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Abstract Concentrations of 25 heavy metals (Ag, Al,
As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo,
Na, Ni, Pb, Sb, Se, Sr, V, Zn andHg) in surface sediments
along the Doha Bay from 10 transects each with five
stations were studied. Significant differences were ob-
served in metal concentrations between the sampling
locations and durations. Higher concentrations were ob-
served in areas where there are a lot of anthropological
activities. The distribution of selected metals was pre-
sented in contour maps showing the variation between
the two periods. In order to further study particle size
effect on metal uptake, two different grinding times were
administered on four randomly selected samples and the
results showed no significant difference on the analysis in
the inductively coupled plasma-optical emission spec-
trometry (ICP-OES) instrument. The overall results of
metal analyses were within the international standards
criteria, and the results were comparable to the previous
studies conducted around Qatar.
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Introduction

Heavy metal pollution in marine environments has be-
come a worldwide problem (Mashal et al. 2014; Gue-
vara et al. 2005; Allen 1995). This is because of their
toxicity, extensive causes and accumulative characteris-
tics. With the fast industrial development in the east
coastal region of Qatar, especially in the Doha Bay area,
heavy metals are expected to be presented into the
coastal environment and be combined within sediments
together with organic matters, clay, oxides and sulphides
(Wang and Chen 2000; Malins 1984). Marine sediments
act as an excellent adsorbent for heavy metals and
frequently offer an outstanding sink of man’s impact
(Malins 1984). However, the metal fixation is not per-
manent, and some of the metals might be released into
the water body under variable conditions through sev-
eral processes of remobilization (Irabien and Velasco
1999; Mashal et al. 2014). Consequently, sediments
would play a vital role in the transport and storage of
potentially toxic metals in the marine environment
(Langston 2000; Redfern 2006).

The concentration of heavy metal in the marine en-
vironment depends on the source of pollution, input and
its speciation (Fergusson 1990) as well as to the sedi-
ment characteristics, grain size distribution, reactions at
particle surfaces that effect the amount of metal
adsorbed, adsorptive properties of clay minerals,
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specific surface area and reduction/oxidation reactions
(Williamson and Wilcock 1994; Luoma 2000;
Krumgalz et al. 1992; Mashal et al. 2014). The metal
release from sediments can occur as the water salinity
increases due to the high ionic strength of seawater or
reduction/oxidation condition changes (Luoma 2000).
This would be controlled by the oxygen concentration
and its dynamics and movement from the water to the
sediments and by the readsorption processes in various
oxides such as Fe and Mn oxides. In addition, fine
particulates would be trapped in coastal environments
that have low hydrodynamic energy, while they are
moved on in areas where hydrodynamic energy is high.
Accordingly, three main zones can be eminent based on
the following processes (Williamson and Wilcock
1994): (i) deposition, (ii) transportation and (iii) areas.
However, the deposition area is the intermediate fate for
most metals where the finest particulates generally ac-
cumulate and the others become immobilized due to the
decomposition of organic material as insoluble sulfide
precipitates (Luoma 2000). Various factors would affect
the physical, chemical and biological properties of sed-
iments. Sediment disturbance (bioturbation) is more
important in muddy sediments than sandy sediments,
and it has a major impact on the chemistry of muddy
sediments. This could be occurred by various animals
such as rays, crabs, worms and gastropods (Williamson
and Wilcock 1994; Mashal et al. 2014).

Understanding the environmental fate of contami-
nants is of importance in order to predict potential
impacts on human health and ecosystems and how
contaminants are transformed by biological, geological
and chemical processes over time (Williamson and
Wilcock 1994; Mashal et al. 2014). Authors design
and manage sampling and analysis methods in order to
recognize the key factors that may be occurring and to
identify the main sources of environmental risks. This
procedure would be used in a risk management setting
for industries and regulators and to decide whether
remediation is suitable and determine the best remedia-
tion methodology. Moreover, sediment chemistry, metal
concentration and toxicity, as sediment quality, are con-
sidered as important environmental forensics compo-
nents. This would help us to understand and evaluate
the risk posed by sediment-associated chemicals to
aquatic organisms.

This paper aimed at providing knowledge on the
environmental characteristics and properties in the loca-
tion where many developments are constructed such as

residences, marinas and other facilities within the coast
of Doha Bay. This part which this study is concerned is
to investigate metal concentration within the area. This
bay is categorized as an impounded water body which is
isolated partially or totally from the main water system
due to human intervention (e.g. urbanization). This kind
of water system may lay beneath many speculated en-
vironmental problems such as water stratification, high
biological oxygen demand (BOD), siltation (release of
mud and silt-sized sediment to the water) which increase
the heavy metal load attracted by silts, change of pH as
more organic contents increase the water becomes more
acidic, increase in salinity due to higher evaporation and
less water movement, increase in nutrient as more P
(phosphorous) and N (Nitrogen) would be added to the
water body with minimum recharging, accumulation of
heavy metals, accumulation of organic pollutants, death
of the native species, introduction of new exotic species,
deterioration of water quality and value loss of estates
(Denton et al. 2001). Fifty marine sediment samples for
two time periods (May and December 2012) were col-
lected from selected sites located at the coastal area
north of Doha, north of the Pearl and south of Al
Safeliya on the eastern coast of Qatar. These samples
are subjected to simultaneous determination of minerals
and heavy metals (Ag, Al, As, Ba, Be, Ca, Cd, Co, Cr,
Cu, Fe, K, Li, Mg, Mn,Mo, Na, Ni, Pb, Sb, Se, Sr, V, Zn
and Hg) using inductively coupled plasma-optical emis-
sion spectrometry (ICP-OES). The two sampling times
are called phase I and phase II; respectively. Figure 1
shows the locations and the details of the 50 stations.

Experiment and materials

Site description

The selected site of the study stretches the whole bay of
Qatar comprising the coastal area north of Doha, north
of the Pearl and south of Al Safeliya on the eastern coast
of country (Fig. 1). This area is under ongoing develop-
ment by Lusail Real Estate Development Company
where coastal residences inclusive of a number of facil-
ities will be developed. Major construction work on
channels for a marina and work on the seafloor will be
materialized. The impact of these activities will result in
environmental stresses. To ensure a factual knowledge
on the area, this study is realized and designed as a
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baseline impact assessment analysis which will be used
as reference for future studies within the area.

Sampling method

Fifty marine sediment samples for two time periods
(May and December 2012) were collected from selected
sites located at the coastal area north of Doha, north of
the Pearl and south of Al Safeliya on the eastern coast of
Qatar (Fig. 1). These samples are subjected to simulta-
neous determination of minerals and heavy metals (Ag,
Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn,
Mo, Na, Ni, Pb, Sb, Se, Sr, V, Zn and Hg) using ICP-
OES. The two sampling times are called phase I and
phase II, respectively.

All samples are collected by the Environmental Stud-
ies Centre (ESC)/Qatar sampling team. They were taken
by a diver using Teflon beaker and then were kept in
glass jars. All glass jars were labelled and pre-treated to
suit this experiment. The obtained samples meet the
requirements of the sampling program and handle so
that they do not deteriorate or become contaminated
before it is analysed; hence, samples were transformed
to a freezer at temperature of −4 °C (set by ESC) for
preservation required until analysis.

Sample preparation

The main principle of the sample preparation was to
ensure that the samples were in the best condition

Fig. 1 Location map of the study area shows sites of sample collection (total number of samples is 50)
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required for the analysis. The sample preparation in-
cludes the following steps: (i) drying using freeze dryer
(Stoppering Tray Dryer, LABCONCO), (ii) grinding
(Retsch model PM400), (iii) digestion by a mixture of
strong acids using Hot Block System (Environmental
Express) and (iv) cooling and dilution.

Before the hot block digestion step, four randomly
selected dried sediment samples were ground in agar
mortar with Retsch PM400model grinder at 100 rpm for
two different grinding times of 15 and 30 min. Size
distribution of ground sediment samples were analysed
by using Mastersizer 2000, Hydro 2000S size distribu-
tion analyser. Sediment samples were subjected to a
different grinding time to investigate if there is any
significant difference between the metal concentration
and the grain size.

Sample analysis

All samples were fully analysed using ICP-OES,
Perkin-Elmer, Optima 5300 DV located at ESC/Qatar.
The representative marine sediment samples are accu-
rately weighed and treated with acids using hot block
system; thus, the total recoverable element concentra-
tion will then be determined. After cooling, the sample
was made up to the volume with deionized water and
filtered if turbid. The sample solution is aspirated
through nebulizer and the resulting aerosol is
transported to the plasma torch where excitation occurs.
Element specific emission spectra are produced by
radio-frequency inductively coupled plasma. The spec-
tra are dispersed by a grating spectrometer, and intensi-
ties of the line spectra are monitored at specific wave-
lengths by a charged coupled detector (Channeltron
electron multiplier). A fitted background correction is
used to correct the blank signal and matrix effect. The
standard operational procedure number is SOP-ESC-
ICP-01 which was developed using the USEPA method
3051A for marine sediment digestion and the USEPA
method 6010b for sample analysis. In addition, the
effect of grinding time was considered in the design of
this experiment to study the consequence of grain size
on the metal uptake.

Statistical analysis

About 10 % of total number of samples was subjected to
quality control measurements. Moreover, the data which
are obtained below the sensitivity of the method of

analysis and instrument used were reported as below
the limit of quantitation (LOQ). LOQ is defined as the
lowest amount of analyte in a sample which can be
quantitatively determined with suitable precision and
accuracy of an individual analytical procedure. It is a
parameter of quantitative assays for low levels of com-
pounds in sample matrices and is used particularly for the
determination of impurities and/or degradation products.

Data processing included the following: repeatability,
reproducibility, recovery % and upper and lower accept-
able limit. For the purpose of comparison, the study
used a statistical analysis tool to establish and evaluate
significant differences on the results obtained for each
metal. Multivariate and repeated measures analysis of
variance (ANOVA) are incorporated to delineate the
differences among the 10 transects and between the
study duration. Since all groups of data are expected to
differ from each other to some degree, the extent to
which groups differ can tell us whether they are intrin-
sically similar and can thus be assumed to be the same or
whether they are effectively different. The primary tool
used to make this determination is ANOVA. It distin-
guishes between groups of mean values by comparing
variance. These variances are partitioned in ANOVA so
that separate measures are provided for variation be-
tween the groups and within each group.

When interpreting a P value, it can be concluded that
there is a significant difference between groups if the P
value is small enough and less than 0.05 (5 %) is a
commonly used cut-off value. In this case, 5 % is the
significance level or the probability of a type I error.
This is the chance of incorrectly rejecting the null hy-
pothesis (i.e. incorrectly concluding that an observed
difference did not occur just by chance) (Bland 2001)
or more simply the chance of wrongly concluding that
there is a difference between two groups when in reality
there is no such difference. Post hoc test is performed to
know which means of all the groups tested for ANOVA
which rejected the null hypothesis. Tukey’s honestly
significant difference is used as a post hoc test as this
is the most sensitive robust analysis to identify the
significant differences between and within the group
being tested.

Results and discussion

It is important to look for ecological indicators to assess
the condition of the environment. They are valuable in
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providing early warning signals, diagnose and formulate
solutions on the causes of any environmental problem.
There are several factors that influence the magnitude of
the key indicators; it must be ideally selected to repre-
sent vital information about the structure, function and
composition of the ecological system.

The data is represented by a box and whisker plot to
show the spread of the values observed in each transect
in a form of minimum, maximum, third quartile, first
quartile, the median and the outlier. The central line
indicated central tendency or the median; the large box
indicated the variability around the central tendency.
The standard error or the third quartile and first quartile
and the whiskers around the box indicated the minimum
and maximum range in the data. Moreover, the values
obtained were compared with the international guide-
lines with its designated contaminant criteria.

Spatial variation of the metal concentration

Understanding the spatial distribution of data is essential
in elucidating the dispersion of the contaminant within a
geographic location. It provides visualization of the
spatial pattern of the immensity of the pollution through
the generation of a contour map using geographic infor-
mation system (GIS) at ESC/Qatar. The emphasis of the
spatial analysis is to measure properties and identify
relationships and differences taking into account the
spatial localization. The present study had incorporated
spatial analysis on different transects analysed on differ-
ent duration within the study area. It was found that
significant differences were observed to most metals
around the study area except Ba—Dec 2012 (F(9,40)=
1.054; p>0.05); Cd—May 2012 (F(9,40)=0.656;
p>0.05); K—Dec 2012 (F(9,40)=1.951; p>0.05); Li—
Dec 2012 (F(9,40)=1.160; p>0.05); Mg—May 2012
(F(9,40)=1.729; p>0.05); Sb—May 2012 (F(9,40)=
1.558; p>0.05); and Hg—Dec 2012 (F(9,40)=1.462;
p>0.05). The transects E–J have significantly higher
metal concentration as within these locations, it was
evident that there are a lot of anthropological activities.
Ongoing construction activities, presence of marinas,
the four surface water discharge points along the coast-
line and the fact that the area is an enclosed locationwith
an impounded water system are the contributory factors
to the measured level.

Figure 2 shows the maps of the distribution of Zn
metal surrounding the study area during the two sam-
pling durations. Zn is commonly used for roof

constructions, gutters, drainpipes, roof flashings and
coverings. Cu and Pb have similar applications. Accord-
ing to Wood 1974 and Aprile and Bouvy 2008, Zn, Cu
and Pb are three of the most toxic and relatively acces-
sible metal which when exposed to the atmosphere and/
or washed to the open waters will ultimately contribute
to the pollution loading within the area. In the present
study, these metals differ significantly in their dispersion
within the study area (Tukey HSD, p<0.05). Zn and Cu
metals have an average concentration of 6.49±2.72 and
2.70±1.66 ppm respectively while Pb obtained concen-
trations below the LOQ. V and Ni are known to be the
primary constituents in crude oil (Alloway 1995). The
concentrations obtained for V and Ni in both sampling
duration were found to be significantly different (Tukey
HSD, p<0.05). Higher concentrations were observed in
southern part Doha Bay where the marina is located.
The average concentration for V is 6.21±3.38 ppm
while for Ni is 3.97±2.26 ppm. Some metal concentra-
tions were observed to be below the LOQ of the instru-
ment’s sensitivity. As, Be, Ca, Co, Mo, Pb, Se and Sr
were recorded < LOQ to most stations during the May
2012 sampling while Be, Ca, Co, Pb, Se and Sr, for
December 2012.

Seasonal variation of the metal concentration

Metals are classified into three criteria according to
environmental impact. These classifications include
their reactivity and availability to ecological system.
Trace metals normally occur at very low levels in the
environment. They exert a variable range of toxicity and
effect, while somemetals such asMn, Fe, Cu and Zn are
essential metal micronutrients; others such as Hg, Cd
and Pb are not required even in small amount by any
organism (Fergusson 1990; Hosono et al. 2011; Luoma
2000). These metals are stable and exist as persistent
environmental contaminants which impose havoc to the
organisms and the environment (Aprile and Bouvy
2008). They are known as heavy metals which are very
toxic and tend to accumulate in the soils and sediments
(Williamson et al. 2003). Overtime, these metals accu-
mulate within the sediments, and the latter become an
important reservoir of metal concentrations which pro-
vide input record of the pollution loading within a
system.

The relationship was assessed using repeated mea-
sures ANOVA and further delineated using post hoc
test. Al, Ba, Cd, Cr, Cu, K, Ni, Sb, Zn and Hg metals
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showed significant differences over the two period of
the study (ANOVA, p<0.05). Higher concentrations
were observed during December 2012. Temperature
variation within a season is one of the factors that affect

metal concentration. According to Fergusson 1990 and
Luoma 2000, the metal concentration in sediments is
temperature dependent where the marine sediments are
suspected to have less metal concentration during the

Fig. 2 Contour maps showing the distribution of Zn and V around Doha Bay during May and December 2012
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summer season and higher concentration on water col-
umn due to vertical mixing. Qatar has an arid climate
with May as the beginning of summer and December as
the winter season. In addition to this abiotic factor that
may influence the metal concentration measured during
the study, there are an increased constructions and mod-
ifications within the area which contribute to the results,
in fact, ongoing activities such as hotel and building
constructions, i.e. Pearl Qatar, Lusail Development.
Figure 3 shows the comparison of the two sampling
duration and degree of distribution of the metal concen-
trations around the study area. Fe, Li, Mg, Mn and V
metals showed no significant difference on the concen-
tration over the two periods of the study (ANOVA,
p>0.05). However, among the transects, significant dif-
ferences were observed having higher concentration
within the location with most activities.

Size analysis for sediment samples

The results were comparable to both grinding times
which were evident in the trace metal concentrations.
Paired t test was used to evaluate the relationship. The
sediment samples obtained from station A3 which was
subjected under 15 min—grinding time did not differ
significantly with A3 under 30 min (t(16)=−0.604,
p>0.05). Similarly, D3-15 min, E1-15 min and I1-
15 min did not differ significantly with D3-30 min,
E1-30 min and I1-30 min, respectively (t(16)=−1.834,
−0.906, −1.256; p>0.05). This might be affected from
the digestion, indicating that samples were fully
digested by the selectedmixture of acids. In fact, smaller
particle size is preferred as this has greater surface area
which will enable complete digestion of the samples
which is a preparation prior to metal analysis.

The statistical analysis showed that the metal con-
centrations of these four sediment samples (A3, D3, E1,
I1) did not differ significantly in terms of grinding time,
but by visual inspection, each metal concentration in
each station increases significantly (Fig. 4). Stations A3
and D3 had lower concentrations than E1 and I1 which
was consistent with the conclusion observed on the
spatial and temporal variation analysis that metal con-
centrations in the stations within transects E to I has
significantly higher metal levels than transects A to D.
Sediment grain size is one of the main controlling fac-
tors for the distribution of heavy metals in an aquatic
ecosystem; however, based on the results obtained, there
was no significant difference between the different

grinding times of the sediment. All eight sediment sam-
ples had approximately same size distribution (Fig. 5).
Most of all ground sediment particle sizes were found
smaller than 100 μm. This was important for confirming
reproducible results in the hot block digestion process
and evaluating metal concentration variation
dependence on grain size. According to the study of
Aprile and Bouvy 2008, they found that the
concentration of metals in sediments cannot be
interpreted simply by a change in grain size but other
factors must be taken into consideration such as
anthropogenic influences. The grain size analysis made
on this study did not give a whole representation of its
effects on the concentration of the metals as there were
only a few stations analysed, and it is important to note
that a detailed size distribution analysis on all stations
within each transect must be performed to comprehend
its effect. Moreover, the chemistry of the sediment and
the metal itself must also be evaluated and investigated
as they are also contributory factors to the contaminant
levels. These include adsorption from water column or
vertical mixing, pH, oxidation of surface sediments and
biological uptake by organic matter or organisms.
Physicochemical adsorption direct from the water
column happens in many different ways. It usually
occurs when particulate matter directly adsorb heavy
metals straight from the water and high organic matter
is proportionate to high metal levels while chemical and
biological adsorption are more complicated as they are
controlled by many factors such as pH and oxidation.
Schlinder (1991) suggested that the pH value oversees
the adsorption of metal ions at surfaces. Higher pH
values promote more adsorption than lower pH which
the latter actually prevents the retention of metals by the
sediment (Belize et al. 2004; Hosono et al. 2011). The
increase in pH is affected by the action of sulphate-
reducing bacteria under anaerobic conditions which
are present in areas where there is a lack of tidal flushing
and water circulation which can be postulated from the
present study as there are areas which have an enclosed
compounded water system. Under these conditions, it
tend to favour the formation and retention of metals as
sulphides and the deposition of organic matter in these
enclosed sites is expected to increase, thus increasing
the organic carbon due to limited mixing especially in
lagoon areas. On the other hand, shallow areas which
are exposed to oxygen (O2) during changing of tides
(low tide) can dry up and can influence the oxidation-
reduction potential of the sediment. Clark et al. (1998)
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Fig. 3 Al, Ba, Cd, Cr, Cu, K, Ni, Sb and Zn concentration recorded from the sediment samples collected around Doha Bay duringMay and
December 2012 sampling
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showed that the redox potential of the sediment can
affect the metal trapping directly through change in the
oxidation state of the metal itself or indirectly through a
change in the oxidation state of the ions that can form
complexes with the metal. It further oxidizes sulphides
present to sulphuric acid, thereby increasing the pH of
the sediment pore water and allows mobilization of
metals. In the present study, there are areas in Doha
Bay which are consistent and comply with the descrip-
tion of the stated previous studies such as having an
enclosed water system, shallow water and sources of
anthropogenic activities which influence the level of
metal concentration. It is therefore essential that a thor-
ough investigation considering all these contributory

factors must be made within the area to further under-
stand the impact of the contaminants and establish com-
parison in future studies.

Comparison to international guidelines and previous
studies

A number of international guidelines were consulted to
identify if relevant published threshold criteria exist for
each metal contaminant investigated during the present
study. The consulted international sediment quality
guidelines (SQG)with its designated contaminant criteria
include the following: (i) Florida Department of Envi-
ronmental Protection, 1994 (USA); threshold effects

Fig. 4 Comparison of metal
concentrations of stations A3, D3,
E1 and I1 under 15 and 30 min
grinding time
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level (TEL); probable effects level (PEL), (ii) Canadian
Environmental Quality Guidelines (Canada); Interim
Sediment Quality Guideline (ISQG); PEL and (iii) Na-
tional Oceanic and Atmospheric Administration (USA);
effects range-low (ERL); effects range-median (ERM).

The contaminant analytes that can be compared with
the guidelines are As, Cd, Cr, Cu, Ni, Pb, Zn and Hg.
The results obtained were below the limit set by the
three consulted guideline. Table 1 shows the summary
of the data considered for each metal analyte during the
two sampling duration while Fig. 6 shows the graphical
representation for visual understanding. In addition,
several previous studies had been published for metal
analysis on sediment samples in different locations in
Qatar, UAE, Saudi Arabia, Oman and the Middle East.
Comparing the results of the present study to these
previous published studies will provide information
regarding the magnitude of the contamination surround-
ing the present study area. Table 1 shows the different

concentrations obtained for metal analysis from differ-
ent locations in the national, the other GCC countries
and international results.

Conclusion

The study analysed the concentrations of 25 metals
around Doha Bay to evaluate the pollution loading and
the magnitude of the impact that the contaminant had on
the sediment samples within the area on two sampling
durations. Significant differences were observed be-
tween the temporal variation which December 2012
sampling (phase II) recorded higher concentration than
May 2012 (phase I). Moreover, significant differences
of metal sediment accumulation were observed between
the 10 transects. Higher metal concentrations were re-
corded in transects E to I compared with A to D. The
areas with higher levels are characterized by many
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anthropological activities. However, the concentrations
were still within limit to some metals which FDEP,
CEQG and NOAA (international standards) had set
permissible levels. Sediment grain size was also deter-
mined in the study which obtained no significant differ-
ences between the metal concentration and difference in
grinding time (15 and 30 min). However, the data were
not conclusive as there were only four sediment samples
analysed although the results were consistent and repre-
sentative of the transects with increased anthropological
activities thus with higher metal concentrations: E1 and
I1 and lower metal concentrations: A3 and D3. Based on
this result, it was evident that sediment grain size not

only affects the contaminant levels in the area but there
may be other contributory factors that influence the
measured concentrations. It is therefore recommended
that a detailed comprehensive environmental impact
assessment be undertaken within the study area and
should be done annually to evaluate the temporal chang-
es in the environmental status as it is predicted that
increased activities will happen within the area due to
commercialization and development. A number of ac-
tions are recommended to improve our understanding of
heavy metal processing and its impacts in addition to
enhance and improve the monitoring and reporting of
results of this study. The following include

Fig. 6 Cd, Cr, Cu, Ni, Zn and Hg concentrations from sediment samples of Doha Bay during May and December 2012 compared with
international standard recorded
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& Deployment of current meters to measure the cur-
rent direction, value and change during different
weather conditions.

& Conduct detailed monitoring scheme water quality
survey and biota analysis in order to obtain repre-
sentative values within the ecosystem of the area.

& Execute hydrodynamicmodelling to understandwa-
ter hydrodynamic of the area.

& Study siltation plume associated with dredging and
the fate of the released sediments.
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