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 Abstract     
Background: the Persian Gulf ecosystem is facing degradation, 
so further degradation must be prevented. The present study was 
conducted to assess the environmental pollution risk potential of 
the coastal ecosystem due to heavy metal content in desalination 
plant’s effluent.
Methods: In this cross-sectional study, the researchers selected 
five stations in the west of Bandar Abbas beach, located at 
the outlet of desalination effluent canals to the shore, and two 
stations in the east shore (without effluent discharge) as case 
and control stations, respectively. The researchers collected 51 
Sediment samples and measured heavy metal concentration, 
using an AA spectrophotometer, and assessed the potential 
ecological risk. They used SPSS software and the T-test to 
statistically analyze data.
Results: The concentration means for sediments in case and 
control stations samples were: 40.63±16.79, 96.64±30.60, 
159.74±50.65, 109.22±17.09, 205.35±86.96 mg.kg−1 and 
40.15±17.21, 79.16±28.26, 152.43±90.07, 101.82±43.55, and 
193.82±112.90 mg.kg−1, respectively for (Pb, Cu, Ni, Cd, and 
Zn). The ecological risk and Pollution Load Index were (31.72, 
35.95, 3.30, 36.96, and 45.61) and (0.62, 0.63, 0.71, 0.68, and 0.9), 
respectively for metals mentioned order. Individual potential risk 
for all stations showed a low-risk degree.
Conclusion: Although the heavy metals accumulated in coastal 
sediments due to the discharge of desalination plant effluents, 
severe ecological and environmental damage has not occurred. 
Therefore, there is still time to prevent an environmental 
catastrophe on the shores receiving desalination effluents. 
Therefore, it is recommended to all responsible persons to take 
the necessary measures to monitor and control the plan and 
reduce the discharge of effluents to the shores.
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Introduction

The growing trend of water consumption, mainly due 
to population growth and industrial and agricultural 

activities, increased the tendency to use alternative 
sources of water supply;1 hence, seawater desalination 
has been proposed as an alternative in recent years.2 
There are several technologies for desalinating large 
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amounts of freshwater, mainly based on thermal and 
membrane methods. These technologies are reliably used 
for waters with different salinity levels, such as Brackish 
or Seawater.3 Among desalination technologies, reverse 
osmosis, a membrane process based on pressure driving 
force is growing rapidly as a relatively new technology. 
In this regard, many desalination plants with different 
capacities are installed on the shores of Bandar Abbas. 
They produce thousands of cubic meters of freshwater for 
two primary purposes, including industrial water (steel, 
zinc, aluminum, shipbuilding, Oil refineries, etc.) and 
urban drinking water supply.4, 5 Finally, the effluent of 
these desalination plants is discharged to the shores of 
the Persian Gulf without any post-treatment. However, its 
environmental effects are not well known, and therefore 
it is necessary to study the environmental effects of 
desalination due to the rapid increase in global capacity.6, 7

The environmental impacts of seawater 
desalination plants can be classified as water intake, 
enery consumption, and effluent discharge.8 The 
intake section effect is related to chemicals addition 
and physical impacts. The environmental effects of 
energy consumption refer to the issue of air pollution. 
The main critical environmental issues are related 
to the effluent discharge of plants, where the vast 
quantities of chemicals and brine are discharged to the 
sea. These chemicals are added to desalination water 
in various pretreatment and desalination processes 
such as chlorination, pH adjustment, coagulation and 
flocculation, de-chlorination, and descaling, and can 
adversely affect the environment.9, 10 Heavy metals are 
non-biodegradable, toxic, and persistent pollutants 
due to their high accumulation properties in aquatic 
elements.11 High accumulation of (HMs) in sediments 
can lead to severe ecological changes and ultimately 
affects human health through bioaccumulation and 
biomagnification along the food water chain.12, 13 
This event, in turn, can create many problems for the 
marine ecosystem and human life. The conditions of 
the coastal ecosystem are more fragile in an industrial 
coastal area such as the Persian Gulf shores in the 
west of Bandar Abbas where coastal sediments have 
a clay content. As Persian Gulf sediments have a high 
electrical charge because of clay nature and high 
cation exchange capacity, they have a great power in 
absorbing pollutants.14 Thus, such industrial coastal 
ports chronically exposed to metals have the most 
polluted sediments.15, 16

Assessment of pollution conditions is of great 
importance in such ecosystems to prevent, control, 
and warn human communities.17 Aquatic ecosystems 
pollution due to HMs can be investigated by 
evaluation of water, sediments and organisms and 
a wide range of environmental indices such as 
ecological risk potential assessment, chemical land 
accumulation index, pollution factor, and pollution 
load index.18-20 However, in the meantime, the 

ecological risk potential index of toxic metals in 
aquatic environments is one of the most important 
indicators because it determines their ecological risk 
potential according to the concentration and toxicity 
factor of each metal and the environmental risk of 
all metals.21-23 One of the assessment methods is to 
analyze the sediments, which can be done in different 
ways, including comparison to reference (background) 
values of the region, comparison with international 
standards, and measured values in other areas of the 
country.24 Some studies have been conducted on HMs 
in the Persian Gulf, which indicated the existence of 
ecological threats related to heavy metals in this water 
body.15, 25-28 The Persian Gulf is facing degradation 
in its coastal and marine ecosystems so preventing 
further degradation is critical. the environmental 
effects of chemicals content was important in this 
study, especially heavy metals (HMs), in reverse 
osmosis desalination effluents.29, 30 The present study 
was conducted to assess the environmental pollution 
status and ecological risk potential of the Persian Gulf 
coasts due to effluent discharge, resulting from the 
rapidly growing desalination plants, with emphasis 
on HMs effects.

Methods

Study Area
This case-control study was conducted in the 

Bandar Abbas (south of Iran) beaches; the case region 
was located in the west beach, where many desalination 
plants have been installed. There are 5 public canals 
in this location, selected as case stations of the study; 
they were natural and artificial canals (estuaries and 
canals) through which effluent of desalination plants is 
discharged into the sea. Our control (Blank) beach was 
the coastal area in the east of Bandar Abbas located at 
30 km from the case stations with no municipal and 
industrial effluent discharge into the sea; (Figure 1,  
Table 1). A total of 51 samples of sea sediments were 
taken at 5 sampling stations, and sampling was done 
randomly along the study beaches, according to a 
block structure pattern.

Collection of sediment samples was performed by 
Van Veen sampler in two depths; 0-5 and 5-10 cm in 
3 replications from each station. 

Heavy Metal Measurement
In the laboratory, the sediments samples were 

digested in a polytetrafluoroethylene container 
consisted of a concentrated acid mixture [(5 mL) 
of HNO3, (1 mL) of HClO4 and HF], then the 
concentrations of (HMs); (Cd, Fe, Cu, Ni, Zn, and 
Pb) were measured by Thermo Elemental-SOLAR 
atomic absorption spectrometer. The hollow cathode 
lamps were used as instrument lamps, and the air and 
acetylene mixture was supplied for fuel.
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Sediment Contamination and Risk Assessment Indices
Contamination factor (CF), Geo-accumulation 

Index (Igeo), Potential ecological risk index (PERI), 
and Modified degree of contamination (mCd) were the 
risk assessment indices for coastal sediments.

Contamination Factor (CF)
Pollution coefficient values (Eq. 1) can describe 

the environmental pollution related to the HMs. 
The pollution coefficient is obtained by dividing 
the sample’s metal concentration by the reference 
value’s concentration (Table 2). The level of HMs is 
normalized to a base metal such as iron, aluminum, 
or manganese, that is why the concentration of these 
metals in the soil is thought to be independent of the 
concentrations of other metals, and therefore it is not 
affected by other metals.31

CF=Mx/Mb       (Eq. 1)
Where (Mx) is for the concentration of the element 

in the sample, (Mb) is the concentration of the same 
contaminant in the reference material (sediment). 
In the present study, the mean concentration of the 
HMs measured in the control stations was selected 

as the reference values. After calculating the (CF), 
interpretation of contamination values was done, 
using Hakanson Classification (Table 2).

Geo-accumulation Index (Igeo) 
Geo-accumulation Index (Igeo) (Eq. 2) is an 

index to assess the intensity of anthropogenic (HMs) 
deposition on sediments. This potential contamination 
index is calculated by normalizing one metal 
concentration in the case samples to the concentration 
of a reference element.32

Igeo=ln Cn/1.5*Bn        (Eq. 2)
In this equation: (Cn) is the HM concentration 

in sediments of study stations, (Bn) is the HM 
concentration in sediments of blank beaches, which is 
the background value, and the constant 1.5 is to analyze 
natural fluctuations in the content of sediments in the 
environment and to detect minimal anthropogenic 
influence.33 Table 3 presents the different classes of 
Muller values.13, 34

Table 4 presents the reference values for (HM) 
which were measured values in the blank beaches (the 
vales for Control).

Figure 1:  Study area and sampling station location

Table 1: Sampling station Geographical Coordinate (UTM)
Sampling station X Y
1 409961.13 2999595.8
2 410093.8 2999943.92
3 411536.62 3001603.03
4 410282.21 3000185.31
5 409775.12 2998852.4
Control 1 452407.17 3002476.53
Control 2 454887.78 3002059.15
UTM: Universal Transverse Mercator

Table 2: Hakanson Classification for Contamination Factor (CF)
Sediment contamination coefficient Contamination rate coefficient
Low pollution coefficient CF<1
Medium contamination coefficient 3>CF≥1
Significant contamination coefficient 6>CF≥3
Very high pollution factor CF≥6



206 

Rezaei L, Alipour V,  Hassani AH, Dehghani M

J Health Sci Surveillance Sys April 2022; Vol 10; No 2

Potential Ecological Risk Index (RI)
The potential ecological risk index (PERI) was used 

to assess the potential risk of (HMs) contamination in 
sediments; a modification index which considers the 
synergy, toxic level, concentration of the HMs and 
ecological sensitivity of (HMs).36 Equations 3 and 4 
determine the ecological risk assessment index. 
Ei=Ti×CF                    (Eq. 3)   

           (Eq. 4)  
Where (Ei) is the individual potential risk, (Ti) is 

the response factor for toxicity that related values are, 
Pb=Cu=Ni=5, Cd=30, and Zn=1. 

(RI) is the ecological risk of HMs in sediments. 
The (EI) and (RI) values of the HMs were categorized 
into five levels, as shown in Table 5.

Pollution Load Index (PLI)
The pollution load index is used extensively in 

assessing sediment pollution by (HMs).12, 37 PLIzone is 
the (HMs) pollution load index of all stations.

         
        (Eq. 5)        
PLI zone = (PLI1* PLI2* PLI3* PLI4* PLI5)

1/5                 (Eq. 6)         
If PLI Classification >1, pollution occurs and 

sediments are less polluted and/ or not polluted if the 
PLI value is less than 1.

Results

Concentrations of Heavy Metals
Table 4 presents the concentrations of measured 

heavy metals in the case and control stations of the 
study.

The mean concentrations of Pb, Cu, Ni, Cd, and Zn 
for sediments for all station of case area and control 
stations samples were: 40.63±16.79, 96.64±30.60, 
159.74±50.65, 109.22±17.09, 205.35±86.96 mg.kg−1 and 
40.15±17.21, 79.16±28.26, 152.43±90.07, 101.82±43.55, 
and 193.82±112.90 mg.kg−1 , respectively. 

Contamination Factor (CF)
Table 6 presents the calculated contamination 

factor (CF) for measured heavy metals in all stations 
of the case and control.

The concentration of Cu in the sediment of stations 
1, 2, and 5 was in the medium contamination category 
range, and low contamination was calculated for Cd 
in this station. The contamination factor for Zn metal 
at stations 3 and 5 was also in the range of medium 
contamination.

Geo-accumulation Index (Igeo)
Table 7 presents the mean and calculated values 

of the Geo-accumulation index (Igeo) for measured 
heavy metals in all case and control stations.

Table 3: The different classes of Muller values for Geo-accumulation of heavy metals35

Sediments  quality Igeo valueClass
Uncontaminated00
Uncontaminated to moderately contaminated0-11
moderately contaminated1-22
Moderately to heavily contaminated2-33
Heavily contaminated3-44
Heavily to extremely contaminated4-55
Extremely contaminated>56

Table 4: The concentrations (mg.kg−1) of measured heavy metals in the case and control stations
Station Pb Cu Ni Cd Zn
1 21.09 115.77 200.34 85.65 116.63
2 19.8 133.21 209.14 101.46 97.13
3 56.15 65.46 86.19 102.48 291.04
4 48.34 55.16 111.56 122.20 212.54
5 57.75 113.58 191.49 134.32 309.43
Control 40.15 79.16 152.43 101.82 193.82

Table 5: The ecological and environmental risk level of the studied heavy metals
Ecological and environmental riskIR risk indexEcological risk of any metalEI
Low riskRI>150Low risk40≥EI
Medium risk300<RI≥150Medium risk80≥EI≥40
Substantial risk600<RI≥300Substantial risk160≥EI≥80
High risk600≥RIHigh risk320≥EI≥160
--Too much risk320≥EI
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Based on the mean heavy metal concentrations 
analysis, Station 1 and 3 had the highest and lowest 
heavy metal concentration values, respectively.

Potential ecological risk index (RI)
For all stations and metals, RI was calculated using 

the TI of mentioned in 2.3. and 4 sections and the 
individual potential risk EI presented in Table 8.

Regarding HMs, all stations were in a low-risk 
range, based on calculated EI. According to our 
calculations, the value of RI for (Pb, Cu, Ni, Cd, 
and Zn) were (31.72, 35.95, 3.30, 36.96, and 45.61), 
respectively. Given that the calculated RI value for 
all stations is less than the risk threshold (150), it can 
be concluded that the measured stations are in the 
low-risk range.

Pollution Load Index PLI
According to the calculations related to PLI, the 

pollution index of all metals is less than one in all 
stations; (PLI values of: 0.62, 0.63, 0.71, 0.68, and 
0.9 were calculated for stations 1 to 5, respectively); 
according to this index, all stations were in a grade of 
“non-polluted and/or less polluted”. 

Discussion

The mean concentrations of Pb, Cu, Ni, Cd, and Zn 
in sediments for all case station and control stations 
samples were: 40.63±16.79, 96.64±30.60, 159.74±50.65, 
109.22±17.09, 205.35±86.96 mg.kg−1 and 40.15±17.21, 

79.16±28.26, 152.43±90.07, 101.82±43.55, and 
193.82±112.90 mg.kg−1, respectively (Table 3). Thus 
the sequence of total concentrations of heavy metals in 
different stations was obtained as (Zn>Cd>Cu>Pb>Ni), 
respectively. The result of the T-test for comparison of 
the measured HMs in case and control stations showed 
that there is no significant difference between case and 
control beaches for metals of Pb, Ni, and Cd (P>0.05), 
while this test confirmed the significant difference for 
metals of Cu and Zn between case and control beaches 
(P<0.05). Therefore, higher Zn concentrations can be 
caused by two factors: a) in desalination plants, copper 
sulfate is used as an algaecide,38 B) the use of Zn salts to 
improve the capacity of anti-scaling in reverse osmosis 
membrane.39 Therefore, it can be concluded that the 
significant difference between receiving effluent and 
control beaches can be due to desalination plants. These 
findings were in line with the results of Ghasemzade et al.40  
and Arfaeinia et al.27

Due to the significant differences for some of the 
measured metals concentrations between the case 
and control stations, it became more important to 
investigate whether the presence of these metals in 
coastal sediments has the potential to create ecological 
and environmental risks. Therefore, the indices of 
potential ecological and environmental risk were 
analyzed in this study.

The (Igeo) for the lead metal in stations 1 and 2 
was “moderately contaminated”; in other stations, 
the interpretation of the index was “uncontaminated 
to moderately-contaminated”. This index for Cu 

Table 6: Values of calculated contamination factor (CF) for different stations studied based on the reference amount of heavy metal 
concentration in control stations
Station Pb Cu Ni Cd Zn
1 0.31 1.19 0.92 0.64 0.42
2 0.29 1.37 0.96 0.75 0.35
3 0.82 0.67 0.40 0.76 1.05
4 0.70 0.57 0.51 0.91 0.76
5 0.85 1.17 0.88 1.00 1.11

Table 7: The mean and calculated values of Geo-accumulation index (Igeo) for different stations studied based on the reference amount 
of heavy metal concentration in control stations
Station Pb Cu Ni Cd Zn
1 1.05 0.03 0.13 0.58 9.62
2 1.11 0.11 0.09 0.41 9.44
3 0.07 0.60 0.98 0.40 10.53
4 0.23 0.77 0.72 0.22 10.22
5 0.04 0.04 0.18 0.13 10.59
Mean 0.50 0.31 0.42 0.35 10.08

Table 8: Individual potential risk EI for all HMs in the study stations
Station Pb Cu Ni Cd Zn
1 1.55 5.95 4.6 19.2 0.42
2 1.45 6.85 4.8 22.5 0.35
3 4.1 3.35 2 22.8 1.05
4 3.5 2.85 2.55 27.3 0.76
5 4.25 5.85 4.4 30 1.11
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and Cd in all stations was “uncontaminated to 
moderately-contaminated” and for nickel in stations 
3 and 4 was “moderately contaminated”. On average, 
the calculated Geo-accumulation only for Pb was 
moderately contaminated and uncontaminated to 
moderately contaminated for other metals.

The ecological risk assessment of studied HMs 
indicates that most of the studied stations are in the 
“low risk” category. The highest and lowest risks are 
related to zinc and Ni, respectively. Also, the findings 
of the environmental risk index of these metals showed 
that according to the values obtained (less than 150 
environmental hazards of these metals were low). The 
zone PLI was also calculated, which showed the area 
is “slightly polluted to non-polluted” (PLI zone=0.71).

Conclusion

This study was conducted to provide data on the 
concentration level of heavy metals originated in the 
sediments of Bandar Abbas west Beaches in the Persian 
Gulf, where a huge capacity of RO desalination plants 
discharge their brine effluents to the coastal water. In 
addition, assessing potential ecological risk was done.

As most of the studied indices showed “low pollution 
degree” in the studied shoreline, it can be concluded 
that despite the accumulation of some heavy metals in 
coastal sediments due to the discharge of desalination 
plant effluents, fortunately, the beaches have not yet 
reached the breakpoint of severe ecological and 
environmental condition. This finding means we still 
have time to prevent an environmental catastrophe on 
the shores receiving desalination effluents. Therefore, 
it is recommended to all responsible persons to take the 
necessary measures to monitor and control and reduce 
the discharge of effluents to the shores.
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