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TRACE ELEMENTS CONTENT IN VEGETABLES GROWN IN
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HABIB MOHAMMAD NASER!, NASHIR UDDIN MAHMUD?
SARMIN SULTANA®, REBECA GOMES*, MUKHLESUR RAHMAN®

Abstract

Field survey based laboratory studies were carried out to investigate trace
elements contents in soils and vegetables collected from industrially polluted
and non-polluted areas. The content of four trace elements, such as manganese
(Mn), iron (Fe), copper (Cu), and zinc (Zn) in four popular vegetables, namely
spinach (Spinacia oleracea), red amaranth (Amaranthus tricolor), bottle gourd
(Lagenaria vulgaris), and pumpkin (Cucurbita moschata) and the rizosphere
soils of the respective crops were collected from three locations viz. i) directly
polluted (Kaliakoir, Konabari, Gazipur), ii) indirectly polluted (Zorun,
Konabari, Gazipur), and iii) non-polluted (BARI, Gazipur) areas. In all four
vegetables, a similar trend in metal contents was observed i.e. directly
polluted>indirectly polluted>non-polluted. The Mn and Fe concentrations were
found in the order of spinach>red amaranth>bottle gourd>pumpkin, whereas it
was little bit irregular pattern for Zn. The Cu concentration was higher in
spinach followed by red amaranth and the least in bottle gourd irrespective of
the location. Mean concentration of Mn, Fe, and Cu in vegetables from
investigated areas were below the recommended level except Zn. However, the
higher concentrations of Mn, Fe, Cu, and Zn in the polluted (either directly or
indirectly) area indicates that industrial activities, such as discharge their wastes
and effluents into the natural ecosystems in most cases without any treatment,
thus causing health hazard as well as environmental pollution, especially with
heavy metals and organic toxic.
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Introduction

Heavy metal pollution in air-water-soil-plant systems is of major environmental
concern throughout the world including Bangladesh. Bangladesh has at present
about 30000 large and small industrial units. Most of these industries discharge
its wastes and effluents into the natural ecosystems in most cases without any
treatment, thus causing environmental pollution, especially with heavy metals
and organic toxic. These hazardous wastes and effluents are generally discharged
in low-lying areas, along road side, or in the vicinity of the industrial installations
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(Chamon et al., 2011). The important heavy metals discharged from industries in
Bangladesh are cadmium (Cd), lead (Pb), chromium (Cr), mercury (Hg), zinc
(Zn), arsenic (As) and in few cases copper (Cu) and manganese (Mn)
(Nuruzzaman et al., 1995). Long-term use of industrial or municipal wastewater
in irrigation is known to have significant contribution to trace elements, such as
Cr, Mn, Ni, Cu, Zn, Pb, and Cd in surface soil (Mapanda et al., 2005). Excessive
accumulation of trace elements in agricultural soils through wastewater irrigation
may not only result in soil contamination but also affect food quality and safety
(Muchuweti et al., 2006; Sharma et al., 2007).

Cultivated land in the vicinity of industrial areas, which is irrigated by river
water, gets contaminated because the industrial effluents enter into river.
Additionally, little or no treatment is applied to the industrial discharges to
detoxify the wastewater draining into rivers. The problem of water pollution due
to toxic metals has begun to cause concern now in most metropolitan cities. The
toxic heavy metals entering the ecosystem may lead to geoaccumulation,
bioaccumulation and biomagnifications (Prabu, 2009). Heavy metals like Fe, Cu,
Zn, Mn and other trace elements are important for proper functioning of
biological systems and their deficiency or excess could lead to a number of
disorders (Ward, 1995).

Environmental pollution is now-a-days a cause of concern. Heavy metal
pollution of agricultural soil and vegetables is one of the most severe ecological
problems on a world scale and also in Bangladesh. The food chain contamination
is the major pathway of heavy metal exposure for humans (Khan et al., 2008).
Some trace elements are essential in plant nutrition, but plants growing in the
nearby zone of industrial areas display increased concentration of heavy metals
serving in many cases as biomonitors of pollution loads (Mingorance et al.,
2007). Vegetables cultivated in soils polluted with toxic metals due to industrial
activities take up heavy metals and accumulate them in their edible and non-
edible parts in quantities high enough to cause clinical problems both to animals
and human beings consuming these metal-rich plants because there is no good
mechanism for their elimination from the human body (Arora et al., 2008; Alam
et al., 2003). Therefore, a better understanding of heavy metal sources, their
accumulation in the soil and the effect of their presence in water, soil and on
plant systems seem to be particularly important issues of present day research on
risk assessment. Information regarding the accumulation of essential heavy
metals in vegetables in industrially polluted areas in Bangladesh is scarce. Thus
the research work has been undertaken i) to highlight the accumulation status of
essential heavy metals in vegetables; and ii) to compare the essential heavy metal
status of vegetables and soils in polluted and non-polluted areas.
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Materials and Method
Selection of sampling sites and vegetables

Samples of soils and vegetables were taken from three agricultural areas exposed
to different degrees of environmental pollution. Area 1: Direct pollution due to
irrigation by contaminated river water (Kaliakoir, Konabari, Gazipur). The
vegetable samples in this area were taken from the side irrigated with the Turag
river water. The river Turag is highly polluted by industrial effluents,
contaminated with sewage sludge, municipal waste water, and urban pollution.
Area 2: Indirect pollution by contaminated water of pond and canal (Zorun,
Konabari, Gazipur), which is highly polluted by industrial effluents, sewage
sludge, municipal waste water, and urban pollution. During rainy season, pond
and canals are overflowed by rain water and submerged the adjacent cultivable
land where the farmers grew their vegetables in winter. Area 3: The same
vegetables samples were collected from Bangladesh Agricultural Research
Institute (BARI), Joydebpur, Gazipur, experimental field near the net house of
Soil Science Division, considered as check area. Two leafy vegetables spinach
(Spinacia oleracea) and red amaranth (Amaranthus tricolor), and two fruity
vegetables bottle gourd (Lagenaria vulgaris), and pumpkin (Cucurbita
moschata), grown extensively in these sites were selected for this study. Soil
samples and samples of vegetables grown in these soils were taken from four
different places in each location. The plant samples represent whole parts of the
plant of respective vegetable (fruits, leaves, stems, and roots-wherever suitable;
i.e., fruits for bottle gourd and pumpkin). Soil samples from rhizosphere of
respective vegetable (0-15 cm) were collected with a stainless steel auger from
the same locations simultaneously with the vegetables. Samples of soils and
vegetables were taken by a random process.

Preparation and preservation

The vegetables were washed in fresh running water to eliminate dust, dirt,
possible parasites or their eggs and then were again washed with deionized water.
The clean vegetable samples were cut into 2-cm pieces and air-dried and placed
in an electric oven at 65°C for 72-96 h depending on the sample size. The dried
vegetables samples were homogenized by grinding using a ceramic coated
grinder and used for metal analysis. All soil samples were spread on plastic trays
and allowed to dry at ambient temperature for 8 days. The dried samples of soils
were ground with a ceramic coated grinder and sieved through a 2-mm nylon
sieve. The final samples were kept in labeled polypropylene containers at
ambient temperature before analysis.
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Digestion and determination

One gram of dry matter was weighed into 50-ml beakers, followed by the
addition of 10 ml mixture of analytical grade acids HNO3: HCIO, in the ratio 5:1.
The digestion was performed at a temperature of about 190°C for 1.5 h. After
cooling, the solution was made up to a final volume (30 ml) with distilled water
in a volumetric flask. For soil, same procedure was done as stated above. The
metal concentrations were determined by atomic absorption spectrometry using a
VARIAN model AA2407 Atomic Absorption Spectrophotometer (AAS).
Analysis of each sample was carried out three times to obtain representative
results. The mean data reported in pg/g (on a dry matter basis). Statistical
analyses were performed by Tukey’s multiple comparisons test by using Excel
Statistics version 4.0 (Esumi Co. Ltd., Tokyo, Japan).

Results and Discussion

The mean concentrations of Mn, Fe, Cu, and Zn in vegetables and soils studied
are given in Table 1 & 2. The magnitude of trace elements content in vegetables
and soils in respect of three locations was directly polluted>indirectly
polluted>non-polluted. Several studies have indicated that vegetables grown in
heavy metals contaminated soils have higher concentrations of heavy metals than
those grown in uncontaminated soils (Guttormsen et al., 1995; Dowdy and
Larson, 1995). The concentrations of trace elements (ug/g of dry wt.) in
vegetables were quite variable such as Mn (15.5-52.8), Fe (57.2-361), Cu (8.01-
18.3) and Zn (27.8-84.4).

A statistically significant difference (P<0.01) was found between the polluted
(either directly or indirectly) and non-polluted areas in both vegetables and soils.
There were significant differences in the average Mn, Fe, Cu, and Zn
concentrations (ug/g of dry wt) in different vegetable species (spinach, red
amaranth, bottle gourd, and pumpkin) in different locations. In directly polluted
area, Mn (ug/g of dry wt) was highest in spinach with a mean of 52.8 followed
by red amaranth with a mean of 48.2 and minimum in bottle gourd i.e. 25.6. Iron
(ng/g of dry wt) was highest in spinach with a range of 186 to 361 followed by
red amaranth with a range of 195 to 328 and pumpkin having lowest 68.9 to 102
i.e. spinach>red amaranth>bottle gourd>pumpkin. Copper (ug/g of dry wt) was
found highest in spinach with a range of 12.0 to 18.3 followed by red amaranth
with a range of 9.86 to 14.1 and pumpkin was 9.14 to 12.6. Lowest content was
found in bottle gourd (8.01-10.9). The extent of Cu content can be regarded in
the order of spinach>red amaranth>pumpkin>bottle gourd. Zinc concentrations
(ug/g of dry wt) followed the trend spinach>bottle gourd>pumpkin>red
amaranth.



Table 1. Mean Fe, Mn, and Zn concentration (z, standard deviation) of vegetables from directly polluted, indirectly polluted and

non-polluted areas.

Leafy vegetables (ug/g)
Location Spinach Red amaranth
Mn Fe Cu Zn Mn Fe Cu Zn
E&[ﬁiﬂé’ 52.8+1.92b 361+13.0c 18.3+2.10b 84.4+3.71c 48.2+456b  328+14.8b 14.1+2.25h 39.1+3.34b
'gg”ﬁfg&y 52.7+43.24h 251+2.49h 145+127ab 48.6+4.46b 358+2.07a  204+7.81b 13.4+1.48b  37.2+2.80ab
pcl)\lllourle 4, 3651652 186+4.09a 120+119a 352+2652 3L1¥280a  195+10.9a 9.86+1.04a 31.0+2.19a
Fruity vegetables (ug/g)
Location Bottle gourd Pumpkin
Mn Fe Cu Zn Mn Fe Cu Zn
F[))ollrﬁftt(:g 25.6+2.64b 153+9.44c  10.9+2.03b 51.8+2.14c  26.4+2.90b  102+6.24b 12.6+0.82b 44.3+1.75b
';g”ﬁg&y 241+1.83b 75.8+551b 11.0+049b 36.242.04b 23.9+122b  85.8+12.8ab  959+1.43a  35.1+4.07ab
pcl)\lllounte g 165:1431 57245431 801:050a 27.8:115a 1541252  68.9¢7.13a 9.14+0.89a 20.6+1.94a

Values in a column followed by a common letter are not significantly differentat P <0.01
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Table 2. Mean Fe, Mn, and Zn concentration (£, standard deviation) of soils from directly polluted, indirectly polluted and non- N

polluted areas.

(o))

Rhizospheric soils of leafy vegetables (ug/g)

Location Spinach Red amaranth

Mn Fe Cu Zn Mn Fe Cu Zn
E(;Irﬁftgé’ 297+6.12b 1628+20.8c 59.5+5.26c  124+2.75b  273+16.8b  1561#28.7c  57.243.19b  95.1+4.24b
'BSHSEJLV 278+9.50b 1447+145b 41.0#4.26b  83.0#8.44a  259+16.9b  1399+38.3b  53.3+3.53b  81.6+10.8ab
pcl)\lllourle g 170£161a 1256:711a 26.8+6.24a 758:154a  173:104a 12818922  28.6¢5.7%  724483a

Rhizospheric soils of fruity vegetables (ug/g)

Location Bottle gourd Pumpkin

Mn Fe Cu Zn Mn Fe Cu Zn
Eg[f&telg 343+12.3c  1602+464.8b 44.8+352b  113+8.74b  306+47.1b  1498+30.1b  56.1+10.0b  108+13.8b
';g”ﬁtcetgy 303+18.1b  1480+345b 33.0+4.63a  1054#577b  263+15.9ab  1395+32.6ab  40.3+3.38ab  84.2+9.72ab
pcl)\:lour;e 4 211#100a 1263t58.1a 27.3t299a 727+102a  187+182a  12954552a  265+648a  67.046.39%

Values in a column followed by a common letter are not significantly differentat P <0.01

‘e 18 ¥43SVN



ESSENTIAL HEAVY METAL LEVELS IN VEGETABLES 521

Concentrations of Mn (Table 1) in vegetables in this study were lower than
those from Prabu (2009). The mean concentration of Mn in vegetables from the
polluted (either directly or indirectly) area was very similar to the vegetables
from Luchnow, India (18.0-57.8 ug/g of dry wt) (Farooqg et al.,, 1999).
Vegetables from the polluted area showed higher levels of Fe than those from the
non-polluted area. In fact, significant differences (P<0.01) were found in the
level of Fe in all tested vegetables between polluted and non-polluted areas. The
present study revealed that the mean Fe level measured in vegetables from
directly polluted area in this study was lower than the concentrations of
vegetables reported by Hussain et al. (2006) and Bigdeli & Selsepour (2008).
Mean Fe concentrations varied from 57.2 to 361pug/g dry wt which was in good
agreement with concentrations (111-378 pg/g dry wt) observed in vegetables by
Arora et al. (2008). The concentrations of Fe in vegetables from polluted areas
were also found very similar to the values (146.29-350.28 ug/g dry wt) reported
by Ahmed and Goni (2009) for vegetables from effluents-contaminated
agricultural land located beside Dhaka Export Processing Zone in Bangladesh.
The Cu levels measured in vegetables in this study were higher than the reported
values of Arora et al. (2008) and lower than the reported values of Hussain et al.,
(2006) and Bigdeli & Selsepour (2008). However, it was within the range of Cu
concentration (9.81-20.67 pg/g dry wt.) in vegetables reported by Ahmed and
Goni (2009). The concentration of Zn in this study was within the range of Zn
concentration (14.1-97.7 ug/g dry wt) in vegetables reported by Hussain et al.,
(2006) and was very similar to the vegetables from Beijing, China (32.01-69.26
Mo/g dry wt.) (Liu et al., 2005). But the concentration of Zn (27.8-84.4 ug/g dry
wt) in this study was higher than the reported values (19.54-42.06 ug/g dry wt)
of Ahmed and Goni (2009).

Manganese, Fe, Cu, Zn concentrations in soil sampled followed a trend
similar to heavy metal concentrations in vegetables (Table 2). The concentration
of essential heavy metals (ug/g of dry wt) in soils of the study areas ranged from
170 to 343 for Mn, 1256 to 1628 for Fe, 26.5 to 59.5 for Cu, and 67.0 to 124 for
Zn. Besides Fe, the mean highest concentration recorded in soils was for Mn
followed by Zn and Cu. The result of the present study revealed that the level of
Cu and Zn concentrations in soil was lower than those reported in Tongi,
Gazipur, Bangladesh by Chamon et al. (2011) but higher than the result observed
in Dhaka Export Processing Zone in Bangladesh (Ahmed and Goni, 2009).
Manganese concentration in soil was also higher than the previous result
obtained by Mico et al. (2006) and Chamon et al. (2011). Iron concentration was
lower than the reported values of Ahmed and Goni (2009) but more than those
obtain by Mico et al. (2006).

Manganese, Fe, Cu, and Zn concentrations in all vegetables were found to be
less than the maximum limits for vegetables (Mn-500, Fe-425.5, Cu-73.3, and
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Zn-99.4) as set by the Codex Alimentarius Commission (FAO/WHO, 2001). The
level of Cu, and Zn concentrations in this study were lower than the permissible
levels (Cu-30 and Zn-50) recommended by India (Awashthi, 2000) and in China
(Cu-20 and Zn-100) (SEPA, 2005), except, Zn concentration in spinach, which
was higher than the permissible levels recommended by India (Awashthi, 2000).

None of the polluted areas soils in this study exceeded the maximum
permissible concentration levels for Cu (30-300 ug/g) and Zn (100-600 ug/g)
reported by different authors like Kabata-Pendias and Pendias (1992), Awashthi
(2000) and NEPA, 1995. Iron concentrations in polluted soils were found to be
higher than the maximum limits (1,000 pg/g) for Fe in soil reported by Kabata-
Pendias and Pendias (1992). The comparison of the mean concentration of Mn
with the permissible level (2000ug/g) (Allaway, 1990; Kabata-Pendias and
Pendias, 1992) shows that the concentration is in the permissible limit.

Correlations between different heavy metals vary widely (Table 3). The
result shows positive correlation between total metal content in soils and
vegetables. The higher correlation between soil-plant found corresponds to Cu in
spinach. On the other hand, comparatively low correlation between soil-plant was
found which corresponds to Zn in bottle gourd. In respect of vegetable type, leafy
vegetables show the higher significant positive correlation than fruity vegetables.
However, the degree of relationship between soil and plant in respect of three
locations was directly polluted>indirectly polluted>non-polluted.

Bio-concentration factor (BCF) or transfer factor (TF) is a parameter used
to describe the transfer of trace elements from soil to plant body (Table 4). It is
calculated as the ratio between the concentration of heavy metals in the
vegetables and that in the corresponding soil (all based on dry weight) for each
vegetable separately (Liu et al., 2006). The BCF or TF is one of the key
components of human exposure to metals through the food chain (Prabu, 2009).
Table 4 shows the TF for essential heavy metals from soils to vegetables and all
TF are below 1. The BCF or TF value ranges were Mn 0.075 — 0.216, Fe 0.045
—0.222, Cu 0.228 — 0.465 and Zn 0.345 — 0.681. Irrespective of locations, the
TF value for Mn, Fe, Cu, and Zn of spinach was the highest among the all
considered vegetables. The degree of TF showed irregular pattern in polluted
and non-polluted areas, however, their values in all vegetables were different.
The trends of TF for essential heavy metals in different vegetables studied were
in the order Zn>Cu>Fe>Mn. Similar result was observed by Prabu (2009) and
Kashif et al. (2009). TF value of Zn was higher among the all considered
metals because this metal is more mobile in nature (Kashif et al., 2009). The
TF value of Zn and Fe in the present study was higher than the TF value of Zn
and Fe observed in Dhaka Export Processing Zone in Bangladesh (Ahmed and
Goni, 2009).



Table 3. Correlations between essential heavy metal content® in soils and in vegetables (§=pg g™ of dry wt., *=p < 0.05, **=p <
0.01, ns=non significant).

Leafy vegetables

Location Spinach Red amaranth

Mn Fe Cu Zn Mn Fe Cu Zn
Directly 4 9507« 0.8503 0.9997%* 0.9615* 0.9932%* 0.9909%* 0.8066 0.9999%*
polluted . 7 .8503ns . 7 9615 . . . ns .
Indirectly ) gg9g%  0.8543 0.9999%* 0.9613* 0.9973%* 0.9815* 0.9258 0.9999%*
polluted . . ns . . . . . ns .
pcl>\lllour1e 4, 09688~  08932ns  09936**  0.901ins 0.8463ns 0.9823* 0.8079ns 0.8946ns

Fruity vegetables

S319VLIOIA NI STIATT TVLIIN AAVIH TVILNISST

Location Bottle gourd Pumpkin

Mn Fe Cu Zn Mn Fe Cu Zn
Directly . . -
oolluted 0.9980 0.9998 0.9160ns 0.9444ns 0.8960ns 0.9876 0.7417ns 0.7172ns
Indirectly - o o
oolluted 0.7336ns 0.8994ns 0.6698ns 0.8687ns 0.9783 0.9267ns 0.9909 0.9987
pé\:rur;(-e q 0.9929** 0.9960** 0.9766* 0.8161ns 0.7275ns 0.9344ns 0.7297ns 0.9872*

€¢s



Table 4. Transfer factor (%, standard deviation) of Mn, Fe, Cu and Zn for the soils to vegetables species.

Leafy vegetables

Location Spinach Red amaranth

Mn Fe Cu Zn Mn Fe Cu Zn
E(;[f&telg 0.178+0.010 0.222+0.007 0.309+0.008 0.681+0.042 0.177+0.024  0.210£0.007  0.248+0.051  0.411+0.017
'gg”ﬁfet('jy 0.190+0.009 0.173+0.003 0.335+0.020 0.587+0.053 0.139+0.014  0.146+0.009  0.253+0.036  0.458+0.025
pcl)\lllourle 4 0216£0.029 0.148+0.006 0.465:0.116 0.478+0.111 0.181#0.024 0.152:0.008  0.357:0.095  0.428+0.014

Fruity vegetables

Location Bottle gourd Pumpkin

Mn Fe Cu Zn Mn Fe Cu Zn
Ec:[ﬁftgé’ 0.075+0.008 0.095+0.008 0.244+0.053 0.461+0.028 0.087+0.006 0.068+0.003  0.228+0.031  0.412+0.040
'gg;{ﬁf;'jy 0.08040.10 0.051+0.005 0.337+0.058 0.345+0.005 0.091+0.009  0.062+0.011  0.241+0.048  0.417+0.003
pé\:f’u'le 4 0.078£0.007 0.045:0.006 0.295:0027 0.388+10.057 0.083:0.010 00530.008  0.363:0.109  0.442+0.015

1£4°]
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High concentration of these metals in polluted area’s vegetables might be due
to high contents of metals in the soil as caused by irrigation with metal
contaminated water released from different kinds of industries. The river Turag is
highly polluted by industrial effluents, sewage sludge, municipal waste water,
and urban pollution. Comparatively low concentration of metal ions in vegetables
from indirectly polluted area (Zorun) might be due to the pattern of
contamination, where pond and canals’ contaminated water submered the
adjacent cultivable land during rainy season after that the farmers grew their
vegetables in winter. However, the higher concentrations of Cu, Fe, Mn and Zn
in the polluted (either directly or indirectly) area indicates that industrial
activities, such as textile, paint, battery, milling, and chemical industries
contaminate or introduce heavy metals into the soil.

Conclusion

Based on the information generated from the study, it may be concluded that
industrial effluents and urban pollution associated with sewage sludge and
municipal wastes within the vicinity of Turag river have increased the levels of
Mn, Fe, Cu, and Zn in the water of Turag river. As a result, vegetable crops
grown here with irrigation water from Turag river contain higher concentrations
of these elements as compared to those grown in non-polluted area of BARI.
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