
Arab Gulf 1. Scient. Res., Math. Phys. Sci., A6 (2), pp. 191-203 (1988) 

Distribution of Dissolved Petroleum Hydrocarbon 
in the Southern Arabian Gulf 

H.I. Emara and K.Z. EI Deeb 

Marine Sciences Department, 

University of Qatar, Doha, Qatar 


ABSTRACr. Sea water samples collected from the southern part of the Gulf during 
September 1985 showed that. according to the standard used, the concentration of 
petroleum hydrocarbons is variable. The variations in the results for the references: 
Kuwait crude oil, Qatar crude oil (from Dukhan and Halul Island) and chrysene 
standards are usually in an average ratio of 1: 1.26:2.6 : 1.51 respectively. 

The concentration of dissolved petroleum hydrocarbons varied from 7.7 ~g I-I 
to 32 ~g I-I during September 1985. High levels (69-373 ~g I-I) were recorded 
around the beaches of Halul island indicating oil contamination. The total 
concentration of petroleum hydrocarbons dissolved in the Gulf waters was found to 

be 406x 10' ton which is 2.7 times as higher as the estimates of oil pollution in the 
Gulf area during 1985. Dissolved oxygen levels decrease with increasing the 
concentrations of petroleum hydrocarbons (r = -0.55). 

The potential for oil pollution in the Gulf Region is alarming because more than 
half of all the oil transported in the world passes through this area. Nearly 100 oil 
tankers pass though the strait of Hormuz every day (Oostdam 1980). Estimates 
made in 1979 showed that 144,000 metric tons of oil polluted the Gulf region and 
that during the 10 years from 1980 to 1989, more than 1.5 million metric tons will 
pollute the region (Golob and Brus 1984). Although these figures are not 
optimistic, yet, the estimated flushing time, that is the time for all the water in the 
basin to be exchanged with water from the open sea, is 5.5 years (Hughes and 
Hunter 1979), 

The present work is a part of the programme that deals with studying the state 
of oil pollution in the Gulf area in general and in the Qatari water in particular. 
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Materials and Methods 

Sea water samples were collected during the period 17-26th September 1985 
from 15 stations of which 8 stations lie in the United Arab Emirates water and 7 
stations in the Qatari water (Fig . 1) . An additional 4 stations in the Qatari water 
were collected by a small boat around the beaches of Halul Island . The other 
samples were collected using R/V Mukhtaber AI-Bihar at l-m depth with a glass 
bottle of capacity 2 .8 I. 

N 

1 

Dissolved/dispersed petroleum hydrocarbons were measured by UV spectrof­
luorometry (Turner 430) according to the method given in the " Manual for 
monitoring of oil and petroleum hydrocarbons in marine waters and on beaches 
UNESCO (1977). Kuwait crude oil, Qatar crude oil from Dukhan and Halul Island 
and chrysene were used as standards to evaluate the best reference standard. 
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Results and Discussion 

The concentrations of dissolved petroleum hydrocarbons in sea water of the 
southern part of the Gulf between Qatar and UAE are given in Table 1. The 
measured aromatic hydrocarbon contents vary significantly depending upon the 
standard used. The concentration of petroleum hydrocarbons in samples collected 
during September 1985 are scattered in the ranges (7.7-32), (9.8-40 .5), (20 .2-83 .5) 
and (12.4-51.1) f.lg.I-1 when Kuwait, Qatar (Dukhan and Halul) crude oils and 
chrysene were respectively used as standards. For samples collected around the 
beaches of Halul Island the petroleum hydrocarbon levels were significantly much 
higher. (Table 1) . 

Table 1. 	 Concentrations of dissolved oxygen and dissolved dispersed petroleum hydrocarbons in sea 
water of the southern Arabian Gulf* 

Petroleum hydrocarbons (!lll.l I) 

OxygenAreas QatarSt. ml.l - I 
Kuwait Chrysene

HalulNo. Dukhan 

39.163.83124.43.30Qatar1 
47.1 28.822.9183.21Qatar2 
44.4 27.221.5 


4 


173.46UAE3 
41.3 25.22015 .83.20UAE 
47.1 28.822.9183.60UAE5 

31.451.3 


7 


24.9 19.6 3.40UAE6 
83 .5 51.140.5323.20UAE 
49 .1 3023.818.8 3.30UAE8 

31.224 .8 51.119.5 3.57UAE9 
25 .5 15.612.4 


11 


9 .8 4.10UAE10 
38.462.924.1 30 .5 4.00Qatar 
24.339719.215 .24.10Qatar12 
29.3479 


14 


23.218.33.40Qatar13 
20.2 12.47.7 984.10Qatar 

22.536.7 
540 

17.814.13.65Qatar15 
469 969 

-

- 373Qatar Halul l16 
171 354 197 

126 
136Qatar Halul217 

179 
-

86.7- 688Qatar Halul J18 
277240 497191Qatar HaJul419 

82.9142.7 69.154.8Mean 
1.512.61.261Ratio 

* Using Kuwait , Qatar (Dukhan , Halul) Crude oils and chrysene as standards . 
I Halul Island N. beach 
2 Halul Island S. beach 
3 Halul Island E. beach 
4 Halul Island W . beach 
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The variations in the results for the references Kuwait, Qatar (Dukhan and 
Halul) and chrysene standards are usually in an average ratio of 1: 1.16: 2.6: 1.51 
respectively. The calculated inverse values for the slopes (concentrations) of the 
calibration curves for the four reference standards (Fig. 2) were found to be similar 
(1:1.25:2.5:1.67) to the ratio mentioned above. 
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Fig. 2. Calibration curves for the four standards 

Using the data of IAEA (1985) for sea water from Bahrain, UAE and Oman, 
we calculated the ratio of the standard used Kuwait, chrysene and fuel oil. The 
ratio was 1: 1:11. It may thus be concluded that the measured oil content in sea 
water is variable according to the standard used (Awad 1982) and the best method 
by which comparison of results of petroleum hydrocarbons in the Gulf area may be 
made is either to use the same standard or to establish the concentration 

http:1:1.25:2.5:1.67
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fluorescence calibration curves for the main crude oils in the Gulf area. On the 
basis of these limitations, it seems that Kuwait crude oil and possibly Qatar crude 
oil from Dukhan can be used as a reference standard for estimating petroleum 
hydrocarbons in the Gulf water. The physical and chemical characteristics of each 
type of crude oil are given in Table 2. 

Table 2. 	 General characteristics of Qatar (Dukhan) and Kuwait Crude oils 
(personal communication)' 

Crude Characteristics Qatar Kuwait 

Specific gravity 
ApI gravity 
Viscosity cS at 1Q°C 
Pour Point °C 
Reid vapor pressure at 37.8°C 
Carbon content (wI. %) 
Hydrogen content (wI. %) 
Sulfur content (wI. %) 
Nitrogen content (WI. %) 
Water content (Vol. %) 
Ash content (WI. %) 
Conradson carbon residue (wI. %) 
Asphalt content (WI. %) 

0.8175 
'41.5 

4.5 
-12 

10.2 
85.6 
12.7 
1.19 
0.032 
0.0 
0.001 
1.2 

< 0.05 

0.875 
30.4 
30 

-20 
8.0 
-
-

2.62 
-

0.05 
0.003 
5.3 
1.79 

1 Qatar National Petroleum Company 

Based on Kuwait crude oil as standard the concentration of dissolved 
petroleum hydrocarbons in the southern part of the Gulf (Fig. 3) between Qatar 
and UAE during September 1985 varied from 7.7 Ilg 1-1 at St. No. 14 in the Qatari 
waters to 32 Ilg I-I at St. No.7 in the UAE waters. The mean value of petroleum 
hydrocarbons in the Qatari water is lower than that of the UAE waters by 1.4 
Ilg 1-1. 

On the other hand, the samples collected from the beaches of Halul Island in 
the Qatari waters showed extremely high levels (69-373 Ilg I-I), particularly in the 
case of the northern beach of the Island. This is not surprising since this site is an oil 
production and exportation area which is subjected to frequent spills. 

Comparison of the values in' Table 3 with concentrations in other areas of the 
world ocean suggests that with the possible exception of Halul shore waters, 
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current levels of petroleum hydrocarbons in the southern part of the Gulf are not 
exceptionally high. 
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Fig. 3. Concentrations of dissolved petroleum hydrocarbon 

Table 3. Hydrocarbon concentrations commonly found in oceanic waters (from Boehm ec al. 1978) 

Location 
Concentration 

(J.Lg I-I) Comments References 

Southern Arabian Gulf 7.7-373 Spectrolluorometry The present study 
Gulf of Mexico Loop Current 0-75 Gas chromatography lIiffe and Calder (1974) 
West African Coast 10-95 GC Barbier el al. (1973) 
Bedford Basin , Nova Scotia 1-60 Fluorescence KeizerlandIGordon(1973) 
Open Ocean (Atlantic) I-50 IR Brown Cl al. (1973) 
Open O cean (N . W. Atlantic) 20 Fluorescence Gordon el aJ. (1974) 
Baltic Sea 50-60 Non-aromatics Zsolnay (1972) 
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The advection of oil pollutants is directly affected by the speed of the wind and 
the wind-driven surface current. According to the prediction of Hunter (1983) 
there is a surface inflow of strength around 0 .1 m/s along the Iranian coast and 
outflow of water along the bottom from the coastal areas of Saudi Arabia, Qatar 
and the United Arab Emirates (Fig. 4). The wind stress generates clear Ekman 
rotation and a surface inflow into the region North of the UAE. Thus the southern 
part of the Gulf is affected by oil pollution from different parts of the Gulf. 

50 55 

Fig. 4. Circulation of surface water in the Arabian Gulf (after Hunter 1983) 

The surface current speed in the Qatari waters varied from 4.7 cm/sec. to 58.1 
cm/sec ., while at 5m depth it has the range 15.7-56.2 cm/sec (Beltagy 1983). 

In considering the possible effects of natural and artificial surface films in 
modifying gas exchange across the air-sea interface, Garrett (1972) found that 
major release of petroleum hydrocarbons into the marine environment retards the 
gas exchange . This was evident from the oxygen concentrations in the surface 
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water of the southern part (Table 1) where the values decrease as the concentration 
of petroleum hydrocarbons increases (r= -0.55). The test of significance of the' 
slope proved to be significant at the 95% confidence level. 

Based on 58 observations recorded in the whole Gulf areas (Table 4) the 
average concentration of petroleum hydrocarbons was found to be 46.6 !!g 1-1. The 
estimated volume of the Gulf water is 7910 km3

. These data enables us to calculate 
the total concentration of petroleum hydrocarbons dissolved in the Gulf waters 
which was found to be 406 x 103 tons . This value is higher by 2.7 times than the 
estimates of Golob and Brus (1984) for the oil pollution in the Gulf during 1985 
from natural seeps, offshore production , tanker transport, etc. In addition to that, 
a strong correlation (r=0.67) exists between the levels of petroleum hydrocarbons 
in sea water and the oil production of the Gulf countries , Qatar, V .A.E., Saudi 
Arabia, Kuwait, Bahrain and Oman. 

Table 4. Concentration of petroleum hydrocarbons (IAg.1- 1
) in different sea water areas and the 

average oil production (million barrels/year) of the Arabian Gulf countries during 1984 
(Cooper 1986) 

Average oil Concentration
Area n' References

production averageRange 

Qatar 137 7.7-373 11 Present study 81 
45.91.2-428 EI Samra et al. (1986)8 

UAE 419 11-32 21.4 The present study 8 
0.1-30 7.6 IAEA (1985)6 

Saudi Arabia 4.3-546 EI Samra et a1. (1986)1675 7111 
Kuwait 413 2 .1-3.6 3.0 4 EI Samra el al. (1986) 
Bahrain 18.52 0.4-5 .7 IAEA (1985)1.7 6 
Oman 153 0.3-455 58.6 IAEA (1985)8 

nl Number of Samples 

2 Average oil production of Bahrain was obtained by personal communicalion (Private source) 


Conclusion 

On the basis of the present discussion it seems that both Kuwait crude oil and 
Qatar crude oil from Dukhan, preferably the former , can be used as a reference 
standard for estimating petroleum hydrocarbons in the Gulf sea water. 

The concentration of petroleum hydrocarbons in the sea water of the southern 
part of the Gulf showed values which are not exceptionally high in comparison with 
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other areas in the world's oceans. On the other hand, very high levels were 
recorded at those sites of oil production and exportation which are subject to 
frequent spills. 

The petroleum hydrocarbon levels of sea water increase as the oil production 
of the Gulf countries increases. 

The concentration of dissolved oxygen showed negative correlation with 
petroleum hydrocarbons in the sea water of the southern part of the Gulf area. 
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