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Abstract: Biomonitoring of heavy metals is an important part of the ecotoxicological study. However, without
the application of the metal data to reflect human wellbeing, it is considered to have a low impact on the society. In
this study, the heavy metals in green mustard Brassica rapa var. parachinensis were collected from Sikamat
(Negeri Sembilan in 2013), Kg. Sitiawan (Perak in 2016), and Ara Kuda (Penang in 2016) of Peninsular
Malaysia, were determined. The samples were analyzed for the concentrations of Cu, Fe, Ni, Pb, and Zn by
using the flame atomic absorption spectrophotometer. For the leafy edible part, the metal concentrations (mg/kg
dry weight) ranged from 16.1-18.5 for Cu, 145-207 for Fe, 1.02-1.64 for Ni, 0.90-2.73 for Pb, and 74.0-203 for Zn.
These metal data were assessed for human health risks. It was found that all the values of target hazard quotients for
Cu, Fe, Ni, Pb, and Zn in both adults and children were less than 1.00. This showed that there were no non-
carcinogenic risks of the five metals through the intake of the Brassica from the present study. This could indicate
that the accumulation of metals and pollution threshold is below the limit of causing hazardous effects to
consumers. Nonetheless, regular assessment of health risks of heavy metals in this vegetable needs to be conducted
from time to time, as these vegetables are prone to continuous heavy metal contamination.
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1. Introduction

In the ecotoxicological study, heavy metal (HM) biomonitoring in vegetables is very important from the perspective
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of provision of basic information of the current status of HM pollution. However, if only the biomonitoring data is to be
presented as baseline information for future reference, it is considered low impact on the society. Hence, the application
of HM data of the commercial vegetables to human health risk assessment would be of relevance to human wellbeing.

This is evident, as many HM data in vegetables have been assessed for the human health risks of heavy metals,
particularly in west Peninsular Malaysia [1-6]. which provides a more accurate estimation of hazardous effects through
consumption. This implies the importance of such monitoring of HMs in vegetables. Vegetables have been highly
consumed nowadays as daily food intake. However, the major concern of the public is vegetables contaminated with
HMs which is a major route to the human body [7-8]. The food chain is an important route, through which HMs are
transferred from vegetables to consumers [9]. There has also been an increasing health concern through the consumption
of vegetables that are irrigated with HMs contaminated wastewater [10]. Therefore, the question of ‘If the vegetable
Brassica is safe from HM contamination?’ could be raised.

The purpose of this study was to assess the human health risks of Fe, Cu, Ni, Pb, and Zn in Brassica rapa var.
parachinensis from three farming sites in Peninsular Malaysia.

2. Materials and methods

A sampling of B. rapa var. parachinensis was conducted in three farming sites in Peninsular Malaysia, namely
Sikamat (Negeri Sembilan; September 2013), Ara Kuda (Penang; October 2016), and Kg. Sitiawan (Perak; October
2016) (Figure 1). Upon collection, the vegetables were stored in clean plastic bags before being sent to the laboratory for
further analysis. Methods proposed by Chin and Yap [11] were used to determine the species based on its morphology
and classification [12-13].

In the laboratory, the samples were cleaned with distilled water to eliminate soil particles. The leafy parts were then
cut into small pieces with a clean knife and dried at a temperature of 60°C for 72 hours in an oven until constant dry
weights were achieved. The vegetable samples were dried and ground in a commercial blender before being stored in
plastic bags for later analysis.
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Figure 1. The sampling sites of green mustard Brassica rapa var. parachinensis collection from three different site in Peninsular Malaysia
(1 = Sikamat; 2 = Setiawan; 3 = Ara Kuda)
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The samples were then digested with nitric acid through the acid digestion method [14]. Digested samples were
filtered and stored in acid-washed pillboxes before they were analyzed for Cu, Fe, Ni, Pb, and Zn using a flame atomic
absorption spectrophotometer (AAS) model Thermo Scientific iCE 3000 series. For calibration, standard solutions for
all five metals were made using 1000 ppm stock solutions given by Sigma-Aldrich. All data obtained from the AAS
were presented on mg/kg dry weight basis.

To avoid external contamination, all glassware used in this investigation were acid-washed for quality assurance
and quality control. The analytical procedures and accuracy of the method were checked by using two certified reference
materials (CRMs), namely Lagarosiphon major (N.60) and Peach Leaves (NIST 1547). The recoveries are acceptable
where they are within 90-120% of recovery percentages: 97.4, 120, and 119% for Zn, Cu, and Pb, respectively by using
CRM Lagarosiphon major while the recoveries of Ni, and Fe were 97.0 and 117%, respectively, by using CRM Peach
Leaves (NIST 1547) (Table 1).

Table 1. Comparison of metal concentrations (mg/kg dry weight) between certified and measured values

Lagarosiphon major (N.60)

Certified value Measured value Recovery (%)
Cu 5120+ 1.9 61.54+1.4 120.2
Pb 64 +4.00 76.3 +2.40 119
Zn 313+8 304.85+3.4 97.4

Peach Leaves (NIST 1547)
Fe 219.8 211 97.0

Ni 0.689 0.81 117

The current concentrations on a dry weight basis were converted to a wet weight basis for the human health
risk assessment due to the fact that the vegetable is consumed on a fresh weight basis. As a result, the current metal
concentrations (mg/kg dry weight) were converted to a wet weight basis using a conversion factor of 0.099 for B. rapa,
as shown in Table 4.

The human health risk considers a one-time or long-term dangerous exposure to metals through a vegetable diet.
The estimated daily intake (EDI) values were calculated by using the following formula (equation 1):

EDI = (Mc x CR)/BW (1)

where;

Mc= the metal concentration in B. rapa (mg/kg wet weight);

CR= the consumption rate of B. rapa (232 g/day for children; 345 g/day for adults) [15] and,

BW=body weight (32.7 kg for children; 55.9 kg for adults) [16].

In this study, a target hazard quotient (THQ), which is a non-carcinogenic risk assessment method The THQ
(USEPA, 2000), was determined based on the following formula (equation 2)

THQ = EDI/RD )

where;

EDI = estimated daily intake;

RfD = the oral reference dose, in which Cu: 40.0, Fe: 700, Ni: 20.0, and Zn: 300 were the RfD (g/kg wet weight/
day) values employed in this investigation, which were obtained from the EPA’s Integrated Risk Information System
online database [17]. Because RfD for Pb was not available (EPA’s IRIS, [17]), the current study used the RfD of 4.00 g/
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kg wet weight/day [18]. If the THQ ratio is more than one (THQ 1), it is expected that vegetable consumption will result
in a non-carcinogenic danger of heavy metals to human health. The metal data for B. rapa were cited from China (Pearl
River Estuary; [19]) and Pakistan (Lahore; [20]). These metal data were calculated for EDI and THQ values.

3. Results and discussion

Table 2 shows the metal contents in B. rapa (leafy part) taken from three farms in Peninsular Malaysia (mg/kg dry
weight).For the leafy edible part, the ranges of metal concentrations (mg/kg dry weight) were Cu (16.1-18.5), Fe (145-
207), Ni (1.02-1.64), Pb (0.90-2.73) and Zn (74.0-203).

Lead, Cu, and Zn levels in B. rapa collected from reclaimed tidal flat soils of the Pearl River Estuary, China [19]
and two irrigated zones from Lahore, Pakistan [20], were lower than those found from the present study. However, the
current study’s Ni levels were lower than those reported in the two papers. The mean Cu and Zn values in B. rapa from
the three sites were lower than the maximum acceptable limits specified by FAO/WHO [18] (Zn: 60 mg/kg ww; Cu: 40
mg/kg ww) after conversion to wet weight basis.

Table 2. Mean metal concentrations (mg/kg dry weight) in leaves of Brassica rapa var. parachinensis collected from three farms in Peninsular
Malaysia. Values in brackets are converted into wet weight basis using a conversion factor of 0.099

Site Cu Fe Ni Pb Zn SD Reference
Sikamat, Seremban. 16.1 (1.61) 207 (20.7) 1.02 (0.10) 0.90 (0.09) 74.0 (7.40) 1-Sep-13 This study
Ara Kuda Penang 18.5 (1.85) 145 (14.5) 1.64 (0.16) 2.73 (0.27) 203 (20.3) 20-Oct-16 This study

Kg Sitiawan Manjung Perak ~ 16.9 (1.89) 187 (18.7) 141(0.14)  126(0.13)  137(13.7) 26-Oct-16 This study

Pearl River Estuary, China* 0.443 NA 0.26 0.106 3.29 - [19]
Groundwater irrigated zone,
Lahore, Pakistan 0.70 (0.07) NA 2.98 (0.30) 0.41 (0.04) 2.49 (0.25) - [20]

Wastewater irrigated zone,
Lahore, Pakistan 4.90 (0.49) NA 5.76 (0.58) 0.77 (0.08) 28.5(2.85) - [20]

* = in wet weight basis. NA = data is not available. SD = sampling date.

Abdel-Farid and El Saady [21] evaluated the HM levels of two kinds of B. rapa native to Egypt (B. rapa var.
rapa) and the Netherlands (B. rapa var. Raapstelen) grown under the identical climatic circumstances. The quantities
of HMs at any developmental stage were determined to be below the FAO and WHO acceptable standards for human
consumption.

3.1 Health risk assessments

Tables 3 and 4 provide the EDI and THQ values for the five HMs in B. rapa var. parachinensis for adults and
children. In both adults and children, all THQ values for Fe, Cu, Ni, Pb, and Zn were found to be < 1.00. This indicated
that there were no non-carcinogenic dangers of the five metals from B. rapa diet in the current investigation. THQ
values of HMs in children were often greater than those in adults. Zhang et al. [22] found that the THQ values for
seven heavy metals including Pb, Cu, and Zn, in 30 vegetables from Kunming City (China) was > 1.00 for teenagers,
indicating that HMs were non-carcinogenic to consumers of this category. Islam et al. [23] found that THQs for Zn
and Cu in vegetables from Bogra District (Bangladesh) were < 1.00, implying that consumers would not be exposed
to major health risks if they ate a single metal from a single species of vegetable. Ahmad et al. [9] revealed that THQ
values for three metals (Cu, Ni, and Pb) were > 1.00 1 in B. rapa obtained from vegetable farms in Sargodha (Pakistan),
indicating a substantial danger from consuming these crops.
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Table 3. Values of estimated daily intake of heavy metals in leaves of Brassica rapa var. parachinensis

Adults Children
Consumption rate of vegetables (g/day) 345 323
Body weight (kg) 55.9 32.7
Cu Fe Ni Pb Zn Cu Fe Ni Pb Zn
Seremban 9.84 126 0.62 0.55 452 15.7 203 1.00 0.88 72.4
Ara 11.32 88.5 1.00 1.67 124 18.1 142 1.60 2.67 199
Manjung 10.32 114 0.86 0.77 83.43 16.5 183 1.38 1.23 134
Pearl River Estuary, China* 2.73 NA 1.58 0.65 20.30 4.38 NA 2.53 1.05 3255

Groundwater irrigated zone, Lahore, Pakistan** 0.45 NA 1.80 0.20 2.69 0.72 NA 2.88 0.31 4.30

Wastewater irrigated zone, Lahore, Pakistan** 2.74 NA 1.80 1.01 21.65 4.39 NA 2.88 1.62 34.7

Note: All metal data were converted to wet weight basis using a conversion factor of 0.099 for the calculation of EDI.
* = the data were not converted since the data is already in wet weight basi.
NA = data is not available.
*Lietal. [19].
** Mahmood and Malik [20].

Table 4. Values of target hazard quotient of heavy metals in the leaves of Brassica rapa var. parachinensis

Adults Children

RID (ug/kg wet weight/day) 400 700 200 400 300 400 700 200 400 300

Cu Fe Ni Pb Zn Cu Fe Ni Pb Zn
Seremban 0246 081 0031 0137 0.5 0394 0290 0050 0220 0241
Ara 0283  0.126 0050 0417 0414 0453 0202 0080  0.667  0.662
Manjung 0258  0.063 0043 0192 0278 0413 0262 0069 0308  0.445
Pearl River Estuary, China* 0068  NA 0079 0164 0068 0109  NA 0126 0262  0.108
Groundwater irrigated zone, Lahore, 511 NA 0090 0049 0009 0018  NA 0144 0078 0014

Pakistan**

Wastewater irrigated zone, Lahore,

Pakistan™* 0.069 NA 0.090 0.254 0.072 0.110 NA 0.144 0.406 0.116

NA = data is not available. *Li et al. [19]. ** Mahmood and Malik [20].

4. Conclusion

The current HM concentrations in B. rapa var. parachinensis.were evaluated for potential health hazards. In
conclusion, the current investigation found no non-carcinogenic hazards of Cu, Fe, Ni, Pb, and Zn from consuming B.
rapa. Nonetheless, the current findings highlighted the importance of routine HM monitoring and risk assessment as
changes in the environment is dynamic and will aggravate as anthropogenic activities continues to develop. Therefore, it
is recommended to conduct annual monitoring on B. rapa to prevent metal contamination.
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