021. 

Figure 1 shows the location of the Maysan governorate and its 

refinery (study area). 

The Maysan refinery represents one of the most promising 

strategic oil projects in the governorate, as large numbers of 

technical personnel from the governorate work there. Due to 

its importance to the environment, Maysan Refinery was 

chosen as a study area. The refinery's location coordinates 

were determined to be within latitude 31.922524 and longitude 

47.43468, as shown in Figure 1. The production capacity of 

the Maysan refinery is about 40 thousand barrels per day, and 

it consists of four refining units, each with a capacity of 10 

thousand barrels per day of gasoline, gas, oil, and other 

petroleum products. The city of Al-Masharah is considered the 

closest population center to the refinery site, as it is about 

10km away from it, while the refinery is about 32km away 

from the city of Amara. The refinery is classified as a strategic 

project that uses modern technologies in the production 

process, but it lacks basic systems to protect the environment, 

such as regular sewage networks and a waste treatment plant. 

The refinery discharges untreated petroleum effluent into 

adjacent open areas, which leads to harm to the environment 

(air, soil, and water) in those areas, as shown in Figure 2. 

 
 

 
 

a) Location of maysan governorate within the map of Iraq 
 

 
 

b) Location of maysan refinery (google earth) 

https://maps.app.goo.gl/ex4QoL6uLra8f6vq9 

 

Figure 1. Location of maysan governorate and its refinery 

(study area) 

 
 

 
 

(a) Soil sample sites 
 

 
 

(b) Soil sampling 

 

Figure 2. Views of the testing works 
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3. SOIL POLLUTION INDICES 

 

Two pollution indices (pollution load index (PLI) and Geo-

accumulation Index (Igeo)) were used for the purpose of 

investigating soil pollution in the study area. The selection of 

these indices was due to their high accuracy and reliability [19]. 

Also, due to the lack of data on the background values of heavy 

metal concentrations in the study area, the background level of 

heavy metals from previous studies was used in similar 

conditions and far from the influence of human and industrial 

activities [20, 21]. 

 

3.1 Pollution load index 

 

The PLI was calculated using the following Eq. (1) [22]: 

 

𝑃𝐿𝐼 = (𝐶𝐹1 ∗ 𝐶𝐹2 ∗ 𝐶𝐹3 ∗. . . . . . 𝐶𝐹𝑛)
1/𝑛 (1) 

 

where, 

n is the number of heavy metals, and CF is the 

contamination factor, which is calculated as follows: 

 

𝐶𝐹 = 𝐶metal/𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑  (2) 

 

where, 

C metals and C background represent the measured 

concentration of the heavy metal in the soil sample and in the 

background sample, respectively. It is noteworthy to highlight 

that PLI values were assessed according to the categories 

reported by [22-24], as follows: 

CF Value Pollution: CF<1 Low, 1≤CF≥3 Moderate, 

3≤CF≥6 Considerable, CF>6 Very high. 

PLI Value Pollution: 0 Unpolluted, <1 Baseline Level, ≥1 

Polluted. 

 

3.2 Geo-accumulation index (Igeo) 

 

The geo-accumulation index (I geo) was calculated by using 

the following Eq. (3) [25]: 

 

𝐼𝑔𝑒𝑜 = 𝐼𝑜𝑔2(𝐶𝑚𝑒𝑡𝑎𝑙/1.5𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑) (3) 

 

Igeo was classified into seven grades, according to Table 1 

[26]: 

 

Table 1. Classification of geo-accumulation index (Igeo) [25, 

26] 

 
I Geo I Geo Grade Pollution 

<0 0 Unpolluted 

0-1 1 Unpolluted to moderate 

1-2 2 Moderate polluted 

2-3 3 Moderate to high polluted 

3-4 4 High polluted 

4-5 5 High to extremely polluted 

5-6 >5 Extremely polluted 

 

 

4. MATERIALS AND METHODS 

 

Soil pollutant concentrations in the refinery and 

surrounding areas were measured at six different test sites. The 

sites were chosen based on their distance from the untreated 

effluent collection lagoon, which has an area of about 0.5km2 

and a depth of 1.5 to 2.0m. The first site was near the lagoon, 

another within the refinery area, three in the area surrounding 

the refinery, and one in the nearest urban area, which is the 

city of Al-Masharah. The study lasted for six months, from 

April to September 2023. Soil samples were collected, placed 

in polyethylene bags, numbered according to the study, and 

brought to the laboratory. The collected samples were dried 

for 48h at 105℃ in preparation for chemical analysis. Next, 

the dried samples were ground and passed through a 106μm 

sieve. To minimize the potential for external contamination, 

digestion was performed using a microwave-assisted digestion 

approach. 

Digested samples were allowed to cool to 20℃±1℃ at 

room temperature before being filtered using 0.45-μm 

Whatman filters. After collecting the filtrate, 50ml of it was 

produced, and an AAS device was used to measure the heavy 

metal content. In terms of biological analysis, the most 

probable number (MPN) method was applied to determine the 

total number of bacteria. Using this method, duplicate portions 

of the original samples are cultured to confirm the presence of 

bacteria in each portion. The results of laboratory analysis 

were used to demonstrate their impact on soil pollution and to 

compare them with the specifications specified by the WHO. 

 

 

5. RESULTS ANALYSIS AND DISCUSSION 

 

Four samples of untreated petroleum effluent were taken 

from different sites in the collection lagoon. Table 2 shows the 

average values of the most prominent parameters of the 

effluent. Also, soil samples were taken from six testing sites at 

a depth of one meter to determine the effect of untreated 

effluent on soil properties. Table 3 shows the physical, 

chemical, and biological parameters of soil samples taken 

from the test sites. 

 

Table 2. Values of refinery petroleum effluent parameters 

 

Analysis of Refinery Petroleum Effluent 

Parameter Value 

pH 7.9-9.1 

TDS 32650mg/l 

Turbidity 340mg/l 

BOD 116mg/l 

COD 408mg/l 

Oil and grease 196mg/l 

TOC 162mg/l 

Phenol 13mg/l 

Ni 1.883mg/l 

Cu 3.927mg/l 

Cd 1.206mg/l 

Pb 1.116mg/l 

Co 1.005mg/l 

Remaining of the heavy elements Nill 

 

5.1 Concentration of organic petroleum pollutants in the 

soil samples 

 

The organic petroleum pollutants (O&G, phenol, and TOC) 

are listed in Table 3. It can be clearly seen from Figure 3 that 

the O&G concentration was at range (51-326mg/kg), the 

concentration of phenol was at range (1.67-23.24mg/kg), and 

the TOC concentration percentage was at range (2.06%-

13.07%). According to WHO limits, high contamination 

appears in the soil of the nearby test sites (S1, S2, and S3) at a 

rate of about (230%, 1100%, and 760%) for the parameters 

(O&G, phenol, and TOC), respectively. While these 
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percentages decrease to (50%, 600%, and 100%) at testing sites (S4, S5, and S6) far from the refinery and close to the city. 

Table 3. Values of the physical, chemical, and biological parameters of the soil at the testing sites 

Soil Parameters 
Permissible Limits According to  

WHO Specifications 
Testing Locations 

S1 S2 S3 S4 S5 S6 

pH 6.5-8.0 7.83 7.88 7.72 7.78 7.91 7.90 

EC (mS/m) 570 789 775 793 801 809 811 

Ni (mg/kg) 10 1.61 1.33 1.05 0.44 0.46 0.32 

Cu (mg/kg) 10 7.25 6.8 6.55 5.30 4.25 4.76 

Cd (mg/kg) 3.0 6.85 6.5 6.95 6.76 6.60 6.45 

Pb (mg/kg) 2.0 3.11 3.04 2.70 2.31 2.33 2.40 

Co (mg/kg) 50 4.75 4.55 4.42 4.25 4.31 4.45 

Oil and Grease (mg/kg) 100.0 326 246 133 112 42 51 

TOC (%) 2.0 13.07 7.64 3.11 2.09 1.89 2.06 

Phenol (mg/kg) 0.54 23.24 5.46 4.36 4.42 3.05 1.67 

Total number of bacteria (No./g) 1010 7x105 8x105 11x105 14x105 3x106 11x106 

SO4 (mg/kg) 400 454 546 586 514 514 516 

Cl (mg/kg) 500 577 584 651 636 640 656 
Notes (see Figure 3): S1: A test site 5meters away from the refinery effluent lagoon, towards the nearest surface water source (Al-Masharah River adjacent to 

the city). S2: A test site 500meters away from the refinery effluent lagoon, towards the nearest surface water source (Al-Masharah River adjacent to the city). S3: 
A test site 1.0km away from the refinery effluent lagoon, towards the nearest surface water source (Al-Masharah River adjacent to the city). S4: A test site 2.0km 

away from the refinery effluent lagoon, towards the nearest surface water source (Al-Masharah River adjacent to the city). S5: A test site 5.0km away from the 

refinery effluent lagoon, towards the nearest surface water source (Al-Masharah River adjacent to the city). S6: A test site 9.0km away from the refinery effluent 
lagoon, towards the nearest surface water source (Al-Masharah River adjacent to the city) 

Figure 3. Values of organic petroleum pollutants in the 

testing sites 

Figure 4. Values of heavy metal pollutants in the testing sites 

Figure 5. Values of pollution load index (PLI) for the heavy 

metals in the study area 

5.2 Concentration of inorganic pollutants in the soil 

samples 

Inorganic pollutants (SO4
-2, Cl-) and others (pH, EC, and 

number of bacteria) have also been listed in Table 3. It turns 

out that all of them were close to the permissible limits, or 

slightly more. It was observed that it increased at a relatively 

small rate in sites far from the refinery, which means that it 

was not affected by the industrial activity of the refinery but 

rather that human and agricultural activity near the city may 

have an effective role in this result. 

5.3 Concentration of heavy metals in the soil samples 

Table 3 lists the concentrations of the studied heavy metals 

(Ni, Cu, Cd, Pb, and Co) in the soil samples collected from the 

study area. It can be seen from Figure 4 that the Cd 

concentration was the highest in the range (6.45-6.95mg/kg), 

and the Ni concentration was the lowest in the range (0.32-

1.61mg/kg). Generally, the measured concentrations of these 

metals followed the order: Ni<Pb<Co<Cd<Cu, while the 

others are Nill. 

In general, the concentrations of heavy metals in the soil 

were less than the permissible limit of WHO in the various 

testing sites, except for the concentrations of Cd and Pb. The 

Cd concentration was about 200% more than the permissible 

limit, while the lead concentration was close to the permissible 

limit or slightly more. 

It is worth noting that the arrangement of pollutants (the size 

of the heavy metals studied) can be attributed to the chemical 

composition of both the soil of the study area and the industrial 

and human activities in the region. 

5.4 Evaluation of soil contamination with heavy metal 

Figure 5 shows the calculated values of PLI for the studied 

heavy metals in soil samples. The highest PLI value was at test 

site 1, followed by site 2, while the lowest value was at site 6. 

In general, PLI values are higher at sites close to the refinery. 

PLI values are in the range (0.280-0.449), which confirms that 
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they are within the baseline level of pollution. By using the CF 

index, Figure 6 indicated that the soil was highly contaminated 

with cadmium and had little contamination with other heavy 

metals. The CF values indicated a relative increase in testing 

sites close to the refinery, especially for the Cd parameter 

(34.250), and remained constant approximately at this rate 

(32.250) in sites close to the city, while the CF of other heavy 

metals was low in the various testing sites, indicating that they 

were low in pollution. Figure 7 also showed that the Igeo values 

agree with the CF indicator values. It appeared that all Igeo 

values were negative (no pollution), except for the Cd 

parameter values, which indicated high pollution. It reached 

about (4.514) in the location closest to the refinery, while it 

reached (4.427) in the location closest to the city. 

Figure 6. Values of contamination factor (Cf) for the heavy 

metals in the study area 

Figure 7. Values of geo-accumulation index (Igeo) for the 

heavy metals in the study area 

6. CONCLUSIONS

The current study was devoted to studying the 

environmental impact of untreated Maysan refinery effluent 

on soil pollution. The most prominent conclusions reached by 

this study were as follows: 

1. The soil of the testing sites near the refinery appeared to

be highly contaminated with organic pollutants (O&G, TOC, 

and phenol) and gradually decreased towards the city. 

2. The effect of inorganic pollutants (SO4
-2, Cl-) and the total

number of bacteria did not appear in the soil of the study area. 

However, their concentrations increasing in testing sites close 

to the city, and this may be due to human and agricultural 

activities. 

3. In general, at the various testing sites, the concentrations

of heavy metals in the soil were below the permissible limits 

set by WHO, except for Cd and Pb. The Cd concentration was 

approximately 200% higher than the permissible limit, while 

the Pb concentration was close to the permissible limit or 

slightly more. 

4. The pollution index PLI indicated that the soil is at the

baseline level of pollution. However, the two pollution 

indicators, CF and Igeo, concurred that soil at the testing sites, 

both near and distant from the refinery, is contaminated with 

Cd. There was no significant effect on the concentrations of 

other heavy metals. The values of the indicators decreased 

gradually at testing sites increasingly distant from the refinery 

and close to the city. 
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