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Abstract

The growth in urbanization, industrialization and irrigated agriculture are imposing growing demands and
pressure on water resources. As a case in point, Lunchoo River, Malaysia was considered on of the contributing
factor to water quality deterioration with regional consequences on the aquatic ecosystem. Moreover, it also
deemed to affect the health of the downstream sub-basin user group. Influenced by tidal, restricted exchange
between estuaries and the open sea allows rapid change in salinity, temperature, nutrients and sediment load.
Therefore, a balance is vital between development and a good quality of life. In the present study, limitation on
point source pollutant and low flow conditions are investigated. An understanding of the existing river and waste
stream characteristic is necessary to determine the background level of pollutant. In addition, output generated
from this study is an important key towards an optimal management of water resources. Results showed that in
making prediction of water quality for Lunchoo River, it is essential to characterize the volume and properties of
the river and wastewater stream. Moreover, both hydraulic and constituent flow rate fluctuated greatly in most
part of the experimental field.
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1. Introduction

In general, source of pollution can be categorized in two types, point source pollution and non point source
pollution. Point source pollution is a single identify localized source. Point sources are relatively easy to identify,
quantify and control. Point sources of water pollution include discharge from municipal sewage treatment plant
and industrial plant (Peavy et al., 1985).

Generally, in focusing on point-source pollution, the most potential pollutants are industrial discharge (Krenkel
& Novotny, 1980). Point-source pollutants in surface water and groundwater were usually found in a plume that
has the highest concentrations. To indicate this situation, domestic sewage and industrial wastes act as
point-source as they are generally collected by a network of pipes and channels and conveyed to a single point of
discharge into receiving water (Masters, 1998). Figure 1 shows the main point-source pollutants of Lunchoo
River catchments boundary.

Municipal point sources are the result of community sewage treatment systems. At the sewage treatment plant,
wastewater is treated to remove solid and organic matter, disinfected to kill bacteria and viruses, and then often
discharged to a surface water (Vigil, 1996). Not all solids and organic matter are removed during treatment,
resulting in degraded receiving water quality, due to a reduction in dissolved oxygen. Nutrients such as
phosphorus that are not removed during treatment can cause overgrowth of algae and other organisms, also
leading to lower dissolved oxygen. Many toxic substances can pass through conventional municipal treatment
systems.

Industrial point sources are the result of industries using water in their production processes, and then treating
the water prior to discharge. Some of the industries requiring process waters include pulp and paper mills, food
processors, electronic equipment manufacturers, rare metal manufacturers, textile manufacturers, pharmaceutical
manufacturers, forest product producers, leather tanners, and chemical manufacturers (Vigil, 1996).

Information on low-flow statistic of stream is essential for the development and management of surface-water
resources (Novotny, 2003). Such information is useful to calculate stream design-flow for water quality standard.
In actual fact, wastewater effluent dominated pollution typically violates chemical criteria during low stream
flow (Spellman, 2004). In general, flow and water quality are important in predicting the pollutant load within
the water bodies (Abdul Ghani et al., 2009). In managing water quality it is important to determine aggregate of
point and non point source pollution loads in order to set maximum allowable loads from each source that
contribute to pollution of a river. Chang et al. (2001) stated that it is essential to assess the water quality
condition of the river even though the information and data availability is limited and there are various
classification methods that have been used for estimating the changing status and usability of surface water in
river basin.

Lunchoo River located approximately at 1° 29°N and 103° 50’E of Mukim Plentong, Johor Bahru, Malaysia. The
length is around 5km and has a surface area of 7.5 kilometres square. Existing activities along the river
contributed to the water quality deterioration with regional consequences of aquatic ecosystem. The main aim of
this study was to investigate the point-source pollution and to predict pollution data within Lunchoo River
waterways. The current study also means to provide some useful information for mitigation measures in reducing
pollution.The more specific objectives of this study were; a) to address in general the type and point-source
pollution within the river basin, b) to predict the impact towards contamination of certain constituents on
point-source pollution using mass balance analysis, and c) to provide strategy and formulation of an action plan
to improve river water quality. The study focused on point-source pollutant using low flow design criteria. Due
to time constrain, only certain parameters of water quality was investigated using mass balance. The catchments
are divided into three parts; Atman Perindustrian Seri Plentong, Kota Puteri and Jalan Bukit 1, 2, 3 and Bukit
Lunchoo (Figure 2).

2. Materials and Methods

In order to understand the important criteria of the area of concern, several considerations, assumptions and
adjustment of previous data were adapted. In this section, a general approach that has been used to analyze the
data was given. A hydrological based low-flow frequency were determined using annual series of minimum
n-day (number of consecutive days) daily mean low flows and fitted into a log-Pearson Type III. The minimum 7
d flow that would be expected to occur every 10 years was generally accepted as the standard design flow. To
calculate the design of rainfall intensity (log Pearson Type III), the following equations were used;

logx =logx+Ko,,, (1)
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where x is the flood discharge value of some specified probability, logx is the average of the log x discharge

values, K is a frequency factor, and O is the standard deviation of the log x values. The frequency factor K is a
function of the skewness coefficient, C; where n is the number of entries, x the flood of some specified

probability and Ologx is the standard deviation. Therefore, analysis on low flow discharge design can be
determined by using Rational Equation:

Q=ciA (6)
Where, Q is the design of flood discharge, c is the runoff coefficient, i is rainfall intensity and A drainage area.
2.1 River Quality

The Department of Environment (DOE) used Water Quality Index (WQI) to evaluate the status of the river water
quality. The WQI serves as the basis for environment assessment of a watercourse in relation to pollution load
categorization and designation of classes of beneficial uses as provided for under the National Water Quality
Standards for Malaysia (NWQS). It consists of six (6) parameters - Dissolved Oxygen (DO), Biochemical
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Ammoniacal Nitrogen (NH3N), Suspended Solids
(SS) and pH. This WQI is defined as:

WQI = (0.22* SIDO) + (0.19*SIBOD) + 0.16*SICOD) + (0.15*SIAN) + (0.16*SISS) + (0.12*SIPH)  (7)
2.2 River Concentration and Loads
The concentration and load were related through flow rate Q (Novotny, 2003). It is defined as;

W=K.CQ ®

where K, is a conversion constant that depends on the unit of W, C and Q. If W unit is equal to g.s™, Q as m’.s™
and C as mg.L™" or g.m>, then K, constant is equal to 1. If W unit is Ib.d", Q as f’.s" and C as mg.L", then the
K, value will be 5.39.

2.3 Waste Stream Characteristic

When a wastewater characterization study is required, pertinent data are often unavailable. When this is the case,
population equivalent or unit capita loading is used to estimate total waste loading (Parker ef al., 2008):

PE = Constituent load from industry / Standard capita per unit load ©)
2.4 Mass Balance Analysis

This analysis is one of the most useful tools available to the water engineer; it enables the modeling of a process
in which a change in nature of a solution occurs. Metcalf and Eddy (1991) have described the mass balance
concept in Mathematical equation:

d (Mass)/dt = CrQr + wawa + CxQx - KsCstreamV - Cslreaonut (10)

Where C, is a concentration of river, C,,, i a concentration of a wastewater, Cgycam 1S @ concentration of final
effluent, V is volume of stream, while Ks is the settling rate constant for water constituent.

3. Results and discussions

Using a 10 years data, the results for minimum 7 d average flow rate was tabulated (Table 1) and by using
log-Pearson Type III method, the distribution frequency was analyzed (Table 2). A value of 6.7 mm.d"' (Table 3)
was observed corresponds to the design rainfall intensity for the 10 year period and the results for low flow
discharge were illustrated in Table 4. It is notable that the average minimum 7 d rainfall intensity was fluctuating,
with year 2009 having the lowest value (0.36mm).
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3.1 Water Quality Index (WQI)

Water Quality Index (WQI) provides a convenient means of summarizing large numbers of water quality data in
regularly sampled water bodies (House & Newsome, 1989). Water samples taken from sampling stations were
analyzed to compute the WQI based on the six main parameters; BOD, COD, AN, DO, SS and pH. During low
tide, the WQI for Lunchoo River was depicted as 53.6 (Class III) which was classified as polluted river.

3.2 Waste stream

The BOD and SS population equivalent (PE) in each sub-catchment were determined based on identified
industrial processes (Rendell, 1999). Typical value for practical calculation was assumed to be 54 g of BOD per
24 h. For SS, standard capita per unit load was used as 90 g.capita”.d”" (Hann, 1972). During operational period,
the Class II of the Interim National Water Quality Standards for Malaysia (INWQS) was used for the BOD and
SS comparison. As represented in Table 6, the BOD analysis for Taman Perindustrian Seri Plentong was below
the target value (0.83 mg.L") and in the case of Taman Perindustrian Kota Puteri, it was 0.3 mg.L"'. However,
for Jalan Bukit 1, 2, 3 and Bukit Lunchoo, the BOD (Table 7) were above the standard value (2 mg.L™"). The SS
analysis for Taman Perindustrian Seri Plentong showed 30 mg.L"', whereas for industrial area at Jalan Bukit 1, 2,
3 and Bukit Lunchoo, it was 44 mg.L™.

For industrials within the area of Lunchoo River which does not meet the discharge standard of Class II
(INWQS), it was suggested that the pollution should be reduced and transported to the receiving waters (Metcalf
& Eddy, 2003). An extended aeration (EA) system containing a tank was proposed for this reason. Extended
aeration is the most commonly used treatment system in small developments and the technology best understood
by operators. In an extended aeration (EA) system, wastewater from industry is brought into a biological basin
where is degraded by naturally occurring bacteria. After an “extended” period of time, typically 24 h of detention
time, the mixed liquor (ML) is sent to a clarifier where it is allowed to settle. Secondary effluent (SE) is drawn
off the clarifier and the settled biomass is returned to the head of the plant. The major advantages of an EA
system are the relatively low capital cost combined with the extensive operational knowledge associated with
these systems (Metcalf & Eddy, 2003).

3.3 Mass Balance Analysis

In order to determine the flow rate from wastewater treatment plant, an assumption of 20,000 residents from that
area was multiplied with an average water consumption of 400 L.capita™.d"'. Thus, the effluent flow rate was
calculated and determined as 1.09 m®.s™. The result for mass loading of BOD and SS was represented in Table 8.
The final concentration was measured using a mass balance analysis which gave a value of 0.219 and 0.97 mg
L' for BOD and SS, respectively (Table 9 and 10). Both concentrations fulfilled the INWQS (Class I)
requirement.

Metcalf and Eddy reported that an extended aeration, with a hydraulic detention time (HRT) of 18 to 36 h is
sufficient for complete removal of pollutant. Accordingly, a HRT of 18 h was selected for the current operational
study and the results showed that the effluent discharged from this process achieved the required standard (Table
11). Table 12(a), 12(b) and 12(c) illustrate the SS profile in the treatment system.

4. Conclusion

In summary, in order to make prediction of water quality for Lunchoo River, emphasis should be given to the
characterization of volume and properties of the river, including wastewater stream. Nevertheless, it is a great
challenge since both hydraulic and constituent flow-rates fluctuates in the most of the industrial processes. These
problems can be overcome by minimizing the judiciously limiting analysis for constituent of concern.
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Table 1. Minimum 7 d rainfall intensity

No. Year Rainfall Intensity (mm)
1 2000 4.57
2 2001 3.79
3 2002 3.5
4 2003 1.93
5 2004 2.57
6 2005 3.07
7 2006 2.97
8 2007 3.43
9 2008 4.33
10 2009 0.36

Table 2. Distribution frequency using log-Pearson Type III method

No Year X; Log X; (Log X;)-(Log Xrt) (Log X;-Log Xrt)’
1 2000 | 4.57 0.659916 0.24330 0.01440333
2 2001 3.79 0.578639 0.16203 0.00425388
3 2002 3.5 0.544068 0.12745 0.00207065
4 2003 1.93 0.285557 -0.13105 -0.00225077
5 2004 | 2.57 0.409933 -0.00667 -0.00000029
6 2005 | 3.07 0.487138 0.07052 0.000350836
7 2006 | 2.97 0.472756 0.05614 0.000177004
8 2007 | 3.43 0.535294 0.11868 0.001671804
9 2008 | 4.33 0.636488 0.21987 0.010630379
10 2009 | 0.36 -0.443697 -0.86030 -0.63673702

Total 4.166 0.000 -0.605
Log X, =0.417 S, =0.32139 C,=-0.08141
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Table 3. Design of rainfall intensity

Period Probability Log Xy Cs G
2 50 0.42 -0.08 0.0138
5 20 0.42 -0.08 0.8371
10 10 0.42 -0.08 1.2738
25 4 0.42 -0.08 1.7233
50 2 0.42 -0.08 2.0108
100 1 0.42 -0.08 2.2657
Table 4. Low flow discharge
Intensity (m/s) Area (m’) Runoff Coefficient Low
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Table 6. BOD profile in Taman Perindustrian Seri Plentong

No | Industri 1D PE BOD Load | Flowrat Total Flowrate,
al Area from e,Q BOD Q (L/day)
Industry (m*/s) Load

(kg/day) (mg/day)
1 SLO01 | 200 10.8 0.172 | 10800000 | 14860800
2 | Taman 7gro551 50 2.7 0.172 | 2700000 | 14860800
3| Perindu mora03 T 500 27 0.172 | 27000000 | 14860800
4 S;“a.n SL004 | 250 13.5 0.172 | 13500000 | 14860800
5 Plei?on SL005 | 150 8.1 0.172 | 8100000 | 14860800
6 SL006 | 200 10.8 0.172 | 10800000 | 14860800
7 & SL007 | 250 135 0.172 | 13500000 | 14860800
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Table 7. BOD profile in Jalan Bukit 1, 2, 3 and Bukit Lunchoo

Conce Target Percen Expec_ted Expecte
No IHQUSt ntratio Concentrat Status target tage reducing New Total Flowrate d
rial ID ion (Class f . Total BOD | BOD Load 2 Concent
Concentration | Differe Q (L/day) .
Area (mg/L) I, ot Load (mg/day) ration
INWQS) (mg/day) (mg/L)
8 SL093 3.18 2 higher 1.18 37.07 12009600 20390400 10195200 2.00
9 SL0%4 0.53 2 ok - - - 5400000 10195200 0.53
10 SL095 0.79 2 ok - - - 8100000 10195200 0.79
11 SL096 0.11 2 ok - - - 1080000 10195200 0.11
12 SL097 0.26 2 ok - - - 2700000 10195200 0.26
13 SL098 0.11 2 ok - - - 1080000 10195200 0.11
14 SL099 0.53 2 ok - - - 5400000 10195200 0.53
15 SL100 0.26 2 ok - - - 2700000 10195200 0.26
16 SL101 0.11 2 ok - - - 1080000 10195200 0.11
17 SL102 0.11 2 ok - - - 1080000 10195200 0.11
18 | Jalan 17Sr7037 T 1.06 2 ok - - - 10800000 | 10195200 1.06
19 Bukit SL104 0.79 2 ok - - - 8100000 10195200 0.79
20 l;ﬁf SL105 | 1.06 2 ok - - - 10800000 | 10195200 | 1.06
21 Bukit SL106 0.26 2 ok - - - 2700000 10195200 0.26
22 Lunch SL107 3.71 2 higher | 1.71 46.06 17409600 20390400 10195200 2.00
23 00 SL108 4.24 2 higher | 2.24 52.80 22809600 20390400 10195200 2.00
24 SL109 0.53 2 ok - - - 5400000 10195200 0.53
25 SL110 0.42 2 ok - - - 4320000 10195200 0.42
26 SL111 0.26 2 ok - - - 2700000 10195200 0.26
27 SL112 0.26 2 ok - - - 2700000 10195200 0.26
28 SL113 3.18 2 higher 1.18 37.07 12009600 20390400 10195200 2.00
29 SL114 0.79 2 ok - - - 8100000 10195200 0.79
30 SL115 0.53 2 ok - - - 5400000 10195200 0.53
31 SL116 0.16 2 ok - - - 1620000 10195200 0.16
32 SL117 3.18 2 higher | 1.18 37.07 12009600 20390400 10195200 2.00
33 SL118 0.11 2 ok - - - 1080000 10195200 0.11
Table 8. Mass loading of BOD and SS effluent
Place BOD Concentration 55 Concentration Q Mpopw Mpopawy [ Mssam Mz
(mg/) (mg/T) {m?/5) (mg/s) (kg/day) (mg./s) (kg/davy)
River 11 18 038 6380 33123 277704 | 239936
133 173 0053 12533 108475 | 20923 | 130782
TSP 083 3 0.172 1428571429 1234 5074372 13843
JLIN1Z3&BEKTL 1.02 44 0.118 1204326923 10.41 5177.5631 | 44734
KEEP 030 30 0129 3849264706 333 0036713 43240
1662.06 5515.54
Table 9. BOD in Lunchoo River effluent
Min K Area | Depth | Volume, | Qout Qout K¢ X (Ks X Chrunchoo | Ciuncho
(kg/day) (m®) | river, | V(m’) | (m’s) | (m’/day | Volume | Volume)+(Q | (kg/m’ o
m ) (m*/day) out) ) (mg/L
)
7.5x 1500000 94313. 0.0002
1662.06 | 0.5 10° 2 0 1.09 60 7500000 | 7594313.60 2 0.219
Table 10. SS in Lunchoo River effluent
Min Ks | Area | Depth | Volume | Qout Qout K, X (Ks X Clunchoo | Chunchoo
(kg/day) (m?) | river | V(m®) | (m¥s | (m’/day) | Volume | Volume)+( | (kg/m’) | (mg/L)
(m) ) (m*/day) Qout)
7.5x 112500 94313.6 5719313.6 | 0.0009
5525.54 | 0.5 10° 1.5 00 1.09 0 5625000 0 7 0.97
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Table 11. BOD in industrial area at Jalan Bukit 1, 2, 3 and Bukit Lunchoo

HRT Effluent | Cin BOD Existing Concentratiin BOD Full Design

v | Indusirial o Tvpe of o Qin Volime % Analyziz 0.C 2 0.C KV | 0.G R 1 0 c

e ! * > . iz = 0 iC «Ci [Remova ou -
Ares SP (m'd) duration| dayz (Y Ca) | (zmd) e ‘“ - mgl

PN (g/d) (m'/d] ] d | (w'd | (g’
) (2 (mid] (gd) ged (N [ (gm’)
§ SL | EA 600 sho| 073 | 7864 03] L1 318 | 32400 | 101952 in 32400 | 4476 6310 | 183
J|MINEKT123| SLI | EA 700 18| 073 | 7664 03] L1 370 | 37800 | 101932 7 IR0 | 4826 NITANE | 19T
LB SLI | EA hitit B[ 073 | Tede4 00 LR 424 ) 43N0 | 101932 8.3 43200 | 3080 W66 | 207
| Lamchoo | 5133 | Ea 600 18 | 073 | 76464 0 02 318 | 32400 | 101952 | 1040533 in J1904615) 32400 | 4476 3631000 | 183
i SLIT | EA 600 18 | 073 | 76464 0 02 318 | 32400 | 101952 | 1040533 in J1904615) 32400 | 4476 3631900 | 183

Table 12(a). SS in industrial area at Taman Perindustrian Seri Plentong

HRT Fluent | Cin 5§ Exizting Concentration 55 Full Deaten

et
=

" i [ Analvziz
bl | D |70 pp | O Volg | | 0L | 0. |00, KU | Q€ Femmal| Q| C,

P ') durstion| day: - K € |iemd ; el
(o) B | | G | &) | & | @Y | )

3| TeanPecindusteian SL003) EA | 7696 46608 | I8 | 073 IL1436| 03| 30 | 47 | 626033 | 40608 |43Q4057| 4360 | 2s4I7733 (96033 | -LIE | 13IBSIL| 47
1 oo
1 VMO 7] L | SE[LEE08| 1 [O7| 145G\ 03| 30 | B | BTSAL | L4BG0B|43IST| M |4TERAT|IETAL | 403 |118031| 38

Table 12(b). SS in industrial area at Taman Perindustrian Kota Puteri

HRT Efluent | Cin BOD Existing Concentraiion BOD Full Design
Yoo Industisldres | D |27 B | O L on e | | | Q. | Qu |0Qu.C. KT | Q0 [Remowl| Q. C.
STP (ur'd) o ) o i s I ——
fgm’) g | il ] () (gd (gd | () | (@i (g)
3 W00s| EA | 14428|11456| 18R | 075 | 81 [03| W | 143 461840 T 2823 6010
5l woxs| EA | 3 So|075) sl os| w446 4346784 ]| [0S 1697
) L026| EA | 2144|100 o075 ger 03| | 1748 4346784 36 3802 8079
Sho 073 83392 | 03| |10 § | 4346784 7 J62383.86 | 23072003| 3496 | 30107 8630
o075 ] 8381 05| 3w | 1348 f|4346784| 260 (112367986 | 15383374| 4799 | 7064 L9
o075 8381 0s| 3w |18 f14346784| 362 (151326929 |19470467| SLT3 | 53802 8079
o075 sl 0s| W | 446 f | 4346734 0 |MIHD | MRS | -12978 | 236105 1697
Sho | D73 83|03 | L3 § | 4346784 207 86383273 | 12088310 4363 | 62825 6019
So|075) sl os| w446 4346784 0 || RS |-1078 ) 236105 1697
LI I S I I I 4g7eal 280 111236704 [1SRGITA) LTRE ) TOs4 UM
S| 07| 83105 | a3 4346784 S [J4E3TI6 | 6403136 | 134 | 126440 3438
o075 g3er 03| 3 | 1348 4346784 260 |112367896 | 13383°4| 4799 | 064 7499
o075 ser i 65 fla36784| 207 5303273 1208631 1| 4363 | B2 G010
o075 s3e1 (0s| W | 54 £ | 4346784 36 [L07T0351 | SM38L0 | 4638 | 183153 2664
S| 073 1|03 | 488 §| 4346784 0 |MTH | R |08 256005 1697
S| 073 el |0i| |10 4346784 17 26238386 | 23972823 | 3496 | 3097 8839
3 A 5B T T L 4346784 673 084D 1385778 000 ) 4857 a0
18 | 075 83392 [ 03| 39 | 93l | 1038008 f4346784| 145 (60422630 |10380048| 332 | 71864 6040
B | 075 8338205 3 816 | o0904.8 § | 4346704 113 17436330 | opapd18 | 2814 ) smes LY
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Table 12(c). SS in industrial area at Jalan Bukit 1, 2, 3 and Bukit Lunchoo

HRT Effluent | Cin 85 Fxisting Coneentration 58 Full Dezign

No| Tndustral Area | 1 [1PRCH] pp | QB [ T | Vohme | | Amlisiz Q.0 | Q. | Q. KCY | Q.C. |Remowl] Q C
Yo, A o |duration | dayz L - e Coa 3 .C;  |Remova - -
STP ') T wh) € |gmb| mgl s =

(e gy | e e ) | @) | W | @ | @)

g woss| EA | 5297 |1018s2| 1m 075 | etsd | 05| 4 | 47 | aremass |owssa|amasso| 76D | 29382.8807) 4767269 | 50842 | 62300 | 721
2 07| EA 10534 |101852| 1m | 075 | etsd | 05| 44 | a4 | esaesas |02 |amasso| 13238 | 506109306 95353 | B3 | 10k | f21
3 | M, 23 |S00s| EA |1n2e2|imssa| 1m |o7s| vesd 05| 40 | 107 | ussind | 0nss2|admaase| BLTS | TAAT3260(11818173| BT | 6105 | Ti9
2g [wéBulitlonchoo | o7 03| By | 5207 [100ss2| 1m0 |03 | Tmsa 05| a4 | 47 | wreraes | nss2|wmaaso| 76D | 293828807| 4767268 | 50842 | g3l | 721
3 | EA [se212|101852| 1m | 075 | Tetsd | 05| 44 | sse | sesoosss | 100832 | 4473ed0| 144166 | 351074052 5e00866| P46 | 41333 | 10822
B w7l B |97 |wmss2| am 075 | ess | 05| s | o7 | aremass |owssa|amasso| 76D | 29382.8807) 4767269 | -50842 | 62300 | 721
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Figure 2. Sub-catchments for Lunchoo river basin
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