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Abstract: The purpose of this study was to assess the hydrological properties and water quality characteristics
of Chini Lake in Pahang, Malaysia. A total of seven sampling stations were established at the main Feeder Rivers
of Chini Lake for measurement of stream flow. A total of 10 monitoring stations covering the study area were
selected for water sampling. Fourteen water quality parameters were analyzed based on in-situ and ex-situ
analysis  for  two seasons and laboratory analyses were carried out according to the HACH and APHA methods.
Stream flow from the seven Feeder Rivers into the Chini Lake was relatively slow, ranging from 0.001 to 1.31 m /s3

or an average of 0.21 m /s. According to the INWQS (Interim National Water Quality Standards, Malaysia)3

classification, the temperature was within the normal ranges; conductivity, total suspended solids (TSS), nitrate,
sulphate and total dissolved solids (TDS) were categorized under class I, while turbidity, dissolved oxygen (DO),
biochemical oxygen demand (BOD), chemical oxygen demand (COD), ammoniacal nitrogen and phosphate came
under class II and pH under class III. Furthermore water quality in Chini Lake varied temporally and spatially and
the most affected parameters were pH, TSS, turbidity, DO, ammoniacal nitrogen, phosphate and conductivity.
Based on the Malaysian Water Quality Index (WQI), the water in the Chini Lake was classified under class II,
meaning it is suitable for recreational activities and safe for body contact.

Key words: Feeder River  Hydrological Characteristics  Water Quality Parameters  Water Quality Index
(WQI)  Chini Lake

INTRODUCTION are interactive components of watersheds and physical

Lake water is an essential renewable resource for land use patterns and physical characteristics of the
mankind and the environment and it is important for civil, landscapes in which they are embedded [5].
industrial and recreational purposes. Sustainable use of Chini is the second largest natural lake in Peninsular
water resources requires the coupling of surface water Malaysia, located in the state of Pahang. As a natural
assessment and monitoring programs with decision wetland ecosystem, the presence of Chini Lake (“Tasik
making and management tools [1]. The quality of water is Chini” as referred by local people) plays an important role
identified in terms of its physical, chemical and biological in reducing the frequency, level and velocity of floods
parameters [2]. Water quality in an aquatic ecosystem is and riverbank erosion. Other significant benefits include
determined by physical, chemical and biological factors. being a fish source for the local community, a basic
According to Udo [3], the quality of water used in pond facility for livelihood and a medium for transportation
is  affected by the chemical properties of soils on which (boating). It also helps to recharge groundwater aquifers
its run. Due to poor maintenance of supply lines and by retaining water and allowing it to permeate into the
improper drainage system, the water quality is greatly ground slowly. Tasik Chini and its environment has
affected negatively [4]. Streams, lakes and inland wetlands undergone  devastating  changes   since    1984   or  earlier

and chemical conditions of these ecosystems reflect the
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Fig. 1: Location of the study area and the sampling stations

brought about by development in surrounding areas meanders for 4.8 km before it reaches the Pahang River [7].
through mining, oil palm plantation and urbanization [6]. The Pahang River (the longest River in Peninsular
In recent years, the hinterland of the Chini Lake has Malaysia) is very much affected by the intertidal monsoon
experienced major development in agriculture and other seasons. The strong river currents in the Pahang River
human activities such as the building  of  infrastructure surge into the Chini Lake through the Chini River during
for the National Service Centre (which is situated close to the monsoon seasons and bring in high loads of
Chini Lake riparian zone) and re-activation of an iron mine. suspended solids as well as other contaminants such as
Large areas of forests which were converted to oil palm ammoniacal and nitrate nitrogen.
plantations and logging activities have resulted in the A barrage was constructed (Fig. 1) downstream of the
loss of forest area and land degradation. Agricultural Chini River in 1995 to sustain the lake water at a certain
activities are believed to release pollutants such as level for touristic purposes and socio-economic
nitrates and phosphates into the Chini Lake. Soil erosion development. The water level of the Chini Lake
caused by the conversion of forest into agricultural land consequently rose and become stagnant; this has
and logging activities are believed to be some of the main changed the ecosystem of the Chini Lake from semi-lotic
contributors to the increased concentration of suspended to lentic. The adverse effects due to these changes
solids in the feeder rivers and consequently in the lake. include damage to the plant communities and aquatic
Chini  Lake  is  drained by the Chini River, which ecosystems  as  well  as  increased  sedimentation rates in
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the Chini Lake. The wetland functions provided by the an icebox and transported to the laboratory for analysis
swamp forest of Chini Lake such as water purification and on the same day. The specific flow of the Feeder Rivers
pollution retention have been lost and this could affect was obtained by measuring the flow speed of the seven
the water quality of the lake [8]. The construction of a Feeder Rivers around Chini Lake. Total rainfall during the
National Service Centre for national service training in the study period was obtained from the nearby weather
Chini Lake Catchment area in 2004 has also  contributed station at Chini Dua, while the rainfall data prior to 2006
to  increased  nutrient and organic loading into the lake. was obtained from the Meteorological Department at
A study of water quality trends in 1992, 1993 and 1998 Petaling  Jaya,  Selangor, Malaysia. In situ parameters:
showed deterioration in some physical aspects of water The physico-chemical parameters of the lake water were
quality such as temperature (increased by about 2°C) [9]. measured (in triplicate) at each sampling station. These
The situation is indeed critical and there is a need for a were temperature, DO, conductivity, pH, clarity and
detailed and comprehensive study in order to understand turbidity. Stream flow speed was measured using a Flow
the hydrology and assess the characteristics of the water Meter (model FP101) and the Rangefinder (model Bushnell
quality in the lake for sustainable management. The aim of 20-0001) was used to measure the distance between the
this study is to assess the hydrology and determine the river banks (river width).
changes of water quality characteristics in Chini Lake
using various physico-chemical parameters. Laboratory Analysis: All the samples collected from the

MATERIALS AND METHODS in order to minimize activities and metabolism of

Study Area: The Chini Lake is located in the south ammoniacal-N, nitrate, phosphate and sulphate were
eastern  region of the state of Pahang, Malaysia (Fig. 1). measured  in  accordance   with   standard   procedures
It is located approximately 100 km from Kuantan, the [10, 11]. The COD, ammoniacal-N, nitrate, phosphate and
capital of Pahang. The lake system lies between 3°22´30" sulphate were determined using a spectrophotometer
to 3°28´00" N and 102°52´40" to 102°58´10" E and Model HACH DR 2500 at specified wavelengths [10, 11].
comprises 12 open water bodies that called “laut” by the Six water quality parameters i.e. DO, BOD, COD, TSS,
local people and linked to the Pahang River by the Chini ammoniacal-N and pH were used in the calculation of the
River. A few communities of the indigenous Jakun tribe DOE-Water Quality Index (DOE-WQI) as described by
live around the lake. The Chini Lake  is  the  second Norhayati et al. [12] and Norhayati [13]. The index was
largest natural fresh-water  lake  in  Malaysia  covering established based on the results of an opinion-poll of a
202  hectares  of  open  water  and  700 ha of Riparian, panel of experts who determined the choice of parameters
Peat,  Mountain  and  Lowland Dipterocarp forests [8]. and weight ages assigned to each chosen water quality
The  Chini  Lake is surrounded by variously vegetated parameter [14].
low hills and undulating land which constitute the The index was based on the DOE opinion poll WQI
watershed for the region. There are three hilly areas and computed from the equation:
surrounding the lake: (1) Bt. Ketaya (209 m) located
southeast; (2) Bt. Tebakang (210 m) at the north and (3) WQI = 0.22(SIDO) + 0.19(SIBOD) + 0.16(SICOD) +
Bt. Chini (641 m) located southwest. The study area has 0.15(SIAN) + 0.16(SISS) + 0.12(SIpH)
a humid tropical climate with two monsoon seasons,
characterized  by the following bimodal pattern: Where SI refers to the sub index function for each of the
southwest and northeast monsoons bringing rainfall given parameters and the coefficients and the weighting
which varies from 1488 to 3071 mm annually. The mean factors derived from the opinion poll.
annual rainfall is 2,500 mm and the temperature range is
from 21 to 32°C. Potential evapotranspiration (PE) lies Statistical Analysis: Statistical analysis was conducted
between 500 to 1000 mm. using the one-way ANOVA and Tukey-Kramer multiple

Sampling and Preservation: Surface water samples were (Version 12). The regression and correlation analyses
collected from about 10 cm below the water surface using (Pearson) were carried out to determine significant
500 ml HDPE bottles. For BOD the samples were collected correlation between parameters/variables in hydrology
in dark BOD bottles (300 ml). The samples were stored in and water quality.

field were kept in a refrigerator at a temperature below 4°C

organisms in the water. The BOD, COD, TSS, TDS,

comparison tests of the statistical package Minitab
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RESULTS AND DISCUSSION The total annual rainfall was 2544.50 mm in 2006. The

Rainfall: Hydrological analysis was carried out to Department at Petaling  Jaya,  Selangor, Malaysia. The
evaluate the water level characteristics of the water body monthly rainfall showed significant  negative  relationship
as well as the drainage systems [15, 16]. The total annual with parameters such as water temperature (r=-0.991,
rainfall at the Chini Lake catchment ranged from 3071.40 P<0.001), DO  (r=-0.875,  P<0.05),  pH  (r=  -0.933,  P<0.01),
mm (1994) to 1487.70 mm (1997) (Fig. 2). The average clarity (r=-0.953,  P<0.01),  BOD  (r=-0.912,  P<0.05)   and
rainfall was  2344.30   mm/year   or   195.36  mm/month. WQI (r=-0.991, P<0.001); and positive correlation with
The total annual rainy days in the study area ranged from ammoniacal nitrogen (r=0.994, P< 0.001), nitrate (r=0.963,
130 to 197 with an average of 175 days/year or 15 p<0.01), turbidity (r=0.907, P<0.05) and TSS (r=0.904,
days/month. The highest total number of rainy days were p<0.05) (Table 1).
obtained in 1993 and 1994 (197 and 190 days respectively),
while 2005 had the lowest number of rainy days (130 days) Stream Flow of the Feeder Rivers: Stream flow from the
(Fig. 3). The highest rainfall recorded was 440.20 mm in seven Feeder Rivers to Chini Lake was relatively slow,
December 2006; the lowest was 76.50 mm in March 2006 ranging from 0.001 to 1.31 m /s or an average of 0.21 m /s.
(Fig. 4). The total number of rainy days during 2006 was Daily discharge ranged from 86.40 to 113184 m  averaging
134 days. The highest number of rainy days per month (16 18144 m /daily. Specific stream flow distribution for the
days) was recorded during the wet season in 2006 seven Feeder Rivers are shown Fig. 6. The stream flow
(December), while January and March 2006 recorded the rate of the Gumum River was the highest (1.31 m /s) and
lowest number of rainy days (7 days) (Fig. 5). the Cenahan River the lowest (0.01 m /s).

rainfall data was obtained from the Meteorological
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Fig. 2: Distribution of rainfall from 1984 to 2006 Fig. 3: Distribution of rainy days from 1984 to 2006

Fig. 4: Distribution of rainfall from January to December Fig. 5: Distribution of rainy days from January to
2006 December 2006
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Fig 6: Stream flow distribution of the seven Feeder Rivers of the Chini Lake Catchment

Table 1: Pearson correlation coefficient (r) for the water quality parameters, WQI and rainfall

Temp EC TDS DO pH Turbidity Clarity BOD COD TSS NH -N NO PO SO WQI3 3 4 4
- 3- 2-

EC 0.071

TDS 0.771 0.998***

DO 0.923** 0.231 0.947**

pH 0.960** 0.083 0.609 0.830*

Turbidity -0.873* 0.018 -0.379 -0.640 -0.934**

Clarity 0.951* -0.033 0.538 0.767 0.979** -0.992***

BOD 0.991*** 0.019 0.760 0.936** 0.960** -0.818 0.920**

COD 0.986*** -0.261 -0.802 -0.693 -0.320 -0.031 -0.171 -0.538

TSS -0.877** 0.050 -0.378 -0.639 -0.937** 0.999** -0.991*** -0.829* -0.018

NH -N -0.908* 0.073 -0.449 -0.696* -0.954* 0.993*** -0.991*** -0.867* 0.050 0.995***3

NO -0.946* 0.057 -0.536 -0.761 -0.967* 0.979** -0.997*** -0.904* 0.136 0.982 0.994***3
-

PO -0.557 0.341 -0.104 -0.336 -0.690 0.633 -0.678 -0.673 0.160 0.667 0.656 0.6404
3-

SO -0.725 0.873** -0.479 -0.551 -0.596 0.686 -0.719 -0.606 -0.006 0.698 0.712 0.747 0.3284
2-

WQI 0.991*** 0.009 0.639 0.985*** 0.978** -0.934** 0.991*** -0.954** -0.298 -0.941** -0.986*** -0.989*** -0.664 -0.739

Rainfall -0.991*** -0.033 -0.716 -0.875** -0.933** 0.907* -0.953** -0.912* 0.273 0.904* 0.994*** 0.963** 0.458 0.780 -0.991***

WQI: Water Quality Index

* Indicates a significant relationship (P<0.05); ** Indicates a significant relationship (P<0.01; *** indicates a significant relationship P<0.001)

Table 2: Monthly ranges of discharge rates from the Feeder Rivers to the Chini Lake

Stream Flow Velocity (m /sec)3

--------------------------------------------------------------------------------------------------------------------------------------------------

Month (2006) Highest Lowest Average ST.DEV

March 0.18 0.01 0.091 0.07

April 0.26 0.02 0.141 0.10

July 0.11 0.001 0.050 0.04

September 0.37 0.06 0.209 0.13

November 0.31 0.04 0.170 0.11

December 1.31 0.09 0.569 0.51

The Paya Merapuk  River  was  considered  the  second September, November and December 2006, while in the
fastest (1.26 m /s). The range of discharge rates from the dry season, especially March,  April and July 2006 the3

Feeder Rivers to Chini Lake based on each sampling is lowest steam flow rate was  recorded.  Stream  flow
shown in Table 2. The stream flow of these rivers discharge  from   the   seven subcatchments   to   the
depended mainly on rainfall. The highest stream flow rate Chini  Lake  was  relatively  slow. The highest stream flow
was observed during the wet season, especially in discharge   was     recorded    from     the     Gumum   River
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Table 3: The range and mean values of the water quality parameters at different sampling times (2006)

Parameters March April July September November December

Temperature (°C) 29.40-30.40 30.00-31.20 30.50-31.30 28.20-29.90 28.00-29.90 26.60-27.20

(Mean) 29.89 30.35 30.86 29.40 29.43 27.00

pH 6.03-6.58 6.17-6.90 6.46-7.14 5.98-6.27 5.86-6.57 5.05-5.52

(Mean) 6.31 6.42 6.85 6.14 6.24 5.25

DO (mg L ) 5.75-6.25 5.85-6.30 6.10-6.93 4.56-6.01 5.25-6.89 4.65-5.981

(Mean) 6.02 6.10 6.47 5.67 5.95 5.48

EC (µS cm ) 13.90-46.00 16.86-49.10 16.50-54.83 10.85-22.20 14.89-46.68 13.11-43.131

(Mean) 25.66 26.71 30.19 16.59 24.42 22.71

TDS (mg L ) 10.20-29.90 11.20-32.70 10.90-35.90 7.40-15.80 10.10-31.10 8.80-28.901

(Mean) 17.24 18.00 20.51 11.57 16.87 15.16

Clarity (cm) 101-248 108-254 113-262 98-239 103-246 27-171

(Mean) 131.10 139.10 148.40 123.80 132.10 59.50

Turbidity (NTU) 1.67-9.12 1.17-8.56 0.91-5.82 1.46-9.61 0.95-5.97 3.99-44.70

(Mean) 6.33 5.94 3.70 6.78 4.06 28.71

TSS (mg L ) 1.42-7.30 1.10-6.60 0.85-5.60 1.57-8.15 0.95-6.65 3.50-37.751

(Mean) 5.39 4.66 3.36 5.63 4.30 23.90

BOD (mg L ) 1.13-1.97 1.19-2.16 1.52-2.34 1.06-1.86 1.12-1.89 0.80-1.411

(Mean) 1.62 1.79 2.00 1.49 1.55 1.11

COD (mg L ) 13.00-17.13 12.80-16.44 10.12-13.30 15.73-18.66 13.13-17.77 11.80-15.171

(Mean) 14.47 13.85 11.68 16.89 15.94 13.42

NH -N (mg L ) 0.183-0.223 0.130-0.201 0.110-0.190 0.190-0.280 0.140-0.250 0.210-0.5803
1

(Mean) 0.206 0.173 0.159 0.221 0.195 0.431

NO -N (mg L ) 0.017-0.090 0.010-0.063 0.003-0.067 0.030-0.140 0.020-0.080 0.020-0.4103
- 1

(Mean) 0.057 0.037 0.028 0.092 0.057 0.221

PO  (mg L ) 0.060-0.100 0.030-0.060 0.010-0.060 0.030-0.070 0.100-0.130 0.120-0.1504
3- 1

(Mean) 0.079 0.044 0.038 0.051 0.112 0.131

SO  (mg L ) 0.00-3.00 0.00-2.00 0.00-1.33 0.33-4.00 0.33-3.00 0.33-5.004
2- 1

(Mean) 0.833 0.633 0.600 1.333 0.800 1.500

subcatchment as it was the largest subcatchment (1306.24 showed a downward trend from September to December
ha) of the Chini Lake. The lowest stream flow rate was 2006 due to the high precipitation rate. Increase
recorded from the Cenahan River subcatchment (69.24 ha) temperature causes increase in the metabolic activity of
as it was a small catchment. organism while reducing the DO, content in the system

Water    Quality      Status:      The      temporal    and rate were factors responsible for cooling down the Chini
spatial   distribution   of   the   same  parameters Lake water. Correlation analysis showed that temperature
determined in the water of the Chini Lakes and the mean had  a significant   negative   relationship  with rainfall
values of the physico-chemical parameters are given in (r=-0.991, P<0.001). The range of temperature readings at
Table 3. the sampling stations during the different seasons is

Temperature: The average water temperature recorded for Lake. The temperature values did not show any spatial
the Chini Lake was 29.5°C and it ranged from 26.6 to change but indicated temporal variation. The average
31.3°C. The highest temperature  reading  was  recorded temperature recorded for the six months of sampling from
in  July  2006 (31.3°C)  at  station  8;   while  the lowest all the monitoring stations was lower than the INWQS
was  recorded  in December 2006 (26.6°C) at station 10. threshold level [20]. The mean temperature of the Chini
The stagnant lake was able to retain heat in the water, Lake was 29.5°C and this was higher than those recorded
therefore during the low precipitation months, the water in  studies conducted in 1998 (29.4°C) and 1992 (26.2°C)
temperature exceeded 31°C. The water temperature [9, 21].

[17, 18, 19]. Large volume of water inputs and higher flow

considered normal for the equatorial climate of the Chini
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pH: The average pH recorded was 6.20 and it ranged from 2006 (wet season) respectively. Conductivity  was
5.05 to 7.14. The highest pH (7.14) was recorded in July at positively correlated with TDS (r=0.998, P<0.001) and
station 9 (dry season); while the lowest value (5.05) was sulphate content (r=0.836, P<0.05). Conductivity readings
in December 2006 at station 5 (wet season). Most stations were always higher at station 9 during both the wet and
had slightly acidic pH, (Class III) according to the INWQS dry seasons. This phenomenon was related to the
[20]. Correlation analysis showed that pH had a reactivation of iron-mining activities near station 9. Some
significant  positive relationship with temperature effluents from the mining area are believed to have been
(r=0.960, P<0.01) and dissolved oxygen (r= 0.830, P<0.05). discharged directly into the lake and some via seepage.
It is clear that, the pH values increased from the wet The conductivity values obtained from all the stations
season to the dry season. These findings (of pH values) was within the INWQS permitted threshold level.
are similar to pH values reported by Sim [22]. pH is
controlled by the dissolved CO , which forms carbonic Total Dissolved Solids: The mean total TDS recorded in2

acid in water [23]. The INWQS threshold range of pH for Chini Lake was 16.36 mg/L and this ranged from 7.40 to
Malaysian rivers is from 5.00 to 9.00 [14]. The acidity of 35.90 mg/L. The TDS values of the water samples
natural lake ecosystems has been reported to be in the collected at the two different seasons were within the
range of 4.5-6.5 [24]. Low pH values are found in natural permissible limits as stipulated by the World Health
waters which are rich in organic matter [25] and this was Organization [27]. The highest concentration (35.90 mg/ L)
observed especially at station 4 and 5 where there were was measured at station 9 during the dry season (July)
abundant decaying aquatic weeds which caused lowering and  the lowest value (7.40 mg/L)  was  recorded at
in the pH values as a result of decomposition. station   8   during   the   wet   season   (September). The

Dissolved  Oxygen:   The   DO  concentration  ranged was probably the main contributing factor. Correlation
from 4.56 to 6.93 mg/L with an average of 5.95 mg/L. The analysis showed that the TDS had significant positive
highest value for DO (6.93 mg/L) was recorded at station correlation with electrical conductivity (r=0.998, P<0.001).
2 in July (dry season) and the lowest (4.56 mg/L) at station According to the INQWS the Chini Lake is classified
5 in December (wet season). The study showed that the under Class I (TDS <500 mg/L). In general, the TDS
DO value in  the  Chini  Lake  water  was positively increased from the wet to the dry season. In the dry
correlated to pH (r=0.830, P<0.05), temperature (r=0.923, season (March to July 2005) the TDS ranged from  10.20
P<0.01) and BOD (r=0.936, P<0.01) and negatively to  35.90  mg/L  and  in  the   wet season  (September to
correlated to NH -N (r =0.696, P<0.05) and rainfall (r=0.875, December  2006)  it  ranged  from  7.40  to   31.10  mg/L.3

P<0.01). These results indicate that the main contributing The  TDS  values  were  always higher at station 9 for
factors for DO in the Chini Lake water were both the wet and  dry  season,  ranging  from  15.80 to
photosynthetic    activities,  seasonal  variables (wet or 35.90 mg/L.
dry) and the decomposition rate of organic matter
(temperature and pH). The threshold range of DO for Clarity: Clarity values ranged from 27 to 262 cm at the
Malaysian surface water is from 3.0 to 5.0 mg/L [20]. different stations and at different times of sampling with
Overall, the DO values were low from September to an average value of 122.33 cm. The highest and lowest
December 2006, during the rainy season. The DO values values recorded were 262 and 27 cm at station 10 in July
for station 4 and 5 were lower compared to those at the (dry  season)  and  station  1  and  4 in December 2006
other stations due to waste discharge from the resort and (wet season) respectively. Clarity was positively
the National Service Centre Camp. Similar conditions were correlated to temperature (r=0.951, P<0.05) and pH
observed at the Bera Lake (Tasik Bera) during the wet (r=0.979, P<0.01) and negatively correlated with turbidity
season [26]. (r=-0.992, P<0.001). Clarity readings were found to be

Conductivity: EC values ranged from 10.85 to 54.83 µS/ cm both the wet and dry seasons. On the basis of the clarity
at different locations and different times, as indicated by classification [28], clarity of the Chini Lake water was
the in situ readings obtained during the sampling days. poor. The clarity values of the water in the study area
The average value was 24.38 µS/cm. The highest and ranged from poor to fair, depending on sampling time and
lowest values recorded were 54.83 and 10.85 µS/cm at location  of  the  stations.  Transparency  of water bodies
station 9 in July (dry season) and station 8 in September indicates the extent to which sunlight can penetrate in

reactivation  of  the  mining  area  located  near  station  9

always higher ranging from 171 to 248 cm at station 10 for
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order to cause photosynthesis. The presence of large lowest (0.85 mg/L) at station 10 during the dry season
amount of suspended matter or high plankton load is
known to decrease the light energy entering the water
[29].

Turbidity: The turbidity of water samples varied from 0.91
to 44.70 NTU. The mean concentration was 9.15 NTU; the
highest reading recorded was 44.70 NTU at station 1
during the wet season and the lowest 0.91 NTU at Station
10 during the dry season. Correlation analysis showed
that turbidity had a positive relationship with total
suspended solids (r=0.999, P<0.001) and a negative
relationship with temperature (r=-0.873, P<0.05) and pH
(r=-0.934, P<0.01). All natural waters contain some
dissolved solid due to the dissolution and weathering of
rock and soil. Suspended solids are determined by
filtering a known volume of water and weighing the
residue. Some but not entire suspended solids act as
conductors and contribute to turbidity [30]. Overall,
turbidity readings were higher during the wet season than
in the dry season. The highest turbidity value was
recorded at stations 1 to 5 during both the wet and dry
seasons. The mean turbidity exceeded 44 NTU in
December 2006 when the Chini Lake was flooded by water
from the Pahang River. The Chini Lake water appeared
reddish (visual observation) during this period (December
2006). This was probably due to organic acids such as
fulvic acid which could affect the turbidity readings of
water [31]. The highest rainfall (440.20 mm) occurred in
December 2006 causing increased leaching of organic
matter from the surrounding swamp into the lake. A study
carried out by Alabster and Lloyd [32], showed that
streams receiving high suspended solid load showed
reduction  in  the  number  of  species  and  organisms.
The effect on fish behavior in turbid water has also been
observed by the same authors, whereby fishes were
found to move away from the turbid water (above 30
NTU).  According  to  the  International Standards water
is acceptable for domestic use when its turbidity lies
within 5.00-25.00 NTU [33]. The INWQS does not have
any threshold level for turbidity of fresh water for the
support of aquatic life. The ministry of Health (Malaysia)
has set a threshold level for raw water turbidity at 1000.00
NTU.

Total Suspended Solids: The TSS in the water collected
from the 10 stations during the two seasons varied from
0.85 to 37.75 mg/L. The mean concentration of TSS was
7.87 mg/L; the highest (37.75 mg/L) was recorded at
station 1 during the wet season  (December  2006) and the

(July 2006). The TSS was positively correlated with
turbidity (r=0.999, P<0.001) and negatively correlated with
temperature (r=-0.877, P<0.01), pH (r =-0.937, P<0.01),
clarity  (r=-0.991,  P<0.001) and BOD (r=-0.829, P<0.05).
The highest TSS values were measured at station 1 to
station 5 during both the wet and dry seasons. Station 1,
2, 3, 4 and 5 were more subject to contamination by
organic substances. Stations 1, 2 and 3 were located close
to the settlements of the indigenous people at the Gumum
River subcatchment area, while station 4 and 5 were
situated near the resort and National Service Centre Camp
which probably contributed towards the organic loading
into the lake. Overall, the TSS concentrations recorded in
the study area were low. Water with high TSS is
unpalatable and potentially unhealthy [30]. The INWQS
maximum threshold levels of TSS for Malaysian surface
water ranges from 25 to 50 mg/L. The INWQS threshold
level of TSS for supporting aquatic life in fresh water
ecosystems is 150 mg/L [20].

Biological Oxygen Demand: BOD is an indication of the
organic load and it is a pollution index especially for water
bodies receiving organic effluent [34]. The average value
of BOD in the Chini Lake was 1.60 mg/L,  ranging  from
0.80 to 2.34 mg/L. The BOD value was positively
correlated with temperature (r=0.991, P<0.001), DO
(r=0.936, P<0.01), pH (r= 0.960, P<0.01) and clarity (r=0.920,
P<0.01).  The highest BOD value (2.34 mg/L) was
measured  in  July  at station 4 (dry season) and the
lowest (0.80  mg/L)  was  at  station  10  in   December
2006 (wet season). The higher BOD values at station 1, 2,
3, 4 and 5 showed that they were more affected by organic
substances. These stations were located close to the
settlement, resort and National Service Centre Camp
which possibly contributed organic waste. Improper
sanitation systems at the local villages, resort and camp
could result in extra biological loading into the Chini Lake,
thus increasing the BOD values. Higher BOD values were
obtained at station 4 and 5 during the dry season; while
the  lowest values were obtained during the wet season.
In the dry season, the metabolic activities of various
aerobic and anaerobic micro-organisms increased with the
higher water temperature thus causing considerable
decrease in the level of water. But during the wet season
the large volume of fresh water diluted the organic matter
resulting in decrease of the BOD values. A similar problem
was acute  during  a  summer  season  in  India [35, 36].
The INWQS threshold level of BOD for Malaysian surface
water is 6 mg/L meaning that the BOD values of the study
area were observed to be within the acceptable range.
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Chemical Oxygen Demand: The mean COD in the Chini The highest value (0.410 mg/L) was recorded at station 1
Lake was 14.37 mg/L, ranging from 10.12 to 18.66 mg/L. in   December    2006    (wet   season)   and   the   lowest
The COD value was positively correlated with temperature (0.01  mg/L)  at station 9 and 10 in July (dry season). The
(r=0.986, P<0.001). The highest COD value (18.66 mg/l) highest values of NO were recorded at stations 1, 2, 3, 4
was recorded at station 3 during September (wet season) and 5 for both seasons. These stations were in the
and the lowest value (10.12 mg/L) at station 9 during July vicinity of the oil palm plantations, logging areas and
2006  (dry season).  The  INWQS  threshold  level for agricultural fields and therefore prone to contamination by
COD in Malaysian surface water is 50.00 mg/L [20]. The various chemicals and waste products. The NO  ion is
level of COD recorded in the present study was below the usually derived from anthropogenic sources like
INWQS threshold level. In terms of COD, the Chini Lake agricultural fields, domestic sewage and other waste
water is suitable for the support of aquatic life as well as effluents containing nitrogenous compounds [40].
for other purposes. The value of BOD and COD were Previous studies reported that levels of nitrate nitrogen at
increased with increase in the pollution load [37]. the Bera Lake, Pahang ranged from 0.01 to 0.29 mg/L [26].

Ammoniacal Nitrogen: The average NH -N content in the found to be higher than the levels reported in previous3

Chini Lake was 0.230 mg/L and this ranged from 0.110 to studies carried out at the Bera Lake.
0.580 mg/L. The NH -N was positively correlated with3

rainfall (r=0.994, P<0.001) and TSS (r=0.995, P<0.001) and Phosphate: The PO  levels of water samples measured
negatively correlated with temperature (r=-0.908, P<0.05), across  the  seasons varied from  0.010  to  0.150  mg/L.
DO (r=-0.696, P<0.05), pH (r=-0.937, P<0.001) and clarity The  mean  phosphate  concentration  was  0.075 mg/L;
(r=-0.991,  P<0.001). The highest NH -N concentration the highest value of 0.150 mg/L was recorded at station 13

(0.58 mg/L) was observed at station 1 in December 2006 during the wet season and the lowest (0.01 mg/L) was
(wet season); while the lowest value (0.110 mg/L) was recorded at station 8 during the dry season. Overall, in the
recorded at station 8 in July (dry season). The high wet season the phosphate levels were higher than those
concentration of NH -N during December coincided with in the dry season. Comparatively higher phosphate3

the high TSS content when the lake was flooded. During concentrations were recorded at station 1 and 2 for both
the wet season, there was backflow from the Pahang River seasons, presumably because of human activities at the
into the Chini Lake via the Chini River and this could have nearby village of Kampung Gumum. The main source of
generated more NH -N thus stimulating water quality orthophosphate in the Chini Lake came from waste3

changes in the lake. The decrease of NH -N concentration products of the daily activities of the local community3

in the Chini Lake could be attributed to its partial including human excrement and detergents. Detergent
utilization of the ion by phytoplankton [38]. All the water polyphosphates produce orthophosphates by hydrolysis
samples collected during the dry and wet seasons were in natural water [41, 42] and these are the only directly
found to contain less ammoniacal nitrogen than the utilizable form of soluble inorganic phosphorus [25].
maximum permissible limit set by the World Health Concentration of nutrients and pesticides in major rivers
Organization [27]. The INWQS maximum threshold level reflect the proportion of urban and agricultural land in the
for ammoniacal nitrogen in Malaysian surface water is 0.90 drainage basin [43]. In the surrounding areas of the
mg/L in order for it to be able to support aquatic life. The Gumum subcatchment, there are many oil palm plantations
level of ammoniacal nitrogen obtained in the present that use heavy doses of fertilizers. Past of the fertilizers
study was found to be even lower than the level reported could be washed into the Gumum River and finally into
in a previous study at the Bera Lake [26]. the Chini Lake and may be the cause of the high nutrient

Nitrate: Nitrate-nitrogen is generally the product of phosphate in the support of aquatic  life  is  0.10  mg/L.
organic matter decomposition by bacteria [39]. The The average levels of phosphate recorded in the study
average value of the NO  content in the Chini Lake was area exceeded the INWQS threshold level for all the3

-

0.082 mg/L, ranging  from  0.003  to  0.410  mg/L. stations from November to December 2006. Excess
Correlation analysis showed that the NO  level was phosphate in the lake water could lead to eutrophication3

-

positively correlated with NH -N (r=0.995, P<0.001) and and lowering of the DO levels. Further increase of3

turbidity (r=-0.979, P<0.01) and negatively correlated with phosphate would deteriorate the water quality and
temperature  (r=-0.946,  P<0.05),  BOD  (r=0.904, P<0.05), adversely  affect    the   distribution  of  aquatic  life  in
pH  (r=-0.967,  P<0.05)  and  clarity  (r=-0.997, P<0.001). the lake.

3
-

3
-

The level of nitrate nitrogen in the present study was

4
3-

content in the water. The INWQS threshold level for
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Table 4: Mean, range and standard deviation of WQI values at different season and classification of the Chini Lake based on DOE-WQIa

 Dry Season Wet season Standard

----------------------------------------- ----------------------------------------- ------------------------------------------

Station Highest Lowest Highest Lowest Average deviation

1 89.30 87.14 86.74 74.77 85.30 5.35

2 89.26 87.01 87.02 75.38 85.59 5.13

3 90.19 87.20 87.39 79.60 86.71 3.82

4 88.04 85.73 86.5 74.41 84.17 5.05

5 88.47 86.21 86.57 73.84 84.19 5.46

6 90.06 87.3 88.22 78.89 86.81 4.06

7 90.56 86.14 86.90 77.66 86.28 4.63

8 92.75 88.10 87.80 82.60 88.37 3.49

9 90.21 87.45 88.08 81.99 87.43 2.89

10 93.68 87.99 90.80 83.40 89.22 3.56

Class I= 91.76; Class II= 75.36 - 91.75; Class III= 51.68 - 75.35; Class IV= 29.61 - 51.67; Class V= =29.60a

Sulphate: The SO  content of the water samples ranged and the lowest value (73.84) at station 5 during the wet4
2-

from  0.00  to  5 .00  mg/L,  or  an average of 0.950 mg/L. season. The calculated DOE-WQI values are shown in
The highest value (5.00 mg/L) was recorded at station 9 Table 4. Based on the DOE-WQI calculation, the water of
during the wet season and the lowest value (0.0 mg/L) at the Chini Lake was classified as Class II (slightly
station 8 during the dry season. Correlation analysis polluted). This is suitable for recreational activities where
showed that sulphate was positively correlated with body contact is still safe [20]. Overall, in the wet season
conductivity (r= 0.873, P<0.01). Sulphate readings were the WQI values were lower than those in the dry season.
found to be always higher at station 9 during both the wet Water quality of the Chini Lake varied with the season
and dry seasons. This phenomenon was related to the and location of the sampling stations. The WQI values for
reactivation  of  iron  mining  activities  near  station 9. station 8, 9 and 10 were higher, ranging from 81.99 to 93.68
The primary source of sulphate comes from either the (Class I to II) during both the wet  and  dry  seasons,
precipitation of sulfur compounds that originated by while for the other stations it ranged from 73.84 to 90.19
combustion of fuel or from mining areas [25]. According (Class III to II). Station 4 and 5 had the lowest WQI values
to Hem [23], the major sources of sulphate in water bodies among all the stations especially from the month of
were derived from rock weathering, volcanic explosions September to December 2006 (Class III). In the rainy
and human activities such as mining, waste discharge and season the contribution of TSS and ammoniacal-N were
fossil fuel combustion processes. The sulphate content in higher, possible from erosion and the reverse flow of the
all the samples that were collected across the seasons fell Pahang River. These stations also had the lowest DO
well below the maximum permissible limit for sulphate values compared to those at the other stations, possible
content  as set by the World Health Organization [27]. due to the flood water. Similar conditions were observed
The INWQS threshold level of sulphate for the support of at the Bera Lake, Malaysia during the wet season [26].
aquatic life is 250 mg/L.

WaterQuality Classification Based on DOE-WQI: Water
quality index (WQI) is defined as a technique of rating Chini Lake is a shallow and small natural lake, which
that provides the composite influence of individual water has a sensitive ecosystem that responds to the changes
quality parameter on the overall quality of water. It is and activities of its surroundings. A detailed physico-
calculated from the point of view of human consumption chemical study of the lotic water during the wet and dry
[44]. The water quality index of the Department of seasons revealed that the Chini Lake showed different
Environment (DOE) was computed to classify and seasonal fluctuations for various physico-chemical
establish  the  water  quality  status  of the Chini Lake. parameters. The results of water quality trends clearly
The average value of WQI was 86.41±1.66 and this ranged showed that most of the water quality parameters were
from 73.84 (Class III) to 93.68 (Class I). The highest value slightly higher in the wet season than in the dry season.
(93.68) was recorded at station 10 during the dry season Water quality    analysis    showed    that   NH -N,  NO ,

CONCLUSIONS

3 3
-
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