Arab Gulf Journal of Scientific Research, 26 (1/2): 19- 32 (2008)

Research Paper Ref. No 2466

Concentration of Heavy Metals in the Territorial
Sea Water of the Kingdom of Bahrain,
Arabian Gulf

Oy ) ASLel dcaddW) oomdt olue 2 ALGYY yuoliall j81 5
Hasan Ahmed Juma and Ismail Mohamed Al-Madany

Public Commission for the Marine Resources, Environmental and Wildlife
P O Box 32657. Isa Town, Kingdom of Bahrain,
Tel. 0097317875164 / Fax 0097317784934
E-Mail: bneftpw@batelco.com.bh | hasanj@env.gov.bh

ABSTRACT: This is the first investigation for the analysis of heavy metal covering the territorial
water of Kingdom of Bahrain. For the purpose of establishing baseline, as well as the assessment
of marine contamination due to heavy metals, sea waters were collected from 23 different sites
known as fishing areas of the territorial water of the Kingdom of Bahrain in the year 2007. The
heavy metals analyzed were Arsenic, Cadmium (Cd), Copper (Cu), Iron (Fe), Manganese (Mn),
Nickel (N1), Lead (Pb), Vanadium (V), Zinc (Zn) and Mercury (Hg), using Inductively Coupled
Plasma Emission Spectroscopy (ICP-OES). The concentrations of As, Cd, Cu, Fe, Mn, Ni, Pb, V,
Zn and Hg were in the range of 0.85-2.75, 0.06-5.20, 4.53-119.00, 1.03-28.62, 0.06-1.24, 0.71-
20.1, 1.13-2.01, 1.13-9.93, 0.96-2.32, 4.06-118.00, and 0.13-0.38 ug/l, respectively, representing
the baseline trace metal concentrations of sea water in the Kingdom of Bahrain. The results suggest
that the Kingdom of Bahrain’s marine waters seem to be of good quality as the concentrations of
the metals reported in the studied areas are far below the United Kingdom Water quality standards
and United States Environmental Protection Agency recommended water quality criteria, with the
exception of copper in all sites, and Mercury (Hg) in Msoor site. In general, concentrations of trace
elements in sea water were similar to those of other areas worldwide, and were deemed not to be of
any toxicological significance.
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INTRODUCTION

Trace metals are important in aquatic
systems because of their demonstrated effects as
both essential and toxic agents for biota. Many
metallic elements, e.g., Iron (Fe), Manganese
(Mn), Cobalt (Co), Copper (Cu), Nickel (Ni),
Molybdenum (Mo) and Zinc (Zn), are considered
essential for biological processes in a variety of
natural ecosystems, but are generally present only
in trace amounts. Although the essential function
of such trace metals in terrestrial ecosystems has
been known for many decades, it is only in recent
years that scientific methodology has improved
to the point that the biogeochemical behavior
of trace metals can be adequately studied in
aquatic ecosystems. The concentration of trace
metals in the marine life is influenced by several
mechanisms. The physical and chemical nature
of the marine environment is one of the important
factors that determine the level of the elements.
Because most heavy metals tend to accumulate
in sediments, their presence in the water column
is usually the result of recent inputs. The analysis
of saline samples has always been challenging,
even with today’s modern instrumentation, due
to the high total dissolved salts and the presence
of several elements at very high levels (e.g.
Chloride, Sodium, Magnesium, Sulphur, Calcium
and Potassium), whilst many of the elements of
interest exist at miniscule concentrations.

Many of the elements of primary
environmental concern are present in sea water
at exceptionally low levels and background
monitoring to these levels requires sampling and
analysis conditions that are not economically and
logistically viable on a routine basis. The practical
problems involved in the chemical analysis of
trace metals in aquatic systems are now widely
known (Turekian, 1977; Hunter, 1982; Bruland, e¢
al. 1991). The concentrations of most trace metals
in aquatic systems are so low in comparison to

those prevailing in the materials and flotsam of
the average chemistry laboratory (dust, skin and
paint flakes, and chocolate vapor) that without
special precautions, a seawater sample is quickly
overwhelmed by external, spurious sources of
trace metals.

Much of the progress in developing sample
collection and analysis methods appropriate to the
very low concentrations found in environmental
samples can be traced to the pioneering efforts
of Clair Patterson at the California Institute
of Technology, whose painstaking work on
the measurement of Pb and stable Pb isotopes
(Patterson and Settle, 1976) has been the
inspiration for those who have followed.

Reliable measurements of trace metals in natural
waters requires scrupulous attention to all steps
in the analytical protocol from sample collection
to analysis: the preparation of trace metal-
clean sample containers, rigorously-controlied
collection and handling of the sample; carefully-
designed analytical techniques, including the
preparation of specially-purified reagents, and
the strict control throughout of external sources
of contamination by use of specialized clothing
and clean-room working conditions (Patterson
and Settle, 1976; Bruland, et al. 1979; Ahlers es
al. 1990).

Recent studies (Ahlers, ef al. 1990; Hunter
and Tyler 1987) have reinforced the need for
extreme care in the sampling of marine waters for
trace metal analysis. The earliest concerns were
raised by Patterson and Settle (1976) and Schaule
and Patterson (1981). More recent analyses of open
ocean water samples in which special precautions
were taken in preparation of sample containers,
sampling operation, and sample handling and
analysis have shown metal concentrations to be
lower than originally anticipated. For example,
open ocean concentrations of zinc, lead, copper,
cadmium and chromium are now estimated to
be in the ranges 0.003-0.6, 0.001-0.04, 0.03-
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0.4, 0.0001-0.12 and 0.1-0.3 ug L', respectively
(Bruland, et al. 1991; Bruland and Franks, 1983;
Bruland, 1980).

MATERIALS AND METHODS

Seawater samples were collected in the
Bahrain territorial seawater during 2007. In
general, all sampling procedures were carried out
according to internationally recognized methods
and guidelines (Grashoff, er al. 1999). Teflon
coated, metal free sampler was used for seawater
sampling for trace metal analysis. The sampler
was rinsed thoroughly with seawater before
actual sampling. Seawater samples then were
transferred to a new pre-washed (initial washing
with DI water, then rinsing with 5% HNO, and
then final rinse with the seawater) 5-L high density
polythene containers. Filled bottles just above
the shoulders of the bottles, screwed on the caps
gently and firmly. The sampled seawaters were
then put in ice cooled chest (4°C). The ice-chest
transported to the lab within 3-hours of sampling.
The water samples were filtered immediately
with 0.45 ym membrane filtration. Then 2 ml of
ultrapure HNO, per liter of sample were added to
bring down the pH to < 2.

All sampling sites are shown in Figure
1. Exact coordinates for sediment sampling are
shown in Table 1. The analysis of seawater was
performed using international analysis guidelines
and approved test procedure. ASTM, USEPA
and Methods of Seawater analysis (Grashoff,
et al. 1999), (ASTM procedure for analysis of
trace metals in salt water was modified to suit
seawater for Bahrain samples. All samples
were immediately filtered by 0.45 pm pore size
and acidified to pH < 2. Collective procedure
was adopted for chelating, pre-concentration
and extraction of Cadmium, Cobalt, Copper,
Iron, Manganese, Nickel, Vanadium and Zinc.
Extracted and digested samples were analyzed
by USEPA Method 200.7 on ICP-OEC.
Seawater samples for arsenic determination
were preserved with ultra pure low arsenic HCL.
At the time of analysis, the samples were pre-
reduced and arsenic determined using FIAS-
ICPMS- Hydride accessory. Mercury samples
were also preserved separately using ultra pure
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low Mercury HCL. The analysis was performed
by Hydride-Atomic Fluorescence analyzer. All
analyses were performed in duplicate and results
were averaged. Routine quality assurance/quality
control procedures were performed to verify the
authenticity of data.

Fig. 1. Sampling Sites.

Series of parallels of blanks were taken
through the procedure to measure background
levelsoftheelements. Certifiedreference materials
(CRM) were analyzed to assess the trueness and
precision of the analyses. Parallels of CRM Near
shore seawater reference material (CASS-4)
(National Research Council —Canada Institute
for Environmental Research & Technology;
NRC-CNRC, Canada) were analyzed together
with the seawater samples. The CASS-4 served
as reference material for the analyses of Arsenic,
Cadmium, Copper, Iron, Manganese, Nickel,
Lead, Vanadium, and Zinc. Values obtained in
both references seawater (CASS-4) demonstrated
very good agreement with certified values (within
95% confidence limit) and a precision of 3-12%
(1s) for all elements.
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Table 1. Coordinates of Sampling sites and Concentrations (ug/l) of Trace Metal in Sea Water of Bahrain Marine Environment.

Ser# Site Latitude Longitude As Cd Cu Fe Mn Ni Pb v Zn Hg
1 Qassar Noon N2548822 ES038559 1.51 0.47 20.22 2.63 0.52 0.72 4.78 1.77 19.44 ND*
2 Mashtan N2551072 E5041057 1.27 0.09 16.65 5.47 0.35 1.35 2.00 2.23 14.13 ND
3 Jabbari N2554806 E5039941 1.05 0.50 14.21 28.62 0.55 1.65 6.40 2.03 12.97 ND
4 Fasht Tighalib N2556185 E5041515 2.02 0.81 14.79 7.78 0.29 1.21 2.88 1.38 13.19 ND
5 Ghumais N2558127 E5044908 0.89 0.06 16.03 707 0.24 0.93 2.45 1.76 12.35 ND
6 Askar N2603087 ES037876 111 0.30 13.33 4.65 0.42 0.77 1.66 1.39 10.62 ND
7 Msoor N2604327 E5040449 0.99 0.12 15.02 9.44 0.09 0.89 1.76 1.48 11.17 0.38
8 Bapco N2606233 ES037879 2.60 0.13 11.14 8.06 0.23 0.76 2.20 146 9.42 ND
9 Algaha N2607316 ES039672 1.14 0.20 9.42 4.67 0.38 0.84 2.04 1.43 7.52 ND
10 Suhain N2608731 E5040581 0.85 0.06 5.95 12.74 0.23 0.74 2.59 1.09 5.42 ND
1 Fa>ash N2608468 E5044859 1.09 0.14 8.29 6.90 0.42 0.88 1.13 1.95 547 ND
12 Al Gazara N2609286 E5047538 1.14 0.06 4.53 15.12 0.44 0.71 1.79 1.83 4.06 ND
12 Dam N2610281 E5050761 1.15 0.18 29.47 7.78 0.18 1,37 5.30 2.02 23.17 ND
14 Qita’at Jaradah N2610528 E5053587 1.29 5.20 27.99 8.48 0.40 1.91 4.48 1.87 69.41 ND
15 Marina club N2614205 ES035955 1.30 0.15 38.41 4.92 0.42 1.60 4.62 2.32 29.96 ND
16 Al Jarim N2624679 E5034558 1.33 3.50 34.57 6.03 0.71 1.19 5.22 1.70 47.43 ND
17 Khor Fasht N2620306 E5027787 1.11 0.06 42.78 7.29 1.24 1.20 9.93 2.10 35.21 ND
18 Murwadah N2618683 E5026925 1.01 0.65 39.81 508 0.23 1.29 3.39 2.08 37.56 ND
19 Bartafi N2615320 E5026437 1.54 0.32 42.91 10.80 0.77 201 2.90 2.10 45.36 ND
20 Qassar N2601663 ES026366 2.05 0.16 44.72 9.46 0.24 0.81 463 1.24 40.56 ND
21 Umm Al na’san N2604370 E5024665 1.97 0.29 106.00  1.03 0.06 0.74 5.16 0.96 11800 0.13
22 Jazirat Ya'suf N2606290 ES027087 1.74 0.41 119.00  8.57 0.11 0.93 5.44 1.66 106.00 ND
23 Al Jasra N2611113 ES026510 275 0.53 78.17 4.80 0.61 1.25 6.62 1.15 91.68 ND

Minimum 0.85 0.06 4.53 1.03 0.06 0.71 1.13 0.96 4.06 0.13

Maximum 275 5.20 11900 2862 1.24 2.01 9.93 2.32 11800  0.38

Average 1.43 0.63 32.76 8.15 0.40 1.12 3.89 1.70 33.48 0.26

* ND: means Not Detected.
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RESULTS

In this study 10 trace elements, namely,
As, Cd, Cu, Fe, Mn, Ni, Pb, V, Zn and Hg were
determined in Bahrain territorial seawater. The
concentrations and range for each element is
shown in Table 1 on a site basis. With respect to
interpretation of the results, average concentrations
are compared firstly to the United States
Environmental Protection Agency Recommended
Water Quality Criteria, United Kingdom Water
quality standards for the protection of saltwater
Life, ASEAN Marine Water Quality Criteria, and
Malaysian Interim Marine Water Quality Criteria
as depicted in Table 2.

Arsenic average concentration is 1.43 pgl”,
and in the range of (0.85 — 2.75) pgl”, the highest
value of 5.20 ugl' was found in Al Jasra site,
which is located West Coast of Bahrain, while the
lowest value of 0.06 pgl' was in Suhain. This
study revealed that the Arsenic levels are far below
the United Kingdom Water quality standards and
United States Environmental Protection Agency
recommended water quality criteria, and lower
than in some other parts of the world, which is
clearly depicted in Figure 2.

Cadmium average concentration is 0.63
pugl!, and in the range of (0.06 — 5.20) pgl',
the highest value of 5.20 ugl' was reported in
Qita’at Jaradah fishing area located in the East
of Bahrain, while the lowest value of 0.06 ugl
was in Suhain. There are no sites in the studied
areas with anomalous high levels, and the
average concentration of Cadmium is less than
the reported values elsewhere, as well as the
standards and guidelines of some countries such
as UK standards and USA recommended value
as depicted in Figure 3. However, it has been
considered that the concentration of Cadmium in
the sea is less than 0.5 pgl'.

The Copper concentrations ranged from
4.53 to 119.00 pgl’!, with an average of 32.76
ugl'. The lowest value of 4.53 ugl' was in
Al Gazara area, while the highest value was
119.00 pugl' found in Jazirat Ya’suf fishing area.
Like Cadmium, the Lead concentrations are not
very high for most sites investigated in Bahrain
Seawater. The average level of Lead in Bahrain
Territorial seawater is about 3.89 ugl!, while
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the maximum concentration of 9.93 pugl' was
found at Khor Fasht which is located in the
North of Bahrain. Levels neither exceeded USA
recommended value of 8.1pgl"!, nor UK standard
value of 25.0 pgl .

Nickel was detected in all water samples.
The detected Nickel concentrations ranged from
0.71t02.01 ugl' withamean of 1.12 gl ', and the
highest concentrations were found at Bartafi site
which is located in North West of Bahrain. The
results indicated a significant positive relationship
between Ni and V and were consistent among
sampling sites which assume that petroleum oil
is the sources of these two elements.

Figure 4 depicts the Nickel average
concentration for all sites investigated in the
studied area and some parts of the world. It is
similar to that of Cadmium, reflecting the low
natural background; hence, Nickel displays low
concentrations in sea water throughout Bahrain
territorial sea water. United States Environmental
Protection Agency recommended water quality
criteria (610 pgl') was never exceeded, and Nickel
concentrations were also far below the United
Kingdom Water quality standards of 30 pugl™.

Zinc was detected in all water samples.
The detected Zinc concentrations ranged from 4.06
to 118.00 ugl' with average of 33.48 ugl'!, and
the highest concentrations were found at Umm
Al Na’san site which is located West of Bahrain.
Figure 5 depicts the Zinc average concentration
for all sites investigated in the studied area and
some parts of the world. The average level neither
exceed USA recommended value of 81.0 pgl’,
nor UK standard value of 40.0 pgl ™.

Figure 6 depicts the Mercury average
concentration for the detected sites investigated
in the studied area and some parts of the world.
Mercury was detected in 2 of the 23 samples.
The detected Mercury concentrations ranged
from 0.13 to 0.38 pg/l'' with a mean of 0.26
ug/l’', and the highest concentration value of
0.38 ug/l" was found at Msoor site which is
located East of Bahrain, and exceeded both
United  Kingdom Water quality standards
and United States Environmental Protection
Agency recommended water quality criteria.

Manganese average concentration is 0.40
pugl', and in the range of (0.06 — 1.24) ugl'. The



Table 2. Trace metal average value (ug/I'") in sea water in Bahrain and other areas of the World.

Area As Cd Cu Fe Mn Ni Pb v Zn Hg Reference

This study 1.430 0.626 32.757 8.147 0.397 1.120 3.886 1696 33483

Canadian guidelines 12.500 0.120 CCME. (1999)

Uk standards 25000 5.000 5.000 1000.000 30.000 25000 100000 40000 0300 Grimwood and Dixon (1997)

Malaysian intenim 100,000 100.000  100.000 100.000 1000 http://www.doe.gov.my/index.

standard phpZoption=com_content&task=viewdi
d=T71&ltemid=445&lang=en

ASEAN criteria 10.000 8.000 8.500 0.160  http//www.doe.gov.my/index.
php?option=com_content&task=view&i
d=vi&Itemid=sso&lang=en

USA Recommended 36.000 8.800 3.100 300,000 5000 610000  8.100 81.000 0940 http://www.epa.gov/waterscience/

value criteria/wqceriteria.html

Kuwait 0434 0.7-160 07-160 2600 06-275 01-0.7 Shunbo, er al, (1986)

North Sea 16.000 140.0 31.000 10.000 Balls, PW (1986)

Greece 0.2-1.3 0.04- 2.58-150.7 0.17-2.79 0.28-2.3 1.14- eleftheriadou and Skoullo (2003)

4.59 305

Saudi (Arabian Gulf) 1.692 2.678 37.260 3.652 2.166 2.116 3.828 14.284 SadiQ 1993

Baltic Sea 0.030 03-52 1-120 Baltic Marine Environment Protection
Commission, (1987)

Atlantic water 8.000 70.000 30.000 10.000 Balis, PW (1986)

South-East Spain 1.500 1.500 Navarro ef al. (1993)

Pakistan 34 504 1114 124 181 476 226 Qari and Siddiqui (2005)
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highest value of 1.24 ugl' was reported in Khor
Fasht fishing area, while the lowest value of 0.06
ugl!' was in Umm Al Na’san. However, there are
no sites in the studied areas with high levels, and the
average concentration of Manganese was less than
the reported values (2.1ugl™") of Saudi Arabia (Sadiq
and McCain, 1993), and far below United States
Environmental Protection Agency recommended
water quality criteria, as depicted in figure 7.

Iron average concentration is 8.15 pgl',
and in the range of (1.03 — 28.62) ugl’', the highest
value of 28.62 ugl"' was reported in Jabbari fishing
area which is located East of Bahrain, while the
lowest value of 1.03 pgl! was in Umm Al Na’san.
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Figure 8 shows the Iron average concentration for
all sites investigated in the studied area and some
parts of the world, and itdisplays low concentrations
in sea water throughout Bahrain territorial sea
water.

Vanadium average concentration is 1.70
ugl!', and in the range of (0.96 — 2.32) ugl!,
the highest value of 5.20 pgl' was reported in
Marina Club resort area, while the lowest value
of 0.06 pugl!' was in Umm Al Na’san Fishing
area. Vanadium displays low concentrations
throughout Bahrain territorial sea water, and its
concentrations were also far below the United
Kingdom Water quality standards of 100 gl

This study south-east Span Pacific Ocean

North Atlantic Canadian

JK standards USA

Ccean guidelines Recommended

Fig. 2. Arsenic Concentration pg/l.
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Fig. 3. Cadmium Concentration pg/1.
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DISCUSSION

Arsenic concentration within the reported
range of (0.85 —2.75) ugl™ is considered a typical
value for the uncontaminated offshore waters
as the concentrations of arsenic in open ocean
seawater are typically 1-2 pugl*. Cutter and Cutter
(1998) reported value of arsenic in sea water of 2
ugl’, in the North Atlantic Ocean. Navarro et al.
(1993) reported mean value of 1.5 pgl™! for arsenic
in coastal waters, South-East Spain. Bodewig,
et al. (1982) also, found arsenic in Pacific Ocean
with a mean of 1.8 pgl'. High levels of arsenic
have been recorded in thermal waters. Tanaka
(1990) found Arsenic with a mean concentration
of 570 ugl' in geothermal waters throughout
Japan, with a maximum level of 25.7 mgl™.

The average Cadmium content in the world’s

oceans has variously been reported as low as <5
ng/L (WHO 1992) and 5-20 ng/L (OECD 1994,
Jensen and Bro-Rasmussen, 1992) to as high as 110
ng/L (CRC 1996), 100 ng/L (Cook and Morrow
1995) and 10 to 100 ng/L (Elinder 1985). Higher
levels have been noted around certain coastal
areas (Elinder 1985) and variations of cadmium
concentration with the ocean depth, presumably
due to patterns of nutrient concentrations, have
also been measured (WHO 1992, OECD 1994).
It is worth mentioning that on the basis of the
cadmium average value, sea waters within the
studied areas are comparable to those found in
unpolluted worldwide areas. The results of Copper
suggest that the value of all sites sampled were
higher than the reported value in Saudi Arabia
(Sadiq and McCain, 1993) and Kuwait (Shunbo e?
al 1986) as illustrated in figure 9. They also exceed
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UK standard and USA recommended value for
copper. However, the average value is less than the
reported value of other areas such as North Sea and
Baltic Sea as depicted in figure 9.

Balls (1985) reported average levels of
140.00 pg/l in the Northern North Sea and the
average in Atlantic water was 70.00 pg/!'. WHO
(1998) stated that Copper is widely distributed in
water because it is a naturally occurring element,
Copper levels in seawater of 0.15 pgl" is found
in uncontaminated areas. The results assumed
that the high concentrations of Copper stem from
its high rate of natural occurrence in the territorial
seawater of the Kingdom of Bahrain

Lead (Pb) average value of 3.89 pugl! is
higher than the reported value (2.1pgl") of Saudi
Arabia, (Sadiq and McCain, 1993) and Kuwait
(2.2 ugl!, (Shunbo, et al. 1986) in the Arabian
Gulf. The slight high level of Pb in compared to
other Gulf States could be attributed to the fishing
pattern where by lead is used in most of fishing
materials such as nets and hooks, also suspension
or mobilization of the sediment into the water
column as a result of extensive reclamation
activities being taking place in coastal areas
and shallowness of territorial sea water could
contribute to Pb results.

Balls (1985) reported average levels of
31.00 pg/l in the Northern North Sea, and the
average in Atlantic water was 30.00 pgl'. The
reported level of Pb (2.3 ugl') in the Gulf of
Astakos of lonian Sea in Greece is also less than
the average of the studied area. Nevertheless,
compared to the lead levels in other parts of the
World such as Atlantic and North seas (Figure 10).

Nickel concentrations of 0.228-0.693 pugl”,
determined for a vertical open-ocean water
profile, were considered to reflect the actual
nickel concentration in this medium (Bruland,
et al. 1979). Nickel levels usually tend to be
elevated in areas subject to release of crude oil.
However, 1t should be mentioned that another
major source of input of nickel into the marine
environment is the corrosion of copper/nickel
pipes and fittings used extensively in this area
whereas desalination/power plants and cooling
system utilizing water. Despite all these factors,
compared to the nickel levels in other parts of the
World (see, Figure 4), the average level of Nickel

in studied area of Bahrain Territorial Sea water is
one of the lowest among other.

The studied areas reported zinc average
value of 33.48 ugl' was higher than the reported
value (14.28ugl')y of Saudi Arabia (Sadig and
McCain, 1993) and Kuwait 27.5 ugl! (Shunbo,
et al. 1986), for the Arabian Gulf, while Balls,
(1985) reported average level of 10.00 pg/l in the
Northern North Sea. However, it was far below
the reported value of 181 pugl' in Karachi of
Pakistan (Qari and Siddiqui, 2005) Like Copper,
the results suggest that the high concentrations of
zinc stem from its high rate of natural occurrence
in the territorial seawater of the Kingdom of
Bahrain.

The Mercury average value of the studied
areas of 0.26 pgl’' was higher than the reported
value (0.12 pgl™") of Kuwait (Shunbo, et al. 1986),
for the Arabian Gulf. Few measurements have
been made of the concentration of Mercury in
sea water and there are considerable differences
in the values reported. Leatherland, ef al. (1971)
stressed that high values of 1.6 to 3.6 ug total
Hg/l. for samples from Minamata Bay, Japan,
probably reflect the serious pollution of that area.
Ocean water from the North-Western Pacific has
been reported to contain from 0.06 to 0.27ug/l,
with the highest concentrations in deep water.
In the analysis of waters from the Solent and the
English Channel, these were found to contain
lower amounts of Mercury, from 0.014 to 0.021
ngl/l., which are quite similar to that (0.03 pug/l.)
found forasingle sample from off Heligoland. Itis
worth mentioning that these tow detected sites of
the studied area should be furthered investigated
to explore the causes of these high values.

An average concentration of Manganese
in seawater of 0.4 pgl’ was reported by Turekian
(1969). In other studies on the manganese contents
of sea water in the North Sea, the North-East
Atlantic, the English Channel, and the Indian Ocean,
concentrations ranged from 0.03 to 4.0 ugl' with
mean values 0of 0.06-1.2 ugl"'. Inestuarine and coastal
waters of the Irish Sea and in waters along the North
Sea shores of the United Kingdom, values ranging
from 0.2 to 25.5 pgl' have been reported with.
mean values of 1.5-6.1 pgl”' (Topping, 1969; Preston,
et al. 1972; Jones, et al. 1973; Bouquiaux, 1974,

Concentration of iron in seawater up to
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about 3mgl' (Armstrong, 1957). United States
Environmental Protection Agency recommended
water quality criteria (1000 ugl') was never
exceeded, and Iron concentrations were also
far below the United Kingdom Water quality
standards of 300 pugl'.

Hasan ,1 hmed Juma and Ismail Mohamed Al-Madany

Vanadium is present at 11. 79 pgl!
concentrations in seawater, making it the most
abundant transition metal in the aqua sphere.
Figure 11 depicts the Vanadium average
concentration for all sites investigated in the
studied area and some parts of the world.
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CONCLUSION

As no quality standards for trace metal for
Bahrain marine waters are available, an overview
United Kingdom Water Quality Standards and
United States Environmental Protection Agency
recommended water quality criteria valuehasbeen
used. A comparison between these assessment
levels shows that all the measured trace metals,
with the exception of copper, remained within the
specified limits.

It is worth mentioning that on the basis of
the total elements concentrations, the Sea Water
from the studied areas are comparable to those
found in unpolluted worldwide areas, and reveal
that the effect of anthropogenic enrichment upon
concentration of the elements is nominal.

The results suggest that the Kingdom of
Bahrain’s marine waters seem to be of good
quality as the concentrations of the metals
reported in the studied areas are far below the
United Kingdom Water quality standards and
United States Environmental Protection Agency
recommended water quality criteria, with the
exception of Copper.

Itis worth mentioning that, as far as Mercury
is concemn, the detected sites of the studied area
should be furthered investigated to explore the
causes of these high values.

It is difficult to draw any broad conclusion

regarding the trace metal levels in the territorial
sea water of the Kingdom of Bahrain, because
there is no comparable data available for Arabian
Gulf region. Considering this fact, we feel that
the data presented here can serve as a baseline for
future studies in this area.

REFERENCES

Ahlers, WW, Reid, MR, Kim, JP, and Hunter,
KA (1990) Contamination-free sample
collection and handling protocols for trace
elements in natural fresh waters. Australian
Journal of Marine and Freshwater Research
41: 713-720.

Armstrong, FAJ (1957) The Iron Content of
seawater. J. Mar. Biol. 36: 509-517.

Balls, PW (1985) Trace metals in the Northern
North Sea. Marine Pollution Bulletin 16
(5):203-207.

Baltic Marine Environment Protection
Commission, Helsinki Commission (1987)
Progress Reports on Cadmium, Mercury,
Copper and Zinc Baltic Sea Environment
Proceedings No. 24.

Bodewig FG, Valenta P and Niirnberg HW
(1982) Trace determination of As(IIl) and
As(V) in natural waters by differential pulse
anodic stripping voltammetry. Fresenius Z



31

Hasan Ahmed Juma and Ismail Mohamed AZ-Madari

Anal Chem 311: 187-191.

Bouquiaux, J (1974) Non-organic Micropollutants
of the Environment. Vol. 2. Detailed List of
Levels Present in the Environment. (Document
V/ F/1966/74¢). Commission of the European
Communities, Luxembourg, pp194-221.

Bruland, KW, and Franks, RP (1983) Mn,
Cu, Zn, and Cd in the Western North Atlantic,
In: Wong, CS, Boyle, E, Bruland, KW,
Burton, JD, and Goldberg, ED(eds.) Trace
Elements in Seawater, NATO Conference
Series, Springer, UAS, pp395-414.

Bruland, KW(1980) Oceanographic distributions
of Cadmium, Zinc, Nickel and Copper in the
North Pacific. Earth Planet Science Letters
47: 176-198.

Bruland, KW, Donat, JR, and Hutchins, DA
(1991) Interactive influences of bioactive trace
metals on biological production in oceanic
waters. Limnology and Oceanography 36:
1555-1577.

Bruland, KW, Franks, RP, Knauer, GA, and
Martin, JH (1979) Sampling and analytical
methods for the determination of copper,
cadmium, zinc and nickel at the nanogram per
liter level in seawater. Anal. Chim. Acta 105:
233-245.

CCME (1999) Canadian sediment quality
guidelines for the protection of aquatic life:
Summary tables. /n: Canadian environmental
quality guidelines, 1999, Publication No.
1299, Canadian Council of Ministers for the
Environment CCME, Winnipeg, Manitobu,
Canada, Ch. 7.

Cook, ME, and Morrow, H (1995) Anthropogenic
Sources of Cadmium in Canada. In: National
Workshop on Cadmium Transport Into Plants,
June 20-21, Canadian Network of Toxicology
Centre, Ottawa, Ontario, Canada.

CRC( 1996) CRC Handbook of Chemistry and
Physics 77" ed. CRC Press, Inc., Boca Raton,
Florida.

Cutter, GA. Cutter, LS (1998) Metalloids in the
high Latitude North Atlantic Ocean: Sources
and internal cycling: Mar. Chem 61 (1): 25-
36.

Eleftheriadou, M and Skoullo MS (2003)
Nutrient and Trace Metal Distribution in the
Gulf of Astakos, Aetoloakarnania, Greece.

In: Proceedings of the 8th International
Conference on Environmental Science and
Technology vol. B. Lemnos Island, Greece.
ppl78 — 184.

Elinder, Cad-Gustaf (1985) Cadmium: Uses,
Occurrence, and Intake, Cadmium and
Health: A Toxicological and Epidemiological
Appraisal, CRC Press, Inc., Boca Raton,
Florida.

Grasshoff, K, Ehrhardt, M, and Kermling, K
(1999) Methods of Seawater Analysis, 3"ed.
Verlang Chemie. Weinheim.

Grimwood, M, and Dixon, E (1997) Assessment
of Risks Posed by List IT Metals to Sensitive
MarineAreas(SMAs)andAdequacy of Existing
Environmental Quality Standards (EQSs) for
SMA Protection. WRc Report CO 4278/10435-0
to English Nature.(Available: http://www.
doe.gov.my/index.php?option=com_content
&task=view&id=71&Ite mid=445&lang=en/
http://www.epa.gov/waterscience/criteria/
wqcriteria.html).

Hunter, KA, and Tyler, SR (1987) The distribution
of zinc and reactive silicate in the Otago
Harbour, New Zealand. Marine Chemistry 20:
377-387.

Jensen, A, and Bro-Rasmussen, F (1992)
Environmental Contamination in FEurope.
Reviews of Environmental Contamination and
Toxicology 125 : 101-181.

Jones, PGW, Henry, JL, and Folkard, AR
(1973) The distribution of selected trace
metals in the water of the North Sea 1971-
73, Lowestoft, International Council for the
Exploration of the Sea (ICES), Fisheries
Improvement Committee, Fisheries Laboratory
(C.M. 1973/C: 5), ppl3.

Leatherland, TM, Burton, JD, McCartney,
MJ, and Culkin, F (1971) Mercury in North-
Eastern Atlantic Ocean Water, Nature 232
(5306): 112-112.

Navarro, M, Sanchez, M, Loéopez, H, and
Lépez, MC (1993) Arsenic contamination
levels in waters, soils, and sludges in South-
East Spain. Bulletin of Environmental
Contamination and Toxicology 50 (3): 356-362.

OECD (1994) Risk Reduction Monograph No. 5,
Cadmium. Environment Directorate,
Organization for Economic Co-operation and


http://www.epa
http://www

Concentration of Heavy Metals in the Territorial Sea Water...

32

Development (OECD), Paris, France.

Patterson, CC, and Settle, DM (1976) The
reduction of orders of magnitude errors in lead
analysis of biological materials and natural
waters by controlling external sources of
industrial Pb contamination introduced during
sample collection, handling and analysis.
In: La Fleur, DM (ed.) Accuracy in Trace
Analysis. National Bureau of Standards,
Washington, DC, USA, pp321-323.

Preston, A, Jefferies, DF, Dutton, JWR,
Harvey, BR, and Steele, AK (1972) British
Isles Coastal Waters: The Concentrations
of Selected Heavy Metals in Sea Water,
Suspended Matter and Biological Indicators ;
Pilot Survey. Environ. Pollut. 3 (1): 69-82.

Qari, R, and Siddiqui, SA (2005) Heavy Metal
Levels in Coastal Seawater of Paradise Point,
Karachi. A Journal of Resource, Industrial and
Environmental Geology 1 (1):17-22.

Sadig, M, and Mc Cain , JC, (1993) Effect of
the 1991 Gulf War on Metal Bioaccumulation
by the Clam (Meretrix mertrix). Mar. Pollut.
Bull. 27 : 165-170.

Schaule, BK, and Patterson, CC (1981) Lead
in the North-East Pacific: Evidence for Global
Anthropogenic Perturbations’. Earth Planet
Science Letters 54: 97-116.

Shunbo, F, Literathy, P, Ali, MA, Samhan O,
and Jacob, PG (1986) Baseline Studies of
Oil and Non-oil Pollutants in the Marine
Environment of Kuwait. Kuwait Institute of
Scientific Research Report, Kuwait.

Tanaka, T (1990) Arsenic in the natural
environment. Part II: Arsenic concentrations
in thermal waters from Japan. Appl Organomet
Chem 4 (3): 197-203.

Topping, G (1969) Concentrations of Mn, Co,
Cu, Fe, and Zn in the Northern Indian Ocean
and Arabian Sea. J. Mar. Res. 27: 318-326.

Turekian, KK (1977) The fate of metals in the
oceans. Geochim. Cosmochim. Acta 41:1139-
1144,

Turekian, NK (1969) The oceans, streams, and
atmosphere. In: Wedephol, KH (ed).
Handbook of Geochemistry, Vol. 1, Springer-
Verlag, New York, USA, pp297-323.

WHO (1992) Environmental Health Criteria
134 — Cadmium. International Programme on

Chemical Safety (IPCS) Monograph, World
Health Organization, Geneva, Switzerland.
WHO (1998). Environmental Health Criteria
200 — Copper. International Programme on
Chemical Safety (IPCS) Monograph. World

Health Organization, Geneva, Switzerland.

Ref. No ( 2466)
Received 27/ 02/ 2008
In- revised form 26/ 03/ 2008



