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Abstract

The Gadek Water Treatment Plant in Melaka with a production capacity of 55 million liters per day (MId) supplies
treated water to consumers in the district of Alor Gajah Melaka. The raw water source for the plant is obtained from Sungai
Batang Melaka. On 15th April 2016, a report was received on the pollution of the river which impacted the operation of the
Gadek Water Treatment Plant. An investigation was immediately launched by the Department of Environment (JAS) with the
cooperation of the Badan Kawalselia Air Melaka (BKSAM) and Syarikat Air Melaka Berhad (SAMB) and it was ascertained
that water abstracted at the plant intake point was murky with a strong odour emanating from it. Preliminary surveys found that
this was due to many activities carried out such as aquaculture effluent discharge by commercial catfish farm operators as well
as effluent from sand mining activities that enter Sungai Batang Melaka and continue to flow into the inlet of Gadek Water
Treatment Plant. In conjunction with that, this study aims to identify the economic activities that are operating along a stretch
of Sungai Batang Melaka which has a direct impact on river water quality. This study will be focusing on point source and non-
point source pollution, followed by a study on the river water quality parameters based on the Water Quality Index (WQI) and
eventually identify the river classification of Sungai Batang Melaka. A total of twelve (12) stations were selected to obtain the
water samples needed for a distance of 24 kilometres stretch of the river, while the laboratory analysis was based on HACH and
APHA methods. The study shows that the raw water quality of Sungai Batang Melaka is influenced by point source and non-
point source pollution, the main contributing factor being commercial fish breeding. Result obtained in this study shows the
physical-chemical parameters of Sungai Batang Melaka are pH (5.97-7.68), TSS (19-426), DO (0.38-5.12), BOD (2-64.5), COD
(9.2-120) and AN (0.58-17.16). Overall, the WQI for Sungai Batang Melaka was classified as a Class IV river in 2016, with an
upgrade to Class 1l in 2017. Hopefully, the study's findings will provide the essential knowledge to ensure that this progress
continues in the future.
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1. Introduction

Pollution can occur either naturally or through man-
made activities when a significant amount of
unwanted foreign particles enters the drainage system
resulting in the water being classified as polluted [1].
In the aquaculture industry, fish breeding has been
identified as a sector that has the potential to expand
on a bhig scale even the Malaysian government has
embarked on it under the New Key Economic Area
(NKEA) [2]. As one of the economy contributing
activities, the volume of freshwater fish produced is
expected to increase by 35.7% from 122.2 thousand
metric tonnes in 2011 to 165.8 metric tonnes in 2015
[2]. These economic activities are obviously related to
river water quality. According to a report by the

Department of Environment, a total of 276 (58%) out
of a total of 477 rivers being monitored have a clean
water quality index and 168 (35%) are slightly
polluted and 33 (7%) is polluted [3, 4]. Water pollution
is defined as any change in water quality that has a
negative impact on living organisms and those who
need to use the water supply [5, 6]. Source of pollution
either point source, pollution that comes out through
pipes or any water outlet where the location is known
or non-point source, from scattering source whose
location is difficult to identify [7].

In Malaysia, the treated water supplied through the
public supply system must comply with the standards
set by the Ministry of Health (KKM) which is the
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National Water Quality Standard guideline. For river
water, the determination of river classification is
through the Interim National Water Quality Index
(INWQI) and Water Quality Index (WQI) as set by the
Ministry of Environment [8]. Malaysia relies primarily
on surface water such as river water as the main source
for the water treatment plants supplied to consumers.
Consequently, the raw water quality especially the
river water must also be monitored because polluted
river water will result in increased costs of water
treatment [9, 10]. In Malaysia, the treated water
supplied through the public supply system must
comply with the standards set by the Ministry of
Health (KKM) which is the National Water Quality
Standard guideline. For river water, the determination
of river classification is through the Interim National
Water Quality Index (INWQI) and Water Quality
Index (WQI) as set by the Ministry of Environment
[11].

In the incident of pollution on 15th April 2016
reported at Gadek WTP in Melaka total of 30,348
accounts registered with Syarikat Air, Melaka Berhad
had been affected [12]. An investigation by the JAS
with the help of BKSAM and SAMB indicated that
this incident occurred due to numerous activities
upstream such as effluent discharge from aquaculture
activities involving commercial catfish farm breeding
and sand mining activities which discharged directly
into Sungai Batang Melaka and subsequently flowed
into the intake point of Gadek WTP. Further
investigation on 20th April 2016 revealed that water
stored in temporary ponds at one of the fish breeding
premises had overflowed resulting in the pollution of
the Sungai Batang Melaka [13]. This is due to the
absence of a systematic arrangement of the ponds
before the water is discharged into the river. It was

found that when this aquaculture effluent was
discharged all the various chemical substances were
simultaneously drained before flowing into the river.
The polluted water will also impact aquatic and plant
life inherent in the river and subsequently affects the
river ecosystem itself. Being one of the major water
treatment plants in Melaka, the continuous operation
of the Gadek WTP which abstracts raw water from
Sungai Batang Melaka is of utmost importance.

This study aims to ensure that the water treatment
process is working optimally and that the treated water
delivered conforms with the National Drinking Water
Standard. Pollution in the Sungai Batang Melaka will
have an impact not just on the river's water quality, but
also on the Sungai Melaka, as it is one of the river's
major tributaries. A significant level of pollution in the
Sungai Batang Melaka river system will prevent the
treatment plant from operating according to its
standard design method. This raises concerns about the
traditional treatment process's capacity to handle
coloured and low-quality water in accordance with the
National Drinking Water Quality standard.

2. Methodology
2.1. Sampling Area

A total of 12 sampling stations were chosen for the
study in the Sungai Batang Melaka basin (Figure 1).
Of these numbers, five sampling stations are point
source pollution (station 1 3, 4, 6, 8 and 9) while the
other seven stations are non-point sources (station 2,
5,7, 10, 11 and 12). All sampling stations are tagged
with the GPS. The selected sampling stations were
determined by their hydrogeographical factors and
their surrounding anthropogenic activities that may
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2.2. Location Information
The summary for 12 sampling stations is shown in Table 1 below.

Table 1
Location of sampling station
Status Stations Locations Coordinates Location Information Surrounding Areas
1 Gadek Intake 2°24'27.46"N Streams from Kru River, Tebong | Gadek Water Treatment Plant,
102°15'15.43"E River and Menggong River Village Area and Gadek Town
Gadek Hot 2°24'26.72"N . Gadek Hot Spring and Village
3 Water 102°14'18.82"E Flow from Tampin River Area
. 2°24'1.34"N The flow leads to the Batang . -
boint 4 Ganun Catfish 102°14'24 01"E Melaka River Catfish Pond and Village Area
Source onnt " Wastewater from the municipality | Municipalities such as
6 Pengkalan 2 202 2.4'91 N into the Batang Melaka River | Housing Parks, Schools and
Series 102°13'17.58"E :
towards the Melaka River Towns
Melaka Sand 2°22¢07.27"N . . -
8 Move 102°1309 66"E Melaka River Flow Villages and sand mining
9 Melana Ditch 2°20°46.15"N The flow of the Catfish Pond Catfish Pond
Catfish 102°16°33.20" E enters the Melaka River
Batang Melaka 2°24'31.86"N R .
2 River 102°159.29" £ Flow from Tampin River Villages and Pekan Gadek
5 Ganun River 2°2325.70"N The flow leads to the Batang | Ganun Catfish and Gadek Hot
102°1424.60" E Melaka River Spring
. " Municipalities such as
Pengkalan 2°24'26.72"N . .
7 Series Bridge 102°14'18.82"E Melaka River Flow Housing Parks, Schools and
Non- Towns
Point Melana Ditch 2°20°46.15"N The flow of the Catfish Pond ) .
Source 10 River 102°16°08.05" E enters the Melaka River Catfish Pond and Village Area
11 LA Park Bridge 2°18'49.60"N The flow of the Catfish Pond Housing parks and food courts
21 102°16'56.22"E enters the Melaka River gp
Village  Areas, Bunded
12 Melaka River 2°17'55.39"N Melaka River Flow and Durian | Storage Durian  Tunggal,
Intake 102°15'43.71" E Tunggal Dam Kolam (Local Plan Flood Alor
Gajah and Central Melaka)

2.3. Study Parameters
The parameters under study involve the measurement
of pH, Total Suspended Solids (TSS), Dissolved
Oxygen (DO), Biological Oxygen Demand (BOD),

Chemical Oxygen Demand (COD), and Ammoniacal

Table 2: Tools and methods

Nitrogen (AN). The tools and methods used in this
study as shown in Table 2. The results obtained will
determine the classification of the river by water
quality parameters based on Table 3 as well as the use
of the river as in Table 4.

Egypt. J. Chem.65, No. 3 (2022)

Parameter Tools Standard
Methods
Total HACH Spectrophotometer Apha 2540
Suspended DR 5000. Code Program:
Solids (TSS) 630 Suspended Solids
pH HACH  SensION+ PH1 | Apha 4500-H
Portable pH Meter
Dissolved sensION6 Portable Apha 4500-0
Oxygen (DO) Dissolved Oxygen Meter
Biological Standard Methods for the Apha 5210b
Oxygen Examination of Water and
Demand (BOD) | Wastewater
Chemical HACH Spectrophotometer Apha 5220d
Oxygen DR 5000. Code Program:
Demand (COD) | 430 COD LR
Ammoniacal HACH Spectrophotometer Apha 4500b
Nitrogen (AN) DR 5000. Code Program: &c
380, N,Ammonia, Ness
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Table 3: River classification based on water quality
parameters [14]

Class

Parameter Unit

| 11 11 v Vv
Ammoniacal
Nitrogen mg/l <0.1 8; gg' (2)3 >2.7
(AN) ' ' ’
Biological
Oxygen
Demand mg/l <1 1-3 3-6 6-12 >12
(BOD)
Chemical
Oxygen 50-
Demand mg/l <10 10-25 | 25-50 100 >100
(COD)
Dissolved
Oxygen (DO) mg/l >7 5-7 3-5 1-3 <1

6.0- 5.0-

pH - >7.0 70 6.0 <5.0 <5.0
Total
Suspended | mg | <25 | 25-50 igo égg' >300
Solids (TSS)
Water Quality Index 76.5- 51.9- 31.0-
(WQI) 2927 | 927 | 765 | 519 | 1

Table 4: Classification of water classes and their uses
[15]

Class | Uses

Conservation of natural environment

| Water Supply- Practically no treatment necessary

Fishery- Very sensitive aquatic species

HA Water Supply- Conventional treatment required

Fishery- Sensitive aquatic species

11 B Recreational use with body contact

Water Supply- Extensive treatment required

11 Fishery- Common, of economic value and tolerant
species; livestock drinking

[\ Irrigation

\Y/ None of the above

2.4. Classification Based on Water Quality Index
Classification based on the Water Quality Index is
done to find out the pollution status of the river and the
level of pollution. All experimental results for BOD,
DO, COD, pH, AN and total suspended solids were
evaluated using the WQI method based on the formula
below [16]:

where;

SIDO = Subindex DO (% saturation)
SIBOD = Subindex BOD

SICOD = Subindex COD

SIAN = Subindex NH3-N

SISS = Subindex SS

SlpH = Subindex pH

0<WQI<100
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Table 5: Best Fit Equations for the estimation of Various Subindex
Value

Parameter | Value Subindex Equation (SI)

coD For X=<20 SICOD =99.1 - 1.33X
For X>20 SICOD = 103* [16]

BOD For X=<5 SIBOD =100.4 — 4.32X
For X>5 SICOD = 108* [16]
For X=<0.3 SIAN =100.4 — 4.32X -

AN For0.3<X<4 SIAN = 94* (E)-0.573x-5(x-2)
ForX=>4 SISS=0
For X =< 100 SISS = 97.5*[16]-0.00676x+ 0.1X

SS For 100 < X <1000 | SISS = 71*[16]-0.0016x+ 0.015X
For X =>1000 SISS=0
For X <55 SlpH =17.2 - 17.2X + 5.02X?

H For55=<X<7 SIpH =-242 + 95.5X — 6.67X?

P For7=<X<875 SlpH =-181 + 82.4X — 6.05X2
For X =>8.75 SlpH =536 — 77X + 2.76X2
For X = DO (mg\L)

DO *12.6577 SIDO =0
ForX=<8 SID0=0.395+0.030X20.000198X?
For8>X

Note: X has multiplied the concentration of the parameter in mg/L
except in pH and DO. * means multiply with.

Based on a calculation using the WQI formula
referring to Table 5, best-fit equations for each
subindex value, rating of water quality is determined
according to Table 6.

Table 6: Rating of Water Quality According to WQI

Rating of Water
Class WQI Value Quality
| 90 - 100 Excellent water quality
1 75-90 Good water quality
11 45-75 Medium water quality
[\ 2045 Poor water quality
\Y 0-20 Very poor water quality

3. Results and Discussion
3.1. Physical-Chemical Parameters
3.1.1 pH

The analysis of water samples obtained from rivers
shows that the pH of raw waterfalls is within the set
standards. Figure 2 shows the pH profile result. The
lowest pH reading is recorded at Station 1 which is the
location of the Gadek WTP intake with a reading of
5.97. For the location where catfish breeding is carried
out which is station 9 at Parit Melana, the pH reading
was recorded as 7.68. The high pH value at this point
also shows an increase in the concentration of
ammonia at this location, in line with the problem
statement discussed in the first chapter of this study.
Meanwhile, the pH profile for the point source shows
the lowest pH reading was recorded at station 2 located
at Sungai Batang Melaka with a reading of 6.12 while
the highest reading was recorded at station 5 which is
the site of catfish breeding at Ganun with a pH reading
of 7.48. Altowayti, Algaifi, Bakar and Shahir [17] and
Haris, Altowayti, Ibrahim and Shahir [18] state that
there was a negative correlation between the activity
of heavy metals in the water and pH. These results
indicate that pH may be an important factor in water
quality assessments [19].
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Fig. 2. pH profile

3.1.2  Total Suspended Solid (TSS)

Suspended solids have a big impact on the water
treatment process. The suspended solids will cause the
water to become murky rendering the water to be
unsuitable as drinking water. Water containing a high
suspended solid content is difficult to treat to produce
clean water. In fact, the cost of treatment will increase
due to the higher volume of chemicals involved. The
suspended solid content will be higher if samples are
taken after it rains as the river will be murky. Figure 3
shows the parameter value of suspended solid in this
research.

lloms, Ololade, Ogola and Selvarajan [20] state that
municipal and industrial wastewater effluents are
point source pollution. For point source location,
under Class V, station 9 and station 3 show the highest
value of 426 mg/l and 356 mg/l respectively. This is
closely related to the activities being carried out at
both stations in which effluent from catfish breeding
at Parit Melana is released at station 9 and effluent
from a chicken coop cleaning is discharged at station
3. Two (2) stations that are closely allied to urban and
rural activities fall under river classification Class IV
which is station 1 and station 6 with readings of 163
mg/l and 188 mg/l respectively. Station 8 is under
Class 111 with a reading of 60 mg/l and the last station
4 is under Class Il with a TSS value of 46 mg/I.

While for the parameter values of suspended solids
for non-point source, Station 11 at Jambatan Taman
LA21 is under Class I with the lowest TSS value of 19
mg/l. All the other stations ie stations 2, 5, 7, 10 and
12 fall under Class Il in which the activities involved
are rural-based and catfish breeding. Past studies have
shown that suspended solids content from point and
non-point sources reveals 3 results that classify
Malaysian rivers falling into Class | while the rest falls
under Class Il and above. If a comparison is made with
the average suspended solid parameter of Sungai
Batang Melaka which is under Class IlI, Sungai
Batang Melaka shows a level of pollution that is

Egypt. J. Chem.65, No. 3 (2022)

relatively high compared with the location stated in
past studies in Malaysia.
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3.1.3  Dissolved Oxygen (DO)

The dissolved oxygen (DO) readings can indicate
the degree of pollution in a particular sample of water.
It is one of the most important indicators of water
quality on which the survival of aquatic life depends.
When DO becomes too low, fish and other aquatic
organisms cannot survive [21]. The lower the
dissolved oxygen level, the more polluted is the water.
The DO level of Class V deduced from the data
obtained for Sungai Batang Melaka indicates a very
severe level of pollution. Figure 4 shows the DO
readings obtained from this study. At point source
location, from observation, the highest DO level is at
station 1 which is at the Gadek WTP intake with a
reading of 5.2 mg/l. One station falls under Class Il
which is station 8 with a reading of 4.01 mg/l. The high
readings observed at stations 1 and 8 may be due to a
minimal economic activity at those stations whereby
station 1 is located downstream of Sungai Batang
Melaka while station 8 is located near an abandoned
sand mining site that has ceased its activity. Low DO
levels under category Class V are observed at stations
3, 4, 6 and 9 where it is observed that catfish breeding
activities are in operation within the vicinity of these
stations. This indicates that the activities in operation
have resulted in low DO levels due to the process of
microbe decomposition occurring at those locations.
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In contrast, the DO reading at the location of the
non-point source, it is found that the highest DO level
is at station 11, LA Park Bridge 21 with a reading of
5.12 mg /L. Low DO readings and being in class V
were found to occur at station 10 where the location
was the location of catfish farming activities. One (1)
station is in class IV which is station 12, four (4)
stations are in class Il which is station 2,5,7 while
station 11 is in class Il. The results obtained show that
the DO content at the stations is affected as a result of
economic activities carried out in those areas. This is
in line with the theory that dissolved oxygen is the
amount of oxygen that needs to be used to ensure that
the process of microbial decomposition can be done in
aqueous systems. If oxygen is not continuously
supplied in water, DO will decrease, depending on the
amount of decomposition of organic matter produced
[22, 23].

3.1.4  Biological Oxygen Demand (BOD)

Biochemical Oxygen Demand (BOD) is a
parameter that determines the strength of pollutants in
terms of oxygen use to stabilize domestic and
industrial wastes. Usually, the BOD value in the river
is around 2 to 7 mg/l [24]. From the data obtained, the
BOD values are at a very unsatisfactory level. The
BOD parameter is very closely related to the DO. If
the DO value is low, the BOD value will be high as it
is required in the decomposition of food for the
bacteria. Referring to Figure 5 a total of five (5)
stations displayed high BOD values and fall under the
Class V river category comprising of stations 3, 4, 6, 9
and 10. BOD directly affects the amount of dissolved
oxygen in water bodies. As expected the relationship
between the BOD and DO values at those stations are
similar and most of those locations are affected due to
the catfish breeding activities. The greater demand for
BOD more rapidly depletes the oxygen in the water
bodies making lesser availability of oxygen for higher
forms of aquatic life [21]. The remainder of the
stations shows one (1) station falls under Class 1V
which is station S12 whilst four (4) other stations are
under Class 111 which are stations 2, 5,7,8 and two (2)
stations are under Class Il which are stations 1 and 11.
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Fig. 5. The biological oxygen demand profile
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In theory, the BOD is an indicator of the estimated
oxygen consumption. The higher the oxygen
consumption is, the more is the organic pollutant
content. A high BOD value means the oxygen
consumed by the bacteria for the decomposition
process of the organic material is high. This indicates
that the higher the BOD value, the lower is the
dissolved oxygen content in the water [25].

3.1.5  Chemical Oxygen Demand (COD)

Chemical Oxygen Demand (COD) is the quantity
of oxygen required by the oxidation agent for the
oxidation process of all the organic materials. The
organic materials will be transformed into carbon
dioxide, water and ammonia. Figure 6 shows the COD
readings for the twelve (12) sampling stations. In
general, the readings of all the stations indicate a river
classification of Class Il, 11l and IV. The second-
highest reading is station 3 with a reading of 88.0 mg/I.
The activity carried out at station 3 involves a hot
spring recreation and there also exists a chicken coop
that occasionally discharges wastewater from the
cleaning activity of the chicken coop in a large volume
after a heavy downpour. This indicates that the activity
taking place contains a high organic polluting
substance causing an increase in the COD reading at
that location. Stations 1 and 8 are under Class Il while
under Class 1l are stations 4 and 6.

For non-point sources, only one station in Class IV,
which is station 10 with reading COD is 56 mg/l. The
location of station 10 is directly related to station 9. In
this case, a high COD reading can be attributed to its
origin of flow from station 9 in which the discharge
from the catfish breeding pond is discharged directly
into the river flow at station 10. Stations 2, 5, 7 and 12
are under Class Il while station 11 which registers the
lowest reading of 9.2 mg/l is under Class I. Most of the
activities operating near these stations are urban and
rural-related activities. Due to this, the COD readings
in those areas are lower compared to station 9. The
COD parameter is an indication of the amount of
oxygen needed to oxidize the organic matter
chemically which produces carbon dioxide and water
throughout its process [26]. COD values also reflect
the degree of pollution in a particular water sample
that is being tested. The COD value will be higher than
the BOD value because all organic matters are
oxidized in these tests.
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3.1.6 Ammoniacal Nitrogen (AN)

Ammonia readings will be high when wastewater
and sewage containing the elements N* + NO® + NO?
is discharged that results in changes to the colour and
smell of the water. Out of the twelve (12) sampling
locations, four (4) activities especially catfish breeding
activity. The stations concerned are 3, 4, 6, 9 and 10.
Five (5) stations are under Class IV and they are 2, 5,
7, 8 and 12 in which the majority of them are involved
in urban locations have been identified that can
contribute to effluent discharge containing the
elements N* + NO® + NO? in which these locations
have been identified as carrying out catfish breeding
activities. Results of sampling analysis show five (5)
stations are within Class V and IV while two (2)
stations are under Class IlIl. The stations that are
classified under Class V are located in areas with
active economic and rural-related activities. Two (2)
stations are under Class Il which is station 1 with an
ammonia reading of 0.58 mg/l and station 2 with a
reading of 0.79 mg/l. The location of station 1 is
related to the water treatment plant operation and this
shows a relief in the sense that the raw water source
supplied to the plant complies with the Drinking Water
Quality Standard which is less than 1.5 mg/l. This
explanation can be summarised as in figure 7.

For non-point source locations, the result of this
study shows a high AN content present at the main
locations where there are urban-related and catfish
breeding activities. The highest AN reading for point
source is at S9, at Parit Melana where fish breeding is
being carried out. For a non-point source, the highest
AN reading is at station 12, Sungai Batang Melaka
water intake point. The high content of AN in the
water will spur the uncontrolled growth of algae which
will cause a eutrophication process and cause the
drainage system to become shallow. This phenomenon
shows that this parameter can act as an indicator of the
degree of pollution generated in the water source [27-
29].
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Fig. 7. Ammoniacal nitrogen profile

3.2. River Classification according to Water Quality
Index (WQI)

In general, the sampling stations are divided into
twelve (12) locations along Sungai Batang Melaka.
These twelve locations are categorized into point
source and non-point source. Point source locations
are at stations 1, 3, 4, 6, 8 and 9. Non-point source
locations are at stations 2, 5, 7, 10, 11 and 12. Results
obtained from the analysis of the physical-chemical
parameters were then used to calculate the Water
Quality Index using the calculation of the sub-index
parameter. Table 7 show Water QGédbg/ Parameters
Sungai Batang Melaka in 2016

Table 7

Water quality parameters Sungai Batang Melaka in 2016
%) Water Quality Parameters Sungai Batang Melaka
2 [ (mg/L)
S NH;-

DO BOD | COD N SS pH

1 5.20 2.00 11.0 0.58 163 5.97
2 4.10 3.90 17.0 1.53 81 6.12
3 0.98 40.4 88.0 7.07 356 6.63
4 0.83 18.0 49.0 6.13 46 6.87
5 4.19 3.89 15.0 1.14 91 7.48
6 0.77 16.6 41.0 8.30 188 6.58
7 4.05 3.52 12.0 1.31 61 6.73
8 4.01 3.66 16.0 2.21 60 6.50
9 0.38 64.5 120.0 17.16 426 7.68
10 0.81 16.8 56.0 8.23 134 | 7.25
11 5.12 244 9.20 0.79 19 7.10
12 2.21 6.21 24.0 1.08 102 7.28

The determination of the WQI index for every
parameter obtained is based on the calculation of the
sub-index parameter as shown in DOE. Table 8 shows
the sub-index data and the Water Quality Index (WQI)
obtained. From calculations of the sub-index for all the
parameters involved, the WQI value is generated for
every sampling station. River classification can be
determined based on the WQI values obtained.
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Table 8: Subindex data and Sungai Batang Melaka Water Quality
Index in 2016

Value Subindeks Water Quality
9 Sungai Batang Melaka 2016 < 0
= | @ ol elL2l ol e |08
518 PEPS It :
1 0 92 84 75 52 90 61 11
2 0 84 76 41 60 93 55 11
3 0 8 22 0 78 98 32 \Y
4 0 38 46 0 74 99 38 v
5 0 84 79 53 57 97 57 11
6 0 42 52 0 91 98 43 \Y
7 0 86 83 48 68 99 59 11
8 0 85 78 25 68 97 55 11
9 0 -3 11 0 30 95 19 V
10 0 41 41 0 55 98 35 \Y
11 0 90 87 66 69 99 64 11
12 0 76 70 55 -1 98 46 v

Figure 8 shows the Water Quality Index for every
sampling station. Six (6) stations are found to be under
Class 111 while five (5) more stations are under Class
IV. All the five (5) stations under Class IV are actively
involved in economic activities in which three (3) of
them are located near catfish breeding activity
comprising of stations 3, 4 and 10. The other two (2)
stations (6 and 12) are actively involved in urban and
rural-related activities. One (1) station falls under
Class V which is station 9 involving catfish breeding
at Parit Melana with a WQI value of 19. This shows a
very high degree of pollution due to the economic
activity at that location.
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Fig. 8. Sungai Batang Melaka Water Quality Index and River
Classification in 2016

3.3 Changes in Water Quality Change at Sungai
Batang Melaka

During the period of this study, steps were taken to
improve the water quality of Sungai Batang Melaka.
Among the agencies involved are the Badan
Kawalselia Air Melaka, Jabatan Alam Sekitar Melaka,
Jabatan Kesihatan Negeri Melaka, Majlis Perbandaran
Alor Gajah Melaka, Jabatan Pengairan dan Saliran
Melaka and Syarikat Air Melaka Berhad. Among the
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drastic steps taken according to the rules and
regulation in force is the closure of catfish rearing
ponds which is the main factor in the decline of the
water of Sungai Batang Melaka. Table 9 shows the
parameter readings of the water quality of Sungai
Batang Melaka which was observed in 2017 while in
Table 10 shows an improvement in the water quality
of Sungai Batang Melaka for 2017, which all the
stations were under Class IlI.

Table 9: Water quality parameters Sungai Batang Melaka in 2017
Water Quality Parameters Sungai Batang Melaka
(mg/L)

NH;-
N
6.66 3.80 12.9 0.08 32 6.71
6.59 3.40 66.0 0.33 32 4.27
1.93 2.00 50.0 0.14 80 5.02
5.12 2.14 10.0 0.26 25 5.14
3.22 3.17 11.0 0.53 51 6.99
5.07 2.82 8.0 0.54 25 6.02
4.01 3.01 10.0 1.20 44 6.68
3.99 2.66 12.0 117 37 6.23
0.72 21.9 30.0 0.05 55 6.28
4.11 3.20 9.0 0.22 25 6.01
5.17 2.32 8.31 0.68 20 6.88
5.04 4.50 14.5 0.11 46 6.59

DO BOD | COD SS pH

SlE|B|e|e|~|o|u|s~fw|n|—] uonels

Table 10: Subindex data and Sungai Batang Melaka Water Quality
Index in 2017

Value Subindeks Water Quality
® Sungai Batang Melaka 2017 o
S lelelel gcle]le|d|8
= O Q9w O |[zZ2 | 4| T = “

ol ojo|"X |G |T
1 0 84 | 82 92 80 | 98 | 68 | 1l
2 0 86 | 34 86 80 | 35 | 52 | 1l
3 0 92 45 86 61 57 54 11
4 0 91 | 86 73 84 | 61 | 63 | 1l
5 0 87 84 77 72 | 100 | 65 11
6 0 88 | 88 75 84 | 91 | 66 | 1N
7 0 88 | 86 51 75 |1 98 | 62 | 1
8 0 90 | 83 52 78 | 94 | 62 | 1l
9 0 30 | 63 95 70 | 95 | 53 | 1
10 0 87 87 77 84 91 66 11
11 0 91 | 88 70 86 | 99 | 68 | 1
12 0 81 | 80 89 74 | 98 | 65 | 1l

The changing pattern in the water quality index
between 2016 and 2017 is more obvious as shown in
Figure 9 in 2017 the WQI of Sungai Batang Melaka
registered an average increase of 45% as compared to
2016. All the sampling stations were under Class Il in
2017 in comparison to the previous year which was
only six (6) locations. Each of the three locations under
Class IV and V shows an increase in the river
classification to Class IlI.
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Figure 10 shows the change in river classification
for 2016 and 2017 which shows there were changes in
six (6) stations, five (5) stations under Class IV and
one (1) station underclass V which has increased to
Class I11. The increase in river classification for 2017
shows that efforts to monitor the situation have been
carried out accordingly by the relevant authorities in
containing the pollution of Sungai Batang Melaka.
Early steps taken by the Badan Kawalselia Air Melaka
include the earth filling of the fish ponds and blocking
the effluent pipes from discharging directly into the
river. Subsequently, the closure of the fish ponds was
undertaken in accordance with Section 8. The closure
of the unlicensed fish ponds has effectively yielded the
desired result in which the prevention of effluent
discharge from the fish ponds has successfully
overcome the pollution of Sungai Batang Melaka [30,
31].
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Fig. 10. River class comparison at each station

4. Conclusion

Based on the study undertaken, it can be concluded
that the Sungai Batang Melaka is the main artery for
the release of flows within the Batang Melaka area.
The effects of economic activities undertaken within
the area are the main contributor to the river quality in
Melaka as Sungai Batang Melaka is located on the
upper reaches of Sungai Melaka.
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Out of twelve (12) sampling stations chosen, five
(5) stations are categorized as a point source and the
remaining seven (7) stations are the non-point source.
Both categories contribute to the pollution of Sungai
Batang Melaka. The main economic activity which
has been identified as yielding a bad effect on the
water quality of Sungai Batang Melaka is the catfish
breeding involving four (4) stations which are stations
4, 5,9 and 10. All four stations are classified between
Class I11to Class V. Besides that, another station under
Class V is station 3 located at Air Panas Gadek where
the ongoing activity at that point is the visits made to
utilize the hot spring facility available. For the other
stations, the activities undertaken are urban and rural-
based in which the river classification is between Class
Il and IV.

From the results of the quality study for physical,
chemical and biological parameters of Sungai Batang
Melaka, the calculation of the Subindex Parameter
was done and based on the results obtained, the
average reading of the twelve (12) stations calculated
indicates that Sungai Batang Melaka falls under Class
IV. This shows that Sungai Batang Melaka is more
polluted in comparison with other rivers mentioned in
the previous study which on average are under Class
Ii.

However, the WQI value for 2017 shows that all
the twelve (12) stations fall under Class I11, an increase
of 45% compared to 2016. This shows that the steps
taken to control the economic activities which
contribute to the decline in river water quality have
been successfully implemented in the best manner.

Corrective measures undertaken by the relevant
authorities are seen to produce the desired results
positively with the increase in the WQI and river
classification within one year. However, to ensure that
this transformation is continuous and more effective in
the future, a continuous effort needs to be actively
engaged by all the parties involved.
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