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Abstract: Heavy metals toxicity can adversely affect aquatic life and in some cases result in massive fish
mortalities. Recent observation of fish mortalities floating on the surface of Bandar Hilir (city center) section
of Melaka River (Latitude 2.194871, Longitude 102.248950) but none in the section of the river close to the
open sea (latitude 2.193556, Longitude 102.247048) necessitated research into the cause. This work looks
into heavy metal contamination as a possible cause. It also presents the use of wastewater culture method for
growing an indigenous microalga Scenedesmus sp. while simultaneously serving as a means for
bioremediation of the river water. Water sample from the two sections were collected for laboratory analysis.
This research used Inductively coupled plasma mass spectrometry (ICP-MS) to detect the presence and
concentration of selected heavy metals in the two different sections. The results show a significantly higher
concentration of Zn in the section with fish mortalities than the section were no mortality was seen. The
bioremoval experiment shows that the living cells of microalgae Scenedesmus sp. took up 97% and 99% of
the Zn after three and seven days respectively. These results indicate (1) possibility of Zn contamination and
(2) excellent bioremediation potential of this contamination with Scenedesmus sp.
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1. Introduction
Research reports have shown that the number of
polluted river in Malaysia is rapidly increasing
[1,2]. Water contamination by heavy metals is
a threat to the well-being of humans and the
natural environment. Heavy metals constitute a
core group of aquatic pollutants possessing bioaccumulative and non-biodegradable properties
in food. Humans can be easily affected by
pollutants associated with aquatic systems
through consumption of contaminated fish and
other aquatic foods from this environment The
availability, sustainability, efficiency and costeffectiveness of a procedure to be used in
obtaining clean water while ensuring
environmental protection are key issues of
importance. Water treatment through the use of
chemicals come with a great cost to human life
in particular and the environment in general [3,
4, 5].
The search for a cost-effective and
relatively safe method for the removal of these
harmful contaminants led researchers to
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develop interest in microorganisms that possess
resistance to toxic metals. Bioprocesses, such as
bioaccumulation and biosorption, which
utilizes microorganisms that show resistance to
these toxic metals can provide better
alternatives to the physico-chemical methods
[5, 6, 7]
Several decades of research in utilizing
algae, especially microalgae, for the treatment
of municipal and other wastewaters has shown
that this has the potential to improve the water
quality. Microalgae are known to be resistant to
heavy metal toxicity and excellent in removal
of nutrient and toxic metals from wastewaters
[7, 8, 9].
The microalgae Scenedesmus is reported to
be an efficient hybrid biosorbent for removal of
variety of metals and can sequester metals both
in living and nonliving condition [1, 9, 10, 11].
It has a phenotypic adaptability towards a wide
range of heavy metals and the ability to survive
in anthropogenically disturbed ecosystems [12,
13]. The growth and culture of the microalgae
in wastewater whereby the wastewater serves as
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a potential and sustainable media of growth for
algal
feedstock
has
been
reported
[14,15,16,17,18]. This process is also utilized in
high rate algal pond (HRAP) systems which
has, in turn, enhanced the possibility for sewage
treatment, removal of nutrients and several
toxic metal ions from the wastewater by
microalgal consumption. Several agroindustrial wastewaters can be treated by the use
of this system [ 19, 20,21,22].

growth of Scenedesmus cells. Optical density
(O.D) measurements at 685nm were take daily
for the seven days of heavy-metal bioremoval
experiment.
3. Results and Discussion
The metals present in the water samples and
their concentrations were determined (Table 1a,
b,c and d). Values are in mean±standard
deviation

2. Materials and Method
2.1 Water Samples Collection
Water samples were collected from the city
center section of the river where fish mortalities
were seen (Latitude 2.194871, Longitude
102.248950) and labeled Sm while the sample
from the section with no observed fish
mortalities (latitude 2.193556, Longitude
102.247048) was labeled Sn.
2.2 Concentration of the Heavy-Metals
The presence and concentration of heavy
metals in the water samples, before and after
treatment with microalgae, was determined
using PerkinElmer SCIEX Inductively Coupled
Plasma Mass Spectrometer (ICP-MS) ELAN
9000 at the Analytical Laboratory of FKASS
UTHM Johor, Malaysia.
2.3 Heavy-Metal Bioremoval Experiment
Scenedesmus sp. cells were grown in
suitable medium. After two (2) weeks, cells
were harvested by centrifugation at 6000rpm
for 15min at 4 ◦C and washed three times with
distilled water. The harvested cells were used in
the heavy-metal removal experiment; seven
(50ml) conical flasks were filled with 10 ml
algae suspension and 20 ml of sample Sm. The
same procedure was done for sample Sn with
another set of seven conical flask. These were
kept at room temperature for 7 days. The
experiment was carried out in triplicate.

Table 1a Sample Sm after three (3) days of
treatment
Metal
Conc.
Conc. after Percentage
Before
Treatment
removed
treatment
(ppb)
Copper
(Cu)
Zinc
(Zn)
Nickel
(Ni)
Iron
(Fe)
Arsenic
(As)

(ppb)

(%)

1.3±0.261

1.17±0.416

10

16.4±0.035

0.414±0.18

97

1.92±.0.28

0.454±0.11

76

59.5±0.056

41.5±1.44

19

2.76±0.043

2.26±0.172

18

Table 1b Sample Sm after seven (7) days of
treatment
Metal
Conc.
Conc. after Percentage
before
Treatment
removed
treatment
(ppb)
Copper
(Cu)
Zinc
(Zn)
Nickel
(Ni)
Iron
(Fe)
Arsenic
(As)

(ppb)

(%)

1.3±0.261

0.842±0.22

35

16.4±0.035

0.147±0.406

99

1.92±.0.28

0.162±0.66

78

59.5±0.056

24.1±1.24

59

2.76±0.043

1.49 ±0.411

46

2.4 Growth of Scenedesmus Cells During
Experiment
Thermo Scientific Biomate 3S UV-Vis
Spectrophotometer was used to monitor the
119
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Table 1c Sample Sn after three days of
treatment
Metal

Copper
(Cu)
Zinc
(Zn)
Nickel
(Ni)
Iron
(Fe)
Arsenic
(As)

Conc.
before
treatment

Conc. after
Treatment

Percentage
removed

(ppb)

(ppb)

(%)

1.39±0.239

0.989±0.301

29

1.97±0.416

-

100

2.1±0.46

0.573±0.

73

48.2±0.29

26.6±0.

45

3.7±0.71

2.62±0.

29

Table 1d Sample Sn after seven days of
treatment
Metal

Conc.
Before
treatment

Conc. after
Treatment

Percentage
removed

(ppb)

(ppb)

(%)

1.39±0.239

0.783±0.21

44

1.97±0.416

-

100

2.1±0.46

2.1±0.168

80

48.2±0.29

21.6±2.01

55

3.7±0.71

1.69±0.607

52

Copper
(Cu)
Zinc
(Zn)
Nickel
(Ni)
Iron
(Fe)
Arsenic
(As)

When
compared
with
the
National
Recommended Water Quality Criteria by U.S.
EPA and Malaysian Interim Water Quality
Standard (NWQS), concentration of the metals
detected in both water samples are lower and
within the range of EPA criteria and Class III of
NWQS standards.
However, heavy-metals are very reactive
and can be toxic even at low concentrations due
to their ability for bio-magnification in the food
Chain where they accumulate and inflict
damage to living organisms or delicate body
structures such as gills in fish [23,24, 25]

The concentration of Fe in Sm and Sn is
higher than all the other metals but, unlike for
Zn, there is no significant difference between
these concentrations.
The remarkable difference between
concentration of Zn in Sm and Sn may be a
pointer to the fish mortalities observed in the
section of the river from which Sm was obtained
but none in the section where Sn was collected.
The toxic effect of Zn on fish and other aquatic
organisms has been widely reported by several
researchers [1, 4, 25, 26, 27].
Zinc is a ubiquitous element and one of the
most common contaminants in aquatic systems.
It is biologically essential for normal growth,
physiology, and development of fish in minute
quantities but becomes toxic when in excess of
cellular requirements. Zinc tends to occur in
elevated concentrations adjacent to areas of
urban run-off, industrial discharges, and soil
erosion [26].
An increase in amount of water-borne Zn
can lead to the amount entering the fish through
the gills exceeding the requirement for this
metal. This may result in direct toxic action of
Zn on fish by precipitating the layer of mucus
on the surface of the gill, causing suffocation.
Toxic level of water-borne Zn can cause a
variety of physiological and behavioral changes
such loss of appetite, reduced growth and
increased fish mortality. [27].
However, a complicating factor the
assessment of the toxicity potential for any
particular heavy metal is that multiple metals
typically occur and interact in aquatic systems.
A toxicological studies that focus on the effects
of single metals may not be environmentally
realistic in assessing the actual impacts on fish.
Combinations of heavy metals have been found
to behave in three ways: the first is additively
(when one metal acts independently from the
others, and the toxic effect of each metal in
combination is the same as the effect of the
individual metals). Secondly is synergistically
(here, different metals interact, and the toxic
effect of the combined metals is greater than the
additive effects of the individual metals), or
thirdly; antagonistically (different metals
interact, but the toxic effect of the combined
metals is less than the additive effects of the
individual metal [28].
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Bioremoval of the toxic metals
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Scenedesmus growth during experiment
The growth curves (fig. 1) indicates that the
cells in Sm where able to obtain nutrient and not
only grow rapidly but also continued growing
all through the seven days. This can be
attributed to the ability of the microalgae to
utilize nutrients in contaminated water for
survival [12, 13]
On the other hand, the cells in Sn grew at a
lower rate have started showing a decline from
day six.

Fig. 1 Growth of Scenedesmus sp cells in the
water samples.

4.

Conclusion

The result of this work shows a possibility of
zinc toxicity as the cause of fish mortarlities
observed in the Bandar Hilir (city center)
section of Melaka River. The result also shows
that Scenedesmus sp. can be used to remove this
and other potential metal pollutants detected in
the river. The effectiveness of the microalgae to
do this was observed through the bioremoval
experiment carried out. A great amount of the
Zn (97% and 99%). Further research can be
conducted particularly on the fish mortalities.
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