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Abstract: This study was carried out to assess the hydrological properties and water quality of the Bebar River,
Pahang. A total of 20 water samples were collected from 10 stations and sampling was conducted at two
different dates, namely 19  and 22  April 2005. Parameters for the in-situ water quality study included pH,th nd

temperature, Dissolved Oxygen (DO) and conductivity. Stream flow as well as depth and width of the river were
measured on the sampling day. Physical characteristic parameters such as Total Dissolved Solids (TDS), Total
Suspended Solids (TSS) and turbidity were considered in this study. Laboratory analyses were carried out
according to the HACH and APHA methods. Results showed that the pH and Dissolved Oxygen (DO) value
were very low, indicating the water was not potable. The daily flow of the Bebar River is 5.0x10 m ; therefore5 3

it is considered a teeming river. Recently however, various activities such as illegal logging, agricultural
production and unsustainable development have been taking place in the surrounding areas. The impact of
these activities could result in environmental damage to the adjacent peat swamp by changing the hydrological
characteristics, which in the long term could lead to deterioration in the quality of the peat swamp forest
ecosystem.
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INTRODUCTION The color of the water of the Bebar River is black, so

The South-East Pahang peat swamp forests (SEPPSF) organic  matter  from  decomposition of the peat. The
in Peninsular Malaysia serve as a giant sponge, soaking Bebar  River  has  become  a  sump  for floating wood,
water   to  mitigate floods  and  filtering  pollutants.  The dead trees  and  waste  water.  Some minerals influence
peat swamp forests have edaphic and vegetative the  color  of  the  water. Surface water may become
characteristics similar to those in Sumatra and Borneo [1]. colored  by  pollution  from  highly  colored  waste  water.
The SEPPSF is the home of a rich array of diverse flora Surface  water,  particularly  water  emanating from
and fauna and it serves a variety of significant functions swampy areas, is often colored. The color results from
such as flood mitigation, is a source of timber, supplies contact of the water with organic debris, such as leaves,
food and medicine plus functions as a “carbon sink”. Peat needles of conifers and wood, all in various stages of
deposited in the basin of SEPPSF as a lithofacies, aged decomposition. Tannins, humic acid and humates, from
between Pleistocene to Holocene [2]. According to the decomposition of lignin, are the principal coloring
records from the Pahang State Forestry Department, at matter [3]. They play a complex hydrological role in
least 216 plant‚ 62 mammal‚ 192 bird‚ 56 fish‚ 17 frog and maintaining  the  water  balance  of the delicate peat
21 tortoise‚ lizard and snake species have been identified swamp  ecosystem.  Hydrology  is  an  important  factor
in the Pahang peat swamp forest. The Bebar River, a in the formation and functioning of the peat swamp
beautiful  black  river,  is  the main artery in the heart of ecosystem  [4]. Hydrology controls the chemical and
the  South-East  Pahang  Peat Swamp Forest (SEPPSF) biotic processes in peat lands and may be the most
and  the  future  of  this peat-swamp is being threatened important process regulating wetland function and
by  various  development  activities  in the region. So development [5]. The hydrology of a peat swamp depends
there is a need to conduct scientific studies in order to on the climate, topographic conditions, natural sub-soils
preserve this natural heritage. and drainage base [6]. 

it is called Black River. The main cause is the presence of
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Any changes in the hydrology, especially those from suspended solids (TSS) and total dissolved solids (TDS).
the introduction of drainage, will have often-irreversible The temperature, Electrical conductivity (EC), Dissolved
effects on the functioning of these fragile ecosystems [7]. Oxygen (DO) and pH of the water samples were measured

Peat swamp forests in Malaysia are being extensively in the field. The TSS was measured by the filtration
cleared for agriculture and other development projects. method using a membrane filter 45 µm (Millipore) and
These land development projects may cause vacuum pump (GAST) [8]. The TDS was measured using
environmental damage to the peat swamp in adjacent the sampled water after filtration in the method for
areas by changing their hydrological characteristics. determination of the TSS. Depth and transparency were
Activities such as logging, plantation and land measured by the Secchi disk. Stream flow was measured
development in the long term lead to deterioration in the by the Flow meter (model FP101). Turbidity and width
quality of peat swamp forest ecosystems. The overall were measured using the Turbidimeter model 21000P and
integrity of the PSF ecosystem is under threat due to Rangefinder model Bushnell 20-0001. 
increasing unsustainable development activities in the
surrounding areas. A better understanding of the RESULTS AND DISCUSSION
hydrology and water quality of the Bebar River will make
it possible to develop and manage it in a more sustainable Temperature: Temperature values varied from 26.15-
way. The purpose of the study was to investigate the 28.9°C at different locations and at different times, as
water quality of the Bebar River and try to relate its indicated by the in situ readings. The mean temperature
quality to human activities in the adjacent area. was 27.69°C. Some of the factors that affect river water

MATERIALS AND METHODS controlled radiation in and out, groundwater movement

Study  area: The  Bebar  River  is located in the South in an aquifer [9].
East region of Pahang, latitude 03°17´03" to 03°21´10"N
and  longitude  103°13´51"  to 103°15´32"E. The area has pH: The pH of the investigated samples was very low,
a humid tropical climate with two monsoon periods, being 3.80±0.5. For first day the pH had a slightly higher
characterized  by the bimodal pattern of the southwest value of 4.32 at station 7 and the lowest value of 3.53 was
and  northeast   monsoon  that  bring  an  annual rainfall recorded at station 9 (Fig. 1). For the second day the
of 1488 to 3071 mm. The area has a typical moist tropical highest pH value was 4.55 at station 4 and the lowest
climate, with constant temperatures of 25-27°C throughout value of 3.53 was recorded at station 3 (Fig. 2). It is clear
the year, high air humidity (average 85 percent), cloudy that the pH value is not within the potable limit as it
skies with limited sunshine (4-6 hours/day) and relatively ranged from 3.53 to 4.55. Rivers with a pH of 5.5 and below
low evaporation (1,600 mm/year). are particularly at risk [10]. Basically, the pH is determined

Sampling  and preservation: Water samples were forms carbonic acid in water [11, 12]. According to Todd
collected  from  10  stations  located  along the Bebar [13], pH of ground water can also be lowered by organic
River on two different days, 19 and 22 April 2005. The acids from decaying vegetation, or the dissolution of
Global Positioning System (GPS) was used to determine sulfide minerals. 
the  actual  coordinates  of the sampling stations and to
re-confirm the location of the stations during subsequent
sampling periods. The stations included upstream and
downstream points of the river. Surface water samples
were collected about 10 cm below the water surface using
glass bottles. Standard procedures were followed for the
collection of water samples for chemical analysis. The
samples for physico-chemical analysis were placed in an
icebox and transported to the laboratory for immediate
analysis.

Surface water was collected from each station in Fig. 1: DO, EC, pH and temperature of the Bebar river on
HDPE bottles (500 ml) for analysis of turbidity, total the first day of sampling

temperature are heat exchange on the earth surface under

and chemical  and  thermonuclear   processes  occurring

by the amount of dissolved carbon dioxide (CO ), which2
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Fig. 2: DO, EC, pH and temperature of the Bebar river on Fig. 4: TSS in the Bebar river
the second day of sampling

Fig. 3: TDS in the Bebar river Fig. 5: Turbidity in the Bebar river

Electrical conductivity: Conductivity (EC) values ranged Total Dissolved Solids, Total Suspended Solids (TSS),
from 53.0-62.15 µS cm  at different locations and at turbidity  and clarity: The Total Dissolved Solids (TDS)1

different times, as indicated by the in situ readings. The in  the water  samples  collected  on  the two different
average value was 55.78µS cm . The highest and lowest days varied from 57 to 120 mg L . The mean1

value obtained was 62.15µS cm  and 53.0µS cm concentration  of  the  TDS  (first  day)  was  97 mg L ,1 1

respectively  at  station  1 and station 6 on the first day the highest concentration (120 mg L ) was recorded at
(Fig. 1). For the second day the highest value was 58.95 station 1 and the lowest (70 mg L ) at station 2 (Fig. 3).
µS cm  at station 2 and the lowest value 53.25µS cm  at The mean concentration of the TDS on the second day1 1

station 7 (Fig. 2). This indicated that the river water had was 67 mg L , the highest (86 mg L ) was recorded at
different  quality at  different  locations. Usually, higher station 1 and the lowest (57 mg L ) at station 5 (Fig. 3).
EC values indicate the presence of higher content of The mean value of the TDS was relatively higher on the
dissolved salts in the river water [12] and the EC values first day of sampling but this value is still within the limit
are a good measure of the relative difference in water permissible by the World Health Organization [17]. The
quality between different aquifers [14]. total suspended solids (TSS) in the water samples

Dissolved Oxygen (DO): The DO concentration of the mg L  (Fig. 4). The highest value was obtained on the
river water was low, ranged from 0.54 to 1.76 mg L . Low first day at station 1 and lowest value on the same day at1

DO  was  recorded  at station 2 (0.95mg L ) on the first station 8 (Fig. 4). It is remarkable that the TSS value on the1

day (Fig. 1)  and  very  low  DO  was  recorded at station second day   was higher  than that of the first day. There
4  (0.54  mg L ) on the second day (Fig. 2). The overall was a rise in the TSS value at station 1 during the two1

DO concentration was very low probably due to the days. The TSS concentration recorded in this study was
pressure of materials of high organic content leading to low. There is no authorized standard for TSS, but value
oxygen  depletion. The persistent DO deficit indicated below 30.0 mgL  are generally considered low and values
that the deoxygenation rate due to biological above 30.0 mg L  considered high. 
decomposition of organic matter is higher than The turbidity of water samples collected on the two
reoxygenation  from the atmosphere or probably due to days varied from 1.5 to 17.15 NTU (Fig. 5). The highest
the presence of oxidizable minerals in the aquifer [15, 16]. value  obtained  was  17.15 NTU on the first day at station

1
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1

collected from  the  Bebar  River varied from 0.75 to 15.75
1

1

1
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Fig. 6: Clarity in the Bebar River Stream flow: The stream flow of the Bebar River was

Fig. 7: Depth and width of the Bebar River estimated as 5.0x10 m .

Fig. 8: Stream flow of the Bebar River by using parameters, such as TSS, TDS, turbidity and

1 and lowest value of 1.5 NTU on the second day at downstream was found to have the highest values
station 3. Comparatively the turbidity value on the second compared to the other stations and it also had the lowest
day was higher than that on the first day, just as it was value for transparency. Floating wood, leaves and
with the TSS. According to International Standards the siltation due to domestic and logging activities appeared
acceptability of water for domestic use ranges from 5-25 to be the major source of pollution in the Bebar River. The
NTU [9]. Clarity of the water was determined by the DO and pH of the river water were generally low, but this
transparency value, starting from 1.0 for clean to 0.1 for is  normal for peat swampy rivers. The average stream
cloudy water. Water clarity of the Sg. Bebar varied from flow  of   the  Bebar River was estimated at 5.0x10  m
0.98 (St.10) to 0.48 (St.1) for the first sampling and ranged daily. If  proper alternative procedures  like sustainable
from  0.90 (St.6) to 0.37 (St.1) for the second sampling. It management  of water resources, protection of logging
is clear that station 1 had the lowest clarity value (Fig. 6) and awareness education of local folk are not undertaken,
and the value became lower on the second sampling date it could lead to the deterioration of the peat swamp forest
due to rain. ecosystem.

Depth and  width:  The  depth  of  the  Bebar  River
ranged from  1.62  to 4.33 m (Fig. 7). The deepest area
(4.33 m) was observed at station 6 and the shallowest
portion  (1.62  m)  at  station 4. The average depth was
2.77  m.  The  width values ranged  from  8.5  to  30.1 m.
The widest portion (30.1 m) was at station 9 and the
narrowest  portion  (8.5  m)  at station 4. The average
width value was 14.65 m. Station 6 was identified as the
deepest whilst the widest portion of the Bebar River was
at station 9. 

recorded during the two sampling days (Fig. 8). Stream
flow varied from 2.72 to 15.29 m  sec . The highest flow3 1

(15.29 m  sec ) was recorded on the second day at3 1

station 6 and the lowest (2.72 m  sec ) on the second day3 1

at station 5 with the average stream flow on the second
day  being  5.59 m   sec . The stream flow on the first3 1

day ranged from 3.41 m  sec  (St. 2) to 12.57 m  sec3 1 3 1

(St.3)  or at an average of 6.19 m  sec . The stream flow3 1

of the Bebar River on the first day was comparatively
higher  that  on  the  second   day.   The   average of
Bebar River flow was calculated and daily flow was

5 3

CONCLUSIONS

A detailed physico-chemical study on the water
quality of the Bebar River over a period of two days
elucidated the following: The main sources of pollutants
generating both organic and inorganic waste were found
to originate from illegal logging, agricultural activities,
unsustainable development and household activities of
indigenous people. These waste materials were ultimately
contaminating the river water. For assessing water quality,

conductivity, it was seen that station 1 which was located

5 3
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