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2.1.4 Biological Oxygen Demand (BOD) 

Biochemical Oxygen Demand (BOD) determines the strength of pollutants in 

tenns of oxygen required to stabilize domestic and industrial wastes (A vvannavar and 

Shrihari, 2007). The BOD value in rivers often increases during periods of heavy rain 

and high river flows as organic matter is washed in from the land and farmyards (WHO, 

2005). 

BOD determines the strength of pollutants in terms of oxygen required to 

stabilize the wastes. It also measures the amount of food for bacteria found in water. The 

BOD test provides a rough idea of how much biodegradable waste is present in the water 

(WSDE, 2002). The BOD concentration continuously increases because of natural plant 

decaying process and other contributors that increase the total nutrient in water bodies 

such as fertilizer, construction effluent, animal farm, and septic system (Al-Sabahi et al., 

2007). 

2.1.S Chemical Oxygen Demand (COD) 

The COD test is commonly used to measure the amount of organic and inorganic 

oxydizable compounds in water (Davis et al., 2005). The increasing of COD indicates 

that the local pollutants may be contributing incrementally in degrading the quality of 

the river water (Naubi et al., 2015). 
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Generally, the lower COD level indicates a low level of pollution, while the high 

level of COD points out the high level of pollution of water in the study area (W aziri et 

al., 2010). Moreover, a wide usage of chemical and organic fertilizer and discharge of 

sewage affect COD level, while the high COD shows a deterioration of the water quality 

is attributed to the discharge of municipal effluent (Eisakhani et al., 2009). 

COD level are related to anthropogenic pollution sources and are suspected to 

come from point sources pollution such as sewage treatment plants and industrial 

effluents (Juahir et al., 2010). 
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2.2 National Water Quality Standards for Malaysia. 

The levels Permissible levels of physicochemical and heavy metals in the Bertam 

River, Cameron Highlands can be compared to National Water Quality Standards for 

Malaysia. The National Water Quality Standards describes the quality parameters set for 

drinking water in Malaysia. 

Table 1: Permissible levels of physicochemical and heavy metals addressed in National 

Water Quality Standards for Malaysia. 

Element Permissible Level 

Turbidity 5NTU 

pH 6.5-8.5 

Total Dissolved Solid (TDS) 1000 mg/L 

Chemical Oxygen Demand (COD) 1.0 mg/L 

Biological Oxygen Demand (BOD) 10.0 mg/L 

Cadmium (Cd) 0.01 mg/L 

Copper(Cu) 0.02 mg/L 

Zinc (Zn) 5.0 mg/L 

Chromium (Cr) 0.05 mg/L 

Lead (Pb) 0.01 mg/L* 

• National Drinking Water Quality Standards
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2.3 Sources of Water Pollution 

2.3.1 Domestic sources 

Domestic waste discharge continue to pollute the rivers, it can be either directly 

from the surface runoff or indirectly through drains and river tributaries. On the other 

hand, the negative impact of anthropogenic activities on the river systems is cumulative 

in nature. They are caused by processes and activities which accumulate over time and 

space (Ren et al., 2003) 

There are seven causes of main water problems in Bertam River included the 

land use change either legal or illegal development, uncontrolled river water abstraction 

in upstream, poor solid waste management, low awareness of local community, 

unplanned development, and inefficient administration (Kok Weng et al., 2011). 

Human activities, resulting from urban areas, and agricultural activities, resulting 

from vegetation area, are the main sources of water pollution through the discharge of 

domestic and agricultural wastewater into the river. Agricultural canals and drains are 

distributed in the cultivated area which boosts the river contamination(El-Zeiny and El­

Kafrawy, 2016). 
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Leaching of metals from water distribution system (WDS) can contaminate 

drinking water (Alabdula'aly and Khan, 2009). Amirah et al. (2016) reported that visible 

concentration of Cu, Pb and Cd were found in the certain river in Pahang. Besides that, 

varying levels heavy metals contamination was discerned in the Semenyih River ( Gasim 

et al.,2000). 

2.3.2 Agriculture sources 

River water quality globally has been effected by anthropogenic activities, in 

many cases in ways that still have to be fully quantified (Meybeck, 2005). While these 

impacts are increasingly acknowledged, our ability to understand the magnitude of 

anthropogenic forcing is constrained by the limited availability of long-term water 

quality data-sets, which are essential in understanding system behaviour (Burt et al., 

2014). 

Besides that, agricultural activities, tourism and urban development in an area of 

Cameron Highlands that causing an aggressively of land use change also had mentioned 

in the previous study (Hashim et al., 2006) .Furthermore, after passing through the 

settlement and agricultural areas, Bertam River also was heavily contaminated with 

sedimentation problems .The climate of Cameron Highlands had been affected because 

of active deforestation in recent years (Jaafar et al., 2010). Previous study by Leong et 

al., (2007) mentioned that agriculture, urban and industrial activities coupled with high 

population growth have caused deterioration in the river water quality. 
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2.4 Heavy Metals Contamination 

2.4.1 Zinc 

Zinc is a one of the most well-known components in the Earth's crust. Most zinc 

are found naturally in the environment is in the form of zinc sulfide. Zinc compounds 

are generally utilized as a part of industry. Zinc sulfide and zinc oxide are used to make 

white paints, ceramics, and other items. Zinc enters the air, water, and soil as a 

consequence of both regular procedures and human activities. Generally zinc enters the 

environment as the result of mining, purifying of zinc, lead, and cadmium ores, steel 

production, coal burning, and burning of wastes. These activities can increase zinc levels 

in the atmosphere. Waste streams from zinc and other metal manufacturing and zinc 

chemical industries, domestic waste water, and run-off from soil containing zinc can 

discharge zinc into waterways (ATSDR, 2006).Besides that, the agricultural sector also 

contributes to contamination of heavy metal in river (Shazili et al., 2006) 

The recommended dietary allowance (RDA) for zinc is 11 mg/day for men and 8 

mg/day for women (Trumbo P. et al., 2001). Some essential metals like Cu, Mn, and Zn 

are required for normal body growth but excess amount of these metals could also be 

harmful (Ouyang et al., 2002). Excessive intake of zinc can cause fever, coughing, 

stomach pain, fatigue, and many other problems (Haase H. et al., 2008). Ingestion of 

water containing certain amount of heavy metals may cause health problems in human 

including shortness of breath (Kavcar et al., 2009). 
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2.4.2 Cadmium 

Cadmium is a widespread metallic element occurnng m the environment 

naturally ( e.g., volcanic activity, weathering of Cd-containing rocks, and sea spray), and 

as a pollutant emanating from industrial ( e.g., batteries, coatings, and plastic stabilizers), 

agricultural (e.g., contamination of phosphate fertilizers), and other sources (e.g., release 

from motor vehicle fuel combustion and tire wear) (Agency for Toxic Substances and 

Disease Registry, 2011 ). Cadmium is known as one of the most toxic elements in the 

environment, with a wide range of organ toxicity and long elimination half-life (Patrick, 

2003). 

The third most frequently reported heavy metal in drinking water is Cd, and it 

has been pointed as a public health concern (ATSDR, 2015; USEPA, 2015). Cd­

contaminated drinking water was linked to chronic renal failure (Bawaskar et al., 2010). 

reported kidney failure due to long-term exposure to Cd. Chronic exposure to Cd could 

lead to anemia, anosmia (loss of sense of smell), cardiovascular diseases, renal 

problems, osteoporosis, and hypertension (ATSDR, 2015). Cd can bind with cysteine, 

glutamate, histidine, and aspartate ligands and can cause iron deficiency (lrfan et al., 

2013). It can cause both acute and chronic intoxications (Chakraborty et al., 2013). 

Ingesting high levels of cadmium will cause stomach ache which leads to vomit 

and diarrhea. Chronic exposure to cadmium causes build up in the kidney and increase 

the probability to get kidney disease (Martin and Griswold, 2009). Laboratory and 
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animal studies shows a strong evidence for carcinogenic effects of cadmium including 

mutations in cultured cells, strand breaks in DNA and chromosomal aberrations (Filipic 

and Hei, 2004). Previous study also stated that high exposure to can lead to prostate 

cancer (Achanzar et al., 2001). Henson and Chedrese (2004) reported the association of 

Cd exposure during pregnancy with premature birth and reduced birth weights. 

2.4.3 Chromium 

In environmental samples, chromium occurs most frequently in two oxidation 

states, trivalent chromium (chromium-3, Cr (Ill), Cr3+) and hexavalent chromium 

(chromium-6, Cr (VI), Cr6+). The toxicity of Cr depends primarily on its chemical form; 

Cr(lli) compounds are much less toxic than those of Cr(VI) (Langard et al. 2014 ). 

The International Agency for Research on Cancer (IARC) has classified Cr(VI) 

compounds as carcinogenic to humans (Group 1) (IARC, 2012). Chromium can enter 

waters from both anthropogenic and natural sources (Catalani et al., 2015).Chromium 

can cause irritation to the nose lining and also can cause breathing problem (Martin and 

Griswold, 2009). 
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2.4.4 Lead 

Today, the main routes of lead exposure for the general adult population are from 

ingestion of food and drinking water. For infants and children, the primary routes of 

exposure are food, drinking water, and the incidental ingestion of house dust, lead-based 

paint, soil, and consumer products (Health Canada, 2013). 

Few heavy metals, such as lead and mercury, can also enter the atmosphere due 

to traffic pollution and industrial activities, which can be deposited in soils around the 

reservoir and then enter the water along with the surface runoff (Wang et al., 2015) 

Children and pregnant women are particularly susceptible to lead poisoning. The 

digestive system of children absorb 50% of the lead ingest (National Referral Centre, 

2009). Lead can have serious consequences for the health of children. At high levels of 

exposure, lead attacks the brain and central nervous system to cause coma, convulsions 

and even death (WHO, 2016). 

t 
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2.4.S Copper 

Copper is a metal that occurs naturally in rock, soil, plants, animals, and water. 

The level of copper in surface and groundwater is generally very low. High levels of 

copper may get into the environment through mining, farming, manufacturing 

operations, and municipal or industrial wastewater releases into rivers and lakes (CDC, 

2015). Cu is toxic at high levels. An overload of this metal easily leads to Fenton-type 

redox reactions, resulting in oxidative cell damage and cell death (Turlund et al., 2005). 

2.S Effect of Water Quality and Heavy Metals to Human Health

Metal elements constitute an environmental threat by creating serious human 

health hazards and affecting ecological food chains (Xuelu and Chen-Tung Arthur, 

2012). Presence of heavy metal will adversely effects the drinking and irrigation quality 

of water (Krishna et al., 2009).Ingestion of water containing certain amount of heavy 

metals can cause health problems in human, including shortness of breath and various 

types of cancer (Kavcar et al. 2009). 

There are certain types of heavy metals that essential in human body for normal 

body growth and function such as Cu, Mn, Zn, but the excess amount of these metals 

could be harmful and their accumulation in the body can cause serious disease (Khan S. 

et al., 2013). The adverse effect of these heavy metal are depends upon the heavy metal 

species either toxic, neurotoxic, carcinogenic or mutagenic (Sharma et al., 2008). 
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Despite the fact that the common pollutants in industrial wastewater led to 

increased health risks, the health effects varied among the elements found in water 

pollution. Contrast to other elements, heavy metals had greater effects on mental health 

but not on physical health instantly. One possible clarification for this difference may be 

that although the negative impsacts of heavy metal are well known, heavy metal 

contaminants may not instantly negative influence physical health until heavy metal 

accumulates in the human body to a threshold and has long-term effects on physical 

health, while non-metallic pollutants may be gradually detoxified in vivo (Cheng,2003). 

Spickett et el., (2012) mentioned that, HRA is crucial to understand the potential 

health risk from the heavy metal exposure to humans. Information from HRA will be a 

very important information for decision makers to set up policies or regulations to 

protect population's health (Sobus et al., 2011). 

Researchers have reported there are connections between water pollution and 

acute water-borne diseases which include hepatitis, cholera, dysentery, 

cryptosporidiosis, giardiasis, diarrhea and typhoid (Cutler and Miller, 2005). Raikwar et 

al. (2008) found that heavy metals such as Cd, and Pb pose a number of hazards to 

humans. These metals are also potent carcinogenic and mutagenic. Heavy metal toxicity 

can result in damaged or reduced mental and central nervous system function, lower 

energy levels, and damage to blood composition, lungs, kidneys, liver, and other vital 

organs. Long-term exposure may result in slowly progressing physical, muscular, and 
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Alzheimer's disease, Parkinson's disease, muscular dystrophy, and multiple sclerosis. 

Allergies are not uncommon and repeated long-term contact with some metals or their 

compounds may even cause cancer. 

2.6 Health Risk Assessment 

There is a lot of previous study that compared the heavy metal contamination in 

drinking water with local and WHO standards and the result showed the concentration of 

the heavy metals from Turkey, Pakistan, Jordan, Germany and Malaysia are below 

permissible limits (Kavcar et al., 2006).However, by comparing the concentration of 

heavy metals in drinking water with the standard alone are not enough to indicate the 

health risks caused by heavy metal exposure through drinking water . The information on 

the risk of heavy metal exposure through drinking water for the population can be 

obtained after conducting health risk assessment (HRA) (Razak et al., 2015). 

Environmental Protection Agency (EPA) stated that, the HRA process involves 

calculation of the hazard quotient (HQ) and the lifetime cancer risk (LCR) using 

variables such as heavy metal concentration, ingestion rate, body weight, exposure 

duration and slope factor (Muhammad et al., 2015).If the result of HQ is less than 1 ,it 

indicates no non-carcinogenic health risk to humans. The acceptable ranges for LCR are 

from 1 in 10000 to lin 1 million (Razak et al., 2015).Exposure to heavy metals can lead 

to both non-carcinogenic and carcinogenic effects to the population (Muhammad et al., 

2015). 
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Presence of heavy metal will adversely effects the drinking and irrigation quality 

of water (Krishna et al., 2009).lngestion of water containing certain amount of heavy 

metals can cause health problems in human, including shortness of breath and various 

types of cancer (Kavcar et al.,2009).There are certain types of heavy metals that 

essential in human body for normal body growth and function such as Cu, Mn, Zn , but 

the excess amount of these metals could be harmful and their accumulation in the body 

can cause serious disease (Khan et al., 2010). The adverse effect of these heavy metal 

are depends upon the heavy metal species toxic, neurotoxic, carcinogenic or mutagenic 

(Shanna et al., 2008). 

Spickett et el., (2012) mentioned that, HRA is crucial to understand the potential 

health risk from the heavy metal exposure to humans. Information from HRA will be a 

very important information for decision makers to set up policies or regulations to 

protect population's health (Sobus et al., 2011). 
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CHAPTER3 

METHODOLOGY 

3.1 Study Design 

A cross-sectional design was conducted in this research. The physicochemical 

properties and also the level of heavy metal were measured from the water in Sungai 

Bertam, Cameron Highlands. The health risk from heavy metals exposure via water 

among population who lived near Bertam River, Cameron Highlands were measured by 

using secondary data. 
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3.2 Background of Study Area 

This research was conducted at the Bertam River which is located in the area of 

Cameron Highlands in the state of Pahang. Cameron Highlands is well known for its 

agricultural and tourism activities. Cameron Highlands also one of the largest hill resort 

in Malaysia. The cold and temperate weather makes the area of Cameron Highlands is 

the most suitable area for many agricultural products .The area of Cameron Highlands is 

drained by eight rivers and 123 tributaries. There are three major rivers in Cameron 

Highlands that are known as Bertam River, Lemoi River and Telom River. 

Cameron.Highlands plays a vital role in supplying water for drinking water, irrigation 

and hydroelectricity generation. The Bertam River which is the study area as shown in 

the figure 2, has total area about 293.7 km2 and is drained by complicated river network 

influenced by hilly and undulating terrain system. Bertam river act as the main river 

flowing from Gunung Brinchang at the upstream, through Brinchang town, Tanah Rata, 

Habu and into Ringlet reservoir. 

There are five main tributaries in Upper Bertam namely Sungai Burung , Sungai 

Ruil ,Sungai Jasar, Sungai Uluh and Sungai Batu Pipih. Ulu Sg. Bertam originates from 

the eastern face of Gunung Brinchang and later, as Sg. Bertam, flows through 

Brinchang, Cameron Highlands' Nine, Tanah Rata,Robinson's Falls and through Habu 

and becomes part of the Sultan Abu Bakar reservoir. 
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Figure 3.1: Location of Bertam River, Cameron Highlands, Pahang. 

3.3 Sampling Method 

The sampling method of this research was purposive sampling .Purposive 

sampling was used to select the sampling point in the Bertam River, Cameron 

Highlands. Water sample were collected at 15 cm depth from the surface of the river 

water following the grab method. Sampling was collected using HDPE bottles for COD 

test and amber glass bottles for BOD test. For heavy metal, sample was collected were 

sample using HOPE bottles and acidified immediately with 3 ml nitric acid (69%) before 

the HDPE bottles sealed. All samples were stored in cooler box filled with ice packs to 

keep temperature below 4°c before transferring to the laboratory. Physicochemical 
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parameters of water quality were measured in situ for pH, salinity, total dissolved solid, 

and turbidity using portable YSI (model 6600-M) multisensory probe. The probes of the 

YSI model 6600-M were calibrated in the laboratory before the sampling program. 

APHA 3120 B standard procedures were followed during sampling, sample 

transportation and preservation (Figure 3 .2). 

Figure 3.2: During water sampling at Bertam River, Cameron Highlands. 

3.4 Sampling Collection 

Sampling collection was conducted at the 14 selected stations. Criteria for 

selection of sampling points were based on the location that have an important roles as a 

location for potential point and non-point of pollution sources . The description of 

sampling locations in Bertam Catchment area are as in Table 3. I. 
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Table 3.1: The description of sampling locations in Bertam Catchment area 

Catchment Station Latitude Longitude Elevation,m Station description and 
selection criteria 

Upper SB-1 04.50556° 101.38768° 1612 Sloppy mountainous and 
Bertam forest area. Source area of the 

nver. 

SB-2 04.48974° 101.38715° 1474 Around tea plantation and 
agriculture area. 

SB-3 04.48701° 101.38451° 1449 Adjacent to Taman Sedia 
residential area and fanning 
area. 

SB-4 04.48152
° 101.38032° 1440 Near to Iris House and 

residential area. 

SB-5 04.47459° 101.38402° 1416 Recreational area. 

SB-6 04.47123° 101.38114° 1398 Farming and residential area. 

SB-7 04.46589° 101.38569° 1386 Residential area. 

SB-8 04.45404° 101.39114° 1117 Around tea plantation and 
residential area. 

SB-9 04.45127° 101.39127° 1102 Agriculture and residential 
area 

Lower SB-10 04.44738° 101.39148° 1084 Tea and farming area. 
Bertam 

SB-11 04.44272° 101.38789° 1056 Around tea plantation and 
agriculture area. 

SB-12 04.43840° 101.38883° 1044 Around tea plantation and 
village area. 

SB-13 04.41730° 101.39764° 1026 Around commercial area 

SB-14 04.41633° 101.46473°
861 Near to intensive farming and 

residential area. 
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3.5 Sample Analysis 

COD measurement was analyzed using reactor digestion and colorimetric 

detennination method (APHA, 2012). For BOD, it was analyzed by using 5 days 

incubator method where the samples were kept in incubator at 20°c temperature for 5

days (APHA, 2012). Heavy metals concentration (Cd, Cr, Pb, Zn and Al) in the river 

were analyzed using inductively coupled plasma mass spectrometry. (Table 3.2). 

Table 3.2: Limit of detection of measured heavy metals by inductively coupled 

plasma mass spectrometry. 

Heavy Metal 

Cu 

Cd 

Cr 

Zn 

Pb 
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3.6 Quality Assurance and Quality Control 

1. All the physicochemical properties such as turbidity, pH, and total dissolved solid

were measured in triplicate at each point by using portable YSI (Rasul et al. 2015) 

2. To maintain the quality of samples, the samples were kept in the ice box with

temperature between 1 °c to 4 °c. 

3. The apparatus for measurement was calibrated before analyzing sampling (Rasul et al.

2015). 

3. 7 Health Risk Assessment

Both equations for non-carcinogenic and carcinogenic health risk are adapted 

from USEPA, 2009. The health risk assessment was applied to adult and children via 

water consumption as the route of exposure. 

3.7.1 Non-carcinogenic health risk 

According to the US Environmental Protection Agency, the intake of heavy 

metals such as Zinc, Cadmium and Copper can have non-carcinogenic effects to humans 

(US EPA, 2011).Average Daily Dose (ADD) is used in the calculation of non­

carcinogenic risk (Table 3.3). 

ADD was calculated as follows: 

C x IRX EFx ED 
ADD= 

BWxAT 
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Table 3.3: The parameter used in health risk calculation 

Variable Value Unit Source 

C =Average Depend on mg/kg Based on the results of this 

concentration of results of this research 

heavy metal research 

IR= Adult 1.9961 I/day Ab Razak N.H. et al., (2016) 

Ingestion 

rate Children 0.0002 kg/day US EPA (2002) 

EF= Adult 365 days/year US EPA (2011) 

Exposure 

frequency Children 350 

ED = Adult 74 Years Malaysian Department of 

Exposure 
Statistics (2010) 

duration 

Children 6 Grzetic&Ghariani 

(2008) 

BW= Adult 70 Kg Malaysian Department of 

Body 
Statistics(2010) 

weight 

Children 15 USEPA(2002) 

AT = Adult 27010 Days USEPA (2011) 

Average 

period of 

exposure 
Children 2190 

Note: USEPA= United State Environmental Protection Agency 
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For non-carcinogenic risk, HQ> 1 indicates significant risk while HQ<l indicates no 

significant risk. HQ was calculated as follow: 

ADD 
HQ= 

RID

Oral reference dose of heavy metal (RID) used in this study are shown in Table3.4. 

Table 3.4: Oral reference dose of heavy metal (RID) for non-carcinogenic risk 

Heavy Metal RID (mg/kg/day) Source 

Cu 4.0x10·2 IRIS (2012) 

Cd S.0xl0-4 IRIS (2012) 

Zn 3.0xl0- 1 IRIS (2012) 

IRIS= Integrated Risk Information System (2012) 
US EPA= United State Environmental Protection Agency (2011) 

39 

© C
OPYRIG

HT U
PM

 
UPM 



3. 7.2 Carcinogenic bealtb risk

According to the US Environmental Protection Agency, the intake of heavy 

metals such as Lead and Chromium can have carcinogenic effects to humans (US EPA, 

2011. Lifetime Average Daily Dose (ADD) is used in the calculation of non­

carcinogenic risk. 

LADD was calculated as follows: 

C x IRx EFx ED 
LADD=-----­

BW xAT 
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Table 3.5: The parameter used in health risk calculation 

Variable Value 

C = Average Depend on 

concentration of results of this 

heavy metal research 

IR= Adult 1.9961 

Ingestion 

rate Children 0.0002 

EF= Adult 365 

Exposure 

frequency Children 350 

ED = 

Exposure 

duration 

BW= 

Body 

weight 

AT= 

Average 

period of 

exposure 

Adult 74 

Children 6 

Adult 70 

Children 15 

365 x ED child or adult 

Unit 

mg/kg 

I/day 

kg/day 

days/year 

Years 

Kg 

Days 

Source 

Based on the results of this 

research 

Ab Razak N.H. et al. (2016) 

US EPA (2002) 

US EPA (2011) 

Malaysian Department of 

Statistics (2010) 

US EPA (2002) 

Malaysian Department of 

Statistics (2010) 

US EPA (2002) 

US EPA (2011) 

Note: US EPA= United State Environmental Protection Agency (2011) 
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Risk between 1x10-6 and 1x10-4 is considered as acceptable risk. There is a significant 

risk if higher than lxl0-4
. The carcinogenic risk was calculated as follow:

Risk= LADD x CSF 

Cancer Slope Factor (CSF) used in this study are shown in Table 3.6. 

Table 3.6: Cancer Slope Factor (CSF) for carcinogenic risk 

Heavy Metal 

Cr 

Pb 

CSF (mg/kg/day) 

s.ox10·1

8.Sx 10-3

US DOE= United State Department of Environment (2011) 
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CHAPTER4 

RESULT 

4.1 Physicochemical Properties of the Bertam River in Cameron Highland. 

Table 4.1 highlights the water quality parameter in general and Table 4.2 

provide the overview in the 14 sampling points in Bertam River area. The pH level of 

Bertam River during the study sampling ranged from 6.61 to 7.4 7 with a mean of 6.90 

and standard deviation of 0.19. F or total dissolved solid (TDS), the result was in a range 

of 0.03 to 0.08 g/L with a mean of 0.03 g/L and standard deviation of +-0.02 g/L. The 

turbidity of the Bertam River was in a range of3.96 NTU to 587.45 NTU with a mean of 

234.74 NTU and the standard deviation was +257.28 NTU. The BOD concentration was 

in a range of 0.6 to 18.8 mg/L. The mean and standard deviation for BOD was 2.94 

+4.82 mg/L. For COD, the result shows the concentration of COD in a range of 7.03 to

33.18 mg/L with mean of 17.23 mg/L and the standard deviation was +7.66 mg/L. 
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Table 4.1: Statistical summary of physical parameters for water samples in the Bertam 

River area (n 14). 

pH TDS,g/L 

Minimum 6.62 0.01 

Maximum 7.47 0.08 

Mean±SD 6.90±().19 0.03±().02 

COD, mg/L 

7.03 

33.18 

17.23+7.66 
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BOD, mg/L 

0.00 

18.80 

2.94±4.82 

Turbidity, NTU 

3.96 

587.45 

234.74±257.28 
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Table 4.2: Statistical summary of physical parameters for water samples in the 14 

sampling points in Bertam River area {n= 14 ). 

Catchment Station pH TDS, g/L Turbidity, NTU COD, 
mg/L 

Upper SB-I 6.90+o.02 0.01+0.00 3.96+o.18 7.03 

Bertam SB-2 6.96+o.0I 0.062+o.038 13.49+o.56 33.18 

SB-3 6.83+o.oo o.o56+o.oo 23.97+o.15 16.24 

SB-4 6.82±().00 0.053±().00 45.70+ 1.69 14.48 

SB-5 6.90+o.06 o.049+o.oo 15.55+1.40 12.95 

SB-6 6.80+o.0l 0.047+o.00 20.81+o.61 11.75 

SB-7 6.90+o.07 o.o5o+o.oo 25.57+1.32 15.09 

SB-8 6.62+o.0I o.o34+o.oo 537.17+0.47 19.83 

SB-9 6.99+o.0l 0.034+o.00 537.37+0.84 20.72 

Lower SB-10 6.79+o.02 0.0267+-0.007 527.55+ 18.06 21.24 

Bertam SB-11 6.79+-0.01 o.o37+o.oo 523.14+0.93 29.64 

SB-12 6.76+o.0l 0.040+-0.00 389.63+ 1.98 21.23 

SB-13 7.01 +-0.01 o.025+o.oo 34.7l+o.16 9.35 

SB-14 7.47+o.0l o.oso+o.oo 587 .45+ 108.29 8.52 

Note: BDL-Below Detection Limit 
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BOD, 
mg/L 

BDL 

18.8 

5.1 

3.6 

2.8 

0.8 

3.9 

0.6 

1.1 

1.1 

1.1 

0.8 

1.4 

BDL 
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4.2 Concentration of Heavy Metals (Zinc, Cadmium, Lead, Chromium, and 

Copper), in Bertam River, Cameron Highlands. 

The concentration of heavy metals (Cd, Cr, Cu, Pb and Zn) in water samples 

collected from the 14 sampling points along the Bertam River is summarized in Table 

4.3 and 4.4. The concentration of the cadmium is below detected limit in all sampling 

points. For chromium concentration, there were six sampling point that shows the 

concentration of the chromium that ranged between 0.014 to 0.01 mg/L with a mean of 

0.006 mg/L and standard deviation of +0.007 mg/L. Twelve (12 ) sampling stations 

shows the concentration of the copper between 0 .005 to 0 .014 mg/L. The mean and 

standard deviation for copper was 0.009+0.005 mg/L. For lead, the concentration ranged 

from 0.017 to 0.026 mg/L with a mean and standard deviation of 0.009+o.0 11 mg/L. All 

fourteen sampling station shows the concentration of zinc that ranged from 0.03 to 0.11 

mg/L with a mean of0.041 mg/L and standard deviation of +o.027 mg/L. 
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Table 4.3: Concentration of heavy metal in the Bertam River area. All heavy metals are 

in mg/L, (n 14). 

Cadmium Chromium 

BDL 

0.016 

Copper 

BDL 

0.016 

Lead 

BDL 

0.026 

Zinc 

BDL 

0.110 

Minimum 

Maximum 

Mean+SD 

BDL 

BDL 

BDL o.006+o.001 o.oo9+o.oos o.oo9+o.o 11 o.041 +o.021

BDL-Below Detection Limit 
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Table 4.4: Concentration of heavy metals in 14 water sampling station along the Bertam 

All heavy metals are in mg/L (n 14). 

Catchment Station Cadmium 

Upper SB-1 BDL 

Bertam 
SB-2 BDL 

SB-3 BDL 

SB-4 BDL 

SB-5 BDL 

SB-6 BDL 

SB-7 BDL 

SB-8 BDL 

SB-9 BDL 

Lower SB-10 BDL 

Bertam 
SB-11 BDL 

SB-12 BDL 

SB-13 BDL 

SB-14 BDL 

Note: BDL-Below Detection Limit, 

Chromium 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

BDL 

0.015 

0.014 

0.014 

0.016 

0.01 

BDL 

0.015 
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Copper Lead Zinc 

0.005 BDL 0.03 

BDL BDL 0.03 

0.007 BDL 0.02 

0.009 BDL 0.02 

0.013 BDL 0.02 

BDL BDL 0.02 

0.005 BDL 0.02 

0.016 0.026 0.11 

0.012 0.025 0.06 

0.012 0.022 0.06 

0.014 0.022 0.06 

0.014 0.017 0.05 

0.013 BDL 0.02 

0.011 0.02 0.06 
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4.3 Physicochemical properties and concentration of heavy metals in water samples 

comparable to Malaysian National Water Quality Standard (NWQS). 

All parameters are within the NWQS except for turbidity and Pb concentration 

(Table 4.5). High turbidity value was recorded in the Sg. Bertam water samples where 

the standard was 5.0 NfU and the mean and SD of the water samples were 234. 74 + 

257.28 NTU. Thirteen of the samples (13) exceed the standard value. Lead concentration 

exceeds the standard value (0.01 mg/L) in 6 sampling stations in this study. Based on the 

table 4.5, it shows low significant difference between the zinc concentrations in Bertam 

River compared with the Malaysian Drinking Water Standard. 
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Table 4.5: The comparison of physicochemical properties with the Malaysian National 

Drinking Water Quality Standard (NDWQS). 

Variable (n-14) NWQS No. of sample 
Mean+SD exceedNWQS 

pH 6.895 + 0.194 6.5-8.5 0 

TDS, g/L 0.033 + 0.019 1.0 0 

Turbidity, NTU 234.74 + 257.28 5 13 

Chromium 0.006 + 0.007 0.05 0 

concentration 

(mg/L) 

Copper 0.009 + 0.005 0.02 0 

concentration 

(mg/L) 

Lead 0.009 + 0.011 0.01 6 

concentration 

(mg/L) 

Zinc 0.041 + 0.027 5.0 0 

concentration 

(mg/L) 

• Significant at the p value< 0.05 (2-tailed)
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4.4 The comparison of physicochemical properties and concentration of heavy 

metals in water samples between upstream and downstream of Bertam River. 

Parametric test (One-Way ANOVA) was used to analyze the comparison of the 

physicochemical properties and concentration of heavy metals between upstream and 

downstream of Bertam River (Table 4.6). In this study, 9 sampling stations (SB 1 to SB 

9) were classified as upper Bertam while 5 sampling stations (SB 10 to SB 14) were

classified as the lower Bertam. The classification was made based on the elevation 

model of the river (NAHRIM, 2017). Based on the table, it shows that there are 

significance difference between upper and lower of the Bertam River for turbidity. 

S1 
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Table 4.6: Comparison of the physicochemical properties and concentration of heavy 

metals between upstream and downstream of Bertam River (n= 14) 

Variable Mean (SD) F-statistics ( df) p-value*

Upper Lower 

(n=9) (n=5) 

pH 6.86 6.96 1.005 0.336 

(0.11) (0.30) (1,12) 

TDS 0.03 0.04 1.728 0.213 

(0.01) (0.03) (1,12) 

COD 16.81 18.00 0.072 0.793 

(7.40) (8.94) (1, 12) 

BOD 4.08 5.79 1.465 0.249 

(0.88) (0.54) (1,12) 

Turbidity 135.99 412.50 4.797 0.049* 

(227.87) (223.23) (1,12) 

Chromium 0.00322 0.0110 4.671 0.052 

(0.0064) (0.0066) (1,12) 

Copper 0.0070 0.0128 4.304 0.060 

(0.0056) (0.0013) (1,12) 

Lead 0.0057 0.0162 3.154 0.101 

(0.0112) (0.0093) (1,12) 

Zinc 0.0368 0.0490 0.638 0.440 

(0.0306) (0.0197) (1,12) 

Cadmium BDL BDL BDL BDL 

BDL-Below Detection Limit 

• p-value significant at 0.05 level
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4.S Association between the physicochemical properties and heavy metals of

Bertam River, Cameron Highland 

Parametric test (Correlation test) was used to analyze the association between the 

physicochemical properties and heavy metals of Bertam River, Cameron Highland 

(Table 12). Findings show turbidity was positively correlated with all the heavy metals. 

Cu was positively correlation with Cr (r=0.648). In addition, Cr has low correlation with 

pH (r=0.075). Findings also shows strong correlation between Pb with Cr (r=0.989), Cu 

(r=0.660) .This results indicates a significant influence of one heavy metals to another 

and suggests the possibility of the metals coming from the same source. 

53 

© C
OPYRIG

HT U
PM

 
UPM 



Table 4.7: Association between the physicochemical properties and heavy metals in Bertam River, Cameron Highland (n=14). 

Coefficient 
Correlation, r 

pH 

TDS 

COD 

BOD 

Turbidity 

Cr 

Cu 

Pb 

Zn 

pH IDS 

1 

0.532 I 

-0.353 -0.367

0.017 -0.018

0.012 -0.198

0.075 -0.230

-0.079 -0.096

-0.004 -0.288

-0.128 -0.353

• p-value significant at 0.001 level (2-tailed)

a Pearson correlation 

COD BOD Turbidity Cr Cu Pb Zn 

I 

0.574* I 

0.306 -0.404 1 

-0.396 -0.396 0.996• 1 

0.021• -0.554 0.649* 0.648* I 

-0.393 -0.393 0.987* 0.989* 0.660* I 

-0.357 -0.249 0.860* 0.873* 0.589 0.897 1 
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4.6 Health risk from heavy metals exposure via water consumption 

The carcinogenic and non-carcinogenic health risk due to the exposure to 

selected heavy metals was estimated using Lifetime Cancer Risk (LCR) and 

Hazard Quotient for children and adult in this study were highlighted in Table 4.8 

and Table 4.9. According to the Risk Assessment Information System Database 

(2013), Cd, Cr and Pb are known to be human carcinogenic whereas other 

elements in this study (Zn and Cu) are known as non-carcinogenic to human. 

Levels of 10-6 to 10
-4 

are given as a range of "generally acceptable risk" for 

LCR (Kelly, 1991 ). The Bertam river catchment, the study area, has a total area of 

about 293. 7 km2 and is drained by a complicated river network influenced by hilly 

and undulating terrain system. Bertam is the main river flowing from Gunung 

Brinchang at the upstream, through Brinchang town, Tanah Rata, Habu and into 

the Ringlet reservoir. Bertam River then flows to Telom River about 24 km 

downstream of reservoir. The main tributaries in Upper Bertam namely Sungai 

Burung, Sungai Ruil, Sungai Jasar, Sungai Uhm and Sungai Batu Pipih joint with 

the main course of Upper Bertam River at different locations before flowing into 

Ringlet reservoir. 
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In this study, heavy metal concentration in the Bertam River did posed 

within acceptable range of carcinogenic risks to children's and adult's health. The 

non-carcinogenic elements in this study also within an acceptable limit to children 

and adult as the hazard quotient less than 1. 

56 

© C
OPYRIG

HT U
PM

 
UPM 



Table 4.8: Non-carcinogenic hazard quotient and carcinogenic lifetime risk for adult due to exposure to heavy metal 

Heavy Minimum Maximum 

Mean 
Metal 

Concentration Concentration 

Concentration 
± SD (mg/kg) 

(mg/kg) (mg/kg) 

Cr 0.00 0.016 

0.006+0.007 

Pb 0.00 0.026 

0.009+0.011 Cu 0.00 0.016 

0.009+0.005 

Zn 0.00 0.110 

0.041+0.027 

Body Weight-63 kg (Malaysian Department of Statistics, 2010) 
Ingestion Rate-1.9961 l /day (Ab Razak N.H. et al. 2015) 

LADD 
Carcinogenic ADD 

Hazard 

(mg/kg-

Risk 

(mg/kg-
Quotient 

(HQ) 
day) day) 

0.500 9.5xlO-' 
--

0.0085 2.54xl0-<>
--

--

0.0003 0.007 

--

0.0013 0.004 

Table 4.9: Non-carcinogenic hazard quotient and carcinogenic lifetime risk for children due to exposure to heavy metal 

Heavy Minimum Maximum 
Metal 

Concentration Concentration 

(mg/kg) (mg/kg) 

Cr 0.00 0.016 

Pb 0.00 0.026 

Cu 0.00 0.016 

Zn 0.00 0.110 

Body Weight-15 kg (US EPA, 2002) 
Ingestion Rate-0.0002kg/day (US EPA, 2002) 

Mean 
Concentration 
± SD (mg/kg) 

0.006+0.007 

0.009+0.0l 1 

0.009+0.005 

0.041 +0.027 
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LADD 
Carcinogenic ADD 

Hazard 

(mg/kg-

Risk 

(mg/kg-
Quotient 

(HQ) 
day) day) 

6.57xl0-93.29x10-9
--

1.03 xlO-K 8.78xlff11
--

--

1.20 xl0-7 2.99 x10-<>
--

5.26 1.75 xlO-6
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CHAPTERS 

DISCUSSION 

5.1 Physicochemical Properties of the Bertam River in Cameron Highland. 

The pH of the water is considered as one of the important water quality 

parameters in the aquatic system and a high range pH shows that the drinking water has 

a bitter taste (Khan et al. 2013). The pH level indicate how acidic the water it is 

(USEPA, 2007). The lower the number, the more acidic the water is. The released 

hydrogen ions decrease the pH of water (Fondriest, 2016). In this study, the lowest pH is 

from SB-8, showing that SB-8 has the most acidic river water compa�ed to the other 

sampling stations. This possibility related to the man activities, sewage and chemical 

effluent from the industrial nearby which increased the microbial activities (Azrina, 

2002). 

There are many factors that can lower the pH of the water. Firstly, the amount of 

organic material within a body of water, when this material decomposes carbon dioxide 

is released. The carbon dioxide combines with water to form carbonic acid. Although 

this is a weak acid, large amounts of it will lower the pH (Water Research Center, 2014). 

SB-13 has the most neutral river water. For total dissolved solid (TDS), the highest TDS 
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value is at the last sampling point which is SB-14. This may indicate there were 

influenced by the major point sources such as sewage and agricultural run-off (WHO, 

2003). 

However, according to the National Drinking Water Quality Standard (NWQS), 

the TDS value for all sampling points is still acceptable. According to Carle et. al 

(2005), the increasing value of TDS will decreasing the water quality of the river. 

Turbidity can be defined as a decrease in the transparency of a solution due to the 

presence of coloured suspended and dissolved substances. In this study, for turbidity, 

only one sampling point shows the value within the acceptable value limit .High 

turbidity in river water is due to land slide and erosion (Dadson et al., 2003). In general, 

high turbidity was often as a result after high rain fall due to silt, clay and suspended 

solids by interaction of rainfall, upstream erosion and sediment (Lee et al., 2016). The 

excess amount of suspended solid in water that resulting to high turbidity can also be an 

indicator of land erosion in the river catchment (Naubi et al., 2015). 

Besides that, the highest level of BOD in this study was at the SB-2, if compared 

to the National Water Quality Standards for Malaysia, the level of BOD for this 

sampling point was categorized under class 4. BOD is an indicator for the amount of the 

biodegradable organic substances. BOD also accounts the oxygen that is required in 

organic matter decomposition (Amadi et al., 2010). BOD value will rise when there is 

more organic matter such as leaves, wood, wastewater or urban storm water runoff took 

place at the river water (Gandaseca et al., 2011). 
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Besides that, the excessive quantities of bod cause rapid depletion of the 

dissolved oxygen in the river water. The chemical oxygen demand (COD) found to be 

higher at SB-2 and SB-11. It shows that, both sampling has a high level of the pollutant 

in the water COD by referred to the chemical-decomposition of an organic and 

inorganic contamination. The higher level of COD indicated the higher pollution of 

water of while lower level of COD indicated low level of pollution of water at the study 

area (Waziri and Ogugbuaja, 2010). 
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5.2 Concentration of Heavy Metals (Zinc, Cadmium, Lead, Chromium, and 

Copper), in Bertam River, Cameron Highlands. 

In this study, there are five types of heavy metals were investigated from the 

water sampling. However, the results of cadmium were below detection limit at all 

sampling points (SB1-SB14). According to the National Water Quality Standards for 

Malaysia, the concentrations of all heavy metals are within the acceptable value limit 

except for lead. There are six water samples that exceed the acceptable value limit for 

lead. The heavy metals input through anthropogenic activities would not only increase 

the total contents of the metals, but also changed the proportions of their chemical 

forms, which may result in the increase of potential environmental risk. 

Some researchers (Romie et al. 2003; Krishna and Govil 2005) reported that the 

accumulation of heavy metals such as Pb, Cr and Zn is mainly affected by 

anthropogenic activities. The most important anthropogenic sources of lead is domestic 

sewage. In Cameron Highlands, the total population is approximately 30,000, the 

majority of whom are employed in agriculture and the leisure industry (Tourism Pahang 

Darul Makmur, 2016). The practice of discharging waste from agriculture industries and 

untreated domestic sewage into the river is continually going on that leads to the 

increase in the concentration of heavy metals in river water (Martin et al. 2015). 
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accumulation of heavy metals such as Pb, Cr and Zn is mainly affected by 

anthropogenic activities. The most important anthropogenic sources of lead is domestic 

sewage. In Cameron Highlands, the total population is approximately 30,000, the 
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Darul Makmur, 2016). The practice of discharging waste from agriculture industries and 

untreated domestic sewage into the river is continually going on that leads to the 

increase in the concentration of heavy metals in river water (Martin et al. 2015). 
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According to Hernandez-Romero et al., (2004), pesticide application methods 

used in the agriculture area, and only small part of the product effectively reaches the 

target, while the rest is carried by air or rain to contaminate land and, eventually, the 

water catchments. Such applications may result in the increase of heavy metals 

particularly Cd, Pb, and As (Atafar et al., 2010) .These long-lasting toxics are very 

strong to the external factors and preserve their toxic nature for long period. Pesticides 

and other chemical contaminants that enter water objects through agricultural runoff, 

storm water drains and industrial discharges may persist in the environment for long 

periods and be transported by water or air over long distances (Lomsadze Z. et al., 

2016). Based on the result, it is indicated that Pb concentrations were increased in the 

water because of the pesticide application. 
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S.3 Physicochemical properties and concentration of heavy metals in water samples

comparable to Malaysian National Water Quality Standard (NWQS). 

In this study, all parameters are within the NDWQ standard except for twbidity 

and Pb concentration. High turbidity value was recorded in the Bertam River water 

samples where thirteen of the samples ( 13) exceed the standard value. The main reason 

was concluded by many researchers in their studies that the agricultural coverage and 

land pattern development strongly influenced the total suspended solids and turbidity in 

the water (Kibena et al., 2013, Mouri et al., 2013). Among the turbidities value, the 

lowest was observed at the SB-1 that located at the upper stream of the Bertam River. 

As the station SB- I is located at the mountainous forest, the water displayed a 

very low turbidities value. Similar results were obtained by Rasul et al. (2015) whereas 

the turbidity (NTU) at the mountainous forest is 0.00 to 0.01. According to Malaysian 

Department of Environment, farming activities in Bertam Valley were clearly affected 

the concentration of turbidity and total suspended solids (TSS) of Bertam River (DOE, 

2008). Based on the observation during data collection, there are domestic waste in the 

river that may contribute to the contamination of the river. 
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For lead concentration, there are six sampling stations exceed the standard value. 

Abdullah et al. (2014) stated that the possible reason for high concentration of lead may 

come from all anthropogenic sources such wastewater discharged from residential area 

and application of pesticide since there was agricultural land, and domestic wastes 

obseIVed at the downstream of this river. Selene et al., (2003) also stated that 

applications of fertilizers and pesticides for agriculture have contributed to a continuous 

accumulation of heavy metals in soils and water. Besides that the dissolution of 

plumbing. The improper installation of pipe for tap that are not suitability treated may 

contain lead resulting from an attack on Pb seIVice pipes (Abdullah et al., 2014). 
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S.4 The comparison of pbysicocbemical properties and concentration of heavy

metals in water samples between upstream and downstream of Bertam River. 

In this study, 9 sampling stations (SB 1 to SB 9) were classified as upper Bertam 

while 5 sampling stations (SB 10 to SB 14) were classified as the lower Bertam. The 

classification was made based on the elevation model of the river (NAHRIM, 2017). It 

shows that there are significance difference between upper and lower of the Bertam 

River for turbidity. The turbidity values showed different values between the upstream 

and downstream in which the highest turbidity was obtained at the downstream whereas 

the lowest value was obtained at station SB-1, which is located at the upstream. 

Furthermore, the turbidity was increased significantly from upstream to downstream. It 

is often a result after high rain fall due to silt, clay and suspended solids by interaction of 

rainfall, upstream erosion and sediment (Lee et al., 2016). The excess amount of 

suspended solid in water that resulting to high turbidity can also be an indicator of land 

erosion in the river catchment (Naubi et al., 2015).Futhermore, SB-14 shows the highest 

turbidity value since there is intensive agriculture. According to Malaysian Department 

of Environment, farming activities in Bertam Valley were clearly affected the 

concentration of turbidity of Bertam River (DOE, 2008). 
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5.5 Association between the physicochemical properties and heavy metals of 

Bertam River, Cameron Highland. 

In this study, it shows a strong correlation between Pb with Cr (r=0.989), Zn 

(r=0.897). High correlations between specific heavy metals in water may reflect similar 

sources of pollution, mutual dependence and identical behavior during their transport 

into the river system (Li et al. 2009; Chen et al. 2012; Suresh et al. 2012). In this study, 

findings show all the heavy metal except for Cd was positively correlated with turbidity. 

Most of heavy metal pollutants do not have direct impact on the optical properties of 

water, however, their distributions influence the surrogate properties of water, and the 

turbidity of the water (Ritchie et al. 2003; Ritchie and Cooper, 2001). Generally, the 

transportation and distribution of heavy metals occur along with the suspended particles, 

especially, the fine particles, due to their binding capacity (Yuan et al. 2001), surface 

area and high cation exchange capacity (Liebens, 2001; Ujevic et al., 2000). Therefore, 

the concentration of TSS and turbidity can be used to indirectly assess the heavy metal 

(HV) concentrations in the water body (Hemgren et al., 2005; Hallberg et al., 2007). 
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S.6 Health risk from heavy metals exposure via water consumption

As for health risk in this study, all heavy metal in this study did not show any 

significant health risk as the HQ is less than 1 for non-carcinogenic risk and the 

carcinogenic risk did not exceed the acceptable risk. Although all heavy metals did not 

posed any significant risk, the elements are still possible to create adverse health effect if 

the pollution sources such as agriculture waste, waste dumping keep increasing day by 

day in the river. In addition, high rate of drinking water intake by population also could 

increase the risk of exposure since intake rate is one of the variables in the HRA 

calculation (Ma et al. 2007). 

This result is consistent with Lim et al. (2013) where the carcinogenic risk is 

within and acceptable range. Lim et al did a study on the in particular housing areas of 

Selangor. Besides that, findings in this study also similar to other studies by Maisarah et 

al., (2012), Maisarah et al did study on the health risk assessment of lead exposure in 

drinking water in two villages in Kuala Terengganu, Terengganu. These studies showed 

that there were no potential adverse effects from Pb intakes via drinking water 
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CHAPTER6 

CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

In conclusion, all physicochemical properties and heavy metals in this study did 

not exceeded the permissible concentration limit in Malaysian National Water Quality 

Standard (NWQS) except for turbidity and lead (Pb). There is a significance difference 

between upper and lower of the Bertam River for turbidity. Besides that, the 

concentration of all heavy metals except for cadmium shows a strong correlation with 

turbidity. This results indicates a significant influence of the concentration of heavy 

metals to the value of turbidity. In addition, Cu also positively correlation with Cr 

(r=0.648). In addition, Cr has low correlation with pH (r=0.075). Findings also shows 

strong correlation between Pb with Cr (r=0.989), Zn (r=0.897).This results indicates a 

significant influence of one heavy metals to another. Based on the findings, the 

concentration of all heavy metals did not posed any significant risks to adult or children. 
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6.2 Recommendation 

6.2.1 Recommendation to protect water quality 

There are several recommended ways to protect the quality of the Bertam River 

as well as the health of the population near to Bertam River, Cameron Highlands. 

Eventhough the risk is not significant but frequent monitoring and abhdfdditional health 

risk assessments are necessary for metal levels above the recommended limits in the 

future. Besides that, it is recommended that action plans are made by the responsible 

governmental agencies to coop with the proposed environmental protection activities 

and pollution minimization and rehabilitation. It is important to implement compatible 

policies and programs for improvement in domestic waste water treatment methods, in 

poor agriculture practices and in proper land use management for sustaining the water 

quality from further deterioration. 

6.2.2 Recommendation for Future Research 

For future study, the study should be include more physicochemical parameter 

and include many types of heavy metals. This is to ensure that the other 

physicochemical parameter and heavy metals are below recommended limit. The 

tributaries of Bertam River also should be included to know either the concentration of 

heavy metal is keep increasing or decreasing. In the future. In the future, risk calculation 

should be calculated by using primary data not secondary data. The primary data can be 

collected through survey. 
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