Ebong, et al: Effects of NPK fertilizers on trace metals loads in soil and
vegetables, bioavailability in vegetables and the related health risk using
simulation techniques https://dx.doi.org/10.4314/WOJAST .v14i2.42

Open Access article published under the terms of a
Creative Commons license (CC BY).
http://wojast.org

Supported by

EFFECTS OF NPK FERTILIZERS ON TRACE METALS LOADS i
IN SOIL AND VEGETABLES, BIOAVAILABILITY IN VEGETABLES

TERTIARY EDUCATION TRUST FUND

AND THE RELATED HEALTH RISK USING
SIMULATION TECHNIQUES

ISSN: 2141 - 3290
www.wojast.org

EBONG?, G. A, ETUKY, H. S., UMOREN?, I. U. AND UMANAH?, K. 1.

!Department of Chemistry, University of Uyo, Akwa Ibom State, Nigeria.
* Corresponding Author: g_ebong@yahoo.com; goddyebong2010@gmail.co.

ABSTRACT
The impact of inorganic fertilizers on the accumulation of trace metals in surface soil, Telfairia occidentalis, Talinum
triangulare, Spinacia oleracea, and Amaranthus viridis using Plot experiment was carried out in this study. Four
experimental plots were prepared, the pre-fertilization soil samples were collected before the cultivation of these vegetables.
Twelve weeks after, the pre-fertilization vegetable samples were also obtained. NPK fertilizers were applied to the different
plots and six months after the post-fertilization soil and vegetable samples were obtained from each plot. The different plots
were irrigated during the pre and post-fertilization periods with distilled water using the sprinkling method. The different
fertilizers used and the samples obtained were treated using standard analytical techniques and analyzed for their Cd, Cu, Ni,
Pb, Zn, and Cr content using Unicam 969 spectrophotometer. Results obtained showed the following mean concentrations
(mgkg?) for Cd, Cu, Ni, Pb, Zn, and Cr in the fertilizers: 2.72+0.48, 6.56+0.61, 9.58+0.86, 7.88+0.55, 14.56+1.40, and
2.23%0.14, respectively. The results revealed relatively higher concentrations of these metals in the post-fertilization than in
the pre-fertilization samples for both the soil and vegetables. The transfer factor of each of the trace metals was less than
one. It was also realized that, the plots were heavily contaminated with trace metals using different environmental pollution
models. Telfairia occidentalis and Talinum triangulare displayed very high potentials for absorbing these metals from the
fertilizers-impacted soil. The principal component analysis identified two and three major factors for the accumulation of
metals in soil and vegetables, respectively. Results of health risk analysis indicated that, Cd, Pb, and Ni levels in the
vegetables were higher than their recommended oral reference limits. It was also observed that, the consumers of these
vegetables may be affected by Cd and Pb toxicity and the children population was more vulnerable. Accordingly, the study
has shown the effect of inorganic fertilizers on the buildup of trace metals in soil and vegetables. The pollution status of the

fertilizers-impacted soil and the health risk associated with the exposure to the studied vegetables were also revealed.
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INTRODUCTION

The application of agrochemicals such as pesticides,
herbicides, fungicides, fertilizers, and animal feeds to
improve outputs by farmers is now a global practice.
However, these chemicals have some negative impact on the
quality of the soil and plants cultivated with regards to the
accumulation of toxic substances (Benson et al., 2014;
Orisakwe et al., 2017). These toxic substances are eventually
transferred to human beings either through the consumption
of plants cultivated on the polluted environment or exposure
to soil particles (Kumar and Kothiyal, 2011; Orhuamen et
al., 2012). According to Danjuma and Abdulkadir (2008)
leafy vegetables have great potential for the accumulation of
toxic metals from polluted environment into their tissues.
Studies have shown that inorganic fertilizers have high
levels of toxic metals such as cadmium cadmium, arsenic,
lead, mercury etc (Oyedele et al., 2006; Ukpabi et al., 2012;
Ebong et al., 2020).

Studies have shown that, the consumption of vegetables
cultivated in polluted environment may result in serious
health problems in the consumers irrespective of the age (Rai
et al., 2019; Manwani et al., 2021). Trace metals are toxic at
concentrations higher than their recommended limits and the
toxic ones are not useful to living organisms including

human even at very low concentrations (Jaishankar et al.,
2014; Balali-Mood et al., 2021). The quantity of metals
supplied by inorganic fertilizers to the soil and transferred to
vegetables could be determined using the transfer factor
(Tahaetal., 2013). These leafy vegetables namely: Telfairia
occidentalis, Talinum triangulare, Spinacia oleracea, and
Amaranthus viridis were chosen because they are widely
cultivated and consumed in Akwa Ibom State and Nigeria
(Orhuamen, 2012; Uwah, 2017). Inorganic fertilizers (NPK)
were also employed for this study due to their intensive
applications in farms within the study area (Saweda et al.,
2010).

Previous works concentrated mostly on the determination of
trace and toxic metals in fertilizers used in Nigeria (Ogabiela
et al., 2009; Ukpabi et al., 2012). Other Researchers
concentrated on the concentration of trace metals in
vegetables cultivated on fertilizers-impacted soils (Etuk et
al., 2022). This study has investigated the levels of trace
metals in soil and the studied vegetables during the pre and
post-fertilization periods. The work has also evaluated the
quantity of trace metals transferred from soil to the
vegetables. Invariably, the work has estimated the amount of
trace metals supplied to the soil and the studied vegetables.
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The aim of this study was to evaluate the quantity of trace
metals added to the soil by the different inorganic fertilizers
and the amount absorbed by the studied vegetables. The
study also aimed at assessing the potential of each of the
studied vegetables for accumulating these metals for the
purpose of bioremediation. It also aimed at assessing the
associated health implications of these metals on the children
and adults’ consumers. The pollution status of the soil during
the post- fertilization period and the metals was determined.
Consequently, the study has closed the gaps created by the
previous studies. The outcome of this study will useful to the
Environmental Scientists, manufacturers of fertilizers, the
farmers and the consumers of vegetables cultivated on
fertilizer-impacted soil.

MATERIALS AND METHODS

Study Area

The plot experiment was conducted in Abak local
government area of Akwa lbom State, Nigeria between
November, 2019 and April, 2020. The experiment was
carried out during the dry season of the study area to avoid
leaching of contaminants in the soil by rainwater during the
wet season. Abak is the headquarters of Abak local
government and it lies between latitude 5° 02' N and
longitude 7° 76'E of Nigeria. Abak is located in the humid
tropics and has abundant rainfall with very high temperature.
The average yearly temperature is between 25°C and 29°C,
while the average yearly rainfall varies between 2000 mm to
3000 mm (Ekpenyong, 2012). The yearly evaporation rate of
Abak varies from 1500 mm to 1800 mm (Afangideh et al.,
2005).

Fertilizer collection, treatment, and analysis

Inorganic fertilizers with different NPK percentages by
weight namely: NPK 20:10:10, NPK 15:15:15, NPK 20: 5:
10 and NPK 12:12:17 were purchased from Uyo main
market (Akpan Andem). Two gram of each fertilizer was
weighed into a beaker containing 20ml of Conc, HNO3 and
10ml of Conc. HCIO4, and then digested on a hot plate. The
mixture was later evaporated to dryness and the residue was
mixed with 10ml 2M HCI, filtered into a 100ml flask and
made to mark with deionized water. The concentration of
Cd, Cu, Ni, Pb, Zn, and Cr were obtained from the filtrates
using Unicam 969 spectrophotometer.

Soil Preparations, cultivation of vegetables, treatment
and analysis

An experimental farmland was properly prepared in a natural
soil environment and divided into four different plots at a
size of 8x8 feet each. The pre-fertilization soil samples were
obtained immediately after land preparation at a depth of 0-
15 cm using soil Augar. Leafy vegetables namely: Telfairia
occidentalis (Fluted pumpkin), Talinum triangulare (Water
leaf), Spinacia oleracea (Spinach), Amaranthus viridis
(Green amaranth) were cultivated in each of the plots.
Twelve weeks after the pre-fertilization vegetable samples
were obtained using stainless-steel knife. After which a
mixture of the four different NPK fertilizers in the
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proportion of 5g each was applied to the various plots by the
broadcasting method.  The post-fertilization soil and
vegetable samples were obtained six months after with the
same methods used for the collection of pre-fertilization
samples. These plots were irrigated with distilled water three
times a week during the pre and post-fertilization periods
using the sprinkling technique. Soil samples collected were
dried under the sun for three days, homogenized and sieved.
One gram of the sieved soil sample was digested with a
mixture of 3:1 HCI and HNO3 on a hot plate. Vegetables
collected were washed first with tap water and later on with
distilled water. The samples were air dried, reduced into
smaller pieces, and dried at 60 °C for a day in an oven. The
dried sample (1g) was ground and homogenized then,, one
gram of the sieved sample was digested with Aqua regia on
a hot plate. Concentrations of analyzed metals in the soil and
vegetables samples were obtained using Unicam 969
spectrophotometer.

Pollution status of the studied soil at the different
locations

Metal pollution index (MPI)

Metal pollution index was employed to assess the
relationship between trace metals in the soil during the pre
and post fertilization periods (Lacatusu, 2000). MPI of the
trace metals was calculated using Equation 1.

MPI =

Concentration of metal in soil during the post—fertilization period

Concentration of metal in soil during the pre—fertilization period

(1)

Degree of contamination (Cdeg)

The Cdeg for each of the studied location was evaluated
using Equation 2.

Cdeg = IMPI 2

Where MPI represents the sum of metal pollution index for
the entire metals determined at each location. The various
degree of contamination and their environmental
implications by Hakanson (1980) are: Cdeg< 8 = low degree
of contamination; 8 <Cdeg< 16 = moderate degree of
contamination; 16 <Cdeg< 32 = considerable degree of
contamination; and 32 <Cdeg = very high degree of
contamination.

Ecological risk factor (ERF)

Ecological risk factor was utilized to review the
environmental problems associated with the buildup of trace
metals in the soil using Equation 3.

ERF = Tr x MPI (3)

Where Tr = the toxic-response factor for the trace metals and
MPI indicates the metal pollution index. The toxic response
factors for the trace metals as proposed by Hakanson (1980)
are as follows: Cd (30.0), Cu (5.00), Ni (5.00), Pb (5.00), Zn
(1.00), and Cr (2.00). The various categories of ecological
risk factor by Liu et al. (2012) are ERF < 40 = Low
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ecological risk, 40 < ERF < 80 = Moderate ecological risk,
80 < ERF < 160 = Considerable ecological risk, and ERF
>160 = Very high ecological risk.

Potential ecological risk index (RI)

The potential ecological index was used to appraise the
effects of trace metals determined on the quality of soil at the
various locations examined.
RI = I(ERF)- 4)
Where Z(ERF) = the sum of all the trace metals determined
at each location. The several classes of potential ecological
risk by Liu et al. (2012) are as follows: Rl < 94 = Low
ecological risk, 94 < RI < 188 = Moderate ecological risk,
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188 <RI < 376 = Considerable ecological risk and R1 > 376
= Very high ecological risk.

Transfer factor (TF) of trace metals

The transfer factor was used to assess the quantity of each of
the trace metals available in soil for uptake by the studied
vegetables. The transfer factor of trace metals from soil to
vegetables was determined using Equation 5.

__ Cplant

~ Csoil

TF

©)

Where TF is the transfer factor, Cplant = the concentration
of individual trace metal in the vegetable, and Csoil indicates
the concentration of trace metal in soil.

Table 1: The units, values, and sources of the parameters used for computing risks associated with the consumption of the

studied vegetables

S/IN Parameter

Numerical value

Source

1. Body weight (kg)

15 kg — child, 70 kg — adult

USEPA (1989) and (2000)

2. Estimated consumption rate of 0.118 — child Nabulo et al. (2010)
studied vegetables (kg/person/day) 0.182 — adult
Exposure frequency (Ex) 350 days / year Wang et al. (2012)

3.
4.  Exposure duration
5

6 yrs — child, 30 years — adult

Grzetic and Ghariani (2008)

Oral reference doses of toxic metals Cd - 0.001, Cu—0.040, Ni - 0.02, USEPA (2010)
(mgkgtday™?) Pb —0.0035, Zn-0.300; Cr—1.5

6.  Average time for non-carcinogens 365 days/yrd USEPA (2000)
(day / year)

The estimated daily intake rate of trace metals was evaluated
using Equation (1)

MI x MC

ECDI =
BW

(€Y)

Where MI represents the estimated quantity of vegetables
consumed in kg/person/day. MC =the average concentration
of each trace metal in the studied vegetables expressed in
mgkg?, BW = the average body weight for children and
adults in kg. The numerical values of these parameters and
the sources are shown in Table 1.

The hazard quotient (HQ) of each trace metal was obtained
using Equation (2).

Ef x EDtotal x EDI

x 10 E — 03
RfDo x BW X AT

(2)

HQ =

Where EF = exposure frequency; EDoa indicates the total
exposure duration; EDI signifies the estimated daily intake
of each metal; RfDo = the oral reference dose; BW is the
average body weight for the children and adults’
populations, and; AT = average time for non-carcinogens.
The values, units, and sources for the parameters are shown
in Table 1.

The values for total hazard index (THI) of the trace metals
were computed by Equation (3).

THI = YHQ = HQCd + HQCu + HQNi + HQPb
+HQZn +H 3)

Where XHQ signifies the sum of all the hazard quotients
(HQ) of the trace metals determined.

Statistical analysis

The statistical analysis of values obtained was done with
IBM SPSS Statistics 20 (IBM USA) model to obtain the
mean, minimum, maximum, and standard deviation.
Principal component analysis was performed with Varimax
Factor analysis on six (6) parameters and values from 0.622
and above was considered significant.

RESULTS AND DISCUSSION
The results for the total concentrations of trace metals in the
various inorganic fertilizers used are shown in Table 1.

Cd varied between 2.11 and 3.26 mgkg™ with a mean value
of 2.72+0.48 mgkgin the studied inorganic fertilizers. This
is within the range (1.85 — 316 mgkg™) reported by Benson
et al. (2014) but lower than 3.17 — 19.09 mgkg™* obtained by
Gambuoe and Wieczorek (2012) in inorganic fertilizers. Cu
in the studied fertilizers ranged from 5.72 to 7.14mgkg-1
with an average value of 6.56+0.61 mgkg™. The range
obtained is below 3.92-38.14 mgkg™ reported by Ogabiela
et al. (2009). Ni ranged between 8.78 and 10.75 mgkg™ in
the studied fertilizers with a mean concentration of
9.58+0.86 mgkg*
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Table 1: Concentration (mgkg™) of trace metals in the different fertilizers applied

Cd Cu Ni Pb Zn Cr

NPK 20:10:10 2.84 7.14 10.75 8.29 16.41 2.38
NPK 15:15:15 3.26 6.85 9.13 8.42 13.74 2.05
NPK 20:5:10 211 6.53 9.66 7.50 14.83 2.21
NPK 12:12:17 2.68 5.72 8.78 7.32 13.25 2.26
MIN 211 5.72 8.78 7.32 13.25 2.05
MAX 3.26 7.14 10.75 8.42 16.41 2.38
MEAN 2.72 6.56 9.58 7.88 14.56 2.23
SD 0.48 0.61 0.86 0.55 1.40 0.14

These values are lower than 14.4 — 17.4 mgkg-1 obtained by
Ukpabi et al. (2012) but higher than 4.85 — 5.95 mgkg™*
reported by Benson et al. (2014) in inorganic fertilizers. A
range and mean concentration of 7.32 — 8.42 mgkg™ and
7.88+0.55 mgkg™, respectively were recorded for Pb in the
fertilizers applied. The obtained range is consistent with 7.43
— 9.02 mgkg™ obtained by Ukpabi et al. (2012) but lower
than 3.80 — 103.30 mgkg™ reported by Guilherme et al.
(2019). Zn varied between 13.25 and 16.41 mgkg™? with a
mean value of 14.56+1.40 mgkg™. The reported range is
lower than 4.11-1748.01mgkg™ obtained by Gong et al.
(2019). Cr contents in the fertilizers varied from 2.05 to

2.38mgkg*with an average concentration of 2.23+0.14
mgkg. The reported range is within the 0.19-2.207 mgkg*
obtained by Ogabiela et al. (2009) but below 38.7 — 274.7
mgkg* recorded for Cr in inorganic fertilizers by Gambuce
and Wieczorek (2012). Despite the high levels of metal
contaminants in the inorganic fertilizers applied, the
concentration of all the metals were within their acceptable
limits specified by different countries by Westfall et al.
(2005) in Table 3. The levels of Cu and Zn in the applied
inorganic fertilizers should be supplemented since they are
essential elements for normal plant growth and fertility.

Table 2: Concentration (mgkg) of trace metals in soil during the Pre and Post-fertilization periods

Pre-fertilization period

Cd Cu Ni Pb Zn Cr

SITE
1 0.08 1.84 4.72 1.29 6.07 0.56
2 0.07 1.79 4.25 1.03 5.88 0.61
3 0.06 1.96 4.50 1.12 6.04 0.58
4 0.06 1.82 4.61 1.06 5.85 0.60
MIN 0.06 1.79 4.25 1.03 5.85 0.56
MAX 0.08 1.96 4.72 1.29 6.07 0.61
MEAN 0.07 1.85 4.52 1.13 5.96 0.59
SD 0.01 0.08 0.20 0.12 0.11 0.02

Post-fertilization period

1 1.96 2.38 5.73 3.11 10.06 1.26
2 2.14 2.40 5.81 2.89 9.45 1.18
3 1.95 2.58 5.78 2.83 8.92 1.20
4 1.97 2.45 5.80 291 9.75 1.21
MIN 1.95 2.38 5.73 2.83 8.92 1.18
MAX 2.14 2.58 5.81 3.11 10.06 1.26
MEAN 2.01 2.45 5.78 2.94 9.55 1.21
SD 0.09 0.09 0.04 0.12 0.49 0.03
FEPA (1999) 0.80 10.1 35.0 85.0 140.0 100.0
WHO (2008) 1.0 2.0 20.0 10.0 250.0 50.0

The total concentrations of the metals determined in soil
during the pre-fertilization period are shown in Table 2. The
results obtained revealed that, Cd varied between 0.06 and
0.08 mgkg* with a mean value of 0.07+0.01 mgkg™. The
range and mean concentration of Cu are 1.79 — 1.96mgkg™
and 1.85+0.08 mgkg, respectively. Ni ranged from 4.25 to
4.72mgkg™ with average concentration of 4.52+0.20mgkg.
Total Pb varied between1.03 and 1.29mgkg? with an
average value of 1.13+0.12 mgkg™. The range and mean

value of total Zn are 5.85 — 6.07 mgkg*and 5.96+0.11 mgkg"
1 respectively. Total Cr ranged between 0.56 and 0.61 mgkg
with average concentration of 0.59+0.02 mgkg™. The mean
results of all the metals were within the Nigerian (FEPA,
1999) and world health organization (WHO, 2008) standards
in Table 2. Consequently, the natural status of the studied
soil may not interfere with agricultural activities negatively.
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The mean values (mgkg™?) of total metals in soil from the
studied locations as shown in Table 2 are as follows:
2.01+0.09, 2.45+0.09, 5.78+0.04, 2.94+0.12, 9.55+0.49, and
1.21+0.03 for Cd, Cu, Ni, Pb, Zn, and Cr, respectively. The
mean concentrations of the metals reported are much higher
than the values obtained in soil during the pre-fertilization
period. This is similar to the previous studies on the effects
of inorganic fertilizers on soil quality (Atafar et al., 2010;
Munir et al., 2019; lzuagie et al. 2022; Orluchukwu and
Amadi, 2022). Consequently, the inorganic fertilizers
applied might have contributed substantial quantity of these
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metals to the host soil environment. However, the mean
concentrations of the metals are within the permissible limits
by FEPA (1999) and WHO (2008) except for Cd and Cu.
Hence, this might result in the bioaccumulation of Cd and
Cu and the associated health problems to their toxicities
along the food chain as reported by ATSDR (2012) and
Taylor et al. (2020). The study has shown that, the
application of inorganic fertilizers has the potentials of
affecting the quality of the soil environment negatively as
reported by Etuk et al. (2022).

Table 3: Average concentration (mgkg™) of trace metals allowable in inorganic fertilizers by different countries of the world.

Cd Cu Ni Pb Zn Cr
China 8.0 - - 100.0 - 500.0
Canada 20.0 - 180.0 200.0 1850.0 -
USA 11.0 280.0 37.0 12.0 - 109.0
North Africa 60.0 - 33.0 6.0 - 105.0

Source: Westfall et al. (2005)

Pollution Assessment of trace metals in soil

Table 4: Results for the metal pollution index (MPI) and potential ecological risk (RI) during the post-fertilization period

Cd Cu Ni Pb Zn Cr
Metal Pollution Index of Trace Metals
S1 24.50 1.29 1.21 2.41 1.66 2.25
S2 30.57 1.34 1.37 2.81 1.61 1.93
S3 32.50 1.32 1.28 2.53 1.48 2.07
S4 32.83 1.35 1.26 2.75 1.67 2.02
Min 24.50 1.29 121 241 1.48 1.93
Max 32.83 1.35 1.37 2.81 1.67 2.25
Mean 30.10 1.33 1.28 2.63 1.61 2.07
Potential Ecological Risk of Trace Metals

S1 735.0 6.45 6.05 12.05 1.66 4.50
S2 917.1 6.70 6.85 14.05 1.61 3.86
S3 975.0 6.60 6.40 12.65 1.48 4.14
S4 984.9 6.75 6.30 13.75 1.67 4.04
Min 735.0 6.45 6.05 12.05 1.48 3.86
Max 984.9 6.75 6.85 14.05 1.67 4.50
Mean 903.0 6.63 6.40 13.13 1.61 4.14

The values recorded for metal pollution index (MPI) of trace
metals at the different locations investigated are shown in
Table 4. The range of MPI for Cd, Cu, Ni, and Pb as
indicated in Table xxx are 24.50 — 32.83, 1.29 - 1.35, 1.21 —
1.37,and 2.41 — 2.81, respectively. While the MPI values for
Zn and Cr varied from 1.48 to 1.67 and 1.93 to 2.25,
respectively. Based on the MPI classifications by Lacatusu
(2000), Cd belongs to the excessive pollution class; Cu and
Ni are in the slight pollution category while Pb belongs to
the moderate pollution class. Zn belongs to the slight
pollution class while Cr varies between the slight and
moderate pollution classes. The levels of all the trace metals
determined are above the contamination class hence, they
belong to the pollution category. Consequently, the metals
may pose serious negative effect on the soil, plant, and the
environment (Lacatusu, 2000). Obviously, the application of
inorganic fertilizers to the studied plots may have elevated

the levels of these metals in soil (Benson et al., 2014;
Orisakwe et al., 2017). The mean MPI of the trace metals
followed the order: Cd > Pb > Cr > Zn > Cu > Ni. This
indicates the low availability of the essential Zn and Cu at
the different locations investigated; hence this may lead to
the deficiency symptoms on the vegetables cultivated over
time. Consequently, this could be the result of the low levels
of Zn and Cu in the inorganic fertilizers applied and as earlier
suggested supplementary sources may be required.

The ecological risk factor (ERF) for the trace metals in the
soil during the post-fertilization period are indicated in Table
4. The mean ERF values for Cd, Cu, and Ni are 903.0, 6.63,
and 6.40, respectively. While Zn and Cr showed mean ERF
values of 1.61 and 4.14, respectively. Accordingly, Cd
belongs to the very high ecological risk class whereas; Cu,
Ni, Pb, Zn, and Cr are in the low ecological risk category

World Journal of Applied Science and Technology, Vol. 14 No. 2 (2022) .42 — 52 46


https://dx.doi.org/10.4314/WOJAST.v14i2.42

Open Access article published under the terms of a
Creative Commons license (CC BY).
http://wojast.org

(Liu et al., 2012). This is an indication that, those expose to
these soil particles after the application of inorganic
fertilizers either directly or indirectly are susceptible to risks
associated with high Cd. The mean ERF values of the trace
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metals are in the following order: Cd >> Pb > Cu > Ni > Cr
> Zn. This exposes the high levels of toxic Cd and Pb in the
studied plots during the post-fertilization period, and this is
very risky for the food chain.
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Figure 1: Results of degree of contamination (Cgeg) and potential ecological risk index (RI).

The extent of soil contamination by trace metals at the
different plots examined was assessed by the use of degree
of contamination (Cdeg). The Cdeg for the different plots are
illustrated in Figure 1. The values of Cdeg varied between
33.3atPlot 1 and 41.9 at Plot 4. The Cdeg values for Plots 2
and 3 are 40.0 and 41.2, respectively. The Cdeg values of all
the plots are in the very high degree of contamination
category according Hakanson (1980) classifications. This
corroborates the findings that, the application of inorganic
fertilizers in soil to improve soil fertility may increase the
levels of these trace metals in the environment (Singh et al.,
1997).

Results for the potential ecological risk factor (RI) are
demonstrated in Figure 1. The RI values for trace metals in
the various plots varied from 765.71 to 1017.41. The highest
Rl value was obtained at plot 4 while the lowest was
recorded in plot 1. The RI values for plots 2 and 3 are 950.17
and 950.17, respectively. The RI values of all the plots
belong to the very high ecological risk class following the
classifications of Liu et al. (2012). The high RI values
reported should be closely monitored as these values are
directly proportional to human health (Etuk et al., 2022).
This also confirms the negative impact of inorganic
fertilizers on the quality of the environment applied.
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Figure 2: Concentration of trace metals in the studied vegetables during the pre and post- fertilization periods

Results for the concentration of trace metals in the studied
vegetables during the pre and post- fertilization periods are
illustrated in Figure 2. During the pre-fertilization period,
the mean concentrations (mgkg™?) of the metals were as
follows: 0.02+0.01, 0.58+0.06, 0.02+0.01, 0.11+0.02,
1.09+0.07, and 0.02+0.01 were recorded for Cd, Cu, Ni, Pb,

Zn, and Cr, respectively. These mean concentrations are
within the limits of 0.2mgkg?, 10.0 mgkg, 10.0 mgkg, 2.0
mgkg, 99.4 mgkg™, and 0.10 mgkg? stipulated for Cd, Cu,
Ni, Pb, Zn, and Cr, respectively in leafy vegetables by
FAO/WHO (2014). Consequently, the consumption of these
vegetables cultivated on the natural soil may not pose serious

World Journal of Applied Science and Technology, Vol. 14 No. 2 (2022) .42 — 52

47


https://dx.doi.org/10.4314/WOJAST.v14i2.42

Open Access article published under the terms of a
Creative Commons license (CC BY).
http://wojast.org

health problems to the consumers. However, during the
post-fertilization period, higher mean concentrations (mgkg-
1 were reported for the metals as follows: 0.46+0.05,
1.24+0.39, 0.68+0.08, 0.99+0.45, 2.09+1.68, and 0.29+0.02
for Cd, Cu, Ni, Pb, Zn, and Cr, respectively. Hence, the mean
levels of Cd, Ni, Pb, and Cr were higher than their
recommended limits for leafy vegetables by FAO/WHO
(2014). Accordingly, the consumption of these vegetables
after the application of inorganic fertilizers may results in the
toxicity of these metals and their attendants’ health
problems. The higher levels of trace metals in the studied

Ebong, et al: Effects of NPK fertilizers on trace metals loads in soil and
vegetables, bioavailability in vegetables and the related health risk using
simulation techniques https://dx.doi.org/10.4314/WOJAST .v14i2.42

vegetable during the post-fertilization period are in
agreement with the report by Atafar et al. (2010). Generally,
Telferia occidentalis and Talinum triangulare showed very
high potentials for accumulating these metals from the soil;
this corroborates the findings by Vahter et al. (2007) and
Agbogidi and Erhenhi (2013). Nevertheless, Spinacia
oleracea showed very strong capacity to absorb Zn from the
fertilizer impacted soils. Thus, T. occidentalis, T.
triangulare, and S. oleracea could be used as excluders and
for phytostabilization since the transfer factors of the metals
are less than one (Bahemuka and Mubofu, 1999).

0.51

0.38

Cd Cu Ni

Pb Zn Cr

Figure 3: Transfer factor of trace metals from soil to vegetables during post-fertilization period.

Transfer factor of trace metals from soil to vegetables

Results for the transfer factor (TF) of metals from soil to
vegetables during post-fertilization period are demonstrated
in Figure 3. Transfer factor indicates the amount of available
trace metals in soil for plant uptake (McEldowney et al.,
1994; Haynes and Toohey, 1998). The mean TF values of

Multivariate analysis

the metals were as follows: 0.23, 0.51, 0.12, 0.38, 0.22, and
0.24 for Cd, Cu, Ni, Pb, Zn, and Cr, respectively. The highest
mean TF value was recorded for Cu in Telferia occidentalis
and Talinum triangulare while the lowest was recorded for
Ni in Telferia occidentalis.

Table 4: Result of Factor analysis indicating comparative loading from metals during the post-fertilization period

SOIL VEGETABLES
PC1 PC2 PC1 PC2 PC3
Variable

Cd -0.377 0.878 0.402 0.851  -0.339
Cu -0.677 -0.779 -0.299 0.954 -0.135
Ni -0.850 0.408 0.937 0.075  -0.340
Pb 0.985 0.135 0.923 0.230 0.307
Zn 0.866 0.398 0.189 0.389 0.902
Cr 0.953 -0.303 0.853 -0.520 -0.041

% Total Variance 64.8 30.2 455 35.3 19.3
Cumulative % 64.8 95.0 455 80.7 100.0

Eigen value 3.9 1.8 2.7 2.1 1.2

PC: Principal component

Principal component analysis (PCA) was used to identify the
actual factors responsible for the accumulation of trace
metals determined in the studied soil during the post-
fertilization period (Kahangwa, 2022). The results obtained

revealed two main factors that are responsible for the
accumulation of trace metals in the studied soils (Table 4).
The factors responsible for the buildup of metal in soil have
Eigen values greater than one with 95.0% of the total
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variance. The first factor (PC1) added 64.8% to the total
variance with significant positive loadings on Pb, Zn, and Cr
but, with strong negative loadings on Cu and Ni (Table 4).
This represents the impact of natural and anthropogenic
(fertilizer application) on the quality of the soil (Yin et al.,
2010). The second factor (PC2) contributed 30.2% to the
total variance with strong positive loading on Cd and
significant negative loading on Cu (Table 4). This indicates
clearly the influence of inorganic fertilizers on the quality of
the studied soil (Olabanji et al., 2015; Rodriguesa et al.,
2017).

The results of PCA of trace metals in the studied vegetables
are shown in Table 4. Table 4 indicates three major factors
that are responsible for the availability of trace metals in the
studied vegetables with total variance of 100%. Factor one
donated 45.5% to the total variance with strong positive

Ebong, et al: Effects of NPK fertilizers on trace metals loads in soil and
vegetables, bioavailability in vegetables and the related health risk using
simulation techniques https://dx.doi.org/10.4314/WOJAST .v14i2.42

loadings on Ni, Pb, and Zn. This signifies the negative
impact of inorganic fertilizers on the quality of the studied
vegetables as reported by Singh et al. (2010) and Etuk et al.
(2022). Factor two contributed 35.3% to the total variance
with strong positive loadings on Cd and Cu. This indicates
the effects of natural factor and inorganic fertilizers on the
quality of the vegetables (Ebong et al., 2020). The third
factor added 19.3% to the total variance with significant
positive loading on Zn only. This could be the negative
impact of natural factor such as aerial deposition on the
quality of the studied vegetables (Azeez et al., 2011).

Health risk evaluation

Results for the evaluation of health risk associated with the
consumption of the studied vegetables on both the children
and adult populations are shown in Tables 5 and 6.

Table 5: Estimated chronic daily intake of trace metals via the studied vegetables during post-fertilization period

T. occidentalis T. triangulare S. oleracea A. viridis Mean
Children  Adult Children  Adult Children  Adult Children  Adult Children Adult
Cd 3.70E-03 1.22E-03 3.54E-03 1.17E-03 3.54E-03 1.17E-03 3.78E-03 1.25E-03 1.46E-02 4.81E-03
Cu 9.76E-05 3.22E-03 9.60E-03 3.17E-03 9.76E-03 3.22E-03 9.83E-03 3.25E-03 2.93E-02  1.29E-02
Ni  5.35E-03 1.77E-03 5.35E-03 1.77E-03 5.27E-03 1.74E-03 5.35E-03 1.77E-03 2.13E-02 7.05E-03
Pb 9.76E-03 3.22E-03 8.81E-03 2.91E-03 7.87E-03 2.60E-03 8.65E-03 2.86E-03 3.51E-02  1.16E-02
Zn 168E-02 5056E-03 1.63E-02 5.38E-03 1.65E-02 5.46E-03 1.63E-02 5.38E-03 6.59E-02  2.18E-02
Cr 2.36E-03 7.80E-04 2.44E-03 8.06E-04 2.20E-03 7.28E-04 2.28E-03 7.54E-04 9.28E-02 3.07E-03

Table 6: Hazard quotient and total hazard index of trace metals in the studied vegetables during post-fertilization period

T. occidentalis T. triangulare S. oleracea A. viridis
Children Adult Children  Adult Children  Adult Children Adult
Cd 1.42E-03  5.00E-04 1.36E-03 4.80E-04 1.36E-03 4.80E-04 145E-03  5.13E-04
Cu 9.36E-05 3.31E-05 9.21E-05 3.26E-05 9.36E-05 3.31E-05 9.43E-05  3.34E-05
Ni 1.03E-04 3.64E-05 1.03E-04 3.64E-05 1.01E-04 3.58E-05 1.03E-04  3.64E-05
Pb 1.07E-03  3.78E-04  9.66E-04 3.42E-04 8.62E-04 3.05E-04 9.48E-04  3.36E-04
Zn 2.15E-05  7.62E-06  2.08E-05 7.37E-06 2.11E-05 7.48E-06 2.08E-05 7.37E-06
Cr 6.03E-07  2.14E-07  6.24E-07 2.21E-07 5.63E-07 2.00E-07 5.83E-07  2.07E-07
THI 2.71E-03  9.55E-04  2.54E-03 8.99E-04 2.44E-03 8.62E-04 2.62E-03  9.26E-04

Results for the estimated daily intake rate of trace metals
The estimated rate at which human beings (children and
adult populations) could be exposed to these trace metals via
the studied vegetables was assessed using the estimated daily
intake rate (Orisakwe et al., 2012). Results for estimated
daily intake of trace metals through the consumption of
studied vegetables are shown in Table 5. Results recorded
revealed that, the levels of Cd and Pb in both populations and
Ni in the children population were higher than their Rfd
values by USEPA (2010). Consequently, the consumption of
these vegetables may result in higher levels of Cd, Pb, and
Ni in the consumers and the associated health problems. The
sequences for EDI rate for the children and adult populations
are Cr>2Zn>Pb>Cu>Ni>Cdand Zn> Cu > Pb > Ni >
Cd > Cr. Notwithstanding the high EDI values of Cr and Zn,
their levels are still within their Rfd limits thus, may not pose
any health risk.

Results for the non-carcinogenic risk

Results for the hazard quotients (HQ) of the metals via the
consumption of the studied metals are indicated in Table 6.
The HQ for individual trace metal is below one hence, the
consumption of these vegetables may not pose serious health
hazards to the consumers (Children and adult populations).
The HQ for the trace metals via the consumption of T.
occidentalis by both populations is in the following order:
Cd > Pb > Ni > Cu > Zn > Cr. While the HQ of the metals
via the consumption T. triangulare, S. oleracea and A.
viridis is in the order Cd > Pb > Ni = Cu> Zn > Cr. Although,
the HQ values of the metals is less than one, the high values
of the toxic Cd, Pb, and Ni is risky as these metals are very
toxic even at their very low concentrations. The HQ values
also revealed that, the children are more vulnerable to health
problems associated with high levels of these metals than the
adult population. Notwithstanding the low HQ values
reported, those exposed to these metals are still vulnerable
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to the non-carcinogenic health problems since these
problems have strong correlation with the total THI value
(Ebong et al., 2019).

Results for the total hazard index of trace metals

Results for the total hazard index (THI) of oral exposure to
trace metals via the consumption of the studied vegetables
for both the children and adult populations are shown in
Table 6. The THI values ranged as follows: 2.44E-03 —
2.71E-03 and 8.62E-04 — 9.55E-04 for the children and adult
populations, respectively. Consequently, higher THI values
were recorded for the children than the adult population.
Accordingly, the children exposed to these metals via these
vegetables may be more vulnerable to metal toxicity and
related health problems that the adult. The higher THI values
for the children reported are consistent with the findings by
Singh et al. (2010). The results also indicated that, Cd and
Pb contributed 52 and 40 %, respectively to the total THI
value obtained in T. occidentalis for both the children and
adult populations. However, in T. triangulare Cd and Pb
contributed 53 and 38%, respectively to the THI for both
populations. In S. oleracea, Cd and Pb added 56 and 35%,
respectively to the overall THI for both populations while 55
and 36% were donated by Cd and Pb, respectively to the total
THI in A. viridis for the children and adult populations.
Generally, Cd and Pb contributed 80% of the entire THI
value for all the vegetables and populations.

CONCLUSION

The study revealed the impact of inorganic fertilizers widely
utilized by farmers for the improvement of plant yield on the
quality of soil and vegetables cultivated. It showed
unambiguously that, inorganic fertilizers have the potential
of contaminating the environment with toxic metals. The
pollution status of these metals in soil depicted higher levels
of Cd and Cu, but the mean concentrations of Ni, Pb, Zn, and
Cr were within their permissible limits. The key factors
responsible for the accumulation of these metals in both the
studied soil and vegetables were natural, fertilizers and as
aerial deposition. T. occidentalis and T. triangulare
exhibited very high tendency for the absorption of metals
from the fertilizers-impacted soil. The quantity of Cd, Cu,
Ni, Pb, Zn, and Cr contributed by fertilizers to the soil and
vegetables examined has been determined. The consumption
of vegetables cultivated on a fertilizer-impacted soil
potentially predisposes the consumers to health problems
associated with Cd and Pb toxicity. The results of this study
indicated that, the children population were the more
vulnerable class to high Ni. However, subsequent works
should study the effects of these fertilizers individually to
ascertain the one with higher environmental potential.

References

Afangideh, A. 1., Okpiliya, F. and Ekanem, E. (2005). The
changing annual rainfall and temperature averages in
the humid tropical City of Uyo, Southern Nigeria.
African Journal of Environmental Pollution and Health,
4:54-61.

Ebong, et al: Effects of NPK fertilizers on trace metals loads in soil and
vegetables, bioavailability in vegetables and the related health risk using
simulation techniques https://dx.doi.org/10.4314/WOJAST .v14i2.42

Agbogidi, O. M. and Erhenhi, H. A., “Metal Concentrations
in Four Leafy Vegetables Sold in Markets of Abraka,

Delta State, Nigeria”. Journal of Biological and
Chemical Research, 30 (2). 813-822. 2013.
Atafar, Z., Mesdaghinia, A., Nouri, J., Homaee, M.,

Yunesian, M., Ahmadimoghaddam, M. and Mahv, A.
H. (2010). Effect of fertilizer application on soil heavy
metal concentration. Environmental Monitoring and
Assessment, 160: 83—-89.

ATSDR. (2012). Agency for Toxic Substances and Disease
Registry. Toxicological profil for cadmium.Atlanta: US
Department of Health and Human Services, Public
Health Service, 2012.

Azeez, J. O., Hassan, O. A. and Egunjobi, P. O. (2011). Soil
contamination at dumpsites: implication of soil heavy
metals distribution in municipal solid waste disposal
system: a case study of Abeokuta, Southwestern
Nigeria. Soil and Sediment Contamination: An
International Journal., 20: 370 - 386

Bahemuka, T. E. and Mubofu, E. B. (1999). Heavy metals in
edible green vegetables grown along the sites of the
Sinza and Msimbazi rivers in Dar es Salaam, Tanzania.
Food Chemistry, 66(1): 63-66.
https://doi.org/10.1016/S0308- 8146(98)00213-1

Balali-Mood, M., Naseri, K., Tahergorabi, Z., Khazdair, M.
R. and Sadeghi, M. (2021). Toxic Mechanisms of Five
Heavy Metals: Mercury, Lead, Chromium, Cadmium,
and Arsenic. Frontiers in Pharmacology, 12:643972.
Doi: 10.3389/fphar.2021.643972

Benson, N.U., Anake, W. U. and Etesin, U. M. (2014). Trace
Metals Levels in Inorganic Fertilizers Commercially
Available in Nigeria. Journal of Scientific Research &
Reports, 3(4): 610-620.

Danjuma, M. S. and Abdulkadir, B. (2008).
Bioaccumulation of heavy metals by leafy vegetables
grown with industrial effluents: A review. Bayero
Journal of Pure and Applied Sciences, 11(2): 180 — 185.

Ebong, G. A., Dan, E. U., Inam, E. and Offiong, N.O. (2019).
Total concentration, speciation, Source identification
and associated health implications of Trace metals in
Lemna dumpsite soil, Calabar Nigeria. Journal of King
Saud University — Science, 31 (4): 886— 897.

Ebong, G. A,, Ettesam, E. S. and Dan, E. U. (2020). Impact
of Abattoir Wastes on Trace Metal Accumulation,
Speciation, and Human Health—Related Problems in
Soils within Southern Nigeria. Air, Soil and Water
Research, 13: 1-14.

Ekpenyong, R. E. (2012). A remote sensing and GIS
mapping of land cover change and erosion risk in Akwa
Ibom State, Southern Nigeria [PhD Thesis]. University
of Uyo, Uyo; 2012.

Etuk, H. S., Ebong, G. A., Dan, E. U. and Udoh, H. F.
(2022). Probability of Health Risk, Bioaccumulation,
and Geochemical Fractions of Toxic Elements in Soils
and  Vegetables Impacted by Manures in
Nigeria. Environmental Protection Research, 2(2), 75—
94,

World Journal of Applied Science and Technology, Vol. 14 No. 2 (2022) .42 — 52 50


https://dx.doi.org/10.4314/WOJAST.v14i2.42

Open Access article published under the terms of a
Creative Commons license (CC BY).
http://wojast.org

FAO/WHO (2014).. Second International Conference on
Nutrition. Conference Outcome Document: Framework
for Action. 2014. Awvailable at: www.fao.org/3/a-
mm215e.pdf.

FEPA. (1999). Federal Environmental Protection Agency.
Guidelines and standard for environmental pollution
control in Nigeria. Federal Ministry of Environment
Publications. p. 206.

Gambuce, F. and Wieczorek, J. (2012). Pollution of
fertilizers with heavy metals. Ecological Chemistry and
Engineering A., 19(4-5): 353-360.

Gong, Q., Chen, P., Shi,R., Gao, Y., Shun-An Zheng, S.,
Xu, Y., Chaofeng Shao, C. and Zheng, X. (2019).
Health Assessment of Trace Metal Concentrations in
Organic Fertilizer in Northern China. International
Journal of Environmental Research and Public Health,
16(6): 1031. Doi: 10.3390/ijerph16061031

Grzetic, 1., and Ghariani, R. A. H. (2008). Potential health
risk assessment for soil heavy metal contamination in
the central zone of Belgrade (Serbia). Journal of
Serbian Chemical Society, 73(8-9): 923-934.

Guilherme, L.R., Guimarées, L. R. G., Corguinha, A. P. B.,
Ribeiro do Valle, L. A. and Marchi, G. (2019). Heavy
Metals in P Fertilizers Marketed in Brazil: Is This a
Concern in Our Agroecosystems? (June 15, 2020).
SYMPHQOS 2019 - 5th International Symposium on
Innovation & Technology in the Phosphate Industry.
http://dx.doi.org/10.2139/ssrn.3627425

Hakanson, L. (1980). Ecological risk index for aquatic
pollution control, a sedimentological approach. Water
Research, 14 (8): 975-1001.

Haynes, D. and Toohney, D. (1998). The Use of
transplanted cultured mussels (Mytilis edulis) to
monitor pollutants along the ninety mile beach,
Victoria, Australia, 111 heavy metals. Marine Pollution
Bulletin., 5: 396-399.

Izuagie, A. A., Amuho, U. E. and lzuagie, F. O. (2022).
Appraisal of Heavy Metals Uptake Capacities of 2
Edible Vegetables (Amaranthus caudatus and
Amaranthus hybridus) from Natural, Heavy Metals and
Urea Fertilizer-Enriched Soils: Towards Family Health
Security. Direct Research Journal of Agriculture and
Food Science, 10(2): 39 - 44.

Jaishankar, M., Tseten T, Anbalagan N, Mathew B.B.,
Beeregowda, K.N. (2014). Toxicity, mechanism and
health effects of some heavy metals. Interdisciplinary
Toxicology, 7(2):60-72.

Kahangwa, C. A. (2022). Application of Principal
Component Analysis, Cluster Analysis, Pollution Index
and Geoaccumulation Index in Pollution Assessment
with Heavy Metals from Gold Mining Operations,
Tanzania. Journal of Geosciences and Environment
Protection, 10: 303-317.

Kumar, V. and Kothiyal, N. C. (2011). Distribution
behavior of polycyclic aromatic hydrocarbons in
roadside soil at traffic intercepts within developing
cities. International Journal of Environmental Science
& Technology, 8: 63-72.

Ebong, et al: Effects of NPK fertilizers on trace metals loads in soil and
vegetables, bioavailability in vegetables and the related health risk using
simulation techniques https://dx.doi.org/10.4314/WOJAST .v14i2.42

Lacatusu, R. (2000). Appraising Levels of Soil
Contamination and Pollution with Heavy Metals. In:
Heineke, H.J., Eckelmann, W., Thomasson, A.J., Jones,
R.J.A., Montanarella, L. and Buckley, B., Eds.,
European Soil Bureau—Research Report, 4: 393-403.

Liu, Z. J., Li, P. Y., Zhang, X. L., Li, P. and Zhu, L. H.
(2012). Regional distribution and ecological risk
evaluation of heavy metals in surface sediments from
coastal wetlands of the Yellow River Delta.
Environmental Science., 33(4):1182-1188.

Manwani, S., C.R., V., Jaiman, V., Awasthi, K. K., Yadav,
C. S., Sankhla, M. S. , Pandit, P. P. and Awasthi, G.
(2022). Heavy Metal Contamination in Vegetables and
Their Toxic Effects on Human Health. In V. S. Meena,
M. Choudhary, R. P. Yadav, & S. K. Meena (Eds.),
Sustainable Crop Production - Recent Advances.
IntechOpen. https://doi.org/10.5772/intechopen.102651

McEldowney, S., Hardman, D. J. and Waite, S. (1994).
Pollution: Ecology and Biotreatment. Longman,
Singapore Publishers (Pte) Ltd., UK., p. 322.

Munir, M., Khan, Z. I., Ahmad, K., Wajid, K., Bashir, H.,
Malik, I. S., Nadeem, M., Ashfaqg, A. and Ugulu, 1.
(2019). Transfer of heavy metals from different sources
of fertilizers in wheat variety (Galaxy-13). Asian
Journal of Biological Sciences, 12: 832-841.

Nabulo, G., Young, S. D. and Black, C. R. (2010). Assessing
risk to human health from tropical leafy vegetables
grown on contaminated urban soils. Science of Total
Environment, 408(22): 5338-5351.

Ogabiela, E. E., Paul, E. D., Adesina, O. B., Okonkwo, E.
M., Ogbonna, J. O. and Amana, A. M. (2009). Heavy
metal composition of commercial fertilizers from Zaria,
Northern Nigeria. Global Journal of Pure and Applied
Sciences, 15(1): 15 —109.

Olabanji, 1. O., Oluyemi, E. A. and Obianjuwa, E. I. (2015).
Nondestructive analysis of dumpsite soil and vegetable
for elemental composition. Journal of Environmental
Chemist and Ecotoxicology, 7:1-10

Orhuamen, E. O., Olorunmaiye, K. S. and Adeyemi, C. O.
(2012). Proximate analysis of fresh and dry leaves of
Telfairia occidentalis (Hook. f.) and Talinum
triangulare (Jacq.) Willd. Croatian Journal of Food
Technology, Biotechnology and Nutrition, 7(3-4): 188-
191.

Orisakwe, O. E., Nduka, J. K., Amadi, C. N., Dike, D. O.
and Bede, O. (2012). Heavy metals health risk
assessment for population via consumption of food
crops and fruits in Owerri, South Eastern, Nigeria.
Chemistry Central Journal, 6(1): 1-7.

Orisakwe, O. E., Oladipo, O. O., Ajaezi, G. C. and
Udowelle, N. A. (2017). Horizontal and vertical
distribution of heavy metals in farm produce and
livestock around lead-contaminated goldmine in Dareta
and Abare, Zamfara State, Northern Nigeria. Journal of
Environmental and Public Health, 2017: 1-12.

Orluchukwu, J. A and Amadi, C. (2022). Effect of organic
and inorganic fertilizers on the growth and yield of
cucumber (Cucumis sativa L.) in South-South Nigeria.

World Journal of Applied Science and Technology, Vol. 14 No. 2 (2022) .42 — 52 51


https://dx.doi.org/10.4314/WOJAST.v14i2.42
http://www.fao.org/3/a-mm215e.pdf
http://www.fao.org/3/a-mm215e.pdf
https://pubmed.ncbi.nlm.nih.gov/?term=Gong%20Q%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shi%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Gao%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zheng%20SA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Xu%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Xu%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shao%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zheng%20X%5BAuthor%5D
https://doi.org/10.3390%2Fijerph16061031
https://dx.doi.org/10.2139/ssrn.3627425
https://doi.org/10.5772/intechopen.102651

Open Access article published under the terms of a
Creative Commons license (CC BY).
http://wojast.org

International Journal of Agricultural
Research, 10 (2): 31-37.

Oyedele, D. J., Asonugho, C. and Awotoye, O. O. (2006).
Heavy metals in soil and accumulation by edible
vegetables after phosphate fertilizer application.
Electronic Journal of Environmental, Agriculture and
Food Chemistry, 5 (4): 1446-1453.

Rai, P. K., Lee, S. S., Zhang, M., Tsang, Y. F. and Kim, Ki-
Hyun. (2019). Heavy metals in food crops: Health risks,
fate, mechanisms, and management. Environmental
International, 125: 365 — 385.

Rodriguesa, A. A. Z., De Queiroz, M. E. L. R., Oliveira, A.
F., Heleno, A. A. F. F., Zambolim, L., Freitasa, J. F.
and Morais, E. H. C. (2017). Pesticide residue removal
in classic domestic processing of tomato and its effects
on product quality. Journal of Environmental Science
and Health, Part B, 52: 1-8.

Saweda, L. O. Liverpool-Tasie, S. L. O., Auchan, A. A. and
Banful, A. B. (2010). An Assessment of Fertilizer
Quality Regulation in Nigeria. International Food
Policy Research Institute (IFPRI) Abuja. Nigeria
Strategy Support Program (NSSP) Report 09, pp. 1-25.

Singh, R. P., Tripathi, R. D., Sinha, S. K., Maheshwari, R.
and Srivastava, H. S. (1997). Response of higher plants
to lead contaminated environment. Chemosphere, 34:
2467- 2493.

Singh, A., Agrawal, M. and Marshall, F. M. (2010). Therole
of organic vs. inorganic fertilizers in reducing
phytoavailability of heavy metals in a wastewater-
irrigated area. Ecological Engineering., 36(12):1733-
1740.

Singh, A., Agrawal, M. and Marshall, F. M. (2012). The role
of organic vs. inorganic fertilizers in reducing
phytoavailability of heavy metals in a wastewater-
irrigated area. Ecological Engineering, 36(12): 1733-
1740.

Taha, K. K., Shmou, M. I., Osman, M. H. and Shayoub, M.
H. (2013). Soil- plant Transfer and Accumulation
Factors for Trace Elements at the Blue and White Niles.
Journal of Applied and Industrial Sciences, 1 (2): 97 —
102.

Taylor, A. A, Tsuji, J. S., Garry, M. R., McArdle, M. E.,
Goodfellow Jr, W. L., Adams, W. J. and Menzie, C. A.
(2020). Critical Review of Exposure and Effects:
Implications for Setting Regulatory Health Criteria for
Ingested copper. Environmental Management, 65: 131
—159.

Policy and

Ebong, et al: Effects of NPK fertilizers on trace metals loads in soil and
vegetables, bioavailability in vegetables and the related health risk using
simulation techniques https://dx.doi.org/10.4314/WOJAST .v14i2.42

Ukpabi, C. F., Akubugwo, E. 1., Agbafor, K. N., Lebe, N.
A., Nwaulari, N. J. and Nneka, E. D. (2012). Appraisal
of Heavy Metal Contents in Commercial Inorganic
Fertilizers Blended and Marketed in Nigeria. American
Journal of Chemistry, 2(4): 228-233.

USEPA. (1989). Risk assessment guidance for superfund,
Volume 1: Human health Agency, Office of Emergency
and Remedial Response, Washington, DC, U.S.A.,,
December 1989.

USEPA. (2000). United States Environmental Protection
Agency. Risk-Based Concentration Table. Philadelphia,
PA; Washington, DC: Environmental Protection
Agency.

USEPA. (2010). Integrated risk information system (IRIS).
United States Environmental Protection. Evaluation
manual (part A). EPA/54/1-89/002.
https://www.epa.gov/iris. Updated 2010.

Uwah, E. I. (2017). Levels of Some Trace Metals in Two
Leafy Vegetables Grown in Mbiaya Uruan, Akwa Ibom
State, Nigeria. International Journal of Innovative
Environmental Studies Research, 5(2):40-45.

Vahter, M., Akesson, A., Liden, C., Ceccatelli, S. and
Berglund. M. (2007). Gender differences in the
disposition and toxicity of metals. Environmental
Research., 104(1):85-95.

Wang, X., Wang, F., Chen, B., Sun, F., He, W., Wen, D. and
Wang, Q. (2012). Comparing the health risk of toxic
metals through vegetable consumption between
industrial and non-polluted fields in Shaoguan, South
China. International Journal of Food Agriculture and
Environment, 10: 943-948.

Westfall, D. G., Mortvedt, J. J., Peterson, G. A. and
Gangloff, W. J. (2005). Efficient and Environmentally
Safe Use of Micronutrients in  Agriculture.
Communications in Soil Science and Plant Analysis,
36(1-3): 169-182.

WHO. (2008). Permissible limits of heavy metals in soil and
plants, (Genava: World Health Organization),
Switzerland.

Yin L, Wei Y, Feng Z, GanLin Z. The spatial distribution
and sources of metals in urban soils of Guangzhou,
China. In: Proceedings of the 19th World Congress of
Soil Science: Soil Solutions for a Changing World;
August 1-6, 2010; Brisbane, QLD, Australia:77 - 80.
https://www.iuss.org/19th%20WCSS/Symposium/pdf/
0417.pdf

World Journal of Applied Science and Technology, Vol. 14 No. 2 (2022) .42 — 52 52


https://dx.doi.org/10.4314/WOJAST.v14i2.42

