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Abstract

The use of chemical fertilizer and contamination of soil and water to some extent may affect the
vegetables grown by farmers throughout the country. So far, there is no structured monitoring in
terms of content of pollutants, especially heavy metals in vegetables sold in markets across the
country in place. Therefore, consumers are exposed to the threat of heavy metals contained in
vegetables consumed daily and largely purchased at wet markets. Siti Khadijah Market is the
largest wet market in Kota Bharu which sells a variety of raw materials including vegetables.
These vegetables come from various places, including Cameron Highland and even imported
from the neighbouring country, Thailand. Thus, to assess whether the vegetables sold at Siti
Khadijah Market are safe to consume, the study was conducted. The aim of this study is to
determine the concentration level of heavy metals namely aluminium (Al), cadmium (Cd),
chromium (Cr), copper (Cu), iron (Fe), lead (Pb), maganese (Mn), and zinc (Zn) in vegetables
sold in Pasar Siti Khadijah. There were three types of leafy vegetables namely luffa (Luffa
acutangula), water spinach (Ipomoea aquatica) and spinach (Spinacia oleracea) and three types
of fruiting vegetables namely cucumber (Cucumis sativus), bitter gourd (Momordica charantia)
and beansprout (Vigna radiata) were sampled. Wet digestion method was used to extract the
samples and tested with the Atomic Absorption Spectrophotometer (AAS). The results of the
study showed that, Al and Cr were found in bitter gourd with the concentrations of 1.20 mgkg™
and 0.01 mgkg™ respectively. On the other hand, Cu was found in all the vegetables sampled
with the concentrations of 0.02 mgkg™ in luffa, spinach and beansprout, 0.05 mgkg™ in bitter
gourd, 0.04 mgkg™ in cucumber and 0.01 mgkg™ in water spinach. Fe was found in spinach
(0.04 mgkg™), beansprout (0.01 mgkg™), bitter gourd (0.16 mgkg™) and cucumber (0.06 mgkg’
1. Mn was found in spinach (0.05 mgkg™), bitter gourd (0.06 mgkg™) and cucumber (0.01
mgkg™). Meanwhile, Zn was also found in all the vegetables sampled with the concentrations
of 0.03 mgkg™ in luffa, 0.12 mgkg™ in spinach, 0.06 mgkg™ in beansprout, 0.22 mgkg™ in bitter
gourd, 0.43 mgkg™ in cucumber and 0.02 mgkg™ in water spinach. Only cadmium (Cd) and lead
(Pb) are absence. The concentrations of heavy metals studied in these vegetables were far below
the maximum level allowed by the Malaysian Food Act (1983) and Food Regulations (1985).
The results of this study would give an initial overview of the quality of the vegetables sold in
Pasar Siti Khadijah, Kota Bharu, Kelantan to the authorities in follow-up and long-term
planning to protect the interests of consumers.
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Introduction

Food safety is a scientific discipline that deals with cultivation, handling, preparation and
storage of foods to avoid contamination and foodborne illness (Wallace et al., 2011). According
to Hathaway (1999), food safety objectives (FSOs) are defined as statements based on risk
analysis process which includes an expression of the level of hazard in food that is tolerable in
relation to an appropriate level of consumer protection. When justified by the risk assessment,
the FSO should include expression of the level of the hazard as a maximum tolerable
concentration or frequency. In food safety management strategies, issues such as microbial
pathogens, heavy metals, undeclared allergens, foreign material contamination and economic
adulteration are concerned to prevent the product failure. Therefore, food safety violation that
causes the rejection of imported foods is an important economic consideration (Carol et al.,
2011).

It is known that in the right concentration, many metals are important to life and
ecosystem to maintain the metabolism and balance (Salanki, 1992). However, an excessive
amount of same metals can be poisonous (Nriagu, 1988). The main metals threats are associated
with heavy metals such as lead, arsenic, cadmium and mercury (Long et al., 1995; Thani et al.,
2019;). Researchers now are more concerned about the transport and accumulation of heavy
metals by air (Nriagu, 1989), water (Boening, 2000) and soil (Holmgren et al., 1993). A number
of research that deals with the management of metal pollution by different methods has been
published such as adsorption (Babel and Kurniawan, 2003; Shamsuddin, et al., 2017; Sulaiman,
et al. 2017), activated sludge (Brown and Lester, 1979), phytoextraction (Lasat, 2002),
electrokinetic methods (Pamukcu and Wittle, 1992), electroosmosis (Acar et al., 1995) and ion
exchange (Ryan et al., 1994).

The use of chemical fertilizer and contamination of soil and water to some extent may
affect the vegetables grown by farmers throughout the country. So far, there is no structured
monitoring in terms of content of pollutants, especially heavy metals in vegetables sold in
markets across the country in place. Therefore, consumers are exposed to the threat of heavy
metals contained in vegetables consumed daily and largely purchased at wet markets. Siti
Khadijah Market is the largest wet market in Kota Bharu which sells a variety of raw materials
including vegetables. Vegetables are sold here come from various places, including Cameron
Highland and imported from neighbouring country, Thailand. Thus, this study was conducted in
order to assess whether the vegetables sold at Siti Khadijah Market are safe to consume.

Materials and Methods

Six types of vegetables were collected randomly from Pasar Siti Khadijah, Kota Bharu,
Kelantan  namely luffa (Luffa acutangula), cucumber (Cucumis sativus), bitter gourd
(Momordica charantia), beansprout (Vigna radiata), water spinach (Ipomoea aquatica) and
spinach (Spinacia oleracea). All samples are then brought to the laboratory for further analysis.
Siti Khadijah Market is a wet market that sells a variety of dried and fresh foods including
vegetables. It is a major market located in the state of Kelantan. The market is located in the
heart of Kota Bharu (Figure 1.0) surrounded by commercial buildings such as shopping
complexes and large wholesale and retail stores such as Mydin, Pantai Timor and The Store. It
is also located near Kota Bharu bus station.

Wet digestion method was used for plant (vegetable) extraction. Rotten portions of
samples were removed and the edible parts were used. Vegetable samples are washed with
distilled water and then dried with tissue paper and put into the oven at 70°C for 24 hours.
Sample was weighted for 100 g before grounded with mortar followed by wet digestion by
using HNOz and HCI (3:1) in a universal bottle. The samples were put into the oven for 3 hours
at 70°C. The digested samples were then filtered with Whatman filter paper (110 mm) and made
up to 100 ml with distilled water in volumetric flask. Atomic Absorption Spectrophotometer
was used to identify the heavy metals in extracted vegetables (Rohasliney Hashim, et al. 2014;
Mohammed Abdus Salam, et al. 2019). Eight heavy metals namely Al, Cd, Cr, Cu, Fe, Pb, Mn,

and Zn were identified for this study. e
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Figure 1.0: Study site

Results and Discussion

The comparison of heavy metal concentrations in selected vegetables collected from
Pasar Siti Khadijah, Kota Bharu, Kelantan, Malaysia with the Malaysian Food Act (1983) and
Regulations (1985) was shown in Table 1 below.

Cu and Zn were the only heavy metal elements contained in luffa with concentration of
0.02 mgkg™ and 0.03 mgkg™. Other elements such as Al, Cd, Cr, Fe, Pb and Mn were not
detected. However, the concentration of Cu and Zn is far below the standard stated in the
Malaysian Food Act (1983) and Regulations (1985) where the limits of Cu is 30.0 mgkg™ and
Zn is 20.0 mgkg™. The concentration of Cu in this study is also much lower than the level
reported by Ashita Sharma, et al. (2016) which is 81.33 mgkg™, where they study the
concentration of Cu in vegetables irrigated with wastewater.

On the other hand, the heavy metal elements contained in spinach are Cu, Fe, Mn and Zn.
Concentration of Zn was found to be the highest in spinach as compared to other samples which
is 0.12 mgkg™ followed by Mn, Fe and Cu which is 0.05 mgkg™, 0.04 mgkg™ and 0.02 mgkg™
respectively. Other elements namely Al, Cd, Cr, Pb were not detected. The concentrations of Cu
and Zn are also far below the standard stated in the Malaysian Food Act (1983) and Regulations
(1985). At the same time, the concentrations of Cu, Zn, Fe and Mn were also lower as compared
to the one recorded by Ismail et al. (2011), on the vegetables collected from Hyderabad Retail
Market, where they recorded 0.50 mgkg™ for Cu, 22.0 mgkg™ for Fe, 0.12 mgkg™ for Zn and
0.14 mgkg™ for Mn. The concentration of Cu also much lower than the level reported by Ashita
Sharma, et al. (2016) which is 81.33 mgkg™, where they study the concentration of Cu in
vegetables irrigated with wastewater.

The heavy metal elements contained in water spinach are Cu and Zn with the
concentrations of 0.01 mgkg™ and 0.02 mgkg™ respectively. Al, Cd, Cr, Fe, Pb and Mn were not

detected. The concentrations of Cu and Zn are also far below the standard stated in the
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al. (2016) in their study on the heavy metal contents in vegetables irrigated by wastewater.

Results show the Beansprout contained Cu, Fe and Zn with concentrations of 0.02 mgkg
', 0.01 mgkg™and 0.06 mgkg™. However, other elements such as Al, Cd, Cr, Pb and Mn were
not detected. The concentrations of Cu and Zn are far below the standard stated in the
Malaysian Food Act (1983) and Regulations (1985) and the level reported by Ashita Sharma, et
al. (2016) in their study on the heavy metal contents in vegetables irrigated by wastewater.
Heavy metal elements contained in bitter gourd are Al, Cr, Cu, Fe, Mn and Zn. Concentration of
Al was found to be the highest in bitter gourd which is 1.20 mgkg™ followed by Zn, Fe and Mn,
Cu and Cr which is 0.16 mgkg™, 0.06 mgkg™, 0.05 mgkg™ and 0.01 mgkg™ respectively. Other
elements namely Cd and Pb were not detected. The concentrations of Cu and Zn are far below
the standard stated in the Malaysian Food Act (1983) and Regulations (1985). At the same time,
the concentrations of Cu, Zn, Fe and Mn also lower as compared to the one recorded by Ismail
et al. (2011), on the vegetables collected from Hyderabad Retail Market, where they recorded
11.6 mgkg™ for Fe, 0.13 mgkg™ for Mn, 0.11 mgkg™ for Cu and 0.40 mgkg™ for Zn. It is also
much lower than the level reported by Ashita Sharma, et al. (2016) in terms of Cu concentration
where they detected 81.33 mgkg™, in vegetables irrigated with wastewater. The concentrations
of Al and Cr also much lower as compared to the one recorded by Allabaksh Murad Basha et
al., (2014) on the vegetables collected from Andhra Pradesh, India, where they recorded 7.8 —
47.5 mgkg™ for Al and 1.0 — 9.7 mgkg™ for Cr.

The heavy metal elements contained in cucumber are Cu, Fe, Mn and Zn. Concentration
of zinc was found to be highest in cucumber which is 0.43 mgkg™ followed by Fe, Cu and Mn
which is 0.06 mgkg™, 0.04 mgkg™ and 0.01 mgkg™. Other elements namely Al, Cd, Cr and Pb
were not detected. The concentrations of Cu and Zn are far below the standard stated in the
Malaysian Food Act (1983) and Regulations (1985). At the same time, the concentrations of
Cu, Fe, Mn and Zn also lower as compared to the one recorded by Ismail et al. (2011) on the
vegetables collected from Hyderabad Retail Market, where they recorded 0.10 for Cu, 4.40
mgkg™ for Fe, 0.12 mgkg™ for Mn and 0.55 mgkg™ for Zn. The concentration of Cu in this
study is also much lower than the level reported by Ashita Sharma, et al. (2016) in their study
on the heavy metal contents in vegetables irrigated by wastewater which is 81.33 mgkg™.

The results obtained from this study shows that Cu, Fe and Zn concentration in leafy
vegetables is lower as compared to fruit vegetables and Mn concentration is almost the same
level with both leafy and fruit vegetables. The results of this study are contrary with the
findings made by Ismail et al. (2011) where they found that, leafy vegetables has higher uptake
of heavy metals as compared to fruit vegetables accept for Zn. It is also contradict with findings
from Mohamed, et al. (2012) where they reported that, leafy vegetables were found to contain
the highest metal values. Elbagermi, et al. (2012) also reported similar findings with Ismail et
al.(2011) and Mohamed et al. (2012), where they found the highest mean levels of Zn was
detected in spinach leafy vegetable. The existences of heavy metals in the samples were
believed to be due to the high concentration of heavy metals in the irrigation water, soil and the
use of fertilizer.

Table 1.0: The concentration of heavy metals of vegetables for Pasar Siti Khadijah, Kota Bharu,
Kelantan Compared with the Malaysian Food Act (1983) and Regulations (1985): Fourteen
Schedule.

Elements Luffa | Spinach | Water | Beansprout | Bitter gourd | Cucumbe | Maximum
(mgkg | (mgkg™) | spinach | (mgkg™) (mgkg™) | r(mgkg™) | permitted
) (mgkg™) proportion

(mgkg™)
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Aluminium 0.00 0.00 0.00 0.00 1.20 [0 1(0[0 bttt
(Al
Cadmium 0.00 0.00 0.00 0.00 0.00 0.00 1.00
(Cd)
Chromium 0.00 0.00 0.00 0.00 0.01 0.00 -
(Cr)

Copper (Cu) 0.02 0.02 0.01 0.02 0.05 0.04 30.00
Iron (Fe) 0.00 0.04 0.00 0.01 0.16 0.06 -
Lead (Pb) 0.00 0.00 0.00 0.00 0.00 0.00 2.00

Manganese 0.00 0.05 0.00 0.00 0.06 0.01 -

(Mn)
Zinc (Zn) 0.03 0.12 0.02 0.06 0.22 0.43 20.00
Conclusions

The concentration of Al, Cd, Cr, Cu, Fe, Pb, Mn and Zn in vegetables collected at Pasar Siti
Khadijah, Kota Bharu, Kelantan are varied between the vegetables due to the irrigation water,
fertilizer and soil factor. Six types of vegetables namely luffa (Luffa acutangula), spinach
(Spinacia oleracea), water spinach (Ipomoea aquatica), beansprout (Vigna radiata), bitter
gourd (Momordica charantia) and cucumber (Cucumis sativus) were analyzed and some
element is present while some is not. Bitter gourd is among the six type of vegetables that
contained many heavy metals such as Al, Cr, Cu, Fe, Mn and Zn. Then followed by spinach that
contained four types of heavy metals which include Cu, Fe, Mn and Zn. The beansprout
contained three types of heavy metals which are Cu, Fe and Zn. Luffa and water spinach are the
vegetables that have the lowest amount of heavy metals as they only consist of Cu and Zn.
However, the concentrations of heavy metals found in all types of vegetables tested are below
the permitted level. Therefore, they are considered safe for consumption.
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