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Kuwait Bay, increasingly susceptible to contamination due to urbanization and effluent 

discharge, serves as a focal point for environmental research. This study aims to provide a 

scientifically grounded assessment of sediment contamination within the bay, emphasizing the 

role of effluents as primary pollutants. Sediments, as repositories for both organic and 

inorganic pollutants, bear significant implications for marine ecosystems. A systematic 

sampling approach was employed at forty-six georeferenced sites across the bay, utilizing a 

grab sampler aboard a research vessel. The sediment samples were rigorously analyzed for 

inorganic geochemistry, encompassing trace elements, nutrients, and heavy metals. A 

comparative analysis was conducted between the trace element concentrations obtained in this 

study and established background levels, as well as the guidelines set forth by the United States 

Environmental Protection Agency (USEPA). The findings indicate a discernible level of 

contamination in Kuwait Bay. While the current contamination levels are classified as low, 

there is a pronounced risk of escalating contamination if the practice of discharging untreated 

effluents persists. In light of these results, the study underscores the urgent need for effluent 

decontamination prior to discharge into the bay. This research not only maps the spatial 

distribution of contaminants in Kuwait Bay but also provides a critical evaluation of potential 

risks to the marine environment, thereby informing future mitigation strategies. The 

comprehensive nature of this assessment, integrating geochemical analysis with environmental 

impact evaluation, marks a significant contribution to the field of marine contamination 

research.  
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1. INTRODUCTION

Kuwait, situated in the northeastern Arabian Peninsula and 

a member of the Gulf Cooperation Council, is geographically 

positioned between latitudes 28.30° and 30.06°N, and 

longitudes 46.30° and 48.30°E. The country shares borders 

with Iraq to the north and northwest, the Arabian Gulf to the 

east, and the Kingdom of Saudi Arabia to the south and 

southwest. Spanning an area of approximately 17,818 km2, 

Kuwait's coastline stretches about 500 km, accounting for a 

significant portion of its territorial waters [1]. The region is 

characterized by a hyper-arid climate, with long summers and 

short winters. Winter, typically cold and dry, extends from 

December to February, with January being the coldest month, 

averaging 13℃ [2]. 

In recent years, Kuwait has undergone significant changes 

in its approach to waste management, transitioning from 

traditional methods to the establishment of wastewater 

treatment plants. This shift is pivotal, considering the 

exponential increase in waste production associated with 

urbanization and population growth. Inadequately treated 

wastewater can lead to substantial contamination, 

encompassing a diverse array of chemical and organic 

compounds stemming from anthropogenic activities. 

Wastewater treatment processes, depending on their efficacy, 

can remove a considerable amount of contaminants. However, 

certain recalcitrant compounds may still be discharged along 

with the effluent, as observed in Kuwait Bay [3]. The surge in 

urban development not only necessitates enhanced 

infrastructure for water treatment and waste disposal but also 

raises concerns about environmental contamination. 

Discharging raw wastewater into marine environments can 

lead to significant alterations in the water and sediment quality 

of coastal ecosystems, as evidenced in Kuwait Bay. 

Sediments, as defined by Sediment Quality Guidelines 

(SQGs), are a composite of soil particles found at the bottom 

of water bodies, comprising clay, sand, organic material, or 

silt. These originate from both natural erosion and 

decomposition processes [4]. The discharge of raw wastewater 

effluents introduces a wide range of contaminants, including 

chemicals, organic materials, hydrocarbons, and emerging 

pharmaceutical pollutants. Such contaminants can interact in 

unforeseen ways, potentially exacerbating their toxic effects 

through synergistic interactions [4, 5]. The presence of metals 

[6], polycyclic aromatic hydrocarbons (PAHs) [7], 

pharmaceuticals [8], and biocides [9] in effluents is a major 

concern. Over time, sediments become repositories for these 

pollutants, posing significant risks to marine life and 

ecosystems. The impacts of sewage contamination on marine 

environments, though less studied than other environmental 
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threats, are increasingly recognized as substantial [10]. 

Globally, an estimated 80% of sewage is released into the 

environment without adequate treatment [11]. Consequently, 

assessing sediment quality is crucial for understanding its 

impact on marine biology. This is due to several reasons: (i) 

the dynamic nature of lotic ecosystems receiving wastewater 

effluents, complicating the characterization of chemical 

contaminants in water; (ii) the propensity of heavy metals to 

adsorb onto sediments, acting as a sink for contaminants [12]; 

and (iii) the potential for sediments to slowly degrade or serve 

as secondary sources of contaminants [13, 14]. Elevated levels 

of heavy metals, regardless of their source, are known to exert 

toxic effects on marine organisms. Moreover, contaminants 

from treated wastewater plants have been linked to adverse 

impacts on benthic communities [9, 15] and ecosystem 

services [16]. 

Kuwait Bay and Khor Al-Sabiyah, prominent features in 

Kuwait's marine ecosystem, are significantly impacted by 

anthropogenic activities, leading to various forms of 

contamination. Industrial activities, power and desalination 

plants, and effluents from the Shatt-Al-Arab River contribute 

to making Kuwaiti waters a challenging environment for 

marine life. Common pollutants in Kuwait Bay include total 

petroleum hydrocarbons (TPHs), trace elements (Cu, Cd, Hg), 

and sewage contamination [17, 18]. These ecosystems are 

crucial for Kuwait’s marine productivity, contributing 

approximately 40-50% of the country's food demand [19]. The 

identification of benthic sediments, based on morphology, is a 

labor-intensive, costly, and time-consuming process requiring 

specialized expertise [20, 21]. Nonetheless, standard 

laboratory analyses remain the most valid method for 

assessing contamination and predicting its impact on marine 

biota. Research focusing on benthic foraminiferal occurrence 

in Kuwait has been undertaken [22, 23], with previous studies 

identifying foraminifera as potential bio-indicators of 

contamination [24, 25]. However, comprehensive analyses of 

benthic sediments in the Arabian Gulf, particularly in Kuwaiti 

coastal areas, are still limited. 

It is established that the nitrogenous component of organic 

matter in sediments is partially regenerated as ammonia, which 

is then oxidized to nitrate in sediments possessing a positive 

Redox Potential (Eh) and in the overlying water [26, 27]. 

Phosphate regeneration is most intense in anaerobic 

sediments, with local net deposition occurring in aerobic 

sediments of low pH. Dissolved silicate concentrations 

increase with depth in all sediments. The water immediately 

overlying the sediment surface is enriched with these nutrients 

where active regeneration occurs in the sediment. However, 

the return of nutrients from sediment to water accounts for less 

than 1% of the annual consumption by phytoplankton. The 

availability of these nutrients is directly or indirectly 

fundamental to all life forms. 

Addressing the research gap in sediment pollutant analysis 

in Kuwait Bay, the current study aims to analyze the presence 

of chemical contamination in 46 spatially distributed sediment 

samples, focusing on areas known to be polluted. A 

multidisciplinary and integrated approach was employed, 

combining physicochemical analyses of water with organic 

and inorganic geochemistry, alongside sediment 

characteristics, to ascertain sediment quality. The primary 

objectives are to characterize the physicochemical conditions 

of the sediments and assess contamination levels and nutrient 

availability therein. 

 

2. STUDY AREA 

 

The focus of this study is Kuwait Bay, as depicted in Figure 

1. The bay was selected due to its proximity to Kuwait City 

and its direct exposure to effluent discharge, posing a potential 

threat to the marine environment over time. The Kuwaiti 

coastline is delineated into northern and southern provinces. 

Along the coast, tidal patterns are predominantly semidiurnal 

to mixed in the northern sector and transition to diurnal in the 

south, with a mean tidal range of approximately 3 meters 

(mesotidal). The offshore areas, particularly in the north, are 

characterized by their shallow nature, which constrains the 

generation of significant wave activity along the shoreline. A 

marked seasonal variation in temperature is observed, with 

differences exceeding 20℃ between summer and winter. 

Summer temperatures can reach up to 36℃, with salinity 

levels surpassing 45 parts per thousand (PPT) [28]. Previous 

literature reviews have highlighted extensive research on 

sediment contamination in terrestrial environments due to 

wastewater effluents [29-31]. However, the impact on marine 

sediments, a crucial ecological component, has been relatively 

under investigated in terms of wastewater effluent as a source 

of environmental hazard and contamination. 

Kuwait Bay is particularly susceptible to contamination 

from sewage discharge and various anthropogenic activities, 

rendering the seawater less conducive to marine life. In light 

of Kuwait Bay's exposure to these contaminants, sampling was 

conducted at multiple locations within the bay, as shown in 

Figure 1.  

 

 
 

Figure 1. Sampling locations in the Kuwait Bay 

 

Objectives and research questions 

It is hypothesized that wastewater serves as a primary vector 

for transporting a wide range of contaminants to both seawater 

and sediments. This study was undertaken to investigate the 

potential of effluent discharge to contaminate the sediment, 

and to determine the extent of contamination, whether it be 

high or low level. 

 

 

3. MATERIALS AND METHODS 

 

In November 2018, a comprehensive sampling campaign 

was conducted in Kuwait Bay. A total of 46 sites were sampled 

using the KISR research vessel as a platform for collecting 

surface sediment samples and measuring various 

physicochemical parameters. The locations of all sampling 
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sites, including the Sulaibikhat Bay and areas known for high 

contamination such as Al Ghazali, Salmiya, Al Bedaa, Al 

Messela, and the Shatt Al-Arab Delta, were georeferenced and 

illustrated in Figure 1. These sites were strategically chosen to 

explore variations in sediment quality across different 

locations and bathymetric depths. 

 

 

4. SEDIMENT SAMPLING AND 

CHARACTERIZATION 

 

Surface sediment samples were collected using a grab 

sampler, a marine geological sampling tool. Utmost care was 

taken to ensure the samples were undisturbed, critical for 

quantitative analysis. From each site, only the uppermost 1cm 

of sediment was collected. The collected samples were then 

subjected to inorganic geochemistry analyses, focusing on 

trace elements. 

The sediment samples were analyzed for organic matter 

(OM), total carbon (TC), total nitrogen (TN), and total organic 

carbon (TOC) contents. TC and TN concentrations were 

determined using the Dynamic Flash Combustion Technique 

(Thermo Flash 2000 EA1112 Elemental Analyzer), while 

TOC was measured via the modified Walkley-Black method 

(Mebius method). For inorganic geochemistry, the fine 

fraction (<63 μm) of the sediment was digested using the 

USEPA 3050A method, followed by trace metal analysis using 

inductively coupled plasma-optical emission spectroscopy 

(ICP-OES, iCAP 6000, Thermo Scientific). Concurrently, 

water samples were analyzed for TPH content as per the 

USEPA 8440 method. All analyses were conducted in the 

laboratories of the Kuwait Institute for Scientific Research, 

utilizing standard methods recognized globally. Quality 

assurance and control were emphasized through blank runs 

and triplicate analysis of each sample. 

 

 

5. RESULTS 

 

This section presents the findings of the current study, 

elucidated through various tables and figures. 

  

5.1 Contaminants in wastewater effluents discharged to 

the sea 

 

It has been established that raw wastewater effluents 

typically contain contaminants, including metals, pathogens, 

hydrocarbons, and pharmaceuticals, at concentrations 

exceeding acceptable levels. Following treatment, these 

contaminants are significantly reduced, though traces remain 

unless advanced combined treatment techniques are 

employed. The effluent discharged into the sea with minimal 

treatment mirrors the composition of raw sewage in terms of 

contaminant levels [32]. It is recognized that contaminants 

tend to adsorb onto both the organic fraction and the mineral 

components of the sediments [33, 34]. 

 

5.2 Nutrients and chemical analyses of seawater samples  

 

Table 1. Mean, standard deviation, min and max values in water samples 

 
Parameters n Mean SD Minimum Maximum 

Depth [m] 46 6.4 6.7 1.0 29.9 

Temperature [℃] 46 17.3 3.6 12.9 24.3 

EC [μS/cm] 46 64338 1345 61797 66801 

Density [kg/m3] 46 1031 1.0 1029 1033 

pH 46 7.4 0.6 7.0 8.6 

NO3 (mg/L) 43 0.023 0.024 0.002 0.090 

NO2 (mg/L) 43 0.028 0.024 0.004 0.100 

NH3 (mg/L) 43 0.061 0.033 0.020 0.170 

PO4 (mg/L) 43 1.098 0.285 0.720 1.880 

SiO2 (mg/L) (LR) 43 0.615 0.234 0.212 1.230 

T.S.S (mg/L) 43 23.6 11.8 10.0 69.0 

TPH (mg/L) 34 2.7 2.2 0.5 9.3 

V (mg/L) 44 57.2 16.8 4.1 74.2 

Zn (mg/L) 44 33.7 13.2 3.4 73.0 

Al (mg/L) 44 4.6 1.6 0.4 6.9 

Fe (mg/L) 44 2.7 0.9 0.2 3.9 

TN (mg/l) 45 0.1 0.0 0.0 0.2 

TC (mg/L) 45 5.3 1.0 4.2 10.4 

TOC (mg/L) 45 0.5 0.3 0.1 1.5 
n = number of samples; SD = standard deviation 

 

Water samples from 46 sites in Kuwait Bay exhibited 

variability in physicochemical parameters. The analyses 

focused on parameters such as electrical conductivity, pH, 

TOC, TPH, nutrients, and density. Table 1 summarizes the 

mean, minimum, maximum values, and standard deviation 

(SD) for each parameter. The pH of water samples ranged 

from 7.0 to 8.6, categorizing the water from neutral (6.6 to 7.3) 

to moderately alkaline (7.9 to 8.5), with a few samples 

reaching up to 8.6. The highest pH levels were recorded in the 

northern central region of Kuwait Bay. Electrical conductivity 

exhibited a narrow range (61.7 × 103 to 66.8 × 103 µS/cm), 

with the highest values observed in the outer part of the bay. 

Consistent water density was noted at 1.03 tons per cubic 

meter. The mean concentrations of TPH and TOC were 2.7 

mg/L and 0.5 mg/L, respectively.  

Figure 2 illustrates the nutrient concentrations in seawater 

samples, with phosphate contents being the highest among the 

nutrients, reaching levels up to 1.9 mg/L in certain samples. 

Elevated phosphate levels could result from external loads 

(discharged effluent) and retention in sediments due to 

transport, microbial, and chemical processes, including 

occlusion in calcium carbonates and the formation of 

authigenic minerals [35]. The nitrogen cycle review indicates 

that under reduced conditions, ammonia is the only 

3451



 

nitrogenous compound that can enter the water from the 

sediment, whereas nitrite, nitrate, and molecular nitrogen can 

originate from sediments [26]. 

 

 
 

Figure 2. Nutrient concentrations in seawater 
 

5.3 Sediments analyses  
 

The arid climate and limited water resources in the region 

necessitate the desalination of seawater for public use. This 

process, however, contributes to an increase in both the 

temperature and salinity of the water returned to the sea. In the 

aftermath of the 1991 Gulf War, research efforts were 

intensified to evaluate the heightened levels of contamination 

in water and sediments. Consequently, a baseline for metal 

contamination was established, with ranges specified as 

follows: Zn (30-60 mg/kg), Pb (15-30 mg/kg), Cd (1.2-2.0 

mg/kg), Ni (70-80 mg/kg), Mn (300-600 mg/kg), Fe (10,000-

20,000 mg/kg), V (20-30 mg/kg), and Cu (15-30 mg/kg) [36]. 

In the analyzed sediment samples, as depicted in Figure 3, the 

concentration of ammonia varied significantly, ranging from 

539.2 mg/kg in sample K-52 to 953.0 mg/kg in sample K-45. 

The concentration of nitrates (including nitrites) exhibited a 

range from 1.0 mg/kg in sample K-26 to 21.4 mg/kg in sample 

K-33. It was observed that in most samples, nitrate levels 

fluctuated between 1.0 to 9.0 mg/kg, with only two samples 

displaying notably higher values. 

Figure 4 illustrates the nitrate concentrations (mg/kg) in the 

sediment samples from Kuwait Bay. Figure 5 displays the 

phosphate concentrations in sediment samples from Kuwait 

Bay. 

The analysis of total phosphates, quantified as phosphorus 

(P), showed a range from 95.6mg/kg in sample K-25 to 

1,072.7mg/kg in sample K-42, as shown in Figure 5. An 

overall assessment of phosphorus values indicated a range 

from 95.6 to 681.3mg/kg, with one sample (K-42) identified 

as an outlier (1,072.7mg/kg). 
 

 
 

Figure 3. Ammonia concentration in the sediments from 

Kuwait Bay 

  
 

Figure 4. Nitrate concentration (mg/kg) in the sediments 

from Kuwait Bay 

 

 
 

Figure 5. Phosphate concentration in the sediments from 

Kuwait Bay 

 

5.3.1 Trace metals concentrations in the sediments of Kuwait 

Bay  

Trace metal concentrations in the sediment samples from 

Kuwait Bay were quantified, as shown in Table 2. The analysis 

revealed varying levels of different metals. Arsenic and cobalt 

were detected in a limited number of samples, while mercury 

was not detected in any samples. The observed concentrations 

of chromium (2.3-70.6 mg/kg), nickel (0-32.2 mg/kg), copper 

(0-40.2 mg/kg), iron (2,000-39,000 mg/kg), lead (0-33 

mg/kg), vanadium (4.1-74.2 mg/kg), and aluminum (4,000-

69,000 mg/kg) were all below the toxic effect thresholds 

(TET). The TET levels for various elements are as follows: 

chromium 100 mg/kg, nickel 61 mg/kg, copper 86 mg/kg, lead 

170 mg/kg, and zinc 540 mg/kg. 

A significant contribution to marine environmental 

contamination was observed following the breakdown of the 

Mishref pumping station in August 2009, which led to the 

discharge of 150,000 m3 of untreated sewage directly into the 

sea each day for over 24 months. A comparative study 

conducted in the Black Sea [37] reported the highest metal 

concentrations in sediments from eight stations ranging from 

4.97 to 29.65 mg/kg for nickel; 7.57–44.14 mg/kg for 

chromium; 9.84–42.76 mg/kg for copper; and 48.08–103.77 

mg/kg for zinc. The study concluded that the pollutant sources 

indicated a clear anthropogenic impact on the discharge 

environments. The results of the current study show higher 

concentrations of chromium and lower concentrations of zinc 

compared to the Black Sea study, attributable to differences in 

geographical location and contamination sources. However, 

both studies indicate sediment contamination at varying levels 

[37]. 

The discharge affected an approximate 20 km stretch of the 

coastal area. Preliminary data indicate that several areas within 
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the Sulaibikhat Bay were impacted by relatively high values 

of trace elements due to various anthropogenic activities. The 

concentrations of trace elements, as presented in Table 2, were 

compared with international standard sediment guidelines, 

such as those established by the U.S. Environmental 

Protection Agency [38], detailed in Tables 3 and 4. 

 

Table 2. Trace element content in sediment of the Kuwait Bay 

 

S. No. 
As Cd Co Cr Cu Ni Pb V Zn Al Fe 

mg/kg % 

K42 ND 0.42 0.0 59.9 11.7 23.0 29.9 65.0 39.3 5.7 3.8 

K43 ND 0.38 0.0 58.7 10.7 23.8 27.6 66.6 35.7 5.4 3.2 

K35 ND 0.42 0.0 62.7 12.2 26.9 29.9 68.4 38.2 5.9 3.5 

K31 ND 0.32 1.9 70.6 12.0 32.2 24.5 74.2 43.8 5.4 3.3 

K24 ND 0.33 0.1 60.6 20.1 27.1 22.3 66.9 41.7 6.6 3.8 

K22 ND 0.27 2.3 64.5 9.7 28.8 20.9 66.6 38.8 5.3 3.2 

K21 ND 0.30 0.0 55.7 10.6 21.7 22.8 62.3 33.5 6.3 3.7 

K20 ND 0.38 0.5 57.2 17.5 26.4 24.2 62.8 40.1 5.3 3.1 

K19 ND 0.42 0.0 60.5 19.8 26.6 24.3 67.5 47.0 6.9 3.9 

K14 ND 0.36 1.1 60.6 22.9 27.4 25.1 66.7 54.5 5.7 3.3 

K5 ND 0.33 0.0 54.0 18.8 19.6 25.2 63.5 50.4 4.9 2.7 

K6 ND 0.36 0.0 55.2 10.1 22.3 27.2 63.3 32.6 5.1 3.0 

K12 ND 0.29 0.0 54.3 18.7 20.6 23.8 59.3 45.9 4.3 2.4 

K14 ND 0.37 0.2 52.7 25.8 22.6 33.0 59.1 68.2 4.9 2.7 

K15 ND 0.19 5.5 55.8 15.6 30.8 0.0 57.2 42.6 6.8 3.5 

K16 ND 0.39 1.2 60.5 35.4 28.2 28.5 68.5 62.0 6.2 3.6 

K7 ND 0.40 0.0 61.0 13.8 26.2 28.5 68.3 36.2 6.1 3.7 

K25 ND 0.00 0.2 12.4 4.0 3.7 0.0 15.8 11.2 1.4 0.9 

K53 ND 0.32 0.0 53.9 10.2 21.1 22.4 59.6 31.2 5.3 3.1 

K52 ND 0.19 4.9 51.3 7.1 26.7 0.0 53.2 25.2 4.4 2.5 

K46 ND 0.30 0.0 54.4 8.9 16.9 25.3 59.5 27.2 4.6 2.7 

K48 ND 0.27 0.0 54.7 7.2 18.3 26.4 61.2 25.9 6.3 3.4 

K50 ND 0.11 1.9 54.5 3.6 18.3 16.5 53.5 22.1 4.8 2.7 

K32 ND 0.38 0.0 59.8 11.2 22.9 27.3 66.2 34.3 5.6 3.5 

K33 ND 0.35 0.0 60.0 14.2 24.0 24.5 66.7 37.5 5.3 3.0 

K51 ND 0.17 5.2 52.2 5.8 26.0 0.0 54.4 23.4 5.0 2.8 

K55 ND 0.33 2.1 71.0 10.1 32.1 24.9 73.5 39.4 5.6 3.4 

K56 ND 0.37 0.0 45.4 9.1 15.7 25.5 52.1 31.4 3.9 2.4 

K59 ND 0.00 0.0 23.1 2.1 1.6 9.8 23.6 17.9 1.6 1.0 

K54 ND 0.29 1.3 67.9 8.3 26.0 25.6 66.9 30.1 5.3 3.3 

K45 ND 0.36 0.0 58.4 8.7 22.0 27.4 65.7 31.2 3.8 2.2 

K60 ND 0.26 0.0 48.4 10.2 16.5 23.3 52.3 30.9 4.2 2.6 

K57 1.33 0.00 0.0 2.3 0.0 0.0 15.5 4.4 3.4 0.4 0.3 

K34 ND 0.31 0.2 60.0 8.5 23.3 23.4 65.2 32.4 5.0 3.0 

K23 ND 0.33 5.1 57.8 10.1 22.4 0.0 64.8 30.2 3.7 2.2 

K29 ND 0.32 5.6 60.1 13.9 24.9 0.0 65.1 38.3 4.8 2.8 

K40 ND 0.20 4.1 47.8 7.4 15.6 2.3 53.8 25.1 3.1 1.7 

K37 ND 0.13 2.0 31.3 4.8 6.1 0.0 36.0 18.9 2.3 1.2 

K41 ND 0.28 6.2 62.7 12.9 26.2 0.0 67.4 35.0 4.4 2.5 

K27 ND 0.36 5.3 56.8 40.1 24.8 0.0 66.1 73.0 3.9 2.6 

K28 ND 0.29 5.7 57.6 15.6 25.7 0.4 65.1 39.4 4.4 2.6 

K39 ND 0.24 6.2 58.0 11.0 26.0 0.2 63.5 34.0 3.8 2.4 

K30 ND 0.11 1.5 27.5 4.8 4.7 0.0 32.0 16.0 2.1 1.1 

K38 ND 0.27 4.7 51.3 13.1 20.2 0.0 57.2 30.8 3.3 1.9 

K26 ND 0.06 0.0 4.8 0.9 0.0 0.0 4.1 4.6 0.6 0.2 

 

Table 3. The lowest and the highest levels of metals in sediments at different locations 

 

Metal 

Lowest  

Value 

(mg/kg) 

Location 

(Sample No.) 

Highest 

Value 

(mg/kg) 

Location 

(Sample No.) 

Arsenic (As) 0 K42 1.334 K57 

Cadmium (Cd) 0 K25 0.42 K19 

Cobalt (Co) 0 K42 6.20 K39 

Chromium (Cr) 2.3 K57 71.0 K55 

Copper (Cu) 0 K57 40.1 K27 

Nickel (Ni) 0 K57 32.2 K31 

Lead (Pb) 0 K15 33.0 K14 

Vanadium (V) 4.1 K26 74.2 K31 

Zinc (Zn) 3.4 K57 73.0 K27 

Aluminum (Al) 4000 K57 69,000 K19 

Iron (Fe) 2000 K26 39,000 K19 
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Table 4. Mean, min and max values of trace element concentrations in sediments and international sediment guidelines 

Parameters As Cd Co Cr Cu Ni Pb V Zn Al Fe 

mg/kg % 

mean 0.029 0.28 1.8 52.4 12.2 21.1 16.1 57.5 34.4 4.6 2.7 

min 0.000 0.00 0.0 2.3 0.0 0.0 0.0 4.1 3.4 0.4 0.2 

max 1.334 0.42 6.2 71.0 40.1 32.2 33.0 74.2 73.0 6.9 3.9 

TEL (threshold effect Level) 5.90 0.60 n. a. 37.3 35.7 18.0 35.0 n. a. 123.0 n. a. n. a.

ERL (effect range low) 33.0 5.00 n. a. 80.0 70.0 30.0 35.0 n. a. 120 n. a. n. a.

LEL (lowest effect level) 6.0 0.6 n. a. 26.0 16.0 16.0 31.0 n. a. 120 n. a. n. a.

PEL (probable effect level) 17.0 3.53 n. a. 90.0 197 36.0 91.3 n. a. 315 n. a. n. a.

ERM (effect range median) 85.0 9.0 n. a. 145 390 50.0 110 n. a. 270 n. a. n. a.

TET (toxic effect threshold) 17.0 3.0 n. a. 100 86.0 61.0 170 n. a. 540 n. a. n. a.

SEL (severe effect level) 33.0 10.0 n. a. 110 110 75.0 250 n. a. 820 n. a. n. a.
n. a.= not available 

5.3.2 TC, TN, and TOC in sediments of Kuwait Bay 

Table 5 presents the analyses of sediment samples for 

nitrogen and carbon content. The TC content ranged between 

4.18% and 10.43%, while TN varied from 0.024% to 0.227%. 

The carbon to nitrogen ratio (C/N) varied, with the highest 

values recorded in the innermost parts of the bay, ranging from 

1.64 to 6.67. 

Table 5. TC, TN and TOC in sediments of Kuwait Bay 

Sample 

No. 

TN 

(%) 

TC 

(%) 

Mean TC 

(%) 

TOC 

(%) 
*C/N

K5 0.227 5.417 5.376 1.426 6.28 

K5D 0.222 5.335 1.427 6.43 

K6 0.097 4.955 4.989 0.551 5.68 

K6D 0.088 5.023 

H7 0.123 4.899 4.888 0.688 5.43 

H7D 0.124 4.878 

K12 0.157 4.700 4.695 0.742 4.73 

K12D 0.138 4.690 

K14 0.198 4.860 4.833 1.037 5.24 

K14D 0.200 4.806 

K14R 0.218 3.951 4.181 1.455 6.67 

K14RD 0.221 4.411 

K15 0.149 4.631 4.617 0.959 6.44 

K15D 0.147 4.603 

K16 0.185 4.646 4.680 0.816 4.41 

K16D 0.191 4.714 

19 0.190 4.742 4.677 0.875 4.61 

19D 0.172 4.612 

20 0.156 4.619 4.655 0.787 5.04 

20D 0.159 4.692 

21 0.130 5.019 4.997 0.494 3.80 

21D 0.111 4.976 

22 0.093 4.952 4.975 0.365 3.92 

22D 0.095 4.998 

K23 0.096 4.767 4.861 0.383 3.99 

K23D 0.098 4.955 

24 0.169 4.657 4.668 0.646 3.82 

24D 0.173 4.679 

K25 0.086 10.546 10.429 0.175 2.03 

K25D 0.096 10.313 

K26 0.087 4.718 5.462 0.218 2.51 

K26D 0.085 6.207 

K27 0.203 5.053 4.923 0.889 4.38 

K27D 0.209 4.794 

K28 0.132 4.643 4.677 0.566 4.29 

K28D 0.128 4.711 

K29 0.131 4.952 4.906 0.533 4.07 

K29D 0.120 4.861 

K30 0.067 6.670 6.054 0.225 3.36 

K30D 0.064 5.439 

31 0.131 4.825 4.840 0.551 4.21 

31D 0.132 4.854 

K32 0.106 4.828 4.769 0.429 4.05 

K32D 0.103 4.710 

K33 0.098 4.980 4.899 0.321 3.28 

K33D 0.088 4.819 

K34 0.072 5.194 5.145 0.231 3.21 

K34D 0.075 5.096 

35 0.107 5.019 5.011 0.383 3.53 

35D 0.099 5.003 

K37 0.084 6.619 6.611 0.273 3.25 

K37D 0.079 6.604 

K38 0.108 5.503 5.801 0.347 3.21 

K38D 0.093 6.099 

K39 0.105 5.150 5.162 0.402 3.83 

K39D 0.102 5.174 

K40 0.073 4.868 4.945 0.312 4.27 

K40D 0.087 5.022 

K41 0.096 4.797 4.804 0.410 4.27 

K41D 0.096 4.810 

42 0.111 5.040 5.246 0.320 2.88 

42D 0.096 5.452 

43 0.084 5.024 5.079 0.301 3.58 

43D 0.083 5.134 

K45 0.058 5.054 5.043 0.259 4.47 

K45D 0.065 5.032 

K46 0.058 5.194 5.172 0.214 3.69 

K46D 0.061 5.150 

K48 0.058 4.979 5.013 0.214 3.69 

K48D 0.060 5.047 

K50 0.052 5.040 5.039 0.231 4.44 

K50D 0.052 5.037 

K51 0.058 5.071 5.088 0.214 3.69 

K51D 0.055 5.105 

K52 0.068 5.143 5.149 0.259 3.81 

K52D 0.066 5.154 

K53 0.070 5.180 5.171 0.354 5.06 

K53D 0.069 5.162 

K54 0.061 5.212 5.210 0.284 4.66 

K54D 0.059 5.209 

K55 0.088 5.007 5.048 0.319 3.62 

K55D 0.092 5.088 

K56 0.081 5.542 5.877 0.235 2.90 

K56D 0.079 6.213 

K57 0.024 7.208 7.408 0.056 2.33 

K57D 0.028 7.608 

K59 0.077 6.865 7.006 0.126 1.64 

K59D 0.075 7.146 

K60 0.103 5.179 5.198 0.380 3.69 

K60D 0.094 5.216 
* TOC is used for C/N calculation.
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6. DISCUSSION 

 

The detection of trace elements in the sediments of Kuwait 

Bay suggests potential threats to marine fauna from 

contamination sources such as industries, desalination, power 

plants, and the influx from the Shatt Al-Arab. The sediment 

analysis plays a pivotal role in assessing environmental quality 

within the bay [1]. Trace metals were found in all sediment 

samples at concentrations below toxic effect thresholds (TET), 

indicating current contamination levels are low. However, 

continual effluent discharge could escalate these levels, 

potentially impacting marine fauna. Despite the low 

contamination levels, effluents are identified as potential 

sources of seawater and sediment contamination, necessitating 

effective mitigation strategies [39]. It has been observed in 

previous studies [40, 41] that industrial effluent discharge 

significantly increases metal concentrations in recipient 

ecosystems, such as Kuwait Bay. The metal concentration is 

influenced by the metal abundance in the influents. For 

instance, effluent discharge into Kuwait Bay, possibly low in 

metal abundance, may cause sediments to exhibit low to 

moderate levels of contamination, remaining below TET 

levels. 

Trace elements are inherently present in both sediment and 

seawater. In this study, trace element concentrations were 

found to be higher in sediment compared to the water column, 

indicating sediment's role as a reservoir for these elements 

[42]. The concentrations of cadmium (Cd), mercury (Hg), and 

arsenic (As) were below the detection limits. Nickel (Ni) 

concentrations exceeded the Effect Range Low (ERL) levels 

as per the guidelines of the USEPA [38]. Other trace elements, 

including chromium (Cr), copper (Cu), nickel (Ni), and lead 

(Pb), exhibited values higher than Threshold Effect Levels 

(TEL), which are below concentrations known to adversely 

affect marine biota. Marine contamination in shallow 

embayments presents significant hazards to human and marine 

health [43].  

In this context, vanadium (V) and chromium (Cr) displayed 

the highest concentrations. Oil slicks from the northwestern 

part of the Gulf and seepage from power-generation plants are 

postulated as sources of elevated vanadium levels [44]. 

Chromium likely originates from increasing industrial and 

developmental activities, with prior studies also reporting high 

Cr concentrations in Sulaibikhat Bay [25, 45]. Comparing the 

trace element concentrations from this study with USEPA 

guidelines suggests a gradual contamination of Kuwait Bay. 

The study's findings indicate that trace elements (Al, V, Ni, 

Cr, Fe, Pb, Zn, and Cu), along with TOC, TN, and salinity, are 

predominant factors in the bay's sediment. These results 

correlate with the negative impact of both organic matter and 

trace element concentration on the morphospecies diversity 

and organic matter content on the molecular diversity of 

benthic foraminifera [21]. Thus, these trace elements and 

organic compounds are instrumental in shaping the biology of 

Kuwait Bay's sediments. A related study [21] demonstrated 

that certain foraminifera species (Ammonia cf. parkinsoniana, 

A. convexa, and Q. parakneriana) exhibited positive 

correlations with TOC, TN, and salinity. In contrast, other 

species (A. agglutinans, A. inflata, Q. bubyanensis, and A. 

dentata) showed negative correlations with these 

environmental variables. Most porcelaneous taxa were 

adversely affected by inorganic enrichment. 

 

 

7. MITIGATION MEASURES TO REDUCE KUWAIT 

BAY SEDIMENT CONTAMINATION 

 

This study has highlighted that the sediment contamination 

in Kuwait Bay ranges from low to moderate levels. Without 

intervention, the contamination is likely to intensify over time 

due to continuous effluent discharge into the bay and 

additional input from the Shatt Al-Arab. While controlling 

contamination from external sources such as the Shatt Al-Arab 

may be challenging, mitigating effluent discharge from within 

Kuwait is feasible. A viable solution involves rerouting 

effluent away from discharge points directly into liquid waste 

treatment plants for decontamination and chemical 

neutralization [46]. Implementing this measure would 

maintain sediment contamination levels below the TEL. This 

process allows for the precipitation and isolation of 

contaminants from effluents before their release into the sea. 

Consequently, consideration of sediment contamination is 

crucial in establishing operational benchmarks for wastewater 

treatment plants (WWTPs), which often focus primarily on 

effluent composition. This current practice may lead to either 

overestimation or underestimation of the long-term impact of 

effluent discharge on recipient waterways, including sea 

sediments [47]. Post-treatment, some level of contamination 

remains in the water, potentially impacting the ecosystem [48]. 

The complete removal of contaminants in a WWTP is an 

energy-intensive process. While tertiary treatment still leaves 

some contaminants in the water, the incorporation of 

ozonation into the system can significantly enhance 

contaminant removal, though it increases energy consumption 

by 40-50% [49]. Utilizing combined multiple removal 

methods could further enhance contaminant elimination [50-

52]. However, the cost-benefit analysis of such an extensive 

treatment process may not be feasible for developing 

countries. In contrast, energy-rich nations, such as those within 

the Gulf Cooperation Council, might find this approach more 

viable. 

 

 

8. CONCLUSION 

 

This study, focused on evaluating the contamination levels 

in Kuwait Bay, Kuwait, employed a multidisciplinary 

approach integrating water parameters, nutrients, and 

sediment characteristics. The comparison of trace element 

concentrations in this study with background levels and the 

guidelines set by the USEPA suggests that contamination 

levels in Kuwait Bay are relatively low. Nevertheless, the 

presence of contaminants in discharged effluent emerged as 

potential environmental threats, highlighting the need for 

establishing stringent discharge regulatory benchmarks aimed 

at environmental protection. It was observed that the central 

part of Kuwait Bay is the most affected area, with significant 

variations in sediment quality across different sampling 

locations. These variations are attributed to differing quantities 

of organic matter, trace metals, and hydrocarbon 

contamination. The study concludes that most of the coastal 

and offshore marine environment in Kuwait Bay is subject to 

low to moderate levels of contamination. Furthermore, it 

suggests that SQGs developed for other regions may not be 

entirely applicable to the Gulf region, particularly regarding 

metal concentrations due to naturally high background levels 

in sediments. 
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The findings of this research provide a foundational 

framework for environmental monitoring and contamination 

control programs to assess the long-term effects of effluent 

discharge on sediments and marine populations. The results 

should serve as a baseline reference for future monitoring 

studies, particularly concerning marine sewage outfalls in 

Kuwait Bay. Continued monitoring is essential to 

understanding the evolving environmental impact and guiding 

effective management and mitigation strategies. 
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