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Abstract. This study investigated the differences in the concentrations of trace metals in four different tomato
varieties cultivated on soil treated with municipal waste sludge in Pretoria, South Africa. Fruits were harvested at
maturity and analyzed for trace metals content using Inductively Coupled Plasma Mass Spectrometry (ICP-MS).
The study showed that different varieties of tomatoes bioaccumulated different trace metals from the soil:
Rodade tomato bioaccumulated the highest concentrations of Mn, Cr, Cu and Ni, Roma bioaccumulated the
highest concentrations of Cd, Fe and Pb while Heinz bioaccumulated the highest concentrations of As and Zn.
The lowest concentrations for most trace metals was recorded in Cherry tomato. The calculated contamination
factor values of trace metals like Cr, Cu, Pb and Zn were above the safe value of 1 which indicated that some of
the tomato fruits may be unsafe for human consumption. However, the contamination factor values for the
remaining trace metals were well below the safe value of 1. The tomato varieties used in the study,
bioaccumulated the toxic trace metals in their fruits and values obtained for Zn, Pb, Cu, Cr, and Fe were higher
than the acceptable limit set by the World Health Organization (WHQ) and the Agency for Toxic Substances
and Disease Registry (ATSDR) (2008). Using sewage sludge like the one used in this study may not be suitable
for some crops. Hence, care should be taken when these tomato varieties are either cultivated or harvested for
consumption and attention should be given to the growth medium used.
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Introduction

Globally, the growing demand for food because of increase in human population is a
challenge. Considering the current world population of about 7.6 billion and projected
population of 8.9 billion by 2050 according to the World Population Data Sheet 2020, this
makes the UN SDG goal of ensuring food security a serious concern. Therefore, there is an
urgent need to improve sustainable food production systems to meet ever-increasing
demand (Pawlak and Kotodziejczak, 2020). Different soil enhancers such as municipal
sewage sludge have been used by farmers to meet the need of the ever-increasing
population demand for food (Gattullo et al., 2017). Municipal sewage sludge is generally a
residual product of municipal wastewater treatment and has been reported to be rich both
in organic matters and inorganic nutrients. In some instances, it is used in crop production
because of its beneficial effects on the physical, chemical and biological properties of soils
thereby increasing crop yield (Pascuala et al., 2010). The application of chemical fertilizers
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has been successful in increasing crop productivity in western countries and Asia.
However, due to the high cost of these chemical fertilizers as well as the reports of their
negative impacts on the environment, attention is now shifting towards the use of organic
manures as a better and sustainable replacement (Chandrashekar, 2010).

In sub—Saharan Africa, soil fertility losses are critical and have been reported to be the
limiting factors of crop production hence more farmers are using municipal sewage sludge
(Healy et al., 2016). In South Africa, municipal sewage sludge is classified for its
agricultural use according to the guidelines of Snyman and Herselman (2006). Kenya
standards recognize treated sewage sludge as a permissible agricultural input for use as
fertilizer (Moya et al., 2019) and application of municipal sewage sludge is common in
some of the major soils used for production of various field crops in Zimbabwe (Gwenzi et
al., 2009). In a study conducted by Cornelissen et al. (2013) in Zambia, maize yield
increases between 80% and over 400% were observed on municipal sewage sludge
amended soil relative to the control. In Ghana, Yeboah and Appiah-Yeboah (2009)
reported an increase in Nitrogen recovery of up to 5% when municipal sewage sludge was
applied to corn fields on sandy soil. The use of municipal sewage sludge is a common
practice and often used mostly by peasant farmers.

Despite the beneficial effects of these organic manures, some literatures have also
pointed to the negative aspect of using them in agriculture. For instance, Olowoyo et al.
(2015) reported that the municipal sewage sludge may contain among others different
pollutants such as trace metals, pharmaceuticals and some polycyclic aromatic
hydrocarbons which may be bioaccumulated by plants if sewage sludge containing these
pollutants are used for agricultural purposes.

Tomato is reported to be the second-largest vegetable crop grown and consumed
worldwide (Verma et al., 2014). It was reported that 181 million tons of tomatoes were
grown on 5 million hectares of farmland in 2018 (FAOSTAT, 2018). Essential plant
nutrients, such as Nitrogen (N), Potassium (K), and Phosphate (P) are fundamental for
tomato growth and development, and farmers are enhance the soil nutrients to increase the
production with organic manure such as municipal sewage sludge (Ansari et al., 2022).

Sewage sludge is an inevitable residual product of municipal wastewater treatment
which may present environmental concerns depending on the method used to generate the
sewage sludge due to unwanted components such as trace metals, synthetic organic
compound, and pathogens (Velli et al., 2021). Tomato may accumulate trace metals by
taking them from contaminated soil, as well as from deposits on areal parts exposed to
emission from polluted environments (Bassey et al., 2014). Aina et al. (2018) also reported
on the bioaccumulation potential of the tomato plants used in their study but did not
compare other varieties.

Elevated concentration of trace metals can be toxic to plants by competing with
essential ion such as phosphate and nitrate groups as well as altering cell permeability
(Gattullo et al., 2017). Over the years, increasing food safety requirements have stimulated
research into the risk associated with consuming food products contaminated with
pesticides and trace metals (WHO, 1999; Bourn and Prescott, 2002; Lu et al., 2015 and,
Ali et al., 2020). Research on tomato production now focuses on the ability of tomato to
bioaccumulate pollutants such as trace metals from soils (Shrestha et al., 2019). To the best
of our knowledge at the time of conducting this research, there is no known documented
research on the variations in the ability of different tomato species to bioaccumulate trace
metals from the soil. Therefore, this research investigated the differences in the
concentration of trace metals in different tomato varieties namely Cherry tomato (Solanum
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lycopersicum var. cerasiforme), Roma tomato (Solanum lycopersicum var. roma), Heinz
tomato (Solanum lycopersicum var. heinz) and Rodade tomato (Solanum lycopersicum var.
rodade) cultivated using municipal sewage sludge. The study also assessed the growth and
yield of tomatoes with respect to municipal sewage sludge as organic manure.

Materials and methods
Study area

The study was conducted at the production unit of Sefako Makgatho Health Sciences
University (SMU) situated in the northern part of Pretoria, South Africa in a small
township called Ga-Rankuwa (Coordinates: 25°37'12"S 27°58'48"E). Ga-Rankuwa, a
township in the City of Tshwane. The climate is a mix of extremely hot and rains in
summer, followed by winters and autumns.

Sampling procedure

The experimental design consisted of 150 g of municipal sewage sludge which was
added to four groups of four sets of pot plants (25 cm diameter) and thoroughly mixed with
the 5 kg soil. For control, four groups of four sets of pot plants were also set up with 5 kg
soil, without any amendment. The quantity of amendments that was used was based on the
result of Aina et al. (2018) which showed tomato plants performed optimally in the soil
treated with 150 g of organic fertilizers in comparison to other amounts of organic
fertilizers used in the study. The experiment was laid out using Randomized Block Design
(RBD) with 32 pot plants divided into four groups which were further divided into 2
groups. The soil sample was collected at Production Unit of Sefako Makgatho Health
Sciences University. The topsoil samples were collected at a depth of 0-25 cm and
manually cleaned to remove remnants of roots, stones, twigs, and other impurities.
Municipal sewage sludge was collected from Daspoort Wastewater Treatment Plant. The
amended soils were then left for two weeks before transplanting to allow proper
mineralization of the nutrients from the manure (Aina et al., 2019). Pot plant saucers/trays
were placed under the perforated bottom pots to prevent nutrient loss by runoff during
irrigation. Tomato seeds were all procured from a registered nursery merchant in
Malanseuns (Plantland) Akasia North of Pretoria South Africa. The seeds were used to
raise a nursery in the four trays consisting of germination mix for seed beds, with each
seed bed containing each tomato type. The tomato seedlings at three weeks (about 10 cm)
old were transplanted into pot plants containing a sewage sludge treated soil. Two tomato
seedlings were planted in each pot plant. The pots were watered with daily and care was
taken to avoid water logging by irrigating the pots with the required quantity (Aina et al.,
2018). Irrigation happened in the afternoon, once every two days and sometimes every day
depending on the ambient temperature and the observed water requirement by the plants.
Crop growth was monitored and recorded weekly.

Sample preparation and analysis
Tomato and soil samples preparation

The soil samples were air-dried by spreading them on a laboratory table, ground,
passed through a < 60 mm mesh sieve according to the procedure described by (Aina et
al., 2018) and stored in labelled polyethylene air-tight bags for trace metal analysis.
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At harvest, ripe and injury free tomato fruits from each of the variety were weighed
using Luna precision balance scale. After weighing, tomatoes were sliced into small
pieces and oven dried with warm air at predetermined temperatures of 75°C for 48 h
which were fixed based on preliminary trials. Dried tomato samples were removed and
ground using a blender into powdery form which was used for trace metals analysis.

Open acid digestion process for trace metals analysis

Measuring the metal concentration in soil is generally a combination of a digestion
process to dissolve elements and a subsequent measurement of the dissolved elements.
The open acid digestion method as described by (Tefera et al., 2020) was used for all
the samples digestion. A mixture of 3 ml of nitric acid, 5 ml of perchloric acid and 4 ml
of hydrogen peroxide was pipetted into an Erlenmeyer flask containing 0.5 g of the
finely ground sample (tomato or soil) and was heated until clear solution was obtained
(digestion complete). The solution was then transferred into 50 ml volumetric flask and
deionized water was added to make up to the 50 ml mark and filtered with a Whatman
No. 42 filter paper before being analyzed for trace metal concentration using
Inductively Coupled Plasma Mass Spectrometry (ICP-MS). A certified reference
material was prepared the same way with the experiments and analyzed.

Soil pH

The soil-water suspension method described by Patil et al. (2019) was used in the
determination of the soil pH, using HT-1202 Digital pH meter fitted with a H + sensing
glass electrode.

Transfer factor

The transfer factor (TF) is calculated as the ratio of the metal concentration in the
soil to that in the plant tissues. It is calculated as the ratio of the concentration of the
specific metal in the plant tissue (CT) to its concentration in the soil (Csoil) (Olowoyo
etal., 2010 and Aina et al., 2019).

TF=CT/ Csoil (Eq.1)

In this case, TF values > 1 indicate higher absorption or bioaccumulation of trace metals
from the soil by the plant and TF values < 1 indicate lower absorption and the plant with
such TF value is known as excluder (Dinu et al., 2020).

Contamination risk assessment

Contamination risk (ContR) of metals in fruits was estimated as the ratio of metals
observed in tomato fruits to the corresponding permissible values.

ContR = CT/CS (Eq.2)

where CT is concentration of metals in tomato fruit samples, while CS is permissible
limits of metals in foods. Values of ContR > 1.0 indicate contaminated products that
may be unsafe for consumption, while ContR < 1.0 indicate non-contamination and safe
for consumption (Taiwo et al., 2022).
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The contamination risk assessment was conducted using the following Permissible
Limits of Metals in Foods set by WHO/FAO seen in Table 1.

Table 1. Permissible limits of metals in foods

Trace metals WHO (2018)/FAO (2015) standard (ng/g)

As 0.50
Cd 5

Cr 1.30
Cu 15

Fe 425
Mn 500
Ni 100
Pb 1.20
Zn 200

Hazard quotient

The risk to human health from the consumption of trace metals contaminated
vegetables was calculated using the hazard quotient (HQ) (USEPA, 2011). HQ is the
ratio between exposure and oral reference dose (RfD). It is reported that HQ equals to
or greater than 1 indicates potential health risk, but HQ less than 1 indicates no obvious
health risk (Tables 2 and 3).

ADDipg = Cr x T4 222 < 106 (Eq.3)
HQ=177 (Eq-4)

Table 2. Exposure factors and reference value of parameters used for the human health risk
evaluation of heavy metals

Factor Units Children Adults
Cr (heavy metal concentration in tomato)
IngR (ingestion rate) mg/day 200 100
EF (exposure frequency) days/year 350 350
ED (exposure duration) years 6 24
BW (body weight) Kg 15 55.9
AT (average time) Days 365 x ED 365 x ED

Table 3. Heavy metals oral reference dose (Nkansah et al., 2017)

Trace metals

Oral RfD (mg/kg/day)

As
Cd
Cr
Cu
Fe
Mn
Ni
Pb
Zn

3.0 x 10*
5.0x10*
3.0x 1073
4.0 x 102
7.0 x 101
1.4 %10
2.0 x 102
3.5x10°
3.0x 10
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Statistical analysis

Data are expressed as mean =+ standard deviation. All statistical analyses were
performed using SPSS 26.0. A one-way analysis of variance (ANOVA) was used to
determine if the differences obtained in the concentrations of trace metals from different
tomato varieties were significant. The statistical significance and a post hoc test using
Duncan Multiple Range Tests (DMRT) for the separation of the means of the different
treatments was performed at 95% confidence interval. The significance level was set at
p < 0.05 for all statistical analyses.

Results and discussion
Trace metals concentration in the soil

The results of the trace metal concentrations in the soil (Table 4) showed that the mean
concentrations of trace metals from untreated soil (control) were lower than those of
treated soils. Although there were no significant differences in the concentrations of trace
metals from the untreated and treated soils, the trace metal concentrations in the treated
soil were higher than the untreated soil. This suggests that the municipal sewage sludge
might have high levels of these metals and might have elevated the metal concentrations
in the treated soil. Similar results were presented by Smith (2009) who found that
municipal solid waste (MSW) compost contains more trace metals than the background
concentrations present in soil and will increase their contents in amended soil. There is a
possibility of the trace metals concentration being alleviated in the treated soil of this
study because soil samples were collected at the Production Unit of Sefako Makgatho
Health Sciences University with close proximity to dual carriage road (Moletlegi road)
which is often busy with cars and a railway line that is mostly used by goods train to
transport coals and other minerals from mines. Previous study by Olowoyo et al. (2013)
showed that soils from these areas were high in trace metals and ascribed the high
concentration to the high traffic area and the close proximity to mining areas around the
university community. Municipal sewage sludge was collected from Daspoort
Wastewater Treatment Plant Pretoria, South Africa. It was built to treat wastewater from
hotels, houses, schools, shopping malls and other commercial properties from Pretoria
Central as well as water without waste from mines and abattoirs. Trace metals found in
the sludge in this study could possibly be from those sources. Similar results were
recorded in a study by Shamuyarira and Gumbo (2014) who conducted an assessment on
the levels of silver and other heavy metals in municipal sewage sludge collected from
wastewater treatment plants (WWTPs) in five towns from Limpopo province of South
Africa. The presence of heavy metals in the sewage sludge were found in excess from all
five towns and they recommended that environmental hazards guidelines to be practiced
should the sludge be applied as a soil ameliorant. Furthermore, Tytla (2019) assessed the
pollution and potential ecological risk of seven heavy metals (Cd, Cr, Cu, Hg, Ni, Pb and
Zn) in the sewage sludge collected from a wastewater treatment plant in Poland.

Table 4. Trace metals concentration (ug/g) in the soil

As Cd Cr Cu Fe Mn Ni Pb Zn
Untreated soil|8.54+0.02 2[2.55+0.05%(396.63+1.01% 2612.25+0.57%| 1650241.2+6.667 | 49487.00+0.58% |2265.27+1.00%| 181.08-+0.58%| 1027.61+0.58?
Treated soil [13.68+0.58°7.85+0.00°(547.62+0.57°3119.68+1.01°|1669134.7+57.45%|148437.25+0.73% 2228.33+1.16%| 227.83+0.99%| 2870.39+1.00°

*Different letters in the same column indicate significant difference (P < 0.05) and same letter denotes no significant difference (p
>0.05)
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Trace metals concentration in tomato fruits

The results of the trace metal concentrations in harvested tomato fruits (Table 5)
showed that concentration of Zn for fruits from both untreated and treated soils ranged
from 164.54 +£0.76 pg/g to 248.73 +32.52 ng/g, with the maximum concentration
recorded in Heinz and the lowest value in Cherry tomato. The values obtained for Zn,
indicated that the concentration from tomatoes fruits harvested from the soil treated
with municipal sewage sludge were all above the maximum limit of 200 pg/g
recommended by World Health Organization (WHO) in agricultural products (Alia et
el., 2015). A plant concentration of 100 mg/kg Zn is given by Filipiak-Szok et al. (2015)
as a critical indicator of whether the environment is contaminated with Zn. The high Zn
content in all tomatoes including those from control soils indicate that the topsoil
around production unit in Sefako Health Sciences University may be polluted with zinc
and showed the bioaccumulative potentials of all the tomato fruits used in this study.
The highest concentration for Cd in this study of 1.32 +0.06 pg/g was recorded in
Roma tomato and lowest concentration 0.23 + 0.01 pg/g was recorded in Cherry tomato
harvested from untreated soils (Table 5). The result of this study indicated low
concentrations that were significantly lower than the permissible limits recommended
by WHO in agricultural products. Cadmium is carcinogenic, neurotoxic and
nephrotoxic and causes skeletal diseases, liver damage, cardiovascular diseases,
dysfunction of the sex glands and disturbs the mineral balance in the body (Unsal et al.,
2020 and Rehman et al., 2021).

Results for Pb from this study ranged from was 6.71 + 0.06 ug/g to 16.76 + 1.00 ug/g
in fruits of tomatoes harvested both from the treated and untreated soils. Differences
obtained in the concentrations of Pb for some of the harvested fruits were significant
(p < 0.05) (Table 5). The highest concentration of Pb of 16.76 + 1.00 ug/g was recorded
in Roma tomato harvested from untreated soils and lowest 6.71 +0.06 pg/g was
reported in Cherry tomato harvested from untreated soils (Table 5). The result of Pb
obtained from the tomato fruits in this study exceeded the 1.2 pg/g set by WHO for
agricultural products. The increase was about 5 to 12 times more than the recommended
limit and higher concentration of Pb causes cardiovascular disease, disrupts hemi
biosynthesis and vitamin D metabolism, causes kidney and liver dysfunction, disorders
of the immune system and reproductive organs, and disrupts iron, zinc and copper
metabolism (Jomovaa and Valkob, 2011; Briffa et al., 2020). Cr concentrations in the
tomato fruits ranged from 72.03 £ 0.58 nug/g to 89.32 £6.45 ug/g and those of Cu
ranged from 48.46 + 0.60 pg/g to 88.22 £ 5.12 pg/g (Table 5). Chromium and Copper
maximum concentrations 89.32 + 6.45 pg/g and 88.22 +£5.12 pg/g respectively were
reported in Rodade tomato. However, the lowest concentrations for Chromium and
Copper 72.03 £ 0.58 pg/g and 48.46 = 0.60 pg/g respectively were recorded in Cherry
tomato (Table 5).

The mean concentrations measured for Cu and Cr were well above the WHO
recommended permissible limits of 15 mg/g and 1.3 mg/kg, respectively for agricultural
products. Although Cu and Cr are essential elements for enhancing the action of the
hormone their excessive concentrations in tomatoes are of great concern because of
their toxicity to humans (Gharibzahedia and Jafarib, 2017; Rehman et al., 2021). They
are associated with several diseases, particularly cardiovascular, renal, nervous system,
blood and bone diseases (Sardar et al., 2013).

Nickel is a poisonous trace metal that pose as a significant health risk to humans
even in low concentrations (Mohmand et al., 2015). Too much of Ni can cause

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(1):917-931.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2201_917931
© 2024, ALOKI Kft., Budapest, Hungary



Olowoyo et al.: Assessing differences in the concentrations of trace metals from different tomato varieties harvested from soils
treated with municipal waste sludge
-924 -

physiological changes and symptoms of toxicity such as chlorosis and necrosis in plants
(Nagajyoti et al., 2010). Exposure to toxic levels of Ni can lead to blindness and
elevated serum cholesterol and blood sugar levels (Khan and Awan, 2014; Castiello et
al.,, 2020). The results of this study showed that Ni values ranged from
41.29+0.16 pg/g to 46.85+2.23 pg/g (Table 5). Nickel highest concentration
46.85 + 2.23 ng/g was recorded in Rodade tomato harvested from treated soils and
lowest 41.29 + 0.16 pg/g was recorded in Cherry tomato harvested from untreated soils
(Table 5). The permissible limit of 100 mg/kg recommended by WHO for Ni was not
exceeded in the current study.

Table 5. The trace metals concentrations (ug/g) in the fruits of different varieties of tomatoes
planted on treated and untreated soils.

Tomato varieties
;nrg?gg Cherry Roma Heinz Rodade
Treated Control Treated Control Treated Control Treated Control
As 0.33+0.06* | 0.35£0.06° | 0.23+0.04%®® | 0.22+0.01° | 0.30£0.07* | 0.36+0.01¢ | 0.26+0.04*° | 0.29:+0.01%
Cd 0.36+0.15® | 0.23+0.01° | 1.06+0.30° | 1.32+0.06° | 0.67+0.02° | 0.67+0.01° | 0.47+0.04* | 0.46+0.02%
Cr | 77.93+7.78® | 72.03+0.58% | 86.89+2.53° | 87.17+0.58° | 81.79+4.76™ |78.59+0.51%®| 89.32+6.45° | 85.14+0.57"
Cu | 66.35+19.61° | 48.46+0.60° | 83.82+6.37° | 78.59+0.57> | 85.38+4.78° | 84.97+0.55°| 88.22+5.12° | 84.03+0.57°
Fe | 668.74+89.68" |664.33+1.12°|777.37+45.49°| 800.93+1.02° |570.17+79.66%|572.61+0.57%| 766.85+5.60° | 763.23+0.72°
Mn | 135.29+44.71° | 95.10+0.05% | 167.31+6.41% | 166.28+1.00 [164.39+22.28°1184.12+0.00°| 166.27+20.94 | 185.05+0.58°
Ni | 44.76+4.41% | 41.29+0.16° | 46.19+1.50° | 45.62+1.00° | 45.67+3.33% | 42.66+0.57° | 46.85+2.23" | 44.94+0.57%
Pb | 10.06+6.52* | 6.71+0.06° | 15.88+3.11% | 16.76+1.00¢ | 12.35+1.81° [11.12+0.01%*| 16.56+2.64¢ | 15.84+0.58%
Zn [217.25+60.66%°| 164.54+0.76%|243.49+22.71°| 225.48+1.00™ |248.73+32.52°|232.22+0.58¢| 212.70+48.87%*¢| 170.45+0.55%

*Different letter(s) in the same row indicate significant differences (p < 0.05) and same letter(s) in the same row denote no
significant difference (p > 0.05).

The results of Fe concentrations in fruits from this study ranged from
570.17 £79.66 pg/g to 800.93+£1.02 pg/g and that of Mn range from
95.10 £ 0.05 ng/g to 185.05+0.58 pg/g. The highest concentration of Fe was
recorded in Roma tomato 800.93 + 1.02 pg/g harvested from untreated soils and the
lowest 570.17 + 79.66 pg/g in Heinz tomato harvested from treated soils. A particular
trend was not noticed for this trace metal; however, the lowest concentrations were
obtained from tomato fruits harvested from untreated soils (Table 5). Furthermore, the
highest concentration 185.05 + 0.58 pg/g for Mn was recorded in Rodade tomato and
the lowest 95.10 + 0.05 pg/g was recorded in Cherry tomato, both harvested from
untreated soils (Table 5). Iron mean concentrations were all relatively high, and way
above the permissible limits of 425 mg/g for agricultural products by the Agency for
Toxic Substances and Disease Registry (ATSDR) (2008). Mn mean concentration
were below the permissible limits of 500 mg/g for agricultural products by the
ATSDR (2008).

The result of the concentrations of trace metal in Solanum lycopersicum fruit in
this study showed that Rodade tomato accumulated the highest concentrations of
Mn, Cr, Cu and Ni, Roma accumulated the highest concentrations of, Cd, Fe and Pb
while Heinz accumulated the highest concentrations of As and Zn (Table 5). Cherry
tomato on the other hand, recorded the lowest concentrations for most of the trace
metals, Cd, Cr, Cu, Mn, Ni, Pb and Zn (Table 5). Furthermore, different varieties or
cultivars of tomato grown on the same soil may accumulate different amounts of the
same element. Some authors have associated the differences in the accumulation of
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trace metals by plants, to plant varieties, plant age and tissues (Ramos et al., 2002;
Adrees et al., 2015). The differences in bioaccumulation pattern of trace metals by
the four different types of tomatoes may be due to changes in the physiological
characteristics of these plants, as different plant species have differential responses
to same element (Alvarez-Robles et al., 2022). This result further suggests that
within the same plant species, the bioaccumulation varies for different elements.
Similar results were found in a field study conducted by Khan et al. (2019). Their
study was conducted to evaluate the potential effects of these three environmental
pollutants on uptake and bioaccumulation of chromium, copper, nickel and zinc by
lettuce, potato and tomato.

Soil pH and metals transfer factor (TF)

Results of TF (Table 6) of trace metals determined in this study ranged from, As
(0.02 - 0.04), Cd (0.05 - 0.18), Cr (0.14 - 0.22), Cu (0.02 - 0.03), Fe (3.42x10™* —
4.66x10%), Mn (9.11x10™* — 3.74x107%), Ni (0.02 - 0.02), Pb (0.04 - 0.09) to Zn (0.07 -
0.17). The overall results showed that the TF of the metals with respect to Solanum
lycopersicum fruits was less than 1 (Table 6). The highest TF was recorded in Cd from
tomatoes cultivated in control soil with Roma tomato being the variety with the highest
value. The TF was very low for all trace metals in all different varieties of tomato
(Table 6). The lower values of TF recorded in this study may be due to the relatively
high values of trace metals present in soil samples used in this study. However,
considering the recommended limit of the intake of these trace metals in food, some of
them may not be suitable for human consumption owing to the WHO recommended
limit.

Table 6. Transfer factor of trace metals in different varieties of tomatoes planted on treated
and control soil

Different tomato varieties
;2?;;35 Cherry Roma Heinz Rodade

Treated | Control | Treated | Control | Treated | Control | Treated | Control
As 0.02 0.04 0.02 0.03 0.02 0.04 0.02 0.03
Cd 0.05 0.09 0.14 0.52 0.09 0.26 0.06 0.18
Cr 0.14 0.18 0.16 0.22 0.14 0.20 0.16 0.21
Cu 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03
Fe 4.01x10* | 4.03x10* | 4.66x10* | 4.85x10* | 3.42x10* | 3.47x10* | 4.59x10* | 4.62x10*
Mn | 9.11x10* | 1.92x102 | 1.12x102 | 3.36x10 | 1.11x102 | 3.72x102 | 1.12x102 | 3.74x10°®
Ni 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Pb 0.04 0.04 0.07 0.09 0.05 0.06 0.07 0.09
Zn 0.08 0.16 0.08 0.22 0.09 0.23 0.07 0.17

The pH (Table 7) of soil solutions strongly influences the nature and fate of heavy
metals in the soil (Nag et al., 2022). The pH of the soil used in this study were all within
the alkaline medium which may not fully support the movement of trace metals from
the soil to the plants however, the concentrations of trace metals in the soil samples
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used, the nature of the soil and the soil enhancer used in this study might have favored
the mobility of the trace metals in the soil (Gupta et al., 2008; Zhang et al., 2010 and
Olowoyo et al., 2015).

Table 7. The mean values of pH of the soil and municipal sewage sludge soil

Treatments Control Municipal sewage sludge
H20 7.43+0.14 7.62+0.16

Contamination risk

The values of contamination risk (Table 8) of metals in fruits in the study for Cr, Cu,
Fe, Pb and Zn were greater than 1 which indicate contaminated products that may be
unsafe for human consumption. The mean values of Contamination Risk Assessment
showed the order: Cr (63.35) > Cu (5.17) >Fe (1.64) >Zn (1.07) > As (0.59) > Ni
(0.45) > Pb (0.44) > Mn (0.32) > Cd (0.13) (Table 8). Therefore, Cr, Cu, Fe and Zn
were the main contaminants reaching a very strong contamination level.

Table 8. Contamination risk assessment in different varieties of tomatoes planted on treated
and control soil

Different tomato varieties
Trace -
metals Cherry Roma Heinz Rodade
Treated | Control | Treated | Control | Treated | Control | Treated | Control

As 0.66 0.70 0.46 0.44 0.60 0.72 0.52 0.58
Cd 0.07 0.05 0.21 0.26 0.13 0.13 0.09 0.09
Cr 59.95 55.41 66.84 67.05 62.92 60.45 68.70 65.49
Cu 4.42 3.23 5.59 5.24 5.70 5.66 5.88 5.60
Fe 1.57 1.56 1.83 1.88 1.34 1.35 1.80 1.80
Mn 0.27 0.19 0.33 0.33 0.33 0.37 0.33 0.37
Ni 0.45 0.41 0.46 0.46 0.43 0.46 0.47 0.45
Pb 8.38 5.59 13.23 13.97 10.29 9.27 13.80 13.20
Zn 1.10 0.82 1.22 1.13 1.24 1.16 1.06 0.85

Hazard quotient

The hazard quotient (HQ) data of trace metals determined in tomato fruit samples
consumed by adults and children are presented in Tables 9 and 10 respectively. The HQ
results for all the trace metals were <1 signifying no carcinogenic risk for both adult
and children consuming the fruits at this stage. However, the results obtained for Cr
indicated values that are close to the threshold which may require caution if tomatoes
fruits harvested in this study is to be consumed. It should be noted that several factors
are considered when determining the HQ. The HQ of trace metals estimated in the
tomato fruits were generally higher in the exposed children (Table 10) than the adults
(Table 9). Children are reportedly more susceptible to toxicants than adults. The reasons
can be explained by their poorly developed immune system, low liver function,
gastrointestinal uptake of pollutants and high uptake rate in relation to their low body
mass (Taiwo et al., 2022).
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Table 9. Hazard quotient of trace metals in different varieties of tomatoes planted on treated
and control soil for adults

Different tomato varieties

Trace Cherry Roma Heinz Rodade
metals | Treated | Control | Treated | Control | Treated | Control | Treated | Control
As 1.89x107% | 2x102 |1.32x10%° | 1.26x102 | 1.7x10%° | 2.06x102 | 1.49x102 | 1.66x107
Cd 1.24x10% | 7.90x10™ | 3.64x1073 | 4.52x10% | 2.30x102 | 3.00x103 | 1.61x102 | 1.58x1073
Cr 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05
Cu 2.85x102 | 2.08x107 | 3.60x10° | 3.38x102 | 3.65%x107 | 3.65x1072 | 3.78x102 | 3.60x107
Fe 1.64x10% | 2.00xi02 | 1.90x1073 | 1.96x102 | 1.40x103 | 1.40x107 | 1.89x102 | 1.87x1073
Mn 1.66x1073 | 1.16x10% | 2.05x10° | 2.04x102 | 2.01x10? | 2.25x1072 | 2.04x102 | 2.26x107
Ni 3.84x1073 | 3.54x10% | 3.96x103 | 3.96x1073 | 3.66x10° | 3.66x1073 | 4.02x1073 | 3.86x10°3
Pb 4.94x1073 | 3.29x10% | 7.77x10%° | 8.20x1072 | 6.06x107° | 5.46x102 | 8.11x102 | 7.77x107
Zn 1.24x107%{ 9.40x10™ | 1.39x1073 | 1.29x107% | 1.42x102 | 1.33x1073 | 1.22x10% | 9.73x10*

Table 10. Hazard quotient of trace metals in different varieties of tomatoes planted on
treated and control soil for children

Different Tomato varieties
Trace -
metals Cherry Roma Heinz Rodade
Treated | Control | Treated | Control | Treated | Control | Treated | Control
As 0.01 0.01 9.80x107% | 9.81x1073 0.01 0.02 0.01 0.01
Cd 9.20x107% | 5.88x1073 0.03 0.03 0.02 0.02 0.01 0.01
Cr 0.33 0.31 0.37 0.37 0.35 0.33 0.38 0.36
Cu 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03
Fe 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.01 8.71x1073 0.02 0.02 0.02 0.02 0.02 0.02
Ni 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Pb 0.04 0.02 0.06 0.06 0.05 0.04 0.06 0.06
Zn 9.27x10% | 70x1073 0.01 9.60x107 0.01 9.90x1073 | 9.07x103 | 7.27x10°3
Conclusion

The study examined the ability of different varieties of tomatoes in bioaccumulating
trace metals from soil amended with municipal sewage sludge. It was evident from the
study that different varieties of tomatoes bioaccumulated different types of trace metals
from the soil. Generally, Heinz bioaccumulated more of As and Zn than all other tomato
varieties used in the study. Similarly, Rodade bioaccumulated more of Cr, Cu, Mn and
Ni than all other varieties of tomatoes used in this study. The highest concentration for
Cd, Fe and Pb concentrations were recorded in Roma. Cherry tomato bioaccumulated
least concentrations of trace metals than all other varieties. The overall concentrations
obtained from tomato fruits harvested from treated soils were all higher than the
untreated soils except in the case of Roma tomato where there is 0.1 increase in favor of
untreated soils. The results obtained either for the control or the treated groups, the
tomato varieties used in the study, bioaccumulated the toxic trace metals in their fruits
and some of the values obtained were higher than the acceptable limit, which may then
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imply that the varieties of tomato used in this study bio accumulated the toxic trace
metals from the soil, hence care should be taken when these tomato varieties are either
cultivated or harvested from polluted areas.
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