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ABSTRACT

Environmental impacts from domestic and industrial wastes on aquatic ecosystems have received increasing attention
in recent years. Furthermore, water-associated diseases have become one of the ten topmost diseases due to poor
drinking water quality. Therefore, this study aimed to determine the concentration of three heavy metals (arsenic (As),
lead (Pb), and mercury (Hg)) and coliform count in Sri Serdang Mines Lake. Inductively Coupled Plasma Mass
Spectrometry (ICP- MS) was employed for the analysis of heavy metals. Both of fecal coliform (FC) and total
coliform (TC) methods were carried out using the membrane filter technique as described by APHA (1995) standard.
Results were recorded as colony forming units (CFU)/100 mL of sample. The As, Pb and Hg concentration values
were ranged from 0.0287 to 0.0334; 0.0357 to 0.0508 and 0.00058 to 0.00161 mg/L, respectively. The TC and FC of
Escherichia coli in Sri Serdang Mines Lake were in the range of 102 to 10° CFU/100 mL. Pb was the most abundant
heavy metal present in all the water samples as compared to As and Hg. There were also significant differences
(p<0.05) in both TC and FC concentrations in the water samples from all the five stations. Therefore, efficient heavy
metal removal and disinfection are essential to prevent possible human exposure.
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INTRODUCTION

Environmental impacts from domestic and indust-
rial wastes on aguatic ecosystems have received
increasing attention in recent years (AKl et al.,
2018; Jenin Rajasingh et al., 2018). Contaminated
discharges and effluents from anthropogenic acti-
vities have resulted in severe degradation of many
rivers across the globe (Geissen et al., 2015). Simi-
larly, Malaysia is facing a lot of environmental
issues regarding water pollution. Rapid develop-
ent has lessened certain stretches of the lake to the
point that it resembles quite a large storm drain in
some places contributing to flash floods within
Kuala Lumpur, especially following heavy rain
(Mokthsim and Salleh, 2014). The pollutants can
come from a point source such as industrial waste,
while pollutants from non-point sources include
agriculture activities and urban runoff. The vast
industrialization, urbanization and rapid economic
development in Kuala Lumpur have increased the
levels of pollution in the lakes and rivers (Ngah and
Othman, 2012). Serdang Lake suffers the most
since it flows through the state of Selangor. The
increase in human population density and the deve-
lopment of industries along the lakes and coastal
areas have increased the pollutant inputs and dete-
riorated the water quality of the surrounding area.
In addition, the river flow also influences the water
quality of the river system (Lintern et al., 2018;
Rostami et al., 2018). The pollution in the various
lakes and rivers has necessitated appropriate meas-

ures by water providers toward the provision of a
stable tap water supply as well as potable water.
Furthermore, suspended solids, Escherichia coli,
grease, and oil are the main contaminants of lake
waters whilst radioactive landfill, solid waste land-
fills and so on are the major contaminants of groun-
dwater. Land use types correlated with most of the
water quality characteristics. Urban lakes are also
polluted with sewage treatment plants discharge
which overflows due to rainfall and thus leading to
fecal contamination which is a major concern in the
lake near the town area, where the surface water is
used by local residents. Nonetheless, industrial and
household wastes which are discharged directly or
through leakages in the sewage systems will flow
into water sources thus causing excessive pollution
of surface and underground water (Selvakumar et
al., 2017). Changes in natural quality as well as the
distribution of water have devastating ecological
impacts. Similarly, the major contaminants of the
marine and coastal waters are suspended solids,
heavy metals; E. coli, oil, and grease.

Water quality is basically a measure of the condi-
tion or state of water resources in relation to the
requirements of both human needs as well as the
biotic species. Water-associated diseases remain
one of the leading and top-ten diseases due to poor
drinking water quality (Atidégla et al., 2016).
Nowadays, the production of biofilm is a major
problem in water distribution systems as well as in
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domestic water filtration ones. Contamination of
supply water predominantly occurs with aerobic,
heterotrophic and Gram-negative bacteria like
Pseudomonas aeruginosa and E. coli which can
easily reproduce especially in a humid environment
and become resistant to the disinfectants thus caus-
ing human infections, particularly in the elderly
and infants (Adewale et al., 2010; Adewale et al.,
2011; Adewale et al., 2012; Haylamichael and
Moges, 2012; Ahmed, 2017). Furthermore, a large
percentage of the global population has always
been denied access to safe water which is supposed
to be a basic human right. For instance, the amount
of the world’s water supply which is available for
human consumption is only 0.7% and, unfortuna-
tely, this small percentage is also distributed dis-
proportionately. Furthermore, a large population of
people living in developing countries has been
reported to be suffering from unsafe water-related
diseases (WHO, 2014). For instance, about 1.1 bill-
ion people (an equivalence of one-sixth of the
world’s population) were without access to an
improved water supply at the beginning of 2000,
especially, those living in Asia and Africa. There-
fore, this study was designed to determine the
concentrations of three heavy metals (arsenic (As),
lead (Pb), and mercury (Hg)) and coliform count in
Sri Serdang Mines Lake situated in the midst of
Serdang town with an approximate length of 3.4
km and width 2.96 km.

Materials and Methods

Heavy Metals Analysis: Inductively Coupled Pla-
sma Mass Spectrometry (ICP- MS) was used for
the analysis of As, Pb, and Hg. 50 mL of water
sample was filtered with Whatman filter paper
(0.45 pm) using the vacuum filtration Kit. The
water sample was filtered to prevent any interfere-
nce in the ICP-MS reading as a result of the prese-
nce of suspended material. By using apparatus
Optima 8300 ICP-OES Spectrometer which meas-
ures the heavy metals concentration in Lake water.
The five sampling stations with their latitude and
longitude were shown in Table (1).

Samples collection: Water samples were collected
from five sample stations as illustrated in Table (1).

Table 1: Stations and sites of water samples correlated
to Sri Serdang Mines Lake.
No. Stations & sites Coordinates
correlated to the lake

Stl1  North Opposite Mines N 3°02' 33.69 "
shopping mall  E 101° 72'04.09 "

St2 East Jalan Anggerik N 3°02'38.19 "
E 101° 72'28.87 "

St3  South Jalan Melor N 3°02'18.91"

E 101° 72'08.91 "
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N 3°02'35.33 "
E 101° 71'81.96 "

St4  West Jalan Orkid and
Heritage
Condominium

St5  Middle Melor lake N 3°02'52.26 "

E 101° 71'93.06 "

Coliform Bacterial Test: The samples were
obtain-ned from the five stations to determine the
bacterial count. The sampling process was done
two times. The 1% was taken on weekdays and the
2" was on weekends for comparisons. Both fecal
coliform (FC) and total coliform (TC) methods
were carried out using the membrane filter techni-
gue by APHA (1995) standard. The membrane was
carefully placed on the membrane lauryl sulfate
(MLS) media culture on a sterile Petri dish. The
Petri dish was, then, incubated at 44.0+0.5°C for
FC analysis and 37.0£0.5°C for TC. After 24 hours
from incubation, colonies with yellow colors were
counted. Results were recorded as colony forming
units (CFU)/100 mL for each sample as described
by Payus and Nandini (2014). MacConkey agar
medium was used for the determination of total
coliforms in the samples.

Statistical Analysis: All data were collected in tri-
plicates. The analysis was performed using the sta-
tistical packages of SPSS version 22. Statistically
significant difference analysis was carried out with
one-way ANOVA at p<0.05 for each of the para-
meters among the five sampling stations.

RESULTS

The results of the heavy metals concentrations in
all the five sampling stations of Sri Serdang Mines
Lake are shown in Figure 1.
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Figure 1: Mean of heavy metals concentration for the
five stations.

The As, Pb and Hg concentration values were ran-
ged from 0.0287 to 0.0334; 0.0357 to 0.0508 and
0.00058 to 0.00161 mg/L, respectively. The TC,
FC and E. coli (Figure 2) in Sri Serdang Mines
Lake were in the range of 10% to 10° CFU/ 100 mL.
The coliform bacteria group consist of several
bacteria genera belonging to the Enterobacteria-
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ceae family such as Enterobacter, Escherichia,
Shigella, Salmonella, Proteus and Klebsiella. Most
bacteria of this group mainly reside in water from
the digestive system of human and animals, thus,
serving as indicators of polluted water with
domestic untreated waste water.

100
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Figure 2: FC on LA medium and LB as a negative
control (A), 102 (B) and diluted 10 (C).

The range of TC in the lake was from 7x10% — 2.5
x 10* CFU/100 mL. TC for station 1 was 85 CFU/
100 mL, station 2 was 87 CFU/100 mL and station
3 was 75 CFU/100 mL, meanwhile station no. 4
showed a higher count of TC with 91 CFU/100 mL
and last station showed lowest total coliform 73
CFU/100 mL (Figure 3).

Figure 3: TC and FC of the five stations.

There were significant differences (p<0.05) for TC
concentrations in the water sample among the five
stations from the one-way ANOVA test. In general,
FC bacteria belonging to Enterobacteriaceae fam-
ily are present in large number in both intestinal
tracts and the feces of humans and other warm-
blooded animals and can, thus, enter lake water
through human and animal wastes. E. coli is a
Gram-negative short rod, with negative oxidase
reactions was chosen as an indicator of fecal pollu-
tion (Figure 4). The presence of E. coli at all the
sampling points is an indication of water contami-
nation by human fecal materials. The number of FC
of the lake was varied; some are not detected at 10°
dilutions at station 3 and 5 and to a maximum value
of 3.4x10% CFU/100 mL. Most common stations
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with a higher count of E. coli were at stations 4, 2
and 1.
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Figure 4: Gram-negative short rod E. coli under a light

microscope.

Statistical analysis of coliform which was tested by
one-way ANOVA test showed significant differ-
ences (p= 0.02) for FC concentrations in the water
samples from all the five stations.

DISCUSSION

In general, human necessities are responsible for
the daily increase in the rate of hydrocarbon pollu-
tion (Akl et al., 2018). It is, thus, essential to under-
standing the causes as well as the ways by which
water quality differs within and between river cat-
chments as well as across space for the purpose of
effective water quality management (Lintern et al.,
2018). Furthermore, both precipitation and flow
have been reported to greatly affect water pollution
and quality (Rostami et al., 2018). The high con-
centration of heavy metals observed in this study is
primarily owing to the shops, detergents and car
wash pollution. Heavy metals found in the urban
atmosphere are derived mainly from human activi-
ties (detergents, smelting, and car fuel combust-
ion), traffic emissions, and natural sources such as
forest fires, minerals, and oceans (Tchounwou et
al., 2012). Lead concentrations were higher than
As and HG in all the sampling sites. Pb is generally
hazardous and toxic to most forms of life especially
DNA (Jaishankar et al., 2014; Jan et al., 2015). Hg
has a high health effect on all organisms with hig-
her toxicity especially on cell division and genetics
(Andreoli and Sprovieri, 2017). Most study stations
received untreated human waste discharges from
mall, condominiums, restaurants and other human
activities. This may be responsible for the high for
both the total and fecal bacteria. Our results are in
agreement with that reported by Tchounwou et al.
(2012), Ercumen et al. (2017) and Harikumar et al.
(2017). Diseases which are commonly contacted
from high fecal coliform counts water include, but
not limited to, dysentery, gastroenteritis, hepatitis,
typhoid fever, as well as ear infections (Humphries
and Linscott, 2015).
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Conclusion

Pb is the most abundant heavy metal present in all
water sample as compared to As and Hg. Further-
more, there were significant differences (p<0.05)
in both the TC concentrations and FC bacteria in
all the water samples from the five stations. Effici-
ent heavy metal removal and disinfection are
essential to prevent possible human exposure.
Acknowledgment

The authors are grateful to all the staff and labora-
tory technician of the Faculty of Science and Facu-
Ity of Medicine, Lincoln University College
Malaysia.

REFERENCES

Adewale A.l., Mirghani M.E.S., Muyibi S.A,,
Daoud J.I. and Abimbola M.M., Disinfection
studies of Nahar (Mesua ferrea) seed kernel oil
using pour plate method. African Journal of
Biotechnology 10(81): 18749-18754 (2011).

Adewale A.l., Mirghani M.E.S., Muyibi S.A.,
Daoud J.I., Abimbola M.M., Extraction and
antibacterial activity of Nahar (Mesua ferrea)
seed kernels’ oil. ACT-Biotechnology Resea-
rch Communications 1: 28-32 (2010).

Adewale A.l., Mirghani M.E.S., Muyibi S.A,,
Daoud J.1., Abimbola M.M.. Anti-bacterial and
cytotoxicity properties of the leaves extract of
Nahar (Mesua ferrea) plant. Adv. Nat. Appl.
Sci. 6(5): 583-587 (2012).

Ahmed I.A., Diets and Nutrition in Health Promo-
tion. Journal of Nutrition and Dietetics 1(1): 1
(2017).

Akl B.A., Hamad Salem S., Abd El-Fattah H.I.,
Fahmy M.A., Efficiency of some bacterial
consortia in the biodegradation of petroleum
soil-crude oil. Pak. J. Biotechnol. 15(4): 991-
1001 (2018).

Andreoli V. and F. Sprovieri, Genetic Aspects of
Susceptibility to Mercury Toxicity: An Over-
view. International Journal of Environmental
Research and Public Health 14(1): 93 (2017).

APHA Standard Methods for the Examination of
Water and Wastewater. 19th Edition, Ameri-
can Public Health Association Inc., New York
(1995).

Atidégla S.C., Huat J., Agbossou E.K., Saint-
Macary H. and R. Glelé Kakai, Vegetable
Contamination by the Fecal Bacteria of Poultry
Manure: Case Study of Gardening Sites in
Southern Benin. International journal of food
science Pp. 4767453-4767453 (2016).

Ercumen A., Pickering A.J., Kwong L.H., Arnold
B.F., Parvez S.M., Alam M. and J.M. Colford,
Animal Feces Contribute to Domestic Fecal
Contamination:; Evidence from E. coli Measu-
red in Water, Hands, Food, Flies, and Soil in

Pak. J. Biotechnol.

Bangladesh. Environmental Science and
Technology 51(15): 8725-8734 (2017).

Geissen V., Mol H., Klumpp E., Umlauf G., Nadal
M., van der Ploeg M. and C.J. Ritsema, Emer-
ging pollutants in the environment: A challe-
nge for water resource management. Inter-
national Soil and Water Conservation Rese-
arch 3(1): 57-65 (2015).

Harikumar P.S., Aravind A. and S. Vasudevan,
Assessment of Water Quality Status of Guru-
vayur Municipality. Journal of Environmental
Protection 8(02): 159 (2017).

Haylamichael 1. and A. Moges, Assessing water
quality of rural water supply schemes as a
measure of service delivery sustainability: A
case study of WondoGenet district, Southern
Ethiopia. African Journal of Environmental
Science and Technology Pp. 229-236 (2012).

Humphries R.M. and A.J. Linscott, Laboratory
Diagnosis of Bacterial Gastroenteritis. Clinical
Microbiology Reviews 28(1): 3-31 (2015).

Jaishankar M., Tseten T., Anbalagan N., Mathew
B.B. and K.N. Beeregowda, Toxicity, mecha-
nism and health effects of some heavy metals.
Interdisciplinary toxicology 7(2): 60-72 (2014)

Jan A. T., Azam M., Siddiqui K., Ali A., Choi I.
and Q.M.R. Hag, Heavy Metals and Human
Health: Mechanistic Insight into Toxicity and
Counter Defense System of Antioxidants.
International Journal of Molecular Sciences
16(12): 29592-29630 (2015).

Jenin Rajasingh J., C., Rajakumar, Ashiga T.S.,
Shruthi R., Jenisha G. and G. Kalaiyarasan, A
study on environmental contamination at coi-
mbatore city and assessment of municipal solid
waste impact on the soil environment in vell-
alore dumping yard, coimbatore city, tamil-
nadu, india. Pak. J. Biotechnol. 15(4): 875-877
(2018).

Lintern A., Webb J. A., Ryu D., Liu S., Bende-
Michl U., Waters D. and A.W. Western, Key
factors influencing differences in stream water
quality across space. Wiley Interdisciplinary
Reviews: Water 5(1): 1260 (2018).

Mokthsim N. and K.O. Salleh, Malaysia's efforts
toward achieving a sustainable development:
Issues, challenges and prospects. Procedia-
Social and Behavioral Sciences 120: 299-307
(2014).

Ngah M., & Othman Z. Impact of land development
on water quantity and water quality in Peninsu-
lar Malaysia. Malays. J. Environ. Manag, 12:
113-120 (2012).

Payus C. and U. Nandini, The presence of total
coliform and fecal coliform in the private



Vol. 16 (1) 2019 Assessment of Arsenic, Lead, ........ 25

beach resort of Sabah. Borneo. Sci. 34: 1-5  Tchounwou P. B., Yedjou C.G., Patlolla A.K. and

(2014). D.J. Sutton, Heavy metal toxicity and the
Rostami S., He J. and Q.K. Hassan, Riverine Water environment. EXS. 101: 133-164 (2012).
Quality Response to Precipitation and Its Cha- ~ World Health Organization. Guidelines for Drin-
nge. Environments 5(1): 8 (2018). king-Water Quality. (Second edition.) Volume
Selvakumar S., Chandrasekar N. and G. Kumar, 11, Surveillance and Control of Community
Hydrogeochemical characteristics and ground- Water Supplies. World Health Organization,
water contamination in the rapid urban develo- Geneva (2014).

pment areas of Coimbatore, India. Water
Resources and Industry 17: 26-33 (2017).



