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ABSTRACT 

The area inve tigated covers Dubai Creek in the Arabian Gulf Ten stations 

were elected for the tudy, covering the maximum fragments of the Creek. The 

as essment of en iroTU11ental capacity indicated the presence of at least two 

di tincti e regions along the Creek. The area located between Stations 1 -3 is the 

downstream region; while the area laying between Stations 4-10 is the upstream 

reglOn. 

Water samples were analyzed for: physico-chemical parameters (Water 

Temperature, pH, alinity, Dissolved Oxygen, and Turbidity); and nutrients (Total 

itrogen, itrate-nitrogen and Phosphate-phosphorus). Whereas the surface 

ediments were analyzed for: Moisture Content, Organic Carbon, and Texture 

analyses; as well as Heavy Metals (Copper, Nickel, Lead, Zinc, and Chromium) 

content. 

In the water column, towards the southwest area of the Island along the 

upstream region of Dubai Creek low salinity values clearly indicate the influx of 

fresh water. The levels of nutrients such as total nitrogen, nitrate-nitrogen and 

phosphate-phosphorus in the surface water are respectively 2.8, 3 . 5  and 8.8 times 

higher at the upstream region as compared to the downstream section. As for the 

surface sediments, a high contents of moisture, organic carbon and mud are evident 

along the upstream region of the Creek. 

Heavy metals such as copper, ZInC and lead show a clear plume of high 

concentrations starting from Station 9.  The areas surrounding Station 9 are 

recognized to be the most contaminated in the upstream region. The surface 

sediments in Dubai Creek contain 3 5  times higher levels of lead and zinc than the 

unpolluted marine sediments in the U.A.E, as recorded in 1 993 . 

*** 

v 
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Intr o du cti o n  

1.1 Genera l  

Environmental management consists of formulating and applying strategies by which 

resources of a given ecosystem can be utilized in an efficient and sustainable manner 

in the context of the overall and specific socio-economic and political goals of the 

society (GESAMP, 1986). The use of the marine waste must only be undertaken 

after first conducting as rigorous an assessment as possible of the probable impact. 

The policy by which this assessment is conducted is based on a comprehensive 

scientific assessment in which intense scientific data is used. The process by which 

the final decision is taken often centers as Environmental Impact Assessment. The 

type of assessment undertaken in environment impact can follow one of two 

approaches:-

• To make "deterministic" assessment of permissible effluent. 

• To perform a probabilistic assessment of the environmental capacity. 

Various terms are used to describe the extent to which the environment is able to 

accommodate waste without unacceptable effects. One such term is Environmental 

Capacity. Environmental Capacity is a property of the environment. It is defined as 

its ability to accommodate a particular activity or rate of activity (e.g., volume of 

discharge per unit time, quantity of dredging dumped per unit time, quantity of 

minimum extracted per unit time) without unacceptable impact (GESAMP, 1986). 

However, the environmental capacity varies with the characteristics of each area, type 

and number of discharges, activities or affected resources and their uses. 
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Dubai Creek has attracted human settlement for many centuries, as a fishing 

hub as well as a trading center. The Creek bad the best natural port in the Gulf region 

and the Arabian Peninsula. The emergence of Dubai as a commercial center is dated 

back to the beginning of 19th century. The city was a small coastal village, which 

gradually began to grow. In the 19th century the population of Dubai was 

approximately six thousand and by the 1930s approached eighteen thousand (Wilson 

and hukla, 1999). 

In 1940s, Dubai was the largest town on the Trucial Coast with about twenty­

five thousands inhabitants. During that period, the Creek divided Dubai town. The 

length of the Creek was approximately between 8- 10 km and many native crafts used 

to be anchored in the Creek. After the first dredging in the Creek during 1959-60, 

more ships called in Dubai Creek and opened a new chapter in the commercial life of 

Dubai. By 1965, a comprehensive plan was made and approved by the Dubai Ruler 

and amended in 197 1 with the help of UNDP (United Nations Development 

Programme) experts (Wilson and Shukla, 1999). Today the population of Dubai is 

exceeding 800 thousends. As a relatively young and progressive city it has achieved 

tremendous development in the last two decades. These developments include in 

particular, the coastal region (Figure 1. 1). 

The United Arab Emirates comparise of Abu Dhabi, Dubai, Sharjah, Ajrnan, 

Umm Al-Qaiwain, Ras Al-Khaimah and Fujairab. The second largest emirate in the 

seven-member federation, Dubai is the center of trade, commerce and tourism in the 

United Arab Emirates. It is also the leading entry port to the region. 

The United Arab Emirates lies between latitude 220_26.5 0 North and longitudes 

5 10-55.6 0 east. It has 700 kilometers of coastline and the 77,700 sq km land area is 

dominated by rolling sand dunes and gravel plain. Dubai's coastaline stretches about 

72 kilometers along the southern shores of the Arabian Gulf 

2 
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Photos Courtesy: PLanning and Survey Department, Dubai Municipality 

Figure 1.1 Dubai Creek (Historic development through the years) 

3 
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Dubai is de eloping rapidly and many developmental activities are concentrated 

around Dubai Creek. As a result, the natural ecosystem is being degraded and there is 

an increasing threat to its vigour and productivity. Hence arises an urgent need to 

formulate marine environmental modeling and assessment. 

An es ential step in assessing the environmental impact of a discharge is the 

determination of boundaries within which the ecosystem is impacted. There are 

three types of boundaries identified:- an enclosed type, a semi-enclosed type, and 

open coast type. Dubai Creek can be classified within the first category "Enclosed 

type". This usually has restricted exchange of water and is most amenable to 

definition of boundries of impacted ecosystem. 

This work aims at studying the fate and behaviour of some trace metals in the 

urface sediments from Dubai Creek. The specific aims of this study are:-

• determination of some environmentally important toxic metals in the sediments; 

• determination of "pollution load index" as well as the "contamination factor" for 

the studied metals; 

• to produce answer of management questions with adequate confidence limits in 

order to formulate new policies of land based discharges or amendments in the 

existing regulations of waste discharges into the Creek. 

1.2 Review of Literature 

Information on the physico-chemical oceanographic characteristics are expanded 

in the Regional Organization for Protection of Marine Environment ( ROPME) Sea 

Area of the Arabian Gulf ( GrasshofI, 1976; Brewer, et al., 1978; Brewer and 

Dyrssen, 1985; Hunter, 1986 and Dorgham and EI-Gindy, 199 1). 

4 



www.manaraa.com

tudies conducted by the researchers on the Arabian Gulf and the Gulf of Oman 

pro ide data on bottom sediments ( Ross, 1978); and biological characteristics 

(Grice, 1978). SeveraJ other studies were executed reporting heavy metals levels in 

north we t region of the Arabian Gulf (Saad and Hussein, 1978; Andreni et aI., 1982 

and Al-Hashmi and Salman, 1985) and coastal waters of Oman (Fowler, 1985). The 

worldwide review on heavy metals and chlorinated hydrocarbons in the marine 

environment shows the minirnllI11, maximum and average limits of lead and cadmium 

in the surface sediments 0 f the Arabian Gulf (Fowler, 1990). 

Recent reports on heavy metals in sediments have also been documented in 

Kuwait ( MNR-Kuwait 1999), Oman ( MNR-Oman 1999), Qatar ( MNR-Qatar 1999) 

and Bahrain (MNR-Bahrain 2000). 

The trace metal determination was also covered during the contaminant screening 

survey of International Atomic Energy Agency ( IAEA) during 1998 ( IAEA, 1999). 

This survey covered many locations in Saudi Arabia, Kuwait, Qatar and the United 

Arab Emirates. 

There are only little published materials on the modeling and assessment of 

environmental capacity from the Arabian Gulf and practically none on Dubai Creek. 

None of the references of such a study could be acquired for Dubai Creek. However, 

some studies show the oceanographic and mathematical modeling for the Kuwait 

Action Plan (UNESCO, 1984; UNEP, 1985). The extensive assessment on 

Environment Capacity (GESAMP, 1986) and Coastal Modeling (GESAMP, 199 1) 

have been reviewed by IMOIF AOIUNESCOfWMOIWHOIIAEAlUNIUNEP and 

Joint Group of Experts on the Scientific Aspects of Marine Pollution ( GESAMP). 
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ubstantial amount of information on water quality during different seasons 

pro ided physico-chemical and biological conditions of Dubai Creek water body 

(Dubai Municipality, 2000a). Other studies provided data on rainfall and inputs of 

pollutant during the runoff period in Dubai Creek during 1995-96 (Dubai 

Municipality, 1996a) and 1996-97 (Dubai Municipality, 1997a). 

A study on the Evaluation of the current environmental situation along various 

tretches of Dubai Creek and the environmental impacts resulting from proposed 

de elopments has been conducted by the Dubai Municipality (Halcrows, 1992). This 

tudy includes hydrodynamics, evaluation of discharges, marine and terrestrial 

surveys, and statistics on the water quality and sediment analyses. 

The report on "Mass mortality of fish Nematalosa nasus in the lagoon of Dubai 

Creek" presents detail on a fish mortality incident (Dubai Municipality, 1995a) while 

the study "Biological characteristics of the marine environment in Dubai" (Dubai 

Municipality, 996b) provides statistics on water quality and biological characteristics 

of Dubai Creek. 

The study on macrobentbic communities near the sewer outlets in Dubai Creek 

provides some information on water quality of Dubai Creek (Ismail, 1992). Another 

work on twenty-four stations of the United Arab Emirates coastline (Shriadah and 

Al-Ghais, 1999) gives information on physico-chemical water quality characteristics. 

1 .3 Area of Study 

Dubai "Pearl of the Arabian Gulf' is a well known statement since old history. The 

city of Dubai is bisected by Dubai Creek. The Creek, which extends inland for 1 4  km 

from its entrance to the Arabian Gulf, varies in width from approximately 100 meters 

6 



www.manaraa.com

near the mouth to 1 .2 Ian at its end with a depth variation of 5.5 to 8 meters. Today, 

it remains an appealing focus around which the city continues to grow (Figure 1 .2) .  

Duhai Creek. downstream 

Dubai Creek, upstream region 

Photos Courtery : Public Relation Section, Dubai Municipality 

Figure 1.2 Arial view of Dubai Creek from downstream and upstream regions 

during 2000 
Dubai Creek is a seawater intrusion system from the Arabian Gulf, it passes 

through an open urban landscape that makes tight U-turn around AI Ras band with 

no hydro-dynamically significant freshwater inputs (Figure 1 . 3) .  The tidal current 

increases towards the mouth of Creek. The peak velocity occurs where the cross 

sectional area is minimum. Just as the current speed increases towards the mouth of 

the Creek, so there is a converse reduction towards the head of the lagoon. 
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1.4 Discharge Inputs into the Creek 

There are many recognized sources of inputs into the Creek such as treated wastewater 

from the Awir TP, surface runoff during rainfall. raw sewage from the 'dhows', 

untreated wa te and di charges from dewatreing outfalls (Table 1.1 and Figue 1.4). 

Table 1.1  Detail of wastewater outfalls (numbers, names, locations and quality) 
Outfall Outfall name, Source and Location Discharge quality 

No. 
1 From Fish Market Ground water 
2 SWDR 6, PSTN near MMl Ground water, Storm Water 
3 UPDR 9, near Middle East Bank Ground Water 
4 SWDR 8 PSTN Diera Post Office Ground Water, Storm Water 

5 SWDR 1 &2 near Carlton Tower Ground Water 
6 SWDR 17 Wharfage Pool No.1 Ground Water, Storm Water 

7 SWDR 3 Wharfage Pool No.3 Ground Water, Storm Water 
8 From Clock Tower Area Storm Water 
9 SWDR4 Storm Water 
10 From Airport Cargo Village Storm Water 
11 From Golf Club Ground Water 
12 F rom Air Port Storm Water 
13 Ground Water Pump 1-4 & 6-7 Ground Water, Storm Water 
14 SWDR 9 &11 Rashidva Ground Water, Storm Water 
15 From Air Port Storm Water 
1 6  SWDR 14 From Rashidya Storm Water 
17 From Rashidya Storm Water 
18 Sewage Treatment Plant, Aweer Treated effluent 
19 A weer Industrial Area Ground Water, Storm Water 
20 From Nadd AI Sheba Ground Water Dewatering 
21 From Shk. Mohammed Palace Ground Water Dewatering 
22 From Zabeel Area Ground Water Dewatering 
23 Abandoned line -

24 AI Jaddaf Dock SurfacefUntreated wastewater 
25 Old STP I Strom water during rain 
2 6  Old STP II Storm water during rain 
27 From Creek Side Area Ground Water, Storm Water 
28 From Court Complex Area Ground Water, Storm Water 
29 SWDB I From Karama Area Ground Water, Storm Water 
30 From AI Seaf Road Ground Water, Storm Water 
31 PSTN B14 Storm Water 
32 PSTN B15 Storm Water 
33 GWDB I Stoml Water 
34 SWDB 5 From Ghubaiba Area Ground Water, Storm Water 

. .  
Source: Draznage and irrigatIOn Department,Dubm J\fumc/palr ty 

NB. Outfalls numbers correspond to the numbers shown in figure 1 .4 
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De atering outfalls, as the name implies, are primarily intended for the discharge 

of groundwater originating from construction operations. A network of perforated 

pipes has been developed to restrict the groundwater level in the area (Halcrows. 

1 992) . The quality of effluent from the dewatering outfalls is similar to the quality 

of seawater. Few discharges, however contain high amount of dissolved solids 

re ulting in high salinity and nitrogen. 

The quantity of treated wastewater discharge from STP into the Creek varies from 

20,000 to 40,000 cubic meters per day depending on the season. 

Although, there is no identified industrial effluent connection to the Creek, 

however the untreated discharge from outfall No .24 (Jaddaf) is evident into the 

Creek. 

1 . 5  Envi ronmental Cha racteristics of Dubai Creek 

The Creek is generally an alkaline water body and maintains sin1ilar salinity to the 

Gulf (38-40%0). The portion of the Creek from the Arabian Gulf entrance to Al 

Maktoum Bridge is considered to have generally good water quality; containing a 

relatively diverse range of marine organisms (Dubai Municipality, 2000b). 

The area beyond Al Garhoud Bridge to the head of Dubai Creek contains higher 

levels of nutrient and trace metals due to the effluent discharges from Outfall No. 

1 8  (Awir STP ), Outfall No. 24 (Jaddaf), Outfall No. 16 (Rashidya), Outfall No. 20 ( 

Nadd Al Sheba) and Outfall No.22 (Zabeel) into this region (Figure 1 .4). The high 

level of nutrients in the water causes the fonnation of algal bloom and the system 

become eutrophic. Furthennore, Outfall No. 24 poses another threat to the water and 

sediment quality of the Creek by discharging heavy metals from ship repairs and 

maintenance industry (Dubai Municipality, 2000b) (Figure 1 . 3) .  

*** 
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Materi als and Meth o ds 

2.1 Sampling M ethodology 

ampling of water and sediments were conducted on board "Research Vessel 

Yamaha TM" equipped with modern oceanographic sampling devices as well as 

Global Posit ioning System, and 3D Echo so under. 

Data on water and sediment samples were collected from 1 0  locations along 

Dubai Creek (Table 2 . 1 and Figure 2 . 1 )  during January 1 999- December 2000. 

For the purpose of this study, Dubai Creek is divided into two section, following 

Halcrows ( 1 992) . The lower Creek is the area from Creek mouth to Al-Maktoum 

bridge wheras and the upper Creek is the area south of Al-Maktoum bridge till Creek 

end. These areas has been divided according to the hydrodynamics of the Creek 

(Halcrows, 1 992). 

According to the hydrodynamics model proposed by Halcrows (op. cit.), the 

Creek will be divided into the upstream region which includes station numbers 1 -3 ,  

and the downstream region which includes the station numbers 4- 1 0. 

2.2. Sampling Frequency 

Water quality and surface sediment samples were collected from 1 0  locations in 

Dubai Creek; whereas the core samples for mineralogical analysis were collected 

from the upstream region (stations 4- 1 0) of Dubai Creek. Core samples from the 
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downstream reglOn (stations 1 -3)  could not be collected due to the hard sandy 

bottom. 

Table 2. 1 Sampling stations along Dubai Creek 

Stations Location Stations Location 
1 Creek Mouth 6 Island West 

2 Abra 7 Island South 

3 AI Maktoum Bridge 8 Island East 

4 AI Garhoud Bridge 9 Jaddaf 
5 Island North 10 Sanctuary 

Monthly monitoring (surface, middle and bottom) of water quality were conducted 

in situ to study the following physico-chemical parameters:-

• Temperature 

• Salinity 

• pH 

• Dissolved Oxygen 

Quarterly surface water samples were collected and measured the following 

parameters. 

• Turbidity 

• Total nitrogen 

• Nitrate-nitrogen 

• Phosphate-phosphorus 
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Annual surface sediments for the year 1 999 and biannual surface sediments for the 

year 2000 were co llected to study the following heavy metals: -

• Copper 

• Lead 

• Nickel 

• Zinc 

• Chromium 

On the other hand the analyses of the following parameters ill the surface 

sediments were conducted only once in 2000: -

• Moisture Content 

• Organic Carbon 

• Sediment Texture 

• Sediment Mineralogy 

The data from Jabal Ali Sanctuary (Located on the coastal line of Dubai), collected 

during 1 997 was used for comparison. 

2.3 Water Sampling 

Plastic Niskin water sampler made by Hydro-bios with closing mechanisms at desired 

water depth was used for the collection of water samples. The samples were collected 

in high density polyethylene plastic bottle of 1 L  capacity, preserved in ice box and 

transferred to the laboratory immediately after the collection. 
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2.4 Sediment Sampling 

Stainless steel Van Veen sediment sampler made by Hydro-bios™ was used for 

obtaining bottom sediments. The samples were collected in acid rinsed polyethylene 

bags, freeze-dried and prepared for analysis. 

2.5 Methods of Analysis 

2.5.1 Water Quality - Physico-chemical Parameters 

Water quality monitoring was conducted in situ with respect to the following 

parameters at the surface, middle and bottom layers of water by using USEP A 

approved "Hydro lab H20TM" and "DataSonde 4™'' water quality monitoring 

equipments. Equipments were pre-calibrated with the specified standards prior to the 

monitoring of following parameters. 

Parameter Accuracy 

Temperature ± 0.1 °C 
Salinity ± 0.2 %0 

pH ± 0.2 Unit 
Dissolved Oxygen ± 0.2 mglt 

2.5.2 Water Quality -Turbidity and Nutrients Parameters 

2.5.2.1 Turbidity 

Turbidity was measured by Nephelometric Method (APHA, 1 995). The 

measurements were carried out immediately using the nephelometer turbidity meter 

after gently agitating and removing air bubble from the sample. 

16 
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2.5.2.2 Total Nitrogen 

Total nitrogen was measured by the following method (Parsons et ai., 1 984). 

amples of seawater are oxidized with potassium persulfate under pressure 

converting orgaruc nitrogen to nitrate. The nitrate was then analyzed as per the 

fo llowing equation 

Where: 

Nil = (E x F) - A, 

E the corrected sample exti nction 

F the factor 

A the n i trate and nitrite originally present in seawater 

2.5.2.3 Nitrate-nitrogen 

Nitrate nitrogen was determined by Ion chromatography method (APRA, 1 995). Only 

ion chromatography provides a single instrumental technique that may be used for its 

rapid, sequential measurement . 

A senes of standard nitrate solution were prepared by weighing 1 . 3 707g of 

NaN03 salt dried to a constant weight at 1 05
°

C, to 1 000 mI. When necessary the 

sample particulate was removed by filtering from 0.2f.lm membrane filter paper. 

Enough samples were injected to flush sample loop several times. Switched on ion 

chromatograph from load to inject mode and record peak heights and retention times 

on stripe chart recorder. 
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Concentration of nitrate were calculated according to the following equation in 

milligram per liter by referring to the appropriate calibration curve. 

Where: 

C = H x F x D  

C : concentration in mg n itrate/f. 

H : peak height 

F : response factor concentrat ion of standard 

D : d i lution factor for sample 

2.5.2.4 Phosphate-phosphorus 

Phosphate-phosphorus was determined usmg Stannous Chloride method 

(APHA, 1 995) .  Molybdophosphoric acid was formed and reduced by Stannous 

Chloride to intensively colored molybdenum blue. The concentration was measured 

by colour photometrically at 690 nm and compared with calibration curve. The value 

of Phosphate-phosphorus was measured by the following equation. 

mg P/i = mg P (approximately in 1 04 .5  m1 final volume) x l OOO/ml sample 

2.5.3 Sediment Quality 

2.5. 3.1 Moisture Content 

o 
Known amount of pre-weighed sediment samples were dried at 80 C for 48 hours 

and then weighed. The moisture content is calculated by the difference of pre­

weighed and dried weighed sediments. 
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2.5.3.2 Organic Carbon 

Organic matter expressed as percent Organic Carbon was estimated usmg acid 

dichromate and back titration method (Gaudette et al. ) 1 974). The precision and 

accuracy of the results were checked by applying the same procedure on triplicate of 

some elected samples. 

2.5.3.3 Texture Analysis (Mud and Sand) 

The pre-weighed dried sediment was sieved for grain SIZe distribution usmg a 

standard size of sieve to determine the amount of Sand (>63 l..Im) and Mud « 63 �m) 

in the sample (Loring and Rantala, 1 99 1 ). 

2.5.3.4 Mineralogy 

A Philips X-ray diffractometer model PW1l 840, with Ni filter, Cu-Koc radiation 

(/",= 1 .542 A
O
) at 40 KV, 30 rnA and scanning speed 0.02°/S was used. The differential 

peaks between 28=2° and 28=60° were recorded. The corresponding spacing (dAo) 
and reactive intensities (I1l0) were calculated and compared with the standard data. 

The heavy metals in the sediments were analyzed as per the specification provided in 

the Manual of Oceanographic Observation and Pollutant Analyses (MOOP AM, 
1 999), and APHA standard methods (Section 3 1 1 1 ) for the analysis of trace metals 

by using the standard reference material (APHA, 1 995) .  
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Precise and accurate atomic absorption analyses for the determination of metals 

involved the u e of flame (F  AAS) and graphite furnace atomic absorption 

spectrophotometry (GFAAS) .  

The analysis method used by MOOPAM ( 1 999) is as follows: 

Samples are digested with strong acids (Nitric acid and perchloric acid). Atomic 

absorption spectroscopy resembles emission flame photometry in that the sample 

solution is aspirated into a flame and atomized. I n  case of flame Atomic Absorption 

Spectroscopy, a light beam is directed through the flame, into a monochromator, and 

onto a detector that measures the amount of light absorbed by the element in the 

flame. Each metal has its own characteristic wavelength so a source hallow cathode 

lamp composed of that element is used. The amount of energy absorbed at the 

characteristic wavelength is proportional to the concentration of the element in the 

sample. 

In case of flame enusslOn, the amount of light emitted at the characteristic 

wavelength for the element analyzed is measured. 

Where: 

C ()lg/g) = 
(Cd-Cb) X F X V 

W 

C c-oncentration of element in the original sample (�g/g dry weigh) 

Cd concentration of element in sample solution (�g/ml). 

Cb mean concentration of element in reagent b lanks ()lg/ml). 

F dilution factor if needed (= 1 in case of no further dilution than initial di lut ion 

during digestion procedure). 

V volume of di lution of digested solution (ml) 

W dry weight of sample (g) 
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2.5.4 Modeling and Statistical Applications 

URFER 7 .0 1 TM oftware package was used to prepare the two-dimensional 

distribution model of Dubai Creek. 

TATI TICATM' was used to provide a mta multivariate analysis of the data such as 

factor analy is, cluster analysis, scatter plot, and correlation. 

"EXCEL 2000™'' was used for plotting the charts of water and sediment quality 

parameters. 

" SMART DRA WTM" was used to compose the location map of Dubai Creek. 

*** 
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W ate r Qu ality 

3. 1 I ntrod uction 

Knowledge on the physico-chemical characteristics of an aquatic environment is of 

great importance. Dubai Creek as a seawater lagoon with no hydrodynamically 

significant freshwater input, responds rapidly to the external changes particularly 

climatic . The tidal current at any point depends upon the local cross-sectional area, 

the water surface area and the instantaneous rate of changes of tidal elevation. 

Therefore, the tidal-current velocities increase towards the mouth of the Creek, and 

are greatest where the cross-sectional area is minimum. The upstream region of the 

Creek has a wide cross-sectional area, which acts slow rate of tidal elevation and 

current velocity. The water quality, for that reason, inextricably linked to the 

hydrological process, thus, the Creek does not behave as a simple aquatic system but 

also as a part of complex system, which has been influenced by hydro dynamical 

process. 

Some characteristics such as rainfall, which is wnstantly low with only a few 
exceptions, keeping Dubai Creek at the edge of two or more global weather systems. 

The northern 'shama!' winds in winter blow over the shallow water causes falling 

water temperature to values more usually associated with temperate oceans, 

sometimes causing massive mortality of the tropic biota. 

The Arabian Gulf waters mainly influences the physico-chemical characteristics of 

Dubai Creek. The Gulf is a gradual descent to a trough in the north, which runs 

roughly parallel to the I ranian coast. In both the summer and winter months, the 
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evaporation IS extensive particularly ill the very shallow southern embayment, 

along U.A.E coast. Water enters into the Gulf through the Strait of Hormuz at a 

salinity of 36.5-3 7.0 %0 (Sheppard et al. 1 992). 

The more inclusive records pertaining to hydrographic structure of the Arabian 

Gulf region have been obatined from the studies carried out by the different research 

vessels such as Atlantis I I  from Woods Hole Oceanographic I nstitute and NOAA 

(National Oceanic and Atmospheric Administration) ship (Brewer et al., 1 978, and 

Reynolds, 1 993) .  

Some information with the environmental aspects during the Gulf war of 1 99 1  (EI­

baz and Makharita, 1 994) and its aftermath assessment (Sadiq and McCain, 1 993) are 

also available. 

Most of the published information on the physical oceanographic characteristics 

are confined to the Arabian Gulf by few authors (e.g . ,  Grasshoff, 1 976; Brewer and 

Dyrssen, 1 985 ;  Hunter, 1 986; Dorgham and EI-Gindy, 1 99 1 ; and EI-Gindy and 

Dorgham, 1 992) . 

The water circulation model, namely denser water flowing outward beneath the 

inflowing shallow water has also been studied comprehensively in the Arabian Gulf 

by Hunter ( 1 986). 

Information on the physico-chemical characteristics on Dubai Creek is limited. 

However the routine information on the physico-chemical monitoring records has 

been published by the Environment Protection and Safety Section (EPSS) of Dubai 

Municipality in a form of seasonal bulletin and annual reports (Dubai Municipality, 

2000a· 2000b). Other research reports such as Fish Mortality (Dubai Municipality, 

1 995a) Biological Characteristics (Dubai Municipality, 1 996b); Rain Runoff (Dubai 

Municipality, 1 996a, 1 997a); Eutrophication (Dubai Municipality, 1 997b); Algal 

Blooms (Dubai Municipality 1 997c) and assessment of eutrophication and 
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development strategy of Dubai Creek (Salman, 1 999). Some physico-chemical 

parameters of the mid-depth samples, during different t ide levels in Dubai Creek. 

have al 0 been studied by Dubai Municipality during the improvement of Dubai 

Creek study in 1 99 1  (Halcrows, 1 992). Physico-chemical characteristics of Dubai 

Creek has also been reported in a study of macro benthic invertebrates near sewer 

outlets (I smaiL 1 992). The record on the environmental characteristics along the 

U.A.E coastline has been documented from twenty-four stations by Shriadah and Al­

Ghais, ( 1 999) during 1 993 to 1 994. 

In the present study a systematic survey of all relevant physico-chemical 

parameters were considered for the first t ime to interpret and assess the 

environmental conditions along Dubai Creek. 
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3.2 Res ults 

3.2.1 Water Temperature 

The seasonal averages of water temperature during 1 999 are presented in table 3 . 1 .  

The min imum a erage level (2 1 . 1 lC) was recorded during winter ( January­

March 1 999), whereas the maximum average level (33 .85
0 
C) was obtained during 

Table 3. 1 Seasonal average variations in water temperature ( 0 C) along 
D b · C k d  1 999 II aT ree lIr1l1� 

Stations Winter 

I 20.67 
2 20.5 8  
3 2 1 .49 
4 2 1 .30 
5 2 1 .23 
6 2 1 . 3 1  
7 2 1 . 53  
8 2 1 . 1 3  
9 2 1 . 1 9  

1 0  2 1 .24 
A verage±S .D 2 1 . 1 7±0. 3 1 

Spring Summer Autumn 

28 .43 33 .96 28 .97 
28 .50 33 .66 29.07 
28.83 33 .60 29.23 
28 .60 34.20 29. 1 7  
28 .40 34.00 28 .97 
28 .67 33 .97 29.03 
28 .60 33 .89 29.00 
28 .77 34.04 29.03 
28 .70 33 . 58  29.07 
28 .97 33 .56 29. 1 0  

28 .65±0. 1 8  33 .85±0.23 29.06±0.08 

summer (Ju ly-September 1 999). Column wise difference in the temperature 

shows gradual decreasing trend from the surface to the bottom (F igure 3 . 1 ) . 

S alinity T e m perature 

GI 
OJ 

'.r---�------�--�--------------�--�------------� 2 · 

; '0 r--------------------- ----------��------���� a:: 
31 -+--W ate r Te m pe ratu re ( 1 999) 2' 

"5 t=:!.��w�a�te�r!..T e�m�p�e�ra�tu�r�e (2:20�O�0l..) j---------------------------r 26 • 

,, � ________________________________________________ j 26 . 

2 3 4 5 6  S ta t io n s 
7 8 9 1 0  

o 
Figure 3. 1 Annual average variations in water temperature ( C) and salinity (%0) 
along Dubai Creek during 1 999-2000 
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Seasonal fluctuation in average temperature during 2000 varied in a range of 
o 

22.43 to 32 .57  C (Table 3 .2).  The minimum average level of temperature value 

was obtained during winter (January-March 2000), whereas the maximum 

average temperature was recorded during summer (July-September 2000) .  The 

temperature distribution during 2000 was almost comparable to 1 999. Vertical 

fluctuations in the temperature were insignificant. The highest values were 

obtained at the surface as compared to the bottom (Table 3 .2, Figure 3 . 1 ). 

o 
Table 3.2 Seasonal average variations in water temperature ( C) along Dubai 
C k d  

. 2000 ree unng 
Stations Winter Spring Summer Autumn 

1 22.4 1 28 .74 33 .23 27.99 
2 22.25 28 .58  32 .80 27.75 
3 22.24 28 .89 32.82 27.68 
4 22 .58  29.20 3 3 . 1 8  27.59 
5 22.48 29.3 0  32 .99 27 .37 
6 22.52 29.25 32.28 27.47 
7 22.45 29.25 32 . 1 6  27.39 
8 22.47 29. 1 9  32.34 27.59 
9 22.43 28 .96 32 .09 27.47 
1 0  22.46 28.92 3 1 .83 27.43 

Average±S.D 22 .43±0. 1 1  29.03±0.25 32 .57±0.49 27 .57±0. 1 9  

3.2.2 Salinity 

Seasonal average variation ill salinity along Dubai Creek during 1 999 was 

observed in the range of 38 .47 to 39.30%0 (Table 3 .3) .  The maximum average 

level was noticed during summer, whereas the minimum average level was 

encountered during spring. Vertical difference in salinity was insignificant, 

however there was slightly higher values at the bottom as compared to the 

surface (Figure 3 . 1 ) . 
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Table 3.3 easonal average variations in salinity (%0) along Dubai Creek 
d . 1 999 urLng 

Stations Winter Spring Summer Autumn 

1 40.42 39. 1 4  39.96 39.73 
2 40.30 39.0 1 39.59 39.50 
3 39.20 39. 1 9  39.62 39.30 
4 38 . 1 6  39. 1 1  39.56 39. 1 7  
5 38 .49 38 . 1 8  37 .69 39.07 
6 38 . 1 2  37 . 73 38 .79 39 .57 
7 3 8 . 78 38 .06 39. 06 39.47 
8 3 8 . 72 37 .78 39. 1 9  39. 1 0  
9 3 8 .26 3 7.96 39.36 3 8 .90 
1 0  3 8 .48 3 8 .53 40. 1 6  39.07 

Average±S .D 38 .89±0.84 3 8.47±0.60 39 .30±0.70 39.29±0.27 

The seasonal average fluctuations in the salinity along Dubai Creek during 

2000 were observed in the range of 3 8.93 to 39.8 1 %0 (Table 3 .4). The minimum 

and maximum average levels were observed during autumn and sununer 

respectively. 

Table 3.4 Seasonal average variations in salinity (%0) along Dubai Creek 
d 

. 2000 urLng 
Stations Winter Spring Summer Autumn 

1 39.52 39.42 39.62 39.30 
,., 1 0  1:\ 1  39.34 39.95 39.3 1 L. .J "/ • .J .J  

3 39 .38  39.27 39 .77 39.09 
4 39.3 1 38 .77  39.86 38.93 
5 3 8 . 77 39.03 39.97 38 .87  
6 3 8 . 7 1  39. 1 3  39.73 38 .83 
7 39. 1 3  39. 1 3  39 .82 3 8.73 
8 39. 06 3 8 . 70 39.67 38 .58  
9 38 .84 38.92 39.65 3 8 .68 
1 0  39.0 1  39.05 40.0 1 39 .0 1 

A verage±S .D 39.  1 3±0 .30 39 .08±0.23 39 .8 1 ±0 . 1 4  38 .93±0.25 
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3.2.3 pH 

I n  1 999. the easonal average variation in pH values were in the range of 8 .52  to  8 .78  

(Table 3 . 5 ). The average minimum (8 .52)  and maximum (8 .78)  levels were obtained 

during autumn and winter respectively. The pH levels at stations 1 ,  2, and 3 were 

genera l ly lower than the level of pH obtained between the stations 4- 1 0  (F igure 3 .2). 

Table 3.5 Seasonal avera�e variations in pH along Dubai Creek during 1 99 9 
Stations Winter 

1 8 .32 
2 8 .4 1 
3 8 . 37  
4 8 . 8 1  
5 8 .96 
6 9.0 1 
7 8 .99 
8 8 .94 
9 8 .9 1 
1 0  9 .06 

A verage±S . D 8 .78±0.29 

DIssolved Oxygen 
10 

9 

" co c 7 
'" cr 

6 

5 

2 3 4 

Spring 

8 .3 1 
8 .50  
8 .68  
8 .87  
8 . 89 
8 .87  
8 .87  
8 .68 
8 . 77 
8 .62 

8. 7 1 ±0. 1 9  

5 6 
Stations 

Summer 

8.29 
8 .33  
8 .34 
8 .47 
8 .59 
8 . 59 
8 .60 
8 .60 
8 .64 
8 . 75 

8 .52±0. 1 5  

7 8 

Autumn 

8.39 
8 .44 
8 .46 
8.63 
8 .67 
8 . 73 
8 .74 
8 .77 
8 . 73 
8 .68 

8 .62±0 . 1 4  

8 8  

8 6  

8 4  

8 2  

9 1 0  

Figure 3.2 Annual average variations in pH and dissolved oxygen (mg/e) along 

Dubai Creek during 1 999-2000 
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The seasonal average levels of pH during 2000 were in the range of 8 .74 to 8 .76 

(Table 3 .6). The minimum and maximum average levels were obtained during 

summer and spring respectively. Column wise difference, pH values are higher at 

the surface as compared to the bottom (Figure 3 .2) .  

T bl 3 6  s: I ' r  H I D b C k d  a e easona averaJ.;e vana Tons 111 p" a onl! u ai ree uring 2000 
Stations Winter Spring Summer Autumn 

1 8 .32 8.3 1 8 .29 8.36 
2 8 .41  8 .50 8.33 8.42 
3 8 .37 8 .66 8.35 8.50 
4 8.80 8 .89 8.50 8.63 
5 8 .86 8 .99 8 .58 8.67 
6 8 .88 8 .87 8.60 8.68 
7 8.83 8 .94 8 .58 8.73 
8 8 .87 8 .77 8 .60 8 .77 
9 8 .80 9 .0 1  8.67 8.72 

1 0  8.90 8.64 8.91  8 .68 
Average±S. O  8.70±0.24 8 .76±0.23 8.54±0. 1 9  8 .62±O. 14 

3.2.4 Dissolved Oxygen 

The seasonal average levels of dissolved oxygen (DO) along Dubai Creek during 

1 999 were recorded in a wide range of 5 . 62 to 6.4 1 mglf,(Table 3 . 7).  The minimum 
and maximum average levels were observed during summer and winter 

respectively. 

Table 3.7 Seasonal average variations in dissolved oxygen (mg/i) along Dubai 
Creek during 1 999 

Stations Winter Spring Summer Autumn 

1 6.03 6 .01  5 . 1 7  6.02 
2 6.02 5 .98 5 .29 5 .79 
3 6.50 5 .99 5 .3 1 5 .70 
4 6.32 6.00 5.37 6.0 1 
5 6.64 6.07 5 .22 6.29 
6 6.27 6.56 5.30 6.55 
7 6.73 6 .37 5 .94 6.34 
8 6.74 6.33 6.08 6.28 
9 6.27 6.03 6.23 6.0 1 

1 0  6.60 6.4 1 6.32 6.46 
A verage±S .O 6.4 1 ±0.27 6. 1 8±O.22 5 .62±0.46 6. l 4±0.28 

Vertical variations between the surface, middle, and the bottom layers were 

apparent particularly between stations 5- 1 0  (Figure 3 .2).  The surface layer sustains 
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higher DO levels as compared to the bottom layer. 

The seasonal averages of DO varied from 5.53 to 6.36 mg/C during 2000 (Table 

3 . 8). The minimum and maximum average levels were noticed during winter and 

spring respectively. 

Table 3.8 Seasonal average variations in dissolved oxygen (mg/t) along Dubai 
C k d . 2000 ree ' urmg 

Stations Winter Spring Summer Autumn 

1 6 . 0 1  6 .06 5 .76 6.28 
2 5 .78  6. 1 9  5.50 5 .80 
3 6.02 6.47 5.33 5 . 70 
4 6.34 6.96 5 .79 5 .75  
5 5 .86 6 .93 5 .26 5 .35  
6 5 .24 5 . 80 4.98 5 .70 
7 5 .3 1 6 .57 4.93 6 .00 
8 4.68 6 . 1 3  6. 1 5  5 .67 
9 4.96 6.23 6. 1 5  6 . 1 8  
1 0  5 .08 6 .25 6. 1 8  6.7 1  

Average±S.D 5 .53±0.55 6 .36±0.3 7  5 .60±0.48 5 .9 1 ±0.39 

3.2.5 Turbidity 

The seasonal average fluctuation in the levels of turbidity along Dubai Creek during 

1 999 ranged between 0.9 to 3 . 1 NTU (Table 3 .9). The minimum and maximum 

levels were obtained during autumn and spring respectively. 

Table 3.9 Seasonal average variations in turbidity (NTU) along Dubai Creek during 
1 999 

Stations Winter Spring Summer Autumn 

1 2 .50 2 .00 0.50 0 .50 
2 2 .50 2.00 1 .00 1 .00 
3 2 .50 2 .50 1 .50 0.50 
4 3 .00 2 .50 1 . 50 1 .00 
5 3 . 00 5 .00 1 . 50 1 .00 
6 3 . 00 3 . 50  1 . 50 1 .00 
7 3 .00 2 .50 1 . 50 l .00 
8 3 .00 4 .00 l . 50 l .00 
9 3 . 00 3 . 50  l . 50 1 .00 

1 0  3 .00 3 .50 l . 50 l .00 

Average+S .D 2. 85+0.24 3 . 1 +0.97 1 . 35±0.34 0 .9±0.2 1 
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The distribution of easonal averages of turbidity during 2000 ranged between 1 .6-

3 . 1 S  TU (Table 3 . 1 0).  The minimum and maximum average levels were observed 

during summer and autumn respectively. 

TabJe 3. 1 0  easonal average variation in turbidity (NTU) along Dubai Creek 
I 2000 (. uring 

Stations 

1 
2 
3 
4 
S 
6 
7 
8 
9 

1 0  

A verage±S.D 

Winter 

1 .00 
1 .00 
1 . S0 
2 .00 
2.00 
2.00 
2 .00 
3 .00 
2 .S0 
2 .S0 

1 .9S±0 .64 

Spring Summer Autumn 

1 .00 O .SO 1 .00 
2 .S0 O .SO 1 .00 
2.00 1 .00 1 .S0 
2 .00 1 . S0 1 .S0 
I . S0 2 .00 2 .00 
2 .00 2 .00 1 . S0 
2 .00 2.S0 3 .00 
1 . S0 2 .00 2.S0 
1 . S0 2 .00 2.S0 
1 . S0 2 .00 I S .00 

1 . 7S±0.42 1 .6±0. 70 3 . 1 S±4.22 

The annual averages of turbidity levels are high between stations 4- 1 0  as compared 

to stations 1 -3 (Figures 3 . 3-3 .4) .  

Generally, the turbidity values were comparatively lower between stations 1 -3 

during 1 999 and 2000 (Figure 3 .3  and 3 .4) .  

3.00�--------------------------------------, 
2.50 t-------------' 
2.00 +-----------

IoIt -. 
� ' .50 1 .00 

O.SO 
0.00 

2 3 4 5 6 7 8 9 1 0  
StatIOns 

Figure 3.3 Variation in turbidity (NTU) along Dubai Creek during 1999 
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r 6.00 
5.00 
4.00 

.!a 
� 3.00 
CD 

-I 
2.00 
1 .00 
0 00  

2 3 4 5 6 7 8 9 1 0  
Stations 

Figure 3.4 Variations in turbidity (NTU) along Dubai Creek during 2000 

3.2.6 Total Nitrogen 

In 1 999, the seasonal average variations in total nitrogen levels were 56.93 to 1 50.0 

Ilg-at!( along Dubai Creek (Table 3 . 1 1 ) . The minimum and maximum values were 

obtained during summer and winter. 

Table 3. 1 1  
C k d  . 

Seasonal average variations in total nitrogen (pg-atIC) along Dubai 
ree urzn� 1 999 

Stations Winter Spring Summer Autumn 

1 1 32 .85 27. 1 5  1 4 .29 45 . 7 1  
2 1 28 .58 1 4 .29 23 .57  42.85 
3 1 32.85 75 .7 1 28.56 37. 1 4  
4 1 97. 1 4  95 .70 7 l .44 1 07. 1 4  
5 1 42 .85 2 1 4 .28 70.00 1 49.99 
6 1 45 .72 1 64.29 68.58 1 35 . 73 
7 1 42.85 1 2 l .43 85 .7 1 1 64.29 
8 1 42 .85 1 99.99 7 l .44 1 49.99 
9 1 64.29 207. 1 4  68.58 1 64.29 

1 0  ] 69.99 1 42.85 67. 1 4  1 78 .58 
Average±S.D 1 50.00±2 1 .20 1 26.28±72.50 56.93±24.80 1 1 7 .57±55 .60 

The trend in seasonal averages of total nitrogen during 2000 along Dubai Creek 

was similar to 1 999 (Table 3 . 1 2).  However, the levels were higher in some stations 6 

J 
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and 1 0. The minimum and maximum seasonal average levels were in the range of 

55 . 1 4  to 1 65 . 1 4  )lg-at/f . 

Table 3. 1 2  Seasonal average variations in total nitrogen (J.1g-atlt) along Dubai Creek 
d 

. 2000 unn!; 
Stations Winter Spring Summer Autumn 

1 52 .85 25 .0 1 1 0. 72 1 6 .43 
2 44.29 28 .56 1 6 .43 1 3 .57  
3 87.86 29.28 26.43 6 1 .44 
4 1 1 7 . 86 1 28 .58  3 7.86 1 05 .0 1 
5 1 24.29 7 1 .44 85 . 7 1  207 .86 
6 1 42.85 78 .58 92.85 353 .58 
7 1 26.42 1 00 .00 50.00 1 37 . 1 4  
8 497. 1 5  70 .72 60.00 206.42 
9 1 24.29 7 1 .44 1 00 .00 203 .57 

1 0  1 67 .86 78 .58  7 1 .44 346.44 
Average±S.D 1 48 . 57± 1 28 .30 68.22±33 . 1 0  55 .  1 4±32 . l 0  1 65 . 1 4± 1 2 1 . 80 

Total nitrogen level is in increasing trend beyond station 4 during 1 999-2000 

(Figures 3 .5  and 3 .6) .  

2�.00r---------------------------�------------------� 

200.00 ������==�--------------------����----� o Phosphate-Phosphorus 

1 �.00 • Nitrate-nitrogen 

o Total N itrogen 

� 1 00.00 .t=========;;,;jj > cu 
...J 

� oo "-""" 
0 00  +----,,...-----.------.---..,.----,,-----.------,-----r-----1 

2 3 4 5 6 7 8 9 

Stations 

Figure 3.5 Variation in nutrients (J.1g-atlf) along Dubai Creek during J 999 

1 0  
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Figure 3.6 Variation in nutrients (flg-atlf) along Dubai Creek during 2000 

3.2.7 Nitrate-nitrogen 

During 1 999, the seasonal average variation of nitrate-nitrogen were in the range 

of 1 0.07 to 26.93 )lg-atli (Table 3 . l 3) .  The minimum and maximum average values 

were obtained during spring and autumn respectively. 

Table 3.13  Seasonal average variations in nitrate-nitrogen (flg-atIC) along 
D b · C k d 

. 1 999 u al ree unn� 
Stations Winter Spring Summer Autumn 

1 22. 1 3  3 .57  7. 1 5  7.86 
2 22.85 2 .85 7. 1 5  7. 1 5  
3 28.56 1 7 .86 2 1 .44 5 .7 1 
4 3 5 . 7 1  24.29 20.00 25 .7 1 
5 2 l .44 8 .56 1 5 .0 1 3 1 .44 
6 27. 1 5  8.56 1 4.29 32. 1 3  
7 1 6 .43 7.86 29.28 40.00 
8 3 1 .44 7.86 1 6.43 42.85 
9 23.57 1 0. 72 22.85 32.85 
1 0  1 9 .28 8.56 1 7. 1 5  43 .57 

Average±S. D  24.86±5 .8  1 0.07±6.5 1 7 .07±6.8 26.93±1 4.8 
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I n  2000, the seasonal average variation in the level of n itrate-nitrogen was observed ranged 

between 5 .50 to 65 .7 1 ).lg-atlt (Table 3 . 1 4). The minimum and maximum average levels 

were observed during spring and winter respectively. 

The levels of nitrate-nitrogen reaches h igh level between stations 4- 1 0  during 1 999 and 

2000 (Figure 3 .5-3 .6). 

Table 3. 1 4  Seasonal average variations in nitrate-nitrogen (j..Lg-at't) along Dubai Creek 
d 2000 zmng 

Stations 

I 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  

Average±S . D  

Winter 

1 7 . 1 5  
20.00 
3 8 .56 
47 . 1 4  
50.00 
52.85 
49.28 

292.87 
44.29 
45 .0 1 

65 . 7 1 ±80.80 

3.2.8 Phosphate-phosphorus 

Spring Summer Autumn 

3 .57  3 .57  2 .85 
1 0 .00 2 .85 4 .29 
7 . 1 5  3 . 57  1 4 .29 
1 5 . 7 1 5 .0 1 32.85 
2 .85  1 1 .44 22.85 
2 . 85 1 0 .72 83 .57 
2 . 85 5 . 7 1  1 0 .00 
2 . 85 5 . 7 1  26 .43 
4 .29 1 2 . 1 3 38 .56 
2 . 85 5 . 7 1 1 0 . 72 

5 .50±4 .30 6 .64±3 .50 24.64±23 .90 

In 1 999, the data for phosphate-phosphorus a long Dubai Creek were col lected during 

autumn onJy. The recorded levels show a variation ranged between 0.97 to 22.66 J..l.g-atl( with 

an average level of 1 3 .88 J..l.g-atlC (Table 3 . 1 5) .  

Table 3. 1 5  Seasonal average variations in phosphate-phosphorus (j..Lg-atle) along Dubai 
C k d  

. 1 999 ree unn� 
Stations W inter Spring Summer Autumn 

1 - - - 0.97 
2 - - - 0.97 
3 - - - 0.65 
4 - - - 1 4. 89 

5 - - - 1 9 .42 
6 - - - 1 9 .42 

7 - - - 2 1 .04 
8 - - - 2 1 .04 

9 - - - 1 7.80 

1 0  - - - 22.66 

Average±S.D - - - 1 3 . 88±9.22 
(-) indicates no data 
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The seasonal average fluctuation of phosphate-phosphorus during 2000 are in 

the range of 3 . 1 7  to 1 2 .36  Ilg-atlC (Table 3 . 1 6).  The seasonal minimum and 

maximum average levels are obtained during summer and autumn respectively. 

Table 3. 1 6  Seasonal average variations in phosphate-phosphorus (f.1g-atlt) along 
D b ' C k d 

. 2000 U Q/ ree unng 
Stations Winter Spring Summer Autumn 

1 1 .94 0.67 0.67 3 . 33 
2 2 .27 2 .00 0.67 3 . 33 
3 4 .2 1 3 .33  1 .67 4 .00 
4 5 . 1 8  8 .33 3 .33  1 2 .67 
5 6. 1 5  5 .33  4.67 1 0.00 
6 6.47 5 .67 4 .67 3 1 .00 
7 6. 1 5  5 .67 4 .00 1 1 . 00 
8 29. 1 3  5 .67 4 .33  1 1 .00 
9 6.47 5 .67 4.67 1 1 .67 

1 0  6 . 1 5  5 .00 4 .00 29.33 
Average±S .D 7.4 1 ±7 .82 4 .60±2. 1 2  3 . 1 7± 1 .59 1 2 . 36±9.58 

As with other nutrients (total nitrogen, and nitrate-nitrogen), phosphate­

phosphorus shows an increasing trend beyond station 4 (Figure 3 .6). 

3.3 Disc ussion 

Dubai Creek is located within the North-Temperate tropical margin, a region that 

encompasses most of the Earth deserts. Generally, the temperature variation in the 

tropical region is limited. The observed range of temperature (20 .58-33 .85
°
C) in Dubai 

Creek during the present study is well comparable with the earlier records of 

temperature in Dubai Creek (Abu-Hilal and Adam 1 995 , Dubai Municipality, 2000b), 

and the temperature records of the ROPME Sea Area Members States (ROPME, 

2000). 
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pH results show that the Creek is alkaline with an annual average variation of 8 .4 

to 8 . 7. Obviously these values are comparatively higher than the values obtained from 

the closest studied area of Abu Dhabi Creek (Abu-Hilal and Adam, 1 995) and the 

United Arab Emirates waters (Shriadah and Al-Ghais 1 999); however they are well 

comparable with the earlier records for Dubai Creek (Abu-Hilal and Adam, 1 995; 

Dubai Municipality 2000b) as well as the values recorded during studies on 

eutrophication conducted by Mustafa et ai. , (200 1 ) . pH values are low in the 

downstream region (stations 1 -3) as compared to the upstream region (stations 4- 1 0). 

In most of the cases, the differences in pH values between the surface, middle and 

bottom layers of the downstream region (stations 1 -3)  are almost similar to a well­

mixed body of water (Halcrows, 1 992). The insignificant columnwise differences in 

the pH values is attributed to the shallowness and vertical turbulences in the Creeks 

(Shriadah and Al-Ghais, 1 999). Vertical stratification in the pH is evident in the 

upstream region. Higher values at the surface layer are due to high rate of 

photosynthesis which leads to the consumption of carbon dioxide; whereas the lower 

values at the bottom are mainly attributed to the decomposition of organic matter 

which results in carbon dioxide generation. Combination of factors such as 

photosynthetic activity, dissolved oxygen concentration, disposal of sewage 

wastewater and decomposition of organic matter in the creek waters are factors 

controlling the pH in the Creeks water of the United Arab Emirates (Shriadah and Al­

Ghais, 1 999). 

The enhanced levels of pH along the upstream regIOn show association with 

anthropogenic freshwater releases identified by the negative correlation of pH versus 

salinity (r = -0.78, p<0.05), this reflects the fact that the pH increases where the 

system receives freshwater influx (Figure 3 . 7).  Abu-Hilal and Adam ( 1 995) observed 

the same trend of distribution. They mentioned that Dubai Creek water is receiving 

anthropogenic inputs from outfalls located on the banks of the Creek. 
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Figu re 3.7 Scatter Plot of salinity vs. pH showing a negative correlation 

The results indicate wide and significant temporal d ifferences within the study area. 

The exceptionally high pH values (>9) along Dubai Creek are indicative of high 

primary productivity, which fully utilizes carbon dioxide. Such results of high pH 

levels associated with high primary productivity are also observed in Bombay coastal 

environment ( Mustafa, 1 995) 

The seasonal pH variations are highest during the winter (8 .74) and spring (8 .73) as 

compared to the autumn (8 .62) and summer (8 .53 ). H igher pH levels during winter 

are mainly associated with high levels of chlorophyll a (Dubai Municipality 2000b), 

which as a result of photosynthesis increases the dissolved oxygen levels, whereas the 

lower pH values observed during summer are due to the oxidation of organic matter 

(Shriadab and AI Ghais, 1 999). 

Dissolved Oxygen (DO) content in an aquatic system is an essential influencing 

factor for aquatic life. The available DO is derived from the atmosphere and 

photosynthesis. Organic matter oxidation contributes to the depletion of oxygen in the 

water body. Changing balance between the oxygen supply and consumption leads to a 

characteristics DO profile . Therefore, under aerobic conditions the oxygen content is 

the most suitable measure for the state of water body. 
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In  this study, DO shows wide fluctuations with generally higher levels at the 

upstream (6. 1 mg/t )  as compared to the downstream (5 .9 mg/C)  regions of Dubai 

Creek. The observed levels of DO are corresponding to the earlier records of Dubai 

Creek (Abu-Hilal and Adam, 1 995) .  High DO values at the upstream region are 

usually associated with high photosynthetic activity at the surface water. The 

respective d irect and inverse correlation of DO versus salinity (r = -0.64, p<0.05) 

testifies its association with anthropogenic freshwater releases in the Creek (Figure 

3 . 8 ). 

SAliNITY \OS DO (Cose-wl .. MD deIe1j",,) 
DO = 1 3 867  - 2010 ' SAUNITY 

Correlation ( = � 6421 
6 25,----------------, 
6 20  

6 10 

6 05  

8 6 00  

5 95  

5 90  

5 85 

o 

o 

o 
o 

5 �L-----------�-� 
�2 � 4  � 6  � 8  � o  � 2  � 4  � 6  � e  

SAliNITY 

Reo-esSIon 
95%confld 

Figure 3.8 Scatter Plot oj salinity vs. DO showing a negative correlation 

Dubai Creek exhibits significant differences in vertical distribution of dissolved 

oxygen at the surface, middle, and bottom layers in the upstream region (Figure3 . 1 ). 

The low value at the bottom as compared to the surface is expected due to sediment 

respiration and chemical reactions, whereas the high dissolved oxygen values at the 

surface is due to air diffusion at the air-water interface, as well as agitation, and 

photosynthetic activity. The less well-mixed water in the upstream region indicates 

significant vertical stratification. 

Seasonally, dissolved oxygen values are higher during the winter (5 .9 mg/f) as 

compared to the summer (5 .6  mg/t) seasons. Increasing DO values during winter is 

due to high solubility of oxygen in decreasing water temperature and increasing 
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turbulence, while the falling DO values during summer is attributed to higher water 

temperature, therefore, increasing the rate of organic matter decomposition in the 

coastal and creeks waters of United Arab Emirates (Shriadah and Al-Ghais, 1 999). 

Salinity levels recorded during this study in Dubai Creek are higher than the 

oceanic waters (�35 %0), but well comparable with the typical salinity regime of the 

Arabian Gulf. Usually the Arabian Gulf are characterized by shallow depth and 

extreme air temperature, high evaporation rates, and restricted circulation of the Gulf 

water with the Arabian Sea through Straits of Hormuz (Hunter, 1 982). The resulting 

offshore environment is harsh, with salinity extremes exceeding other areas of the 

world. 

The horizontal distributions of the salinity are more prominent along Dubai Creek. 

The downstream region is highly saline as compared to the upstream. In the upstream 

region, between stations 5 to 1 0, low salinity levels are associated with the 

anthropogenic freshwater inputs, mainly from the fo llowing sources:-

• Outfall No. 1 8  - Treated effluent discharges 

• Outfall No. 20 - Groundwater dewatering 

• Outfall No. 1 6  - Stormwater discharge 

• Outfall No. 24 - Stormwater discharge 

The vertical distribution of salinity indicates slightly higher value's at the bottom as 

compared to the surface along the upstream region. Salinity depth profile is developed 

due to low-mixing of the water. In general, the salinity is mainly influenced by the 

quality and quantity of discharges along the banks of the Creek rather than prevailing 

regime in the Arabian Gulf (Grasshoff, 1 976). 

The significant negative correlation of salinity (p<0.05) versus turbidity (r = -0.76), total 

n itrogen (r = -0.79), nitrate-nitrogen (r = -0 .63 ), and phosphate-phosphorus (r = -0.78) in the 
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water qual ity parameter ind icate that pol lutants in the Creek originate from the freshwater 

discharge (F igure 3 .9). 
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Figure 3.9 Scatter Plots of salinity vs. turbidity (a), total nitrogen (b), nitrate-nitrogen 

(c) and phosphate-phosphorus (d) showing negative correlations 

The salinity profile along the downstream (39.5%0) and the upstream (38 .9%0) 

regions are within the range recorded earlier in Dubai Creek by Abu-Hilal and Adam 

( 1 995), however it is lower than the values reported by Basson et ai. , ( 1 977), and Abu­

Hila! et az' , ( 1 990) from the Gulf of Oman; and higher than the values reported by 

Abu-Hilal and Adam ( 1 995) for Abu Dhabi Creek in the Arabian Gulf. 

The average turbidity of Dubai Creek recorded during this study is slightly higher 

than the average turbidity recorded for the Dubai offshore region (Dubai Municipality, 

2000b). High turbidity is associated with high planktonic growth and eutrophication, 

which has reached up to 1 5  NTU at station 1 0  during autumn 2000. Generally, the 

upstream is highly turbid as compared to the downstream regions. The reasons being 
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factors such as poor flushing, low mixing rate and high planktonic growth. Such 

levels are reported in earlier study associated with the problem of eutrophication in the 

upstream region of Dubai Creek conducted by Dubai Municipality ( 1 997b). 

Dissolved nitrogen and phosphorus compounds are present in low concentrations in 

seawaters. Nitrogen is mainly present as nitrate with low concentrations of nitrite and 

ammonia, while the major inorganic species of phosphorus is phosphate. H igh 

concentrations of these nutirents in water however can lead to excessive growth of algae 

resulting in eutrophication in extreme cases (NIO 1 992). 

Overall, the present levels of nutrients are extremely high but comparable with earlier 

studies in Dubai Creek (Dubai Municipality, 1 997b; Dubai Municipality, 2000b; 

Mustafa et 01. ,  200 1 ) . The observed high levels are much higher than Dubai and Abu 

Dhabi Creeks reported in 1 995 (Abu-H ilal and Adam, 1 995) and also significantly 

higher than Kuwait . Saudi Arabia, and Qatar ( Dorgham et oZ. , 1 98 7), and the U .A.E. 

coastline (Shriadah and Al-Ghais, 1 999). These levels in Dubai Creek have fluctuating 

pattern (Table 3 . 1 7).  

Table 3. 1 7  Nutrients contents (jig-atlf) oj the Arabian Gulf waters 

Area Nitrate- Phosphate- Reference 

n itrogen phosphorus 

Dubai Creek 0 .50-23 . 79 0.80-28.82 Abu-Hilal and Adam (1 995) 

1 989-90 

Abu Dhabi Creek 0.08- 1 8 .72 0 .02-4 .53  A bu-Hilal and Adam (1 995) 

1 989-90 

Kuwait 0 . 1 6-0 .38 0. 1 4-0. 1 8  Dorgham et oz. , (1987) 

Saudi Arabia 0 .09- 1 .27 0.0-0.34 Dorgham et az' , (1987) 

Qatar 0 .30-0.38 0 .20-0.88 Dorgham et 01. , (1 987) 

Dubai Creek 2 .85-43 .57  0 .97-22.66 Present Study(1 999) 

Mean±S.D ( 1 9.73±5 .62) ( 1 3 .88±9.22) 

Dubai Creek 2 .85-292.87 0.65-30. 1 0  Present Study(2000) 

Mean±S. D  (25.62±2 1 .64) (6.89±3 . 85) 
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Sharp changes exists between the downstream and upstream regions the latter 

showing high levels. The principal reason is attributed to the inputs from sewage 

treatment plant- despite tertiary treatment- containing high level of nitrate and 

phosphate. Furthermore, the mixing and dilution processes in this region are very 

poor (Halcrows, 1 992). 

Although the variations among the stations are irregular but a remarkable 

difference exists between the downstream and upstream regions. Comparison 

between the nutrients in the downstream and upstream regions during present study 

indicate anthropogenic releases in the upstream region from land-based sources 

(Table 3 . 1 8) .  

Table 3. 1 8  ratios of nutrients between downstream, and upstream regions of Dubai 

Creek 

Nutrients Downstream region Upstream region 

Total nitrogen (f.1.g-atIC) 1 2 .8  

Nitrate-nitrogen (f.1.g-atll) 1 3 . 5  

Phosphate-phosphorus (f.1g-atIC) 1 8 .8  

The atomic ratio of nitrogen to  phosphorus (N: P) in this study is  29 :  1 in the 

downstream, and 9 .7 :  1 in the upstream region (Table 3 . 1 9) .  The existing N:  P ratio in 

the upstream region is closer to the nearby areas of Ras Al-Khaima (9.8 : 1 ), Abu Dhabi 

(9 .5 : 1 )  and Umm Al-Quwain (8 .9 : 1 )  as reported by Shriadha and Al-Ghais ( 1 999) . 

Table 3. 1 9  Atomic ratios of nitrogen and phosphorous (N: P) along downstream, 

and upstream regions of Dubai Creek 

Parameters Downstream region Upstream region 

Total nitrogen (f.1g-atll) 42.9 1 2 1 .4 

Phosphate-phosphorus (f.1g-atll) l .6 1 4 .2  

N: P ratio 1 : 27 1 : 8 .5  
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N:  P ratio along upstream region of Dubai Creek is lower than the global oceanic ratio of 

1 6 : 1 (Redfield, 1 934) whereas, the N:  P ratio along the downstream region is s ignificantly 

h igher than 1 6 : 1 .  A lgal production is correlated to the levels of nitrogen (N) and 

phosphorus (P) in the water. Above a 1 5 : 1 - 1 6 : 1  N: P ratio in an estuarine or coastal area, 

the system wi l l  l ikely experience an algal bloom, the severity of which wi l l  be in relation to 

the excess phosphorus avai lable (Schindler, 1 978;  Jaworski, 1 98 1 ). In  those systems, where 

N: P are below 1 0 : 1 ,  n itrogen is l imiting nutrient and the estuarine or coastal system wi l l  

experience algal b loom if excessive nitrogen becomes avai lable (Jaworski, 1 98 1 ) . 

Typical ly, N :  P ratio above 1 6 : 1 in the water column of the estuarine or coastal system is 

general ly non-eutrophic, which reveals algal b loom in the presence of excessive phosphorus; 

whi le the N: P ratio below 1 6 : 1  is indicative of nitrogen as the l imiting nutrient, which 

generates the algal b loom jf nitrogen becomes available (Jaworski, 1 98 1 ). General ly, a 

phosphate concentration of 0.3 J.lg-atli wi l l  support plankton growth, while concentration 

1 .0-3 .2  J.lg-atl£ phosphate wil l  l ikely trigger blooms (USEPA, 1 986; Dunne and Leopard, 

1 978) .  A high availabi l ity of phosphate does not always indicate continued production 

because the system may become n itrogen l imited. Phytoplanktons uti l ize N and P in ratios 

of 3 to 30 by atoms; the ratio of above 1 6  is associated with optimal growth conditions 

( Edward 1 992). 

The relatively lower level of phosphate and a h igh ratio of N: P ind icates a non-eutrophic 

cond ition in the downstream region of Dubai Creek The presence of excess n itrogen in 

addition to low N: P ratio confirms the eutroph ic conditions in the upstream region. The 

principal reasons for h igh nitrogen levels are associated with the treated wastewater 

d ischarges UJto tl.-tis region. According to Shriadah and Al-Ghais, 1 999, the ratio of below 

1 0  is due to the effect of d isposal of either partial ly or improperly treated wastewater in the 

coastal water of the United Arab Emirates. Low N: P ratio in the upstream region of Dubai 

Creek adversely affects the water quality and ecosystem as manifested by the weaken ing 

immune system of the fish due to infection by bacterial disease (Hemorrhagic Septicemia) 

by member of genera Aeromonas and Vibrio, that causes mass fish mortal ity (Dubai 

M unicipal ity, 1 995a) .  The negative impact of eutrophication on aesthetic value of Dubai 

Creek is remarkable (Dubai M unic ipality 1 997b) and an unappealing colours by the dense 

algal b loom during d ifferent seasons (Dubai M unic ipal ity, 1 997c) are also evident in the 

upstream region of Dubai Creek. 

44 



www.manaraa.com

Low levels of nutrients in the downstream region support high biological d iversity and 

healthy ecosystem, whereas the impacts of high nutrients at the upstream region indicate 

very poor d iversity at d ifferent trophic leve ls (Dubai Munic ipal ity 1 997b). The 

recommended level of n itrogen in a healthy coastal system to avoid algal bloom is 6 .7  to 

67.5 (�g-at/C), while the phosphorus concentration is 0 .3 to 3 .2  (�g-at/C). H igher 

concentration of both leads to less d iversity (NOAAJEPA, 1 988) .  

utrients positive correlation with DO indicates association with oxygen contributing 

to eutrophic conditions in the water body (F igure 3 . 1 0) .  Such resu lts are also previously 

reported and reflect the problem of eutrophication in the lagoon of Dubai Creek (Mustafa 

et af. , 200 I ). Factors causing these changes include intermittent wastewater d ischarges 

from arious outfalls .  
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Figure 3. 1 0  Scatter Plots of DO vs. nutrients: phosphate-phosphorus (a), nitrate­

nitrogen (b), and total nitrogen (c), showing positive correlations 
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Overall, this investigation proves the following findings on the water quality 

parameters: -

1 .  Dubai Creek exhibits eutrophic conditions in the upstream region, while 

the downstream region indicates a healthy non-eutrophic condition. 

2 .  H igh levels o f  nutrients along the upstream region of Dubai Creek are 

derived from the land-based sources. 

3 .  The negative correlations of salinity versus water quality parameters 

indicate that the variations in these parameters are mainly associated 

with freshwater influx. 

4 .  Total nitrogen, nitrate-nitrogen and phosphate-phosphorus levels are 

respectively 2.8,  3 . 5  and 8 . 8  t imes higher in the upstream as compared to 

the levels observed in the downstream regions. 

5 .  H igh nutrients loads in the upstream region have severe adverse impact 

on the fisheries potential, biodiversity and aesthetic value of the Creek. 

... ... .,. 
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CHAPTER IV 

Resu lts and D iscuss ion 

S r£ (]) I Jvl r£ :Nrr' QVjI L l rr'CY 



www.manaraa.com

S e di m ent Q u a lity 

4. 1 I ntrod uction 

Pollution of the marine environment IS a continuing global concern. Sed iments are 

considered as an intensely important component for the assessment of marine 

environmental pol lution. Estuarine and coastal marine sediments are considered as a sink 

for many materials transported from land. Many substances that occur natural ly, such as 

trace metals, hydrocarbons and nutrients, may be mobi l ized as a result of natural 

processes as well as man-made activities and these may become enriched in the Creek 

and coastal sediments (Windom et ai., 1 989). 

Water quaJjty measurements provide a short-term integrator of pollutant inputs and 

are more susceptible to contamination during sampling and analysis. A special d ifficulty 

arises from contaminants that is not readi ly soluble but becomes rapidly fixed to 

particulate matter in the receiving water body. This is particularly applied in to heavy 

metals. Even c lose to the point of input, the metal content in water decreases to its normal 

level making detection d ifficult. The establishment of metal levels in sediments can, 

therefore, p lay a key role in detecting sources of pollution in aquatic systems (Forstner 

and Wittman, 1 98 1 ) . 

Researchers provide valuable data on the concentration of trace metals in the 

sediments from various part of the world such as Brooks et ai. , ( 1 967) from Southern 

Cal ifornia U SA;  A l ler et al., ( 1 984) from China Sea, Kouadio and TrefiY, ( 1 986) from 

West Africa, and El-Sammak and Aboul-Kassim, ( 1 999) from Mediterranean Sea. 

Substantial amount of information on the sediments qual ity of the Arabian Gulf is 

available. The first report on the pre l iminary investigations on trace metals in Kuwait 
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sed iments has been publ ished by Samhan, et. ai. , ( 1 979). Further investigations have 

been documented by various researchers in the sediments of the: Arabian Gu lf (AI­

Hashimi and Salman, 1 985 ;  Abayachi and Douabul 1 986; Basaharn and EI- ayed 

1 997); Kuwait (Anderl ini et al. , 1 986); and the Red Sea (Abu-Hi lal and Bardan, 1 990; 

Basaham, 1 997) .  Critical review of selected heavy metals and chlorinated hydrocarbons 

in the sediments from the Arabian Gulf along with the levels of Atlantic region Baltic 

Sea, Mediterranean region, and Indian Ocean has been systematical ly documented 

Fowler ( 1 990). The levels of trace metals in the Arabian Gulf sediments after the Gulf 

war have been stud ied by Fowler et af. , ( 1 993) .  Study on chemical characterization of the 

sediments from the Gu lf area after the oi l  spi l l  of 1 99 1  has been reported by AI-Arfaj and 

A lam, ( 1 993) '  while the another study on sedimentological characteristcis of the bottom 

sediments has been documented by Al-Ghadban et ai. , ( 1 996) .  Study of the core 

samples metal content as pollution ind icator as well as impl ication for the effect and fate 

of K uwait o i l  s l ick has also been conducted on the Arabian Gulf in 1 992 by AI-Abdali 

et al. , ( 1 996). The recent studies on heavy metals from the Arabian Gulf, U .A.E .  coast 

has been presented by Shriadah ( 1 999) and EI-Sammak (2000). 

A study with respect to total mercury in the Arabian Gulf sediment has been conducted 

by Kureishy and Ahmed, ( 1 994); while Dahab and AI-Madfa, ( 1 997) stud ied the 

chromium d istribution in the waters and sediments of Qatari peninsula. 

The information on sediment characteristics along Dubai Creek with respect to 

nutrients and heavy metals are sti l l  l imited. The first data on heavy metals, organic 

carbon, and grain s ize analysis in the sediments from four stations in Dubai Creek have 

been presented by Abu-H i lal and Khordagui,  ( 1 992) .  The same study also covers the 

levels of heavy metals from other Emirates (Abu Dhabi, Sharjah, Ajman, Umm Al  

Qaiwain, Ras A l-Khaimah and Fujairah). In 1 997 a study with respect to sediments in 

Dubai Creek has shown amassed levels of nutrients, hydrocarbons, and heavy metals in 

the uppermost layer of the sediment in the lagoon of Dubai Creek (Dubai Municipality 

1 997b). The sediment qual ity data with respect to nutrients, heavy metals, and 

hydrocarbons has been documented in the annual report of Dubai Municipality's EPSS 

(Dubai M unic ipal ity 2000b). The geochemical association along Ras A1-Khaimah 
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sediments was examined by EI-Sammak (2000). Very recent study of AI-Qubaisi (200 1 )  

covers the coastal and Creek sediments along Abu Dhabi, Dubai and Sharjah for their 

concentration of heavy metals, organic carbons and minerological composition. EI­

Sarnmak (200 J )  provided concentration of heavy metals in the sediments of Dubai Creek. 

In the present investigation a systematic survey on sediment quality with respect 

to heavy metals from 1 0  locations in Dubai Creek was considered for interpretation 

and assessment. 
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4.2 Results 

Table 4. 1 demonstrate an overall results obtained for varIOUS sediments 

characteristics parameters (moisture content, organic carbon, sand and mud) .  

Table 4. 1 Variations in Moisture Content, OrganiC Carbon, and sediment Texture in 

the surface sediments along Dubai Creek during 2000 
Moisture 

Stations 
Content (%) 

1 1 8 .2 

2 24.2 

3 22.4 

4 23 .6 

5 50.6 

6 62. 1 

7 64 .0 

8 33 . 1  

9 56.9 

1 0  45 .0 

Average±S.D 40.0± 1 7 .8  

4.2.1 M oisture Content 

Organic 

Carbon (%)  

0.3 

1 .0 

2 .0 

2 .4  

3 .7  

5 .8  

2 .5  

2 .9 

4 .0  

2 .0 

2 . 7± 1 .6 

Mud (%) Sand (%) 

0.8 99.2 

1 .8 98.2 

1 .0 99.0 

0.6 99.4 

9.3 90.7  

7 .2  92 .8 

9.7 90.3 

5 .4 94.6 

2 .3 97.7 

5 .5 94.5  

4 .4± 3 . 5  95.6± 3 . 5  

Moisture contents in the surface sediments vary in  a range of 1 8 .2% at station 1 to 

64.0% at station 7 with an overall average of 40% (Figure 4. 1 ) .  

80 
CI.I 60 Cl "' � 40 
(J ... 
:. 20 

2 3 4 5 6 7 8 9 1 0  
Stations 

Figure 4. 1 Moisture Content ro/o) in the surface sediments along Dubai Creek during 

2000 
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4.2.2 Organic Carbon 

Organic Carbon levels in the sediments along Dubai Creek are in a range of 0.3 to 5 .8% 

at stat ion 1 and 6 respectively with an average value of2 .7%. (Figure 4 .2) .  

6 
5 

1 
o 

1 2 3 4 5 6 7 8 9 1 0  
Stations 

Figure 4.2 Organic Carbon r>/o) in the surface sediments along Dubai Creek during 

2000 

4.2.3 Texture analysis (Mud and Sand) 

Mud contents fluctuate between 0 .6  and 9 .7  % with an overall average of 4.4 % 

(Table 4 . 1 ). The minimum and maximum contents are observed at station 4 and 

station 7 respectively (Figure 4 .3 ) .  

<I) 
C) III i: 
<I) I.J � 90 

Q. 88 
86 
M �------�----____ � __ -. __ � ____ .-__ � __ �r 

1 2 3 4 5 6 7 8 9 1 0  

Stations 

Figure 4.3 Percentage of mud and sand in the surface sediments along Dubai Creek 

during 2000 
Sand along Dubai Creek fluctuates between a minimum of 90.3% and maximum of 

99.4% with an overall average of 95.6% (Table 4. 1 ). The minimum and maximum 

percentages of sand are noticed at stations 7 and 3 respectively (Figure 4 .3) .  
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4.2.4 M ineralogy 

The results of core sediment mineralogy obtained from different layers between 

tation 4 and 1 0 are g iven in Table 4.2.  In general, the result of major minerals show 

that the top layers of a l l  the stat ions contain calcite and quartz, whereas the bottom 

layers contain calcite. 

Table 4.2 Distribution of minor, major and subordinate minerals from the subsurface 

sediments along Dubai Creek during 2000 

Station 
Sub-surface M ajor Subordinate M inor 
Fraction (cm) M ineraI{s) Mineral� M ineral (s) 

4 0 - 4  Calc ite, Quartz - Dolomite, 
P lagioclase, 
Ar'!:Konite 

4 - 8  Calc ite Quartz - Dolomite, 
Plagioclase, 
Aragonite 

8 - 1 2  Calc ite Quartz P lagioclase, 
Dolomite 

1 2  - 1 6  Calc ite Quartz, - Aragonite, 
Plagioclases Dolomite 

5 0 - 4 Calcite, Quartz - P lagioclase, 
Dolomite 

4 - 8 Calcite, Quartz - Plagioclase, 
Dolomite 

8 - 1 2  Calc ite Quartz Aragonite, 
P lagioclase, 
Ara_gonite 

i 2  - i 6 Caic ite Plagioclase, Dolomite 
Quartz 

6 0 - 4  Calc ite, Quartz - Aragonite, 
Dolomite 

4 - 8  Calc ite, Quartz Quartz Dolomite, 
Aragonite, 

Plagioclases 
8 - 1 2  Calc ite, Quartz Plagioclase Plagioclase, 

Dolomite 
1 2  - 1 6  Calc ite, Quartz, - Dolomite 

P lagioclases 
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Table 4.2 Continued . . . . 
Station Sub-surface M ajor Subord inate M inor Mineral 

Fraction (cm )  M ineral(s) M ineral (s) (s) 

7 0 - 4 Calc ite, Quartz Dolomite -
P Jagioc Jases 

4 - 8  Calc ite, Quartz Dolomite, -

P lagioclase 
8 - 1 2  Calc ite, Quartz, -

P lagioc lases 

8 4 - 8  Calc ite Quartz Plagioclase, -
Dolomite 

8 - 1 2  Calc ite, - P lagioc lase, 
Quartz Dolomite, 

Aragonite 
1 2  - 1 6  Calc ite, - Dolomite 

Gypsum 
Quartz 

9 0 - 4  Calcite Quartz Dolomite, 
Aragonite, 
Plagioclase 

4 - 8  Calc ite Quartz Plagioclase, 
Dolomite 

8 - 1 2  Calc ite, Quartz - Dolomite, 
P lagioclase 

1 0 0 - 4  Calc ite, Quartz Quartz, P lagioclase, 
Aragonite Dolomite 

8 - 1 2  Calcite, Quartz - Dolomite, 
Aragonite 

P lagioclase 
1 2  - 1 6  Calcite, Quartz - P lagioclase, 

Dolomite 

Among the minor minerals, aragonite, dolomite, and plagioclase feldspar are 

distributed along the sediment column (Table 4.2) .  
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4.2.5 Heavy M eta ls 

Tables 4 .3-4 .4 represent results obtained for levels of heavy metals in Dubai Creek during 

1 999 and 2000 respectively; whereas table 4 . 5  exhibits the range and average values 

obtained during 1 999-2000. 

Table 4.3 Levels of heavy metals (ppm) in the suiface sediments along Dubai Creek during 
1 999 

� Copper Nickel Lead Zinc Chromium 

Stations 
1 5 .2  20 38.9 1 0 .4 20 
2 6.5 20 30. 1 1 8 .3 20 
3 5 .4 20 42.2 25.8 20 
4 1 4 .2 20 42.6 55 .6 20 
5 28.9 2 1  70.9 1 2 1  49.9 
6 1 5 .9 20 43.6 43 .6 27.8 
7 3 1 .9 20 9 1 .6 1 30 69 
8 26.2 20 76. 1 69 53.8 
9 1 57 24.6 89.5 467 44. 1 
1 0  45.2 24.5 98.2 1 33 82.7 

Table 4.4 Average levels of heavy metals (ppm) in the suiface sediments along Dubai Creek 
during 2000 

� Copper Nickel Lead Zinc Chromium 

Stations 
1 6.6 35 .0  58.2 7.9 40.0 
2 8.0 35 .0 59.8 1 2 .9 40.0 
3 8 .4 35 .0 62.9 24.3 40.0 
4 1 7 .4 35 .0 40.0 68.9 40.0 
5 56.9 35 .0 42.9 233.5 42.3 
6 1 9 .5 35 .0 40.0 74.2 44.0 
7 35 .2 35 .0 42.6 1 83 .6 5 1 .9 
8 1 1 .9 35 .0  40.0 37.3 55 .0 
9 228.6 63 . 5  59.2 776.0 54.9 
1 0  29.5 4 1 . 1  40.9 1 32.3 63.4 

Table 4.5 Ranges and averages of heavy metals (ppm) along Dubai Creek during 1 999-2000 
Range Copper Nickel Lead Zinc Chromium 

Minimum 5.2 20 30. 1 7.9 20 

Maximum 228.6 63 . 5  98.2 776.0 82.7 

Average± S .D 37.9±56 29.7± 1 1 55 .5±20. l 1 3 1 .2± 1 85 .5 43 .9± 1 7. l  

54 

! I 



www.manaraa.com

4. 2. 5. 1  Copper 

There i a wide variat ion in the levels of copper at the surface sediments of Dubai Creek. 

The obtained levels show a variation of 5 .2 to 228.6 ppm with a mean value of 3 7.9 ppm 

(Figure 4.4).  The minimum and maximum levels were observed at stations 1 and 9 during 

1 999 and 2000 respectively. 

Copper (1 999) 

• Copper (2000) 

150 

2 

4 
5 

6 
Stabons 

10 

Figure 4.4 Copper levels (ppm) in the surface sediments along Dubai Creek during 

1999-2000 
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4. 2. 5. 2  Nickel 

Nickel levels show a non-similarity in the range of 20 to 63 . 5  ppm with a mean alue of 

29.7 ppm (Figure 4 .5 ). The minimum levels were observed in many stations during 

1 999, whereas the maximum level was noticed at station 9 during 2000. 

65 
60 
55 [J Nickel (1 999) 

50 • Nickel (2000) 
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20 

1 0  

Figure 4.5 Nickle levels (ppm) in the surface sediments along Dubai Creek during 

1 999-2000 
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.t. 2. 5. 3 Lead 

Fluctuation in the levels of lead was from 30. 1 to 98.2 ppm with a mean value of 55 . 5  

ppm (Figure 4.6) .  The minimum and maximum levels were observed at stations 2 and 

1 0  respectively during 1 999. 

• Lead (2000) 

D Lead (1 999) 

$tatoos 

10 

Figure 4.6 Lead levels (ppm) in the surface sediments along Dubai Creek during 

1 999-2000 
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4. 2. 5. 4 Zinc. 

Variation in the Ie eIs of zinc was enormous, the observed results show a variation of 

7.9 to 776 ppm with a mean value of 1 3 1 . 2 ppm (Figure 4.7). The maximum and 

minimum Ie els were observed at stations 1 and 9 respectively during 2000. 

800 
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Stations 1 0t::J ::J 
::J () 
() 1\3 -" 0 
<D 0 

0 <D -
<D -

Figure 4.7 Zinc levels (ppm) in the surface sediments along Dubai Creek during 

1 999-2000 
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4. 2. 5. 5 Chromium 

Variation in the level of chromium was in the range 0[ 20 to 82.7 ppm with an average 

of 43 .9 ppm (Figure 4 .8) .  The minimum levels were observed in many stations, while 

the maximum level was noticed at station 1 0  during 1 999. 

90 

80 

70 Chromium(1 999) 

• Chromium (2000) 

60 
E 

50 
c. 
.e, 

40 

30 

20 

2 
3 

4 
5 

6 

Stations 
7 

1 0  

Figure 4.8 Chromium levels (ppm) in the surface sediments along Dubai Creek 

during 1 999-2000 
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4.3 D iscussion 

Trac ing the sources of pol lution by the means of water qual ity gives rise to d ifficulties, 

which may usually be ascribed to sampl ing procedures and the physico-chemical 

conditions pertaining to the investigated location rather than to the accuracy and precis ion 

of the analytical techniques. Furthermore, some trace pollutants get rapidly fixed to the 

particu late matter and removed from the water column (Forstner and Wittman, 1 98 1 ). The 

pollutants absorbed by the particu late matter are u ltimately transferred to the bed sediment. 

The establ ishments of metal levels therefore p lay a key role in detecting pol lution sources 

in the marine coastal ecosystem. 

Trace metals are natural constituents of al l  environments and are found in sea water, 

marine organisms, and sediments (Bryan, 1 976). Therefore, knowing their natural 

background levels, or at least their background concentration in the marine environment is 

essentai l  for detecting and assessing the trace metal pol lution (Anderl ini et ai. , 1 986). 

The statistical analysis shows interesting relationship among the concentrations of 

heavy metals in the stations of Dubai Creek. In overal l, data reveal that the concentrations 

of heavy metals (Cu, Ni, Pb, Zn and Cr) in Dubai Creek is higher at the upstream region 

(stations 4- 1 0) as compared to the downstream region (stations 1 -3). The sediments along 

the upstream region are anoxic, b lack and odorous, containing high moisture. Sediment 

texture analysis shows that the Creek is sandy with s l ighltly h igh mud content in the 

upstream region. The level of organic carbon and moisture contents are high in the 

upstream region. The presence of high organic content on the top iayers of sediments are 

reported in many regions of the world (Young et ai. , 1 973; Eisler et ai. , 1 977; EI-Sayed, 

1 982; Abu-Hi lal and Bardan, 1 990). Dubai Creek upstream region also shows h igh 

levels of organic carbon content comparing to the pol luted mangrove area of Khor Abu 

Dhabi, K hor Umm Al-Quwain, Khor Ras Al-Khaimah and Khor a l-Khwair (Shriadah, 

1 999). 

During the present investigation, the levels of copper (5 .2-228.6 mean±S.D 37.9±56 

ppm); lead (30. 1 -98.2 mean±S.D 55 .S±20. 1 ppm); and zinc (7.9-776 mean±S.D 
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1 3 l .2± 1 85 .5  ppm) were almost 2 to 5 times h igher than the levels of the same metals 

(copper 3 .4-43 mean 1 5  ppm; lead 2 .2-32. 8  mean 1 1  ppm; and zinc 6- 1 42 mean 52 .8  ppm) 

recorded in a previous study conducted at three stations of Dubai Creek by Abu-H i lal and 

Khordagu i ( 1 992) .  Moreover, the data gathered in 1 992 by Abu-Hi lal and Khordagui, 

(op.cit) indicated that Dubai Creek and its nearshore sediments have higher range and mean 

concentration of heavy metals than those of nearby areas of Abu Dhabi ,  Ajman, and Umm 

AI-Quwain (Table 4.6).  Except for Kuwait (Basaham and AI-Lihaibi, 1 993), the present 

data on Dubai Creek indicate significantly higher averages of heavy metals as compared to 

regional areas of:- Saud i Arabia (Basaham and AI-L ihaibi, ] 993 ; Fowler et al. , 1 993), 

ortheast Qatar (Basaham and AI-Lihaibi, 1 993), Qatar and Bahrain (Basaham and Al­

L ihaibi, 1 993) and Bahrain (Basaham and A l-Lihaibi 1 993) (F igure 4.9). 

Table 4.6 i l lustrates that during this study, station 9 in Dubai Creek has the h ighest 

average concentration of zinc (62 1 .5 ppm); copper ( 1 92 .8  ppm); lead (74.4 ppm) and 

nickel (44. 1 ppm). Whereas the maximum average level of chromium (73 . 1 ppm) is 

recorded at station 1 0. These results reveal that r ugh concentrations of heavy metals along 

the upstream region of Dubai Creek is mainly influenced by station 9. At this station, the 

levels of zinc, copper, lead and chromium are respectively 248, 38 ,  26 and 2 times h igher 

than the unpolluted surface sediments of the Arabian Gulf (table 4 .6) .  This station is 

s ituated close to the Ship Docking Yard (Jaddaf) where ship & trad itional wooden dhows 

repairs and maintenance operations that release anthropogenic pol lutants are the major 

activities. A lthough, there is a variety of anthropogenic inputs releases from the Ship 

Yard, the most toxic d ischarge constituents are heavy metals which rapidly settle into the 

marine environment. According to Dubai M u.njcipal ity (2000b), heavy metals in the 

surface water at station 9 are fluctuating between: 0.9- 1 1 ppb for copper; 0.2-5 ppb for 

lead; and 0.30-89 ppb for zinc. 

It is important to note that m ineralogy of the sediment in Dubai Creek has no constrain 

on the d istribution of heavy metals. M ineralogical analysis indicate that sediments from 

Dubai Creek (upstream region) have almost the same mineralogical composition as the 

downstream region (Table 4.2) .  
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Table 4.6 Variations in heavy metals levels in the surface sediments along Dubai Creek compared 

10 the Coa tal belt and the Arabian Gulf 

Sediments Cu Ni  Pb Zn Cr 

Averages of Dubai 37.9 29.7 55.5 1 3 1 .2 43.9 

Creek ( 1 999-2000) 

Averages of 

Upstream 5 1 .3 30.7 58.4 1 80.4 49.9 

( 1 999-2000) 

Averages of 

Downstream 6.7 27.5 48.7 1 6.6 30.0 

( 1 999-2000) 

Average of 

Station 9 1 92 . 8  44.0 74.3 62 1 .5 49.5 

( 1 999-2000) 

Averages of 

Reference Station 5 .0 1 0.0 1 5 .0 2.0 1 0.0 

(JabalAl i  Sanctuary) 

Averages of 

Arabian Gulf 4.2 1 8 .9 2.9 2.5 -

(Fowler et al. , 1 993) 

4.3. 1 Cluster Analysis 

Cluster analysis separates objects into groups or ciusters using measurements on these 

objects (Davis, 1 973) .  Dendograms is an appealing methods of displaying relationship 

between multivariate objects. The closest relationship is between nearest objects (Rock, 

1 98 8) .  Linkage refers to how the distance between an object and cluster, or between 

two clusters (as opposed to two individual objects) is measured. Single linkage reflects 

the similarities of the two closest or furthest individuals (Rock, 1 988).  Moreover, the 

input matrix, similarities measure, and linkage methods affect the appearance of the 

resulting dendograms. The most-widely used parameters for measuring distance are the 
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correlation coefficient and Euclidean distance (equals the sum of square of differences 

ofN variables values between the points). 

To study the similarities between stations, mult ivariate statistical analysis in the 

form of cluster analysis had been used. According to Al-Qubaisi (200 1 ), c lassification 

is placing of variables into more or less homogenous groups, in a manner so that the 

relationship between groups is revealed. The simplest form of meaningfully grouping 

of measured variables is the tree diagrams. The constructed tree diagram (Figures 4.9 

and 4. 1 0) during present study indicate similarities between the downstream 

and stations of Dubai Creek, most of the samples from the upstream stations cluster in 

high metals contents. However, the tree diagram for station 9 alone indicates very 

high clusters of the metals contents. Based on the levels (Averages±S. D) of all the 

heavy metals, the concentration of station 9 is almost six times higher than the average 

concentration of heavy metals from the downstream region. 
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Figure 4. 1 0  Cluster analysis for heavy metals (Cu, Ni, Pb, Zn, Cr ) in the surface 

sediments along Dubai Creek during 1 999 
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Figure 4. 1 0  Cluster analysis for heavy metals (Cu, Ni, Pb, Zn, Cr ) in the surface 

sediments along Dubai Creek during 1 999 
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Figure 4. 1 1  Cluster analysis for heavy metals (Cu, Ni, Ph, Zn, Cr) in the surface 

sediments along Dubai Creek during 2000 

4.3.2 Quantification of Metal Pollution 

Many attempts were made by several authors to quantify the extent of heavy metal 

pollution in sediments. Most of these attempts were based on the comparison between 

the metal concentrations recorded in the studied sediments and those in an unpolluted 

areas or with background values. The background concentrations or in a very specific 

term the "natural level" (Precivilization level), are the concentration of metals before 

any anthropogenic influences. According to Salomons and Forstner ( 1 984), several 

means are used in order to establish the background level :  

1 .  Average shell composition as a global standard level. 

2 .  Fossil aquatic sediments from defined environments as  a standard. 

3 .  Recent deposits in relatively unpolluted areas. 

4 .  Short-dated sedimentary core, which provides a historical record of the events 

occurring in the watershed. 
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In the present study, quantification of metal pollution in the studied sediment was 

attempted using the "Pollution Load Index". Pollution load index (PLI) is used to find 

out the mutual effect of the different studied metals. PLI is calculated according to the 

following equation (Salomons and Forstner 1 984). 

CF is the Contamination Factor. CF is the concentration of the metals divided by the 

background value for this metal. Background value used here is the limestone 

(Salomons and Forstner, 1 984).  Figures 4. 1 1  and 4. 1 2  show the values of PLI in 

Dubai Creek for different stations during 1 999 and 2000 respectively, while Figure 4 . 1 3  

shows the distribution of PLI along Dubai Creek. Despite low PLI values as compared 

to other areas (Tomlinson et at. , 1 980; El-Sammak, 1 995), I t  is obvious that the 

upstream region ofthe Creek exhibits higher values as compared to the downstream. 
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Figure 4. 1 2  Pollution Load Index along various stations in Dubai Creek during 
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Figure 4. 1 3  Pollution Load Index along various stations in Dubai Creek during 

2000 
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Typical characteristics of sediments along upstream stations are the presence of h igh 

concentration of heavy metals at the top layer. The concentration of copper and zinc are 6 to 

1 0  t imes respectively higher at the top layer (0-4 cm)as compared to the bottom layer ( 1 2- 1 6  

cm) of bed sediments in the upstream of Dubai Creek (Dubai Municipality, 1 997b). This 

feature of sediments was reported earlier in the 1 -2 cm of the top layer from the upstream 

stations of Dubai Creek in 1 992, where the levels were 2- 1 8  t imes higher than of the bulk 

ample (Abu-H i la I and Khordagu i, 1 992). E I-Sammak (200 1 )  indicated the same results for the 

Dubai sediments, where the upper layers were almost enriched with heavy metals as compared 

to the layers below. These resu lts are also consistent with many previous reports from many 

regions of the world (Young et al. , 1 973 ; Eisler et aI. , 1 977). The presence of such d ist inctly 

high concentration of metals at the top layer of recently deposited surface sediments is usual ly 

common in the areas receiving anthropogenic inputs. 

The levels of chromium were high during 1 999 and 2000 at station 1 0 . However, the 

upstream region in general is highly polluted with metals. The probable reason for these 

high concentrations could be associated with the movement of the metal towards station 

1 0  along with the plume of particulate matter, which got settled instead of getting 

flushed out, this is because the area has a very poor flushing capacity (Halcrows, 

1 992). 

Based on the comparison of the average PLI, station 9 contains 23 times higher 

levels of heavy metals than the reference station (Table 4.7) .  The downstream, and 

upstream regions also contain 3 to 9 times higher levels of heavy metals than the 

referen e station. 

Table 4.7 Comparisons between P LI for heavy metals at station 9 and upstream, 

downstream regions, and the reference station 

Station 9 Upstream Downstream Reference 

Dubai Creek Dubai Creek Station 

Averages 1 65 63 23 7 

Ratio 23 9 3 1 
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The negative correlation of heavy metals concentrations with salinity during 1 999 

and 2000 indicates that heavy metal pollution in Dubai Creek is associated with 

anthropogenic freshwater inputs (Table 4.8) .  

Table 4.8 Correlation matrix for salinity vs. heavy metals along the surface sediments 

of Dubai Creek during 1 999-2000 
Cu N i Pb Zn Cr Salinity 

Cu 0.0 - - - - -0.75 

Ni - 0.0 - - - -0.75 

Pb - - 0.0 - - -0 .73 

Zn - - - 0.0 - -0.77 

Cr - - - - 0.0 -0. 72 

Salinity -0 .75 -0. 75 -0. 73 -0.77 -0 .72 0.0 

The sediments in Dubai Creek are rapidly receiving the heavy metals in the upstream 

region particularly at station 9 from anthropogenic sources. The present levels of heavy 

metals in the sediments demonstrate that copper, lead, and zinc from Dubai Creek are 

9, 1 9  and 52 times respectively higher than the levels reported from the unpolluted 

marine sediments of the U.A.E.  (Fowler et aI. , 1 993) .  

The present assessment indicates that station 9 is identified as the most polluted site 

along Dubai Creek. This is because the heavy metal contents have been increased by : 

309 ppm for zinc, 7 1 .6 ppm for copper, 39 .5  ppm for nickel, and 1 0. 8  ppm for 

chromium within one year ( 1 999-2000). This assessment calculated that the daily 

accumulation rate of 0 .85  ppm for zinc, 0.20 ppm for copper, 0. 1 0  ppm for nickel, and 

0 .03 ppm for chromium (Table 4.9) . 

Table 4.9 Levels of heavy metals (ppm) at station 9 during 1 999 and 2000 
Levels Zinc Copper Nickel Chromium Lead 

1 999 467 1 57 24.6 44. 1 89.5 

2000 776 228.6 63 .5  54.9 59.2 

Difference 1 999-2000 309 7 1 .6 39.5 1 0 .8  -30.3 

Dai ly accumu lation 0.85 0.20 0. 1 0  0.03 Ni l  
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In  0 erall, the following conclusions can be drawn from this study:-

1 .  Zn, and Pb levels in the surface sediments are 35  times higher than those found in 

the U.A.E. unpolluted marine sediments as reported in 1 993 .  

2 .  The existing levels of  heavy metals in Dubai Creek are 2-5  times higher than the 

earlier records of 1 992. 

3 .  Compared to the reference station of Jabal Ali, the levels of heavy metals are 8 

t imes higher in the upstream region, and 23 times higher at station 9.  

4 .  The levels of Zn, Cu, Pb and Cr are respectively 248, 38,  26 and 2 times higher 

than the unpolluted surface sediments of the Arabian Gulf as reported in 1 993 . 

5 .  The major source of anthropogenic contaminants m the upstream regIOn 1S 

Outfall No. 24. 

6. The most contaminated site of the Creek is station 9 and its environs, where the 

daily accumulation rates of zinc copper, nickel and chromium in the sediments 

are 0 .85 , 0.20, 0. 1 0  and 0 .03 ppm respectively. 
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G ene r al Di s cu s si on 

5. 1 I n trod uction 

With the growth of technology and industry and efforts of removing man-made 

po llutants from the natural environment, the coastal waters had been transformed 

into sewage depots where the natural biologic balance is severely upset and in 

some cases totally disrupted. 

Two groups of substances in particular have a lasting effect on the natural 

balance in aquatic systems: a) nutrients, which promote unrestricted biological 

growth and in turn, oxygen depletion, and; b) Sparingly degradable synthetic 

chemicals and other waste substances which often constitute multiple adverse 

effects on the aquatic eco system (Forstner and Wittman, 1 98 1 ). 

It is estimated that industrial and domestic wastewater introduces up to a million 

different pollutants into natural waters. These include substances that are not 

considered dangerous, although many of them add a disagreeable odour or taste to 

the water, and others significantly upset the ecosystem without being directly 

harmful to humans. Other groups do, however, have direct and indirect influences 

on the human organism and can cause serious damage (Forstner and Wittman, 

1 98 1 )  . 

Trace metals are among the second group which cause direct influences on the 

human organism Trace metals are of note in two respects: firstly, they are not 

usually eliminated from the aquatic ecosystems by natural processes, in contrast to 

most organic pollutants; and secondly, most metal pollutants are enriched in 
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mineral and orgarnc substances. Toxic metals tend to accumulate in bottom 

sediments from which they may be released by various processes of 

remobilization, and -in changing form -can move up the biologic chain, thereby 

reaching human beings where they produce chronic and acute ailments (Forstner, 

and Wittman, op. cit) . 

Envrronmental models may be divided into three groups: first, there are 

descriptive models involving sentences, diagrams or maps; second, there are 

empirical models involving the collection and plotting of data; and third, there are 

theoretical models involving the formal statement of processes which link 
prameters of interest (Hardisty et aZ. , 1 993) .  

IMO/ FAO/ UNESCO/ WMO/ WHO/ l AEAI UN/ UNEP studies (GESAMP, 

1 99 1 )  have expressed the need for advice on the art of modeling in coastal 

environments, in relation to understanding the transport, dispersion and fate of 

contaminants disposed of in the coastal marine envrronment. 

Modeling for marine pollution studies is very important because all biological, 

chemical, geological, and physico-chemical processes can affect the transport, 

dispersion, and the fate of marine contaminants. 

Informations on modeling from Dubai Creek is very limited. Few studies 

on numerical modeling have been carried out during the improvement of Dubai 

Creek project (Halcrows, 1 992). However, these models are two din1ensional and 

restricted mainly to the current patterns, and flushing within the Creek. Most of 

the available information on modeling has been taken from the references on 

sediment transport reports and studies on coastal modeling (GESAMP, 1 99 1 ,  

Reynold, 1 993) .  
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In  this investigation the procedures by which this assessment is conducted is based 

on a comprehensive scientific data of Dubai Creek that might impose on that 

environment and human . 

5.2  Distribution of Diffe re nt Pa ra mete rs 

5.2.1 Water Quality 

5.2. 1 . 1  Temperature 

The distribution pattern of the water column averages of temperature in the Creek does 

not show much variation, the annual variation were very limited during 1 999 and 2000 

(Figure 5 . 1 ) . 

5.2.1. 2 Salinity 

Salinity along the Creek shows a slightly distinct pattern of distribution. The water 

colunm average shows the influx of freshwater into the upstream region of Dubai 

Creek. Figure 5 .2 clearly demonstrates the influx of freshwater during 1 999 and 

2000. 

5.2.1.3 pH 

The patterns of pH distribution indicate the alkaline state throught out Dubai Creek 

(Figure 5 . 3 ) .  It also indicates that upsream region is more alkaline than the downstream 

region during 2000. 

5.2.1 . 4  Dissolved Oxygen (DO) 

DO shows high average levels in the Creek (Figure 5 .4) .  High levels are demonstrated 

in the upstream region particularly beyond the Island in the lagoon of Dubai Creek . 
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5. 2. 1 . 5  Turb idity 

Turbidity shows two distinct regions along the Creek (Figure 5 .5).  The downstream 

region (stations 1 -3 )  shows lower turbidity levels as compared to the upstream region 

(stations 4- 1 0) . The high levels in the upstrem region are attributed to the high 

planktonic algae. 

5. 2. 1 . 6 Total Nitrogen 

Levels of total nitrogen reflects high levels (>50llg-atJi) in the upstream region as 

compared to the downstream region (Figure 5 .6). In  2000, the levels covered most of 

the upstream part particularly beyond the Creek I sland. 

5. 2. 1 .  7 Nitrate-nitrogen 

Levels of nitrate-nitrogen show wide fluctuation in the upsteam region during 2000 as 

comapred to 1 999 (Figure 5 . 7) .  Generally, the levels in the downstream section of the 

Creek were less than 30 Ilg-atJi .  The high levels in the upstream region, particulary 

towards the southern-west side of the Island are evident in 2000. 

5. 2. 1 . 8  Phosphate-phosphorus 

The levels of phosphate-phosphorus make a demarcations of high levels in the 

vicinity of station 4 and 9 during 1 999 and 2000 respectively (Figure 5 .8) .  In  general, 

the levels of phosphate-phosphorus in 2000 were lower than those of 1 999. 
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5.2.2  Sediment Quality 

5. 2. 2. 1 Moisture Content 

Sediments show a high moisture contents in the Creek particularly along the upstream 

region of the Creek (Figure 5 .9). 

5. 2. 2. 2  Organic Carbon 

The levels of organic carbon show high contents towards northeast area of Dubai 

Creek upstream region (Figure 5 .9). 

5. 2. 2. 3 Texture Analysis (Mud and Sand) 

The Creek shows high content of mud in the upstream region (Figure 5 . 1 0) .  I n  the 

downstream region upto station 4, the Creek contain more than 98 percent of the sand 

(Figure 5 . 1 0) .  Sand shows just the reverse trend of mud along Dubai Creek 

5. 2. 2. 4  Heavy metals (Cu, Ni, Pb, Zn and Cr) 

Copper shows a clear plume of high sediment concentration that starts from station 9 

through station 5 during 1 999 and 2000 (Figure 5 . 1 1 ). It is evident from the results 

that the plume along stations 5 and 8 is insignificant, and the levels are more or less 

similar to the downstream region. 

Nickel shows similar trend to the plume of copper in the surface sediments (Figure 

5 . 1 2) .  However, the plume starts from station 9 and covers south-west periphery region 

of the upstream area during 1 999 and 2000. 
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Lead shows distinct trend of distribution during 1 999 and 2000 (Figure 5 . 1 3) .  The 

higher levels in the downstream area during 2000 as compared to 1 999 are mainly 

attributed to the surface runoff from the roads along the banks of Dubai Creek 

channel .  In theupstream region, the levels of lead in the surface sediments were 

lesser than 1 999. The probable reasons in the reduction of these levels could be 

associated with the absance of lead in the discharges, in addition to the sinking of 

this heavy metal into the subsurface bed. 

Zinc in the surface sediments shows high levels arising from station 9 and moving 

towards station 4 (Figure 5 . 1 4) .  The model clearly demonstrates remarkable higher 

levels in the vicinity areas of station 9 during 2000 as compared to 1 999. 

Chromium shows a different trend of plume (Figure 5 . 1 5 ), high concentrations are 

noticed in the area surrounding station 1 0  during 1 999 and 2000. Chromium shows 

similar trend during 1 999 and 2000 with high levels beyond the Island in the lagoon. 
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5.3 Discussion 

The as essment of environmental capacity indicates the presence of at least two 

distinctive regions along Dubai Creek. These two regions can be well defined by their 

sediments characterist ics. The first area is between stations 1 -3,  considered as the 

downstream region of Dubai Creek; while the area between stations 4- 1 0  is defined as 

the upstream region. 

The downstream and upstream regions have also distinct characteristics. According 

to Dubai Municipality studies (Halcrows, 1 992), the upstream region has poor tidal 

current, the narrow entrance of the Creek increases the t idal current flow, while the 

wide head at the upstream region decreases the t idal current . Therefore, pollutants 

entering beyond station 4 are slow to reach the head of the lagoon, but at the same t ime 

any pollution reaching the upstream region of the Creek get entrapped instead of 

getting flushed off The important point from this assessment indicates that pollutants 

from the upstream region are also not bound for the downstream region, so they 

accumulate within the region and behave as a sinking source. 

Physico-chemical parameters in Dubai Creek show slightly low levels of 

salinity along the upstream region, which in turns affects pH and DO levels (Table 

5 . 1 ) . The negative correlation between DO and salinity shows that the DO is increasing 

when salinity is decreasing (Figure 5 . 1 8) .  Solubility of gases is inversely proportional 

to the salt contents. The same results have been coincided with the studies of Saltpans 

of Bombay (Mustafa, 1 995) .  
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Table 5. 1 Physico-chemical aspects of water quality along downstream, and upstream 

regions of Dubai Creek along during 1 999-2000 
Parameters 

Temperature (0 C) 
Salinity (%0) 
PH 

DO ( mg/C) 
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Figure 5. 1 6  Scatter plots showing the relationship between DO, pl£ and salinity along 

Dubai Creek during 1 999-2000 

Turbidity and nutrients levels are also in high concentrations levels in the upstream 

region of Dubai Creek as compared to the dOWlDStream region (Table 5 .2).  

Table 5.2 Turbidity and Nutrients average levels along downstream, and upstream 

regions during 1 999-2000 
Parameters Averages Averages 

Downstream level U pstream level 

Turbidity (NTU) 1 .4 2.4 

Total n itrogen (�g-atle) 42.9 1 2 1 .4 

Nitrate-nitrogen (�g-atlt) ] 4.3 50.0 

Phosphate-phosphorus (�g-atl t) 1 .6 1 4.2 
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The levels of mud are high in the upstream region and as consequence mcrease the 

Ie els of organic carbon and moisture content (Table 5 .4) . 

Table 5.3 A verage Levels of ediment quality parameters along downstream, and 

upstream regions during 1 999-2000 
Parameters Averages Averages 

Downstream level Upstream level 

Moisture Content (%) 2 1 .6 47.9 

Organic Carbon (%) l . 1  3 .3  

Sand (%) 98 .8  94.3 

Mud (%) l .2 5 .7  

Surface sediment along Dubai Creek shows remarkably higher levels of heavy 

metals in the upstream region as compard to the downstream region (Table 5 .4) 

Table 5.4 Heavy metals levels in the surface sediments along downstream, and 

upstream regions during 1 999-2000 
Parameters Averages Averages 

Downstream level Upstream level 
Copper (ppm) 6. 7 5 1 .3 

Nickel (ppm) 27.5 30.7 

Lead (ppm) 48. 7  58.4 

Zinc (ppm) 16.6 1 80.4 

Chromium (ppm) 30.0 49.9  

Principal component factor analysis (PCA) is a multivariate technique for 

examining the structure of large data-arrays, and for reducing their dimensionality. I t  

expresses the total variance of the array in terms of a small number of principal 

components (Eigen vector) (Rock, 1 988) .  Strictly, principal components analysis is a 

mathematical calculation and not a statistical procedure (Rock, 1 988).  
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I t  can be regarded simply as an ordination technique, for reducing multivariate data 

into fewer dimensions. I t  transforms an original set of N variables into a net set of N 

principal components. 

In the present study PCA has been used in order to perform an assessment of metal 

pollution in accordance with environmental parameters of Dubai Creek. The first peA 

mainly represents interrelationship between different environmental parameters (Figure 

5 . 1 9). It consist of 1 0  cases and 8 variables (temperature, pH, salinity, DO, turbidity, 

total-nitrogen, nitrate-nitrogen, and phosphate-phosphorus). Both factors 1 and 2 weigh 

on their negative side of salinity and temperature. On the other hand, Factor 1 loads 

most parameters on its positive side while Factor 2 weigh turbidity, and DO on its 

negative side along with salinity and temperature. 
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Figure 5. 1 7  Factor analysis of water quality parameters along Dubai Creek during 

1 999-2000 

The second PCA is performed for the sediment characteristic data (Figure 5 .20) . Ten 

cases and 9 variable of sediment quality (Moisture content, sand, mud, organic carbon , 

copper, nickle, lead, zinc, and chromium) were used in the PCA. The organic carbon 
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moisture content, mud and chromium are clustering together and making one cluster; 

while copper nickel, lead, and zinc making another cluster. Both factors show sand on 

their negative sides. This reflects that sand on the negative side of all heavy metals, 

organic carbon, moisture content and mud .  Hence, when sand decreses this means that 

mud, heavy metals, mositure content and organic carbon increase. The association of 

chromium with organic carbon indicates that chromium is forming a metal-organic 

complex. This may explain that chromium is the only metal that has its maximum 

values at station 1 0  rather than 9.  
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Figu re 5. 1 8  Factor analysis/or the sediment quality parameters along Dubai Creek 

during 1 999-2000 
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Overall, it is concluded that : 

1 .  The water quality and sediment characteristics have made two distinct regions in 

Dubai Creek, the downstream (stations 1 -3)  and the upstream (stations 4- 1 0) 

regions. 

2 .  The variation in the water quality parameters such as temperature, pH,  salinity, and 

DO is less prominent than turbidity, and nutrient along downstream, and upstream 

regIons. 

3 .  The differences in sediment quality are quite outstanding, the upstream region is 

sustaining higher level of heavy metals as compared to the downstream region. 

4. The heavy metals increase in the upstream region are associated with the decrease 

of sand and the influx of mud contents and organic carbon, as well as the low 

flushing rate. 

5 .  Station 9 is the mall source of heavy metals ( lead, copper, and zinc) and 

consequently it influences the high concentraion of heavy metals in the sediments 

of  upstream region of Dubai Creek. 

* * *  
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Su m m ar y and Co n c 1 u s i on 

The area investigated covers Dubai Creek on the Arabian Gulf The Creek extends 

inland for 1 4  krn from its entrance to the Arabian Gulf The comprehensive pressure of 

urban development along both the banks has virtually made tremendous changes in the 

water quality and sediment characteristics in the Creek. 

Ten stations were selected to study the area covering maximum fragments of the 

Creek. In  addition to this, the available information on heavy metal concentrations in 

the surface sediments from one reference station of the protected coastal environment 

of Jabal Ali Sanctuary, where the urban and industrial activities are negligent are taken 

as a reference station. 

Seasonal data on water quality parameters are collected from each stations in the 

Creek for a period of 24 months from January 1 999 through December 2000. Surface 

sediments were sampled annually during 1 999 and biannually during 2000. 

Sediments short core fractions samples for mineralogy analyses from the different 

fractions of the short core was collected only from the upstream stations during 2000. 

For each water sample, physico-chemical parameters such as temperature, pH, salinity, 

and DO as well as turbidity and nutrients (total nitrogen, nitrate-nitrogen and 

phosphate-phosphorus) were determined. The surface sediments were analysed for 

copper, lead, nickel, zinc, and chromium concentrations. Moisture content, organic 

carbon, and sediment texture analysis in the surface sediments are conducted for all 

stations, while the mineralogy is studied in the short cores for minor, major, and 

subordinate minerals. 
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Surfer 7 .0 1 TM is the software package used to formulate models of water and 

sediment quality· whereas the Statistica™ is used to determine statistical applications. 

Temperature variations in waters along Dubru Creek are generally associated with 

the prevailing air temperature. As for pH the Creek is entirely alkaline and is generally 

higher at the surface water. Low salinity values towards the southwest area of the 

I sland along the upstream region of Dubru Creek indicates the influx of freshwater. 

DO levels in the Creek are closer to the saturation level particularly in the downstream 

region. However, in the upstream region high and low levels of DO at the surface and 

bottom waters were respectively recorded. Turbidity and nutrients (total nitrogen, 

nitrate-nitrogen, and phosphate-phosphorus) exhibit lower levels in the downstream as 

compared to the upstream region. 

Sediments show high contents of moisture, organic carbon, and mud along the 

upstream region of the Creek. Station 9 shows a clear plume of high heavy metals 

(zinc, copper, lead, and nickel) concentration in the sediment. However, nickel 

plume in the surface sediments covers almost the entire upstream region. On the other 

hand, chromium shows a different trend of concentrations in the surface sediments, the 

highest concentration being noticed in the vicinity of station 1 0. 

The highly negative correlation of salinity versus heavy metals indicates the 

association of these pollutants with freshwater anthropogenic releases into the Creek. 

From the overall estimation it can be concluded that 

1 .  Dubai Creek is characterized by two distinct geochemical features, one is identified 

as a polluted upstream region, whereas the other one is comparatively less polluted 

downstream region. 
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2 .  The level of heavy metals in Dubai Creek are 8 times higher in the downstream 

region (stations 1 -3)  and 23 t imes higher in the upstream region (stations 4- 1 0) 

than the reference station of Dubai Coastal Environment (Jabal Ali Sanctuary). 

3 .  The negative relationship between heavy metals and salinity along Dubai Creek 

is adequate enough to demonstrate that the pollutants in the Creek sediment are 

derived from anthropogenic releases. 

4. The area surrounding station 9 in the upstream region is the most contaminated. 

The major source of anthropogenic pollutants inputs is the discharge located near 

this station. 

5 .  Accumulation rate o f  heavy metals i n  the sediments at station 9 is estimated at : 

0 .85  ppm for zinc, 0. 1 0  ppm for copper, 0. 1 7  ppm for nickel, and 0.03 ppm for 

chromium per day. 

6. Lead and zinc levels in the surface sediments of Dubai Creek are 35 times higher 

than the levels found in unpolluted marine sediments of U.A.E .  as recorded in 

1 993 . 

7 .  The levels of nutrients such as total nitrogen, nitrate-nitrogen and phosphate­

phosphorus are 2 .8, 3 . 5 ,  and 8 .8  times respectively higher at the upstream region as 

compared to the nutrients in the downstream region. 

8 .  Based on the present investigations, it can be concluded that the environmental 

quality of the upstream region of Dubai Creek is deteriorated due to the waste 

inputs from the land based discharges. Heavy metals in the surface sediments of 

the uptream region of Dubai Creek are associated with anthropogenic freshwater 

releases from Outfalls 24, 1 8, and 1 7 . 
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9 .  The movement of pollutants inside the upstream region of Dubai Creek i s  restricted 

and localized, for the Creek is an enclosed water body associated with the poor 

rate of tidal flushing . 

1 0 . The protection and management of marine environment through proper strategies 

reqUIre monitoring and controling strategies on these discharges by strict 

enforcement of the legislations. Although, there are specified limits stipulated in 

the local order No. 6 1  of 1 99 1  on the environmental protection in the Emirate of 

Dubai, however the ammendments in the discharge limits into the marine 

environment should be reviewd and dredging prospects in Dubai Creek should be 

considered carefully . 

*** 
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R E C O M M E N D A T I O N S  

Ba ed on data gathered during this study, a conclusion can be drawn that nutrients 

and heavy metal undoubtedly pollute the upstream region of Dubai Creek. The studied 

pollution indicators are adequate to understand behavior of the pollutants in the 

upstream region of Dubai Creek. Ignorance of existing conditions will certainly shape 

wor e ett ing in Dubai Creek environment . Therefore, a comprehensive management 

plan i needed for the sustainable development of Dubai Creek. Urgent steps need to 

consider the fo llowing: -

Relocation of STP discharge into the coastal belt ; 

Complete treatment of discharge from outfall No. 24, located in Jaddaf, 

furthermore, the mode of discharge should be done through the diffuser 

system; 

The Top sediment layers in the upstream region ought to be dredged; 

A three-dimensional water quality and sediment characteristics model, that 

clearly demonstrates the problems in the various regions of Dubai Creek need 

to be available for the decision-makers. 

Around the clock fortnightly water quality and biological characteristics 

monitoring in the upstream region of Dubai Creek need to be carried out. 

Wastewater quality monitoring from outfails Numbers 1 6, 1 8, and 22 located 

in the upstream region of Dubai Creek shall be conducted. 

*** 
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