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Heavy metals contamination in edible vegetables from several farmlands in Sarawak 

Nur Aa'in Mazura bt Che Mahtar 

Resource Chemistry Programme 

Faculty of Resource Science and Teclmology 


Universiti Malaysia Sarawak 


ABSTRACT 

Vegetables provide the human body with the essential bioavailable trace elements, and a constant 
supply of these various elements is necessary and highly recommended for daily life. Various 
vegetables species were collected from two different farmlands; Beratok and Siburan.The 
vegetables collected from Beratok were kale, green mustard, and white mustard whereas green 
mustard, mustard, cucumber and long bean were collected from Siburan farmland. Fe, Co, Mn, Zn, 
Cu and Pb were determined in different parts of vegetables (leaves, stems and roots) using two 
different method; wet digestion and dry ashing. The leafy vegetables showed great ability to 
accumulate the micronutrients (Fe, Zn and Mn) in higher level than the fruity vegetables. Both 
fannlands revealed higher accumulation of Pb for both digestion methods which did not comply 
with FAOIWHO and Food Act 1983 guidelines. There was no significant difference (P>O.05) 
between the two methods; dry ashing and wet digestion method. 

Keywords: vegetables; heavy metals; wet digestion; dry ashing 

ABSTRAK 

Sayur-sayuran menyediakan pelbagai logam yang diperlukan oleh badan manllsia dan bentpaya 
untuk membekalkan pe/bagai elemen yang perlukan di dalam diet seharian. Pelbagai spesis sayllr
sayuran te/ah diambi/ dari dua kebun yang berbeza iaitu Beratok dan Siburan. Sayur-sayuran yang 
diambi/ di kebun Beratok ia/ah kai/an, sa wi, sawi putih manakala sawi, sawi bunga, kacang 
panjang dan timun diambil dari kebun Siburan. Fe, Co, Mn, Zn, Cu dan Pb telah dianalisis da/am 
setiap bahagian sayur tersebut (daun, batang dan akar) dengan menggunakan dua kaedah 
penghadaman yang berbeza; pencernaan basah dan pengabuan kering. Sayur berdaun mempunyai 
keupayaan unluk mengumpul mikronutrient (Fe, Zn dan Mn) dalam kuantiti yang tinggi berbanding 
dengan sayur buah. Kedua- dua kebun menunjukkan pengumpu/an Pb dalam tahap yang tinggi 
unluk kedua-dl/a kaedah penghadaman tersebllt dimana kepekalan Pb tidak mematuhi Panduan 
FAO/WHO dan Akta Makanan Malaysia 1983. Secara statistiknya, tiada perbezaan kelara 
(P>O.05) anlara kedlla-dua kaedah penghadaman yang digunakan iaitu pengabuan kering dan 
pencernaan basah.. 

Kala kunci: sayur-sayuran; logam berat; pencernaan basah; pengabuan kering 

I 




r 


CHAPTER! 


INTRODUCTION 


Vegetables are vital to the human diet, and large amounts are consumed as a part of 

their daily diets. This is because vegetables contain essential components such as 

carbohydrates, proteins, as well as vitamins, minerals, and also provides the human body 

with the essential bioavailability trace elements (Itanna, 2002; Mohamed et at., 2003). 

Micro or trace elements are essential for good health if they come from an organic or plant 

source. In contrast, if they come from an inorganic or metallic source, such as one replete 

with heavy metals, they become toxic (Mohamed et at., 2003). Many researches have found 

that plants have shown to have great ability to accumulate metals from the environment 

such as from contaminated soil and when exposed to the polluted air (Khairiah et at., 2004; 

Lecoultre, 2001). Heavy metals present in atmosphere dust particle settle on the leaves and 

other plant surfaces. Metals such as lead, mercury, cadmium and copper are cumulative 

poisons (Bahemuka and Mubofu, 1999). Although some metals such as Pb do not penetrate 

into the cuticle of higher plants, the other metals like Cd, Cu, Mn can be absorbed 

(Radojevic and Bashkin, 1998). 

Heavy metals occur in the soil in soluble form and in the combined state (Florijin, 

1993). Only soluble, exchangeable and chelated metal species in the soils are mobile and 

hence more available to the plants (Arambari et at., 1999; Khairiah et at., 2004). Mobility 

of heavy metals is also related to their immobilization in the solid soil (Zalidis et at., 

999).The amount of heavy metals mobilized in a soil environment is a function of pH, 



clay content, organic matter content, cation exchange capacity and other soil properties 

making each soil unique in terms of pollution management (Kimberly and William, 1999). 

Beside that, soil pH and redox potential also have an important effect on metal toxicity 

since they determine in what form the metals will be present. Different fonns of the same 

metal may have different level of toxicities. For example, in slightly acidic soils (PH 5.5 

6), Cu could be twice as toxic as Zn, while Ni could be four times as toxic as Zn. Of the 

beavy metals, Cr, Ni, Cd, Hg and Pb are considered to be the most phytotoxic (Radojevic 

and Bashkin, 1998). 

The processes of plant growth depend on the cycle of nutrients including trace 

clements, from soil to plant (Mohamed et al., 2003). The plants absorb the mobile metals 

nom the soils through the roots and can accumulate them in the tissue (Lecoultre, 2001). 

By accumulating metals in above-ground tissue, plants can transfer heavy metal pollutants 

nom soils into the food chain, and this accumulation is one of the most serious 

environmental concerns of the present day, not only because of the phytotoxicity of many 

ofthese metals to the crops themselves, but also because of the potentially harmful effects 

toxic metals could have on arumal and human health (Radojevic and Bashkin, 1998). 

OBJECTIVES 

The Malaysian dietary guidelines recommended that adult eat five servings of fruits 

and vegetables to maintain good health (Khairiah et al., 2004). For this reason, human 

being requires a large quantity of vegetables to ensure that they get enough nutrients for 
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their body supplements. However, the latter is of great concern to public health authorities 

since pollutants which enter the food chain can eventually affect human health (Radojevic 

and Bashkin, 1998). 

This study attempted to investigate the heavy metals uptake by cultivated vegetables 

from selected farmlands in Siburan and Beratok. Farmlands at Siburan and Beratok supply 

the vegetables to the residents in the study areas and to Siburan market for public 

consumption. This study was camed out to evaluate the safety of the vegetables consumed 

by the public. The types of vegetables that were focused in this study are leafy type and 

fruity type. Various plant parts (leaves, roots and stems) were tested for their metal 

concentmtions. The metal concentrations found in this study were compared with 

Malaysian Food Act 1983 and F AOIWHO Guidelines. 
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metals, 

CHAPTER 2 


LITERATURE REVIEW 


2.1 Heavy metals 

Heavy metals occur naturally in rocks, soils and water but their anthropogenic 

components have increased since the Industrial Revolution (Khairiah et at., 2004). The 

anthropogenic sources are from mining operations, industrial process emissions and 

transportation. Heavy metals content in soils depends on the nature of its parent material 

(Kabata-Pendias and Pendias, 1992). They occur in soluble form and in the combined state 

(Florijin, 1993). Metals accumulation in plants depends on plant species, types of soil and 

environment and agricultural practices (Kabata-Pendias and Pendias, 1992; 

Alloway, 1990). Some of the metals are required as nutrient supply for plants, human and 

animals. Essential trace elements such as Fe, Co, Zn and Cu are frequently referred to as 

micronutrient. These elements are essential at very low concentrations and are of little 

practical importance with regard to deficiencies (Alloway, 1990). The greatest health risk 

comes from those heavy metals that are less toxic to plants than to humans. Some plants 

may accumulate certain toxic metals at levels which may be harmless to the plant but could 

be hannful to the human if ingested (Radojevic and Bashkin, 1998). 
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The maximum permissible limits of metals for vegetables recommended by from 

Malaysia Food Act 1983 and FAOIWHO Guidelines (Codex Alimentarious Commission, 

2001) are tabulated in Table 2.1. 

Table 2.1: Recommended maximum pennissible limit of metals for vegetables 

Elements Malaysia Food Act 1983 

(mg/kg) 

aFAOIWHO Guidelines 

(mg/kg) 

Cd 1.00 
1 

1 
. 
00 

Co - 250.0 

Fe - 2127.5 

Pb 2.00 1.5 

Zn 30.00 497.0 

Cu - 366.50 

I 

Mn - 2500.00 

.. 
I Source: Codex Alunentanus ConUTIISlOns (FAOIWHO) 

1.1 Heavy metals in vegetables 

A number of previous studies have reported the accumulation of heavy metals in 

plants such as edible vegetables, crops, fruits and fungal. Khairiah et at. (2004) studied the 

uptake of Zn, Pb and Cd by fruit vegetables from different agricultural areas; Agrotek, 

Sepang and Bangi~ Selangor. They reported in their study that the level of Zn content in 

ng bean (Vigna inensis) was higher than in chilies (Capsicum annum). Both long beans 

and ·lies are categorized as fruit type vegetables. The long beans accumulated Zn in the 
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range of 0.25 mg/kg to 17.13 mglkg while the concentrations of Zn in chilies were within 

0.73 mglkg to 15.84 mglkg. They found that the Cr content in leafy vegetables (Brassica 

nigra and Ipomea aquatica) were very low and not detectable compared to Cr content in 

fiuity vegetables (Vigna sinensis and Capsicum annum) and root type vegetables (Ipomea 

batatas and Manikot esculenta). 

Edible green vegetables grown along the sites of the Sinza and Msimbazi rivers of 

Tanzania were assessed for their heavy metals content (Bahemuka et al., 1999). The study 

reported the ranges (mg! 100g) of Cd, Cu, Pb and Zn as 0.01-0.06, 0.25-1.60, 0.19-0.66, and 

1.48 and 4.93, respectively. This study revealed that some of the vegetables contained high 

levels of metals which were beyond the pennissible levels designated by F AO/WHO 

guidelines. 

Various vegetables were sampled in Samta village in the Jessore district of 

Bangladesh and screened for As, Cd, Pb, Cu and Zn elements (Alam et al., 2002). Their 

data exhibited the potential of some vegetables to accumulate heavy metals with 

concentrations ofPb greater than Cd. Vegetables such as bottle ground leaf, ghotkol, taro, 

eddoe and elephant foot had much higher concentrations of Pb whereas the other leafy and 

root vegetables contained higher concentrations of Zn and Cu. This study concluded that all 

the vegetables grown at Samta contained higher level of Pb that would possess health 

hazard to the human. 
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Cadmium, copper and nickel were deteInlined in vegetables and soils from 

industrial and residential areas of Lagos City, Nigeria (Yusuf et al., 2003). The results 

revealed that for these heavy metals from the industrial areas were higher than those of the 

residential areas as a result of pollution. In Nigeria, automobile exhaust emissions account 

for major problems in atmospheric pollution in the urban areas. Industrial area results for 

vegetables ranged (Jlg/g) between 1.13 to 1.67 for Cd, 25.08 to 56.84 for Cu and 1.33 to 

2.06 for nickel. The study discouraged the planting of vegetables in an industrial area to 

avoid health hazards for consumers. 

The trace metals (Pb, Cd and Zn) have been assessed in a selected vegetable weed, 

Amaranthus dubius from the sites along major highways around Kampala City in Uganda 

(Nabulo et al., 2006). The findings displayed the lowest concentrations of Pb and Zn in the 

fruits compared to the leaves of the same crops. Beside that, this study also found that the 

leaves of the roadside crops contained higher level of Pb than those in their respective 

roots. They also summarized that the washing of the vegetables could reduced the levels of 

Pb and Zn in many ofthe vegetables studied. 

A study by Mohamed et al. (1981) reported the concentration of elements namely 

Cd, Co, Cu, Mo, Ni, Pb and Zn in various species of vegetables collected from Al- Taif 

district, Saudi Arabia. The vegetables samples consist of cucumber, vegetable marrow, 

tomato, potato, green pepper, eggplant, carrot, parsley, lettuce, spinach, salq, onion, leek, 

watercress and cabbage. The results revealed that the different element concentrations of 
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each vegetable depend upon the selective uptake of the elements by the plants. Results 

obtained from their study were within safety baseline levels for human consumption. 

The fungal also has a potential to accumulate the heavy metals as well as 

agricultural crop plants, vegetables and fruits. Previous study on heavy metal accumulated 

in mushroom samples have been done by Mendil et al. (2004). Various species of wild 

edible mushrooms were collected from Kastamonu, Turkey. The ranges of element 

concentrations for Fe, Mn, Zn, Cu, Pb, Cd, Cr, Ni and Co were 180-407mg/kg, 12.9

93Jmg/kg, 40J-64.4mglkg, 7.1 - 48 .6mg/kg, 6.9 - 14.1mglkg, 0.10-0.71mg/kg, 1.2 

42mg/kg, 8.2 - 26.7mglkg and 1.0 - 7.4 mglkg, respectively. 

2.3 Decomposition dissolution methods 

The most important aspect in the preparation of sample is the selection of 

appropriate method. Researchers have also stated that the process should be simple as 

possible and could be quantitatively dissolved in the form suitable for a precise execution 

of instrumental analysis (Wiesteska et al., 1996). The procedure used to attack the samples 

should ideally meet the following requirements: (a) it should result no loss of the elements 

to be determined; (b) neither the reactants used nor the products resulting from the sample 

treatment should disturb the atomic absorption and (c) the procedure should be expeditious 

and convenient (Anzano and Ruiz-Gil, 2005). For the preparation of samples of vegetables 

materials the dry ashing or wet digestion techniques are commonly used (Radojevic and 

Bashkin, 1998). Both of the methods ensure the organic matrix to be eliminated and the 
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aoalyte quantitatively dissolved, yet they are associated with some limitations and 

problems. 

13.1. Dry ashing 

Dry ashing is suitable for nutritional elements in foods, such as Fe, K, Ca, Mg, and 

Mo, which are present in substantial quantity and are stable at the high temperatures 

required (Kebbekus, 2003). This method involves complete combustion of all the organic 

matter in a muffle furnace followed by dissolution of the chemical compound in HCI 

(Radojevic and Bashkin, 1998). Beside that, Kebbekus (2003) also stated that dry ashing is 

a relatively simple method of removing the organic matter that can be used for relatively 

large samples and requires little of the analyst's time. According to Jones and Case (1990), 

samples should be ashed at 500°C for between 4 and 10h while Kebbekus (2003) reported 

that the temperature should be kept at 400 to 450°C if any of the more volatile metals are 

being determined. However, some of the problems occurred such as losses due to retention 

to the ashing container, losses due to the volatilization, contamination from the muffle 

furnace, difficulty in dissolving certain metal oxides and formation of toxic gases in poorly 

ventilated areas (Jones and Case, 1990; Wiesteska et aI., 1996). 

1.3.1 Wet digestion 

Wet digestion or acid digestion, involving digestion with strong acids, have been 

ed to destroy the organic matter and dissolve the analytes (Khairiah et at., 2004). Various 
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acids and acids mixtures have been recommended for wet ashing, including HCI, HN03. 

CI0 4, H2SO.J HN03, HN03IHCI04, H2SO.JHCI04, and H2S04fHN03/HCI04 (Radojevic 

and Bashkin, 1999). HN03 is a very good oxidizing agent which can oxides metals that not 

dissolved by HCI and other non-oxidizing acids, while HCI is used for variety salts of weak 

acids like carbonates and oxides (Vandeecasteele and Block, 1993). Hydrogen peroxide or 

perchloric acid may be added to increase the oxidizing power of the digestion method 

(Kcbbekus, 2003). However, there are some disadvantages arising from this method. The 

wet digestion procedure in an open system is laborious, expensive, associated with hazards 

of loss contamination, as well as self-ignition of the sample, and the evolution of toxic 

pseous products (nitrogen oxides) in considerable amounts (Wieteska et al., 1996). 
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CHAPTER 3 


MATERIALS AND METHOD 


3.1 Samples collection 

The study was carned out at farmlands at Siburan and Beratok, Sarawak (Figure 

3.1). Table 3.1 shows the vegetables samples that were collected at each sampling sites. 

Samplings were carned out twice in the month of August 2005 and January 2006. All 

samples were harvested in a quadrate of 1m x 1m (Samse-Petersen et al. , 2002) and were 

stored in polythene bags according to their type and were brought to the laboratory for 

preparation and analysis (Bahemuka and Mubofu, 1999). 

Figure 3.1: Maps showing the sampling locations 

11 



1999). 

Table 3.1: Samples collected for this study 

Local name 
(Malay) 

English name Scientific name Type 

Kailan 
Sawi 
Sawi putih 

Kale 
Green mustard 
White mustard 

Brassica alboglabra 
Brassica chinensis 
Brassica rapa 

Leafy 
Leafy 
Leafy 

Sawi 
Sawi bunga 
Timon 
Kacang 
Panjang 

Green mustard 
Mustard 
Cucumber 
Long bean 

Brassica chinensis 
Brassica sp. 
Cucumis sativus 
Vigna sinensis 

Leafy 
Leafy 
Fruity 
Fruity 

.1 Sample preparation and analysis 

The samples were washed with tap water followed by distilled water to eliminate 

air-borne pollutants and attached sediments. The leaves, stems and roots were separated and 

were sliced. Then, the samples were freeze-dried and gently homogenized. Each freeze-

dried sample was ground into fine powder using pestle and mortar. The samples then were 

stored in a clean, dry polyethylene bottle before further analysis (Bahemuka and Mubofu, 

33 Dfnolotion of vegetables samples 

3.1. Wet digestion 

One gram of samples was heated gradually with 1 mL HCI04, 5 mL HN03 and 1 

mL H2S04 in a covered beaker until the solution gets completely dissolved. Then, it was 

aporated to dryness. The residues were dissolved in deionized water and were filtered 
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make up to the volume 100 mL with deionized water (Radojevic and Bashkin, 1998). 

lr""'~Y. the solution was transferred into the polyethylene bottle for element analysis using 

Atomic Absorption Spectrometer (F AAS), Model Perkin-Elmer, 3110. 

One gram ofa ground sample was placed in a crucible. The crucible with its content 

placed in a muffle furnace and was heated at 450°C for 4 h. The ash was dissolved with 

inL ofconcentrated HCl solution. The residue was filtered into a 100 mL volumetric flask 

lad the solution was made to the mark with deionized water (Perkin-Elmer, 1982). 

overy study 

For recovery analysis, samples were spiked with a known amount of samples. 

ximately 1.00 g of samples was spiked with Fe, Zn, and Mn to attain concentrations 

5 ppm and 10.0 ppm. The samples were spiked with Pb, Co and Cu standard solution to 

dected to digestions with different methods, (a) wet digestion and (b) dry ashing. The 

dipsted samples were filtered, diluted to 100 ml and analyzed with F AAS. 

percentage recovery of the samples was calculated as follow: 

The expected metals content 
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Table 3.2 and Table 3.3 represent the metals recovered from the spiked 

ncentrations and recovery percentages with different digestion method. The recovery 

1JCICeIltages obtained with wet digestion method and dry ashing were in the range of 81.4 % 

to 98.2 % and 77.2 % to 103 .9 % respectively. 

Table 3.2: Concentration of metals recovered with dry ashing and wet digestion 

Fe Fe Zn Zn Mn Mn Co Co Cu Cu Pb Pb 

5.0 10.0 5.0 10.0 5.0 10 .0 0.5 1.0 0.5 1.0 0.5 1.0 
ppm ppm Ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

5.40 10.75 5.53 10.32 5.01 10.Q2 0.56 1.01 0 .48 0.98 0.51 1.01 
±0.03 ±O.07 ±O.05 ±0.04 ±0.05 ±0 .03 ±O .08 ±0.07 ±0.04 ±O.04 ±0 .02 ±0.01 
5.64 10.99 5.54 10.34 5.00 10 .00 0.55 1.08 0.49 0.85 0.49 0 .98 
±1.17 ±O.07 ±O.06 ±0.03 ±0.05 ±0 .04 ±0 .07 ±0 .04 ±0.06 ±0.05 ±O .02 ±0.01 

Table 33: The recovery percentages (%) for the digestion method 

Fe Zn Zn Mn Mn Co Co Cu Cu Pb Pb 

10.0 5.0 10 .0 5.0 10 .0 0.5 1.0 0.5 1.0 0.5 1.0 
ppm ppm ppm ppm ppm Ppm ppm ppm ppm ppm ppm 

90.9± 90.1 ± 92 .8± 95.1± 97 .6± 103.9 97.1± 84.9± 92.2± 94.2± 97.1± 
0.07 0.05 0.04 0.08 0 .06 ±O .07 0.04 0.03 0.02 0.01 0.02 

98.2± 97 .0± 96.5± 93.1± 96.5± 87.5± 96.2± 90.4± 81.4± 86.7± 92.2± 
0.08 0.02 0.04 0.04 0.08 0.08 0.04 0.02 0.01 0.01 0.02 

All the atomic absorption measurements were carried out with a Perkin-Elmer Model 

3110. The metals like Co, Mn, Zn, Cu, Fe, Pb, and Cd from the extracts were analyzed 

ins Flame Atomic Absorption Spectrometer (F AAS) in an acetylene-air flame. Table 3.4 

:_.-.thc sensitivity, wavelength and detection limits of the metals of interest. 
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Table 3.4: Parameters of metals studied with F AAS 

Wavelength (nm) Sensitivity (mg/I) Detection limit (mg/I) 

324.7 0.03 0.01 

248.3 0.04 0.03 

279.5 0.03 0.001 

213.9 0.011 0.0008 

283.3 0.19 0.01 

240.7 0.08 0.006 

tatistical Analysis 

Statistical analysis was perfonned using Analysis of Variance (AN OVA) to identify if 

is any significant difference in the metal concentrations in different parts of 

getables samples and different samplings. Paired t-test was perfonned to detennine if 

there is any significant difference between the two methods. 
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