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Abstract: Problem statement: Al-Khadoud Spring is one of the largest spring in-Hassa
governorate (Saudi Arabia). Due to the extendededbim activities and urbanization as well as the
continuous industrial and agricultural growth ofethegion, spring water quality is potentially
changing Approach: This study was conducted to measure toxic heawglraencentrations in water
and fish samples along the spring channel. Filtesygihg water and tissues (liver and muscle) of
captured fish were analyzed for heavy metals irAomic Absorption Spectrophotometer equipped
with a Varian Model.Results: The concentrations of metals in water were foumdhie following
order: Fé>zZn**>Ci#* >P¥*>Mn*">Cd?*. The levels of heavy metals recorded in wateihia study
were generally low, when compared to WHO and USE&mmended levels in water, except iron
which was found to be higher than the recommend®eld. In fish samples collected from the
polluted spring, metal levels were significantlyglhér than the levels in water, indicating
bioaccumulation. The highest levels of metals wegemerally reported in fish liver than muscle.
Hepatic metal levels were ranked as follow?ZCU**>P*>Cd**. Conclusion: The present results
showed that, the fishes, based on the higher lesfelmetal bioaccumulation, could be unsafe for
human consumption. Consequently, very close madngasf heavy metal loads in Al-Khadoud spring
is recommended in view of the possible risks tdthez consumers.
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INTRODUCTION which is an extra hepatic tis$tfé The concentration of
any pollutant in any given tissue therefore depemdgs
Chemicals derived from agricultural operationsrate of absorption and the dynamic processes assdci
(pesticides and herbicides) and industrial efflagatich  with its elimination by the fish.
as metals, ultimately find their way into a variedf Stocks of both freshwater and marine fish within
different water bodies and can produce a rangexiét Saudi Arabia are increasingly threatened by aquatic
effects in aquatic organisms, ranging from alteraito ~ pollution, but no data are available on the extent
a single cell, up to changes in whole popu|aﬁ]é),n'§he pollution impacts. Our previous study at El-Khadoud
accumulation of toxic metals to hazardous levels inSPring showed that its water had an obvious ineréas
aquatic biota has become a problem of increasin§lectrical conductivity, Chemical Oxygen Demand
concern. Excessive pollution of surface waters aoul (COD), total alkalinity, nitrates, phosphorus, cide
lead to health hazards in man, either through érink and potas.smm. These features indicated pollution
of water and/or consumption of fih The increasing With organic wastes, increased salinity and detatén
importance of fish as a source of protein and nterést oxygenated state. In the present work, heavy metal

in understanding the accumulation of heavy metals accumulation levels in water samples and fish &ssu
the trophic levels of the food chain, extend theu® a(llver and muscle) ofreochromis niloticus from that

towards finfisi#. Pollution enters fish through five COMaminated water body at Al-Hassa were determined
. T . 9 to assess the public health risks associated with
main routes: Via food or non-food particles, giksal

. ) ) consuming fish harvested from this area.
consumption of water and the skin. On absorptiba, t
pollutant is carried in blood stream to either arasge MATERIALSAND METHODS
point or to the liver for transformation and/or rsige.
Pollutants transformed in the liver may be stotemte¢ or ~ Study area: Al-Khadoud Spring is one of the largest
excreted in bile or transported to other excretimgans  spring in Al-Hassa governorate. Al-Hassa is sittlaie
such as gills or kidneys for elimination or stoiadfat, ~ 25°05’ and 25°40’ northern latitude and 49°55’ east
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longitude; located in eastern region of Saudi Aaabi
140 km south-west of Dammam city (Fig. 1). Al-Hassa
has a dry, tropical climate, with a five-month suerm
and a relatively cold winter. This oasis regionnslI-
known for its date farming. To increase water for
irrigation, the water pumped into the spring carsaldo
increase the amount of water used for local irrigat
Over the years, the spring and its connected céiaais
become a place of fish and other aquatic organismgig. 1: Map of the study area
growth. In fact, this water body has attracted the
attention of local people for fishery. Due to the
extended domestic activities and urbanization dkage
the continuous industrial and agricultural growthte
region, spring water quality is potentially chargin
Some of untreated domestic and agricultural sewage
may elapse into spring water. Such contaminatiogtmu
be an important issue regarding the health of thatc
ecosystem and its animals and in turn, to human's Koo et
health. 1 © gh1s
Al-Khadoud spring

Sampling strategy: Tilapia fish QOreochromis niloticus)
with length of 12-19 cm and weight of 40-60 g were A AlHofuf mow e —
collected by bottom trap net from Al-Khadoud spring
channel. Sampling was carried out monthly betwee
January and December 2007. Fish samples were taken
from three stations. Station | is the main watesitaf
Al-Khadoud spring. It is located between 25°N and
49°E. The water at this point is relatively unptsld
Stations Il and Il are located on the irrigationhhnnel

9. 2: Map of Al-Khadoud spring and other water
springs in Al-Hassa Oasis

One gram of each sample was digested using 1.5.1
mixture of 70% perchloric acid, concentrated niaad

and concentrated sulphuric acid at 80+5°C in a fume
. . chamber, until colorless liquid was obtained. Each
of the spring (5 and 10 km north of Al-Khadoud 8gti  jigested sample was made up to 20 mL with de-iohize
respectively) (Fig. 2). Station Il is a point SOG'FO“ water and analyzed for heavy metals in an Atomic
effluents (sewage and runoff from agriculturald®l  A\pqorption Spectrophotometer (AA-6800F, Shimadzu,
Fishing is intense at this station. On each occadish Japan) equipped with a Varian Model (GFA-EX7,
samples were collected in three replicate spotsaah Shimadzu, Japaf) Values of heavy metals were
station. Fish samples were placed in plastic bagk a recorded in pg g dry weight

were stored frozen at -10°C after cleaning withiltksl '
water to remove adhering dirt. Spontaneously wih f  Statistical analysis. One-way ANOVA was used for
capture, sampling of water was carried out from thedetection of differences in heavy metal conceruregi
particular catch area. Water samples werentaite between locations. Individual differences were digtg
20 cm depth in 250 mL plastic bottles cleaned withby appropriate ad hoc tests (LSD). p<0.05 was
detergent and soaked overnight in 5% nitric acill. A considered statistically significant.

samples were stored frozen at -10°C.
RESULTSAND DISCUSSION

Sample treatment: All frozen samples were allowed to The process whereby an organism concentrates
thaw at room temperature. Water samples were mixethetals in its body from the surrounding mediumamd,
vigorously and aspirated in an Atomic Absorptioneither by absorption or ingestion is known as
Spectrophotometer for trace metal determin&tiofhe  bioaccumulatiof”. According to Heaff, fish can
fish samples after defrosting were dissected; laed  regulate metal concentration to a certain limigadthich
muscle were taken with the help of a stainlessl stedioaccumulation occurs. The concentration of metals
stiletto. After dissection, all the tissue samplesre in an organism’s body vary from organ to organ and
separately oven-dried to constant weight at 105€20° the product of an equilibrium between the
and were each ground to powder. The powderedoncentration of the metal in an organism’s
samples were digested according to SreedeVi®.  environment and its rate of ingestion and exongti*.
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Table 1: Mean values of some tested heavy metalsemtrations (mg 1) in water of Al-Khadoud spring channel comparethiinternational

permissible limits

Metal cd Ccuw* Fe* Mn?* P zn*
Station | 0.002 0.00% 0.980¢ ND ND 0.0360
Station Il 0.004 0.00% 0.982 ND ND 0.0360
Station Il 0.004 0.022 2.210 0.017 0.021 0.031
WHO! 0.05 1.000 1.000 0.010 0.050 5.000
USEPAL 0.01 1.000 1.000 0.050 0.050 1.000

Means (n = 10); ND: Non Detectable; Values withatuenns with no common superscripts are signifigadifferent (p<0.05)

Table 2: Seasonal copper concentrations?{qug g* dry weight)
in organs of Tilapia fishQreochromis niloticus, collected
from Al-Khadoud spring channel at station Ill dgithe
investigation period

Seasons Liver Muscles
Autumn 216.2328.50 1.73:0.16'
Winter 146.027.09 2.53:0.20°
Spring 644.9658.90 252017
Summer 445.1618.33 3.06:0.20°
Total average 363.09 2.46

Means+ SE (n = 10); Values within columns with no common

superscripts are significantly different (p<0.05)

Table 3: Seasonal cadmium concentrations ?{Cdug g* dry
weight) in organs of Tilapia fishQreochromis niloticus,
collected from Al-Khadoud spring channel at statidin
during the investigation period

Seasons Liver Muscles
Autumn 17.6%1.76' 0.39:0.04
Winter 12.730.39 0.19:0.03
Spring 3.130.29 0.25:0.0Z
Summer 2.660.14 0.310.03
Total average 9.04 0.28

Means+ SE (n = 10); Values within columns with no common

superscripts are significantly different (p<0.05)

Table 4: Seasonal lead concentrations)Pgig g* dry weight) in
organs of Tilapia fish,Oreochromis niloticus, collected
from Al-Khadoud spring channel at station Ill dgithe
investigation period

Seasons Liver Muscles
Autumn 133.0411.95 1.65:0.07
Winter 119.031.47 1.51%0.07
Spring 113.121.28 1.38:0.03
Summer 47.860.81° 1.41+0.04
Total average 103.26 1.49

Means+ SE (n = 10); Values within columns with no common

superscripts are significantly different (p<0.05)

Table 5: Seasonal zinc concentrations®(Zug g* dry weight) in
organs of Tilapia fish,Oreochromis niloticus, collected
from Al-Khadoud spring channel at station Ill dgithe
investigation period

Seasons Liver Muscles
Autumn 534.525.80% 22.26:1.62
Winter 1050.2#7.70° 20.52:1.27°
Spring 882.785.7C° 10.72:1.458'
Summer 917.985.93 33.14:0.158
Total average 846.37 21.66

Means+ SE (n = 10); Values within columns with no common

superscripts are significantly different (p<0.05)

Bioaccumulation of metal within an organism results
from interactions between physiological factors
(growth, weight loss, absorption and accumulation),
chemical factors (metal concentration, speciatiod a
bioavailability) and environmental factors (temgare
and food concentratioff.

The seasonally mean concentrations of the heavy
metals (C4'", C/*, F&*, Mn*" P¥* and Zi") in Al-
Khadoud Spring water compared with WEfD and
USEPA! allowable limits are presented in Table 1.
The data shows that there is no difference betwgzéh
and ZA* concentrations on all stations. The seasonal
concentrations of Ciiin water ranged between 0.005
at station | to 0.022 mgt at station Ill. However, Fé
concentration on station 1l was found to be much
higher (2.210 mg T%) than other two stations. On the
other hand, Mfi and PB* values ranged from Non
Detectable (ND) level at station | and Il (0.017dan
0.021 mg L%, respectively) to 0.021 mg tLat station
lll. The most pronounced feature is the highest
concentration of Fé in Al-Khadoud (2.210 mg ) in
comparison to other metals. Analysis Of Variance
(ANOVA) of metals levels, showed no significant
differences (p>0.05) among the stations, except for
CU** and Fé&". The concentrations of metals in water
were found in the following order:

FE'>Zn">CUu>Pi">Mn*">Cd**

The levels of heavy metals recorded in water i th
study were generally low, when compared to WO
and USEPA® recommended levels in water, except
iron which was found to be higher than the
recommended levels. The high level of Gire*, Mn?*
and PB" at station Il could be attributed to discharge
of either treated sewage water or re-use drainagerw
on the Al-Khadoud irrigation caral

In fish collected from the polluted station 11l etal
levels were significantly higher than the levelsiater,
indicating bioaccumulation. In the present studye t
highest levels of metals were generally reportefisim
liver than muscles (Table 3-5). Hepatic metal Isvel
were ranked as follow: Zf-CU#*>PE*>Cdf*. The fish
liver plays a primary role in the metabolism and
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excretion of xenobiotic compounds with morphologica
alterations occurring in some toxic conditiBAs
Metals can either increase or decrease hepatiarenzy

CONCLUSION

The present results showed that, the fishes, based

activites and can lead to histopathological hepati the higher levels of metal bioaccumulation, coukl b

changes, depending on the metal type

andnsafe for human consumption. The finding is worrie

concentration, fish species, length of exposure andl view of the health implications for the poputetithat

other factor$®. Regarding the fish muscle, Zrwas a
little bit higher whereas Gty PEF* and Cd" were
characteristically low in the same site and*Cdas

depend on
requirements. Consequently, very close monitorifig o
heavy metal loads in Al-Khadoud spring is recomneehd

the spring for their water and fish

significantly the least. These findings suggestt thain view of the possible risks to health of consusner

heavy metals (like Pb and Cd), which have highiffi
for thiol groups, turn proteins and peptides suSbkp
to structural modifications in sub-cellular compagnts
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