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ABsTRAcr. Salinity and nUlrient species were measured in the Arabian Gulf and the 
Gulf of Oman during the period 1984-1986. Statistical analysis of the results showed 
clearly three distinct types of seawater in the area. First is the proper water of the 
Arabian Gulf with salinity'" 40%0' silicate from 2.6t09.3 !UDole 1-', phosphate 0.14 
± 0.02 !UDole 1-' and nitrate 0.21 ± 0.02 !UDole 1-'. Second is the seawater of the 
Gulf of Oman with salinity .. 37%0' silicate 3.1 ± 0.3 !UDole 1-1, phosphate 0.47 ± 
0.05 !UDole 1-' and nitrate 0.41 ± 0.05 !UDole 1-'. Third is a mixed water, which has 
intermediate values of the measured elements. The calculated ratios for P:N :Si 
indicate the nitrogen deficiency in the Arabian Gulf. 

There are very few published observations on hydrographical and hydrochemical 
conditions of the Gulf region. The work done on R.V. Meteor in March, 1965 
(Grasshoff 1976), and the work conducted on R. V. Atlantis II cruise 93 in 
February and March, 1977 (Brewer and Dyrssen 1985) are among the few 
extensive works. They deal mainly with the Iranian side of the Arabian Gulf and 
the Gulf of Oman. Other sporadic studies are of local importance and mainly on 
the fisheries with some supplementary chemical observations (Kuronuma 1974, 
Jacob et al. 1982, and Emara et al. 1985). 

The present paper presents the results of chemical oceanographic studies 
focused particularly on the Arabian Shelf, which complement the earlier 
investigations. 

Sampling and Methods 

The data presented here are the results of 3 cruises made by R . V. Mukhtabar 
AI-Bihar in the Gulf Region. The first cruise was made in October-November, 
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1984 to cover the northern part of the Arabian Gulf, and the second in 
September-October, 1985 to cover the southern part of the Arabian Gulf. The 
third was made in September-October, 1986 to cover the latter area and extended 
to cover the Strait of Hormuz and an area of the Gulf of Oman to Muscat (Fig. 1). 
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Fig. 1. Stations sampled in the Arabian Gulf and the Gulf of Oman. 

Seawater samples were collected from the different stations at different depths 
by Nansen bottles. Phosphate, nitrate and dissolved silicon (silicate) were 
determined according to the methods described by Strickland and Parsons (1968). 
Salinity was obtained with a temperature compensated salinometer model Autolab 
601 MK III. 

Results and Discussion 

According to the compiled data by previous works and to the present 
repetition of water analysis made off Qatar and UAE, minimum annual changes in 
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chemical and physical parameters were found to occur in the area of investigation. 
Therefore , the present observations, made through 3 cruises, will be pooled , 
extrapolated and presented as if they were synoptic. 

The horizontal distribution of salinity (Fig. 2) , shows a typical increase of the 
surface values from about 37%0 for the water of the Gulf of Oman to values higher 
than 40%0 for that of the Arabian Gulf. These values are in agreement with those 
obtained by other workers (Grasshoff 1976, and Brewer and Dyrssen 1985). The 
coastal water of Qatar and UAE showed the highest salinities (= 43%0)' 
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Fig. 2. Distribution of surface salinity %0' 

The isohaline 38%0 occurs within the Arabian Gulf around the northeastern 
coast of UAE indicating surface inflow of less saline water from the Gulf of Oman 
through the Strait of Hormuz. This type of surface gradient of isohalines is an 
extension of those given by Brewer and Dyrssen (1985) for the Iranian coast. 
Hunter (1984) stated that a surface inflow from the Gulf of Oman could reach the 
region north of UAE. The isohaline of salinity 39%0 was found to reach very close 
to the northern coast of Qatar indicating that the surface inflow could be advected 
to that area at least in autumn . The results (Fig. 3) show that marked stratification 
occurs in the Strait of Hormuz (stations 41 , 42) and some other stations, reflecting 
the presence of water with a salinity that is reduced as a result of mixing, overlying 
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water of higher salinity more typical of the Arabian Gulf. In these areas where 
mixed water is present there is a halocline in the depth range of about 10-50 metres, 
contrasting with the regions of greater homogeneity, exemplified by stations 8 and 
46. 
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Fig. 3. Salinity-depth profiles within the water column at some stations. 

The inflow of nutrient (phosphate and nitrate )-rich water from the Gulf of 
Oman into the Arabian Gulf (a physical process noted by Grasshoff 1976 and 
Brewer and Dyrssen 1985) could reach the northeastern coast of UAE and to very 
near to the north coast of Qatar as indicated by isolines of nutrients in Figs. 4, 5 and 
6. Mean values of nutrients, as shown in the histograms in the figures and in Table 
1, show a more or less decreasing trend of phosphate from the Gulf of Oman to the 
Arabian Gulf. However, the highest values of phosphate and nitrate, masured in 
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the Arabian Gulf, reflect the effects of the land discharge by fertilizer industry at 
the south of Qatar. In general, the Gulf of Oman showed higher phosphate and 
nitrate concentrations as compared to the Arabian Gulf due to upwelling in the 
former (Grasshoff 1976). 

Table l. Concentrations, Jlmole 1-1, of phosphate-P, nitrate-N and silicate-Si in surface water of the 
different areas in the Gulf Region. 

Area Phosphate-P Nitrate-N Sillcate-Si 

Gulf of Oman 0.47 ± 0.05 0.41 ± 0.05 3.1 ±0.3 
Strait of Hormuz 0.36 ± 0.09 0.20 ± 0.03 0.7 ± 0.2 
U.A.E . 0.23 ± 0.05 0.23 ± 0.03 2.9 ± 0.5 
Qatar 0.14 ± 0.D2 0.21 ± 0.02 2.6 ± 0.3 
Kuwait & Saudi Arabia 0.12 ± 0.02 0.26 ± 0.02 9.3 ± 1.5 

5~ 58° 

N 

t 

IRAN 

PHOSPHATE 

E0.1 JlI1101 1-1 
UNITED ARAB EMIRATES 

OMAN 

Fig. 4. Surface distribution of phosphate, Jlmole 1-1, histograms represent mean values. 



210 Mohamed I. EI Samra 

N 
t 

IRAN 

'" --::!~ ~ 
~ . 0 ~ 
~.'<' ~ " {)4 

NITRATE '~~~ 
UNITED ARAB EMIRATES,-1 _~:~~o'\0,' !J.mOI 

OMAN \.f 
Fig. 5. Surface distribution of nitrate , !J.mole I-I, histograms represent mean values, 

IRAN 

SILICATE 
UNITED ARAB EMIRATES 

N 
t 

,-1, !J.ffiOI 
[ OMAN 

Fig. 6. Surface distribution of silicate , !J.mole 1-\ histograms represent mean values. 
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The low concentrations of nutrients measured at the offshore stations are in 
good agreement with those found by Brewer and Dyrssen (1985), while the 
relatively high concentrations at the nearshore water in the Arabian Gulf are in 
good agreement with those found by Emara et al. (1985), Kuronuma (1974), and 
Jacob et al. (1982) off Qatar and Kuwait. The high value of silicate at the north of 
the Arabian Gulf reflects the effect of fresh water discharged from Shatt AI-Arab 
area. 

A phosphate-salinity plot (Fig. 7) shows linear correlation with r = -0.94 and 
r = -0.69 for the Gulf of Oman and the Arabian Gulf, respectively. The plot shows 
a marked break at the area of mixed water where no correlation could be 
calculated. Brewer and Dyrssen (1985) found the same break at the Strait of 
Hormuz. 
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Fig. 7. Phosphate-salinity plot for the different types of water. 

A silicate-salinity plot (Fig. 8) indicates linear correlation as well, but with 
positive sign (r=0.84) and with no break. Accordingly, silicate is not a limiting 
nutrient in the Arabian Gulf. This is in contrast to the suggestion of Grasshoff 
(1976) that silicate is the limiting nutrient in the Gulf, as he found low values (0-1 
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Fig. 8. Silicate-salinity plot for the different types of water. 

Ilmole 1- 1
) at the Strait of Hormuz. Present data show also low values of silicate at 

the Strait of Hormuz (0.7 ± 0.2llmole 1- 1
). Grasshoff (1976) attributed low values 

to the fact that silicate debris mineralises more slowly than organic tissues. Silicate 
concentrations in the Arabian Gulf, on the other hand, are high. This indicates that 
biological activity is not utilizing the increased amount of silicates made available 
by physical mixing within the Gulf water. In addition, the calculated ratios for 
P:N:Si (Table 2) indicate nitrogen deficiency in the area. Hence, the productivity 
within the Arabian Gulf is limited by the nitrogenous nutrient and not silicate. 

Table 2. The calculated ratio P:N:SI in surface (S) and bottom (8) waters of the different areas in the 
Gulf Region. 

Area P N SI 

Gulf of Oman S 0.9 6.6 
B 6.7 9.9 

Strait of Hormuz S 0.6 1.9 
B 7.5 13.6 

V.A.E. S 1.0 12.6 
B 2.0 15.0 

Qatar S 1.5 18.6 
B 3.4 15.8 

Kuwait & Saudi Arabia S 2.2 77.7 
B 6.7 43.3 
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