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ABSTRACT

HEAVY METALS CONTAMINATION IN PADDY 'VATER AND HEALTH
RISK ASSESSMENT AMONG FARMERS IN TANJUNG KARANG

SITI KHAIRUNNISAQ BINTI RUDZI

Introduction: Tanjung Karang, Selangor is widely known for its paddy cultivation
activity and was the third largest paddy field in Malaysia. The contamination of heavy
metals in agriculture fields is commonly related to fertilizers as some fertilizers are
known to contain certain heavy metals. Heavy metals do not undergo biodegradation and
can accumulate in the environment and human body. Since paddy cultivation needs large
amounts of water, this activity is one of the concerns. Objective: To determine the
selected concentration heavy metals (Cu, Cr, Zn, Ni, Pb, As and Cd) in paddy water and
assess their potential dermal health risks to farmers in Tanjung Karang. Methodology:
The study was conducted at Kampung Sawah Sempadan in Tanjung Karang. 72 water
samples were randomly collected from 24 paddy blocks consisting block A to X. The
water samples were measured for in-situ water quality parameters such as temperature,
pH, electrical conductivity (EC), dissolved oxygen (DO) and turbidity. The water
samples were acidified with nitric acid and filtered through 0.45 urn membrane before
injected into Inductively Coupled Plasma Mass Spectrometry (ICP-MS). 117 farmers
were interviewed using questionnaires to obtain information for non-carcinogenic and
carcinogenic dermal health risk assessments. Results and Discussion: As has the
highest mean concentration (0.01 mg/L) followed by Zn (0.0084 mg/L), Cr (0.0045
mg/L), Ni (0.0026 mg/L), Cu (0.0024 mg/L), Pb (0.0016 mg/L) and Cd (0.000022
mg/L). All elements did not exceed the recommended concentration by Malaysia
National Water Quality Standard (NWQS), Department of Environment and Food and
Agriculture Organization (FAO). The average reading for temperature, pH, EC, DO and
turbidity were 34.6 DC, 7.7, 260.2 !lS/cm, 7.1 mg/L and 63.7 NTU respectively. The
Hazard Quotient (HQ) for all selected heavy metals did not exceed 1 and Lifetime
Cancer Risks (LCR) were between 1.78 x 10-6 to 4.06 x 10-6. Conclusion: This study
indicated that the pollution of selected heavy metals in the paddy water at Kampung
Sawah Sempadan was minimum and the water is suitable to be used as irrigation water.

Keywords: Heavy metals, paddy water, agriculture, in-situ water quality
parameters, health risk assessments
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ABSTRAK

PENCEMARAN LOGAM BERAT DI DALAM AIR PADI DAN PENILAIAN
RISIKO KESIHATAN DALAM KALANGAN PESAWAH DI TANJUNG

KARANG

SITI KHAIRUNNISAQ BINTI RUDZI

Pengenalan: Tanjung Karang, Selangor adalah kawasan yang terkenal dengan aktiviti
pertanian padi dan merupakan kawasan sawah padi yang ketiga terbesar di Malaysia.
Pencemaran logam berat biasa dikaitkan dengan pengunaan baja kerana baja telah
diketahui mengandungi beberapa logam berat. Logam berat tidak mengalami digradasi
dan boleh berkumpul di persekitaran dan badan manusia. Oleh kerana tanaman padi
memerlukan kuantiti air yang banyak, aktiviti ini merupakan salah satu kebimbangan.
Objektif: Untuk menentukan kandungan beberapa logam berat (Cu, Cr, Zn, Ni, Pb, As
and Cd) di dalam air padi dan menilai risiko kesihatan dermal kepada pesawah di
Tanjung Karang. Metodologi: Kajian ini dijalankan di Kampung Sawah Sempadan di
Tanjung Karang. 72 sampel telah diambil secara rawak daripada 24 blok padi yang
terdiri daripada blok A hingga blok X. Parameter in-situ seperti suhu, pH, konduktiviti,
oksigen terlarut dan kekeruhan telah diukur dan direkodkan di tapak pensampelan.
Sampel air kemudiannya di tambah dengan asid nitrik dan di tapis menggunakan
membran 0.45 urn sebelum dimasukkan ke dalam Inductively Coupled Plasma Mass
Spectrometry (lCP-MS). 117 respond en telah ditemubual menggunakan borang soal
selidik untuk mendapatkan maklumat untuk penilaian risiko karsinogen dan risiko
bukan-karsincgen. Keputusan dan Perbincangan: As mempunyai kandungan purata
yang paling tinggi (0.01 mg/L) diikuti oleh Zn (0.0084 mg/L), Cr (0.0045 mg/L), Ni
(0.0026 mg/L), Cu (0.0024 mg/L), Pb (0.0016 mg/L) and Cd (0.000022 mg/L).
Kandungan semua elemen tidak melebihi kandungan maksimum oleh Standard Kualiti
Air Malaysia, Jabatan Alam Sekitar Malaysia dan Food and Agriculture Organization
(FAO). Bacaan purata bagi suhu, pH, konduktiviti, oksigen terlarut dan kekeruhan
adalah 34.6 DC, 7.7, 260.2 uSzcm, 7.1 mg/L dan 63.7 NTU. Hazard Quotient (HQ) untuk
semua logam berat tidak melebihi 1 and Risiko Kanser Sepanjang Hayat (LCR) adalah
diantara 1.78 x 10-6 to 4.06 x 10-6. Kesimpulan: Kajian ini mendapati pencemaran
logam berat yang terpilih di dalam air sawah adalah minimum dan air itu sesuai
digunakan sebagai pengairan.

Kata kunci: Logam berat, air padi, pertanian, parameter in-situ kualiti air,
penilaian risiko kesihatan
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CHAPTER 1

INTRODUCTION

1.1 Background

Agriculture is still one of the vibrant sectors of Malaysia's economy that

contribute up to 12% of national gross domestic products despite the noticeable decline

for the past few years. Malaysia's economy has been depending on agriculture over

decade as Malaysia's products are exported worldwide. Agriculture, which is often

labeled as the poor man's sector has slowly changing its pace towards a large-scale

farming.

Paddy is the third most widely planted crop in Malaysia after oil palm and

rubber. In the year 2013, 674,332 hectares were planted with paddy (Department of

Agriculture Peninsular Malaysia, 2014). Paddy covered almost 97 percent of the total

cultivated agricultural land in Malaysia together with other crops and plays a vital part in

Malaysian diet as it is a staple food for Malaysians. Tanjung Karang is the third largest

area of paddy field in Peninsular Malaysia and also known as 'the rice bowl of Selangor

(Fuad et al., 2012).



The growing of population has increased the demand for rice consumption. In

order to fulfill this demand, Malaysia needs to sustain its production and increase the

rice productivity. To sustain high productivity of crops, the application of large

quantities of fertilizers is an important component. Contemporary farming with aimless

utilization of agrochemicals such as fertilizers and pesticides, alongside tractor

development, for higher yield profitability has contaminated the soils with toxic heavy

metals (Liu et aI., 2007; Hang et al., 2009).The increased use of metal-based fertilizer in

agricultural could contribute to the incremental of heavy metals pollution in fresh water

(Adefemi and Awokunmi, 2010).

Fertilizers are abundantly utilized as a part of agriculture and farming to supply

essential macro nutrients for crops, for example, nitrogen (N), phosphorus (P), potassium

(K) and so forth. In the meantime, despite of the usefulness, fertilizers also can add to

significant source contamination of toxic heavy metals such as arsenic (As), cadmium

(Cd), lead (Pb), and others. The contamination of heavy metals in agriculture field is

commonly related to fertilizers use as some fertilizers are known to contain certain

heavy metals. Thus, the recent concern regarding the environmental contamination

caused by heavy metals have started improvement of proper innovations and

technologies to evaluate the vicinity and mobility of metals III soil, water, and

wastewater (Tangahu et al., 2011).
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The quality of water is essential for the human as it is directly linked with human

health and concern (Prasad et al., 2014). Apart from heavy metals contamination, the

water quality can also be assessed through in-situ water quality parameters such as

turbidity, temperature, pH, salinity, electrical conductivity (EC), dissolved oxygen (DO),

total suspended solid (TSS), total dissolved solids (TDS) and others. Davies et al. (2009)

reported that in-situ water quality parameters have an important role to determine the

accumulation of metals.

l.2 Problem Statement

Heavy metal contamination III soil and water due to increased agriculture

activities, rapid urbanization, industrialization and mining activities had turned into a

matter of worldwide concern (Singh et al., 2011; Krishna et al., 2013). An expected

measure of 2.5 million tons of the agrochemicals are utilized as a part of agriculture

around the world every year (Reddy et al., 2013).

The application of fertilizers by farmers especially chemical fertilizers such as

urea fertilizers and compound fertilizers has contribute to the high concentration of the

metals in the paddy field soil and water samples (Reddy et al., 2013). Fertilizers usually

contain impurities such as heavy metals because they are not purified completely

(Cakmak et al., 2010). Besides, mixed fertilizers are also one of the SOurces of heavy

metal contamination in agriculture (Reddy et al., 2013).
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These heavy metals will accumulate in soil and water as residue as they cannot

be destroyed or degraded (Naveedullah et al., 2013). Most of the studies show that the

prolong use of irrigation water that is contaminated with heavy metals increases the

heavy metal concentration in soils beyond the acceptable limit. Consequently, the

increasing of the heavy metals in soil also increases the plant's uptake of heavy metals

(Shah et al., 2013)

Besides, heavy metals also have the ability to bio-accumulate in human body

easily making them hazardous when exposed (Fenik et el., 2011). Human exposure to

heavy metals have shown a significant increase as there are a dramatic increase of their

use such as in industrial, agricultural, and domestic applications (Bradl, 2002).

Water itself is known as skin irritant (Tsai & Maibach, 1999) and occupations

that involve wet work, including paddy rice farmers are therefore at risk. Shenoi et a1.

(2005) found a high prevalence of skin disease among paddy field farmers in southern

India. A study on skin diseases among farmers using wastewater in rice cultivation area

in Nam Dinh (Trang et al., 2007) found that agricultural work increased risk of skin

diseases as farmers are required to have frequent contact with the wastewater and

fertilizers.

In addition, according to the interview with the farmers at Kampung Sawah

Sempadan, it was found that some of the farmers do not wear the appropriate and

complete personal protective equipment (PPE) such as gloves and boots while handling

4
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the paddy water, hence this may increase the risk of exposure to the heavy metals that

present in the environment.

1.3 Research Justification

Agriculture has been attributed as largest contributor of non-point source

pollution of surface water (Thorburn et aI., 2003). Agrochemicals such as fertilizers and

pesticides usually contain significant amounts of heavy metals and metalloids (Abdel-

Haleem et aI., 2001; El-Bahi et aI., 2004). Heavy metals that have been identified in the

polluted environment include As, Cu, Cd, Pb, Cr, Ni, Hg and Zn (Lone et aI., 2008).

As rice is the staple food of more than half the world population, irrigation water

IS used in large quantities during the production of rice (Amin et aI., 2011). Large

amount of water is supplied to the crops from the seed germination to harvesting,

making this activity one of the concerns (ArurIakumara, Walpola & Yoon, 20l3).

There are only limited numbers of studies reported the heavy metals

contamination in paddy or agricultural water compared to the study of soil and crops.

One study has been conducted by Reddy et aI., (20l3) on assessment of heavy metals

and micronutrient of paddy field surface soil and water in paddy cultivated area. The

study found that Cd concentration was significantly higher compared to the others and

the association between the applications of fertilizers with the elevation of the higher

reading of heavy metals and sediment had been confirmed. Another study conducted by

Bambara et aI. (2015) found that the concentrations of some heavy metals such as Cr,

5



Mn, Ni, and Hg in water samples in Loumbila water were higher than the Recommended

Maximum Concentration for irrigation.

The unknown quality of irrigation water that is used in agricultural activities can

be the cause of environment and vegetable pollution (Bambara et al., 2015). Since there

are farmers in Tanjung Karang that do not wear appropriate and full PPE while working

with paddy water, they are exposed to dermal contact with heavy metals that present in

paddy water. Thus, it is important to assess the health risk that is imposed on the farmers

by the exposure. This study is designed to investigate and create a better understanding

on the concentration of heavy metals specifically in paddy water and to determine the

carcinogenic and non-carcinogenic health risk associated with the respective heavy

metals.
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1.4 Conceptual Framework
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1.5 Research Questions

Questions arise from this research are as follow:

1. What is the concentration of heavy metals (Cu, Cr, Zn, Ni, Pb, As and Cd) in

water samples collected from Tanjung Karang paddy field?

2. Is the concentration of heavy metals (Cu, Cr, Zn, Ni, Pb, As and Cd) in water

samples collected from Tanjung Karang exceed recommended maximum

concentrations of trace elements in irrigation water by Department of

Environment, Malaysia (DOE) and Food and Agriculture Organization (FAO)?

3. Is there any correlation between the concentration of heavy metals in paddy

water and the in-situ water quality parameters (temperature, pH, electrical

conductivity, dissolved oxygen and turbidity) in Tanjung Karang paddy field?

4. Is there any non -carcinogenic and carcinogenic health risk to the farmers due to

the occupational exposure of the heavy metals in water in Tanjung Karang paddy

field?

8



1.6 Hypothesis

There is a significant relationship between the concentrations of heavy metals in

paddy water with the selected in-situ water quality parameters of paddy water at Tanjung

Karang, Selangor.

1.7 Objectives

To determine the concentration of selected heavy metals (Cu, Cr, Zn, Ni, Pb, As and

Cd) in paddy water and assess their potential dermal health risk to the farmers at

Tanjung Karang.

The specific objectives are as follows:

1. To determine the concentration of heavy metals (Cu, Cr, Zn, Ni, Pb, As and Cd)

in water samples collected from Tanjung Karang paddy field.

2. To compare the concentration of heavy metals (Cu, Cr, Zn, Ni, Pb, As and Cd) in

water samples collected from Tanjung Karang with the recommended maximum

concentrations of trace elements in irrigation water by Department of

Environment, Malaysia (DOE) and Food and Agriculture Organization (FAO).

9
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3. To determine the correlation between the concentrations of heavy metals in water

samples with the in-situ water quality parameters (temperature, pH electrical

conductivity, dissolved oxygen and turbidity) in Tanjung Karang paddy field.

4. To assess the carcinogenic and non-carcinogenic health risk of the fanners due to

occupational exposure of heavy metals in paddy water.
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CHAPTER2

LITERATURE REVIEW

2.1 Heavy Metals in Agriculture Water

Heavy metal is defined as any metallic element that has a relatively high density

and is toxic or poisonous even at low concentration (Lenntech, 2004). Heavy metal is an

inorganic pollutant which cannot be degraded to the less harmful components through

biological or chemical processes. These cause heavy metals to accumulate in soil and in

water bodies as a result of anthropogenic activities including agriculture and industrial

discharge (Kabir et al., 2012). Dissolved metals are more toxic compared to particulate

metals and the dissolved metal is dependent on several factors such as pH as well as

presence of solids and organic matter (Ishaq & Khan, 2013).

Heavy metals can be accumulated and transferred by natural and anthropogenic

sources. They are distributed to the environment through anthropogenic sources resulted

from human activities such as industrial, mining, agriculture and transportation (Nazir et

al., 2015).

A few researches had studied on the heavy metals in the agricultural and

irrigation water and the results are varies. The concentrations of some heavy metals in

Loumbila water had exceeded their respective permissible limits with the average

11



concentrations of Cr at 0.116 mg/L, Mn at 0.462 mg/L, Ni at 0.451 mg/L and Hg 0.034

mg/L (Bambara et a!., 2015). However, in a study conducted by Mitsios, Golia &

Tsadilas (2005), dissolved heavy metals in most cases, were not detectable in irrigation

waters in Thessaly Region, Central Greece.

2.2 Heavy Metals and their Health Effects

As there is no effective excretion mechanism, heavy metals can be very harmful

to the human body even in low concentrations (Ghosh et al., 2012). Metal pollution can

affect the biological systems in harmful ways since it does not undergo biodegradation.

Toxic heavy metals can be differentiated from other pollutants as they can be

accumulated in living organisms, thus causing numerous diseases as well as disorders

even when expose to lower concentrations (Pehlivan et a!., 2009).

Exposure to copper can be from air, water, food, and by skin contact. Copper that

dissolves in water can be carried in surface waters as copper compounds or as free

copper and they are more likely bound to particles suspended in the water (ATSDR,

2004). Soluble copper compounds which are commonly used in agriculture are likely to

threaten health. Dermal exposure to copper may cause contact dermatitis in some

individuals (ATSDR, 1990). However, EPA does not classify copper as a human

carcinogen because there are no adequate human or animal cancer studies.

Dermal exposure to chromium compounds can induce contact dermatitis or

lesions. Deep ulcers or chrome holes can form if the symptoms are not treated

12



(Pedersen, 1982; Burrows, 1983). Skin contact to chromium can cause skin ulcers.

Allergic reactions consisting of severe redness and swelling of the skin have been noted

(Griswold & Martin, 2009). U.S. Air Force (1990) reported that dermal hypersensitivity

reactions are elicited by both Cr (III) and Cr (VI) compounds.

Zinc is relatively harmless compared to the other heavy metals which shared

similar chemical properties. Only exposure to high doses has toxic effects. Therefore,

acute zinc intoxication is rarely observed (Plum et al., 2010). Based on the currently

existing data, dermal exposure of zinc does not pose detrimental toxicological risk. Due

to the lack of information, EPA has determined zinc is not classifiable as to its human

carcinogenicity.

Nickel-induced contact dermatitis is well documented for humans and it is the

most prevalent effects of nickel in humans (ATSDR, 1988). Nickel dermatitis produces

erythema, eczema and lichenification of the hands and other areas of the skin that

contact nickel (Nielsen et al., 1999). The most common harmful health effect of nickel

in humans is an allergic skin reaction in those who are sensitive to nickel (Das, Das &

Dhundasi, 2008). The metal is not only an allergen but also a potential

immunomodulatory and immunotoxic agent in humans (Das & Buchner, 2007).

Lead is a toxic metal which can cause environmental contamination and health

problems. It is a cumulative toxicant that affects multiple body systems, including the

neurological, hematological, gastrointestinal, cardiovascular and renal systems (WHO,

2010). Carcinogenicity of inorganic lead and lead compounds have been evaluated,

13



however the data from human studies are inadequate for evaluating the potential

carcinogenicity of lead (U.S EPA, 1989a).

Arsenic is a natural component of the earth's crust and is distributed widely in

the environment. Long term arsenic exposure results in increased risk of carcinogenic

and systemic health effects have been indicated by epidemiological studies (Tchounwou

et al., 2012). Prolong exposure to high level of inorganic arsenic exhibit several

symptoms include pigmentation, skin lesions and hyperkeratosis (Griswold & Martin,

2009).

Zhao et al. (1997) reported that arsenic may induce DNA hypomethylation,

which facilitates aberrant gene expression and thus act as carcinogen. Direct dermatitis,

allergenic hypersensitivity, and conjunctivitis have been associated with inorganic

arsenic dusts in exposed workers (U.S. EPA, 1984). The International Agency for

Research on Cancer (IARC) (1987) has classified arsenic and arsenic compounds as

carcinogenic to humans.

Cadmium is a naturally occurring metal that is used in numerous chemical and

industrial processes (Risk Assessment Information System, 1991). Cadmium is widely

transported in the blood and body but accumulates primarily in the liver and kidneys

(Goyer, 1991). Cadmium biological half-life in humans is about 10 to 35 years (WHO,

2008). However, according to ATSDR (1999) absorption of cadmium through the skin

is not a significant route since only 0.5% of cadmium is absorbed by the skin.

14



2.3 In-situ water quality Parameters in Water

In-situ water quality parameters such as pH, dissolved oxygen, electrical

conductivity and the available surface area for adsorption play an important role to

determine the accumulation of metals (Davies et al., 2009). The importance of in-situ

water quality parameters is to obtain the idea about the quality of water and to compare

the results with standard values. Physical parameters are such as temperature, color,

odour, pH, turbidity, TDS while chemical parameters include BOD, COD, dissolved

oxygen, alkalinity, hardness and other characters (Patil et al., 2012).

The water temperature controls all chemical reaction rates, affects growth of fish,

reproduction and immunity (Patil et al., 2012). Temperature has been noticed to have an

influence on the chemical and biochemical reactions in water. Toxicity of heavy metals

and the sensitivity of living organisms to toxic substances increase with high

temperature (Momba et al., 2006). The change in temperature will change the density of

water and it plays important role in the organism's metabolic activities (Prasad et al.,

2014).

pH is an universal indicator and parameter which express the acidity and

alkalinity of a solution (Prasad et al., 2014). Higher pH observed in water was attributed

to increased photosynthetic activities of dissolved inorganic carbon by planktons (Iqbal

et al., 2004). According to Gupta (2009) there was a positive correlation of pH with

electrical conductivity and total alkalinity.

15



Electrical conductivity (EC) is the ability of water to conduct electric current

(Prasad et al., 2014). Conductivity in water is due to ionization of dissolved inorganic

solids and is a measure of total dissolved solids (Bhatt et al., 1999). According to Patil et

al., 2012) and Prasad et al. (2014), there are significant correlation of conductivity with

ten other in-situ water quality parameters such as temperature, pH, alkalinity, total

hardness, calcium, total solids, total dissolved solids, chemical oxygen demand and

chloride and iron concentration of water.

Dissolved oxygen (DO) in water gives some information either directly or

indirectly such as bacterial activity, photosynthesis, nutrients availability, stratification

and others (Vikal, 2009). There are several factors affecting oxygen content in natural

waters which include input of atmosphere and photosynthesis and output from

respiration, decomposition and mineralization as well as losses to atmosphere (Ishaq &

Khan,20l3).

Turbidity is one of the obvious parameters to assess the quality and physical

status of water. The factors that increase the turbidity of water are suspended particles,

soil particles, discharged effluents, decomposed organic matters, total dissolved solids

and the microscopic organisms which could interfere with the penetration of light (lshaq

& Khan, 20 l3). High turbidity is often associated with the raining season compared to

dry season. Increased turbidity values during the raining season could be resulted from

the increased surface runoff and erosion, through rain falls (lgbinosa, 2012). Ishaq &

Khan (20 l3) also mentioned that the high turbidity observed during the monsoon might

be due to heavy rainfall and flow of suspended particles.

16



2.4 Preservation and Pre-treatment of Water Samples

High Density Polyethylene (HDPE) bottles are commonly used in many studies

to collect water for the determination heavy metals (Shuhaimi-Othman et al., 2008;

Kavcar et al., 2009; Cidu et al., 2011). HDPE bottles were washed in 10% of nitric acid

(HN03) in an ultrasonic bath for 15 minutes and were rinsed with distilled water (Prasad

et al., 2014). According to Assubaie (2015), the bottles were washed by distilled

deionized water and rinsed overnight in 10% HN03.

The bottles were dried in the oven, capped tightly and sealed in zip-locked bags

before transported to the sampling site to avoid contamination from heavy metals in the

external environment (Lim, Shaharuddin, & Sam, 2013). At the sampling site, before

collection of water samples, the bottles were rinsed twice with the water that will be

sampled (Bambara et al., 2015).

After collection, each water samples need to undergo preservation to prevent and

retard the microbial as well as chemical changes of the samples after they are removed

from their parent source. According to Method 3005 by EPA (1992) (Acid digestion of

waters for total recoverable or dissolved metals for analysis by FLAA or ICP

Spectroscopy), water samples should be acidified with the HN03 for preservation. A few

drops of concentrated nitric acid were added to water samples to obtain pH around 2

(Assubaie, 2015). This is to prevent precipitation of metals and biological growth

(Kramer, 1994; Eaton et al., 1995).

17



For dissolved metals, the samples should be filtered through a 0.45-lJ.m filter

membrane before acidi fication (EPA, 1992). During the transportation of samples to the

laboratory, the samples were transported in a cooler box packed with dry ice and were

protected from direct sunlight (Igbinosa, 2012). The samples were kept at 4° up until the

analysis was conducted (Assubaie, 2015).

2.5 Analytical Methods to Determine Heavy Metals in Water Samples

There are variety of inorganic techniques such as AAS, ICP-OES, as well as

ICP-MS that are available for determination of heavy metals (Baysal et al., 2013). ICP-

MS, ICP-OES, AAS, UV-VIS spectrometer and Cyclic Voltammetry are the

sophisticated instruments that were used for the determination of heavy metals in water.

Among all, Inductively Coupled Plasma-Mass Spectrometry (lCP-MS) and

Graphite Furnace Atomic Absorption (GFAAS) are the most effective technique to

determine the contamination of heavy metals in water as ICP-MS can determine up to

Oi l ug/L of metal concentration in water (Reddy et al., 2012).

Many studies have reported the use of Atomic Absorption Spectrophotometer

(AAS) to analyze the trace metals. However, due to the specific hollow cathode lamp

that is used for every single element, multi-elements analysis cannot be performed.

Therefore, each element should be determined one by one which make a qualitative

analysis almost impossible (Baysal et al., 2013).

18



Bambara et al. (2015) used AAS to analyse the heavy metals such as cobalt (Co),

chromium (Cr), iron (Fe), manganese (Mn), zinc (Zn), lead (Pb), nickel (Ni), cadmium

(Cd), arsenic (As) and Mercury (Hg) in the vegetable and water samples. AAS was also

used in the assessment of heavy metals (Cd and Pb) and micronutrients (Cu, Mn, and

Zn) of paddy soil and water in India by Reddy et al. (2013). Another study by Liu et al.

(2011) used AAS; PE-AA 700 to detect Cu, Cr, Ni, Pb, and Cd in water samples.

On the other hand, ICP-MS is useful for determining multi-element analysis and

is ideal for water. It uses plasma source to atomize the sample, and mass spectrometry

used to detect the ions (Baysal et al., 2013). ICP-MS is commonly used in diverse

research fields such as environmental, forensic sciences, food, material, chemical,

semiconductor and nuclear industries (Ammann, 2007).

Reddy et al. (2012) in their study of heavy metals in surface and groundwater in

India used Perkin-Elmer Sciex Elan 5000 ICP-MS to perform water analysis for As, Ni,

Cr, Pb, Co, Se, Hg and Cd. In a study by Voica et al. (2012), ICP-MS was used to

determine numbers of heavy metals in surface waters from Transylvania.

2.6 Legal Requirement and Guidelines of Heavy Metals in Water

In Malaysia, Environmental Quality Act 1974 is the act that regulates and related

to the prevention, abatement, and control of pollution and enhancement of environment.

One of the standards used for water in Malaysia is National Water Quality Standard

(NWQS) by Department of Environment, Malaysia (DOE). Recommended Maximum
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Concentration by Food and Agriculture Organization (FAO) was also referred to

compliment the data which are not available in the DOE standard.

The recommended concentration of heavy metals in irrigation water for selected

heavy metals in irrigation water (Class IV) by DOE and the Recommended Maximum

Concentration by FAO are as follows:

Table 2.1: Recommended Concentration of Heavy Metals in irrigation water

Parameter Concentration (mg/l) a Concentration (mg/l)

Cadmium (Cd) 0.01 0.01

Lead (Pb) 5.0

Arsenic (As) 0.1 0.1

Copper (Cu) 0.2

Zinc (Zn) 2.0 2.0

Nickel (Ni) 0.2 0.2

Chromium (Cr) 0.1 0.1

a Recommended Concentration of Heavy Metals in irrigation water (Class IV) by Department
of Environment, Malaysia (DOE)
b Recommended Maximum Concentration of Heavy Metals in irrigation water by Food and
Agriculture Organization (FAO)

2.7 Health Risk Assessment

Health risk assessment can be defined as methodological approach to identify,

characterize, and analyze dose-response relationship of the chemicals toxicities to

generate a numerical data (James, 1985). There are two types which health risk

20



assessment can be performed, which are qualitative risk assessment and quantitative risk

assessment. Quantitative health risk assessment is used to estimate the potential health

risk due to the exposure of carcinogenic or non-carcinogenic substances.

There are two categories for the potential chronic health risk, which are non-

carcinogenic and carcinogenic risk. For the non-carcinogenic risk, there is a level of

exposure below which no adverse effects will be observed known as threshold dose

(USEPA, 1989). Non-carcinogenic risk can be calculated using Hazard Quotient (HQ).

HQ is the ratio of exposure level to non-carcinogenic elements to the reference dose

(RID). According to United States Environmental Protection Agency (USEPA), if the

value ofHQ is less than one, then there is no significant risk of non-carcinogenic effects.

However, if the values calculated exceed one, there may be a significant concern for

potential non-carcinogenic health risk.

Carcinogenic health risk estimates represent the incremental probability that an

individual will develop cancer over a lifetime as a result of a specific exposure to a

carcinogenic chemical (USEPA, 1989b) and can be estimated using Lifetime Cancer

Risk (LCR) equation.
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CHAPTER3

METHODOLOGY

3.1 Study Design

This study was classified as a cross-sectional study in which there is no

intervention occurs. The concentrations of heavy metals compounds were quantified

before their risks to the farmers were assessed.

3.2 Study Location

The study was conducted at Tanjung Karang, Selangor which is widely known

for its paddy cultivation activity and the third largest paddy field in Peninsular Malaysia.

The location is depicted in Figure 3.1. The study location was selected based on some

criteria which are detailed out as follows:

i) Agriculture area with paddy cultivation as the main activity.

ii) The residents which will be the respondents are willing to give co-

operation throughout the study.

iii) Short distance from the laboratory which preservation and analysis was

conducted.
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Figure 3.1: Location of the sampling sites at Kampung Sawah Sempadan, Tanjung
Karang, Seiangor

Sawah Sempadan paddy's plot

Figure 3.2: Sawah Sempadan paddy plots (A to X)
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3.3 Sampling Technique

3.3.1 Water Sample

72 water samples were randomly collected from twenty four different blocks of

paddy plots consist of Plot A to Plot X at Kampung Sawah Sempadan, Tanjung Karang,

Selangor.

3.3.2 Sample Population

The sample frame in this study was the paddy farmers that were listed in the list

acquired from Tanjung Karang Farmers Organization Office. The inclusive criteria were

set to determine the farmers that can participate in this study and only those who fulfill

the inclusion criteria were included in the study. Below are the inclusion criteria that

have been set:

i) Paddy farmers within the age group of 18 to 70 years old

ii) Paddy farmers who work directly to the paddy water in their job task

The sample size estimation was calculated according to Lameshow (1990). The

total population of paddy farmers in the Tanjung Karang as acquired by the district

office of Tanjung Karang is approximately 7679, and the population of the paddy

farmers in the study area (Kampung Sawah Sempadan) is 1147. Below is the calculation

of the sample size:
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~~ __ ~ __ ~~~z
N = [Zl- a-j2P (1-P) + Zl- J3 -jP1 (1-P1)+ Pz (1- Pz)!

P1- Pz
(Equation 3.1)

Where,

N = Sample size

ZI-fl = 0.842

PI = 0.21

The value of prevalence PI is 0.21 according to Babic (2014) on the occupational

allergic contact dermatitis and P2 is 0.1 from the study by Anh et al. (2007) on dermatitis

among farmers engaged in peri-urban aquatic food production in Hanoi, Vietnam.

N
[ 1.2 8 2 -j 2 ( 0 .15 5 ) ( 1 - 0.155) + 0.842 )'O-.2-1""7(1---0'-.2-1-:-)+--'-0-.1-;(-1---:0-.1~)J z .

= (Equation 3.2)
0.21- 0.1

The minimum sample size will be rounded up to 20% to recover the loss of

respondents throughout the study. Thus,

20% of97

=2000
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= 97 + 20

= 117 respondents

Thus, the total sample size population is 117.

3.4 Study Instrument

3.4.1 Questionnaire

The study instrument that was used in this study is the questionnaire. The

questionnaire comprised of three sections namely Section A (personal information of the

respondents), section B (exposure frequency and exposure duration to the heavy metals),

and section C (personal hygiene and the use of personal protective equipment (PPE)).

The information obtained from this questionnaire was then incorporated into the

equation to calculate the dermal risk exerted by the farmers. The questionnaire

developed was based on Nordic Occupational Skin Questionnaire (2002) and

Taneepanichskul et al. (2010). The sample of questionnaire can be referred in Appendix

1.

3.4.2 Water Sample Preservation and Analysis

In this study, the water samples collected from the paddy field at Tanjung

Karang in the HDPE bottles were preserved and undergo pre-treatment before the

analysis.
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From the sampling field, all samples were transported to the laboratory in the

cooler packed with ice. All samples were filtered through a 0.45-f.!m filter and acidified

with nitric acid (HN03) (Fisher Scientific, USA) to a pH of 2 after the collection. The

samples were kept in the chiller at 4°C in the laboratory before analysis of heavy metals

concentration. The samples were preserved to ensure that significant changes in

composition did not occur before the analysis.

The samples were injected into inductively coupled plasma mass spectrometry

(ICP-MS) (Perkin Elmer Sciex Elan 9000, USA) for the determination of the

concentration ofCu, Cr, Zn, Ni, Pb, As and Cd.

3.4.3 Measurement of In-Situ Water Quality Parameters

In-situ water quality parameters (pH of the water, temperature, electrical

conductivity, dissolved oxygen and turbidity) were measured during sample collection

by using the respective instruments.

Turbidity was measured usmg HACH 2100P Turbiditimeter, USA. pH was

measured usmg Milwaukee Portable pH meter, USA and dissolved oxygen was

measured using Eutech Instrument Cyberscan DOIIO Dissolved Oxygen Portable meter

(Thermo Fisher Scientific Inc, USA). EC and temperature were measured using

Waterproof Portable Meter (CyberScan Series 600, USA). The water portable meter can

measure the parameters simultaneously at a single time.
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All parameters were measured and recorded on site to ensure that the data is

accurate and precise according to the time of collection.

3.5 Statistical Analysis

Spearman correlation was used to find the association between the concentration of

heavy metals in paddy water at Tanjung Karang paddy field and the in-situ water quality

parameters (pH, electrical conductivity, dissolved oxygen and turbidity). Statistical

Package for the Social Sciences (SPSS) version 22 was used to perform the statistical

analysis.

3.6 Quality Control

The HDPE bottles that were used to collect the water samples were washed and

soaked with 10% of nitric acid overnight. The bottles were rinsed with distilled water

twice. Acid wash was done to remove any impurities or contaminants that present on the

wall of the bottles.

The bottles were capped and tightly sealed in the ZIP lock bag before being

transported to the site to avoid contamination of heavy metals from the external

environment. During sample collection, the HDPE bottles were normalized by rinsing

with the water sample and all samples were tightly sealed and kept in ice-packed cooler

while transporting to the laboratory.
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Blanks were carried throughout the entire sample preparation and analytical

process for every batch of analytical samples. These blanks were useful in determining if

samples were being contaminated and to obtain accurate measurement of heavy metals.

For water sample analysis, ultrapure water was used as blank. The preparation of blank

was similar as the method of preparing the sample to be analyzed but without adding the

sample.

Graphs were plotted for each metal to construct the calibration curves.

Calibration curve was obtained by the graph of concentrations of heavy metals against

the intensities. Calibration curves for each heavy metal can be referred in Appendix 2.

The linear regression coefficient (R2) determined the range of linearity. The R2 obtained

must be more than 0.995 to ensure the accuracy of the results (Olmedo et al., 2010). The

results for R"!were recorded in Table 3.1

Table 3.1: The linear regression coefficient (R2)

Analyte Mass Slope Intercept Regression Coeffcient (R-)

Cu 62.930 14919.8199 0.000 0.9998

Cr 51.941 22939.6210 0.000 0.9991

Zn 65.926 4721.2498 0.000 0.9998

Ni 59.933 6798.8198 0.000 0.9999

Pb 207.977 24653.9447 0.000 0.9980

As 74.922 3623.5687 0.000 0.9999

Cd 110.904 5256.7269 0.000 0.9999
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Instruments such as turbidity meter, pH meter, dissolved oxygen meter, water

portable meter and weighing scale were operated according to the standard operation

procedure of the equipment and were calibrated before used. All in-situ water quality

parameters measurements were taken at the sampling location during the sampling

period to ensure accuracy of the reading.

3.7 Health Risk Assessment Analysis

The risks for dermal exposure to heavy metals in paddy water were quantified

under the present environmental conditions at Tanjung Karang. The risk

characterizations for carcinogenic and non-carcinogenic effects were considered

separately by using two different formulae.

3.7.1 Non-carcinogenic risks

The non-carcinogenic risk was calculated using Hazard Quotient (HQ) which is a

ratio of exposure dose to the compounds-specific reference dose (RID). The dermal RID

for the seven selected heavy metals were adjusted from oral toxicity factor. This

adjustment accounts for the absorption efficiency in the critical study, which forms the

basis of the RID. The value for dermal RID were adapted from the Risk Assessment

Information System (RAIS) (2013), retrieved on April 2016 and were recorded as in

Table 3.2.
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Table 3.2: The dermal reference dose (RID) for selected heavy metals

Compounds RID (mg/kg/day)

Copper (Cu) 1.2 x 10-2

Chromium (Cr) 7.5 x 10-3

Zinc (Zn) 6.0 x 10-2

Nickel (Ni) 5.4 x 10-3

Lead (Pb) N/A

Arsenic (As) 1.2 x 10-4

Cadmium (Cd) 5.0 x 10-6

N/A = Not available

The dermal HQ was calculated by using the formula provided by the USEP A (2004).

The equation is as follows:

HQ=DAD/ RID (Equation 3.3)

Where,

DAD = Dermal Absorbed Dose (mg/kg-day)

RtD = Reference dose (mg /kg-day)

DAD is defined by the following equation (USEPA, 2004):

DAevent xEVxEDxEFxSA

BWxAT
(Equation 3.4)
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Where,

DAcvcl1t= Absorbed dose per event (mg/cm=event)

SA = Skin surface area available for contact (cm ')

EV = Event frequency (events/day)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)

BW = Body weight (kg)

AT = Averaging time (days)

DAevent is defined by the following equation (USEP A, 2004):

DAevent = Kp x Cw x tevent

Where,

Kp = Dermal permeability coefficient of compound water (cmlhr)

Cw = Chemical concentration in water (mg/cm3)

tevent = Event duration (hr/event)
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The skin surface areas (SA) for adult male adopted from the U.S EPA Exposure Factor

Handbook (2011) were listed in Table 3.3.

Table 3.3: so" Percentiles of Skin Surface Area for Adult Male

Area sot Percentile (cm")

Hand 1070

Feet

Hands and feet

The dermal permeability coefficient of compound water (Kp) were listed in Table 3.4.

Table 3.4: Water Dermal Permeability Coefficient (Kp)

Compounds Water Dermal Permeability Coefficient (Kp) (cm/hr)

Copper (Cu) 1 x 10-

Chromium (Cr) 1.14 X 10-3 a

Zinc (Zn) 3.l9xlO-4a

Nickel (Ni) 3.06 X 10-4 a

Lead (Pb)

Arsenic (As) 1.62 X 10-3 a

Cadmium (Cd) 3.29 X 10-4 a

a U.S. EPA. Exposure Factors Handbook 2011 Edition (Final)
b USEPA Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) (2004)
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3.7.2 Carcinogenic risks

Dermal cancer risk was estimated using Lifetime Cancer Risk (LCR) equation,

which represent incremental probability that an individual will develop cancer over a

lifetime as a result of exposure to a potential carcinogen. The slope factors were adapted

from the RAIS (2013) retrieved on April2016 as shown in Table 3.5.

Table 3.5: The dermal slope factor for selected heavy metals

Compounds Dermal Slope Factor (mg/kg/day)

Copper (Cu)

Chromium (Cr)

Zinc (Zn)

Nickel (Ni)

Lead (Pb)

Arsenic (As)

Cadmium (Cd)

N/A

N/A

N/A

N/A

N/A

3.66

N/A

N/A = Not available

The dermal DCR was calculated by using the equation as follows:

Dermal Cancer Risk = DAD X SF (Equation 3.6)

Where:

DAD = Dermal Absorbed Dose (mg Ikg/day)

SF = Absorbed cancer slope factor (mg Ikg/day)
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CHAPTER4

RESULTS AND DISCUSSION

4.1 Information on Questionnaire

The questionnaire used to interview the respondents consists of Section A,

(personal information of the respondents), section B (exposure frequency and exposure

duration to the heavy metals) and section C (personal hygiene and the use ofPPE).

4.1.1 Socio-demographic background of respondents

The respondents involved in this study consist of 117 farmers who work in the

Kampung Sawah Sempadan paddy field. The socio-demographic information of

respondents was summarized in Table 4.1.

Table 4.1: Socio-demographic Information of Respondents (n=117)

Variables Mean±SD Minimum Maximum

Age (years) 49.62±12.02 24 70

Weight (kg) 70.37±12.79 45 120

Height (m) 1.63±0.05 1.52 1.74

BM! (kg/m') 26.31±4.78 17.01 39.64
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Variables Category Frequency Percentage (%)

Gender

Race

Male

Malay

117

117

100

100

The respondent's age were ranged from 24 to 70 years old. with a mean of

49.62years old. The average weight of respondents was 70.37 kg and ranged from 45 to

120 kg. The average height of respondents was 1.63 m, minimum of 1.52 m and

maximum of 1.74 m. The average Body Mass Index (BMI) of the respondents was 26.31

kg/rrr' with the range of 17.01 to 39.64 kg/rrr'.

All respondents recruited in this study were male and Malay farmers as the

majority of the population in the Kampung Sawah Sempadan are Malay.

4.1.2 Exposure of respondents to Heavy Metals

The information needed to assess the dermal health risk was obtained by

interviewing the farmers. Information of farmer's exposure to heavy metals was

recorded in Table 4.2.
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Table 4.2: Information of farmer's exposure to heavy metals

Parameters Average

tcvcnt(hr/event) 2

Event frequency (events/day)

Exposure duration (years)

Exposure frequency (days/year)

Averaging time (days)

26

220

5791

tcvcnt is the hour of contact to the heavy metals in paddy water per event. In this

study, the average teven!was 2 hours. Event frequency (EF) refers to how many times the

farmers involve in paddy cultivation activities in a day. The exposure duration (ED) is

number of years the farmers have involved in the activity. In this case, the average ED

for the respondents was 26 years. Exposure frequency (EF) refers to number of days per

year of exposure and averaging time (AT) is the product of ED and EF.

4.1.3 Personal Hygiene and Use of Personal Protective Equipment (PPE)

The use of Personal Protective Equipment (PPE) plays an important role in

protecting the farmers and minimizing the exposure to heavy metals in paddy water

upon contact. The information on use of PPE among respondents was recorded in Table

4.3.
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Table 4.3: Personal Hygiene and Use of Personal Protective Equipment (PPE)
among Respondents

(boots and gloves)

Categories Frequency Percentage (%)

Yes 95 81.2

No 22 18.8

Yes 112 95.7

No 5 4.3

Yes 43 36.8

No 74 63.2

Variables

Wash up/Shower after farming

Change clothes after farming

Use full PPE

Based on the results obtained from the questionnaires, 81.2% of the farmers take a

shower after farming as a routine of personal hygiene, while 18.8% do not immediately

wash up. 95.7% of the respondents change the clothes they wear for farming every day

or every time they go to the paddy field while only 4.3% of the respondents said that

they recycle the same clothes for farming work. Out of 117 respondents, 43 respondents

(36.8%) use full set of PPE which consist of boots and gloves, while the other 74

respondents (63.2%) do not wear sufficient protection.
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4.2 Heavy Metals Concentration In Water Samples

In this study, twenty four paddy blocks were chosen as sampling points representing

each blocks of Kampung Sawah Sempadan starting from block A to X. Three samples

were collected at each plot and the concentration of seven heavy metals which are Cu,

Cr, Zn, Ni, Pb, As and Cd were determined. The summarized results for concentration of

selected heavy metals in water samples were listed in the Table 4.4.

Among the selected heavy metals, As has the highest mean concentration (0.01

mg/L), followed by Zn (0.0084 mg/L), Cr (0.0045 mg/L), Ni (0.0026 mg/L), Cu (0.0024

mg/L), Pb (0.0016 mg/L) and Cd (0.000022 mg/L). Compared to the Department of

Environment, Malaysia (DOE) and Food and Agriculture Organization (FAO) standards,

none of the heavy metal element had exceeded the maximum recommended value for

irrigation water.
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The average concentration of Cu in the paddy water was 0.0024 mg/L and

sample X3 shows the maximum reading at 0.0063 mg/L. The mean concentration of Cr

was 0.0045 mg/L with maximum concentration recorded at B3 (0.0095 mg/L). The

average concentration of Zn was 0.0084 mg/L and the maximum concentration was

0.0221 mg/L from sample UI. Ni recorded an average concentration of 0.0026 mg/L

with the maximum concentration of 0.0075 mg/L from sample C3. The mean

concentration of Pb in paddy water was 0.0016 mg/L and the maximum concentration

was recorded at sample II at 0.0064 mg/L. As shows the highest mean concentration

among all heavy metals (0.01 mg/L) with the maximum concentration of 0.334 mg/L

from sample T3. In this study, Cd shows the lowest mean concentration (0.000022

mg/L) among all heavy metals and the maximum level of Cd was from sample RI at

0.000103 mg/L.

The average concentrations of the heavy metals assessed in this study were lower

compared to the other studies. Reddy et al. (2013) reported the concentrations of Cd in

paddy water were ranged from 1.4 to 5.8 mg/L, followed by Zn (0.1 -0.2 mg/L), Cu

(0.04 mg/L) and Pb (0.1-0.2 mg/L). The concentration of Cu, Zn, Cd and Pb recorded

for mixed water that was used as irrigation water at Oasis farms, Saudi Arabia were

0.011 mg/L, 0.010 mg/L, 0.009 mg/L and 0.005 mg/L respectively (Assubaie, 2011).

Results of heavy metal contamination in agricultural water in Dar es Salaam city,

Tanzania indicate that the concentrations of Cr were ranged from 1.414 to 0.01 mg/L, Pb

ranged from 0.113 and 0.083 mg/L and Cu ranged from 0.013 to 0.016 mg/L (Mwegoha

& Kihampa, 2010).
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However, the results of this study were consistent with a few similar studies ,

which the concentration of heavy metals assessed in the agricultural water did not

exceed the permissible level. A study by Bambara et al. (2015) stated the average

concentrations of heavy metals (Co, Cr, Fe, Mn, Zn, Pb, Ni, As, Hg) in Goudrin

irrigation water were also less than FAO recommended limit. An assessment of the

levels of some heavy metals in water of Alahsa Oasis farms, Saudi Arabia by Assubaie

(2011) found that the levels of some heavy metals such as Mn, Fe, Zn and Pb in the

water were in acceptable range and suitable for irrigation use. In another study by Reddy

et al. (2013), the concentration of Cd, Pb, Zn, Mn, and Cu in the paddy water did not

exceed the permissible limit of Indian standard.

The concentrations of heavy metals in all water samples were less than the

recommended maximum level by DOE and FAO. Currently, Kampung Sawah

Sempadan in Tanjung Karang is mainly active in paddy cultivation activity and there are

no other anthropogenic activities such as industrial or mining around the area.

Since the concentrations of the selected heavy metals were low and did not

exceed the available standards, the source of heavy metals in water samples was

suggested from the natural source. Almost all types of water contain heavy metals,

which result from the natural occurrence from the earth's surface (Newcomb and

Rimstidt, 2002). Heavy metals that present naturally may enter into aquatic system

through leaching of rocks, dust, and vegetation (Nazir et al., 2015). Under temperate

weather, chemical elements were adsorbed in the topsoil or transported towards surface
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water or groundwater when the primary crystalline structures of rock minerals were

totally cleaved (Parth et al. 2011).

In this study, the concentration of Cd was the lowest which ranged from

0.000007 to 0.000103 mg/L. Cd concentration might be related to industrial activity,

atmospheric emission and deposition of organic and fine grain sediments (Kahn et al.,

1992). The concentrations of Cd reported in the water near the electroplating plant in

China varies from 0.0015 mg/L to 0.0023 mg/L according to Liu et al. (2011). The

absence of industrial or mining activities ncar the paddy field area at Kampung Sawah

Sempadan may suggest the minimum presence of Cd in the paddy water.

Elevation of heavy metals pollution in agriculture is often reported with the use

of wastewater as the irrigation source for the crops (Singh et al., 2(04). Wastewater can

increase the productivity of the crops but it also increases the concentration of heavy

metals (Bambara et al., 2(15). It is mostly used to irrigate the crops especially by those

who experience water scarcity (International Water Management Institute, 2(02).

However, the use of municipal wastewater to irrigate the agricultural field is not

common practice in Malaysia.

According to Abdullah & Mustapa (2015), the water used for the irrigation in the

paddy field in Kampung Sawah Sempadan is from the Bernam River and it is the only

source for irrigation supply in the area. This irrigation scheme is a run of the river

without reservoir or dam and the paddy plots receive water directly from two tertiary
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canals (Amin et al., 2011). This may suggest the low concentration of heavy metals in

the paddy water is because of the water used to irrigate the paddy field is the river water.

4.3 In-Situ Water Quality Parameters

In-situ water quality parameters such as temperature, pH, electrical conductivity,

dissolved oxygen and turbidity were measured during the samples collection at the

sampling location. The results were summarized in Table 4.5.

Table 4.5: In-situ water quality properties of water and comparison with standard

Electrical Dissolved
Temperature pH conductivity Oxygen Turbidity

(0C)
(u Szcrn) (mg/L) (NTU)

Mean 34.6 7.7 260.2 7.1 63.7

Standard
I.S 0.6 104.7 0.6 21.4

Deviation

zs" Percentile 33.4 7.2 190.9 6.7 4S.6

Median 34.4 7.S 233.9 7.1 57.9

75th Percentile 35.9 S.l 321.1 7.6 75.5

Minimum 30.4 6.5 113.5 6.0 30.2

Maximum 39.4 S.S 500.4 S.6 116.0

Standards* Not available 5-9 6000 <3 Not available

*In-situ water quality standard in irrigation water (Class IV) by Department of Environment
(DOE)
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Each the in-situ water quality parameters have their own importance and function

in maintaining the water quality. The pH of the water samples in this study ranged from

6.5 to 8.8. The high pH levels may have caused by the precipitation of heavy metal to

the sediments (Jorgensen, 1994). Prasad et al. (2014) mentioned in his study that the

high pH of 8.8 indicates that rocks may be of alkaline origin. In this study, the pH for all

samples were within the DOE acceptable range which are 5-9 for irrigation water.

The temperature of water samples during sampling recorded high values which

ranged from 30.4°C to 39.4°C as the sampling was conducted during the sunny day and

dry season of January. Thus, the temperature of the water was affected by the

atmospheric temperature. The increased in temperature might be resulted from the

absorption of heat from the sunlight of suspended particles that present in water

(Igbinosa, 2012). The turbidity of water samples showed a great variation of reading

with the minimum of 30.2 NTU and the maximum of 116.0 NTU. However, the

standards for temperature and turbidity for irrigation water are not specified in the

standard.

Electrical conductivity (EC) is a parameter that indicates the ability of water to

conduct an electric current and higher value of EC is a good indicator of the presence of

contaminants (Nazir et al., 2015). EC of water samples in the paddy filed were far below

the DOE limit and is in agreement with the low concentration of heavy metals in the

water.
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Dissolved oxygen (~O) is one of the indicators for activity in the water. Lower

DO indicates higher oxygen uptake by the organisms and by chemical processes. In this

study, dissolved oxygen reading recorded in the paddy water samples ranged from 6.0 to

8.6 mg/L. For irrigational purpose, the recommended value for DO is below than 3,

however this study found that the DO in all water samples were higher, thus indicating

better water quality than the suggested standard for irrigation water.

4.4 Correlation of Heavy Metals Concentration and in-situ water quality

parameters

The correlation of heavy metals concentration and in-situ water quality

parameters were conducted by using non-parametric Spearman correlation. Table 4.6

shows the results of the correlation test.

The correlation coefficient (r) shows the strength of association between two

variables. The greater coefficient value indicates a good relationship between two

parameters (Agarwal & Agarwal, 2013). According to Patil & Patil (2010), direct

relationship exists between two parameters when the decrease or increase of one

parameter will exhibit the increase or decrease of another parameter.
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Based on the Spearman correlation test on the heavy metals and in-situ water

quality parameters all selected heavy metals showed positive correlation with each other.

Cu showed a very significant positive correlation (at 0.01) with other heavy metals

except Pb. Another similar study conducted by Reddy et al. (2013), Zn and Pb showed

positive correlation with each other. However, Cu exhibited negative correlation with all

the recorded metals. The significant positive correlation between the heavy metals

suggests their common source of origin probably from the agrochemicals used in the

paddy field (Reddy et al., 2013).

Temperature was the only in-situ water quality parameter that showed positive

correlation with all heavy metals. However, it showed negative correlation with EC (-

0.93) and DO (-0.112). The results were in consistent with another study conducted by

Ishaq and Khan (2013) where all the metals recorded during the study had shown

significant positive correlation with temperature and negative correlation between

temperature with EC (-0.87) and DO (-0.89) respectively.

pH recorded a positive cOlTelation with all metals except Pb. A negative

correlation was observed for pH and EC (-0.080) and turbidity (-0.286) in this study.

Other similar studies also recorded the negative correlation of pH and EC. Prasad et al.

(2014) report a correlation coefficient (r) of -0.364 for pH and EC. There was a negative

correlation with pH and EC among months, (r=-0.614, r=-0.586) in Euphrates River,

Iraq (Hassan & Salman, 2010). Mohan et al. (2013) in his study reported r=-0.31 for pH

and EC correlation.
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EC had positive con-elation with Cu, Zn, Ni, As, DO and turbidity while negative

correlation were recorded for EC and Cr, Pb, Cd temperature and pH. Ishaq & Khan

(2013) report almost a similar result of a 0.99 positive correlation for EC and DO and a

negative correlation for EC and Cr (-0.41).

In this study, DO showed negative correlation with all metals (Cd, Zn, Cr, Ni,

As) except Cu and Pb. In other similar study by Ishaq & Khan (2013), DO of water

showed significant negative correlation with all the recorded metals (Cd, Zn, Cr, Ni, Co,

Na, K, and Fe). Turbidity had negative correlation with most of the metals and other in-

situ parameters.

4.5 Health Risk Assessment among Farmers

Heavy metals contaminations are important as they can pose potential toxicity to

the environment and human (Vinodhini & Narayanan, 2008). Metals have the ability to

accumulate in the human body system and cause damage to system organs (Lohani et

al., 2008). Thus, it is important to assess the health risk of the people who are exposed to

the heavy metals.

Three different situations were considered regarding to the use of PPE and the

skin surface area that are exposed to the heavy metals in the paddy water. The first

situation is where the farmers wear gloves but do not wear the boots, hence exposing the

feet to the paddy water. Second situation is where farmers wear boots but do not wear

the gloves and exposing the hands to the paddy water. Meanwhile, the third situation is
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where the fanners do not wear both gloves as well as boots thus exposing hands and feet

to the paddy water that contain heavy metals.

The risks were categorized into non-carcinogenic and carcinogenic and the

effects were considered for each heavy metal by calculating HQ and LCR respectively.

The HQ and LCR for each heavy metal were listed in the Table 4.7.

Table 4.7: Hazard Quotient (HQ) and Lifetime Cancer Risk (LCR) offarmers

Heavy
Hand exposure Feet exposure Hands and feet exposure

metals

HQ LCR HQ LCR HQ LCR

Cu 6.0 x 10-6 N/A 7.69 x ro' N/A 1.37 x 10-5 N/A

Cr 2.04 x 10-5 N/A 2.62 x 10-5 N/A 4.66 x 10-5 N/A

Zn 1.34 x 10-6 N/A 1.71 x lO-tJ N/A 3.12x 10-6 N/A

Ni 4.42 x 10-0 N/A 5.66 x 10-6 N/A 1.01 x 10-5 N/A

Pb N/A N/A N/A N/A N/A N/A

As 4.05 x 10-3 1.78 x 10-0 5.19 x 10-3 2.28 x 10-0 9.26 x 10-3 4.06 x 10-6

Cd 4.36 x 10-5 N/A 5.54 x 10-5 N/A 9.87 x 10-5 N/A

N/A= Not applicable
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The farmers in Kampung Sawah Sempadan exposed to the paddy water for

average 2 hours per day depending on the weather, the area of paddy field they worked

on and the peak season. The average event frequency (EF) is the average frequency of

farmers involves in paddy cultivation activities per day. In this study, the average EF is

1. Most of the farmers work in the paddy field early in the morning. However, it is also

depending on the weather.

The average exposure duration of the respondents was 26 years. Since the range

age for the respondents were 24 to 70, the durations they had involved in paddy

cultivation activities were different. Majority of the respondents are full time farmers

while some of them have another job and only involve in the paddy cultivation activities

as part time and started to become farmers at the late age. The paddy cultivation

activities take 110 days per season with 2 seasons per year which make up the exposure

frequency of 220 days/year.

The average body weight of the respondents was 70.3 kg and almost similar to

the body weight that were recommended by USEPA which are 70 kg. For dermal

exposure to water, 50th percentile body surface area values are used to estimate contact

rates (USEPA, 1989). The skin surface areas were considered based on the area that the

farmers were exposed while handling the paddy water. The areas are feet and hands as

some of the farmers do not wear the appropriate PPE such as boots and gloves.

The HQ calculated for feet exposure, hands exposure and for both hand and feet

exposures were less than 1 for each selected heavy metals. According to USEP A, the
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value of HQ less than one indicates that there is no significant risk of non-carcinogenic

effects Although the average exposure duration exposed to heavy metals were as high as

26 years, the risk is not significant as the concentration of heavy metals in the paddy

were in lower concentrations.

Other studies also reported no significant non-carcinogenic and carcinogenic

health risk due to dermal exposure of heavy metals in water. According to Naveedullah

et a1. (20l3), the mean dermal HQ due to exposure to the metals in the watershed of the

Siling Reservoir were found to be less than unity for both winter and summer seasons

(2.95 x 10-4 and 2.21 x 10-6). Another study by Hadzi et a1. (2015) reported the dermal

HQ for Cr, Hg and Cd from the mining and the pristine sites below 1.

Among the selected heavy metals, only As has the reported dermal RID, thus the

LCR was only calculated for As. The LCR calculated were in the range of 1.78 x 10-6 to

4.06 x 106 shows the carcinogenic risk are in the acceptable risk level of 10-4 to 10-6 thus

do not pose significant life cancer risk to the farmers.

However, Hadzi et a1. (2015) reported dermal LCR for As above I x 10-6 in both

pristine and mining sites, indicating a carcinogenic threat to the local residents. Addo et

a1. (2015) reported a carcinogenic risk for As with the LCR of 2.42 x 10-
5
in their study

on health risk assessment of groundwater from open-wells in the vicinity of a cement

factory at Akporkloe, Southeastern Ghana.
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The significant cancer risks due to As exposure in both studies may be resulted

from the elevated level of As due to anthropogenic activities around the study areas

which are mining and cement factory. On the other hand, As concentrations in the paddy

water at Tanjung Karang is low and do not exceed the permissible standard, thus do not

pose carcinogenic risk to the farmers who are exposed.
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CHAPTERS

CONCLUSION AND RECOMMENDATIONS

The present study showed the selected heavy metals in the paddy water at

Kampung Sawah Sempadan present in lower concentration and did not exceed the

recommended concentration of heavy metals in irrigation water by DOE and FAO.

The concentration of Cu in the paddy water range from 0.0011 mg/L to 0.0063

mg/L, Cr ranged from 0.0011 mg/L to 0.0095 mg/L, Zn recorded readings from 0.0011

mg/L to 0.0221 mg/L, Ni has a range ofO.0009 mg/L to 0.0075 mg/L, Pb in paddy water

has the minimum concentration of 0.0007 mg/L and the maximum concentration was

recorded at 0.0064 mg/L, As ranged from 0.0013 to 0.0334 mg/L and Cd with the range

ofO.000007mg/L to 0.000103mg/L. As recorded the highest mean concentration of all

assessed metals (0.01 mg/L) while Cd recorded the lowest mean concentration

(0.000022 mg/L)

The in-situ water quality parameters (temperature, pH, EC, DO and turbidity)

recorded were also in the permissible range of DOE (2008). This study indicated that the

pollution of selected heavy metals in the paddy water at Kampung Sawah Sempadan was

minimum and the water is suitable to be used as irrigation water.
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The HQ calculated for all selected heavy metals were below than 1 thus indicate

that the risk of non-carcinogenic dermal exposure to heavy metals in paddy water among

farmers were negligible. There is also no significant carcinogenic risk for arsenic

exposure as the LCR obtained is 1.78 x 10.11 to 4.06 x 10'('.

There are several limitations of this study that should be considered to improve

on further research. The source of heavy metals contamination in the paddy water is not

well considered and scientifically tested thus it cannot be certain that the heavy metals

pollution are caused by the use of agrochemicals such as fertilizers or pesticides.

Therefore, further study on the possible sources of heavy metals that present in the

paddy water and the association with the heavy metals concentration is needed.

The health risk assessment of the farmers was only quantified for dermal

exposure of heavy metals. Another exposure pathway that are possible for heavy metals

exposure in paddy water is oral exposure. This route was not assessed in this study as the

likelihood of the accidental ingestion of the water is low compared to the dermal

exposure in this case. However, if the oral exposure happens, the concern is higher than

the dermal exposure. Thus the consideration of this pathway in the further study is

recommended.

Another limitation of this study was only As was quantified for carcinogenic

risk. Cancer slope factors for other selected heavy metals were not available for dermal

exposure. Thus, the carcinogenic risks for other heavy metals that were classified as

carcinogen were not quantified.
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Appendix I

JABAT AN KESIHAT AN PEKERJAAN & PERSEKIT ARAN

FAKULTI PERUBATAN DAN SAINS KESIHATAN

UNIVERSITI PUTRA MALAYSIA

PENILAIAN PENDEDAHAN KEPADA PENCEMARAN LOGAM BERAT DI

DALAM AIR PAD! DALAM KALANGAN PESAWAH DI KAMPUNG SAWAH

SEMPADAN, TANJUNG KARANG.

ARAHAN SOALAN:

1. Borang soal selidik ini mengandungi Tiga (3) bahagian iaitu:

Bahagian A : Maklumat Diri

Bahagian B : Pendedahan kepada Logam Berat

Bahagian C : Penggunaan Kelengkapan Pelindung Diri

2. Anda diminta menjawab semua soalan yang ada dalam buku soalan ini

3. Buku soalan ini hendaklah dikembalikan kepada pengkaji setelah selesai

menjawab
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Appendix I

PENDEDAHAN KEPADA LOGAM BERA T DALAM KALANGAN
PESA WAH DJ KAMPUNG SAWAH SEMPADAN, TANJUNG KARANG

BAHAGIAN A: MAKLUMAT DIRI

1. Umur: Tahun

2. Jantina:

D Lelaki

UPerempuan

3. Bangsa:

India

Lain-lain (sila nyatakan): .

4. Berat: kg

5. Jisim berat badan kg/rrr'

6. Adakah anda merokok? DYa
L_j Tidak

BAHAGIAN B: PENDEDAHAN KEPADA LOGAM BE RAT

6. Pekerjaan sekarang: .

7. Tempoh bekerja di tempat sekarang: bulan! tahun

8. Adakah anda mandi selepas ke tempat kerja?

DYa

DTidak
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Appendix I

PENDEDAHAN KEPADA LOGAM BERA T DALAM KALANGAN
PESA WAH DI KAMPUNG SAWAH SEMPADAN, TANJUNG KARANG

9. Adakah anda menukar pakaian kerja setiap hari?

DYa
LJTidak

10. Nyatakan kekerapan anda mengendalikan atau terdedah kepada air padi:

.................. kalif hari
atau
.................. kalif minggu
atau
................... kali/bulan
atau
................... kalif tahun

BAHAGIAN C: PENGGUNAAN KELENGKAPAN PELINDUNG DIRI

11. Adakah anda menggunakan alat pe1indung diri semasa bekerja?

B Ya

Tidak

12. Apakahjenis kelengkapan pelindung diri yang digunakan semasa beketja?

a. But

c. Baju kalis air

e. Sarung tangan

f. Cermin mata

g. Topeng

h. Penutup kepala
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Appendix I

PENDEDAHAN KEPADA LOGAM BERAT DALAM KALANGAN
PESA WAH DI KAMPUNG SAWAH SEMPADAN, TANJUNG KARANG

13. Jika "Ya", berapa kerapkah anda memakai kelengkapan pelindung diri?

a. Sentiasa
(setiap kali turun ke sawah)

b. Hampir sentiasa
(2-4 kali seminggu)

c. Jarang
(sekali seminggu)

d. Sangat jarang
(kurang daripada 4 kali sebulan)

14. Kekerapan anda menukar kelengkapan pelindung diri:

a. Setiap hari

b. Seminggu sekali

c. Dua minggu sekali

d. Sebulan sekali

e. Lain-lain (sila nyatakan)

-Tamat soal selidik-
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Appendix II

Table 1: Concentrations and intensities of absorbance of heavy metals

Heavy metals Concentration (ug/L) Intensity
l.560 26548.856
6.439 104220.873

Cu 12.549 205567.786
24.682 389417.815
49.228 74227l.408
1.560 20342.678
6.552 145700.985

Cr 12.958 324359.254
25.009 626745.542
49.595 1213335.490
1.560 13147.068
6.045 33047.808

Zn 12.224 62616.385
24.679 121697.973
49.581 238493.086
1.560 8848.356
6.350 44224.888

Ni 12.536 88095.957
24.875 172202.729
49.637 336285.956
l.560 39233.455
6.377 188524.572

Pb 12.569 377935.818
24.544 699613.835
49.190 1377087.159
1.560 5635.831
6.278 23472.616

As 12.507 46841.428
24.845 91473.663
49.890 18241l.956
l.560 6606.748
6.364 34549.927

Cd 12.546 68875.790
24.795 132842.280
49.902 265800.927
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Zn concentrations against Intensity
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Ph concentrations against Intensity
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Appendix III

Standan.l R~lLT~lh:~ Ivlu t c r ia I r I G...JOa

Tl'tL'L' Eku)L"llh ill ~'llllldl \\-dIL'l

j 1:1', <,tJlldanl Reference \L1tenal (SFl\I) b intended for use III e\'alll:1tlllg methods u,t'd III the d<"termUla1!pll of
:r.lce elements III fresh water. SFld 16-103 comist> of aCldltied spring water with mass fractions and nias s
c2w:elltnrWlb Js',wlled for ~9 elements. 2~ of winch were grJ\"IlllefllCJllv added. The SOlution contains nitnc acid
ar J '.:olume fLlCT;O;1 of approximatelv :: 00 A umt of SR..\f 1640a CO!lSJ',[S of 250 II1L of solunon III :1111~h-d<"!lSttv
pc lyerhvlene 1 HDPE.I bottle sealed inside all aluminized ;"l~·!Jrpouch.

(Htifi.d "allles and l-ncerr;lllllies: The cernfied value s for 22 elements III SR.\11640a are given expressed III

::l.1S, fl.lctlOa 11m:s and llIass concentration UIlIlS UI Table-, laud 2. respectrvelv A XIST certified valu e IS .1 value
1;1 wluch XIS T ft.lS the lughest confidence Ul ItS 3CCUr.1CYUl that all known or suspected sources of bias have be en
rullv an'cstlpt"d or taken UltO "CCOUIlt [1 J

Each certified mas> fr.icuon value given III Table 1 15 the average of the value calculated from the gravunernc
Plt'p.l1;,ric'll JIIJ the value detemlllleJ 1I5Ulg either Ulductin~ly-collpled plasma optical elll1>510U
specrroscopv (ICP-O:::S! er IIlducrn'("1v-coupled plasma mavs ,pectrometry (lCP-;'fSJ. adJlI'>ted upward for
tr.l1EPlfJttOll tlut llla'; occlir O',("f the cemiic.ltlOll penod while the SR.\! bonle fem.1l1lS selled ul'lde the :l!UlllllllUd
~':yL1! pouch IXOTE: .Ye CQITc::n-:;1I /:a~ bC"1i o;'p/lcd/,,,· fl'ilnSpll'anOli rhar Iii':! cC',ur (~ir{'l' riJ,' pOlich s,'ai has
:'t'e'.': [Toke!.')" ... "ImtmctlOll> for l\,...· fOI more lllfonu3tlOll regardUlg tralbptratlOll} The magmnlde of the
rLln \P!LltlL'1l ad_1lhtmenr (Cl 11 00 i IS based upon the rt>5ult, of llllPubli5hed XIS T ,mche, of tl'3IbplfatlOll rate, of
5uuiLu HD?E bNtk, ,ealed Imide 'lllUl.U alulllllliud ;'1\·bf pouche;. and 1, well that the .lent.llma" fnctlOIl 1\

expectd le' be equ.ll to the cel1lfied IllJSI fractlOll nlue apprOXll:l.llc!y 113If1\'.1)'through the ceniticatlOll penod.
E:lCh exp:mdt>d ll:1celi.lllltv. [.'. 1ll Tablt" 1 I'>oJcubtt>d a) C = ,b,:. wht>!e k I> the COWI:1ge faCTOrfOI tht" apI-'IOp1l3te
dt'£!t"e'> of tJet"doI:1 !.<it) :lIld a 95 00 len,1 of confidence (k aud 0/ are also glWll 1!l Table 1) aud Ii, IS tht> comblllt"d
,t.l~ld.1rd UllCen:llllr: Oklll.lted according to the ISO GUide [.::) The nine of Ii, i; ultended to repre;em. at the lew!
of ('lie ,,t.ll1d.lId de-.utioll. the combined effect of Ullcert.1UllY componellt; .lSsoclated witl) the grJ\'lllletnc
pr<"p.1LHW!J the ICP-OES or ICP-;"IS .1ml",,,. method lola, [3). and the tlJ.mpllaflOu adlu,tm ...1ll

E.cch (el1tfled Illa,,> COtlCenrr.lflOll ',.llue g!\·t"1l11lTable ~ 1; calcuiatt"d frollllhe conespolldlll? cenliied mlS> fractlOll
,.:.Iue III T;lble 1 :h1'01lgh 1Il11llJpiJcatloll by the demity of the SR.'\116-l0a .,olutioll. Each expanded UUCel1aUllY.C in
T:lble ~ b c.llcubted ,15 I~' = i.71:. where .Ie 1, the con,>ragt" (lewr foc the appropnatt" degret>, of tJ·...edolll ('~t) and 3
9:' 00 Ie-I'e! of confidence (.~-.llld ,Hare aho gn'elllll Tablt" 2) and Ii, b nle combllled ,tandard UllcenaUllY calcUbtt"d
:\(COrdlll~ to the- ISO Guide ['::). The I'JIlIe of II, IS ullended to ct"present. at the lew1 of olle Sl:Uldard denation. the
cOlllbuled effect of uncen.l111t;.' COlllpc)nents .1SSOC1J.tedInth the eel1lfled lila,; tJ'actlOn \'alue Jlld the '>olutlOn
demlr;

£'piI.H'('1I of C ",."fit-.Hio .. : Th" C"l1lf'C:l1ic)1I of '>R\I 16~Oa h \',I,d Wlthlll th .. 111"'''''<'111''11 llIlC""'.ll11tV
;pC"'{'C(1. untd O~ A.UgHst 101U. plonded the SR.\! " h.lndkd and 'tored "' accordance with lU'tmcllOll' glh-n ,;,
;h" and,c.ltc- I sc-C""1">(111([1011; for l',e) -Ibe ce-rlIIlC'tlOll " Ilullltied if tb" SR.,\! 1'> ci.1m.lged. cOllr'lllm.u"d. Orl._'rhot-l"\\'l';.(,lllodltled

:\l.1iUlrll,lIICr of .,R\I (..-rific,Hiou; ::\'IST wIll m01ll10r th" SR.\! O\'~r Ih~ p~rwd of It> C~ITltiC.1tlOll If
;Ub,T.1UtI\·'" T~clllllc.1j chJug".s occur [hat ,tTecl [he cen,fIc.iTlOll before The c:-XPUJflOn of tlll; cenIflCJtc-. );LST WIll
:"0tLl\ the- Ptu-..::h~1:'t."'r Regl~tl-.:Hi0n (~cC' att3ch~d she-et) 'VIn t:-Cll1t~1te uotdic.ltlOIl

(c""dUlo",)tl ,of th" t ....dllllC.1l m".1".r .. lllent, 1...1dlllg to Ih .... c·...n,fiL1twn of SR.\! IMOa W.h prond"d 1".
~~=,R '\\'l!Khc~[t'l ofthc- ~IST 4-\1l~'ly(Ic31 Chell11~II}' DIYl-::'lOll

Stephen A "-lSe. Clad
-~l.'l~ilCll Chenlhtl"'\" Dn-ba.ln

0~lld~Cl..,blll ~_l\lD ~OS99
Cenlti':J[~ r~~u(' D.'l~: OS June ~OlO
:','t' (: ,',> ;;;!,",-;;t' R.-, J;r~1i; l"l,':"(I~, ~));La:;; P;l~"~'

Rol><"11L \\'au"'1>. J1. Clad
!\re:l~nre1l1C'nt Sen.·l("e~ Dn'blOll

'.K.! 1640.1
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Appendix III

T~: SF'::',!wa: :x~pled by T A, Butler. LL Yu. and ~.1.R \,'m:he:ter oftl:e ~';'IST Aualync:u Chellll:ll'.' Dln:lon,
n,e re P,O::;<, ~:::t>;:e: we:e perfcruied by T,A Butler. JL. ~,!ollo:.-, and ~,r.R, '\rw:he:ter 01 tl:e :JIST .-ill:Uytlc~1
Chelll1:ln' Dl'.-l:I;:: Th ICP,~\IS ~naly:e: were ;>e:iom~ee: bv .T.L ~'!o:Joy_ T,,~, BuLer. L.L Yu. and
:·.IR, \r~:h:ter of [h XIS T ,~n31:'ll:al C!:e:m:n:.- DI-.":lOn,

<,u;>POJ1a:;>ec[: m';oh-ee: I:: tl:e 1::U3::ce of thi; S:!0.! were cocrdinars d througl; the ~'ITST ~.fea:weme::: Sel''-I:e:
DI'."1::.:.n,

R~f~J'euc. "~]ue; nud rn('el't~intle:: The leference value; for :e,'en e:eme::t: 1:: S~.f 16~(i" are g1\'e:: expre::ed
::: ill):: f:J,c[w:: U::Jt: and uia;; :0::ce::tl3tlOI: unit; in Table: 3 a::e: ~_ le:;>ectr.-elv Refelence value ; are I:on,
ce:nfled ';;>.::.e: that :tIe be tr e:nm.;.:e: of the true values. Howe'.-H. the value: do not meet XIS T criteria for
cel:Jn: ar;c n an.:: :tIe prcvrde d with 3::,~clated u::celtal::tle: that way nor inc.ude at: courc s ; of u::ce:tal::ty [I]

Tl-_~lefelen:e wa:: £la:tlcn value : azd e~:pane:ed uncelt:unne: gl'.-e:: I:: T3:'1e 3 ale cakuhted u:u:g the :lIlle
~;>p o".:'h em;>:.:.yed fOI the:en&e.i I!:.~:: £nctlo:: \'~:ue: I. :ee eX;>:~:::t[IOI: a:'o'.-e)_ mduci.lI:g the u:e of :he
t:~::::'ll~:JO:: .le:;u::me:::. e~:ce;>11l:~1e3ch leferen:e mao: thc:Jo:: n:ue I: :'~:ed :ole:y upon :UIJIV:l: u:mg eIther
IC ;:',iy::<, or IC ?-:·.fS and UI:Celt3ill:y compoI:e::[: :tre :=Ited to tho:e a::oc13ted wit!: tl:e all31Y:I: me: the
1:~:::'JllarlO:: adiu'.twi!nt, Th~ l~fu"llce ma:: con:enn-auon -.-:t:u,,: md e:o:paI:ded un:eltallltle: gl..-en 1:: Table .. :ue
c"J:~a[~d U'.IUg ±" :ami! ap;>:oJ,h em;>:o}"ed tor the :el1lfied 1ll3:~concenn'Jnon '.-alue: (:ee explaruncn 3:'o'.-e),
e:,:cepI th __1I);e~' aH :Jlcull[e.:i U:L::g the lefe:ence mao: t:-3CllO::-.-:Uue: u: place of:he cem5ed ma:~ frJ:uon '.-alue:,

C :H'TlO:": Th: S~.f 1: :ill ~c:.:i:c :alunon .:.1: 3;>pro;>lut" :~f"I'" pre:mtlan:, Ul,:ud!ng u:e of g:o'.-e: e:W-lUg
hJ.ndhng :!:.~u.ta :,,, t:.leen,

IS~TRnTIO:"~ fOR ~:~[

The S~,! :hould '::>e:hahn be:"ole u:e to lenllX \\"~ter thJt I!:.:ty ha\"€' ,0I:'::en:ee: 0:: the =el :uriaee: of the :,orrJ"
To l:e:p pre'.'"nr :Ollr3llllll.."lllon. pl;>ette: or other :~'oware :ho~le: ::,\·OT:'e =..lted Ulto I!:e :,oILe, In:te:td, a POltlon
ofthi! :o:l:tlon :!:cllB '::>ee:ee.::[e.i u:[0 a::cthi!l" demo dry contalllH 1'0: u:e t:na:"d POltlOn: :hou:d not:'e rer-.lmed
[0 Il:e SR.:..! bottle

Tl:e ~cc::nc:-- of lla,:e "Iewent ~n~:y:I: L: ll.llllt"e: '::>y,outllllillJllCn. e:pe,la::y at rhe ml:rognm p"r bJogr~ (or
nuc:e Zl aill 'Jer !:tel:' Ie'..,,! )..1: ;>,PP:U'3ru:.e::hou:d b~ ::lUpulou::y de~n_ ane: only rugh-pWlty reagent: :hou.:d be
e~p:c:.-"d 'Sall1pJwg 3::.i nnmpulJtLcn:, :ue!: :t: e·.-Jpor:;.non:. :hou.:d be do::e I:: a de:m eD'."llODlll"nt ouch :to J
Cb.:'> I ({I c:~.:u:.ho,,:.d.

Tl:e ::::3:: :o::ce::t:JllO:: nbe: ~nd uncel1awlle: gl''-'':: w Table: 2 ar.d .. wele :a:cu.:3tee: nom I);e 1ll3:: n:l:tlOn
·.·~:-.le: ~nd lw:eltalDtle: Lr. Table: !md:'. r":pecn'.-ely. t:;.kmg lUtO account the :tutLCL?~[e.il:l::ge of de:::lt}" -'-~:ue:
of I);. S~,.! ,,·:utlon LI: rh", tempuJrule Imge 17 'C to 2"' 'C The:efore, I);e m~:: :o::cer.m[IOI: n:ue: :md
un:eltllllr.e:, gl\'en ill [);e t.lble: ~:e ...ilid \\"h,,:: the 'i~,f :olulloI: I: u:e.i wlthI: a tempera!me Imge of
2~ '( = 5'(, ..;.mOle p:en:e e:tUllal" of t!:e m~:: con:enn'anon tcr ~ gn'en tempera!W'e .:::m be o·::>laille.iby
wllln;>:y:::g [);e m3:: :'r3cnon ''-3Iue by the 3.:curJ.leJy mU:1lled den:LI!' of the :o:unon at that temperature The
un:HIJlllr .. l::o=l~le.i ,nth a ma::, :cnce::n31l0:: \'~:ue cakulated m till: way :an be e:tlillJted by comblllw~ the
lln:~rt3111~' :oll:;;,ollent: tCI [!:e WJ:: :13cnon n:ue lnd tl:e mea:wee: den:Lr:' f~llo,,;w~ tl:e ISO Guide [2J. -

Tl~UcplI'.Hiou: Tl:.~:elnfied :lr.d l"ef"l.:!n:e -'-:1:ueo p ...~r. III T3bJeo 1 Ih'ough -l account fOl the effect: of
1:~:::'~lJ3:JO:: th:n m3\" O::urpnol':O r;,.-/ir:r opolin!,' <~.rlh.;:.'ai.,d pouch bl rh.' SRJf u;a ,';'fier the 'iR.\! bCILe
hl: bHn l~!l:.,y::ed f;cm tl:e poud:. the rate of n'm:plJatlcll \\'11: n:e. le:~:ll::g w g1'~dual Illcrea:e: 1I: the 1Jl.'l::
f,Jct:c.u: ·:al:.d :ollc~n:J'atlOll.:) of tl:~ ~J'illento, II,; rh.· I <';P01.'.;it.ihn of I;;" u;.-r ofti,,; 5RJ! to '>C'-Olall (". :hi:
,:,;ft.-a O::e 3?;>103:h 1: to wetgh the S:!0,! bott:e :,oth b"lcle ar.d :tftel: .,;c!: u:e, },h~::0:: O'~:elyee: .:iWlllg":torage
or: '::>eun:':e.i to cene·:t fcr n';lD~pu':t[lon, !r. order to lllllllllllZe nar.:plJaooI:. the S:!0.f bottle :hould b~ :tOled
Ilgbly do:ed 3l:.d :e3:"d ll::de an :llJng!:[ ~o::talllel. The u:e, ohould oet J. mJ.=Wll ol:.elf-:tfe Icr J. p:una:Jy uoed
S?-\! '~ctt:~ C'';:'llllllE-U:''U ..rJte WIth lCctUJ.cy ri-;.1~uement:.
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PRrPAR.-\TIO:\"OF ~HnRHt

';:::.2'.116..+(1" ...;,,: p:e?aed at ~'1'IST u:u:g oLY h,gl: ..punry relgent~ ..:..n acid ..cleaned HDPE tau of ~ kl, Ca?3clty
W3: f11["d ',',']:h a };no'l\'ll Ill": of co=er~l"l1v a'..alhble :.p1D~ water a::ci enougl:. ~o:::.ce:::.n,,!eciwtn~ "c]ci to "d;u:t
tl:e acid vc.unie fracnon ro applo::llllate:\, ~ ·0, o"'tter tl:cro:.gh llll:=g .n~ a ;nec:ea::eci recll~ulalulg P=;:>. a
Fl.::'=OOO.l~'re po~,!S O,nJlvOl:wa; pelfclweci 10 dete:Ullne the :e\'e:: of ~e ~9 element: of uirei ect. Tl:.e :en!l: ollhe
~~ .li'meut: to be ':.J'a:led "';e,e g:r3\'=e:ncaJ:y aciJu:ted to target o..~:ue: bv .dolmon: of ahqucr; of knott'll mJ::~:
ef the S::1-,1: m ~e S::::,! 310':' :en.: of :u:?[eo~:e~ent :rm,iald :o:unon:, for eJ.cl:. of The:. e:e:nent:, ~e Ill?el
o..,,::.e WJ: ap?ro::Jllla:i'[~' 8:1

0
, of the ~,!ax=\llll C on:J.llll.Il.:llltI.e·... l (~.!cI.) ::':ted in either the X"llo:::',,: Pl1,mll-Y

:J:u:i:.ng "...3:'" Reg:uhnon: or the ~;J.llo:::."J")econciary Dnnlu:g \,'atH Reg'~a:JO:::: Ul.1111tllnedbv the <::::JteciState:
::::::0. uo::.ment~: PI':'tecllcn o",?e:::cy(EPA;, [~]. Cl .lPPlOX=3:e[" the ::03:: £Jaenon that w,,: ple:ellt m S::::,1 16'::1
T:J.ce El.llleut: :oo~;o;~J.l ',I,"a:e1.wht:henr wa: :e::. Aftel acirunon orth. ahquot: J.n:l thorough Ill1Xlllg. tl:.Q SR...\!
:OlU~lO:::W3: p3:b~~.i m J.c:,i-:[e;>.ned HD?E ':>ot!l~: of 25:1 =L ;:apa:m' a::d :-ea:ed U::lde J.:\llllml.::ed )'hlal

ElemeuT

_~hUllunull
.~1l~U1KI!:.y

Ar::ewc
B,.num
Bel~..ll:um
BolO:::
C "cimlUlll
C1:0==1
Cobalt
( °P;"=:
IlCll
Lea,:i
~,.r3ng~.ne:e
~"!01:.-1,; dell"m
~·:L:l.;~l
")e:emulll
)l_·,~t

Stro::~JU~
:l::c:JlUm
lOoll"",""
~."JllJdJtu:::o

Zm,:

~'!JO: fra:non ;; qf(~lg kg)

S~ 6 1 S 2 069 ,'
--'506~ D.C";) 2365

S':'10 0.06-:' 1.980 l':O15:1.60 O~-l 1 9S~ 9S3_CC~ (i.G.:'; 206:) "3C8.7 31 ,565-0<.961 O.C:~ .:'.:'65 ~
':02~ 0.28 2.C21 ~o2D.OS 0_2~ 2_..;·.r:· 685.0:- O_~S ~ .~2S 1036.5 1 '( "I ~, ...

6__ ""t""t

1~_OC5 (iC-l~t 1 9::1
4CJ_t): Oj5 .2 .2Cl 1145.24 i)_59 2C 1- ~325 1~ 01~ ~.C~6 3-
19.97 016 2.22S 10S 01 c 0.e";2 ~.CS6 20125.03 0.S6 .2.1 :9 12:606 oe 15 2j6~·25 .15 Cl.26 ~145 1~1~93 (1.21 ., ~~...

6--~.... '55.~C 032 2028 49

(er::::ed U:J\\ fr.1CUVll\':1]'.1;;, Jre Il:" equill\' welglmd :ueJ.1!;'0: :eS:L:s fro:u g:J',lDHlY 33d Iep-
OE', 0: IC:;:'o~,:', J.ijusted up'nc: :c: trJ.lllp::noll ::ut n::ly oc,m c,'er ill. cen:::c3:l00 pe:!.:>.::
~1.-I!l:O!Do! ~,?'J.( b·;:'rte ten:JllE ~e.l:ei :JlHde rh: .lll.l1l:!.o;..:.~d ~lyLJ: pO'.lCb (~\~OT=:.. Yo fOn',~(jJO.'l

}j~,,;,:b ..~..·_'; a,PPj'l,,";i/: ..)f ~"tan:;lJr::nl.": :).'a,~h 1;: t.l(Ci~r a.tt,~r ri;,~ pOi;ch ;4~a!;;(:.: b.~t:t} br,:~J:"~17. S~€.-
·~,c:ucr;o:l'. fo: T;,e" f~r J:1~re !ti0:J:l..1::0:l) The J:l..1g:ll:ud. of 11:. :;,,:lspl:'aco:l 3d:'.lS::ner.t
'.:'.11 ".1 'D, ;e: ...::e~ \0 :JUt :be lCf.l.lj J:l..1ss i:'3cO~Il> :;re e:-''PKled t~ ~ equ.,; 10 :ie
corJe',j:'~!ld;;!lg cem.fe;; ','.1l'.l", .1;:'pro=:ely 1:alfWlY :l:.:~ugb :ie C:rt.ii:lnoll ~nod T.le
'.u:.:er:lu:.r.,. L:e.i ...-till i:J:i '..l;ue " J:l expJl:dd '.u:.:er ..ll.llIY lboUI the :ueJ.l:. The e:qllllde.i
',u:.:er:Ju:.r,' E caJclWled :""lJOWlOg the ISO Gui.i" [~J .11 [0 = h,., w.b.,,;e ~, :llOtell.ie.i 10 a;:Ie;e:l:

o

J.t u: l::~~-~L.;,': o:J.e ~tl:J.dl::i di:~~lJ.ti~1l :::te .;,o:uciJ.-ed efi::c! of UD'::::t~:.o:y C'')I:.lpOD~t:. ,;u~oc!.J:e.':'
.nll: ~e gr~'.1J:.l;;::i: pep3:l:'OIl, the IC?oOES or IC?o~,E m:lly,~o :llfll:"j b:.!; :']' l.lld :be
:::1:J.-':':;J.:-Jt,:::J, ;ldju-':'Jl:.er.r. Tj_e cC':-2:.ige :":leo1 ;J:) :01 each ..1:l.l1yt-e~~ det~-ed fro:u the S:ud:u:'s
:-.i;,u:bu:.c,u correlpO:ldiJ:.g :0 the degree, of ir~d:'I:l 'Ar" 01:1::l 95 0 .le' ..el of co::::id":1ce

?;:.g~ 3 of 6
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Banum
B €,L~:Ilnun
Bcroz
( adunmn
CLuo=~
(c, balt
( op;,,,,:
IrOIl

L", .•.:i
~·.bnpue::.;,
~·.ICoJyb d~n'J.:::'
~:1:1:,,[
S>2 .enruin
Stl~-H
Stro:::.nl~:'
Tb.Jlt~
l-rJill'J.~
v Jll:dj11.~:
Zrnc

~,.!J~:C CllCi!lln-Jhou .
(~lg L)

53.~1
5.105

[51.S':'
3.;)26

3.992
"EI.5-1-
20.24
S5.;5
36.S
121 C'l
4':U9
45.60
25.32
20.13-
S.QSl

!~6_[13
1.619

").:: ::.::- _' ,_'_,

55.6-1-

i.s

k (~:t·

2. ~164 2-1-
2262 9
1.9'77 1-1-2
1.9;6 [:'1
2.;)-1-5 29
2.306 S
2.365 ,
2.00S :;1
2 ..'65 ,
2.120 l6
2A4' 6
1965 :'1'
2.l60 1 '.)
~.Cr13 46
2<1~ll 59
2.160 13
2. Q-1-0 31
~.l :0 16
2 ..'·D6 S
2.120 l6
2 . .3-65
1995 65

o ~1-l6
IJ.CI'7(i

O.S.'·
0.:)25
3.1
C<I;4
0.3· Cl

0.24
0.51

0..'6
0.61
Cl 1-1-
O. L "7
0:<146
0.9l
O.~116
0.2"7

0.35

C ;:r:ci",d :lllss COlK;:l:.!:"3!:O:l':JIu,,;. ~:i! caku1:n,;d irOl:l W", Ci!:nfli!d mass i:Jction valuas in
:~!J:",1 :h::;:.ug:i u:ulopu·::>.nol:. by :i", d.=:l'l~· of:h", :.F3r :6403 sclurion. Tbe un:er::llnty ]:,:,...:
wul:. ';'3·::1'..31'.1=l, :::.u":'.:F aaded UllC;;:t.1ll:i:Yabout :j,,,, mean. Tbe e:;p;lUde.;i t:Jlcer:3mry E CJJrul.3:ed
f:,U:,w::lg tbe: ISO Gt:.i::'e:[~J :;5 [" = ku, w1:.';:i! 1., l, u:.t":l::'"d to :"pre''':l:. at :be :e':el 0: 0:1.",
'.:8!d3rd ::':':::;:_O:·]1, the CO:nblll~d ",f[",;:: .;:of'.lll:er.;lIJlr.- COu:p0:leuts 3550C13te":WJ:b U" cent:;e::'
:lll" ir;lcnOl:. value aad tl:.= solurron deI:.;ity. ne c.;:onrag" :;;'=:0: (.t:. for eacb J:l;llyt" ls::',,:er:moe.;i
:5-0:11 rb.: S:-,I:[::I.:" r-ciJ.5mbu:Jo:l conespo:ldmg :0 th" d."gre;;s .;:off[eedoc (,~t)..1:ld3 9~ 0. l",-e[ ofCoufii::l:e.

,. ~E :ern5e::' u:a;.,. co:c.:eUIT::mou'..3!UES J:ld "~:p3:ld~ llnCer:3mo.;,s ::.re '..:ill": wieD :i", 52.,\1
'.ol'.1COl!l'. u:.ed ",nuQ :he :e:l:lpe:3TmE :..1:J.ger:: .C = ~ 'Cj
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~'!3:0 Fl,'~I:lCll
':mg1.:g)

k

c 3:C~'.:.m
;~I:1g:::.e~1~
? o':'":! :':'lll!!:i

:s il.ic o II
SO·:i:.i:...Ul

~:_5"70 O_C 16
I.e50':: 8.CC.::'4
0.5"753 O.CO'::O
:::.169 ;)01'
3.11.2 ;)031

::.1'::0
::.'::6::
'::.1 :9
::.07.+

16
9

1'::

L Ltl.11llll

:::"1.1bl':'1-..:...w.

(ug'l:g)
(.1.~~13-1 0.OC92
1. ISS ~IO II

::.::6
[961

F'.e:",r","c;, ='1" i=~coc'n value , a.re ~~ IC?·OES 0= ICP·~1S ",,,lues. act_'us:ed upwud :or
=:'I:L~p1:':1::0:1 [h:ir m av oc cm 0"."-2= :be c e.."'"'tl.ficattoc :pe:iod. vduli! the SF_'~ bortle reIJ:..3llU- ~e.lJe.j.
:'::l:S:de tl:.2 3l'.1l:U~'.:i ~~rYL~:-pouch. :::OTE: _';0 COrrt:'C7:.~OlJria: b~ ..~n a;Jph"dfol" rr,::!~,;pjrQjjOt1r.i;ai
,< ..:: o,,"~ '~~".~:he po.',,/} :.'.7; naz o.;e" bra!;e." Se .. "InStr1.lCOOQ_' tor Cs .. ' for 0:0=", mfo=oon)
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Appendix III

Quantitative Analysis - Summary Report
Sample ID: SRM 1640a NIST NATURAL WATER
Sample Date/Time: Wednesday, January 27,201612:37:17
Dual Detector Mode: Dual
Sample File:

Method File: C:\Elandata\Method\Quantitative Analysis.mth
Dataset File: C:\Elandata\DataSet\JAN 2016\SRM 1640a NIST NATURAL
WATER.1699

Summary

Table 2: Concentration ofSRM 1640a NIST NATURAL WATER (ppb)

Analyte Mass Net Intens. Cone.
Cone. SD Cone, RSDMean Mean

Cu 63 1045204.405 86.123 0.36 0.4
Cd 111 17163.26 3.827 0.04 l.1
Cr 52 839859.099 42.179 0.53 l.3
Zn 66 158635.809 45.007 0.53 l.2
Ni 60 144225.452 25.738 0.4 l.6
Pb 208 30661l.687 12.938 0.09 0.7
As 75 22285.763 7.514 0.12 l.5

Table 3: Percentage of ICP-MS Performance

Cone, Mean of
Certified Value forElements in NISTAnalyte

Natural Water Elements in SRM Performance (%)
(ug/L) 1640a (ug/L)

Cu 86.123 84.97 98.66
Cd 3.827 3.961 96.61
Cr 38.179 40.22 94.92
Zn 45.007 55.20 81.53
Ni 24.738 25.12 98.47
Pb 11.938 12.00 99.44
As 7.514 8.01 93.80
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Table 4: ICP-MS detection limit (mg/L)

Heavy metals ICP-MS detection limit (mg/L)*
Cu

Cr

Zn

Ni

Pb

As

Cd

2.0 x 10-

2.0 x 10-7

3.0 x 10-7

4.0 x 10-7

4.0 x 10-8

9.0 x 10-7

9.0 x 10-8

*ICP-MS detection limit from Perkin Elmer
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Table 5: Concentrations of heavy metals in paddy water (mg/L)

Sampling Cu
point

Cr Zn Ni Pb As Cd

Al
A2
A3
Bl
B2
B3
Cl
C2
C3
D1
D2
D3
El
E2
E3
F1
F2
F3
G1
G2
G3
HI
H2
H3
II
12
I3
11
J2
13
K1
K2
K3
Ll
L2
L3
M1
M2
M3

0.0022 0.0053
0.0028 0.0063
0.0025 0.0067
0.0017 0.0011
0.0014 0.0011
0.0012 0.0095
0.0012 0.0034
0.0012 0.0035
0.0032 0.0029
0.0021 0.0042
0.0015 0.0041
0.0016 0.0037
0.0015 0.0053
0.0013 0.0048
0.0013 0.0044
0.0033 0.0072
0.0056 0.0041
0.0014 0.0023
0.0059 0.0028
0.0036 0.0062
0.0023 0.0035
0.005 0.0063
0.0021 0.0052
0.0021 0.0067
0.0062 0.0054
0.002 0.0049
0.0052 0.0064
0.0013 0.0025
0.0011 0.0021
0.0022 0.002
0.0025 0.0055
0.0029 0.0062
0.0021 0.0063
0.0021 0.0037
0.0023 0.0025
0.0021 0.0022
0.0035 0.008
0.003 0.0081
0.0036 0.0069

0.0121 0.0037 0.0015 0.0194 0.000039
0.0126 0.0027 0.002 0.0246 0.000031
0.0112 0.0026 0.002 0.0227 0.000022
0.0036 0.0018 0.0009 0.016 0.000011
0.0025 0.0019 0.001 0.016 0.000012
0.0031 0.0013 0.0008 0.0013 0.000011
0.0049 0.0013 0.0015 0.0047 0.000017
0.0053 0.0011 0.002 0.0031 0.000017
0.0057 0.0075 0.0011 0.0033 0.000014
0.0016 0.0031 0.0014 0.0035 0.000031
0.0012 0.0039 0.0014 0.0033 0.000025
0.0011 0.0015 0.0015 0.0028 0.000019
0.0084 0.005 0.0014 0.0043 0.000034
0.0059 0.0012 0.0013 0.0041 0.000017
0.005 0.0009 0.0014 0.0039 0.000018
0.0073 0.003 0.0012 0.0063 0.000022
0.0066 0.0015 0.0027 0.0052 0.000016
0.0088 0.001 0.0018 0.0035 0.000013
0.0096 0.0022 0.0011 0.0034 0.000011
0.0062 0.0026 0.0008 0.0065 0.00001
0.0031 0.0016 0.0007 0.0049 0.000009
0.0149 0.0025 0.0009 0.0168 0.000026
0.013 0.002 0.001 0.0093 0.000016
0.009 0.0022 0.0009 0.0084 0.000012
0.0086 0.0033 0.0064 0.0146 0.000029
0.0016 0.0017 0.0015 0.0095 0.000016
0.0012 0.0022 0.0008 0.0112 0.000032
0.0092 0.0028 0.0011 0.0029 0.000012
0.0081 0.0014 0.001 0.0025 0.000008
0.0098 0.0017 0.001 0.0023 0.00001
0.0013 0.0027 0.0016 0.0184 0.000036
0.0073 0.0031 0.0014 0.0178 0.000028
0.0082 0.0019 0.0014 0.015 0.000025
0.0036 0.0025 0.0007 0.003 0.00001
0.0062 0.0029 0.0007 0.0027 0.000017
0.0111 0.0023 0.0009 0.0029 0.000026
0.0109 0.0042 0.0015 0.0048 0.000018
0.0073 0.0027 0.0015 0.0045 0.000014
0.007 0.0026 0.0018 0.0036 0.00002

82



Appendix V

Sampling Cu Cr Zn Ni Pb As Cdpoint

NI 0.0034 0.0035 0.0101 0.002 0.0017 0.0064 0.000017N2 0.0018 0.0024 0.0077 0.0015 0.0012 0.0045 0.00001N3 0.0019 0.0022 0.0061 0.0021 0.0009 0.0059 0.0000101 0.0014 0.0061 0.0035 0.0019 0.0016 0.0047 0.00001202 0.0013 0.0033 0.006 0.0012 0.0011 0.0042 0.0000203 0.0015 0.0028 0.0105 0.0015 0.0014 0.0031 0.000017PI 0.0016 0.0021 0.0122 0.0023 0.0016 0.0099 0.000022P2 0.0017 0.003 0.0116 0.0044 0.002 0.0113 0.000025P3 0.0015 0.0023 0.0137 0.0034 0.0016 0.0096 0.000028Ql 0.0018 0.0048 0.0069 0.0067 0.0009 0.0219 0.000025Q2 0.0017 0.0051 0.0062 0.0011 0.0013 0.0218 0.00003Q3 0.0018 0.0062 0.0058 0.0024 0.0014 0.0229 0.000034RI 0.0045 0.0042 0.0197 0.0013 0.0039 0.0104 0.000103R2 0.0033 0.0035 0.0124 0.0033 0.0019 0.0088 0.000045R3 0.0024 0.003 0.0131 0.0059 0.0015 0.0076 0.000038SI 0.0023 0.0049 0.0213 0.0036 0.0016 0.0073 0.000035S2 0.0021 0.0056 0.0102 0.0032 0.0016 0.0075 0.000021S3 0.0022 0.0057 0.0067 0.003 0.0016 0.0087 0.000012Tl 0.0018 0.0049 0.0122 0.0026 0.0029 0.0204 0.000026T2 0.0021 0.004 0.0101 0.0023 0.0025 0.0173 0.000019T3 0.0027 0.0063 0.0099 0.003 0.004 0.0334 0.000044VI 0.0033 0.0042 0.0221 0.0032 0.0033 0.0098 0.00005V2 0.0022 0.0058 0.0078 0.0022 0.0019 0.0204 0.000025V3 0.0017 0.0054 0.0064 0.0022 0.0014 0.0268 0.000019VI 0.0015 0.0025 0.0064 0.0028 0.0024 0.0141 0.000008V2 0.0023 0.0024 0.0091 0.0028 0.0023 0.0126 0.000007V3 0.0017 0.0021 0.0123 0.0022 0.0021 0.0126 0.000007WI 0.0036 0.0046 0.0119 0.0041 0.0011 0.0142 0.000024W2 0.0023 0.0036 0.0066 0.0024 0.0014 0.0092 0.000018W3 0.0019 0.0025 0.0088 0.0024 0.0015 0.0055 0.00002Xl 0.0037 0.0067 0.0103 0.0051 0.0023 0.0213 0.000034X2 0.0045 0.0076 0.0105 0.0027 0.0028 0.0239 0.000042X3 0.0063 0.0076 0.0154 0.003 0.0031 0.0219 0.000044
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Table 6: In-Situ Water Quality Parameters

Sampling Temperature pH EC (us/ern) DO (mg/L) Turbidity (NTU)points (QC)

Al 33.7 7.2 211.3 6.7 41.8A2 33.8 7.4 225.0 6.4 43.3A3 33.1 7.6 233.6 6.7 51.5B1 32.3 8.1 400.0 7.6 51.0B2 32.4 8.1 435.3 7.6 57.7B3 32.2 7.9 381. 7 7.4 51.6Cl 32.9 7.1 391.3 6.7 54.3C2 33.9 7.1 380.6 6.4 56.0C3 33.6 7.3 277.9 7.8 55.8D1 33.6 7.0 124.2 6.9 65.8D2 32.8 7.1 125.2 6.3 66.9D3 33.1 7.1 132.2 7.1 73.5El 35.4 7.7 161.9 6.8 71.0E2 36.0 7.6 155.4 6.7 75.1E3 35.9 7.8 147.3 6.9 76.9F1 36.5 7.1 281.2 6.3 64.8F2 35.2 6.9 261.0 7.3 69.2F3 37.5 7.1 282.4 6.2 60.8G1 34.4 7.3 194.4 7.7 97.3G2 32.6 7.6 190.0 7.6 95.2G3 33.4 7.1 192.2 7.1 88.0HI 35.8 8.0 198.4 8.0 52.7H2 34.2 7.8 179.5 8.1 55.6H3 33.9 8.2 193.4 8.1 58.211 33.4 8.3 192.3 6.8 52.512 33.3 8.3 197.3 6.6 52.7I3 32.4 8.2 189.3 6.6 41.7J1 31.6 7.1 261.4 7.8 73.912 30.4 7.1 253.7 7.9 69.9J3 31.0 7.3 250.8 7.2 82.1K1 34.5 8.5 212.7 8.4 44.0K2 33.7 8.8 211.9 7.3 49.6K3 33.9 8.4 190.6 7.6 40.4L1 30.7 6.6 381.8 7.0 55.0L2 32.7 6.6 445.4 7.2 57.3L3 32.1 6.5 385.0 7.2 52.1M1 39.3 8.0 368.7 6.5 175.0M2 35.5 8.0 397.4 6.9 177.0
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Sampling Temperature pH EC (us/ern) DO (mg/L) Turbidity (NTU)points (QC)

M3 36.1 7.7 397.2 6.8 141.0NI 36.5 7.9 192.1 7.2 39.5N2 37.3 8.2 223.7 8.2 38.6N3 35.7 8.1 202.9 8.6 31.501 35.8 7.9 119.5 6.8 75.202 35.9 7.8 121.3 6.4 72.103 36.2 8.2 113.5 6.8 75.7PI 34.0 7.8 197.9 7.2 59.2P2 35.1 7.6 195.4 6.9 51.7P3 34.2 7.4 190.5 6.9 73.1Q1 35.9 8.3 321.1 8.3 80.8Q2 36.4 8.4 318.3 8.4 75.6Q3 36.3 8.5 321.0 8.4 71.6RI 35.5 8.7 202.0 6.7 34.2R2 35.2 8.3 182.4 6.7 37.0R3 36.9 8.5 192.3 6.0 35.6SI 34.4 7.7 477.8 7.0 37.8S2 34.7 7.7 433.8 7.1 30.2S3 34.4 7.9 483.2 8.1 35.0T1 35.0 7.6 172.8 6.9 42.3T2 34.4 7.2 151.1 7.1 48.5T3 34.0 7.8 170.9 6.7 48.3U1 33.3 7.6 492.2 6.9 93.0U2 34.2 8.0 500.4 7.2 92.1U3 34.4 8.1 479.3 7.0 87.8VI 37.0 6.7 238.8 6.7 105.0V2 36.8 6.9 245.3 6.6 118.0V3 37.2 6.7 257.4 7.3 109.0WI 35.1 8.1 242.0 7.5 40.2W2 34.3 8.2 246.2 7.7 48.9W3 35.5 8.5 242.9 7.1 52.4Xl 37.5 7.9 234.2 6.9 116.0X2 36.2 8.1 242.5 7.2 108.0X3 37.2 8.1 239.3 7.7 106.0
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Figure 8: Perkin Elmer Sciex ICP-MS Elan 9000 used for the determination of

heavy metals

Figure 9: Example of farmer with no appropriate personal protective equipment
(PPE)
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Appendix VIII

JAWATANKUASA ETIKA UNIVERSITI UNTUK
PENYELIDIKAN MELIBATKAN MANUSIA (JKEUPM)
UNIVERSITI PUTRA MALAYSIA,
43400 UPM SERDANG,
SELANGOR, MALAYSIA

BORANG BI: PENERANGAN DAN PERSETUJUAN RESPONDEN

Sila baca maklwnat berikut dengan te1iti. Sekiranya anda mempunyai sebarang
pertanyaan, sila kemukakan kepada penyelidik.

1.TAJUK KAJIAN

Pencemaran logam berat dalam air padi dan penilaian risiko kesihatan dalam kalangan
pesawah di Tanjung Karang, Selangor

2. PENGENALAN

Penilaian risiko kesihatan adalah satu proses dimana penyelidik akan menganggar
keberangkalian terjadinya penyakit berbahaya jika terdedah kepada bahan kimia di
persekitaran yang tercemar. Pesawah merupakan golongan yang paling terdedah kepada
logam berat melalui kontak dengan air padi. Kajian ini dijalankan bertujuan untuk
mengkaji kandungan logam berat dalam air padi dan menilai risiko kesihatan terhadap
pesawah di Kampung Sawah Sepadan, Tanjung Karang, Selangor. Sekiranya terdapat
risiko kesihatan, pesawah akan dinasihati untuk mengambillangkah berhati-hati semasa
mengendalikan air padi.

3. APAKAH YANG PERLU ANDA LAKUKAN?

Responden dikehendaki menjawab borang soal selidik yang diberikan untuk tujuan
mendapatkan informasi mengenai berat badan, tempoh dan kekerapan pendedahan
kepada logam berat dalam air padi.

4. SIAPA YANG TIDAK BOLEH MENYERTAI KAJIAN 1Nl?

Penduduk Kampung Sawah Sepadan yang tidak terlibat dalam aktiviti pertanian padi
dan pesawah yang tidak mengendalikan air padi secara langsung serta terdedah
kepada logam berat. Selain itu, kanak-kanak dan penduduk yang berusia 18 tahun ke
bawahjuga tidak dibenarkan terlibat dalam kajian ini.

5. APAKAH FAEDAH MENYERTAI KAJIAN 1Nl?

a) KEPADA ANDA SEBAGAI PESERTA?

Kajian ini akan menilai jika terdapatnya risiko kesihatan kulit atau tidak
apabila anda terdedah kepada logam berat. Selepas kajian selesai, anda akan

87
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9. PERSETUJUAN

Saya No. Kad Pengenalan .
beralamat. .
... ..dengan Inl bersetuju untuk
mengambil bahagian secara sukarela dalam penyelidikan yang tersebut di atas *(kajian
klinikall percubaan ubat-ubatan! rakaman video/ kumpulan sasaran! temuduga/ soalselidik).

Saya telah diberi penjelasan secara menyeluruh mengenai penyelidikan ini dari segi
metodologi, risiko dan komplikasi (seperti tertulis pada Helaian Penerangan
Responden). Saya memahami bahawa saya berhak menarik diri dari penyelidikan ini
pada bila-bila masa tanpa memberi sebarang alasan.Saya juga memahami bahawa
sebarang maklumat yang berkaitan identiti saya akan dirahsiakan.

Saya* berminat / tidak berminat untuk mengetahui keputusan kajian yang melibatkansaya.

I setujultidak bersetuju untuk imei/gambar/rakaman video/ rakaman suara digunakan
dalam apajua bentuk penerbitan atau pembentangan. (sekiranya berkaitan).

*potong yang tidak berkenaan

Tandatangan .
(Re5ponden) Tandatangan .

(Saksi)

Tarikh : .
Nama: .

No. KIP: .

Saya mengesahkan bahawa saya telah menerangkan kepada respond en ini sifat dan
tujuan penyelidikan yang terse but di atas.

Tarikh .
Tandatangan .

(Penyelidik)
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