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Abstract – The objective of this study
is to assess heavy metals, copper, cad-
mium and lead, uptake by food crops and
vegetables grown in the greater Bangkok
Metropolitan Region in Thailand. The
three heavy metals were detected in three
types of vegetables cultivated in three
provinces Pathum Thani, Ayutthaya, and
Nonthaburi representing Greater Bangkok
Metropolitan Region (GBMR). An Induc-
tively Coupled Plasma method was used to
estimate and evaluate the levels of these
metals’ concentration in the vegetables,
soil, water, manure, and chemical fertil-
izer. The physical and chemical charac-
terizations of which were conducted to
compare the heavy metals concentrations
with similar characteristics. Heavy metals
concentrations were compared both in wet
and dry season. Moreover, the edible and
non-edible parts of the vegetables were
also considered for the comparative study
and found a significant difference in cop-
per (Cu) concentrations in morning glory.
The concentrations of Cu were found in
edible and non-edible parts were 0.38
and 1.10 ug/g respectively. To account
the flow of heavy metals concentration in
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certain location, a mass balance analy-
sis was conducted for the three different
provinces, and found that about 18 mg
of Cu accumulated in all three provinces.
The cadmium (Cd) and lead (Pb) levels
were found to be insignificant. The contri-
butions of the vegetables to the daily intake
of the heavy metals from the vegetables
were determined.

Keywords: heavy metal, cadmium
uptake, food crops and vegetables,
Bangkok Metropolitan Region.

I. INTRODUCTION

In the recommended daily diet vegeta-
bles are necessary due to the vitamins,
cellulose and water it provides. However,
vegetables in many areas are contaminated
by pollutants from the soil or irrigation
water. So nowadays, sourcing clean veg-
etables is becoming a more public concern
[1]. Vegetables have been found to contain
such pollutants as pesticides, heavy met-
als, and pathogenic microorganism [2]. In
the environment, heavy metals occur natu-
rally as components of soil and water and
can be transferred through local plants and
animals that are used for food [2], [3].
These heavy metals can lead to negative
effects on the quality of cultivated plants
and animals and later on the health of
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consumers [2], [3]. Many heavy metals are
essential for biological growth and do not
lose their mass or properties during trans-
portation [2], [4], they can adversely affect
all living organisms if they are present in
excessive amount. Most heavy metals are
highly toxic to ecosystems at low concen-
trations [5].

Contamination of heavy metal in veg-
etables is a serious problem because they
can accumulate in the bodies of the con-
sumer. This can cause damage to the ner-
vous system, negatively affect the skin,
hair and can cause cancer. Copper (Cu),
lead (Pb), mercury (Hg) and others can
cause impaired vision, brain damage and
paralysis, and cadmium (Cd) can cause
ouch-ouch (Itai itai) disease especially in
children and pregnant women [6]. Several
studies have indicated that vegetables cul-
tivated in urban area or nearby industrial
zones have been contaminated by heavy
metal concentrations more so than areas
which are not near these areas [7].

Furthermore, industrial activities,
smelting, using fertilizers, pesticides,
organic manures are leading to further
soil contamination. Concentrations of Pb,
Zn, Cr, and Mn were found particularly in
leafy vegetables. The dominant pathway
for most trace elements to roots was from
the soil, while trace elements in the leaves
appeared to originate mostly from the
atmosphere. High accumulation due to
atmospheric deposition was found for Pb,
Cd, especially in leafy vegetables [2].
Root vegetables were found to accumulate
Cd more so than other trace elements.

Therefore, the objective is to deter-
mine Cu, Pb, and Cd in selected vegeta-
bles (morning glory, lettuce, and Chinese
radish) in the GMBR, and to assess the

heavy metal concentrations in the soil, wa-
ter, and fertilizer during both the wet and
dry seasons.

II. STUDY OVERVIEW

According to Le Thanh Tam and
Nguyen Minh Khang [8], University of
Agriculture and Forestry of Ho Chi Minh
City, through data collection combined
with field surveys and experiments have
shown that heavy metal content, especially
lead (Pb), affects the growth of green veg-
etables. Lead accumulation in plants has
a positive correlation with the amount of
lead in the soil.

Nguyen Ngan Ha et al. [9] assessed
the current status of soil environment and
accumulation of some nitrates in veg-
etable farms in Yen Nghia ward, Dong
Da district, Hanoi City in 2016, Cu con-
centration accumulated in the soil was
slightly low, while Lead (Pb) of all soil
samples tested was smaller than the pol-
lution limit, but according to the rating
scale of Obukhow AL, the flexible Lead
(Pb) content is also relatively high. Total
Cadmium concentration and flexibility in
most soil sample studies is assessed to
be relatively high but is still within the
limits [8]. But Cu, Pb and Cd concentra-
tion in lettuce and cruciferous vegetables
when compared with the FAO/WHO 1993
standard, were contaminated with Cd, and
when compared to the 99/2008/QD-BNN
standard, the vegetables were contami-
nated with Pb at high levels.

The result showed that currently in
Dong Anh District, Hanoi, Vietnam, the
majority of soil, water and vegetable sam-
ples are contaminated with heavy metals.
The cause of heavy metal contamination
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in vegetables with Pb and Cd is due to
water contamination, perhaps due to farm-
ers using a lot of phosphate fertilizers with
high levels of [10].

The samples gathered were from morn-
ing glory, lettuce and Chinese radish to en-
sure the health and safety of consumers of
these three vegetables. After analyzing, if
the concentration of heavy metals exceeds
the recommended level, it is suggested
that people not use vegetables grown in
that area, and to discontinue growing food
crops there. In the future, measures should
be proposed to farmers to guarantee that
vegetables are grown on clean soil, use
clean water for irrigation, and use organic
fertilizers to limit heavy metal contamina-
tion.

III. METHODOLOGY

The Inductively Coupled Plasma (ICP)
method is used in this study to measure
the processed samples, it is able to detect
trace levels of heavy metals, and is more
accurate that other methods such as spec-
troscopy absorption, and atomic emission
spectroscopy [11].

A. Characterization of vegetables, water,

soil, manure and chemical fertilizer

The study was conducted in two types of
food markets, supermarket (Big C, Lotus,
and Big C Quality Product) and wholesale
market (Thala Thai and Simmumuong)
as well as samples from three different
provinces (Nonthaburi, Pathum Thani, and
Ayutthaya). The three different types of
vegetables around three kilograms of each
type was collected from different vendors
in different markets and vegetables, soil,

water, manure and chemical fertilizer were
also collected from the above mentioned
provinces.

After collecting the samples, the sam-
ples were processed and frozen at 4-6oC.
The physical and chemical properties of
vegetables, soil, water, manure and chem-
ical fertilizers were analyzed.

B. Heavy metal concentrations in vegeta-

bles, soil, manure and chemical fertilizer

The determination of heavy metals con-
centration was carried out to assess the
levels of three heavy metals (Cu, Cd and
Pb) which have been known to have sig-
nificant effects on plant growth and accu-
mulation. To compare the concentrations
in the vegetables, soil, water, manure, and
chemical fertilizer, across the wet and dry
seasons. For further investigation, the edi-
ble and non-edible parts of the vegetables
were also analysed to assess the potential
effects on consumers.

The overall experiment was divided into
two parts. In part 1, the vegetable sam-
ples were obtained from the farms, andin
part 2 the vegetables were taken from lo-
cal markets and supermarkets. The study
areas represented the Greater Bangkok
Metropolitan Region (GBMR) in the pre-
viously mentioned provinces at which
vegetables were taken from those farms in
both the wet and dry seasons. Likewise,
similar vegetables from the two market
types were also sampled, and the layout of
the plan is presented in Figure 1.

Sampling location: This is a map of
Thailand showing the three provinces
from which vegetable, soil, water and fer-
tilizer samples were taken.
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Fig. 1: Overall Framework

Fig. 2: Sampling Locations of Vegetables from GBMR

Schedule and number of samples: At
the farm 170 samples were taken, 86 of
them were sampled in the wet season
and the remaining 84 were collected in
the dry season. During each season 18
vegetable samples, 36 soil samples, and
7 water samples were collected. The rest
were attributed to chemical fertilizer and
manure samples. At the market 23 sam-
ples of vegetables were obtained. All the

samples were prepared and pretreated be-
fore conducting the chemical analysis. The
concentrations of the three heavy metals
(Cu, Cd, Pb) were measured from those
samples.

C. Analysis of plant samples

Determination of Moisture Content
(MC)
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To determine the moisture content of the
vegetables, the vegetables were first mixed
and were subsampled to smaller sizes. Af-
ter sampling, the vegetables were cleaned
before being cut into small pieces. Then
the samples were weighed and put in an
oven at 100oC for 12 hours. After drying
the weights of the vegetables were taken,
and the moisture content of the vegetables
was determined by the following equation:
MC = (Wb−Wa)/Wb×100%.

Where, Wb=Weight of vegetables be-
fore drying (g) Wa = Weight of vegetables
after drying (g) MC = Moisture Content

Chemical Fertilizer, Soil and Manure
Analysis

The heavy metal concentration in fer-
tilizer is usually higher than in the plant
but for the samples the concentration is
not high so only ICP-OES was used. The
procedure followed a stepwise analysis of
chemical fertilizer in this study.

Soil samples taken from the vegetable
plots at depths from 0 to15 cm were sam-
pled and kept in the refrigerator at a tem-
perature of between 4 and 6 0 C, then di-
gested with a mixture of solutions (HNO3:
HCL) and the solution was determined by
ICP-OES.

Manure samples obtained from the
farms were digested with a mixture of
solutions (HNO3: HCL) and the solution
was determined by ICP-OES.

Vegetable soil characterization:
All soil samples collected from those

vegetable plots from the farm fields were
characterized for their pH (in 1:1 water)
and organic matter (OM) content using
the Walkley and Black method (1947).
The soil texture (sand, silt, and clay frac-
tion), was determined using the hydrome-
ter method.

D. Data analysis

All collected data was processed by Mi-
crosoft Excel 2016 software to determine
the mean value for each research result.

IV. RESULTS AND DISCUSSION

A. Wet season

Heavy Metal Concentration in Veg-
etables

The concentrations of the heavy metals
in vegetables were measured using ICP-
OES methods. The results are shown in
Table 1 and 2, and present the heavy
metal concentration in edible and non-
edible parts of the vegetables respectively.
The heavy metal concentrations in non-
edible plant parts was found higher than
that of edible parts, although the these
values in edible parts of lettuce were more
than the Codex value which indicates safe
consumption.

Heavy Metal Concentration in Soil,
Fertilizer, and Water in the Wet Season

The concentrations of heavy metals in
soil, fertilizer, and water were measured
using ICP-OES methods. The results are
shown in Table 3.

Copper concentrations in the chemical
fertilizer were found higher in Pathum
Thani and Ayutthaya compared to cad-
mium and lead concentrations (Table 3).
Whereas chemical fertilizer NPK 16-16-
16 (used for lettuce) and NPK 16-16-16
(Chinese radish) had higher concentra-
tions of these heavy metals in Nonthaburi.
Similarly, manure also was contaminated
with heavy metals and the concentrations
were higher than in Ayutthaya.

Based on soil analysis, all land for veg-
etable of the three provinces showed quite
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Table 1: Heavy metals concentration in vegetables (edible parts)

(Note: nd: not detectable)

Table 2: Heavy metals concentration in vegetables (Non-edible parts)

(Note: nd: not detectable)

Table 3: Heavy metal concentration in soil, fertilizer, and water in wet season

(Note:MG=Morning Glory, L= Lettuce, CR=Chinese Radish, na: not available; nd:

not detectable)
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uncontaminated and has Cu and Pb simi-
lar to other typical agricultural soils else-
where in Thailand. However, one batch of
manure used by farmers at Pathum Thani
was quite high in Cu and Pb with a value
around 110 µg/g (Table 3) and 7.5 110
µg/g when compared with the other sam-
ples available. Since manure is used quite
often to improve soil structure and water
holding capacity in vegetable plots, this
would represent one source of heavy met-
als added into the soil unintentionally and
lead to heavy metal accumulation in the
soil. To avoid heavy metal contamination
in soil, manure used in the farm should
be checked from time to time to control
the quality especially when they will be
applied for growing vegetables.

From the experiment it was found that
some chemical fertilizers as shown in
Table 4 were contaminated with heavy
metals, and were highest in Nonthaburi
Province. But these concentrations were
different and dependant on the brand fer-
tilizer.

Research results in Table 4 showed
that, soil samples growing morning glory
at the farm in Ayutthaya had the high-
est Cu, Cd, and Pb concentrations(24.01,
0.22, and 19.85 ug/g respectively). But the
soil samples growing lettuce and Chinese
radish did not detect any contamination.
The sample of soil growing lettuce and
Chinese radish on farms in Nonthaburi
Province had higher contamination than
the two other provinces.

The water samples for morning glory
at a farm in Ayutthaya province had the
highest Cu concentration, accounting for
3.63 ug/L, Pb and Cd were not detected.
The Cu concentration in the lettuce water
sample at the Ayutthaya farm was 3.96

ug/L, and was higher than on Pathum
Thani farm which was 3.51 ug/L, although
this difference was deemed not significant.
The Cu concentration in water samples for
Chinese radish in Nonthaburi was detected
at 3.37 ug/L, while the other two provinces
none was detected. Whereas Pb and Cd in
water samples were not detected in any of
the three provinces.

B. Dry season

The contents are presented in Tables 5,
6 and 7.

C. Comparison of Heavy Metal Concen-

trations in Vegetables, Water, Fertilizer,

Manure, and Soil Samples

Wet season in the farm
As seen from Figure 3, the Cu concen-

trations found in the morning glory sam-
ples were highest in Nonthaburi, and low-
est in Pathum Thani. Nonthaburi Province
is located nearby highways and busier
roads which is one of the major sources
of heavy metal pollution, according to
Abideen Adeyinka Adekanmi et al. [7] the
heavy metals might be transported from
soil to ground water or taken up by plants,
such as agricultural crops. It is well known
that high industrial and traffic activities
contribute to high levels of heavy met-
als in the environment. Concentrations of
Cd (0.01ug/gWW) in two provinces were
similar except for samples from Ayutthaya
(0.02ug/gWW). Although the Pb concen-
tration in Ayutthaya was found higher than
the other two provinces.
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Table 4: Concentration of heavy metal in soil, chemical fertilizer, and water, in three

provinces in the dry season

(Note: na: not available MG = Morning Glory, L = Lettuce, CR = Chinese Radish)

Table 5: Concentration of heavy metal in edible parts of vegetable in three provinces

(Note: na: not available MG = Morning Glory, L = Lettuce, CR = Chinese Radish)

Table 6: Concentration of heavy metals in vegetables in non-edible parts in three

provinces (dry season)

(Note: na: not available MG = Morning Glory, L = Lettuce, CR = Chinese Radish)
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Table 7. Concentration of heavy metal in edible parts and non-edible parts in Market

and Supermarket in dry season.

(Note: nd: not detectable)

Soil sample :

Fig. 3: Concentration of heavy metals in

Morning Glory (Edible part)

Analysis results from soil samples in all
three provinces showed that the Cu con-
centration accounted for the highest per-
centage among the remaining two metals.
This Cu concentration was highest in Non-

thaburi Province (0.63ug/gWW), which
was not statistically significant different
from Ayutthaya province (0.57ug/gWW)
(p>0.05). However, this concentration was
statistically significantly different from
Pathum Thani province (0.38 ug/gWW)
(p <0.05). Cd concentration in all three
provinces ranged from 0.01 - 0.02 ug
/gWW, this concentration was not sta-
tistically significant different between
provinces (p> 0.05), and the Pb concen-
tration showed similar results. The results
also show that the Cu concentration ac-
counts for a high percentage, compared to
the Cd and Pb concentration in the three
provinces.

Figure 4 shows concentrations of heavy
metals (Cu, Cd, Pb) in the provinces. Cop-
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per and lead were higher compared to
cadmium.

The research results from Figure 4 show
that the Cu and Pb concentration in Non-
thaburi Province is the highest among
the three provinces, accounting for 20.26
ug/gWW and 16.05 ug/gWW, respec-
tively. The Cd concentration in the three
provinces accounted for a negligible rate
ranging from 0.11 to 0.23 ug/gWW Cd
and Pb concentrations in Ayutthaya were
highest, whereas their concentrations were
the lowest in Nonthaburi.

Fig. 4: Concentration of heavy metals in

soil of Morning Glory in wet season

Water of Morning glory

Fig. 5: Concentration of heavy metals in

water samples of Morning Glory

The water samples collected from the
morning glory farms were also analyzed

by ICP–AES. Concentrations of Pb in
water samples were found the highest in
Pathum Thani (9.01µg/L) and were the
lowest in Nonthaburi (0.81 µg/L). Cd con-
centration was negligible in Nonthaburi
and Ayutthaya, but a higher concentration
was found in Pathum Thani (0.52 µg/L).

Fig. 6: Concentration of heavy metals in

water samples of lettuce

Similarly, the concentration of Pb in the
lettuce farm was the highest in Nonthaburi
(9.22 µg/L), and was lowest in Ayutthaya
(2.24 µg/L). From the results, Cd concen-
tration was not found in Nonthaburi and
Ayutthaya but it appeared in Pathum Thani
in trace amounts (0.52µg/L). Due to the
unavailability of Chinese Radish in Ayut-
thaya and Pathum Thani, the results of the
heavy metals concentration could not be
compared among the three provinces.

Dry Season - Farm
Vegetable sample
Concentration of heavy metals (edible

parts of Morning-glory) in Nonthaburi,
Pathum Thani, and Ayutthaya is presented
in Figure 7. The Cu concentration in
Nonthaburi (1.48 ug/gWW) was highest
and in Pathum Thani (0.16 ug/gWW) was
the lowest. Likewise, Cd concentrations
in all three provinces were similar (0.01
ug/g WW). The Pb concentrations in Non-

158



TẠP CHÍ KHOA HỌC TRƯỜNG ĐẠI HỌC TRÀ VINH, SỐ 40, THÁNG 12 NĂM 2020 PHẦN B: LĨNH VỰC VI SINH VẬT – MÔI TRƯỜNG

Fig. 7: Concentration of heavy metals in

Morning Glory (Edible part) in dry season

thaburi and Ayutthaya were 0.04 ug/gWW
and 0.03 ug/gWW respectively, while its
concentrations in Pathum Thani were only
0.01 ug/g WW.

Soil sample

Fig. 8: Concentration of heavy metals in

soil of morning glory

Figure 8 shows that the concentration
of Cu in the morning glory soil samples
the highest compared to that of Pb and
Cd, whereas the Pb concentrations in all
three provinces were found similar about
11.11, 11.52 and 14.38 ug/g WW. But the
concentrations of Cd were found lowest in
comparison to lead and copper. It can be
concluded that the concentrations of heavy
metals in the soil were found higher than
that in the vegetables grown in that soil -

as the pathway of contamination of heavy
metals in vegetables are through soil, and
the heavy metals concentration in the soil
were found to be not higher.

Concentration of heavy metals in edible
parts of morning glory

Fig. 9: Concentration of heavy metal in

edible of MG in dry season in three

provinces are Pathum Thani, Nonthaburi,

and Ayutthaya

The research results from Figure 9
show that Cd concentration accounts for
a relatively low percentage among the re-
maining two metals ranging from 0.08
ug/gWW in Nonthaburi Province and 0.15
ug/g WW in Ayutthaya province. Mean-
while, Cu content accounts for the high-
est percentage compared to the other two
metals, the highest being in Ayutthaya
province, with a result of17.54 ug/g WW.
Concentrations of Pb measured in these
three provinces also ranged from 11.11 to
14.38 ug/gWW.

In summary, the concentration of Cu in
morning glory in the dry season is higher
than the other two concentrations because
during this season the amount of water
limited, so vegetables absorbed more nu-
trients from the soil resulting in a higher
Cu result.
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Concentration of heavy metals in edible
parts of Chinese radish

The Cu concentrations in edible parts
of the Chinese radish samples in the dry
season were found higher in both the mar-
ket and supermarkets, except Big C and
Thala Thai were higher than that in Simu
Muong, and Cd and Pb concentrations
were negligible except in Big C QL and
Big C.

Fig. 10: Concentration of heavy metal in

edible parts of Chinese radish in dry sea-

son in markets and supermarkets

Fig. 11: Concentration of heavy metals in

edible of lettuce in dry season in markets

and supermarkets

Heavy metal concentration results in the
markets were found to be similar, whereas
they were different in the supermarkets.
The Cu concentration in the Lotus super-

market was the highest compared to other
supermarkets, and the concentration was
negligible in Big C. Similarly, Cd con-
centrations in all markets and supermar-
kets were found 0.01 ug/gWW. But Cd
and Cu concentrations in Lettuce were not
found in both markets and supermarkets as
shown in Figure 11.

Concentration of heavy metal in non-
edible parts of Chinese radish

Fig. 12: Concentration of heavy metal in

non-edible parts of Chinese radish in dry

season

Figure 12 highlights the concentration
of Cu in Thailadthai and Lotus is equal at
11 ug/g, which is the highest compared to
Simumuong and Big C, the Pb that was
found in Big C QL and Big C was 0.01
ug/g.

Interestingly in Big C QL and Big C, Cu
is not found, and Cd was not found in all
five sites.

V. CONCLUSION

In this experiment heavy metal concen-
trations were analyzed and the following
conclusions can be made: the concentra-
tions in the vegetables were found to be
lower than that of soil, water, manure and
fertilizer.
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However, analysis of more samples
should be done, and the information ob-
tained used for setting a standard concen-
tration limit in vegetables. Identification
of the possible sources of toxic metals in
manure should also to promote the usage
of manure. Farmers should be motivated
to utilize organic manure over chemical
fertilizer. A mass balance should be con-
ducted in order to understand the total
heavy metal input and output from the soil,
as well as the accumulation in the soil in
the GBR.
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