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ABSTRACT 

 
This report presents the results of an on going Marine monitoring programs 

carried out by The General Directorate of Environment & Wildlife Protection to 

describe the major physical and chemical characteristics of seawater and 

sediments of Bahrain marine ecosystem.  Data are presented for temperature, 

salinity, conductivity, dissolved oxygen, turbidity, pH, nutrients, total suspended 

solids, alkalinity, chlorophyll-a, hydrocarbons and trace metals during the 

period of 2004 to 2007.  

 

The results suggest that the Kingdom of Bahrain’s marine waters seem to be of 

good quality as the concentrations of the metals reported in the studied areas 

are far below the united Kingdom Water quality standards and United States 

Environmental Protection Agency recommended water quality criteria, with 

the exception of copper in all site. 

 

It is worth mentioning that on the basis of the chemical and physical 

characteristics the water sediments from the studied areas are comparable to 

those found in unpolluted worldwide areas.  Despite the fact, hot spot was 

noted for Lead (Pb) and total petroleum hydrocarbons in sediments just east 

off the Petroleum Refinery. 
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1.0 Introduction 

 

A program to evaluate changes in the marine environment at a number of 

sites around Bahrain was started in 1988.  Biological, oceanographic and 

chemical studies were undertaken during three (3) cruises at seven (7) sites 

around the island. 

 

The Marine Monitoring Program was initiated in January 1988, and the first 

circum-Bahrain cruise was made in March of the year.  Since then two 

additional cruises have been made, October 1988 and April 1989. 

 

To continue some of the marine water quality monitoring program, we 

decided to monitor physical and chemical changes within Bahrain's territorial 

waters since 1993.  The main objectives are: 

 

 To measure physical and chemical properties of seawater and 

sediments in Bahrain's territorial waters. 

 

 To check whether the water is free from major contamination, to affect 

the overall productivity of the ecosystem. 

 

 To help the national authorities to formulate guidelines and standards or 

criteria for the quality of seawater. 

 

Good environmental quality is essential for sustaining coastal and marine 

ecosystems, commercial and recreational activities, and economic growth in 

coastal communities.  The health of coastal and marine ecosystems is 

affected by water quality, and in turn, water quality is dependent upon 

ecosystem health.  If one is impaired, the other is threatened. 
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2.0 General seawater quality: 

 

Pollution studies in the Gulf and Gulf of Oman, collectively known as the 

ROPME Sea Area (RSA), are extremely important.  The Gulf comprises a 

relatively shallow, semi-enclosed sea with very high evaporation rates and 

poor flushing characteristics (Sheppard, 1993).  As a result, contaminant inputs 

undergo more limited dilution and slower dispersion than would occur in open 

marine systems.  The ecosystem is relatively fragile, experiencing elevated 

temperatures, salinity and UV exposure.  Many species function close to 

physiological limits (Sheppard, 1993), and thus, added stress imposed by 

pollutants is likely to have severe consequences.  Maintaining good marine 

environmental quality is crucial for several socio-economic reasons. The 

seafood, notably fish and shrimp, is of value for both local consumption and 

export revenue. Moreover, the region relies heavily upon the seawater itself as 

a source of fresh water through desalination (Price et al., 1993). 

 

General seawater quality along the East Coast of Bahrain is different from the 

West Coast.  Salinity in the waters along the East Coast of Bahrain is 34.5-51.03 

‰ with an average of 43.6 %o, at west coasts is 50.6-52.59%o with an average 

of 52.59‰, and at North is 45.3-50.1‰, with an average of 46.59 ‰.  This is 

partly a result of the geographic position of Bahrain with only a shallow, 

relatively narrow stretch of water separating the West Coast from the Arabian 

mainland.  Some researchers stated that Suspended solids, nitrate-N, nitrite-N, 

ammonia-N, phosphate-P, and chlorophyll-a at the East coast waters usually 

vary from 16.0-19.0 gl-1, 3.5-30.0 gl-1, 0.0-5.0 gl-1, 2.5-9.0 gl-1, 5.0-40.0 gl-1, 

and 0.5-1.0 gl-1 respectively (Atkins, 1985). 

 

2.1 Physical and Chemical Oceanography 

 

2.1.1 Methods 

 

Marine samples were collected in the Bahrain territorial seawater during 2004–

2007.  In general, all sampling procedures were carried out according to 
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internationally recognized guidelines.  All sampling sites are shown in figure 2.1. 

Exact coordinates for sampling locations are shown in Table 2.1 

 

Table 2.1 

Sampling sites coordinates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ser. # Sites Latitude Longitude 

1 Qassar Noon N2548822 E5038559 

2 Mashtan N2551072 E5041057 

3 Jabbari N2554806 E5039941 

4 Fasht Tighalib N2556185 E5041515 

5 Ghumais N2558127 E5044908 

6 Askar N2603087 E5037876 

7 Msoor N2604327 E5040449 

8 Petroleum refinery N2606233 E5037879 

9 Al Gaha N2607316 E5039672 

10 Suhain N2608731 E5040581 

11 Fa'ash N2608468 E5044859 

12 Al Gazara N2609286 E5047538 

13 Dam N2610281 E5050761 

14 Qita’at Jaradah N2610528 E5053587 

15 Marina club N2614205 E5035955 

16 Al Jarim N2624679 E5034558 

17 Khor fasht N2620306 E5027787 

18 Murwada N2618683 E5026925 

19 Bartafi N2615320 E5026437 

20 Qassar N2601663 E5026366 

21 Umm Al na'asan N2604370 E5024665 

22 Jazirat Ya’suf N2606290 E5027087 

23 Al Jasra N2611113 E5026510 
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Figure 2.1 
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2.1.1.1 Physical 

 

Temperature, pH, DO, conductivity, and salinity were profiled in-situ at the 

surface (below 1m) utilizing a Hydro lab Surveyor 4a.  Turbidity was measured 

by use of a H.F. Instruments DRT 100 D Turbidmeter.   

 

2.1.1.2 Chemical: 

 

Seawater samples were taken from a depth of 1.0 meter at all sites as 

depicted in Figure 2.1, following procedures outlined in MOOPAM (2010). 

Briefly;  

 

A 2 Litre polycarbonate bottle was quickly lowered by open water grab 

sampler to a 1.0 meter and allowed to fill with seawater, then transferred to: 

 

 One liter Polyethylene bottles for determination of nutrients. 

 

 One liter Polyethylene amber bottle for determination of Chlorophyll-a. 

 

 One liter Polyethylene amber bottle for determination of Total 

Suspended Solids 

 

 One liter to specially cleaned glass bottles for Hydrocarbon. 

 

 100ml glass bottles For the determination of phosphate  

 

 For the determination of trace metals, samples were collected in acid 

cleaned polyethylene bottles 

 

2.2 Results and Discussion. 

 

2.2.1 Water Quality: 

Appendix-A summarizes oceanographic, trace metals and hydrocarbons 

parameters in sea water of studied areas. 
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As depicted in Figure 2.2, surface temperature varied from 13.32 – 37.55 oC 

with an overall average of 28.07 oC. The lowest value was found at Al Jarim in 

January 2008, while the highest was found at Marina Club in July 2006. High 

water temperature is not suitable for many marine organisms.  Water 

temperatures also determine the speed at which plant and animal life will 

grow, growth being slow in cold water and rapid in warm one. 

 

Figure 2.2  

Temperature in seawater 

 

The pH was slightly alkaline and its values found were within the range of 7.64 – 

8.64 with an average of 8.07, as depicted in figure 2.3. The lowest value was 

recorded at Askar in September 2006, while the highest was reported at Al 

Jarim in September 2006.  The average value was consistent with those (7.710 

– 7.980) reported for the East Coast of Bahrain and for those (7.8 – 8.4) 

reported for open ocean water (Skirrow, 1975).  This pH values fall within the 

range 6.5-9.0 in which marine organisms can live safely. 
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Figure 2.3,  

pH in seawater 

As illustrated in figure 2.4, Dissolved Oxygen (D.O.) ranged from 3.8 – 8.09 mgl-1 

in all water samples analyzed with an average of 5.69 mgl-1.  The highest D.O. 

reading was 8.09 at Al Jarim with a water temperature of 26.4 oC and the 

lowest of 3.8 mgl-1 at Marina Club with a water temperature of 34.01 oC. 

 

Figure 2.4  

DO in seawater 
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Concentration of D.O. below 4.0 mgl-1 in marine waters is unacceptable and it 

is generally expected to have a D.O. Levels above 6.0 mgl-1, except when 

temporary natural phenomena cause this value to decrease.  During summer 

D.O. values tend to decrease due to high temperatures.  Data accumulated 

on dissolved oxygen indicated that the surface water of the study area is well 

oxygenated.  Thus, give a good sign of how quality of marine environment. 

 

Salinity varied from 36.20 ‰ –56.02 ‰  with an average of 44.53 ‰.  The lowest 

value was recorded at Askar in July 2006, and the highest was recorded at 

Umm Al na’asan in November 2007, as illustrated in figure 2.5.  (EPC, 1995) 

reported salinity for the East Coast of Bahrain in the range of (43.19-46.40 ‰). 

 

Figure 2.5 

Salinity in seawater 

 

 

In addition to that the recent survey of the northern territorial water of Bahrain 

showed that the range of salinity is (39.52-45.20‰) with an average of 42.43 ‰.  

Based on knowledge of these waters, salinity values tend to vary with tidal 

fluctuations but generally increase towards the south. 
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As depicted in figure 2.6, turbidity varied from 0.20 – 11.30 NTU with an 

average of 2.45 NTU.  This is in consistent with those reported for the East Coast 

of Bahrain and offshore areas (Atkins, 1985).  In general, these values indicate 

that the seawater was clear during the sampling periods, and hence expedite 

system environmental condition system to be productive.  Correlation of 

turbidity with the weight concentration of suspended matter is difficult 

because the size, shape and refractive index of the particulates also affect 

the light scattering properties of the suspension. 

Figure 2.6 

Turbidity in seawater 

 

As illustrated in figure 2.7, TSS varied from 0.09 – 28.00 mgl-1 with an average of 

7.50 mgl-1.  The lowest value reported at Al Gazara in October 2007, while the 

highest reported at North Meridien July 2004.  The average value was in 

consistent with those (5.80 – 19.50) reported for the East Coast of Bahrain and 

offshore areas (Atkins, 1985).  TSS includes both organic and inorganic 

materials, suspended solids adversely affect fisheries by covering the bottom 

of the sea with a blanket of material that destroys the fish-food bottom fauna 

or the spawns of fish.  Solids in suspension can cause adverse condition to 

aquatic life by reducing transmittance of light, by choking the gills of fish and 

smothering benthic organisms. 
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Figure 2.7 

TSS in seawater 

 

Alkalinity as CaCO3 at the surface ranged from 117.56-154.00 mgl-1 with an 

average of 134.43 mgl-1, as illustrated in figure 2.8.  Alkalinity is related to 

waters buffering capacity, and these values are quite normal for the 

seawater. Excess alkalinity is frequently introduced due to weathering and 

shallowness of intertidal area. 

Figure 2.8 

Alkalinity in seawater 
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The nutrient levels resulted in very low chlorophyll-a concentrations which 

ranged from 0.0 to 31.46 gl-1 with an average 2.86 gl-1.  The lowest value 

recorded at Dam Site in October 2007, while the highest recorded at 

Petroleum refinery site in September 2004, as illustrated in figure 2.9.  This would 

indicate low levels of primary productivity in the surface waters of the area as 

the range of chlorophyll-a in the sea and ocean ranged from 9-50 gl-1.  

(Atkins, 1985) in their study of Fasht Al-Adhm have found generally higher 

concentrations of chlorophyll-a in benthic samples and this tends to indicate 

more primary productivity from benthic communities such as sea grass and 

algae beds rather than from free floating cells or colonies. 

 

Figure 2.9 

Chlorophyll-a in seawater 

 

To understand the current status of water quality in marine environments, it is 

necessary to consider nutrients levels, along with the extent of contamination, 
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2.2.1.1 Nutrients 

Nutrients have an ambiguous position in the assessment of water quality they 

are necessary to support healthy marine ecosystems, but in excess, they can 

lead to severe oxygen depletion and eutrophication.  Excess nutrients also 

stimulate the growth of dinoflagellates and nuisance algae, such as blue-

greens which are often toxic to marine animals.  This stimulation in growth 

know as blooms, can have such effects as causing fish kills, and in some 

instances may threaten human health Throughout time, climate change has 

affected coastal and marine environments and will continue to do so in the 

future. However, human activities and alterations to the environment have 

rendered coastal resources more vulnerable to the effects of climate change.  

Such effects include accelerated sea-level rise, increased siltation, coastal 

topography and changes in coastal and marine habitats.  Over the past 100 

years, the relative sea level has risen by 1 to 2.5 mm/yr.  Climate change could 

result in changes in coastal and marine habitats, changes in salinity, altered 

tidal ranges in bays, changes in sediment and nutrient transport, and changes 

in the pattern of chemical and microbiological contamination of coastal 

areas. 

 

As illustrated in figure 2.10, ammonia-N values ranged from 0 – 674.00 gl-1 with 

an average of 12.18 gl-1.  The highest value of 674.00gl-1 was observed at 

Petroleum refinery in December 2004, and this could be attributed to the 

proximity of sampling site to the outfall, the effluent of which contained about 

2 mg ammonia-N/l.  This value is quite high for the region as 0.34 gl-1 was 

reported for Qatar and 3.00-40.40 gl-1 for Kuwait (Shunbo et al, 1986), while the 

reported values for east coast of Bahrain were in the range of 5.8-172.0 gl-1 

near Sitra (Al alawi, 1980).  Whereas the recent survey of the northern part of 

Bahrain territorial seawater, which is remote from industrial pollution source, 

showed that the range of ammonia was (0.0-9.18 gl-1) with an average of 1.2 

gl-1.  The European inland Fisheries Advisory Commission stated that toxic 

levels of ammonia (NH3) for short-term exposure usually lie between 0.6 and 

2.0 mgl-1.  Unionized ammonia is more toxic.  Moreover, ElSharkawi, (1988) 
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stated that Concentration of unionized ammonia in marine waters should not 

exceed 0.4 mgl-1. 

Figure 2.10 

Ammonia in seawater 
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northern part of Bahrain territorial sea water, as depicted in figure 2.11.  Values 
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Kuwait (Shunbo et al, 1986). 

Figure 2.11 

Nitrate in seawater 
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As depicted in figure 2.12, nitrite-N values varied from 0.0 – 12.09 gl-1 with an 

average value of 1.63 gl-1.  Nitrite-N is an oxidation product of Ammonia.  

Nitrite is rather rapidly and easily converted to nitrates.  The levels reported are 

not abnormal as 0.0 - 36.7 gl-1 has been reported in the eastern waters of 

Bahrain (Al alawi, 1980), while 2.76 gl-1 near Qatar (Shunbo et al, 1986) and in 

the range of 0.55 – 15.64 gl-1 in the Gulf of Aqaba (Jaber et al, 1985).  

However, the reported value average 1.55 gl-1 is high compared to 0.46 gl-1 

value reported for pearl oysters beds in northern part of Bahrain territorial 

seawater. 

Figure 2.12 

Nitrite in seawater 
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nutrients is eutrophication.  It has been reported that phosphorus is the main 

cause of such eutrophication, since even in the absence of combined 

inorganic nitrogen; nitrogen-fixing algae will continue to flourish, provided that 

sufficient phosphate is available. 

Figure 2.13 

Phosphate in seawater 

 

As in figure 2.14, the Silicate-Si varied from 6.09 – 470.00 gl-1 with an average 

of 70.48 gl-1.  The highest value of 470.00 gl-1 was reported at Marina Club in 

December 2005.  In Qatar a value of 243.50 gl-1, while 24.00 - 965.00 gl-1 was 

reported in Kuwait (Shunbo et al, 1986).  So far, there is not yet an inventory of 
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or likely to cause pollution directly or indirectly.  However, it should be noted 

that the levels of nutrients are in many cases lower than in other areas, but in 
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Figure 2.14 

Silicate in seawater 
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Figure 2.15 

Petroleum hydrocarbon in seawater 
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from 0.05-20.0 gl-1 (Fowler, 1985). It is obvious that the reported values, the 

average is 3.28 gl-1, in this study for the petroleum hydrocarbon in sea water 

are within the previously reported results within the region and far below the 

reported values of the other regions.  

 

2.2.1.3 Trace metals: 

 

Ten (10) trace elements, namely, arsenic (As), cadmium (Cd), copper (Cu), 

iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), vanadium (V), zinc (Zn) and 

mercury (Hg) were determined in the Bahrain territorial seawater.  The 

concentrations and range for each element is shown in Table 2.2 on a site 

basis.  With respect to interpretation of the results, concentrations are 

compared firstly to the United States Environmental Protection Agency 

Recommended Water Quality Criteria, United Kingdom Water quality 

standards for the protection of saltwater Life, ASEAN Marine Water Quality 

Criteria, and Malaysian Interim Marine Water Quality Criteria as depicted in 

Table 2.2. 

 

Figure 2.16 

Arsenic in Sea water 
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west coast of Bahrain, while the lowest value of 0.06 µgl-1 was in Suhain.   This 

study revealed that the Arsenic levels are far below the United Kingdom Water 

quality standards and United States Environmental Protection Agency 

recommended water quality criteria, and lower than in some other parts of 

the world, which is clearly depicted in figure 2.16. 

 

Cadmium average concentration is 0.63 µgl-1, and in the range of (0.06 – 5.20) 

µgl-1, the highest value of 5.20 µgl-1 was reported in Qita’at Jaradah fishing 

area located in east of Bahrain, while the lowest value of 0.06 µgl-1 was in 

Suhain 

 

There are no sites in the studied areas with anomalous high levels, and the 

average concentration of cadmium is less than the reported values 

elsewhere, as well as the standards and guidelines of some countries such as 

UK standards and USA recommended value as depicted in figure 2.17.  

However, it has been considered that the concentration of cadmium in the 

sea is less than 0.5 µgl-1. 

Figure 2.17 

Cadmium in Seawater 
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The copper concentrations ranged from 4.53 to 119.00 µgl-1, with an average 

of 32.76 µgl-1.  The lowest value of 4.53 µgl-1 was in Al Gazara area, while the 

highest value was 119.00 µgl-1 found in Jazirat Ya’suf fishing area. The results of 

copper suggest that the value of all sites sampled were higher than the 

reported value in Saudi Arabia (Sadiq and McCain, 1993) and Kuwait (Shunbo et 

al 1986). They also exceed UK standard and USA recommended value for 

copper. However, the average value is less than the reported value of other 

areas such as North Sea and Baltic Sea as depicted in figure 2.18.  

 

Figure 2.18 

Copper in Sea water 
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Figure 2.19 

Lead in Seawater 

 

 

Like cadmium, the lead concentrations are not very high for most sites 

investigated in Bahrain Seawater. The average level of lead in studied area of 

Bahrain Territorial seawater is about 3.89 µgl-1, while the maximum 

concentration 9.93 µgl-1 was found at Khor fasht which located north of 

Bahrain.  As illustrated in figure 2.19 levels did not exceed neither USA 

recommended value of 8.1µgl-1, nor UK standard value of 25.0 µgl-1. 

 

Nickel was detected in all water samples. The detected nickel concentrations 

ranged from 0.71 to 2.01 µgl-1 with a mean of 1.12 µgl-1, and the highest 

concentrations were found at Bartafi site which is located in North West of 

Bahrain.  The results indicated a significant positive relationship between Ni 

and V and were consistent among sampling sites which assume that 

petroleum oil is the sources of these two elements. 
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Figure 2.20 

Nickel in Sea water 

 

 

 

Figure 2.20 depicts the nickel average concentration for all sites investigated 

in the studied area and some parts of the world. It is similar to that of 

cadmium, reflecting the low natural background; hence, nickel displays low 

concentrations in sea water throughout Bahrain territorial sea water.  United 

States Environmental Protection Agency recommended water quality criteria 

(610 µgl-1) was never exceeded, and nickel concentrations were also far 

below the United Kingdom Water quality standards of 30 µgl-1. 

 

Zinc was detected in all water samples.  The detected zinc concentrations 

ranged from 4.06 to 118.00 µgl-1 with average of 33.48 µgl-1, and the highest 

concentration of 118.00 µgl-1 was found at Umm Al Na’san site which is 

located West of Bahrain. 
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Figure 2.21 

Zinc in Sea Water 

 

Figure 2.21 depicts the zinc average concentration for all sites investigated in 

the studied area and some parts of the world.    The average level did not 

exceed neither USA recommended value of 81.0 µgl-1, nor UK standard value 

of 40.0 µgl-1. 

 

Figure 2.22 depicts the mercury average concentration for the detected sites 

investigated in the studied area and some parts of the world.  Mercury was 

detected in 2 of the 23 samples only. The detected mercury concentrations 

ranged from 0.13 to 0.38 µgl-1 with a mean of 0.26 µgl-1, and the highest 

concentration value of 0.38 µgl-1 was found at Msoor site which is located east 

of Bahrain, and exceeded both United Kingdom Water quality standards and 

United States Environmental Protection Agency recommended water quality 

criteria. 
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Figure 2.22 

Mercury in Seawater 

 

 

Manganese average concentration is 0.40 µgl-1, and in the range of (0.06 – 

1.24) µgl-1, the highest value of 1.24 µgl-1 was reported in Khor Fasht fishing 

area, while the lowest value of 0.06 µgl-1 was in Umm Al Na’san.  However, 

there are no sites in the studied areas with high levels, and the average 

concentration of Manganese was less than the reported values (2.1µgl-1) of 

Saudi Arabia (Sadiq and McCain, 1993), and far below United States 

Environmental Protection Agency recommended water quality criteria as 

depicted in figure 2.23. 

 

Figure 2.23 

Manganese in Seawater 
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Iron average concentration is 8.15 µgl-1, and in the range of (1.03 – 28.62) µgl-1, 

the highest value of 28.62 µgl-1 was reported in Jabbari fishing area which is 

located east of Bahrain, while the lowest value of 1.03 µgl-1 was in Umm Al 

Na'asan. 

 

Figure 2.24 

Iron in Seawater 

 

 

 

Figure 2.24 depicts the iron average concentration for all sites investigated in 

the studied area and some parts of the world, and it displays low 

concentrations in sea water throughout Bahrain territorial sea water. 

 

Vanadium average concentration is 1.70 µgl-1, and in the range of (0.96 – 

2.32) µgl-1, the highest value of 5.20 µgl-1 was reported in Marina Club resort 

area, while the lowest value of 0.06 µgl-1 was in Umm Al Na’san Fishing area.   
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Figure 2.25 

Vanadium in Seawater 

 

 

Vanadium displays low concentrations in sea water throughout Bahrain 

territorial sea water, and its concentrations were also far below the United 

Kingdom Water quality standards of 100 µgl-1.  Figure 2.25 depicts the 

Vanadium average concentration for all sites investigated in the studied area 

and some parts of the world. 
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Table 2.2 

Trace metals levels (gl-1) in Sea waters in Bahrain 

 

 ND* means Not Detected 

 

Ser# Site As Cd Cu Fe Mn Ni Pb V Zn Hg 

1 Qassar Noon 1.51 0.47 20.22 2.63 0.52 0.72 4.78 1.77 19.44 ND* 

2 Mashtan 1.27 0.09 16.65 5.47 0.35 1.35 2.00 2.23 14.13 ND 

3 Jabbari 1.05 0.50 14.21 28.62 0.55 1.65 6.40 2.03 12.97 ND 

4 Fasht Tighalib 2.02 0.81 14.79 7.78 0.29 1.21 2.88 1.38 13.19 ND 

5 Ghumais 0.89 0.06 16.03 7.07 0.24 0.93 2.45 1.76 12.35 ND 

6 Askar 1.11 0.30 13.33 4.65 0.42 0.77 1.66 1.39 10.62 ND 

7 Msoor 0.99 0.12 15.02 9.44 0.09 0.89 1.76 1.48 11.17 0.38 

8 Petroleum refinery 2.60 0.13 11.14 8.06 0.23 0.76 2.20 1.46 9.42 ND 

9 Al Gaha 1.14 0.20 9.42 4.67 0.38 0.84 2.04 1.43 7.52 ND 

10 Suhain 0.85 0.06 5.95 12.74 0.23 0.74 2.59 1.09 5.42 ND 

11 Fa'ash 1.09 0.14 8.29 6.90 0.42 0.88 1.13 1.95 5.47 ND 

12  Al Gazara 1.14 0.06 4.53 15.12 0.44 0.71 1.79 1.83 4.06 ND 

12 Dam 1.15 0.18 29.47 7.78 0.18 1.37 5.30 2.02 23.17 ND 

14 Qita’at Jaradah 1.29 5.20 27.99 8.48 0.40 1.91 4.48 1.87 69.41 ND 

15 Marina club 1.30 0.15 38.41 4.92 0.42 1.60 4.62 2.32 29.96 ND 

16 Al Jarim 1.33 3.50 34.57 6.03 0.71 1.19 5.22 1.70 47.43 ND 

17 Khor Fasht 1.11 0.06 42.78 7.29 1.24 1.20 9.93 2.10 35.21 ND 

18 Murwada 1.01 0.65 39.81 5.08 0.23 1.29 3.39 2.08 37.56 ND 

19 Bartafi 1.54 0.32 42.91 10.80 0.77 2.01 2.90 2.10 45.36 ND 

20 Qassar 2.05 0.16 44.72 9.46 0.24 0.81 4.63 1.24 40.56 ND 

21 Umm Al na’san 1.97 0.29 106.00 1.03 0.06 0.74 5.16 0.96 118.00 0.13 

22 Jazirat Ya’suf 1.74 0.41 119.00 8.57 0.11 0.93 5.44 1.66 106.00 ND 

23 Al Jasra 2.75 0.53 78.17 4.80 0.61 1.25 6.62 1.15 91.68 ND 

 Minimum 0.85 0.06 4.53 1.03 0.06 0.71 1.13 0.96 4.06 0.13 

 Maximum 2.75 5.20 119.00 28.62 1.24 2.01 9.93 2.32 118.00 0.38 

 Average 1.43 0.63 32.76 8.15 0.40 1.12 3.89 1.70 33.48 0.26 
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Table 2.3 

Trace metal average value (µgl-1) in sea water in Bahrain and other areas of the World 

Area As Cd Cu Fe Mn Ni Pb V Zn Hg Reference 

This study 1.430 0.626 32.757 8.147 0.397 1.120 3.886 1.696 33.483   

Canadian 

guidelines 12.500 0.120         CCME. (1999) 

Uk standards 25.000 5.000 5.000 1000.000  30.000 25.000 100.000 40.000 0.300 Grimwood and Dixon (1997) 

Malaysian interim 

standard 100.000 100.000 100.000    100.000   1.000 

http://www.doe.gov.my/index.php?option 

=com_content&task=view&id=71& 

Itemid=445&lang=en 

ASEAN criteria  10.000 8.000    8.500   0.160 

http://www.doe.gov.my/index.php?option 

=com_content&task=view&id=71& 

Itemid=445&lang=en 

USA 

Recommended 

value 36.000 8.800 3.100 300.000 50.00 610.000 8.100  81.000 0.940 http://www.epa.gov/waterscience/criteria/wqcriteria.html 

Kuwait  0.04-3.4 0.7-16.0    0.7-16.0 2.600 .06-27.5 .01-0.7 Shunbo, et al, (1986) 

North Sea  16.000 140.0    31.000  10.000  Balls, P.W (1985) 

Greece  0.2-1.3 0.04-4.59 2.58-150.7  0.17-2.79 0.28-2.3  1.14-30.5  eleftheriadou  and Skoullo  (2003) 

Saudi (Arabian 

Gulf)  1.692 2.678 37.260 3.652 2.166 2.116 3.828 14.284  SadiQ 1993 

Baltic Sea  0.030 0.3 - 52      1 - 120  

Baltic Marine Environment Protection 

Commission, (1987) 

Atlantic water  8.000 70.000    30.000  10.000  Balls, P.W (1985) 

south-east Spain 1.500   1.500       Navarro et al. (1993) 

Pakistan  54 504 1114 124 181 476  226  Qari and Siddiqui (2005)  

http://www.doe.gov.my/index.php?option
http://www.doe.gov.my/index.php?option
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3.0 Sediment Quality: 

 

3.1 Sample Collection 

 

Marine samples were collected in the Bahrain territorial seawater during 2004–

2007.  In general, all sampling procedures were carried out according to 

internationally recognized guidelines.  All sampling locations are shown in 

Figure 2.1.  Exact coordinates for water and sediment sampling are shown in 

Table 2.1.  Surface sediments were collected directly into pre-cleaned Teflon 

containers using a Van Veen grab.  The sediments were transferred to 

previously prepared aluminum or plastic containers for analysis of organic and 

inorganic constituents, respectively.  All samples were frozen (-18 oC) 

immediately upon collection and kept frozen for transport to the laboratory. 

The samples were analyzed for the following elements: Cd, Cr, Cu, Pb, Ni and 

Zn, and total Petroleum hydrocarbon. 

 

3.2 Sample treatment 

 

All sediment samples were freeze-dried and sieved through a 63 µm and 

collected less than 63 µm fraction for analysis. The sieved and/or powdered 

sediments were then transferred to clean glass bottles and shaken to obtain a 

fine homogeneous powder.  Between 150 and 600 mg of freeze dried 

sediment material were weighed for digestion.   Samples were digested in 

acid-cleaned Teflon microwave vessels with 5 ml of ultra pure nitric acid and 2 

ml ultra pure concentrated hydrofluoric acid.  A Milestone MLS Ethios Plus II 

system was used for samples.  Each digestion batch included at least one 

reagent blank and a representative standard reference material, e.g., MESS-2 

or BCSS1 (NRCC, Marine sediment), and generally a sample replicate to 

check homogeneity and process efficacy.  Samples were digested typically 

for 30–40 min at 200 oC.  After allowing at least 1 h for cooling, the vessels were 

opened and 0.9 g boric acid was added to dissolve the fluoride precipitates.  

The vessels were then resealed and put back in the microwave digestion 

system for an additional 20–30 min.  Following cooling for at least 1 h, the 
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digested sample was transferred to a graduated plastic test tube with an 

additional 0.5 ml HF and brought up to volume of 50 ml with Milli-Q water. 

 

Samples were analyzed for metals using a Thermo elemental Atomic 

Absorption Spectrometer.  Results were quantified via an external calibration 

curve generated from the responses obtained from multiple dilutions of a 

multi-element calibration standard that was prepared from single-element 

standards (Fisher Chemical).  Analytical quality control included analysis of a 

2% ultra pure nitric acid blank and a drinking water reference material 

(TMDW1, acquired from High Purity), together with the procedural blank, a 

reference material of similar matrix, and a sample duplicate from the 

microwave digestion. 

 

For petroleum hydrocarbon analyses, sediments were solvent extracted.  The 

sediment extracts were then fractionated by column chromatography on 

silica gel/alumina to provide ‘aliphatic’ and ‘aromatic’ fractions.  The 

fluorescence intensities were subsequently compared with Kuwait crude oil 

(the reference selected by ROPME as an analytical standard). 

 

3.3 Sediment characterization: 

 

Sediment contamination is of concern because many aquatic organisms 

make their home in sediments, in what scientists call the benthos.  Benthic 

animals include insects, worms, shellfish, and fish that feed on the bottom. For 

example, fish that live in toxic hot spots can build up enough toxins in their 

flesh that long-term consumption of the fish by humans is not wise. 

Contaminated sediments can also limit the type of aquatic organisms that 

can live in them and in the water above them.  Contaminants can be 

chemically or physically bound to the particles in the sediments. 

 

Little is known about the extent and severity of sediment contamination from 

lax past practices by cities, industry, and agriculture. One question 

demanding an answer is whether mere detection of a contaminant in 
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sediments is cause for alarm. We also need to know more about how 

contaminants change while held in sediments. 

 

Many experts suggest that the best strategy for many contaminated sediment 

sites would be to leave them alone, since remediation can resuspend 

sediments and also because once in the sediments, many contaminants may 

stay entombed there. 

 

3.3 Metal Contaminants 

 

3.3.1 Overview 

 

In this study, six (6) elements were determined in the Bahrain territorial 

Seawater sediments. The range of concentrations for each element is shown 

in table 2.5 on a site basis.  It must be stressed that the difference in the trace 

elements contents in the considered sediments reflects the variation in the 

overall composition of the sediments. 

 

The concentration of trace metals in the marine life is influenced by several 

mechanisms.  The physical and chemical nature of the marine environment is 

one of the important factors that determine the level of the elements.  

Sediment type is another factor. Clay, organic matters and metals oxides as 

enrichment factor affect trace metal distribution in surface sediment.  The 

sediments grain size at the sampling sites range from coarse to medium sand.  

 

However, in spite of the role of the sediment and the importance of their 

chemical characterization in monitoring program, the problem related to 

spatial and temporal variation caused by physical and biological reworking of 

the bottom deposits made it difficult to obtain representative data. 

Furthermore, because most heavy metals tend to accumulate in sediments, 

their presence in the water column is usually the result of recent inputs. Metal 

concentrations can vary significantly over short distances and as a function of 

tide. Single measurements at a given site may indicate contamination. 
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With respect to interpretation of the results, concentrations are compared 

firstly to the NOAA Marine Sediment Quality Guideline values (Table 2.4), 

which designates an Effects Range Low (ERL) and an Effects Range Medium 

(ERM). In the absence of a NOAA-defined ERL for a substance, the Canadian 

Interim Marine Sediment Quality Guideline (ISQG) value has been used. This 

table also presents the Probable Effects Level (PEL) given by Environment 

Canada. 

 

Table 2.4 

 Sediment Quality Guidelines from NOAA (USA) and Environment Canada 

 

  NOAA Canada 

Chemical  Units  ERL  ERM  ISQG  PEL 

Cd  µgg-1-dry  1.2  9.6  0.7  4.2 

Cr  µgg-1-dry  81  370  52.3  160 

Cu  µgg-1-dry  34  270  18.7  108 

Pb  µgg-1-dry  47  220  30.2  112 

Ni  µgg-1-dry  21  52   

Zn  µgg-1-dry  124  271   

Σ PAH  ngg-1-dry  4000  45000   
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3.3.1.1 Cadmium (Cd) 

 

Cadmium was detected in all of the sediment samples. The cadmium 

concentrations ranged from 0.0 to 0.56 mgKg-1 with a mean of 0.17 µgg-1.  

Sedimentary rocks; marine phosphates often contain about 15 µgg-1 (WHO, 

1992). 

Figure 3.1 

Cadmium (µgg-1) in Sediment 

 The levels of cadmium in the marine environment can’t be linked to a major 

source.  Furthermore, data on sources of cadmium input in the RSA are limited. 

However, there are no sites in the studied areas with anomalous high levels 

relative to other locations. The highest concentration of 0.56 µgg-1was found 

just east off the petroleum Refinery in 2006, almost 500m away from the 

effluent discharge, though this concentration never exceeds the NOAA ERL 

value of 1.2 µgg-1. 
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The levels of Cadmium in the marine environment of the region can’t be 

linked to a major source.  Furthermore, data on sources of cadmium input are 

limited.  However, when more complete data are available from the regional 

monitoring and lab-based pollution assessment studies have been carried out 

in all states in ROPME sea area a better understanding of the fate of cadmium 

will probably be achieved. 

 

3.3.1.2  Chromium (Cr) 

 

Chromium was detected in all of the sediment samples.  

 

Figure 3.2 

Chromium (µgg-1) in Sediment 

 

The chromium concentrations ranged from 9.22 to 326.02 µgg-1 with a mean of 

72.93 µgg-1.  The lowest recorded value was found at Askar 2006, while the 

highest concentration of 326.02 µgg-1 was found at Murwada 2007, which 
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exceeded both the NOAA ERL value of 81 µgg-1, and the Canadian Level of 

Tolerance value of 110.00 µgg-1. 

 

Chromium content in ROPME Sea Area exceeds the NOAA ERL value at every 

location sampled during the cruise carried out in year 2001.  SOMER (2004) 

assumed that the high concentrations of chromium stem from its high rate of 

natural occurrence in the region.  Compared to the Chromium levels in other 

parts of the World (Figure 3.2), the average levels of Chromium (72.93 µgg-1) in 

studied area of Bahrain Territorial water sediment is one of the lowest among 

others 

 

3.3.1.3 Copper (Cu) 

 

Copper was detected in all sediment samples.   

 

Figure 3.3 

Copper (µgg-1) in Sediment 
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The copper concentrations ranged from 2.51 to 84.33 µgg-1 with an average 

of 24.26 µgg-1.  The lowest value was recorded at Al Jarim in 2007, while the 

highest concentration of 61.23 µgg-1was found just east off the petroleum 

Refinery in 2004.  This concentration exceeds the NOAA ERL value of 34.0 µgg-

1.  However, the level did not exceed the Canadian Level of Tolerance value 

of 110.00 µgg-1The Concentrations of copper in the sediments, illustrated in 

Figure 3.3, is quite similar to that shown for chromium.  Again, average 

concentrations are almost equal to NOAA ERL value of 34.0 µgg-1.  Copper 

levels in marine sediments range from 2 to 740 µgg-1 (dry weight).  Plants, 

invertebrates and fish accumulate copper.  Higher concentrations of copper 

have been reported in organisms from copper contaminated sites than in 

those frown non-contaminated sites.  WMO (1998)  

 

3.3.1.4 Lead (Pb) 

 

Like cadmium, the lead concentrations are not very high for most sites 

investigated in Bahrain Sea sediment (Figure 3.4).  The Lead (Pb) was 

detected in all of the sediment samples.  The lead (Pb) levels ranged from 0.78 

to 305.63 µgg-1 with an average of 30.16 µg g-1.  The maximum concentration 

(305.63 µgg-1) was found just east off the petroleum Refinery, almost 500 m 

away from the effluent discharge, levels exceeded the Canadian Lowest 

Effect Level value of 31 µgg-1 and, NOAA Effect Range Low value of 47 µgg-1 

and USEPA - Heavily Polluted Category value of 60 µgg-1.  The contamination 

likely emanates from the industrial and petroleum refinery complex around the 

area situated just shoreward of the sampling site. 
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Figure 3.4 

Lead (µgg-1) in Sediment 

 

Relatively high concentrations of lead was also observed nearby at Askar, 

supporting the hypothesis of a point source of contamination at the petroleum 

refinery site for lead (Pb) the effects of which diminish with distance from the 

source.  This spatial decrease is most notable for Pb.  Very high metal 

concentrations in sediments from near this site have been reported since the 

early 1980s. However, none of the lead Concentrations other than petroleum 

refinery and Askar sites exceeded the Canadian LEL of 31.0 µgg-1. 

 

Compared to the lead levels in other parts of the World (Figure 3.4), the 

average level of lead in studied area of Bahrain Territorial water sediment is 

one of the lowest among others. 
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3.3.1.5 Nickel (Ni) 

 

Figure 3.5 depicts the nickel concentration for all sites investigated in the 

studied area. The nickel (Ni) concentrations ranged from 0.0 to 30.27 µgg-1 

with an average of 11.68 µgg-1.  The highest concentration of 30.27 µgg-1 was 

reported at Umm Al na’asan site. 

 

Figure 3.5 

Nickel (µgg-1) in Sediment 
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in studied area of Bahrain Territorial water sediment is one of the lowest 

among other, and well below the NOAA ERM of 52.00 µgg-1. 

 

3.3.1.6 Zinc (Zn) 

 

The distribution of zinc is presented in figure 3.6. Generally the overall pattern 

of distribution is like that of lead and copper, again due to the grain size 

influence.  The zinc concentrations ranged from 0.0 to 126.21 µgg-1 with an 

average of 24.38 µgg-1.  The highest concentration of 126.21 µgg-1 was 

recorded just east off the petroleum Refinery, almost 500 m away from the 

effluent discharge, in which exceeded the Canadian LEL value of 120.0 µgg-1. 

 

Figure 3.6 

Zinc (µgg-1) in Sediment 
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The data suggest that similar levels were earlier reported in Askar area.  In the 

studied area the concentration of elements are comparable to the natural 

background data of other investigations.  And it is worth mentioning that on 

the basis of the total elements concentrations, the sediments from the studied 

areas are comparable to those found in unpolluted worldwide areas.  

Compared to the trace metal levels in other parts of the World (Table 2.6), the 

levels of metals exhibited in this study, other than lead near petroleum refinery, 

are fell in the ranges reported previously for these elements in the RSA (Fowler 

et al., 1993). 
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Table 2.5.  Trace metal levels (gg-1 dry weight, unless otherwise stated) in sediments from Bahrain 

Site Year ug Cd /kg mg Cr /kg mg Cu /kg mg pb/kg mg Ni /kg mg Zn /kg 

Askar 04 2004 0.014 29.768 14.454 17.744 ND* 7.126 

North Meridien 04 2004 0.005 159.261 14.350 2.783 ND 0.428 

Petroleum refinery 04 2004 0.339 26.527 84.329 305.629 1.785 126.208 

Al Jasra 04 2004 0.013 41.310 16.266 7.341 10.169 13.759 

Marina Club 04 2004 0.066 46.783 42.466 31.181 22.938 108.757 

Al Jarim 05 2005 0.547 21.723 17.770 3.178 0.140 6.259 

Askar 05 2005 0.288 111.382 20.463 22.615 1.605 6.066 

Jasra 05 2005 0.191 125.769 6.118 8.843 2.151 2.457 

Petroleum refinery 05 2005 0.218 52.216 62.203 223.180 12.840 70.395 

Marina Club 05 2005 0.083 128.574 38.427 22.231 17.904 74.876 

Al Jasra 06 2006 0.177 123.979 41.311 24.073 7.331 6.831 

Askar 06 2006 0.221 326.020 15.606 18.078 11.700 16.304 

Petroleum refinery 06 2006 0.564 147.949 35.312 147.185 12.320 34.935 

Al Jarim 06 2006 0.178 170.672 16.765 10.333 13.129 19.779 

Marina Club 06 2006 0.315 44.482 30.993 24.581 15.778 62.983 

Al Gaha 07 2007 0.395 13.412 10.834 1.508 ND ND 

Qita’at Jaradah 07 2007 0.008 99.691 12.054 1.842 ND 2.378 

Al Jarim 07 2007 ND 33.419 2.512 0.988 ND ND 

Murwada 07 2007 0.026 9.223 15.545 0.778 ND ND 

Suhain 07 2007 0.010 9.639 12.563 1.449 ND 0.570 

Fasht Tighalib 07 2007 0.015 25.937 23.454 1.825 ND ND 

Jazirat Ya'suf 07 2007 0.018 40.598 3.756 7.404 9.169 0.687 

Khor Fasht 07 2007 ND 75.845 5.712 1.486 11.022 ND 

Qassar 07 2007 0.029 15.873 9.734 1.105 12.148 ND 

Bartafi 07 2007 0.073 82.353 9.457 5.089 13.123 4.799 

Mashtan 07 2007 0.098 117.122 10.443 2.568 15.425 4.539 

Al Jasra 07 2007 0.482 107.442 28.979 7.934 16.543 21.118 

Msoor 07 2007 0.076 26.129 10.535 2.586 16.764 13.014 

Askar 07 2007 0.299 46.428 49.218 13.523 20.531 25.553 

Marina club 07 2007 0.018 42.682 48.016 10.423 23.913 84.593 

Ghumais 07 2007 0.300 42.726 15.927 3.725 24.626 12.302 

Petroleum refinery 07 2007 0.330 53.534 61.410 113.011 27.684 70.200 

Jabbari  07 2007 0.386 39.993 21.220 3.550 27.819 21.165 

Qassar Noon 07 2007 0.142 49.342 25.955 3.353 29.952 24.794 

Umm Al Na'asan 07 2007 0.140 64.135 15.112 2.468 30.272 10.868 

Min   0.005 9.223 2.512 0.778 0.140 0.428 

Max   0.564 326.020 84.329 305.629 30.272 126.208 
Average   0.184 72.927 24.265 30.160 15.140 29.439 

 

 ND* means Not Detected 
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Table 2.6 

Trace metal levels (gg-1) in sediments in Bahrain and other areas of the World 

Trace metal Cd mgkg-1 Cr mgkg-1 Cu mgkg-1 Ni mgkg-1 Pb mgkg-1 Zn mgkg-1 Reference 

Azerbaijan 0.19 100.00 57.60 68.00 28.60 110.00 De mora et al, 2004a 

Iran 0.24 128.00 50.90 67.80 24.60 146.00 De mora et al, 2004a 

Kazakhstan 0.25 103.00 49.50 54.80 14.60 59.90 De mora et al, 2004a 

Russia 0.10 69.30 21.90 34.20 8.03 52.90 De mora et al, 2004a 

USA Florida Orlando   73.00  1025.00 538.00 Baker, M. D., Yousef A. Y., 1991 

USA Minnesota 2.36 53.50 86.00 39.00 30.80 212.00 Minnesota Pollution Control Agency, 2000 

Korea  87.00 99.00  86.00 468.00 Kwon, Y and Lee C. 2001 

Egypt 0.10  43.00  52.00 128.00 Egyptian Environmental Affairs Agency (1999) 

Baltic Sea 4.10  210.00   640.00 Baltic Marine Environment Protection Commission, 1987 

Finland 1.50      Baltic Marine Environment Protection Commission, 1987 

Adriatic Albanian coast 0.45 401.00 255.00 311.00 29.20 193.00 Celo,V and Et al, 1999 

Portugal 0.16 – 0.38  22 - 46    Caetano, M and et al, 2002 

Hong Kong  55.00 327.00 29.00 95.00 428.00 Tanner, P.A., Leong, L.S., 1997 

West-central Mississippi 0.90 31.23 17.93 24.95 22.90 85.38 Mississippi Department of Environmental Quality, 1996 

Bahrain 0.17 72.93 24.26 11.68 30.16 24.39 This study 

Kuwait 1.25* 174.00 41.00 198.00 25* 119.00 
* Anderline et al., 1986, Basaham A S. and Al Lihaibi, S S, 

1993 

Iran RSA 1.25  22.50 103.0 25.00 5.50 Anderline et al., 1986 

Oman 0.18 357.0 10.40 439.0 6.79 26.30 Fowler et al., 1993 

Qatar 0.08 40.80 8.02 20.80 3.16  De mora et al, 2004b 

UAE 0.11 171.00 2.62 8.60 5.88  De mora et al, 2004b 

Saudi Arabia 3.20 54.00 15.00 61.00 3.05 25.00 Basaham A S. and Al Lihaibi, S S, 1993 

Mt.Mitchell ROPME Sea 

Area 60-400  0.2-18 2.3-89 0.2-64 4.2-410.3 Al Abdali et al, 1996 

Umitika-Maru ROPME Sea 

Area 0.06-0.40  2.3-142.0 1.9-109.2 1.0-64.3 4.2-410.3 Al-Majid et al, 1998 
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3.4 Petroleum Hydrocarbons 

 

There are several ways by which the petroleum hydrocarbon content in 

sediment can be characterized. Table 2.7 lists the total hydrocarbons; oil 

equivalents as determined by fluorescence techniques.  

 

Table 2.7  

Worldwide concentrations of hydrocarbons in sediments (µgg-1 dry weight) 

 

Area Survey 

year 

Total 

Hydrocarbons 

Oil 

equivalent 

Reference 

Bahrain 2004-2007  0.281-102.175 

(9.765) 

This study 

Bahrain 1993-2003  0.37– 9..76 

(11.95) 

Juma, 2004 

Offshore, Gulf 1994  5.4-92 Al-Lihaibi & Ghazi, 1997 

Saudi Arabia, Gulf 1991-93 11-6900 5.3-26000 Readman et al., 1996 

Kuwait, Gulf 1992-93 40-240 72-1400 Readman et al., 1996 

Xiamen Harbor, China 1993 3.1-33  Hong et al., 1995 

Victoria Harbor, Hong 

Kong 
1992 60-646  Hong et al., 1995 

Western Coast, Taiwan 1990 869-10300  Jeng and Han, 1994 

Rhone River, France, 

Mediterranean Sea 
1985-86 25-170  Bouloubassi and Saliot, 

1993 
Kuwait, Gulf  1991 28 13 Fowler et al., 1993 

Saudi Arabia, Gulf 1991 19-671 5-1400 Fowler et al., 1993 

UAE, Gulf 1991 16 5-7 Fowler et al., 1993 

Oman, Gulf 1991 6-22 1-12 Fowler et al., 1993 

Danube Rive 1992   Equipe Cousteau, 1993 

Bosphorus, Black sea, 

Turkey 
1995 12-76 6.5-340 Readman et al., 1999 

Sochi, Black Sea, 

Russia 
1995 7.6-170 52-680 Readman et al., 1999 

Odessa, Black Sea, 

Ukraine 
1995 110-310 220-1300 Readman et al., 1999 

Coastline, Black Sea, 

Ukraine 
1995 2.1-6.6 3.2-42 Readman et al., 1999 

Danube Coastline, 

Black Sea, Ukraine 
1995 49-220 66-1750 Readman et al., 1999 

Caspian Sea, 

Azerbaijan 
2001 20-1820 25-2000 De mora et al , 2004 

Caspian Sea, Iran 2001 8.5-167 8.7-210 De mora et al , 2004 

Caspian Sea, 

Kazakhstan 
2001 2.3-41 0-32 De mora et al , 2004 
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Petroleum hydrocarbons concentration values varied from 0.28– 102.175 gg-1 

with an average value of 9.765 gg-1.  The maximum concentration (102.175 

µgg-1) was found just east off the Petroleum refinery, almost 500 m away from 

the effluent discharge; this location stands out in terms of its elevated level of 

hydrocarbons.  As outlined, High concentrations were always observed at the 

Petroleum refinery site which signals localized inputs.  Fowler, 1985 reported 

the value of Petroleum hydrocarbons concentration at Askar was 36.36 gg-1, 

while at Zallaq was just 1.30 gg-1.  Linden, O. et al, 1990 reported a range of 6-

3950 gg-1.  Fowler, 1985 reported 43.20 gg-1 at Askar and 60.2 gg-1 in 1984.  

The highest levels were always found in sediment at Askar, and he stressed 

that the highest levels were always found in sediment at Askar. The most 

comprehensive data set comes from Askar on the east coast of Bahrain.  

Although this location is the nearest to the area most heavily impacted by the 

oil spill in  early years, petroleum concentrations in sediments as low or lower 

than those measured earlier years.  

 

The values of petroleum hydrocarbons were not exceptionally high other than 

Petroleum refinery's sites, based on ROPME crude as reference oil.  The 

concentrations of petroleum hydrocarbon were not excessive compared to 

other global sites shown in figure 3.7.  Along the French coast between Fos-Sur-

Mer and Monaco, UNEP (1988) reported concentration of hydrocarbons 

ranging between 20 - 950 gg-1.  Moreover, the content never exceeded 

NOAA Sediment Quality Guidelines value for Effects Range Medium of 45 gg-

1 dry weight. 

 

In general, the hydrocarbons concentrations in the studied area indicated low 

contamination compared with other locations and sites for which petroleum 

hydrocarbon contamination has been assessed (20 - 950 gg-1 for South East 

of French coast, 2-1200 gg-1 for New York Bight and 45-730 gg-1 for California 

bight). 

 

The possible reasons that sediments possess higher concentration than sea 

water is due to the ability of sediments to accumulate oil especially at the 
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situation of chronic input into the area and that reflect the actual state of this 

environment. 

 

Figure 3.7 

Total Petroleum Hydrocarbon in Sediment 
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4.0 Conclusions 

 

So far, there is not yet an inventory of significant marine areas in the region of 

RSA where nutrients input are causing or likely to cause pollution directly or 

indirectly. However, it should be noted that the levels of nutrients are in many 

cases lower than in other areas, but in low energy and shallow bays and 

intertidal areas, the intensive heat of the summer months reduces the oxygen 

content for the point where relatively low levels of nutrients are enough to 

produce anoxic conditions. 

 

It is obvious that the reported values for the petroleum hydrocarbon in 

seawater in this study are within the previously reported results within the 

region and far below the reported values of the other regions elsewhere. 

 

As no quality standards for trace metal for Bahrain marine waters, an overview 

of critical levels of toxic was made based on the United States Environmental 

Protection Agency Recommended Water Quality Criteria, United Kingdom 

Water quality standards for the protection of saltwater Life, ASEAN Marine 

Water Quality Criteria, and Malaysian Interim Marine Water Quality Criteria.  

The results suggest that the Kingdom of Bahrain’s marine waters seem to be of 

good quality as the concentrations of the metals reported in the studied areas 

are far below the united Kingdom Water quality standards and United States 

Environmental Protection Agency recommended water quality criteria, with 

the exception of copper in all sites, and mercury in Msoor site.  It is worth 

mentioning that, as far as mercury is concern, the detected sites of the 

studied area should be furthered investigated to explore the causes of these 

high values. 

 

It is worth mentioning that on the basis of the total elements concentrations, 

the sediments from the studied areas are comparable to those found in 

unpolluted worldwide areas.  Despite the fact, hot spot was noted for Lead 

(Pb) in sediments just east off the Bahrain Petroleum Refinery 
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In general, the hydrocarbons concentrations in sediments in the studied area 

indicated low contamination compared with other locations and sites for 

which petroleum hydrocarbon contamination has been assessed, and never 

exceeded NOA Sediment Quality Guidelines value for Effects Range Medium 

(ERM) of 45 gg-1 dry weight. However, Petroleum refinery site stands out in 

terms of its elevated level of hydrocarbons in sediment. 
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Appendix-A 

Physical and Chemical oceanographic parameters in Sea Water 

 


