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Abstract

River water quality is important for ecological health. The Tembeling River is the main
river flowing through the Pahang National Park and is used as a resour ce for navigation as
well as for recreation purposes. Recreational use of water may offer health benefits to hu-
man. Waters contaminated with chemicals that are either toxic or irritating to the skin or
mucous membranes ar e unsuitable for recreational purposes. The objective of the study was
to evaluate the heavy metal chemicals changes before and after monsoon. Water samples
from five tributaries (Sg Tahan, Sg Keniam, Sg Trenggan, Sg Perkai and Sg Tenor) were
monitored for temperature, pH, dissolved oxygen, and concentrations of eight dissolved
metals (Ag, Cd, Cu, Cr, Fe, Ni, Pb and Zn) over six different sampling periods; 3 beforethe
onset of the seasonal monsoon and three after the monsoon period.

All sampling stations were located within the recreational zones, where conditions are ho-
mogenous. Cr, Cu, Fe, Pb, Ni and Zn concentrations were significantly higher before the
monsoon compared to the period after. However, concentrations of Ag and Cd showed an
opposite pattern compared to the other metals. Seasonal patterns of Ag and Cd in the for-
ested area were characterized by decreased concentrations of them following monsoon but
gradual increased levels of Ag and Cd wererecorded as the water flow reduced. Ag, Fe, Pb,
and Cd were found to be present at higher concentrations than the recommended stan-
dards. The sources contributing to high concentrations of metals were found to be of natu-
ral origin. The results suggest that the water supply in the National Park is of acceptable
quality for recreational purposes. However, continuous monitoring of environmental pol-
lutantsis essential in order to prevent any recreational water illness.
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Introduction inhalation, ingestion, and skin absorption [1].hEavy
metals enter and accumulate in body tissues faséer
Toxic metals, including "heavy metals,” are indivad  the body's detoxification pathways can dispose tbémn
metals and metal compounds that negatively affect p a gradual buildup of these toxins will occur [2].
ple's health. In very small amounts, many of thes¢als
are necessary to support life. However, in largeoants, = Human exposure to heavy metals has risen dranigtical
the heavy metals become toxic and may build upion b over the years, as a result of an exponential @&s&rén
logical systems and create a significant healthattaz the use of heavy metals in industrial processespand-
Once liberated into the environment through the airucts often resulting in the release of toxic heawstals
drinking water, food, or countless human-made chalmi [3]. At present, the chronic exposure comes in maays
and products, heavy metals are taken into the bimly namely from mercury-amalgam dental fillings, lead i
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paint and tap water, chemical residues in procefsg®is, endar (Table 1). The sampling times were planneatin
and “personal care” products such as cosmeticsadlett  vanced without capturing temporary events. The §amp
ries [4]. strategy was designed to cover a wide range ofrdéete
nants at key sites and account for tributary inflas can
have important impacts upon downstream water qualit
The number of the sampling sites was optimizediochsa
way that only representative sites from each riveuld
be used. Since the variability of trace-elementceoira-
tion may be important even within a 24 hour peifibd]],
sampling was performed in the same day.

In today's industrial society, there is no escagixygosure
to toxic chemicals and metals. In addition to tlagdrds
at home, even outdoor recreational water may besedg
to pollution. The heavy metals can directly infloerbe-

havior by impairing mental and neurological funatio
influencing neurotransmitter production and utifian,

and altering numerous metabolic body processesT .
systems in which toxic metal elements can induce imTable 1. Sampling Points
pairment and dysfunction include the blood and icard
vascular [6], energy production pathways [7], gastes-

tinal [8], nervous (central and peripheral) [9]pmeduc- S%rgip;]ltlgg River L ocation
tive, and urinary [10].
. N 04°25.972’,

S1 Sungai Trenggan E 102°26.255"
Pollutant metals are usually non-degradable anck tise N 04°25 é69
no known homeostasis mechanism for them. Thus, an ; °25.869,
high levels of heavy metals will threaten biolodjtie 52 Sungai Tenor E 102°22.909
[11,12]. Nutritional status, metabolic rate, theegrity of ) N 04°26.365’,
detoxification pathways (ability to detoxify toxisub- S3 Sungai Tahan (Lata Berkoh 102°23.088
stances), and the mode and degree of heavy meqtal ex _ _ N 04°31.204’
sure all affect how an individual responds. Chifdend ~ S4 Sungai Perkai E 102°27 176"
the elderly, whose immune systems are either uederd N 04°32 5'31,

veloped or age-compromised, are more vulnerablexo S5
icity [13].

Sungai Keniam E 102°27 042"

Recreational water parks become a common leisaepl Th€ physicochemical characteristics of the wateonged
for many individuals but many are not aware ofgoel-  directly in the field at each sampling station wesen-
ity of water, which may harm their health if poat Till ~ Perature, pH and dissolved oxygen. Acid-washed -high
to date there is not much local data available eavip ~ density polyethylene bottles were filled upstreainthe
metal content in recreational water. Results ofioues- ~ Sampler to avoid any material disturbed from theash-
tigation will be important at the different levei§recrea- Ped, and below the water surface to avoid floattrage-

tional water park management authorities to pronfiote rial and the surface film. A total of two replicatevere

ture conservation actions for this aquatic resotodeave taken for every sample. Samples were transported in
sealed polyethylene bags to prevent contaminationad

a clean environment.

bottles were kept in a cool box. All sampling, Enes-

. . i i tion and analyses were performed as per standatidt me
Therefore, this study was carried out to investigdte o [15]. y P P

monsoon-related changes in dissolved metal coreentr
tions in channel waters of the Tembeling Riverutivies
in the Pahang National Park.

Chemical analysis: The “dissolved” fraction was rape
tionally defined as that which passes through &-thh

membrane filter. Filtrates were acidified with 1%/

Materials and Methods

nitric acid as a preservative and stored in acighed

polyethylene bottles.
Site description: The main tributaries of Sungam¥fe
beling are Sungai Tahan arising from Mount Tahae- (e Metal concentrations in surface waters were detexchi
vation 2187 m) and Sungai Keniam from the east. Théy Inductively Coupled Plasma Mass Spectrometry
climate is moderate and the annual average temperat  (ICPMS) [16]. Analytical precision was in good agre
22 - 26C. The average yearly rainfall is approximately ment and the recoveries ranged from 91% to 104%.
2200 mm (lowland) and 3800 mm (highland). The waterData Analysis: Descriptive data were generatedafbr
quantity of Sungai Tembeling is plentiful, alsoiampor-  variables and presented as meanstandard deviation
tant source of water downstream. (SD). Statistical analyses were performed with Slegis-
Water Sampling: Surface water samples were collectetical for Applied Science (SAS) statistical package
before and after the monsoon/ rainy season in ag@a  Windows. Statistical analysis of variance (ANOVAjsv
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used to determine the significance differences<d. G5

vertically accreted overbank alluvium [19, 20]. #dugh

for comparison between samples before and after- morthe periods of low-to-mean discharge occur for ashm

soon.

Results and Discussion

Taman Negara (National Park) straddles the staiteb®

as 99% of any given year, 50% of the annual susgzend
load may be transported during a short flood ef&tit
Long-term and seasonal changes of heavy metal nence
trations in channel water and sediments can bibduattd

to changes in heavy metal load discharged to a rive
channel and the river discharges are related tartt@int

of Kelantan, Terengganu and Pahang in Peninsular Mand intensity of precipitation [22]. Also, higheedvy

laysia. A totally protected area of 4,343 sq kmmaa
Negara is one of the world's oldest tropical rairests.
Sungai Tembeling is the main river flowing throute
park and converges with Sungai Jelai to form theaRg
River. The river acts as the chief artery for rivirne
traffic wishing to go upstream. The water itselfbising
utilized for various recreational activities, inditbn to
being the main source of water. In recent yeart) am
increase in population and tourism, settling arokndla
Tembeling has shown an increase. The entry poitthef

metal concentrations are exhibited in suspended sed
ments and water during a wet season than in aegos
[23]. The National Park can be considered as dinpgis
environment with natural concentrations of elements
rivers because of the absence of any industriabdcul-
tural activity and limited accessibility. As suate expect
only the presence of long-range worldwide atmospher
pollution without any local source of contaminamgth

the exception of sources from the natural rock.

Pahang National Park at Kuala Tahan and SungauRelg, view of the spatial and temporal variations fie hy-

has the highest record of 81,974 visitors in thar @007
[17].

Seasonal variations in precipitation, surface rfjrinfer-
flow, groundwater flow and pumped in and outflovesé

a strong effect on river discharge and subsequentiye
concentration of pollutants in river water [18]. g
periods of low-to-mean discharges, heavy metal ckisso
ated sediments accumulate in the river channelsndu
floods, they are resuspended and transported dmanst
as well as dispersed onto the flood plains in tirenfof

drochemistry of rivers, regular monitoring prograare
required for reliable estimates of water qualit§][2Thus,
it has become a timely requirement to build up réso
and understanding of the pollution processes amtifrin
order to keep this water body free from contamonati
We were, therefore interested to investigate tfeces of
monsoon-related changes in dissolved metal coreentr
tions in channel waters of the Tembeling Riverutivies
in the Pahang National Park. The seasonal vatiatufi
the studied elements and statistical correlatiogtsvéen
them were determined.

Table 2. Mean concentration of heavy metals, pH, temperature and DO at different sampling points
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Points S1 S2 S3 A4 S5
Element
(mg/L) Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
pH 7.22 £0.60 7.01+£0.44 6.91 £1.03 6.90 £ 0.57 7.06 +0.37
DO 6.85 + 0.67 8.00+0.34 7.96 £ 0.65 7.68+0.71 8.10+0.42
Temp (°C) 25.16+0.56 2500+053  2450+1.30 .724058 2+85*0.63
Cr 0.12 £0.02 0.08 £ 0.01 0.08 £ 0.02 0.12+£0.03 0.12 +£0.02
Fe 1.35+0.74 1.73+0.81 1.33+0.19 2.87+£0.89 .8920.98
Ni 0.08 £0.01 0.06 £ 0.01 0.06 £0.01 0.08 £0.02 0.08 +0.01
Pb 0.12+0.01 0.09£0.01 0.08 £ 0.01 0.12 £0.02 0.10 £ 0.05
Zn 0.15+0.03 0.12 £0.02 0.11 £0.02 0.22+0.04 0.19 + 0.03
Table 3. Water sampling at different sampling stations
Parameter S1 S2 S3 A S5
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SE.,
pH 7.27 7.0P 6.9G" 6.90° 7.06 0.054
Temp 2518  25.06° 2450 24.7F 2485%°  0.124
DO 6.86’ 8.00% 7.97 7.66 8.1¢%

0.065
Heavy Metal
Ag 0.18 0.16' 0.16 0.16' 0.16' 0.002
Cu 0.17% 0.13 0.19° 0.21F° 0.2G6° 0.004
Cd 0.26 0.2¢" 0.2¢% 0.1 0.2¢ 0.003
Cr 0.35° 0.03 0.25 0.2g%¢ 0.28%¢ 0.005
Fe 1.34 1.72° 1.33 2.89" 2.89" 0.150
Ni 0.24 0.19 0.198 0.218 0.27 0.004
Pb 0.14° 0.17 0.10 0.18 0.17 0.005
Zn 0.238° 0.18 0.16 0.36' 0.32° 0.015

Means within rows with the same superscript are not significantly different at
p<0.05.Mean and standard error (SE) are presented based on ANOVA test.

Table 4: Water measurement at different sampling periods

Parameter Pre-Monsoon Post-M onsoon S.E.«

pH 6.69 6.68 6.83 7.27 7.43 7.16 0.098

Temp 2435 2455 2633 2516 2550 2527  0.223

DO 67¢ 716 7385 809 759 7405 9117

Heavy Metals

Ag 0.14 0.18 0.005

Cu 0.03 0.26 0.16 0.008

Cd 0.18 0.22 0.005

Cr 0.16 0.43 0.009

Fe 0.947 059 0.79 4.66 1.28 0.74 0.270

Ni 0.14 0.28 0.006

Pb 0.14 0.0Z 0.36 0.14 0.0r 0.010

Zn 0.07 0.7% 0.19 0.0% 0.028

* Means within rows with the same superscript are not significantly different at p<0.05. Mean and standard error (SE)
are presented based on ANOVA test.
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Figure 1. Seasonal variation in Ni and Cr concentrations
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Figure 2. Seasonal variation in Zn, Fe, Cu and Pb concentrations
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Figure 3. Seasonal variationsin silver and cadmium concentrations

Six sets of data were obtained from repeated sagpli and temperature. This could be due to the dimieuiza-
and analysis, whereby three sets were taken pregélte  sonal variation in these parameters. All statioad tem-
monsoon season of 2007 and three sets taken faljowi peratures representative of Class | of the Intétational
the monsoon season. A total of 10 metals were aedly Water Quality Standard (INWQS) [25]. The results fo
for each set of data. pH showed the same pattern as temperature withtal|
tions within the range of 6.5 — 8.5 and falling en€lass
Average pH for all streams ranged from 6.9 to T@o{e | of the INWQS.
2). Highest pH was observed in a small headwater si
(S1) and lowest pH was observed in Sungai Tahah (S3The temporal patterns of Ni and Cr showed simifarit
the largest stream in the study. This sampling wiéas  (Figure 1), both increased just after the monsaasen
downstream from Mount Tahan and the water chemistrgnd reduced to being undetected by June the faltpwi
influenced by processes at the higher elevatioradeed year. Similar temporal patterns were also obseffeed
mean heavy metal concentrations in filtrates aevshin ~ Cu, Fe, Pb and Zn at the various forested headwater
Table 2. streams (Figure 2). The presence of ocher-coloragmw
in Sungai Tahan (S3) and further upstream indictitat
In the forested catchment we observed no differénce Fe is in the dissolved forms in this stream. Thiaug the
pH for the different headwater streams. A similattgrn  study, concentrations of iron were the highest iih a
was observed for the surface water temperatureedery  streams. It can be concluded that higher heavy Imeta
for dissolved oxygen (DO) content, S1 had the ldawesconcentrations are exhibited in the water subsdqteen
reading compared to the rest. Temporal patternwetho the monsoon season. Similar findings were repobied
increasing pH and temperature after the monsoosoeea He et al. [23]. Since this area is free from anplogenic
Nevertheless, temperatures were the highest jimt for  inputs, the only likely source of metals in the evais
the monsoon season in October 2008. The DO did nétom the natural geology of the area. This patiertypi-
present any pattern, though the highest DO wagaedo cal for this type of forested area [26] and otheides
after the monsoon season in February 2008 (Tabée®l3 have also reported increased concentrations oflsrehia-
4). There was no significant correlation between P  ing periods of higher discharge [27, 28]. Duringiqés
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