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Abstract—Study was conducted to determine the concentration of
copper, cadmium, lead and zinc in Cabomba furcata that found
abundance in Lake Chini. This aquatic plant was collected randomly
within the lake for heavy metal determination. Water quality
measurement was undertaken in situ for temperature, pH,
conductivity and dissolved oksigen using portable multi sensor probe
YSI model 556. The C. furcata was digested using wet digestion
method and heavy metal concentrations were analysed using Atomic
Absorption Spectrometer (AAS) Perkin Elmer 4100B (flame
method). Result of water quality classify Lake Chini between class 11
to class III using Malaysian Water Quality Standard. According to
this standard, Lake Chini has moderate quality, which normal for
natural lake. Heavy metal concentrations in C.furcata were low and
found to be lower than the critical toxic value in aquatic plants. One-
way ANOVA test indicated the heavy metal concentrations in
C.furcata were significantly differ between sampling location. Water
quality and heavy metal concentrations indicates that Lake Chini was
not receives anthropogenic load from nearby activities.
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[. INTRODUCTION

EAVY metals contamination in aquatic system is
increasing and received great concern globally and
various studies on metals in aquatic system have been
conducted [1,2]. Introduction of metals into aquatic system at
accessive concentration could affect aquatic communities such
as fish, benthos and aquatic plants. Most of aquatic plants
exhibits excellent absorption rate and could accumulate metals
at high concentration and finally disturb natural process.
Metals release into the aquatic system could associated with
suspended particle and absorped into the plant cells.
Macrophyte has been reported as an excellent biomarker for
metals pollution in aquatic system. This plant absorp metals in
water system through root absorption process [3]. The metals
were transported from water through cell wall and
membraneous. Pollutants absorption by plants representing
first stage bioavailable metal [4,5]. Therefore, metal
absorption by plants can be sources of metals in other aquatic
communities. Several previous studies demonstrated that some
of aquatic macrophytes are able to accumulate metals to

certain level of concentrations in their tissues [3,6,7].
Studies on metals absorption by aquatic plants were been
undertaken at various plants such as Pista stratioles, Spirodela
intermedia, Lemna minor and Eichhornia crassipes. However,
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most of studies were conducted in polluted ecosystems and
they confirmed the potential of macrophytes as
bioaccumulator [6,8,9]. Study on metal concentrations in
pristine and ecosystem was not received great concern. Study
on clean aquatic ecosystem could contribute to the baseline
information on ambient metal concentration in aquatic plants.

This study was undertaken at one of two natural lakes in
Malaysia. The lake was located away from urbanization and
expected to receive very minimum anthropogenic load as a
result from local communities’ activities. This study was
undertaken to determine the ambient metals concentration in
submerge aquatic plants (Cabomba furcata) which was
dominating the lake ecosystem. Result obtained expected to
aid in establishing metals natural concentration in aquatic
plants.

II. METHOD

A. Study Area and Sampling Stations

Lake Chini is a second largest natural lake in Malaysia and
consists of a series of 12 open water body. Lake Chini covers
area approximately 150ha to 350 ha depending to the season
change. The lake located from 3° 22’ 30” N to 3° 28’ 00” N
and 102° 52’ 40” E to 102° 58’ 10” E (Fig. 1). Several main
open waters are known as Laut Gumun, Laut Pulau Balai,
Laut Chenahan, Laut Tanjung Jerangkung, Laut Gunung
Jerating, Laut Mempitih, Laut Kenawar, Laut Serodong, Laut
Melai, Laut Batu Buruk, Laut Labuk and Laut Jemberau. The
Lake is located at south-east of Pahang and approximately
100km from Kuantan town. Lake Chini is naturally connected
to the Pahang River through small river known as Chini River.
Since Lake Chini is located a higher elevation, water flows
from Lake Chini to Pahang River and only reverse during the
flood season.

The lake receives water from several feeder rivers and [10]
reported seven feeder rivers supply water to the lake. In
addition, Lake Chini also receives high amount of rain water
annually and a total of 2192 mm of rainfall was recorded in
2004 and 2260.2mm in 2005 [11]. Since, it not affected by
urbanization, Lake Chini support high diversity of aquatic
communities such as fish, benthos, aquatic plants, riparian
trees and plankton. Variety of habitats found surround the lake
create major habitat to the aquatic communities such as fishes.
Lake Chini was reported to support up to 144 freshwater fish
species although it was reported reduced recently.

Fanworth (Cabomba furcata) is dominance submerge
aquatic plant found at the Lake Chini and this plant can be
found all over the places within the lake. Cabomba furcata
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was collected at eight different sampling stations representing
littoral, sublittoral and profundal zones. Samples were
collected in October 2007 for the heavy metal determinations.
The fanworth was carefully removed from the lake bottom and
was rinse with the lake water. The plants were then naturally
dried in the clean place.

Lake water quality was determined during the sampling
using multisensor probe YSI model 556. Dissolved oxygen,
pH, conductivity and water temperature were measured at
triplicates. Calibration and measurement were done according
to the [12].
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Fig. 1 Lake Chini and sampling stations

B. Laboratory Analysis

All equipments were acid soaked (10% nitric acid) for
minimum 24 hours, washed with distill and deionised water
prior to dried in the oven.

C. Aquatic plant digestion

In the laboratory, samples were rinsed with deionised water
and leaf and stem were separated. Samples were then dried in
oven for 70°C until constant weight achieved. This will avoid
contamination by bacteria and fungal. Dry and clean fanworth
were cut into small peice before digested using [13]. Leaf and
stem were prepared in three replication and each replicate has
dry weight from 5g to 10 g.

A combination of nitric acid and perclorid acid was for
digestion, where 40ml of nitric acid (65%, analytical grade)

was added into the sample beakers. Samples were left for 24
hours before heated on the sand batch. Perclorid acid (20ml,
65%, analytical grade) was added in the beakers to complete
the digstion. Samples were heated until all samples digested
and yellowish mixture formed. Cold samples were then
contrifused for 30 minutes and filtered through 0.45 pore size
filter paper. The filtrates were then analysed for heavy metals
concentration using atomic absorption spectrophotometric
(AAS), Perkin Elmer model 4100B.

III. RESULT
A.  Water Quality

Average water quality for the lake is shown in Table 1.
Lake water temperature was ranged from 27.2 °C to 32.9 °C
with the mean 30.1 + 1.27°C. Wide ranges of water
temperature was detected due to variable dept within the lake.
Lake Chini is shallow natural lake and easily affected by heat.
Reading muasured suring dusk can be very differ from down.

Water pH ranged from 5.4 to 6.8 and average from eight
sampling stations was 6.0 + 0.45. The water was slightly
acidic however still within natural range of concentrations.
The presence of carbonat and bicarbonat ions as result of rapid
biodegradation in the lake reduce the alkalinity. Each
sampling site exhibited different water pH and one-way
ANOVA indicated a signficant different between sampling
sites (p>0.05, a=0.05).

Water conductivity was recorded ranges from 13 uS/cm
hingga 51 pS/cm. Water conductivity characterised by major
and minor ionics in the water. [14] reported that conductivity
in natural water is ranges from 20 to 1500 puS/cm. All
sampling sites have conductivity value within natural range of
concentration.

Dissolved oxygen concentrations in lake water ranged from
3.8 mg/l to 7.4 mg/l. Lake Chini was reported to have wide
range of dissolved oxygen [15]. Since the lake is shallow, the
influence of water depth is negligible. Schmitz [16] suggested
average dissolved oxygen in unpolluted water was from 4 mg/1
to 8 mg/I and result of this study is within the proposed ranges.

TABLE 1
PHYSICAL WATER QUALITY DATA MEASURED IN SITU

Parameter Average + SD
temperature (°C) 30.1 +1.27
pH 6.0 +0.45
conductivity (uS/cm) 32.7+11.56
Dissolved (mg/L) 53+0.88

B. Heavy Metal in Cabomba furcata

Average Cu, Cd, Pb and Zn concentrations in C. furcata
from Lake Chini is presented in Table 2. Data presented are
average from three replications. Lead was found the highest in
C. furcata with the average of 6.36 + 2.09 pg/g followed by
Cu that was 3.92 + 0.600 pg/g and Zn 2.25 + 0.58 pg/g. In
averall, heavy metal concentrations in C. furcata was in the
sequence of Pb > Cu > Zn > Cd. Each metal was detected at
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various concentration between sampling stations. Sampling
station 8 was detected to have highest Cd and Pb, whereas
station 7 and station 6 having the highest Cu and Zn
respectively.

IV. DISCUSSION

A. Water Quality

Lake water quality demonstrates that Lake Chini has
moderate to good water quality. Results obtained were
compared to Malaysian water quality standard and most water
quality parameters classify the lake in class II except dissolved
oxygen put Lake Chini in class III. Although some water
quality parameters were detected at high variation spatially,
the average was within the natural range of concentrations.
Lake Chini is a natural lake and has shallow water body. The
average water dept is less than 2.5m [15]. This made the lake
easily affected by the water temperature. In addition,
according to [14], amount of dissolved materials in water
column could determine water temperature. High dissolved
materials will enhance heat absorption and increase water
temperature. Water temperature determine biochemical
process and chemical reactions in water [17]. Therefore most
of water quality parameters were detected in wide range of
concentrations. One-way ANOVA test indicates all water
quality parameters were significantly differ between sampling
station (p < 0.05, a = 0.05). However, results obtained
indicated that Lake Chini has moderate to good water quality
and similar result was reported by [15].

B. Heavy Metals in C. furcata

Metals absorption in C. furcata was differ spatially although
within the same species [18] . Submerge aquatic plants likes
C. furcata exhibit better metals absorption as compared to the
floating leaf and emergence plants [19]. Results from this
study demonstrated that Pb, Zn, Cu and Cd were detected at
low concentrations and within the natural range of
concentrations.

Various studies reported level of toxicity for Pb, Zn, Cu and
Cd are 30 pg/g [20], 230 pg/g [21], 20 pg/g [22] and 5 pg/g
[20] respectively. However, different species has different
absorption rate an only rough comparison can be undertaken
to estimate the level metals in aquatioc plants. Result from this
study demonstrates that although metal concentrations were
varies spatially, but none of metal found exceed the toxic
concentrations. Metal concentrations in C. furcata were found
lower than critical values as sugested by [23] and [20]. Lead
was found the highest in C. furcata, followed by Cu, Zn and
Cd respectively.

TABLE II
MEAN Cu, Cd, Pb AND Zn in C. furcata (pg/g dry
weight)

Station Cu Cd Pb Zn

S1 3.64+0.01 0.13+0.01 4.43+0.22 1.85+0.31
S2 4.17+0.01 0.16+0.01 586+0.19 3.08+0.09
S3 3.04+0.05 0.11+0.01 4.02+0.05 1.46+0.12
S4 3.55+0.05 0.12+0.02 5.50+0.27 1.51+0.13
S5 3.77+40.05 0.16+0.01 6.45+0.08 1.87+0.26
S6 474+0.03 0.17+£0.00 6.03+0.27 2.97 +0.04
S7 4.86+0.01 0.19+0.01 7.55+0.79 1.86 +0.06
S8 3.58+0.04 024+0.03 1097+046 2.38+0.48
Mean 392+0.60 0.16+0.04 6.36+2.09 2.25+0.58
Range  3.00—4.87 0.09-0.27 397-1137 132-3.18

V. CONCLUSION

Lake Chini is one of the natural lake in Malaysia and not
receives signficance impacts from human activities. The lake
water quality ranges from good to medium quality which
indicates natural conditions. Heavy metal concentrations in C.
furcata were low which support the assumption that the lake is
free from metals contaminations.
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