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b Tlx, 55 pH 2 — % — (B-212, Ya550E
i) & AWCKREA 4 8% (pH), DO A —% —
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Fig. 1 Location of sampling stations in the Lower Kinbatangan river basin.
1, Jetty; 2, Sg. Pin; 3, Sg. Takala; 4, Tungog oxbow lake; 5, Tandu Batu; 6, Tengengan Besar; 7, Kelinanap oxbow lake.
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v o HERSHt) TABEL, /4y uv b
7974 — (1C-20, ¥4 447 A& 2w
T, ¥4 4+ V38 (Nat, KT, NH.", Mg, Ca*")
LkaA A4 28 (Cl, NOs™, SO&7) DBz flE L
725

3. BREEE

3.1, XL —FOAIKEICRIEY B iR

ZITIE, BENEREZER2OYL -V TICE
V2N B L 798 (Table 1) 129w,
LIz~ 5%,
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WA B LR, Y LR A F) ABEI T YVICEW
TATHONTWABHEERE TH 5 A XD D
LI S DTERRPLHERIZCE 2502 LT Y Ewvb
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b b FE % EOFEREDOKBEREANOFMY ©lF
2, FHEREO 2OV MR & B Ik E R
KREEDFERAN 2 HREEA LI LIERE 2 vwbhT
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Y5 U MOFNFRIZB T A RIS B
% The Mining Codes of Perak (1895) and Negeri
Sembilan (1895)25fifT X 7219, Z DT, FRIEHG
B2 L DA U7 R R I IR U BEEE T A
AR KNP T2 2 EBSBDH LI TW
720 2512, 1920 FE121IE< L =B WL DD
X1 Water Act (1920) HSEf7 S iz oo
121X, KREHGRZ ED LM B % RIZTITHO
EEFHELEH 2 E0E D AT TRBY, vL—
TN DB EATINTZAS, B+ EOTF VR

BT MEH RIS b otz TNLRE, KK
TABEIUT 77V VEEOTHEFRAIAE, Thb
O LGHERIER 5 2 K EHEHPH#ETTH 2 &1
o720 HEIZ, 1960 FRETH 5 OIVEEAIZ L B
TEARDY 722 THALEORIC X A RBREOHEEIZB W
T, INSDOMEERNEMEIMLL 72 vwbiiTw
AW, ZAUTK L, BRBIICEEE L 728 20 o B
MEEHICEIT SN 00, EEIZIZRES = E%
T AHBORERMICE M BN, B 2EHo%E s
I 7=l RSN 7-0, REMELZHR) LOT
X hol bR EN TR LY,

1972 FAT 2 =T YDAy 7RV A THRES
N7-EREA NMRESHEL 2, ~L—2 7Tk
1974 FFICERBRECOR ICE T 5 WO FEARE L L CEREE
B Environmental Quality Act 23#)E &7z, 2
ORTIE, KEHEE, KRGS AEWEICET 2
HHlOE L HEOE=5") > 7, HE7a =
M X3 2 BREE sEBEEFAN R° T3 37 b 1 Al 72 &
WA R BREAITER A4 32 DOE MalFk s b &
LIz, —EOFHEEEZ TR 5720 DB E
SR OBEN T bz 1977 HFIZT 77XV D
IV, 1978 FICRIRT A O THHIK, 512
1979 4RI F K - FESEHEAKICEI L T, HAEPEKFEHES:
MED LNz B 221 L TiE~ L —2 THERA
DEEREHETH DL ENE, D SEE L WK
FHIEFEX T ADOTIE R, HAICEBEHEEZR L <
TAHFIEEHEAT BIZIE, 7T7IY0INTH
MIEHRIZCBT 2 EYILFENREER=E
(Biochemical oxygen demand, BOD) ®/KIE~DHE
IKFEHEAE L, 1978 125,000 mg/L LFCTH o723
DONBFERIZTI 5, 1984 4£LLFE Tl 100 mg/L

Table 1 Selected Malaysian law and regulations related to river water quality.

Year Law and regulations

1895  The Mining Codes of Perak and Negeri Sembilan

1920  Waters Act (Act 418)

1962  Mining Enachment (F.M.S. Cap 147)
1974  Environmental Quality Act (Act 127)

1977  Environmental Quality (Prescribed Premises) (Crude palm-Oil) Regulations

1978  Environmental Quality (Prescribed Premises) (Raw Natural Rubber) Regulations

1979  Environmental Quality (Sewage and Industrial Effluents) Regulations

1985  Environemtal Quality Act (Amendment)

1987 A Handbook of Environemtal Impact Assessment Guidelines
1989  Environmental Quality (Scheduled Wastes) Regulations

Waters Act (Revised)
1993  Sewage Service Act (Act 508)

2009  Environmental Quality (Industrial Effluents) Regulations

2012  Environemtal Quality Act (Amendment)
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FUT L EEEE, VT RUBEEIIOWTE, »
COPDOKFHBE T RIZHNLN TV D,
KEOFHETEIZIE, 4 OHETHLW2E L
FLHEMESE & LIS 2 HED S 5 A%, 1980 £ & ) HE
RIEHEENL DO (72720, #fIE% & L7O),
BOD, CODc:, NHsN (AN), SS B L U'pH fiix
Fv, IRE B & O 2 BEICHI§ 5720
@ Water Quality Index (LT, WQI) % Fv>7- 3¢l
PITbN T D, ZOETIE, FEHHOREMIZ
& L7747y 7 A (SI) % Appendix 1 123
SWCHEML, BRI L2EAMFT T4 o -5l
*E&FT 5 X1,
WQI=0.22%xSIDO+0.19%xSIBOD +0.16 X
SICOD +0.15XSIAN+0.16 X SISS+0.12 X
SIpH LD
WQIEIX 0205 100 F TOMET/RSI N, EDS
81~100 THIUXTEHE, 60~80 TH LI RIHY,
0~59 THIUIHGDIREEIZH 2 LFFiE 5. F
72, BOD % NH;-N, SSOH 74 » 7 v 7 AEH» 5
B IIKE DFHEGLRDATFHI E LT % (Table 2),
EHI2, AAREFEERZAIEOFE B2 U7 JER
(Table 3) 12J5 U C, EWHRIEICHT 2 17 HHA
(Appendix 2) R HEEELEE L GO/ 55HHE 12D
WCBRBEZEME  (National Water Quality Standards,
NWQS) A#ED LN TV 5,
WIREE=71) > 7 Tid, HADOBEE D FEH
LT b0 L RIS, Jud b/ ke ciRriiiiie
IZBWTERIKD DI, KOYE LS L 04
WU DWW TR SN TV b, KEDILFH
EF AL, KREIARE A TS (APHA) >K7J<‘fé]:
FHies (AWWA) B X Ok EKE 5 3 1k 8
(WEF) »33:[FIAT L7z TKE &0%%@@&&%
%, (Standard Methods for the Examination of
Water and Wastewater)? (29> T\ 5%,
3.3. X L—IFICHBFBANKEDIRIR
2015 4E £ @ Environmental Quality Report™® T
X, KEREZT 724770 DS B 276 7)1l
(58%) 2BV TiEHE, 1681l (35%) IZBWVWTR

Table 2 DOE water quality classification based on water quality index.

Sub index & water

Index range

quality index Clean Slightly polluted polluted
BOD 91-100 80-90 0-79
NH;-N 92-100 71-91 0-70
SS 76-100 70-75 0-69
WQI 81-100 60-80 0-59
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Table 3 Water classes and uses.

Class Uses

Class I Conservation of natural environment.

Water Supply I - Practically no treatment necessary.
Fishery I - Very sensitive aquatic species.

Class ITA  Water Supply II - Conventional treatment required.
Fishery II - Sensitive aquatic species.

Class IIB Recreational use with body contact.

Class IIT Water Supply III - Extensive treatment required.
Fishery IIT - Common, of economic value and tolerant species;
livestock drinking.

Class IV Irrigation

Class V None of the above.

275G, 333 (7 %) I2BWTHEROIREIZH 5
ZEDTRENT Wz, 87510 4F (2005~2015 4E1E)
DFFAEZEAL % Fig 2 12R T HE 2 OEE X
50~60% DI THER L TEBY H T hELizASNE
WS, HRDIREEIZ & 2 I OB A XA EIC S
D, RRERDSESNLIREIZDH 2 OE G133
ATV, Thbb, LLIDOTIEH DA, WK
BOHEGLRIUISEEMEICH B VR b,
HHROKREIZH L LTSN E AL E, &
UHE—NEFELTWAEY L —LEERETY ak—
WM O d LT BOD % NHs-N @5 4T A
SNz, T2, BEEBEHETIE, TToRFIIBN
THRIT A, 8, W8T Class 1T Uk Z 83 2 B8
2, BEOGKBEZLEE IND L 0) Ol
PINTH Y, K, 7024, vFIZBWTY Class1I
DFMENE & LI L T 98.5% L EDERETH - 72,
#F:121E, BOD, NHsN B & 08 SS 2575 4D R 1Z
ELTEETH 720 BOD d 43I LB A 7 S

T 7 W KBRS R EY R ZE D © OFFKIC R K
BdHDHEVHILTWS, NHeN X R T KHEK,
SS IEAEY 72 EARTH R MBI ICHET 5, <
L=y 7RI BIT 520 s 0B O & % &
% &, BOD B & O NH;N & 3§ b5 5 ok
K& G 7T ARPEKHE, SS B & L FE K R H
FNENE&EORKYH50, ThUEx EoTsY

WETNOIEH b FAHEK L B E GO/ AE T
KD 90% L L% HEHTWw7: (Fig 3).
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Fig.2 Trend of river water quality in Malaysia (2005-2015)'%.
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Fig.3 Pollutant loads against water pollution sources in Malaysia (2015)
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=, FFNY A VNGB OMIKE T 5
INETOEMBLIL HE DL b ol
2004~2005 4E A2 AT TIT b L7z T it o i Ao i 5
TiE, FHWQIEIX 82 TH W iHHFTH 7205, W
- EOFEN 2 52BN S N0, HE I,
CODc: BLUSS IEZFICE <, BARIZ X A 35

HOBENRBEINT, T2, TT7IXYDOTIT >

F—3a YINOKEIZBWT CODe: EE <, I
T o OPKIZ K BENEz bz, F-fkx
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TTIXN I DTT = arBIINVIgEA
FTAHEHICB VT, DO E— MR A E T
%) A TREEENS 3mg/L = THY, GO
A L 2BRHEORENR SN, 72, EC
fECKHEA I VB D E A o 72e [/ LHs O KO
NAERGHIOREREY, N—aTF 7= 3 VD
DIKEE TS NI DS T3 8% L Tw b 3L
RN OKE Y SAEFENEPRKENT LATREN
TWB2, T, ERIZLDERAF VT D
BN RDEETVWAZ DR EINL D, 5
T—=2arvERETLXRE X FNY U VIR T
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3.4.2. MMBEDHER

HEBEEZ R BHKERAE DK R % Table 4
IR KB XU pH IF, I VLMK %
BT, WFRoBEIZBWTH£4 30TEBLY
TORIBRTHY, KREBEDIEIRD -7, WK
DO, REBLUOLHEEDT1.9~4.4mg/L
HPHIZDH - 720 KAkl SHEE SN L BRIEF RS
D 25~58%TH ), WINLEIERRETHLZ &
L7z BATWIZETH, FRITLIIZB VT DO I
<, TR & ORI & mKEIC & 5 R ME
TEY OFR R ERHENRE T LigfsnT
W59, DO O T Id KA A O % HE L, B
BEMTTIIBEESELI EIIRAD, $72, B
TR 25~35% DKERIE FCl, KERRZ LD
KEEFHEBNY O BB BA T 5%, ool
L, IRERFEALIC K o T, KREEWHDIZILL T
WALTTREM S D b0 D ECIHE H D &, Kigd
EIC TR 2 R A o 700 EERA iR
JEAR MDH L, EC OE Do 23O MIIKTIE
NOs™ IBEABEWT, WINORELE (, K"
R Cl” iBFEIL 5~10 BREEE D - 720 S HFT- 72
FEOBIIZA T = VAT 572785, O 5
, ELD o2 bns, BKIZXBHTA
REHFHVHRVEEZLND, T, BEOHR
AAEH L FERIS, MO ALND T T v T —
TarReI VLY, EErSOHPKICHET LR
FEDOAF VT DORADIECNLEEZLNS,
—, BAAARYEEZHSICET CODw 1, &
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Table 4 Summary of the surface water quality in the Lower Kinabatangan river basin in 2014 .

Na* NH,* K* Mg” Ca?* Cl™ NO;~ 50424
mg/L

CODc¢r

DO W.T. C  Transpa CODwn
T uS/cm  rency

mg/L

pH

Site

Main stream

7.5
5.8

2.8 2.2

2.8

4.9
2.2

5.2
3.2

119 4.4 10 N.M. 2.9 N.D. 2.6
8.2 12 N.M.

30
30

4.4

7.4
7.0

Jetty

1.8

1.9

N.D.

2.7 99 1.8

Tandu Batu
Blanched river

16.9 18.8 2.9 14.3

9.2
6.7

N.D. 19.5

5.2
10.5

N.M.
N.M.
N.M.

14
14
11

1.8
2.0
4.2

218
211

28
28
29

3.5
3.3

7.3
7.5
7.2

Pin

21.5 2.8 22.5

7.6

10.3

N.D.

Takala

17.4 4.5 2.4 36.7 3.3 15.5

N.D.

5.0

185

1.9

Tengengan Besar

Oxbow lake
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7.3

2.1

2.7
1.6

1.2

1.3
2.9

0.8

N.D.

1.0
1.3

N.M.
N.M.

15

14

>30
7.3

31

103

30
31

2.6
3.3

Tungog Lake

1.4

0.7

1.7

1.7

N.D.

7.2

Treating palm oil mill effluent

Kelinanap lake

8.3 0.1 30 11240 N.M. 1165 1265 16.7 121 2848 474 75.6 1352 N.D. 92.0

Pond
N.M.: Not determined, N.D.: Not detected.

NOWQIEE LCUOBEFDIREL sz <
L — 3 7 EiEIL#E (Appendix 2) & LI 5 &,
NHs-N (3 HARESEREOFIHICH Y4 T % Class [ T
o725, DO IFHKICEERWIANEEL Sb
Class I F 72 13 #E#EKFIH & L Co Class IV T
Ho72

=HHMOKE% A5 &, Tungog il TILBEHE
B3 EFEULETIEZIZEHTH-72DIZH L,
Kelinanap #l T3 7 &k <, ABIZH @L<
EHo Tz, T, ZNENDMOBALGEMD R
B TWwb, Tungog MITNZE DB KIEEZ F F 3%
CH VIR E DBD DI, HEOKRMAMELEEZ
W25 585 A0 —7, Kelinanap 13 # 124
LR L TWD, ZDO72%, Tungog MIIFZIZ
LA L7z SS B i3 ARDME T ARk 5 2
& TEHE 7 57278, Kelinanap #l Cla@K L 724
TS OIKHOFAGARIZ LD HIZHEH > TV D Ewn
250 Tungog M2 B W T EC R & MmA A F i
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YT a LR BOIIFERMY ) S KA OBRE G
3 7% <, SHIKEEZE) L TRAHEBEDE
fi% % W4 5 7202 Tungog Ml DO # LT S+
TwbEEZLND,

28— 5 IOV LK TERAL DB R IR DK E
AL E, pHIERRT7 VAU, DOIE0.1mg/L
Th Y, ECIHAIIAKIZHART 50 5Ll LE D> 72,
NH, ™ 8B I HEARIEHEME N TH - 7275, CODe, 13
KEHETH S 100me/L L) bEd, HRRICLS
GHEW OGRS E SND o WA T V% A
HE, K" Cl &b 53 1,000mg/L =iz 72
BRETH /e TTIVIOTITvT—2arvk
BT DHRICBCT, TNEDA T VG IEEDE
Mol2Z b d, IVTHD S OHKI LK O 8
AT VBEICHE L TWAZ EERBRTHLDL
EZONDY, SHROFEMGRESLEL SN S,

ETOHFEM LBV CTHRIEFEL T CTh - 72
Cd x %, ZoMhoEAEE A S/ (Table 5),
~ L= T RELALME Class IV & L3 % &,
Tungog Ml Z B\ 723 RTOMEIZB W T Fe 04
HEMH (5mg/L) ##2 T, 72, TMONi &
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Table 5 Heavy metal concentrations in surface water from the Lower Kinabatangan river basin in 2014.

. Cu Zn Pb Mn Fe Ni Co Cd
Site
mg/L
Main stream
Jetty 0.005 0.03 0.004 0.11 5.5 0.011 0.002 N.D.
Tandu Batu 0.004 0.03 0.004 0.06 3.8 0.007 0.001 N.D.
Blanched river
Pin 0.021 0.06 0.009 0.52 16.8 0.032 0.008 N.D.
Takala 0.016 0.05 0.012 0.45 11.9 0.020 0.006 N.D.
Tengengan Besar ~ 0.009 0.05 0.008 0.38 7.8 0.028 0.004 N.D.
Oxbow lake
Tungog Lake 0.001 0.05 0.002 0.03 0.4 0.001 N.D. N.D.
Kelinanap lake 0.004 0.14 0.011 0.05 3.6 0.006 0.001 N.D.
Treated Palm Oil Mill Wastewater
Pond 0.011 0.23 0.021 1.21 1.2 0.086 0.016 0.005

N.D.: Not detected.
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Best fit equations for the estimation of various subindex values.

Appendix 1
Subindex for DO (in % saturation): SIDO
SIDO =0
=100

= —0.395+0.030x*-0.00020x*

Subindex for BOD: SIBOD
SIBOD=100.4—-4.23x

=108exp "®*-0.1x

Subindex for COD: SICOD
SICOD=-1.33x+99.1

=103exp "™ — (. 04x

Subindex for NH; -N: STAN
SIAN=100.5-105x

=94exp 5 —5* |x—2|

=0
Subindex for SS: SISS

SISS =97 .5exp ~*%%7x + () 05x
=T7lexp ""x—(.015x

=0
Subindex for pH: SIpH

SIpH=17.2-17.2x+5.02x*
= —242+95.5x —6.67x*
= —181+82.4x—6.05x°

=536-77.0x +2.76x*

for x=8
for x=92
for 8<x<92

for x=5
for x>5

for x=20
for x>20

for x=0.3
for 0.3<x<4
for x=4

for x=100
for 100<x <1000
for x=1000

for x<5.5
for 5.5=x<7
for 7=x<8.75
for x=8.75
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Appendix 2 National water quality standards for Malaysia.

) Class

Parameter Unit

I IIA 1IB 11T v \%
Ammonical Nitrogen mg/L 0.1 0.3 0.3 0.9 2.7 >2.7
Biochemical Oxygen Demand mg/L 1 3 3 6 12 >12
Chemical Oxygen Demand mg/L 10 25 25 50 100 >100
Dissolve Oxygen mg/L 7 5-7 5-7 3-5 <3 <1
pH - 6.5-8.5 6-9 6-9 5-9 5-9 -
Colour TCU 15 150 150 - - -
Electrical Conductivity uS/cm 1000 1000 - - 6000 -
Floatables - N N N - - -
Odour - N N N - - -
Salinity % 0.5 1 - - 2 -
Taste - N N N - - -
Total Dissolved Solid mg/L 500 1000 - - 4000 -
Total Suspended Solid mg/L 25 50 50 150 300 300
Temperature [® - Normal - Normal - -

+2C +927C
Turbidity NTU 5 50 50 - - -
Faecal Coliform” /fggriL 10 100 400 (28888)a (28888>a -
Total Coliform count 100 5000 5000 50000 50000 >50000
/100 mL

N: No visible flotable materials or debris, no objectional odour or no objectional taste
": Related parameters, only one recommended for use

“: Geometric mean

#: Maximum not to be exceeded

Abstract

The environment issues associated with development and industrialization occur, while nowadays Malaysia is
developing rapidly. In this study, the current status of water quality in Malaysian rivers, especially in Lower
Kinabatangan river basin, Sabah, was introduced, and the future perspectives of water quality monitoring were
provided. River water quality in Malaysia tended to be gradually improved under the laws and regulations related
to water quality management, but some rivers still remained polluted due to the effluents of sewage and piggery.
Our field survey results indicated that river waters collected in those tributaries flowing through palm plantation
areas from the Lower Kinabatangan river basin contained less dissolved oxygen and showed higher electrical
conductivity with specific ionic composition. It was suggested that the effluent of palm oil mill plants may affect
the water quality of tributaries. The lower dissolved oxygen level was observed in an oxbow lake, which might be
caused by an invasive aquatic plant, Salvinia molesta. Therefore, it is required that detailed water quality
monitoring should be conducted and necessary to take quick and appropriate actions. Furthermore, it is also
required that the monitoring should be conducted by those local residents and non-governmental organizations
(NGOs) with expertise of water quality and that a mutual information network of knowledge and technology
among them within the basin should be constructed.






