
Heavy Metals Pollution in the Sediments of the Ruwais Industrial Complex (RIC),
the OffshoreArea, UnitedArab Emirates

INTRODUCTION

MATERIALS AND METHODS

RESULTS AND DISCUSSION

The Ruwais Industrial Complex (RIC) is situated on the
southern coast of the Gulf, 235km west of Abu Dhabi city. The
initial objective of the industrial development of RIC is to
maximize the economic utilization and adds value of the
hydrocarbon resources of Abu Dhabi. The projects making up
the complex are primarily based on the use of natural gas, gas
liquids and crude oil as feedstock and fuel. The incoming
feedstock (which were wasted, primarily by burning them off in
the desert) will be upgraded into marketable products. Beside
the RIC lies also the oil loading and export terminal at Jebel
Dhana just few kilometers west of Ruwais. Approximately 40
oil tankers call at that terminal each month to deliver oil to
various places around the world. Other industries that exist in
RIC are oil refinery, a separation plant, extraction plants,
fertilizer plant ( and , and a housing complex
(UNEP, 1987). Other plants are also under construction. All the
above-mentioned industries have inlets or outlets to the sea
where they exchange seawater for cooling and washing
activities. The planning, organization and administration of the
RIC has not been conductive to the preservation of
environmental quality. In total, the industries to be developed at
RIC will introduce into the marine environment a large quantity
of organic compounds that have a fertilizing effect and also
inorganic compounds such as heavy metals, which have a toxic
effect on the ecosystem.

The aim of this research is to measure the scale of the problem
and to assess the impacts of the RIC on the environment through
a preliminary analyzes of the quantities of the pollutants into the
receiving environment.

Nine sediments samples were collected from RIC during
April 2001 (Figure 1). Grab samplers used for the collection of
the samples. The total and leachable phases of heavy metals
(Cu, Ni, V, Al, Fe, Sr, Ca, Mg and Zn and Mn) were analyzed at
the Acme Analytical Laboratories, Canada. For total metals'
contents, 0.25 g splits of samples were digested in a mixture of

very strong 4-acid (HNO , HClO , HF and HCl) at a high
temperature. Solutions are analyzed by ICP-ES. For leached
phases, 1 gram of the sample was leached with 1M sodium
acetate, rolled for one hours and analyzed by ICP-MS. The
methods recommended for ROPME Sea region was used for the
determination of the Total Organic Carbon (TOC) and Total
Kjeldahl Nitrogen (TKN) (M , 1999). Standard seveive
method was used for the sediment grain size analysis.
STATISTICA and NCSS statistical software were used for data
analysis and graphical presentations.

Table 1 shows the results of grain size (Mean Size M in ),
Total Organic Carbon (TOC), Total Kjeldahl Nitrogen (TKN)
and heavy metals concentrations in the sediments at different
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The Ruwais Industrial Complex (RIC) is situated on the southern coast of the Arabian Gulf, 235km east of Abu-
Dhabi City. The projects-making up the complex are primarily based on the use of natural gas, gas liquids and crude
oil as feedstock and fuel. Beside the RIC lies also the oil loading and export terminal at Jebel Dhana just few
kilometers west of Ruwais. The baseline study aims at identifying the environmental impacts of RIC on the marine
water and providing recommendations for further comprehensive environmental impact assessment study.
Sediments samples were collected from nine stations covering the study area. Heavy metals, Total Organic Carbon,
Total Kjeldahl Nitrogen and mean grain size were measured. The geochemical associations indicate that elements
associated with silicates fractions such as Fe, Al and Mn are clustered together while those discriminate the
carbonate fractions (Sr and Mg) are clustered together. Most of the man-made elements are almost associated with
silicate fraction It is concluded that in spite of the industrial activities at RIC, the offshore sediments is still classified
in general as uncontaminated sediments with except to the area in front of Liquid products Jetty which is classified as
uncontaminated to moderately contaminated area.
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ABSTRACT

Figure 1.Area of study and sampling locations.
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stations. TOC is ranging between 1.02% and 0.16% with an
average of 0.37% ± 0.26. Station 1 which is the deepest stations
(depth = 20 m) and is covered with medium silt sediments (M =
5.3 ) has the highest values of TOC. In fact the range of
variations after excluding this station will be very narrow. TKN
is ranging between 0.06 % and 0.02% with an average of 0.05%
± 0.01%. It is obvious that the shallowest station (depth is 1 m)
contains the minimum contents of TOC, TKN as well as the
coarsest sand fractions. The claculated C/N ratio were ranged
between a maximum of 18.5 and a minimum of 4.03 with an
average of 7.87. This average ratio is to some extent comparable
to the Redfield-Richard ratio (i.e. 106:16). The deviation from
the Redfield ratio in our samples is predictable. These deviation
may be resulted from several phenomena, such as variability in
the elemental compositions of phytoplankton and zooplankton
as well as the preferential oxidation of carbon than nitrogen (

., 1990). The C/N ratios in the present study may
indicate the marine origin for organic matter. It is also important
to mention that the variation in the nitrate concentrations in
seawater will affect the ratio of C/N in marine phytoplankton.
The protein contents of phytoplankton decrease as nitrate
became exhausted, while carbohydrates and lipids increase

( ., 1990). This also partly explains the
variations in C/N ratios.

Z

Ö

EL-
SABROUTI,

EL-SABROUTI

et al

, et al

Among the major elements, Fe and Al exhibit the greatest
variability (0.14% to 0.65% for Fe and 0.25% and 1.46% forAl)
(Figure 2). Ca ranges between 14.54% and 39.96%. Among the
minor elements, Mn fluctuates between 11.0 ppm and 174.0
ppm with an average of 70 56.1 ppm. The other determined
metals have limited deviation from the averages (Table 1). Most
of the elements vary from one station to another (Figure 2).
However station 5 shows almost high concentrations of Cu, V,
Fe, Zn and Ni. These inconsistencies reveal the changeability in
the sources of different pollutants. These types of unevenly are
expected in area such as RIC where many activities are
integrated in a small area.

The chemical partition of sediments is used to deduce the
source and pathways by which the major and trace metals have
entered the marine environments ( and ,
1992). Trace metals in recent sedimentary deposits can
generally be divided into two categories, in accordance with
their predominant source of origin, either as or
“ ” often refer simply to as “ and

” ( and , 1981). Nonetheless,
when attempting to determine the extent of pollution by means
of heavy metal load in sediments, it is of primary importance to
establish the natural level of these metals “i.e. pre-civilizational
level” and then subtract it from exiting values for metal
concentrations in order to derive the total enrichment caused by
anthropogenic influences ( and , 1981). In
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Table 1. Data of different analysis, showing the maximum, minimum and average values.

St.# Depth

(M)

Mz

(Phi)

TOC

(%)

TKN

(%)

T. Cu

(Ppm)

T. Ni

(Ppm)

T. V

(Ppm)

T. Al

(%)

T. Fe

(%)

T. Sr

(Ppm)

T. Ca

(%)

T. Mg

(%)

T.Zn
(Ppm)

T. Mn
(Ppm)

Figure 2. Distribution of leached and total metal conecntrations
in the bottom sediments at different stations.

Figure 3. Dendrogram showing the assoacaion between metals.
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the present study, the leached portion of the metals was
determined in order to investigate the easy-removable portion
of the sediments. This portion allows some deductions as to the
carriers, transport mode and potential bio-availability of metals
entering this system ( and , 1992). The
percentages of leached/total metal (L/T%) vary for different
metals. L.Cu represents on average about 49.3% from the total
Copper, on the other hand L.Al on average stands for about
1.04% from the total Al. The average values for the L/T%
calculated for the studied metals rank in descending order as
follows:

The low L/T ratios for the aluminum and iron specify the
conservative behavior of these metals. On the other hand, Ca
illustrates a wide range of L/T rations. The maximum ratio is
96.3% and the minimum is 16.8%. This wide range reveals the
fact that CaCO can be easily dissolved with weak acid during
extraction of the leached portions, besides the differentiated
solubility performance of different carbonate minerals.

Figure 2, illustrates the distribution trends of both leached
and total metals. It shows the similarity and dissimilarity
behavior of different phases of metals. Except for Ca, the
leached phases are almost follows the trends of their total
metals. In other words, wherever there is an increase in the total
metal content, there is also an increase in its leached part.
However, L.Sr at station number 8 decreases while the total Sr
increases. This may indicate that L.Sr could be associated with
organic matter rather that silicicalstics/carbonate fractions. Ca
attains different behavior than the other metals, where the
leached portions do no follow the increasing or decreasing of
the total Ca. As mentioned above, the reason for that is the
solubility performance of different carbonate minerals as well
as the variation of Ca concentrations contained by different
minerals.

The present results are in accordance with most of the
previous studies (Table 3). The slight variations between
different studies are either due to the spatial variation, the types
of sediments or to the analytical techniques used for
determinations. Excluding the results obtained for Kuwait
marine environment after the second gulf war which are higher
than any other results, the present heavy metals concentrations
are in accordance with the heavy metals in the rest of the gulf
region.

The first attempt to recognize groups of chemical elements-
variables is the computations of the correlation coefficient
matrix (Table 4).

Ca shows negative correlations with most of the studied
elements. On the hand, there are positive correlations between
the Ni, V, Cu, Zn, Mn, Al and Fe. These relations may indicate
the associations between these metals as well as the common
sources of the metals and/or the same geochemical behaviors.
The association of these metals with Al, and Fe indicates these
metals are mainly associated with silicates and terrigenous
components rather than carbonate fraction. The negative
relation between Ca and Mg is mainly due to the fact that Mg is
replacing Ca in dolomite. Dolomite is expected in this area
where it is associated with the coastal sabkha covering this
region ( and , 2004). The correlations
between different TOC and depth as well as between TOC and
mean grain size indicate that TOC tends to concentrated in the
fine fractions as hence it increases with depth in the offshore
region.

LORING RANTALA
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MG > CU > ZN > MN > CA > NI > V > SR > FE > AL

3

Statistical Discrimination of Metals' Associations

El-Sammak, A.A.

Table 2. Leached/Total percentages for different metals.

Station L/T Cu L/T Ni L/T V L/T Al L/T Fe L/T Sr L/T Ca L/T Mg L/T Zn L/T Mn

#1 24.49 9.39 18.18 1.29 4.69 5.52 20.28 46.99 25.40 28.57

#2 59.20 33.66 14.29 1.40 7.29 5.34 16.76 50.91 68.95 81.82

#3 66.70 28.97 16.67 0.89 9.88 6.88 37.25 72.46 23.16 27.27

#4 48.42 15.00 14.29 1.22 6.67 5.16 18.54 45.54 70.00 29.17

#5 12.31 5.56 16.67 1.22 2.70 6.55 20.19 51.31 53.85 32.39

#6 50.40 14.28 9.09 0.71 5.36 4.81 21.18 43.10 48.13 25.42

#7 28.65 26.58 9.52 0.60 2.02 7.05 50.81 25.11 34.29 33.33

#8 45.48 40.51 6.67 0.61 2.34 0.92 96.31 15.65 35.83 16.09

#9 40.13 16.82 9.09 1.44 2.38 43.47 19.88 48.20 28.00 36.67

Max 66.70 40.51 18.18 1.44 9.88 43.47 96.31 72.46 70.00 81.82

Min 12.31 5.56 6.67 0.60 2.02 0.92 16.76 15.65 23.16 16.09

Avg 41.75 21.20 12.72 1.04 4.81 9.52 33.47 44.36 43.07 34.53

St.Dv 17.32 11.76 4.17 0.34 2.74 12.86 26.10 16.20 18.03 18.66

Figure 4. Distribution of the index of geoaccumulation (Igeo)
for different metals.

Figure 5. Correspondence factor analysis, plot of the factors 1
and 2.
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Table 3. Comparison between the present results with similar environments.

Cu(ppm) Ni(ppm) V (ppm) Fe(%) Zn (ppm) Mn (ppm)
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The cluster analysis is also preformed in order to study in
more details the geochamical associations between metals. The
resulted tree diagram (Figure 3) elucidates the associations of
two groups of metals. The first one assembles Ni, Cu, V and Fe
together. The second group discriminatesAl, Mn and Mg. These
two groups cluster with Zn and Sr at higher levels. Ca on the
other hand disbands from the other metals, and is clustered with
them at higher level (low similarity level). This multivariate
statistical analysis confirms the correlations between metals.

In order to compare present study with the background
values, the Index of Geoaccumulation “I ” is calculated. The
Index of geoaccumulation is calculated according the equation
introduced by (1979) as follows:

C is the measured concentration of element “n”, B represents
the geochemical background concentration of element “n”, the
factor 1.5 is introduced to take account of possible variations in
background values due to lithogenic effects. The Limestone
values reported by and (1984) are used
as background values. The I value is assumed to be a measure
of heavy metal enrichment. It consists of 7 grades, whereby the
highest grade (6) reflects 100-fold enrichment above
background values (2 = 64 * 1.5) ( , 1997;
Table 5).

Figure 4. exemplifies the calculated I for different metals.
In fact, the major elements (Al, Fe, Ca and Mg) in addition to Sr
are not considered because these metals are lithogenic metals
rather than man-made. The calculated I (s) indicate that
stations 1, 5 and 7 can be classified as “Uncontaminated to
moderately contaminated” for the elements Cu, Ni, while
stations 1 and 5 is designated as “Uncontaminated to
moderately contaminated” for Zn. The calculated I (s) for Mn
indicate that all stations are designated as “Uncontaminated”.
Sr has high I values. In fact Sr can be considered as a
lithogenic elements associated with carbonate minerals mainly
as aragonite ( , 1974).

In order to study the similarities between different stations
with respect to the metals concentrations, organic carbon, TKN,
mean grain size and depth of stations, the correspondence factor
analysis is preformed. Correspondence factor analysis (CFA)
permits the projection of a large set of points (stations and
variables) into a very reduced space, each point taking part in

Defining the position of a given point with respect to the center
of gravity of the cloud of all projected points (Relative
Contribution of axis to points) ( and ,
1995). It is analogous to a combination of Q and R mode factor
analysis ( and , 1996). The CFA is
preformed from a data matrix comprising 9 observations
(stations) and 23 cases (Total and Leached metal concentration,
TOC, TKN and M ). Both factors 1 and 2 extract 95% of the total
variance; hence we can relay on them as a reasonable summary
of the raw data. The significant feature shown by factor space 1
and 2 is the presence of three groups of samples (Figure 5).

Group 1 mainly retains stations 1 and 5, notice that factor 1
has a weak to a very weak influence as far as the spatial
distribution of these samples are considered, while factor 2 has a
heavy negative influence on these group. The total and Leached
Zn allows a valid discrimination of these stations. Group 2,
includes stations numbers 2, 3 and 6. The respective
contributions of the first two factors to the spatial arrangement
of this group are moderate and negatively moderate for factor 1
and 2 respectively. TOC, TKH, M , L. Al and L. Fe control this
group. Group 3 concerns stations numbers 7, 8 and 9. The
influence of both factors on this group is positively weak to
moderate influences. Mn, Mg (Total and Leached), Leached Ni,
Cu and Ca and total Al discriminate this group. On the other
hand station 4 is not included in any of these three groups. Total
and Leached Sr and total Ca allow this sample to be
discriminated. The grouping of stations based on CFA is well-
matching the spatial distribution of stations, Station 1 and 5 are
both located offshore to the east in front of the Liquid Products
Jetty. Stations 7, 8 and 9 locate to the west of the Ammonia and
Urea Berths and off the outfall channel. Stations 6, 2 and 3
locate near the cargo terminal, Coastal Tanker Jetty and
Refinery and cooling water outfall. On the other hand station 4
locates near the water tankers.

It is concluded that in spite of the industrial activities at RIC,
the offshore sediments is still classified in general as
uncontaminated sediments with except to the area in front of
Liquid products Jetty which is classified as uncontaminated to
moderately contaminated area. The geochemical associations
indicate that elements associated with silicates fractions such as
Fe, Al and Mn are clustered together while those discriminate
the carbonate fractions (Sr and Mg) are clustered together.

Most of the man-made elements are almost associated with
silicate fraction. The leached fractions constitute almost
moderate percentages from the total metals. The spatial
distribution and the clustering of different sampling locations

Quantifications of Metal Pollution

Statistical Discrimination of Scenery Similarity
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Table 4. Correlation matrix between different variables (correlations are significant at p < 0.05).



indicate that the variations of the metals concentrations are
mainly due the different sources of land runoff. Finally the
present results are almost in the ranges of the previous results
reports at different region in the Arabian Gulf and UAE Coastal
regions.

The author would to acknowledge Mr. Omar Al-Bashir for
helping in the collection and analysis. This work was funded by
research council at UnitedArab Emirates University.
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