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Qualitative analysis and classification of surface water

in Bukit Merah Reservoir in Malaysia

Christopher O. Akinbile, Mohd Suffian Yusoff, Siti Hidayah Abu Talib,

Zorkeflee Abu Hasan, Wan Roslan Ismail and Ummunajwa Sansudin
ABSTRACT
An attempt was made to analyze and classify water quality at the Bukit Merah Reservoir (BMR) in

Malaysia to determine the degree of pollution and ascertain the required treatment level before

usage. Parameters determined included; pH, dissolved oxygen (DO), biochemical oxygen demand

(BOD), chemical oxygen demand (COD), ammoniacal nitrogen (NH3-N), suspended solids (SS), total

nitrogen (TN) and total phosphorus (TP) using both in-situ and standard laboratory procedures. Heavy

metal contents such as nickel (Ni), cadmium (Cd), copper (Cu), zinc (Zn), lead (Pb), calcium (Ca), iron

(Fe) and magnesium (Mg) were also determined using an Inductively Coupled Plasma Mass

Spectrometer (ICP MS). Using the water quality index (WQI) tool, all the parameters indicated

considerable degrees of pollution with an average classification number of 75.63 in Class III which

indicated that the BMR water was slightly polluted. DO ranged between 2.06 and 12.5 mg/L with a

mean value of 5.96 mg/L while BOD ranged between 3.08 and 6.32 mg/L with a mean value of

4.6 mg/L, among many other parameters analyzed. Also, the presence of heavy metals was

recorded, but did not appear to be much of a threat with the exception of Fe. Most of the pollutants

identified were mainly from infrastructural development and agricultural activities. For domestic

uses, cleaner water would be required and this would need substantial investment in treatment,

while for recreational, livestock and crop irrigation purposes, the water quality would be acceptable

at the present level.
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INTRODUCTION
Fresh water has become a scarce commodity due to over

exploitation as a result of population pressure and pollution

of water. The increase in population has resulted in deterio-

ration of surface and sub-surface water (Shyamala et al.

). In addition to groundwater exploitation, which has

been mismanaged over the years, the productive use of sur-

face water by harvesting of streams and creation of artificial

lakes to supplement other sources for use became inevitable.

The resulting water bodies created, or reservoirs, have been

partially effective in irrigated agriculture, especially in devel-

oping countries for limited food production (Easton &

Petrovic ). In Malaysia, for instance, apart from being

used in producing agricultural products, the waters in
reservoirs also serve as habitats for wildlife, including ende-

mic and endangered species (Mohamed et al. ). Due to

this economic potential, many lakes and ponds have

become popular tourism destinations and recreational sites

for water-based sports including fishing activities (Sharip

& Zakaria ). In Malaysia, about 73 lakes have been

created to supply the nation’s demand (Sharip & Zakaria

). These lakes and reservoirs, just like many others all

over the world, have been facing different challenges such

as eutrophication, sedimentation, weed infestation and

deterioration in water quality. Similar observations have

been made for more than 28 wetlands mostly fed by the

River Noyyal located in Coimbatore, in the state of Tamil
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Nadu in India (Mohanraj et al. ). Several efforts were

put in place by Malaysia’s Department of Environment

(DOE) to maintain reasonable standards in water quality

despite rapid urbanization around the reservoirs’ catchment

areas. The DOE used a water quality index (WQI) to evalu-

ate the quality status of the water bodies in Malaysia which

served as a basis for an environmental impact assessment

(EIA) of any watercourse, pollution load categorization

and designation of beneficial uses classes as provided

under the National Water Quality Standards for Malaysia

(NWQS) (Department of Environment ). In 2009,

1,063 water quality monitoring stations were located at

577 water bodies in Malaysia, out of which 54% of the

water bodies were found to be clean, 36% were classified

under the ‘slightly polluted’ condition and the remaining

10% were considered polluted (Department of Environment

). As a result of the importance of the quality of
Figure 1 | Overview of Bukit Merah Reservoir and its bathymetric map.
reservoir water to the users and its implications, an attempt

was made to assess the water quality status of Bukit Merah

Reservoir (BMR), one of Malaysia’s artificial lakes with

reference to the WQI for proper classification. Also, the con-

tents of total phosphorus (TP) and total nitrogen (TN) from

the BMR sediment were determined.
MATERIALS AND METHODS

Study area

BukitMerah Lake (BML), also called BukitMerah Reservoir,

is the oldest manmade lake in Malaysia. Located in the dis-

trict of Kerian in northern Perak State (Figure 1), the lake

stretches about 60 km to the south of Penang State and

95 km to the north of Ipoh, the capital city of Perak State
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(Najib et al. ). It stores water to about 8.5 m above sea

level with a minimum depth of 5.3 m, and the catchment

area covers about 408 km2 of which the lake surface area

accounts for 33 km2 (Table 1). BMR is located on latitude

100W39014.7″ E and longitude 5W01006.8″ N (DID ). The

BMR basin provides irrigation water to the Kerian Irrigation

Scheme for rice cultivation purposes (Figure 2). The
Table 1 | Physical dimensions of Bukit Merah Reservoir

Parameters Dimensions

Lake volume (km3) 0.083 (WL¼ 8.5 m)

Lake surface area (km2) 33.3 (WL¼ 8.5 m)

Lake length and width (km) 13.88 (L) 4.5 (W)

Length of lake shoreline (km) 61 (WL¼ 8.5 m)

Maximum depth (m) 5.3

Mean depth (m) 2.5

Source: DID (2010), WL¼water level.

Figure 2 | Bukit Merah Irrigation Scheme and the two inlet rivers into BMR.
remainder of the catchment area is classified as moderately

hilly to about 35 m above the mean sea level (DID ).

There are two major river inlets which flow into BMR:

Sungai Merah and Sungai Kurau (Figure 2). However,

there are two other rivers, Sungai Jelutong and Sungai Selar-

ong, which also link up with Sungai Merah and Sungai

Kurau before joining the BMR. The total irrigated area is

about 24,000 hectares including 1,500 hectares in Penang

Province. There are over seventy villages and two towns

(Pondok Tanjung and Batu Kurau), with a total population

of over 38,000 people living around the lake basin.
Determination of water quality index (WQI)

The WQI consists of nine tests which include: dissolved

oxygen (DO), pH, biochemical oxygen demand (BOD),

chemical oxygen demand (COD), temperature, total
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phosphate, nitrates, turbidity and total solids (DOE ).

Five liter water samples were taken at 25 different data

points at 500 m intervals on the BMR, and at four data

points at 25 m intervals on each of the rivers. Some of the

parameters were determined using standard laboratory pro-

cedures in accordance with APHA (). The COD test was

conducted using the COD Vial test tube method. The Ness-

ler Method (Nessler) test was used in measuring

ammoniacal nitrogen, and a DR 2008 Spectrometer with

code 630 was used to determine total suspended solids

(TSS) in the samples taken from BMR. TP content was

measured using the molybdovanadate method and DR

2008 equipment with the code 541 P Total HR TNT. The

same equipment was used for measuring TN content with

the code 395 N Total HR TNT. A portable pH meter was

used to determine pH, and an Inductively Coupled

Plasma Mass Spectrometer (ICP MS) was used to determine

heavy metals contents such as nickel (Ni), cadmium (Cd),

copper (Cu), zinc (Zn), lead (Pb), magnesium (Mg), iron

(Fe) and also calcium (Ca).
RESULTS AND DISCUSSION

Parameter concentration

The pH values ranged from 6.45 to 7.8 with a mean value of

7.015 (Table 2). The pH falls within the range of values

desirable for municipal uses which are between 6.5 and

8.5. Below this range, the water would be considered

acidic and may not be fit for domestic uses, and above this

range it might be considered basic, containing some

elements of pollution. This range would permit existence

of aquatic life in both the adjoining rivers and BMR and

the results also agreed with the findings of Abowei ().

The tolerable pH limit for fish and other aquatic animals

is 9.0, above which the BOD and DO would be reduced

thereby endangering aquatic life. The values of DO ranged

between 2.06 and 12.5 mg/L with a mean value of

5.96 mg/L (Table 2). The maximum range of DO values

were between 5 and 45 mg/L below which aquatic life is

endangered (Akinbile ). Low DO values recorded at

some points during measurement might be due to reduced

photoperiod and photosynthesis activities of aquatic plants
and similar observations were recorded by Abowei ()

in his study. This indicated that the lake status from the

viewpoint of the DO was found in Class II (Table 4) with

values ranging between 5 and 7 mg/L since the mean

value was 5.96 mg/L. The higher amount of DO may be

due to higher lake water dilution and its reduction depended

on the biodegraded quantity of organic and inorganic

materials within the dilution capacity which agreed with

the findings of Ogedengbe & Akinbile (). This means

that minor purification would be needed for public water

supply uses (Table 3). However for recreational purposes,

the water was suited for all types of water sports and for

irrigation purposes.

The values of BOD for the BMR samples ranged

between 3.08 and 6.32 mg/L while the mean value was

4.6 mg/L (Table 2). The observed lowest value might be

due to the infiltration of pollutants into the lake from the

nearby railway construction site and private residences

which might also result in the death of aquatic animals

caused by the oxygen depletion at that point. This was simi-

lar to the findings of Jaji et al. () and Mohanraj et al.

(). Based on the Interim National River Water Quality

Standard (INRWQS) classification and Table 4, the lake

water is in Class III since the mean BOD value was in the

range of 3–6 mg/L. This is considered as ‘slightly polluted’

and requires intensive treatment in order to serve public

water supply purposes. As for recreational purposes, the

water has become polluted but it is still falls within accepta-

ble limits for water sports which are dependent on the

bacteria count in the water. At this stage, fish farming is

doubtful for some sensitive fishes. However, in the samples

analyzed from Sungai Merah and Sungai Jelutong the BOD

value was in the range of 6–12 mg/L and, based on

INRWQS, the water flow from these two rivers is in Class

IV. This indicates heavy pollution and is similar to the

values from Sungai Selarong and Sungai Kurau where

both had higher values of BOD.

For COD, the highest value of 64 mg/L was recorded in

Sungai Kurau, and the lowest value of 32 mg/L in Sungai

Selarong (Table 2). The observations were similar to that of

Shrestha & Kazama (). The DOE WQI classified the

water quality as in Class IV since the COD value ranged

between 25<COD< 100 mg/L, which means that the

water was considered to be very polluted. The implication



Table 2 | Bukit Merah water quality parameters, sub-index, water quality index, class and status

Lake sample (N¼ 25) River sample (N¼ 4)
Water parameters Range Mean Range Mean

DO (%) 27.2–156 77.977 55.4–138.5 89.125

DO (mg/L) 2.06–12.5 5.771 4.27–11.37 7.14

BOD (mg/L) 3.08–6.32 4.656 7.88–9.28 8.528

COD (mg/L) 25–97 65.52 32–64 42.5

SS (mg/L) 1.0–4.0 1.64 1.0–3.0 1.75

pH 6.45–7.8 7.015 6.08–7.6 6.56

NH3–N (mg/L) 0.01–0.05 0.022 0.01–0.06 0.033

DO index 17.78–99.48 71.368 43.72–91.75 70.538

BOD index 75.66–87.37 81.544 63.9–69.23 66.74

COD index 18.58–96.89 36.59 35.15–61.04 52.173

SS index 95.1–96.89 96.506 95.69–96.89 96.44

NH3–N index 95.25–99.45 98.19 94.2–99.45 97.088

pH index 96.49–99.84 98.906 92.07–98.54 94.955

WQI 55–49–88.15 79.087 69.6–83.61 77.94

Class III–IV III III III

Status Slightly polluted Slightly polluted

All units in mg/L, SS¼ suspended solids.

Table 3 | General rating scale for water quality index and uses

WQI 10 20 30 40 50 60 70 80 90 100

General Very polluted Slightly
polluted

Clean

Water classes V IV III II I

Public water
supply

Not acceptable Doubtful Necessary
treatment
becoming
more
expensive

Minor
purification
required

Purification
not
necessary

Recreation Not acceptable Obvious
pollution
appears

Only for boating Doubtful for
water
contact

Becoming polluted
still acceptable
bacteria count

Acceptable for all sports

Marginal for
Trout

Acceptable for all
fish

Coarse fish only Hardy fish
only

Doubtful for sensitive fish

Navigation Not acceptable Obvious
pollution
appears

Acceptable

Treated water
transportation

Not acceptable Acceptable

Source: DOE (2009).
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Table 5 | Heavy metal quantities in water samples

Heavy metals in Lake sample N¼ 25
water samples Range Mean Max. permissible level

Cd �0.001–0.077 0.136 2.0

Cr �0.001–0.11 0.002 0.05

Cu �0.005–0.019 �0.004 1.5

Fe 3.916–8.485 6.532 0.5

Mg 1.631–4.297 2.620 1.5

Mn 0.01–0.099 0.034 1.5

Ni �0.007–0.189 0.053 80

Pb uncal uncal 1.50

Zn �0.0006–0.072 0.000

All units in mg/L, uncal¼ uncalibrated result.

Table 4 | DOE water quality index classes

Classes

Parameters Unit I II III IV V

Ammoniacal nitrogen mg/L <0.1 0.1–0.3 0.3–0.9 0.9–2.7 >2.7

Biochemical oxygen demand mg/L <1.0 1.0–3.0 3.0–6.0 6.0–12.0 >12.0

Chemical oxygen demand mg/L <10.0 10.0–25.0 25.0–50.0 50.0–100.0 >100.0

Dissolved oxygen mg/L >7.0 5.0–7.0 3.0–5.0 1.0–3.0 <1.0

pH mg/L >7.0 6.0–7.0 5.0–6.0 <5.0 >5.0

Total suspended solids mg/L <25.0 25.0–50.0 50.0–150.0 150.0–300.0 >300.0

Water quality index >92.7 76.5–92.7 51.9–76.5 31.0–51.9 <31.0

Source: DOE (2009).
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of this was that the water would not be suitable for public/

domestic supply and recreational purposes. Higher COD

values indicated the ability of water to consume more

oxygen during decomposition, and the level of organic pollu-

tants was also high since more decomposition occurred.

High suspended solids (SS) reduced the clarity of water,

thus reducing the amount of light passing through the water

depth. SS in most freshwater systems originate from water-

shed sources, pollutant point sources, and sediment

suspension. High stream TSS could impact water quality

and deposition in downstream lakes and reservoirs. Since

all the point sample values were lower than 25 mg/L, SS

was classified under Class I which means that the water

was considered clean and no water purification would be

necessary for public supply purposes from the SS viewpoint.

This view was shared by Tong & Chen ().

Similarly from Table 2, the average ammoniacal nitro-

gen (NH3-N) value was less than 0.1 mg/L and, based on

the INRWQS, the water is grouped in Class I which is con-

sidered clean in terms of NH3-N. The lowest NH3-N value

was 0.01 mg/L whereas the highest was 0.06 mg/L. This

was similar in values from the lake which ranged from

0.01 to 0.05 mg/L with a mean value of 0.022 mg/L.

Heavy metals in water samples

Although considerable quantities of heavy metals such as

cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), mag-

nesium (Mg), manganese (Mn), nickel (Ni), lead (Pb) and

zinc (Zn) were present in the lake, they were not present in

sufficient quantities to cause severe harm to aquatic life
with the exception of Fe and Pb which was not detected.

Table 5 shows the range of values and average values of the

nine heavy metals considered in the study for the 25 water

sample points on the lake. Cadmium values ranged between

�0.001 and 0.077 mg/L while the average value was

0.0136 mg/L. Based on the Water Quality Standard, the aver-

age value was much less than the maximum permitted value

of 2 mg/L (WHO ). Also, the average amount of chro-

mium was 0.002 mg/L which was less than the permitted

value of 0.05 mg/L. Similarly, findings showed that iron (Fe)

was present in large quantities in the water samples. The aver-

age value for Fe was 6.532 mg/L which was greater than the

permitted value of 0.5 mg/L which could be due to percola-

tion of water through iron-containing rocks nearby before

flowing into the lake. One result of the presence of iron in

water, according to Simeonov et al. (), is the disease



Table 6 | Total phosphorus and total nitrogen content

Point samples Total phosphorus (mg/L) Total nitrogen (mg/L)

J1 1.2 38

J6 0.3 39

J7 0.4 47

J12 0.8 43

J16 0.3 40

J19 0.4 30

J21 0.4 34

J23 1.4 48

J24 0.6 39

J25 0.4 40

S1 0.5 41

S3 0.2 39

S6 0.5 36

S10 0.6 30

S14 0.9 45

M1 1.0 57

M3 0.9 77

M8 0.5 43

M9 0.2 45

J: Sungai Jelutong; S: Sungai Selarong; M: Sungai Merah.
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called ‘iron overload’ or hemochromatosis. The symptoms of

hemochromatosis include: chronic fatigue, arthritis, heart dis-

ease, cirrhosis, cancer, diabetes, thyroid disease, impotence

and sterility. This indicated that the lake contained high Fe

content. However, lead (Pb) was not detected at all in all

the samples analyzed, and is an indication of the absence of

poisonous substances in or near the reservoir which may

endanger various living species in it and would have made

the water unfit for irrigation purposes. Considering the overall

analysis for the presence of heavy metals, the water of the

BMR was classified as satisfactory.

Water quality index

From the information given in Table 4, theWQI for BMR was

influenced by the sub-index of each water quality parameter.

Most of the point samples varied from slightly polluted to

very polluted. The sub-indices which had the most influence

on the WQI result of slightly polluted and very polluted were

those of BOD and COD. Based on the WQI and uses, for the

BOD sub-index the highest value was 87.37 which indicated

that it was in Class III and of slightly polluted status. How-

ever, for the lowest value of 63.90, it was still in Class III

but of very polluted status. The same goes for the COD sub-

index and, finding the midpoint for the BMR using the

WQI tool, the average value of 75.63 in Class III aptly

described the situation of the lake, after considering all the

pollution parameters determined in this study.

Total phosphorus (TP) content in the sediment

Unlike nitrogen, phosphate is retained in the soil by a complex

system of biological uptake, absorption, and mineralization

(Kleinman et al. ). Phosphates are not toxic to people or

animals unless they are present at very high levels. From

Table 6, it can be seen that the highest TP value was 1.4 mg/

L at point J23 while the lowest was 0.2 mg/L at point M9.

The higher TP value at J23 was due to higher decomposition

rates, and from a study conducted in 2008, the amount of TP

contained in the Bukit Merah water ranged from 0.001 to

0.053 mg/L. However, recent findings revealed values higher

than the ones obtained in 2008 due to increased residential

areas and the development of an agricultural scheme which

also increased the amount of treated or partially treated
waste water generated. Kaiserli et al. () also agreed with

this observation as similar views were expressed in their

studies. Also, the development of the agricultural scheme

helped boost use of fertilizerwhich also containedphosphorus.

As for TN content, which is the sum of nitrate (NO�
3 ),

nitrite (NO�
2 ) and organic nitrogen (Mohamed et al. ),

the highest value of 77 mg/L was detected at point M3

while the smallest value of 30 mg/L was recorded at points

J10 and M19 respectively (Table 6). The amount of TN was

also compared with that of the 2008 study and a similar

increase in values was recorded, due also to increased agricul-

tural activities and population in the area (Ismail ).
CONCLUSION

The analysis of water quality at BMR was carried out in

addition to the analysis of phosphorus and nitrogen contents

of the sediment. Using the WQI which was 75.63 and classi-

fied as Class III, this was an indication that the water was
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slightly polluted and therefore required a certain degree of

treatment which would be a function of the mode of usage.

Some of the sources of pollutants already identified, such as

BOD and COD, were largely from infrastructural develop-

ment activities such as railway construction, agriculture and

recreational development near the river. For domestic or

public uses, clean water would be required and therefore sub-

stantial costs would have to be invested in treatment before

usage, while for recreational, livestock and crop irrigation

purposes, Class III, as in the present form is acceptable. Simi-

larly, considerable phosphorus pollution was detected in the

reservoir’s sediment thereby calling for proper and periodic

monitoring to check dangerous effects of chemicals in soil

and water near the river. Installation of a trash or colloid

screen at an appropriate location for each river inlet into

the lake is necessary to filter the suspended particles and,

finally, there is the need to regulate activities of the new rail-

way construction personnel and operations to prevent further

pollution of the lake.
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