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Mina al Fahal being a heavily oil industrialized region in the Sultanate of Oman is 
thought to receive large loads of oil pollution (ROPME 1984). In addition to oil, 
other waste discharges contribute to the general pollutant load. These have been 
identified as sewage discharge, chlorinated wastewater effluent from a refinery 
plant, dust fall-out and airborne particulate matter which contains lead and 
polyaromatic hydrocarbons. All these factors contribute to the pollution of water 
supplies by sedimentation, impaction and precipitation on land and water 
surfaces that may cause human health problems if concentrations are high 
(Lantzy and Mackenzie 1979; Ponat 1988). The Mina al Fahal area is considered 
a very rich fishing area. It lies adjacent to AI-Ghubra desalination plant which 
supplies drinking water to 90% of the population based in the Muscat area. 

The present study represents an essential part of project to study the 
environment of the Mina al Fahal area. The aim of this study was to determine 
the loading of pollutants into the coastal water of Mina al Fahal. 

MATERIALS AND METHODS 

A high volume sampling method was used for collecting suspended particulates. 
In this method, previously weighed filter was placed inside a plate and was used 
to collect air samples over 24 hours. Details of this methodology are described 
by WHO (1976). The sampler was fixed on the roof of a building near Mina al 
Fahal beach. 

A 3/4" x 8" strip from the previously exposed filter was cut by using a template 
and a pizza cutter and digested in 25 mL of 3M HNO3 at 80~ for 30 min. The 
treated sample was quantitatively transferred into a 100 mL volumteric flask 
and diluted with double - distilled water. The solution was allowed to settle for a 
minimum of one hour before proceeding with analysis. A Pye Unicam PU 9000 
atomic absorption spectrophotometer was used for lead analysis at a wavelength 
of 283nm. 

Particulate samples were extracted by using a soxhlet extractor with a mixture 
of 15% dichloromethane in hexane in methanol (1:1) for 12 hours. The 
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extracts were concentrated to 5 mL, elemental sulfur was removed by reaction 
with mercury and the extract was quantitatively transferred to a column 
chromatograph for separation into two fractions using 10g aluminum oxide over 
10g silica gel (both deactivated with 5% water). Fraction one (F1), which 
included aliphatic hydrocarbons, was eluted with one column of pentane or 
hexane. Fraction two (Fl l ) ,  which contained aromatics, was eluted with one 
column of 15% dichloromethane in hexane followed by one column of pure 
dichloromethane._ 

Dust fall-out was collected by using a semiconical polyethylene bucket with an 
opening of 20 cm diameter filled with distilled water. The sampler was placed on 
the roof of the previously mentioned building using a steel holder. 

Dust samples were washed and screened through sieve number 10(2mm) to 
remove insects and feathers, then dried at 80~C and weighed to determine the dust 
fall-out rate. Treated samples were analyzed for lead and total hydrocarbons 
(THC). For lead analysis, one gram of dry sample was digested in a mixture of 
hot HNO3 - HCIO4 - HF for 8 hours. The sample was then centrifuged and the 
resulting solution diluted and analyzed using atomic absorption 
spectrophotometry. For THC determination, five grams of samples were 
extracted using a soxhlet extractor with a mixture of 15% dichloromethane in 
hexane and the method was completed as for particulate samples. The monthly 
amount of dustfall-out in tons/km2 was calcuated according to the following 
equation; 

A= w x 31.85 
Where A is is the amount of dust fall-out in tons/km2 and w is the weight of dust 
fall-out in grams and 31.85 is the conversion factor to convert g/cm2 to 
tons/km2. 

A Shimadzu RF-5400 Spectrophotometer was used for the analysis of THC. 
Quantification was made with excitation at 310 nm emission at 360 nm. 
Estimation of oil type was based on examination of the emission spectra at 310 
nm excitation and synchronous excitation - emission scanning with a wavelength 
difference of 20 nm. 

Analyses of polyaromatic hydrocarbons were carried out with a Pye-Unicam 304 
Gas Chromatograph equipped with FID detector and a 25 m WCOT SE-54 column. 
The initial temperature was 100~ After an initial hold for 2 min., the 
temperature was programmed to rise at 8~ / min to 280~ The injector and 
detector temperatures were 250 C and 300"C, respectively. Helium was used as 
the carrier gas, at a flow rate of 2 mL/min. The identification and determination 
of polyaromatic hydrocarbons were carried out by comparison of the retention 
time with the authentic compounds. 

RESULTS AND DISCUSSION 

In the Mina al Fahal area, domestic sewage discharges come from two sewage 
treatment plant~. The first one is located in Mina al Fahal and is designed to treat 
raw sewage from a residential area of 3,000 people. The second one is located at 
Darsait area near the Mina al Fahal (Figure1)and is designed to treat raw 
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Figure 1. Schematic map showing locations of effluent outfalls. 

sewage from the Mutrah residential area of 80,000 people. The final effluent 
water from these plants is used for irrigation of parks and roadside gardens. 
Approximately 6,000 m3/day of treated domestic waste from both STPs are 
discharged daily into the sea in the Mina al Fahal area. It contains 76 kg of 
solids, as well as 100 kg total organic load, 340 kg total inorganic load, 17.4 kg 
phosphate, 1.3 kg ammonia, 3.9 kg trace metals and traces of phenolic and 
petroleum hydrocarbon compounds (Table 1). These results demonstrate that the 
pollution problems from domestic treated wastewater are very limited. In the 
case of refinery effluent, however, about 80,000 m3/day of chlorinated 
wastewater from oil refinery cooling systems were discharged daily into the sea. 
It was estimated that as much as 3,280 kg of total inorganic load, 984 kg of 
organic load, 2,000 kg of solids, 0.6 kg of phenols, 384 kg of dissolved 
petroleum hydrocarbons and 245 kg of trace metals were discharged per day. 
Therefore, more emphasis should be given to the refinery effluent as far as 
pollution abatement is concerned. 

A baseline study of the marine environment in the Mina al Fahal area was carried 
out in 1983 (Stanley et al. 1983). This study stated that the proposed effluent 
outfall discharge of the refinery above the low water mark would provide very 
poor dispersion. The increase in temperature of the cooling water combined with 
possible contaminants could have a signficant effect on organisms immediately 
around the discharge area; therefore, consideration should be given to extend the 
effluent pipe into deeper water. 

The mean and average of the total suspended particulate (TSP)load, total lead and 
total hydrocarbons throughout the Mina al Fahal area are presented in Table 2. 
Data show that the average concentration of TSP during the period of study was 
118.5 ~ug/m3. The lowest concentration of TSP was reported in January (72 
)Jg/m3). Generally,TSP levels were lowest during January and February and 
began to increase until it reached the highest level in May. This finding may be 
related to the wind speed and rainfall rate. Wind speed during winter is 41 
km/day from the mountains to the coastal zone, while it is 77 km/day during 
summer. The rainfall rate during winter is about 41 mm with an annual average 
of 3 mm throughout the year. A previous survey carried out by WHO in 1980 
indicated that cities in countries with high rainfall have a much 
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Table 2. Total suspended particulate, lead and total hydrocarbons in air samples 
collected from the Mina al Fahal area 0Jg/m3). 

Date No. of TSP Lead THC 
samples Mean Mean Mean 

1 /1 -3 1 /1 2 6 72_+28 0 .22+0.10 0 .27+0.08 
7 / 2 - 2 8 / 2  24 85+_.39 0 .12+0.04 0 .24+0.06 
2 / 3 - 3 1 / 3  23 90+23 0 .15+0.13 0.30+0.11 
1 /4  - 3 O/4 2 4 117_+34 0 .25+0.09 0.32-1-0.18 
1 / 5- 3 O/5 2 4 208+144 0.39+_0.13 O. 16+_0.04 
1 / 6 - 3 0 / 6  24 139+51 0.21 +0.11 

- not analyzed 

Table 3. Monthly dust (tons/km2), lead and total hydrocarbon (kg/km2) fallout 
in the Mina al Fahal coastal area. 

Parameter Jan. Feb. March Apr i l  May Mean 

Dust 16. 4 8. 0 4. 2 4. 3 4. 1 7. 4 
Lead 4 .8  5 .1  9 . 2  5 . 6  4 . 8  5 . 9  
THC 6 .4  5 . 4  7 . 6  6 . 5  

- not analyzed 

lower concentration of TSP in air than in dry countries where there is 
considerable dust in the air. 

The concentration of TSP in air has been reported in several areas of the world. 
The annual average of TSP for Calcutta (India), Tehran (Iran) Kuwait and 
Baghdad (Iraq) were 400, 270, 500 and 505 jug/L, respectively (WHO 1980). 
The levels of TSP detected in the Mina al Fahal area were lower than in those 
reported areas, but were higher than the permissible limits and concentration 
detected throughout Los Angeles (EPA 1971; Gordon 1976). 

Table 2 shows the levels of lead in air samples collected from the Mina al Fahal 
coastal area. The mean concentration of lead was 0.223 Jug/m3 during the period 
of study (from January to June 1991). The lowest concentration was detected in 
February (0.12 Jug/m3), while the highest was reported in May (0.39,ug/m3). 
When lead is emitted to the atmosphere it remains in the environment, i.e., it 
circulates both in ambient air and contaminates the soil and water by secondary 
deposition or fallout. Lead in the environment has been the subject of many 
investigations. EPA (1980) reported that the annual average of lead 
concentration in the USA in urban suspended particulate matter was as high as 
7.5.,ug/m3. Levels detected in Saudi Arabia ranged between 0.7 to 2.3 pg/m3 
(Arab Bureau of Education for the Gulf States 1987), while in the present study 
the mean concentrations ranged between 0.12 to 0.39 ,ug/m3. These results 
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indicate that the level of lead in the Mina al Fahal area was lower than levels 
reported in other world areas and less than the permissible limits, 1.5 ug/m3 
(EPA 1977). Generally, lead level does not pose a threat to natural organisms. 
However, accumulation of lead from anthropogenic sources has caused some 
concern that lead may represent a potential long-term threat to both aquatic and 
terrestrial ecosystems. 

The effect of atmospheric dust on the environment range from pollution of air to 
the possible impact on climate. The effects of dust on air quality have been 
discussed by many authors (Lauger and Mackler 1972; Bowes et al. 1977). Dust 
can also act as a carrier for various types of pollutants. The monthly amounts of 
dust fall-out per unit area throughout the Mina al Fahal area was calculated and 
listed in Table 3. The mean concentration was 7.4 tons/ km2. The highest 
concentration was detected in January, while the lowest level was reported in 
May. When a comparison was made with the level of dust fall-out detected in 
other Gulf areas, it was found that the level in Oman is lower than the rate 
detected in Saudi Arabia, Kuwait and Iraq (Linden et al. 1990). It was estimated 
that the quant=ties of 7.4 tons/ km2, 5.9 kg/km2, and 6.5 kg/km2 from dust, 
lead and THC, respectively, were received monthly in the Mina al Fahal coastal 
area. 

The high volume air sampler was used to collect samples of airborne particulate 
matter throughout the Mina al Fahal area during the period from 1/1/1991 to 
31/3/1991. The samples were extracted and analyzed for identification and 
determination of 16 PAHs. Benzo [a] pyrene, chrysene and 
3,6-dimethylphenanthrene were not detected in any samples. The concentration 
of the total identified compounds was 386.6 ng/m3 (Table 4). It is evident that 
the levels of PAHs were subjected to considerable variation with respect to time 
of sampling. The highest concentration was detected in March (686.6 ng/m3), 
while the lowest level was in January 14 (164 ng/m3). Results in Table 4 
demonstrate that the levels of PAHs in airborne particulate matter throughout 
the Mina al Fahal area were among the highest levels detected in other world 
areas (Gordon 1976). 
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