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ABSTRACT

Surface water quality deterioration is the impacamthropogenic activities at the study areas duepid
industrialization. The study was done to know tpat&l variation of the water quality of the Tungga
River and surrounding area because of industriafiies. In-situ parameters anek-situ data of chemical,
bio-chemical parameters and heavy metals wereatetlemonthly to fulfill the objectives. The samples
were collected from 10 selected stations and aeslygere carried out using standard methods. Heavy
metals were determined by using Inductively CoupRldsma Mass Spectrometry (ICP-MS). SPSS
statistical software was used for data analysig. fElsults of the study revealed that industriduefits were
the major source of pollutants and caused of dpatigation among the stations. Less amount of @l
Oxygen (DO) and higher concentration of Chemicalyg®n Demand (COD), Biochemical Oxygen
Demand (BOD), ammoniacal-nitrogen and heavy metadgle the water un-usable except irrigation.
Analyzed surface water was classified based on iapat of Environment-Water Quality Index (DOE-
WQI) Malaysia and found that the maximum statioxsept lower and uppermost were in class IV (highly
polluted). Pollution rate was higher in the middtations due to large number of industries weratkxt in
the middle and they discharged all their effluantthe river stream. Due to tidal interferencehie tower
stream and minimum industry in the upper streartupoh was less in those stations.

Keywords Water Quality Index (WQI), Chemical Oxygen Demd@DD), Biochemical Oxygen Demand
(BOD), Ammoniacal Nitrogen, Heavy Metal

1. INTRODUCTION Malaysia is subsidized with bounty of natural water
resources that contributes significantly to theisoc
Water is the most delicate part of the environmenteconomic development of the country (Moorthy and
which is essential for human and industrial develept. Jeyabalan, 2012). But the situation is shiftingrgwday
In the last few decades the demand of fresh wiesr with industrialization, urbanization and population
tremendously due to increasing population and rapidgrowth. Department of Environment in their
industrialization (Yisa and Jimoh, 2010). At them&a  Environmental Quality Report 2009 showed that 46%
time the pace of fresh water deterioration by river water of Malaysia is polluted which is hightan
anthropogenic activities is coupled with the everagng previous couple of years (DOE, 2011).
demands of water resources (Charkhabi and Sakizadeh Malaysia has a number of industrial estates alf ove
2006). Due to the addition of industrial efflueotstaining  the country of which Gebeng is one and main indhistr
organic pollutant and heavy metals into the rivatevthe  area in Kuantan, Pahang. It is located near KuaRtah
quality of water is deteriorating. The natural and Since 1970s the area is increasing with industagn.
anthropogenic metal contamination in aquatic ed¢esys Including petrochemical, multifarious industrieg &reen
leads to the need of characterizing their impact onestablished in this area. The Tunggak, which isyoay
environment (Mary-Lou and Taillefert, 2008). wastes of the estate, is one of the important sivar
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Pahang which is adjacent to this area. The realasie 108°22°00°E 108224007, 108°25°30°E
is the rapid developments including the petrochamic : i (@ : }E“:

GAL KARANG

industries are generating effluents which contaighh
concentrations of conventional and non-conventional
pollutants that deteriorating the water qualityttaf river.

The study was conducted with the objectives to
identify the nature of the water quality parametand to
expose the spatial variation of water quality o€ th
adjacent river due to industrial activities.
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2. MATERIALSAND METHODS S ~"~'-‘v‘-“‘"§

2.1. Study Area and Selection of Station g &
z 8
The geographical location of Gebeng area is 3055’
to 4° 01’ 0" N and 103° 22; 0" to 103° 27’ 0" Fig. 1). South China Se
The Tunggak River originated from the hilly regioh % i
Gebeng area. It meets with another river namelpiBat > e
near Angler marine centre and ultimately flows iStuth 7, - ]
China Sea. Normal tide occurred every day twice and Z[ . Pia T“““f‘k R 5
water goes at about 3 km. upstream from the sea. =[&5, -fﬁ_’;ﬁé&*.-#f-.... A Sampling Station %
Sampling stations selection was done consideriaggati £ | '.‘t,ﬁ-‘; ) o
use-pattern, point-sources of pollution, vegetatimd Z i Jhaley ekt L S _____Is
river network. A total of 10 stations were selecfed 10872206 16 2400E 2830
sampling. The GPS system was used to determine the . . .
actual coordinate of sampling stations. Fig. 1. Map of study area showing sampling stations
2.2.Sampling, Data collection and Sample BOD (mg/L) = (DOI-DO5)/P; where, DOi = DO
Analysis (mg/L) of diluted sample about 15 min after

preparation, DO5 = DO (mg/L) of diluted sample afte
5 days incubation at 20°C and P = decimal voluroetri
fraction of sample.

For Total Suspended Solid (TSS) concentration,
samples were analyzed in gravimetric method anghyhea
metals were determined by ICP-MS spectrometry. All
tests were done within 7 days of sample collection.

Water samples were collected monthly from pre-
selected 10 stations during dry and wet seasorDaf-2
12. During samples collectionin-situ data of pH,
temperature, DO, turbidity, salinity, EC and TDSevalso
collected using YSI. APHA and HACH standard procedu
was followed during sampling, sample transportatod
preservation (Andrew and Franson, 2005; HACH, 2005)
The three replicates of the physico-chemical patarse 2 3. Data Analysis
of the sampling water were measured at each sdlecte o ) ) )
sites and laboratory. Nitrogen was measured The statistical analysis of data was carried ouigus

spectrometrically where, ammoniacal-N was assessed SPSS 16.0. Correlation matrix was done for the
nessler method and nitrate-N was estimated in cadmi identification of the smallest number of commontdas
reduction method. Sulphate and Phosphorous were alsthat best explain for the correlation among the
determined by using spectrophotometer and the miegsu Parameters (Charkhabi and Sakizadeh, 2006). Mean
method was sulfavar 4 and ascorbic acid methodvalueg of each parameter were compared with Arglysi
respectively. Bio-chemical parameter COD measuremenOf Variance (ANOVA).

was done in COD reactor digestion method and BOB wa ;

analyzed in APHA method 5210. After collecting BOD 2:4. Water Quality Index

samples initial reading was collected as soon asipie The Water Quality Index (WQI) is a concept and the
and then the BOD bottles were kept in incubator atbase of the concept is the comparison of wateritgual
2018°C temperatures for 5 days. After 5 days final parameters with their respective regulatory stasfglar
reading was taken and BOD was calculated with the(Khan et al., 2003). In the present study, water quality
following formulae. index calculation was done by using DOE-WQI. Based
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on the concentration of DO, BOD, COD, ammoniacal-N, mg L™ was recorded at station 2 and the highest 4.4 mg
SS and pH the WQI was calculated (Norhayati, 1981;| ~* was at station 1. The lowest concentration of Dé3 w
Haqueet al., 2010). It was done on the sub-indices of thoseperhaps due to high temperature and BOD which has t
parameters whose values obtain from a series @ftieqs  result of industrial effluents; excessive BOD useé
(Norhayati, 1981; Haquet al., 2010; DOE, 2011). amount of dissolved oxygen. According to the
For WQI calculation the following formula was used: classification of INWQS Malaysia, the stations 1,75
and 8 were classified under class Ill and the wese in

WQI= 0.22*SIDO + 0.19*SIBOLC class IV based on DO concentration (DOE, 2008).
+ 0.16*SICOD+ 0.15*SIAN TDS concentration was recorded higher in the lower
+0.16*SISS+ 0.12*SIPH stream compare to the uppermost. Stations 1 angichw

were situated at the lower part contained the Hhghe
amount of TDS Table 1) and the water of those two
stations was in class IV based on TDS result (DOE,
2008). In fact, there was a branch of the riveryiags

(* denote multiplicatiof

where, Sl is the sub index function for the selécte
parameters and the coefficient are weighting facfor

the respected sub index. pollutant from some agricultural and homestead sarea
and in between those stations a mangrove forest was
3. RESULTSAND DISCUSSION present; again, tide was a normal phenomenon tDere.
to tidal interference (Ideriakt al., 2010), forested area
3.1. In-Situ Parameters (Lawson, 2011) and agricultural and homestead waste

) _ (Ogedengbe and Akinbile, 2010) TDS amount of those
In Malaysian river, water temperature usually range g stations found higher. Meanwhile, TDS at stato

from 24°C to 31.3°C (UKM-DOE, 2000) and Malaysian 410 were in permissible limits 500 mg*{DOE, 2008)
normal water temperature is 27-31°C (Seabd ., 2008). (Table 1).

The Table 1 shows that, water temperature of the study gty level varied from 2.10 NTU at station @ t
area varied from 26.16°C to 35.24°C. As_can be S€eN34 50 NTU at station 5T@ble 1); only station 9 was
temperature was found beyond the Malaysian staratard ¢, nq in normal level whether rest of all contained
station 4 to 8 and other 5 stations within the radrimit. higher value of turbidity according to the INWQS

Higher temperature at station 4 to 8 was perhapstd'u Malaysia. Non-point sources of pollution like rufof
high air temperature within the area (Pilgetval., 1998; 50 newly developed industrial areas and agricaltu

Bonacci et al., 2008) and obviously the industrial |5ng associated with point sources may be the cafise

effluents (Nedeaet al., 2003). __ high turbidity (Wilson, 2010).
The spatial variation of pH values was identical

among the stations. The ranges varied from 4.1%18  3.2. EX-Situ Parameters
(Table 1). However, the highest mean pH value 8.02 was
recorded at station 6 followed by station 5 antut; the
values of pH of those stations along with statidn3 and

4 were within the Malaysian standard (DOE, 2008). O
the other hand, the pH values of station 8, 9 anud@
recorded very low. That might be due to the additd
wastes with acidic nature generated from mining and
chemical industries. Furthermore, water of stati@ns9
and10 contained a considerable amount of chromibichw
was negatively correlated with pH and fewer amouwrfts
nitrate nitrogen and cobalt having positive cotieta
(Table 2 and 3). Conductivity was found within the normal

Collecting samples from sampling sites were
analyzed in laboratory for determining the amouft o
Sulphate (S@), Nitrate-Nitrogen (N@N), NHs-N,
Phosphate-Phosphorus (B) BOD, COD and TSS.
The calculated amounts of these parameters were
compared with the Malaysian standardgig. 2.

Sulphur was determined as S@nd the results
showed that the lowest amount of sulphate was decbr
1.90 mg [* (range 1.00-3.00) at station 9 and the highest
amount was recorded 875.00 mg" l(with range 580-
1220) at station 1T@ble 2). Except station 1land 7 the

limit at maximum stations except 1, 2 and Talfle 2); level was within the Malaysian standard limit andyo
where, the saline water entered everyday durimg(tithris ~ the station 1 was found beyond the WHO standard lim
and Omar, 2008) from the South China Sea. (Fig. 2a). It might be due to station 1 was near the sea

The Table 1 also shows the DO concentrations at that contained higher level of sulphate (WHO, 20&dq
different stations of the study area. DO valuesewer Station 7 was adjacent with some industries which
observed very low at all stations; the lowest valuk0 discharged sulphur rich effluents into the river.
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Table 1. Range, mean and SD forsitu parameters of 10 sampling stations with geographication

Station Location (GPS) Temperature Conductivity OD TDS Turbidity
No. with elevation (m) (°C) pH (uS/cm) (mg/L) (nbgy/ (NTU)
1. N 03°56'35.04" and Range 27.05-30.17 5.66-7.024200-27080 2.62-4.40 9040-24300 7.69-22.50
E 103°22'32.1"(10) mean SD 28.78 6.26 18013 3.30 6137 16.66
1.07 0.52 4946 0.61 7691 6.41
2. ‘N 03°57'19.44" and Range 28.04-29.2 6.97-7.71 700713660 1.10-2.17 5160-7270 10.05-24.70
E 103°22'59.94" (7) mean SD 28.55 7.25 10880.0 81.5 6250 17.72
5.81 0.59 0.34 2836.00 0.41 1088.00
3. ‘N 03°57'39.6” and Range 29.01-29.81 7.32-8.40 244:1800 1.33-1.80 650-869 9.78-20.70
E 03°23'14.64" (7) mean SD 29.34 7.69 1395 1.69 776 13.70
0.38 0.38 207 0.36 112 3.90
4. N 03°57'54.18” and Range 30.92-32.57 7.51-8.51 11911320 1.62-4.12 527-821 10.05-17.27
E 103°23'22.86" (8) mean SD 31.74 7.95 1212 2.71 136 14.14
0.75 0.35 95 0.96 108 3.42
5. N 03°58'12.54” and Range 30.92-33.1 6.96-8.95 801B630 1.93-3.91 642-748 11.26-34.50
E 103°23'23.28" (9) Mean SD 31.98 7.96 1505 3.12 007 23.44
1.07 0.99 107 0.91 50 12.03
6. N 03°58'33.6" and Range 31.63-34.14 7.25-9.12 2311740 1.56-3.16 649-778 11.73-28.80
E 103°23'14.28" (13) mean SD 32.88 8.02 1585 2.32 715 20.98
1.35 0.76 164 0.79 68 8.01
7. 03°59'13.44” and Range 33.2-35.24 6.77-8.60 2.85-3.93 203-529 6.69-12.35
E 103°23'16.92" (13) Mean SD 33.78 7.65 1068 3.28 365 9.82
0.88 0.62 149 0.51 171 2.30
8. N 03°59'16.44" and Range 32.5-34.1 4.16-5.42 581- 2.78-4.25 19.6-24.8 4.83-10.06
E 103°23'17.46" (12) Mean SD 33.27 4.96 55 3.38 781 6.59
0.56 0.29 3.31 0.59 2.25 1.81
9. N 03°59'27.42” and Range 26.16-27.4 4.23-6.70 -220 1.93-3.05 7.7-8.7 2.10-6.02
E 103°24'12.18" (9) Mean SD 26.78 5.13 24 2.34 58.1 3.87
0.61 1.04 3.39 0.38 0.47 1.56
10. N 03°59'37.62” and Range 31.12-31.75 5.14-6.4013-787 2.36-3.01 333-379 7.7-12.24
E 103°24'45.3" (10) Mean SD 31.45 5.86 750.0 2.66 354 10.11
0.29 0.44 36.01 0.22 22.12 2.09
Table 2. Range, SD and mean ef-situ water quality parameters for 10 sampling statiortee study area
NOs- NH; N PO sQ* TSS Cr Co Cu Pb
Stations N mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Range 0.02-0.073 0.65-1.82 0.06-0.59 580-1220 -35.0 0.00- 0.035 0.0809-0.10 0.287-0.553 0.4928.5
1 SD 0.026 0.63 0.271 314.56 15.394 0.014 0.014 430.1 0.052
Mean  0.0465 1.24 0.335 875 47.165 0.0082 0.0926 .4496 0.5415
Range 0.1-0.35 2.36-3.00 0.60-2.07 59-320 29.0-72.0.000 0.219-0.228 0.00-0.010 0.489-0.504
2 SD 0.127 0.297 0.780 140.41 15.587 0.000 0.0051 .0060 0.0079
Mean 0.2235 2.625 1.35 188.5 41.085 0.000 0.2243  0.0033 0.4956
Range 0.00-0.45 3.20-4.05 1.03-1.74 20-67 10.0-20.0.000 0.165-0.184 0.0 0.471-0.489
3 SD 0.243 0.352 0.368 24.66 3.817 0.000 0.0095 0.0 0.0103
Mean 0.225 3.465 1.395 43.5 14.165 0.000 0.174 0 o. 0.4827
Range 0.01-2.70 1.21-3.25 0.55-1.20 20-70 12.0-21.0.000 0.246-0.257 0.0 0.470-0.496
4 SD 1.298 1.061 0.342 26.31 3.507 0.000 0.0059 0.0 0.014
Mean 1.15 2.185 0.88 46.65 14.665 0.000 0.2505 0 o. 0.4801
Range 0.00-4.50 1.29-3.25 0.34-1.54 37-63 17.0-23.0.000 0.561-0.665 0.0 0.480-0.508
5 SD 2.274 0.981 0.618 12.38 2.16 0.000 0.0532 0.0 0.014
Mean 2.035 2.17 0.93 48.75 18.585 0.000 0.6191 0 o. 0.4937
Range 0.00-3.70 0.87-3.35 0.61-1.03 17-39 16.0-17.0.000 0.651-0.701 0.0 0.218-0.241
6 SD 1.629 1.342 0.206 11.0 0.547 0.000 0.0263 0.0 0.012
Mean 1.385 2.105 0.835 28.4 16.085 0.000 0.6716 00 0.2322
Range 0.01-0.42 0.86-1.76 0.05-0.85 170-339 19.0-1 0.003-0.111 0.0 0.287-0.553 0.222-0.244
7 SD 0.216 0.448 0.016 86.68 3.502 0.062 0.0 0.1426 0.012
Mean 0.205 1.34 0.07 255.835 14.335 0.0395 0.0 4496. 0.2349
Range 0.00-0.01 0.96-1.72 0.02-0.04 2.00-7.00 18.0- 0.041-0.089 0.0 0.0 0.219-0.241
8 SD 0.005 0.292 0.007 1.79 2.927 0.028 0.0 0.0 110.0
Mean O 1.515 0.025 4.835 11.835 0.0575 0.0 0.0 2306
Range O 0.16-0.37 0.01-0.10 1.00-3.00 2.0-36 0m023  0.090-0.095 0.0 0.487-0.494
9 SD 0 0.094 0.034 0.89 13.155 0.027 0.0030 0 0.004
Mean O 0.245 0.02 1.915 9.5 0.032 0.092 0.0 0.4896
Range 0.19-0.25 1.88-2.37 0.07-12.30 30-49 5.0-15. 0.00-0.0583 0.0 0.0 0.2224-0.2318
10 SD 0.023 0.197 6.644 8.69 3.983 0.028 0.0 0.0 00%0.
Mean 0.23 2.215 6.315 40.915 10.25 0.0161 0.0 0.0 0.2283
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Table 3. Correlation coefficient (r) for water quality parater in the study area
pH DO NQN  NH,'N PQ* SO TSS Cr Co Cu Pb
pH 1.0
DO -0.2502 1.0000
NOsN 0.6721* 0.0783  1.0000
NH,N 0.5934 -0.5319 0.2754 1.0000

PO> -0.1017 -0.1895 -0.0441 0.3667 1.0000

so?* -0.0514  0.339 -0.2912  -0.2340 -0.1943 1.0000

TSS 0.0995 -0.0647 -0.1409  0.0593 -0.178 0.8058*60a

Cr -0.6931* 0.5264 -0.5435 -0.6069 -0.2214  -0.1054.3#7 1.0000

Co 0.6439* -0.1858  0.8920* 0.2970 -0.1567 -0.22700.0314 -0.6295 1.0000

Cu 0.0364  0.525 -0.3155 -0.3721 -0.2863  0.8152**4p#4  0.2154 -0.3565 1.0000

Pb 0.1503 -0.2975 0.0832  0.0692 -0.2923  0.3405 8@51-0.5277 0.1369 -0.0089 1

Nitrogen was assessed as NOand NH-N. The  Figure shows that, BOD concentration was the highes
Table 2 shows that, the highest amount of NODwas 32,88 mg " at station 7 and the lowest 4.225 mg &t
observed at station 5 valued 2.035 md. INitrate is  station 9 Figure 2f also stated that the BOD values of all

commonly found in surface water as contaminaret(di., : . .
2012); however, in the present study it was obskrve fr:atlonis Werfe be()j/ond the standa:ﬁs I|m_:; OI Mamymd.
within the safe level (<0.4) at every station (DQB08) € vaiues found maximum in ne mid-stream region.
(Fig. 2b). The concentration of another nitrogenous S Was perhaps because of industrial activities

parameters for water quality was recorded higheallat ~substantial in mid-region. The result indicatectttegh
stations that was beyond the permissible limit (DOE load of organic pollutant from industrial wastes
2008) Fig. 2c). As can be seen, the range was 0.16-0.37proliferate the decomposer organisms causing raauct
mg L™ (mean 0.25 mg L) at station 9 to 3.40-4.05 mg of DO followed by increase BOD in surface water
L™ (mean 3.47 mg L) at station 3Table 2). Similar of  (Gyawali et al., 2012). Similarly, the concentration of
most of _the _parameterg, middle stations were foundCOD was also as same as BOHig( 2f). The higher
loaded with nitrogen too; as they received mosthef amount of COD indicated that, the surface water was
effluents from the industries including polymer, . o '
chemical, metal, gas and power and manufacturirty an hlghly_ polluted; as it is the O!emQ”S”ab'e para_mndarbe_
wooden industries of Gebeng area. examine the extent of pollution in water (Amirkaai
Phosphorous in the form of ROwas recorded the 2008). However, COD level recorded safe at stat®ns
highest 6.30 mg T at station 10 and the lowest 0.02 mg and 10 (DOE, 2008).
L™ at staton 9 Table 2). Comparison between According to the INWQS classification, the stati@®
calculated and standard level of £On the study area 7 were classified under class V, station 2, 8 ahdvére
(Fig. 2d) stated that, stations 1 to 6 and 10 were foundfound in class IV and station 1 and 9 were categdras
loaded with PQ" concentration beyond the Malaysian class Ill based on BOD concentration. Again, based
standard limit and stations 7 to 9 were observetiiwi  COD concentration station 7 was in class IV antiosta 1

the permissible level (DOE, 2008). to 6 and 8 were classified under class Ill.
In the study area, TSS was observed almost belew th
3.3. Heavy Metal

standard levelsHig. 2e). Nevertheless, station 1 and 2
contained higher amount of TSS compared to Malaysia  The water samples were analyzed for determining
standard limit; because of forested area, tidauthgnce  heavy metal contamination and result showed that
(Law et al., 2007), homestead and agricultural practicessurface water of the study area contained lead(Pb),
in between station 1 and 2. cobalt(Co), copper (Cu), chromium (Cr), zinc (Zmda

Figure 2 Comparison between the calculated and barium (Ba). The study results have been compaitd w
standard concentration of (a) sulphate, (b) nitrike(c) the Malaysian standards and presentdeign3.
ammoniacal-N, (d) phosphorous, (e) TSS and (f) BOD  Figure 3a demonstratedhat, the amount of Pb was
and COD in the study area observed in toxic level all over the area and thseoved

BOD and COD were analyzed and the results wereconcentration was above the WHO as well as Malaysia
compared to the Malaysian standard limifig. 2f. The standard at all stations.
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Fig. 3. Comparison between the calculated and standaoetation of (a) Pb, (b) Co, (c) Cu, (d) Cr, (@dhd (f) Zn in the study area
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Table4. Surface water classification in the study are&btas DOE-WQI

Monitoring station Calculated WQI value Water classMonitoring station Calculated WQI value Water class
Station 1 54.99 " Station2 47.77 v
Station 3 44.35 v Station 4 45.38 v
Station 5 44.36 v Station 6 44.26 v
Station 7 39.33 v Station 8 51.57 v
Station 9 62.90 11 Station 10 55.08 11

The values were varied from 0.2283 mg/L (range stations (station 2 to 8) were found to be un-uesabl
0.2224-0.2318) at station 10 to 0.5415 mg (range  Wwithout irrigation (DOE, 2008). However, the statit
0.4915-0.5961) at station Tdble 2). The main source at lower stream and stations 9 and 10 at uppearstre
of Pb was the discharge of Pb containing industrial were classified as class Ill; that might be becafsihe
wastes from gas based power industry, refiningahaetd  tidal interference in the lower stream and lessishdal
mining industries (USEPA, 2012). Some industries activities at the uppermost.

discharged their waste water through pipeline whicky

also be the potential sources of Pb (Al-Othretzah., 2012). 4. CONCLUSION
Regarding Co; it was found toxic with higher ) )
concentration compare to the standard limit aicsta? This study revealed that the pollution level was

to 6 Fig. 3b and station 1 and 9 was observed within the comparatively higher in the mid-stations; whereg th
standard level (Nagpal, 2004). Similar to the other industrial activities are more compare to othetpaks a
parameters, it was also higher in mid-region. Dnse result, more effluents were adding to the streadchthos
populated industries in the mid-stream might be paused high pollution. On the other hand, ‘.".‘e. _dal i
contributed to high level of cobalt in that areamwéver interference at lower stream and less industritiVities
Co was not found at station 7, 8 andTalfle 2) ’ at upper stream caused less po_IIutlon in Iowe_rtmpﬂer
C d chromi ' found t b. | ti stations. Considering the analytical results, @tléar that
acceg?allabelg ?gveICV\:i(t)PTI:(;nmgveerfce%ltjig |PF$§;) 35 :hrgv(\)/z M the major source of pollutant was the industriaki®a

. . containing organic, inorganic pollutant and heastats,
that, the concentration of Cu was found highett@lian — 4¢5qciated with some homesteads and a few agrialiltu
1 and 7; regarding station 1 it might be because ofy actices. Higher variability was due to higher

anthropogenic sources and shipping (Kuantan port)anthropogenic activities. Based on the classificathe
(Shankaet al., 2004) and at station 7 was probably for \yater of the area was found to be unusable except
the correlation with SO (Table 3); as the station jrrigation. Hence, the pollution is rising with thising
contained more amount of OAt the same time, Cr  of industries. So, attempt should be taken immetijat
observed higher at station 8 which was beyond theto reduce the pollution level of the river as wal
standard level. Probably the cause was low pH valuesurface water of the study areas. For the reduatfon
(Table 1) of that station which was negatively correlated pollution, close monitoring of industrial activise
with chromium T able 3). Except those three stations Cu should be ensured and emphasis also be given on
and Cr observed very low or zero at other statiGigs recycling of industrial wastes of their own before
3c and 3d. Other two elements Ba and zZn were discharging them to the river flow.

determined and compared with standard levdtig 3e

and f. The figures showed that the observed level were 5. ACKNOWLEDGEMENT
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