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Abstract: The expansion of the urban population within Bertam river catchment in Cameron Highlands
increased the input of organic matter to the river system. It originates from sewage and fertilizers, through point
sources and non-point sources of pollution. This organic pollution causes very severe bio-contamination with
bacteria and viruses, which can cause some serious diseases. On the other hand, it is apparent that an
assessment of water quality cannot focus on chemical indicators alone, but must instead focus on indicators
that integrate the effects of physical, chemical and biological contaminations. Therefore, in this research the
pH, EC, TDS, COD, Total Nitrogen, Total Phosphor and E.coli at four points (SP1 to SP4) of Bertam river and
five points (SP5 to SP9) of its tributaries were measured during average and high water flow to determine and
specify the level of pollution in the river. Results show water quality of the Bertam river deteriorates and
continues just after its origin at SP1 as huge increase of total solids up to 4000 mg/L was observed during high
water  flow  at  SP2  while  it  was  around  5  mg/L  at  SP1  in  same  period.  Also the high concentrations of
Total  Nitrogen  and  Phosphorus  was  observed at SP2 (17 mg/L N and 14 mg/L P) and SP5 ( 9.7 mg/L N and
8.7 mg/L P) during high water flow. Finally, the presence of E.coli of more than 200 MPN/100ml was found at
SP2, SP3 and SP7. 
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INTRODUCTION Department of Environment, Malaysia overall organic

Cameron Highlands is a highland region located pollutants  in  the Upper-Bertam river [3]. It originates
about 121 km east of Ipoh and about 214 km north of from sewage and fertilizers (animal fertilizers as chicken
Kuala Lumpur, in Pahang, Malaysia. At 1500 m above sea manure), through point sources (hardly treated domestic
level it is the highest area on the mainland. It enjoys a sewage) and non-point sources as agricultural runoff [4].
cool climate, with temperatures no higher than 25°C and Besides adding to nutrient-content of the water (leading
rarely falls below 12°C year-round. Cameron Highlands is to extreme enrichment of the Upper-Bertam), addition of
actually a district in the state of Pahang although the road some forms of Nitrogen and Phosphorus will increase
entrances are via Tapah and Simpang Pulai in the state of BOD and COD. This organic pollution causes very severe
Perak. Cameron Highlands district is bordered by Lipis bio-contamination with bacteria and viruses, which can
district on the south-east, Kelantan on the north and cause  diseases  such as Cholera, Typhoid, Hepatitis A
Perak on the west [1]. Originally, the rivers and small and  virus  infections  [5]  and  [6]. Septic tanks are the
streams of the Cameron Highlands can be categorized as main method of sewage treatment in the Upper-Bertam
fast flowing, cool, clean, and clear water with high oxygen catchment.  Latrine  holes   and   direct   releases  into
content and supporting sensitive aquatic invertebrates water  courses  are still practiced. Better treatment
[2]. The expansion of the urban population within the facilities such as Imhoff tank systems, oxidation ponds
Upper-Bertam river catchment increased the input of and packaged treatment schemes are used in private
organic matter to the river system. According to housing estates [4].

pollutants (mainly domestic sewage) are the largest
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It is important to understand the relationship between wastewater examinations [9]. The study focuses on
human induced disturbances and their affect on aquatic bacteria indicator as well since majority of sanitary
resources [5]. River-ecology disturbances from urban and regulations  are  based  on  the  monitoring  of  this  kind
agricultural development contribute to an overall decrease of indicator [10] and [11]. Escherichia coli (E. coli) was
in the (biological) integrity of Bertam river (e.g., road chosen because of its broad use as a tracer for fecal
building/construction activities, stream canalization, contamination and was sampled with precautions; i.e.
alteration of the stream’s riparian zone and water pollution samples taken in sterile conditions in special containers
due to any of these factors) [7]. It is apparent that an and  cooled  transport   to   the  laboratory  after sampling.
assessment of water quality cannot focus on chemical The laboratory analyses were carried out at the
indicators alone, but must instead focus on indicators that environmental laboratories of Faculty of Social Sciences
integrate the effects of physical, chemical and biological and Humanities and Faculty of Engineering, Universiti
contaminations [8]. Proper management of river and Kebangsaan Malaysia (UKM).
stream systems must be based upon a comprehensive
monitoring strategy that is able to detect degradation in Sampling Locations: Samples were taken before addition
streams water quality due to human disturbance. of a side stream or possible change in water condition i.e.

In this study physical, chemical and biological water related to land use on riversides or sewage effluent into
quality parameters of Bertam river and its tributaries were the river course. The dataset originates from 9 sampling
measured. The sampling was carried out during average stations along Bertam and its tributaries (Fig. 1). The
water flow and high water flow to determine the level of value of each parameter after the change minus the value
pollution and its differences within these two periods. before the change gives the contribution of the land use

MATERIALS AND METHODS course until both watercourses are mixed after a side

Analytical Methods: pH, electrical conductivity (EC) and water rates and riverbed structure of the water streams.
total  dissolved  solids  (TDS)  were measured with a Samples were taken from the main watercourse after
Multi-meter   and   chemical   oxygen  demand  (COD), homogenizing the addition of (polluted) sources.
Total Nitrogen and Total Phosphorus were determined Sampling  points  are  specifically  chosen   on  locations
according   to    the   standard   methods   for   water  and of the main river and its tributaries (Table 1). 

or stream in the area. It takes a certain length of river

stream is added to the main stream. This depends on the

Fig. 1: Map of the Sampling Stations in the Bertam river and its Tributaries
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Table 1: Sampling Points

Sample location Reason of selection

SP1, at source, slope of Mt. Brinchang Clean background concentration 

SP2, at Brinchang golf course After farming, addition of Burong river and sewage inflow of Brinchang town

SP3, near MARDI in Tanah Rata After addition of Ruil river and Jasar river, inflow sewage of Tanah Rata town and farming

SP4, before flowing in Ringlet Reservoir After addition of Ulung river and Batu Pipih river and extensive farming

SP5, Burong river, just before joining Bertam river Length, flow and farming and urban use

SP6, Ruil river, before joining Bertam river Length, high flow and farming and urban Use

SP7, Jasar river, before joining Bertam river High flow and inflow Tanah Rata sewage

SP8, Ulung river, before joining Bertam river Length, high flow and farming (tea plantations and agriculture)

SP9, Batu Pipih river, before joining Bertam river Length, flow and very intensive farming and agriculture use

Sampling Time: In dryer periods with a few days of dry Fig. 2,  the  pH  was  found  to  be  6.32,  7.08,  6.93  and
weather the river runs with relatively stable water rates. 7.04 during average water flow  and  6.7,  7.41,  7.12  and
Within these periods riverbed erosion takes place 7.17 during high water flow for SP1 to SP4, respectively.
delivering bonded compounds in the riverbed to the water As illustrated in Fig. 1 water at its origin at Bertam river
stream. During rain or just after raining, the river is (SP1) and also Ruli and Jasar rivers were more acidic than
relatively unstable with rapidly increasing water rates with other stations. Chau and Jiang [13] have indicated that
surface runoff of the surrounding land being added to the natural river water is slightly acidic because of its origin
water stream. The water streams was then brown in color of rain water and because of tannin and leave acids
due to the silt and have a water rate much higher than the released from the forest floors. Any increase in the pH is
original water rate in dryer moments. To obtain results for thus likely due anthropogenic influence, since also the
both possible conditions a dry period with stable river host rock (granite) does not support buffering. Visible is
flow and a wet period with high unstable river flow, was the  slight increase in pH going downstream, especially
chosen through a year. Sampling took place on a monthly the steep increase at SP1 (forest stream) to SP2 after
basis  and  the data were processed to give average passing through Brinchang town. Chang [14] has
values, whiles in order to achieve a more satisfactory mentioned that the increases in pH appear to be
representation of the complex datasets, a mean value was associated  with  increasing  use  of   alkaline  detergents
calculated for each parameter in each period. in  residential  areas and  alkaline  material  from

RESULTS AND DISCUSSION this picture remains largely the same; except that more

Water sampling in Bertam river and its tributary Batu Pipih and Ulung rivers; with lower pH.
rivers was done in two events. First, in dryer period with As shown in Fig. 3 Electrical conductivity was found
a few days of dry weather the river runs with relatively to be 9, 66, 63 and 47µS/cm during average water flow at
stable flow rates. Within this period riverbed erosion SP1 to Sp4 respectively. While TSS amount was 6.4, 33, 30
takes place delivering bonded compounds in the riverbed and 25 mg/L during this time, which was low. The
to the water stream. Second, during rain or just after undisturbed and unpolluted rivers of the Cameron
raining, the river is  relatively  unstable  with  rapidly Highlands flowing through the forests display a very low
increasing  water rates  with  surface  runoff  of   the EC and TSS at SP1. It can be supported by similar result
surrounding  land (with compounds bonded to the in the research that was done by Hashim [7]. This is
surface layers of i.e. agricultural land) being added to the mainly due to the origin of the river water of rain water
water stream. and due to the inert stream bank material (mainly granite).

pH, EC and TSS: pH, EC (electrical conductivity) and TSS has a very high EC and TSS [15], so addition of this
(total suspended solids) were measured with the portable wastewater will cause the EC and TSS to increase. This
multi-parameter instrument in the field during sampling. process is clearly visible in the observed amount. Where
Although not definitive, pH of the aquatic systems is an at SP1, the undisturbed and unpolluted part of the river a
important indicator of the water quality and the extent very low EC and TSS is found, however after flowing
pollution  in  the watershed areas [12]. As illustrated in through   Brinchang,  both   values   dramatically  increase

wastewater  in industrial areas. During high water flow

dilution of the main course occurs due the addition of the

However  especially domestic wastewater (sewage i.e.)
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Fig. 2: pH Variations in Bertam river and its Tributaries

Fig. 3: Electrical Conductivity Variations in Bertam river and its Tributaries

Fig. 4: Total Nitrogen amounts in Bertam river and its Tributaries

Fig. 5: Total Phosphorus amounts in Bertam river and its Tributaries
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Fig. 6: Variations of COD in Bertam river and its Tributaries

SP2  and SP3). Although later on the town of Tanah Rata Total  Nitrogen:  For  total  N  (as  Kjeldahl-Nitrogen)
is passed (just before SP3) with addition of its wastewater,
the EC and TSS slight decrease, this is very likely due to
the increased flow of the main stream by addition of much
cleaner streams as Ruil river and later on Batu Pipih river
and Ulung river. Dilution of the salt concentration is
making up the 2 values of EC and TSS. This last process
is even more visible at the high water flow in Table 3;
whereas this dilution is more significant because of the
highly increased total flow; however the salt load can
increase due to agricultural run off.

Nutrients (Total Nitrogen and Phosphorus): Phosphates
and  nitrates  are  important  parameters to assess the
water quality. Photosynthesis and respiration play an
important  role  in the   self-purification   of   natural water.
The disturbance of the stationary state between
photosynthesis and respiration leads to chemical and
biological changes reflecting pollution. High levels of
these species increase the growth of vegetation in water
systems  and increase the oxygen demand. The
enrichment in nutrients and the enhancement of
productivity  and  respiration  leads to such imbalance
[12].  Higher  concentrations  of  nutrients  were  expected
in  high  water  flow  because  of  agricultural runoff.
During  agricultural  runoff;  nutrients  stored in the
surface  soil  layers  and  then  it  is  released (with  rain)
into the river during rainy time. The concentration of
nutrient in average water flow is likely to be almost solely
from domestic wastewater and will be more diluted in high
water flow. Nitrates are considered  better  indicators in
average water flow, due to their relatively good solubility
and  non-reactive  behavior.  Phosphate however is
tightly bonded in the surface soil layers and to sediment
and  thus  found  in higher concentration during high
water flow [7]. 

very low concentrations were found in the undisturbed
tributaries. High to extremely high concentrations were
found in the main stream and in some tributaries.
Concentrations  of 17  mg/L  at  SP2  (Bertam  river)  and
9.6 mg/L at SP5 (Burong river) are detected during HWF.
The concentrations during AWF are significantly lower.
SP3  (Bertam  river)  and  SP7  (Jasar river) have shown
high  concentrations  and  thus  severe  eutrophication
was observed. According to “Recommended Raw Water
quality Criteria of the WHO” [10] Nitrogen concentrations
are  exceeded  at  almost  all sampling points in ranges of
2 to 17 times during both AWF and HWF. Although
during  AWF  much  lower concentrations were found
(Fig. 4). High level of nitrate at SP5 is most probably due
to  the  extend  use of pesticides and fertilizers at farming
area near Burong river. Milovanovic 2007 explained that
high level of nitrate indicate non-point pollution induced
by agricultural runoff [6]. At SP2 as river passes through
Tanah  Rata  domestic wastewater is the main cause of
high nitrate.

Total Phosphorus: Just as they do on land, phosphorus
and  other nutrients stimulate the growth of aquatic
plants, including undesirable algae. Nutrient enrichment
and stimulation of plant growth limits the potential use of
the affected water and is a cost to the community.
Agricultural production systems are one of the many
contributors to the phosphorus found in streams and
water storages [16]. As shown in Figure 5, Phosphorus
concentrations (as Total P) were high (as for Total N) at
the same sampling points especially at SP2 and SP5
during high water flow which indicate that agricultural
runoff  contains  fertilizers  is  probably  the  major  cause
for high concentration of phosphorous at water streams
[6] and [16]. It should be mentioned that phosphorus
concentrations at SP3, SP4 and SP7 were high too that it
causes severe eutrophication.
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Table 2: E.coli values in Sampling Points

Sampling point E. coli (MPN/100ml)

SP1 Bertam river -

SP2 Bertam river >200

SP3 Bertam river >200

SP4 Bertam river 86

SP5 Burong river 65

SP6 Ruli river 52

SP7 Jasar river >200

SP8 Ulung river 14

SP9 Batu Pipih river 59

Table 3: Amounts of Total Suspended Solids in Sampling Points 

TSS during AWF (mg/L) TSS during HWF (mg/L)

SP1 6.4 5

SP2 33 4000

SP3 30 1800

SP4 25 930

SP5 13 3900

SP6 <2 51

SP7 12 870

SP8 4.8 150

SP9 18 67

Chemical Oxygen Demands: Chemical Oxygen Demand
(COD) showed the same trend as total N and total P. SP2,
SP4 and SP5 have shown particularly high  COD  with
49,53 and  40  mg/L, respectively  during high water flow
(Figure  6).  Also  COD at stations SP3, SP7 and SP8 were
found to be high (39,36 and 34mg/L respectively). While
much lower concentrations were determined during
average  water flow still SP7 has shown high COD level
(33 mg/L) during average water flow. This indicates
domestic  wastewater  discharge  from   residential   area
of Tanah Rata to Jasar river. Many researchers have
mentioned that high COD pointing to a deterioration of
the water quality likely caused by the discharge of
municipal wastewater [17-19].

Based on achieved results for Total N, Total P and
COD, it should be mentioned that huge decline in water
quality could be observed during post-monsoon (HWF)
at all stations which indicate non-point sources of
pollution to have tremendous contributions to impacts on
water quality.

Microbiological Observations. E. coli samples were taken
during average water flow. The found values are
illustrated in Table 2. As can be seen, except SP1 all
sample points show extremely high presence of E.coli.
One would expect successively increased values along

the Bertam river the flow direction, but the addition of
Ulung river and Batu Pipih river just before the sample
point SP4, caused dilution of the E.coli load as well as
some effects of degradation of the bacteria due to
transport/oxygenation between SP3 and SP4 (over
Robinson Waterfalls). E.coli and pathogens are typically
found in domestic wastewater and chicken manure as
applied in agriculture in the area. Birbir et al. indicated that
untreated domestic wastewater discharged into a water
body may carry millions of pathogenic microorganisms
[20]. In another approach Lu et al have founded in
agreement  with  others  [21-26]  that  have  demonstrated
E. coli can survive and multiply in irrigation water,
wastewater, subtropical sediments, and mineral water [27].

Total Suspended Solids (TSS):TSS represents the
concentration  of material in suspension in a liquid
effluent [28]. TSS concentrations were found extremely
high at some points during high water flow while it was
almost negligible during average water flow  (Table  3).
The highest were at SP2 (Bertam river at Brinchang town)
and at SP5 (Burong river) with 4000 mg/L and 3900 mg/L
respectively. Land erosion is a major contributor of
suspended sediments and siltation in the river in Cameron
Highlands. Besides the severe pollution with organic
compounds, siltation (increase of turbidity of the water)
is the most significant factor causing water quality
deterioration. Most important source of silt into the river
course is agriculture, mostly on extremely steep slopes of
Cameron Highlands.

CONCLUSIONS

Water quality of the Bertam river and its tributaries
deteriorates because of the huge increase of suspended
solids, the high concentrations of Nitrogen and
Phosphorus compounds including COD, which cause
very  significant  enrichment  and  eutrophication  as well
as presence of E. coli causing severe micro-biological
contamination. Results show all above mentioned
parameters are higher than those recommended by the
Recommended WHO especially during high water flow;
therefore this water resource is not adequate for human
consumption or industrial purposes and needs to be
purified. The main reasons for this water quality
deterioration are agricultural activities which cause
sediment transport, encroachment of nutrients as well as
microbiological contamination due to the use of chicken
manure which contains E. coli and urban areas with
poorly treated or untreated sewage poured in the river
cause nutrient enrichment and biological contamination.



World Appl. Sci. J., 7 (6): 769-776, 2009

775

ACKNOWLEDGMENTS 10. World Health Organization (WHO), 1996. Guidelines

The authors would like to thank the management and
authorities of Universiti Teknologi PETRONAS (UTP),
Universiti Kebangsaan Malaysia (UKM), Prof. Dr. Md.
Pauzi bin Abdullah and Prof. Dr. Othman bin A. Karim for
their constant support and encouragement.

REFERENCES

1. Eisakhani,   M.,   A.   Pauzi,   O.   Karim,   M.  Jaafar,
A.  Malakahmad,  S.R.M.  Kutty  and   M.H.  Isa,
2009. Structural Management for Water Quality
Improvement of Rivers in Cameron Highlands,
Malaysia, proceeding of International Conference on
Public Policy for Sustainable Development, 2009. 

2. Nik & Associates, 2004. Drainage master plan study
and flood mitigation project for Cameron Highlands,
Government of Pahang, Jabatan Pengairan Dan
Saliran Pahang, 2004.

3. Department of Environment (DOE) 2005. A study on
pollution prevention and water quality improvement
program of rivers in Cameron Highlands, National
Seminar, HANDOUTS, Government of Malaysia,
March.

4. Adroit Consulting Engineers, 2004. A study on
pollution prevention and water quality improvement
program of rivers in Cameron Highlands,

5. Desa, E., M.D. Zingde, P. Vethamony, M.T. Babu,
S.N. D’Sousa and X.N. Verlecar, 2005. Dissolved
oxygen: a target indicator in determining use of the
Gulf of Kachchh waters. Marine Pollution Bulletin,
50(1): 73-79.

6. Milovanovic, M., 2007. Water quality assessment
and determination of pollution sources along the
Axios/Vardar River, Southeastern Europe,
Desalination, 213(1-3): 159-173.

7. Hashim, G.M., and W.A. Wan Yusoff, 2003.
Environmental Issues In Highlands Agriculture,
Malaysian Agricultural Research and Development
Institute (MARDI).

8. Genet, J., and J. Chirhart, 2004. Development of a
Macro invertebrate Index of Biological Integrity
(MIBI) for Rivers and Streams of the Upper
Mississippi River Basin, Minnesota Pollution
Control Agency Biological Monitoring Program,
2004.

9. APHA-AWWA, 2005. “Standard  Methods  for
Water and Wastewater Examinations. 21 ed.”st

American Public Health Association/American Water
Works Association: Washington, DC,

for Drinking-Water Quality. 2 ed., Vol. 2, Healthnd

Criteria and Other Supporting Information.
International Program on Chemical Safety, Geneva,

11. Beaudeau, P., N. Tousset, F. Bruchon, A. Lefèvre,
and H.D. Taylor, 2001. In situ measurement and
statistical modelling of Escherichia coli decay in
small rivers. Water Research, 35(13): 3168-3178.

12. Jonnalagadda, S.B. and G. Mhere, 2001. Water
quality of the odzi river in the eastern highlands of
zimbabwe. Water Research, 35(10): 2371-2376.

13. Chau, K.W.  and Y.W. Jiang, 2002. Three-
dimensional pollutant transport model for the Pearl
River Estuary. Water Research, 36(8): 2029-2039.

14. Chang, H., 2008. Spatial analysis of water quality
trends in the Han River basin, South Korea. Water
Research, 42(13): 3285-3304.

15. Polprasert, C., 1996. Organic waste recycling,
technology and management. 2 ed. Chichester: Johnnd

Wiley and sons Publication.
16. Nash, D.M. and D.J. Halliwell, 2000. Tracing

phosphorous transferred from grazing land to water.
Water Research, 34(7): 1975-1985.

17. Vega, M., R. Pardo, E. Barrado and L. Debán, 1998.
Assessment of seasonal and polluting effects on the
quality of river water by exploratory data analysis.
Water Research, 32(12): 3581-3592.

18. Guida,  M., M. Mattei, C.  Della  Rocca,  G.  Melluso
and S. Meriç, 2007. Optimization of alum-
coagulation/flocculation  for   COD   and  TSS
removal from five municipal wastewater,
Desalination, 211(1-3): 113-127.

19. Mamais, D., D. Jenkins and P. Prrr, 1993. A rapid
physical-chemical method for the determination of
readily biodegradable soluble COD in municipal
wastewater. Water Research, 27(1): 195-197.

20. Birbir, M., H. Hac o lu, Y. Birbir and G. Altu , 0000.
Inactivation of Escherichia coli by alternative electric
current in rivers discharged into sea. Journal of
Electrostatics, 67(4): 640-645.

21. Baudart,  J.,   K.   Lemarchand,   A.    Brisabois   and
P. Lebaron, 2000. Diversity of Salmonella strains
isolated from the aquatic environments determined
by serotyping and amplification of the ribosomal
DNA  spacer  regions.  Appl.  Environ.  Microbiol.,
66: 1544-1552.

22. Davies,  C.M.,   J.A.H.    Long,    M.    Donald   and
N.J.  Ashbolt,  1995.  Survival of fecal microorganism
in marine and freshwater sediments, Appl. Environ.
Microbiol., 61: 1888-1896.



World Appl. Sci. J., 7 (6): 769-776, 2009

776

23. LaLiberte, P. and D.J. Grimes, 1982. Survival of 26. Solo-Gabriele, H.M., M.A. Wolfert, T.R. Desmarais
Escherichia coli in lake bottom sediment. Appl. and C.J. Palmer, 2000. Sources of Escherichia coli in
Environ. Microbiol., 43: 623-628. a coastal subtropical environment. Appl. Environ.

24. LeJeune,  J.T.,  T.E.  Besser  and  D.D.  Hancock, Microbiol., 66: 230-237.
2001. Cattle  water  troughs  as  reservoirs of 27. Lu, L., M.E. Hume, K.L. Sternes and S.D. Pillai, 2004.
Escherichia  coli  O157.  Appl.  Environ.  Mcirobiol., Genetic diversity of Escherichia coli isolates in
67: 3053-3057. irrigation water and associated sediments:

25. Ramalho, R., A. Afonso, J. Cunha, P. Teixeira and implications for source tracking. Water Research,
P.A. Gibbs, 2001. Survival characteristics of 38(18): 3899-3908.
pathogens inoculated into bottled mineral water. 28. Queenan, K., C.H. Burton and C. Bechir, 1996.
Food Control., 12: 311-316. Development of a centrifuge-based procedure to

analyze agricultural effluents for total and volatile
suspended   solids.    Bioresource    Technology,
57(3): 259-263.


