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Abstract

The levels of cadmium (Cd) in soil and commonly consumed tomato (Lycopersicon csculentum Miller)
fruits grown around the industrial areas of Dhaka and Narsingdi districts of Bangladesh were quantified and
compared the levels with FAO/WHO (2003)safety limits. According to the findings, the order of Cd
concentration in soils and tomato fruits was found around the Textile > Pharmaceutical > Tannary industry.
The concentration (mg/l) of Cd in soil and tomato ranged from 0.24 to 0.91 and 0.15 to 0.74, respectively.
Except Tannery industry levels of Cd in soil and tomato were exceeded the premise limit proposed by joint
FAO/WHO. In all sites, the bioconcentration factor (BCF) for this heavy metal in tomatoes was found to be
below 1, a sign of low uptake of heavy metals in the tomatoes from the soil. Results suggest that consumption
of these tomatoes might cause health risk the consumers.

Introduction

Nowadays soil pollution through heavy metals and associated food safety is a foremost global
concern. Heavy metals comprise one group of known harmful substances which are naturally
present in soils (Stancic et al. 2016) and initiate from the erosion of rocks or volcanic activity.
Moreover, anthropogenic manners like mineral processing; chemical, metallurgic, petrochemical,
and textile industries; and fuel combustion, among others (Strungaru et al. 2018) have augmented
heavy metals concentrations. Heavy metals are non-biodegradable, and they can move through
food webs to ultimately be consumed by humans, which may result in various health risks due to
their acute or chronic toxicity (Aguilar et al. 2018).

One of the most important sources of agricultural soil pollution are industrial discharges.
Heavy metals like Cd, Zn, and Pb from different sources, more particularly from the industries are
responsible for changes in the soil health (Mani et al. 2015). Untreated or partially treated
industrial discharges may contain significant amount of Cd, Zn and Pb (Islam et al. 2012). These
pollutants can be injurious for the plants and be also responsible for reducing plants life (Gheorghe
and lon 2012). Cadmium (Cd) is an instance of a heavy metal that is very much toxic for plant
growth (Ding et al. 2021). In particular, Cd uptake in plants occurs in the roots via essential metal
transporters and is partially translocated aboveground (Umer et al. 2021). Cadmium in soils not
only reduces crop yield and quality but also threatens both animal and human health because this
metal can bioaccumulate within a food chain (Haider et al. 2021).

According to Khan (2006), around 30,000 industries have been established in Bangladesh,
and out of 30,000 industries around 700 are textile, dyeing and glass industries which are situated
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at Dhaka, Gazipur, Narsingdi and Tangail district. It was estimated that around 30 million gallons
of untreated discharges are polluting environment daily through mixing with water and soil (Jolly
etal. 2012).

Vegetables are essential for human nutrition and health, particularly as source of vitamin C,
folic acid, minerals, niacin, thiamine, pyridoxine and dietary fiber, their biochemical role and their
antioxidative effects (Siegel et al. 2014). One of the most essential aspects of food quality
assurance is heavy metal contamination of the food items (Wang et al. 2005). The presence of
heavy metals in vegetables is influenced by many factors, principally by the crop species and its
metabolism, and by others such as the soil’s initial concentration of contaminants, pH, organic
matter availability, and presence of other ions and molecules (Van der Zee et al. 2021). Crops that
are located close to vehicular traffic and factories also have an increased likelihood of heavy
metals presence (Koptsik et al. 2021).

Tomato remains to be the most significant vegetable in the whole world all because of
increasing dietary and commercial worth, extensive production of tomato as well as exemplary
plant to carry out research (Leander D. Melomey et al. 2019). It is a significant currency and
industrialized crop in several regions of the whole world (Qasim et al. 2018). Tomato contributes
to a well-proportioned and healthy nutrition. They are rich in vitamins, minerals, important amino
acids, dietary fibers and sugars. Tomato comprises abundant vitamin B as well as C, phosphorus
and iron. Tomatoes are processed fresh in salads or cooked in pastes, soup and fish or meat dishes.

The heavy metals can be disseminated from the source point to the soil, ground and
underground water; as a result, they can be spread far away and enter into the food chain and can
poison the organisms (Idzelis et al. 2004). Tusher et al. (2017) reported that the concentration of
heavy metal status in soil and water varies from place to place and discharge sources. Fruits and
leafy vegetables are vulnerable to the heavy metal contamination (Adekunle et. al. 2009). The
farmers of Bangladesh are using polluted land surrounding industrial areas to produce several
kinds of vegetables like tomato, potato and leafy vegetables for the scarcity of cultivable land
especially for vegetable cultivation. This fact necessitates for frequent determination of heavy
metals in fruits, vegetables and soil to ensure that their levels meet the agreed international
standards for the safety of consumers. Thus, the present research was aimed to assess the variation
of Cd concentration in soil of different types of industrial area, to find out the influence of distance
from source point on concentration of Cd in soil and tomato fruit and to find the effects of Cd
concentration on yield of tomato.

Materials and Methods

Top soil (0-15 cm. depths) and fruits of the same species of Tomato (Lycopersicon
esculentum Miller) were collected from the Tannery (Tan.), Pharmaceutical (Phar.) and Textile
(Tex.) industries (I) areas of Savar and Dhamrai upazila under Dhaka district and Narsingdi
Sadarupazila under Narsingdi district of Bangladesh. These sites were selected as intensive
vegetables grown areas as well as the area are continuously polluted by industrial discharges and
agrochemicals. Most of the factories of these areas discharge their effluents to major river directly.
The geographical location and climatic information of the study area are presented in Tablel.

The soil and tomato samples were collected maintaining 100, 200, 300, 400 and 500 m
distance from the selected industries. Five sub-samples of soil and tomato were taken from 2 m x
2 m area of each selected place with 3 replications to prepare composites sample. Each sub-sample
was bulked and a representative sample for each location. Altogether, fifteen (5 x 3 = 15) soil and
tomato samples were collected from each selected industrial area. A total of forty-five (15 x 3 =
45) soil and tomato samples were collected. Collected soil samples were air-dried for three days at
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the room temperature and crushed and passed through 2 mm mesh sieve and stored at ambient
temperature prior to analysis. Tomato samples were washed with tap water and distilled water in
laboratory to remove adsorbed dust and particulate matters and then cut and chopped into small
pieces using plastic knife in order to facilitate drying. Subsequently, the samples were air-dried for
five days and further dried in hot air oven at 50-60°C for 24 hrs. to remove moisture and maintain
constant mass. The dried samples were grounded into powder using acid washed laboratory mortar
and pestle and then sieved using 2 mm mesh size sieve. The sieved samples were finally stored in
polyethylene bags and kept in desiccators until digestion and analysis. Cadmium (Cd) from soil
and tomato samples were extracted by the method of Jackson (1973) using di-acid digestion
mixture (HNO3:HCIO, = 4:1) and analyzed by Atomic Absorption Spectrophotometer (AAS).

Table 1. Physiographic and climatic information of the selected locations.

Industrial area

Landscape properties

Savar Dhamrai Narsingdhi sadar
Latitude 90°16'.03"S 90°16'.03"S 90°38'40"S
Longitude 23%9'.05"N 23%9'.05"N 23%59'14"N
Altitude (m above sea level) 8.61 8.61 13.9
Mean annual rainfall (mm) 1990 1990 2050
Mean annual temperature (°C) 25.8 25.8 25.9

Bioconcentration factor (BCF) is a parameter used to describe the transfer of trace elements
from soil to tomato fruits. It is calculated as the ratio between the concentration of heavy metals in
the vegetables and that in the corresponding soil based on dry weight (Liu et al. 2006). BCF = C
plant/ C soit; Where, C piane and C 5 represent the heavy metal concentration in extracts of plants and
soils on a dry weight basis.

Analysis of variance (ANOVA) was used for analyzing data, where the General Linear
Models (GLM) of Statistical Analysis Software (SPSS) was used (Sawyer et al. 2007). Duncan’s
Multiple Range Test for values and Least Significant Difference (LSD) at 5% level of confidence
were used for separating treatment means. Wherever a significant difference was found the means
obtained compared at p > 0.05 significant level.

Results and Discussion

Data of physico-chemical parameters of soil samples are summarized in Table 2. Based on the
USDA soil classification system, the soil samples were in to sandy loam to loam textural class
with varying the percentage sand (55-65, 55-65 and 60-65%), silt (20-30, 20-30 and 60-65%) and
clay (25-35, 25-35 and 60-65%), respectively. This indicates that all the soils are suitable for
agriculture, as most crops thrive best on loam textured soils (Weil and Brady 2017). The pH value
of the analyzed soil samples was found to range from 6.1 to 6.8 showing that the soil in the area
covered in this study is neutral in nature. All the top soils are moderately acidic and the subsoil are
neutral in reactions. Organic carbon percentage (% OC) of the soil samples was found to be
2.92,2.92 and 1.81% for soil samples under, respectively. Overall, the soils of Savar and Dhamrai
are more fertile than soils of Narsingdhi sadar upazila.
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Table 2. Physico-chemical properties of the sample collected from selected industrial areas.

Soil properties Savar Dhamrai Narsingdhi sadar

1. Soil texture Sandy loam (Sand: Sandy loam (Sand: 55- Loamy soil (Sand: 60-65%,
55-65%, silt: 20-30% 65%, silt: 20-30% and silt: 45-55% and clay: 60-
and clay: 25-35%) clay: 25-35%) 65%)

2. Soil type Deep to shallow red Deep to shallow red Predominantly silt loams to
brown terrace soil brown terrace soil silty clay loams on the

ridges and clay in the basins

3. Topsoil/ subsoil Topsoil moderately  Topsoil moderately  Topsoil moderately acidic
acidic but sub soils acidic but sub soils but sub soils neutral in
neutral in reaction neutral in reaction reaction

4. Organic matter 2.92% 2.92% 1.85%

5. Soil reaction (pH) 6.8 6.8 6.1

Results of concentrations of Cd in soils of different industrial areas presented in Table 3
showed that Cd contents in soil near to the Tannery industry (Tan.l),Pharmaceutical industry
(Phar.l) and Textile industry (Tex.l) ranged from 0.107-0.243, 0.496-0.814 and 0.5887- 0.909
mg/kg, respectively. The highest contents (0.91 mg/kg) were observed in the soil samples
collected at 100m far from Tex.l. The lowest level of Cd (0.107mg/kg) was recorded at soils
collected from 500m far from Tan.l. Among the sampling locations, the Cd level was highest in
the soil around Tex.l followed by Pha.l and lowest in Tan.l. It was also observed that the Cd
concentration was decreasing with increasing distance from the industry. The highest
concentration (0.24, 0.81 and 0.91 mg/kg) in each location i.e. Tan.l, Phar.l and Tex.l,
respectively were recorded in the soil samples collected from100m away from the source point.
This might be due to release of effluents from the source points, which is resulting increased
heavy metal content of the adjacent soil. The lowest level of Cd (0.11, 0.50 and 0.59 mg/kg) were
recorded in soils collected at 500m away from Tan., Phar. and Tex. industry, respectively.
Usually, when the distance from the source increases the Cd concentration decreases, which might
be due to the industrial discharges are the main pollution source (Al-Khashman 2006). One of the
most important sources of metal pollutant in soil are textile industries reported by Deepali and
Gangwar, 2010. According to Noor et al. (2015), nearly all textile industries of Bangladesh follow
conventional methods for manufacturing fabrics, which are responsible for discharging untreated
effluents, these untreated effluents contain significant amount of heavy metals. Cadmium can be
found in the pharmaceutical industrial area due to different chemicals and medicinal plants used in
medicinal industry. That way the effluents can discharge heavy metals into soil (Bulinski et al.
2009). The contents of Cd near to 100, 200, 300, and 400m of pharmaceutical and textile industry
were higher than the threshold value (0.6 mg/kg). The concentrations of Cd in all the soil samples
were below the permissible limit (3.00-6.00 mg/kg) proposed jointly by FAO and WHO (2003).

The concentrations of Cd in tomato fruits grown around the Tannery, Pharmaceutical and
Textile industries were found to differ significantly (Table 3). Cadmium (Cd) contents in tomato
samples exhibited decreased trend in the order of Textile (0.25- 0.74 mg/kg) > Pharmaceutical
(0.19 - 0.68 mg/kg) > Tannery industry (0.02 - 0.15 mg/kg). The concentrations of Cd in tomato
were found to be at maximum close to the Tex.I followed by Phar.I and lowest at Tan.l. In all the
sites, the highest concentration of Cd in tomato (0.74, 0.68 and 0.15 mg/kg, respectively) were
observed in the samples collected at 100m distance from the source point. Similarly, the lowest
value of Cd (0.02, 0.19 and 0.25 mg/kg, respectively) were found in tomato collected from 500 m
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away from source point. The concentration of Cd in tomatoes (0.74, 0.68 and 0.15 mg/kg) from
100,200,300, and 400 m far of Phar.l and Tex.l were above the proposed level (0.20 mg/kg)
jointly by FAO and WHO (2003). But, Cd in tomatoes around the Tan.l was below the FAO and
WHO (2003) standard. Mingorance et al. (2007) and Khan et al. (2008) reported the deposition of
heavy metals in soil, crops and vegetables grown in the vicinity of industrial areas. Jolly et al.
(2013) observed that heavy metals can be readily adsorbed by vegetable roots, and can be
accumulated in the edible parts of vegetables at high levels, regardless of their concentration in the
soil. Naser et al. (2012) also found that Cd level of the road side plants are negatively correlated
with the distance from road.

Table 3.Cadmium concentration (mg/kg) in soil of selected industrial areas.

Name of the industry Distance from the industry

100m 200m 300m 400m 500m
Tannery industry (Tan.l) 0.24c 0.21c 0.18c 0.18c 0.11c
Pharmaceutical industry 0.81b 0.80b 0.72b 0.65ab 0.50b
(Phar.I)
Textile industry (Tex.l) 0.91a 0.86a 0.79 0.68a 0.59a
CV (%) 11.73 7.13 9.24 6.38 17.10

Table 4.Cadmium concentration (mg/kg) in tomato of selected industrial areas.

Name of the industry Distance from the industry

100m 200m 300m 400m 500m
Tannery industry (Tan.l) 0.15¢ 0.12b 0.08c 0.06¢c 0.03c
Pharmaceutical industry (Phar.I) 0.68ab 0.59ab 0.47ab 0.29b 0.19b
Textile industry (Tex.l) 0.74a 0.61a 0.53a 0.35a 0.25a
CV (%) 8.38 3.22 12.13 13.10 15.00

Effects of Cd concentration on the weight (kg/plant) of tomato fruit at different industrial area
are illustrated in Table 5. The weight of tomato collected around the different industrial areas were
significantly (p < 0.05) different from each other. In general, the weight of tomato had increased
with increased distance from the industries. Irrespective of distance, the highest weight of tomato
was found around the Tan.l, whereas the lowest weight was observed at Tex.I area. This shows a
direct relation between the concentration of Cd and weight of fruits, where higher concentration of
Cd resulted lower weight of fruit. The higher concentration of Cd in soil inhibits percentage of
germination, survival percentage, plant height, root length, early flowering, more pollen viability,
total chlorophyll content hence, fruit weight and girth decreased due to increasing concentrations
of Cd. Cadmium (Cd)was reported to affect various aspects of metabolism in different plant
systems (Shah and Dubey 1997). At low concentrations, Cd acts as a photophosphorylation
inhibitor in spinach chloroplasts (Tukendorf 1993). Ding et al. (2021) reported that Cadmium (Cd)
is an instance of a heavy metal that is very much toxic for plant growth. Therefore, as the
physiological process is hampered by Cd concentration, reduced fruit weight was observed from
the study.
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Table 5. Weight (kg/plant) of tomato fruit of Cd affected soil from different industrial areas.

Name of the industry Distance from the industry

100 m 200 m 300 m 400 m 500 m
Tannery industry (Tan.l) 0.93a 1.07a 1.05a 1.15a 1.24a
Pharmaceutical industry (Phar.l.) 0.51b 0.54b 0.58b 0.72b 0.85b
Textile industry (Tex.l.) 0.46¢ 0.48bc 0.57b 0.62c 0.74c
CV (%) 13.04 11.88 1.63 13.19 12.29

The experimental results revealed that the bioconcentration factor (BCF) of the Cd differed
significantly (p < 0.05). The BCF of Cd from soil to tomatoes was increased in the order of Tan.I
< Tex.I< Phar.l. This is an apparent sign that the BCF of Cd in tomato sample grown at Phar.l
was higher compared to that of other industries. Results of this study also revealed that tomato
grown near the Tex.l accumulates Cd to larger extent compared with Phar. and Tan. industries.
Conversely, Cd was observed to accumulate in tomato samples very comparably with BCF values
of 0.61, 0.8410 and 0.81grown around Tan.l, Phar.l and Tex.l, respectively (Table 6). Even
though the BCF values obtained in this study are all < 1. Khan et al. (2009) reported that higher
BCF imitate comparatively poor retention in soils or greater efficiency of vegetables to absorbs
metals. Low transfer factor reflects the strong absorption of metals to the soil colloids. Transfer
and accumulation rates of the heavy metals to plants vary depending upon certain factors together
with types of plant species, amount and types of heavy metals, physicochemical characteristics of
the soil itself (Naser et al. 2012, Sharma et al. 2018).

Table 6. Bioconcentration factor (BCF) of Cd for Tomato.

Name of the industry Distance from the industry

100m 200m 300m 400m 500m
Tannery industry (Tan.l) 0.625¢ 0.571c 0.444c 0.328 0.209
Pharmaceutical industry (Phar.l.) 0.840a 0.738a 0.653a 0.446 0.380
Textile industry (Tex.l.) 0.813b 0.709b 0.671b 0.515 0.424
CV (%) 2.02 3.45 2.68 13.39 10.37

The experiment results revealed that the the concentration of Cd in soils and tomatoes
samples exhibited decreased trend in the order of Textile >Pharmaceutical> Tannery industrial
area. Cadmium (Cd) concentration in soil and tomato fruits decreased with increased distance
from the industries indicating that industrial effluents are playing a vital role for adding Cd in the
soil and growing crops which is ultimately enter into food chain. Therefore, regulation should be
forced to establish effluent treatment plant (ETP) in every industry to treat their effluent before
discharge in open place for keeping soil and crops grown industrial areas Cd free. Results also
indicate that the concentration of Cd in tomatoes around Pharmaceutical industry and Textile
industry were above the proposed level jointly by FAO and WHO, but around the Tannery
industry below the FAO and WHO standard. The BCF of Cd in tomatoes was found to be lower
than 1,representing balance proportion of Cd between the soil and the vegetables. Overall results
suggest that vegetables growing soil around the industrial area containing higher amount of metals
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that could be transferred into edible parts of the plant then human body, so studied area need to be
monitored regularly to avoid health risk of human being due to exposure of toxic level.
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