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ABSTRACT

This study investigated the magnitude of potentially toxic element (PTE) in fecal sludge and the
level of contamination of soil and food crops at Ubakala, Abia State, Nigeria. Soil samples were
collected in four cardinal points at north (N), south (S), east (E) and west (W) of 1 m, 5m, 15 m
and 30 m from the edge of the fecal sludge dumpsite and standards (2 ppm, 4 ppm and 6 ppm) were
prepared from 1000 ppm stock solution of the metals and used to plot the calibration curve with
Atomic Absorption Spectrometer. Commonly consumed Carica papaya, Telfairia occidentalis and
Manihot esculenta leaf samples were collected and analyzed to measure the concentrations of
PTEs such as Cd, Zn Cr, Mn, Pb and Cu. The concentrations of Zn (12.41+0.30 mg/kg), Cd
(0.07£0.00 mg/kg), Cr (4.47£0.34 mg/kg), Cu (2.12+0.03 mg/kg), Mn (8.13+0.03 mg/kg) and Pb
(0.01+0.00 mg/kg) in dried fecal sludge are below the permitted limits of European Union.
Concentrations of PTEs in soil and plants were Zn (13.40+1.20 to 100.80+1.40 and 1.24+0.06 to
56.02+5.02 mg/kg), Cd (0.07+£0.01 to 0.92+0.02 and 0.0000+0.000 to 0.085+0.01 mg/kg), Cu
(6.27£0.31 to 31.39+1.04 and 0.002+0.001 to 10.80+2.01 mg/kg), Mn (36.00+1.56 to 188.57+2.25
and 0.11+0.00 to 17.21+2.01 mg/kg), Cr (2.40+0.40 to 21.03+1.43 and 0.000+0.00 to 9.60+1.13
mg/kg) and Pb (0.09+0.02 to 0.35+0.03 and <0.00001+0.00 to 0.008+0.00 mg/kg), respectively.
Zinc in soil is higher than FAO/WHO permissible limit while Cd in soil is higher than FAO/WHO
limit and Dutch criteria for soil. Zinc and Cr in food crops are higher than FAO/WHO permissible
limit. Strong positive relationship exist between Zn in soil and food crops (r = 0.616, p<0.05).
Based on the findings, it is recommended that the fecal sludge should be treated with lime to
precipitate PTE content of sludge and lowering the corresponding environmental risks.
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1.0. Introduction

Urban development in the last 30 to 40 years seems to have culminated to an increase in rural-urban
migration in Nigeria, thus, increasing the population of people in urban areas. Urban development
brings about an overall increase in the number of buildings by Landlords that are mostly occupied by
tenants as well as some Landlords. The concomitant effect of sharp increase in number of tenants may
result to an exponential inversely proportion on the generation of waste since people (i.e. the tenants)
consume foods ranging from staples (garri, rice, yam etc.), fruits and vegetables (oranges, cucumber,
carrots, pawpaw, spinach, bitter leaf, fluted pumpkin, waterleaf etc.) to can foods and takeaway. The
foods eaten by the tenants digest in their alimentary system, and supply the body with the required
nutrients while the rest are passed out from the body as feces. The fecal wastes are passed out into on-
site sanitation system. An on-site sanitation system is defined as a system of sanitation where the
means of storage are contained within the plot occupied by the dwelling and its immediate
surroundings (WHO, 2006). In Sub-Saharan Africa, 65 to 100 % of sanitation access in urban areas is
provided through onsite technologies (Strauss et al., 2000). The on-site sanitation system gets filled
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up with feces over a period of years and are emptied into tankers (trucks) without treatment,
transported and discharged into open drains, irrigation fields, open lands, or surface waters. According
to Bassan et al. (2014), a 5 m® truck load of fecal sludge dumped into the environment is the
equivalent of 5,000 people practicing open defecation. The amount of untreated fecal sludge
discharged into the open environment poses a serious financial and public health risk. For example,
the World Bank estimates that poor sanitation costs the world 260 billion USD annually and
contributes to 1.5 million child deaths from diarrhea each year. Fecal sludge contains various heavy
metals and microorganisms which have potential ecological, biological and health impacts (Hashem,
2000).

Since Ubakala is located in South east Nigeria which experience heavy rainfall during the wet season,
the fecal sludge may be leached into water bodies with its concomitant challenges. For instance, the
United Nations reported that about 1.8 billion people globally use source of drinking water that is
contaminated with feces (Zziwa et al., 2016). Currently one in five children die from diarrheal related
diseases, which is more than that of HIV Aids, malaria, and measles combined (UNICEF and WHO,
2009) and chronic diarrhea hinder child development by impeding the absorption of essential nutrients
that are critical to the development of the mind, body, and immune system (Strande et al., 2014). In
furtherance of this, some proportion of the fecal sludge may contain heavy metals which is of great
concern in the world. The accumulation of dissolved heavy metals in water is hazardous to water
bodies and human health when their values are higher than the corresponding threshold (Pape et al.,
2012; Varol et al., 2013; Bu et al., 2015; Ogbonna et al., 2020a).

Poor planning and ineffective implementation of laws and regulations for waste collection, treatment
and disposal at various levels of Governance in Nigeria may have resulted to indiscriminate dumping
of fecal sludge on terrestrial and aquatic ecosystems. As urbanization continues to take place, the
management of fecal sludge is becoming a serious public health and environmental concern
particularly in South east Nigeria. Fecal sludge from the on-site sanitation systems does not undergo
treatment because there is no fecal sludge treatment plant in South east Nigeria. The technologies or
technical options applied for fecal sludge treatment are categorized into established fecal sludge
treatment technologies (co-composting, co-treatment in waste stabilization ponds, deep row
entrenchment), transferred sludge treatment technologies (anaerobic digestion, lime addition, sludge
incineration, mechanical sludge treatment) and innovative technologies (vermicomposting, black
soldier fly, ammonia treatment) for fecal sludge treatment (Strande et al., 2014; Ackah, 2016). Poor
fecal sludge management may have far reaching adverse impacts on the chemical characteristics of
soil since the contents of fecal sludge may have the capacity to influence soil quality and possible
accumulation of contaminants in plants. For instance, heavy metal is part of the constituents of fecal
sludge (Hashem, 2000).

Plants growing on potentially toxic element (PTE) contaminated soil tend to absorb PTE such as
heavy metals from soil solution via the roots and translocate it to the stems and the leaves (Ogbonna
et al., 2018a; 2020a). The chemical form of potentially toxic element in soil can strongly influence
their uptake by plants as mobile ions present in the soil solution through the roots resulting in
bioaccumulation of the elements in plants tissues (Pitchell and Anderson, 1997; Davies, 1983;
Amusan et al., 2005). The harvest of such plants at maturity, their sales at the farms or in the markets
and subsequent consumption by man (including animals) may result to accumulation of heavy metals
in the body. Some potentially toxic element such as copper Cu, nickel (Ni), and zinc (Zn) are essential
at trace amount while lead (Pb), cadmium (Cd) and mercury (Hg) are non-essential to living
organisms. Consequently, the investigation of PTE in fluted pumpkin (Telfairia occidentalis Hook f.),
pawpaw (Carica papaya Linn) and cassava (Manihot esculenta Crantz) growing at fecal sludge
dumpsite is vital since these foodstuffs are important components of human diet. For instance,
vegetables are rich in vitamins such as beta carotene, ascorbic acid, riboflavin, folic acid as well as
minerals like iron, calcium, phosphorus, bioactive non-nutritive health promoting factors as
antioxidants, phyto-chemicals, essential fatty acids and dietary fibre which are essential dietary
constituents required for growth, development and reproduction (Gupta etal., 2008; Okonwu et al.,
2018). It (vegetables) also supply alkaline substance in the body to maintain acid-base balance
(Funke, 2011), serve as medicine to reducing the risk of chronic diseases (Gosslau and Chen, 2004;
Lee et al., 2008) cancer, blood pressure and high cholesterol (Antonious et al., 2009). Carica papaya
contains enzymes, minerals (Santana et al., 2019), phytochemicals such as polyphenols, phenols,
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flavonoids, carotenoid, Lycopene, betacarotinoid, benzylisothyocynate, betacryptoxanthin,
benzylglucosinolate, chlorogenic acid, caffeic acid, protocatachuic acid, Quercetin and traditional
antioxidant vitamins such as vitamin C and E (Pinnamaneni, 2017). It (pawpaw) also contain
hymopapain and papain which are widely used for digestive disorders (Huet et al., 2006),
antihelminthic and anti-amoebic (Okeniyi et al., 2007), while leaf decoction is administered as a
purgative for horses and used for the treatment of genito-urinary system (Pinnamaneni, 2017).
Cassava root is rich in carbohydrate, calcium, iron, potassium, magnesium, copper, zinc, and
manganese comparable to many legumes (Montagnac et al., 2009).

This study aimed to determine the distribution of potentially toxic element (PTE) in soil and
accumulation in food crops at fecal sludge dumpsite in Umuahia, Abia State, Nigeria and the result
obtained were compared to permissible limits set by International Organizations and National
Standards of some countries to ascertain the status of the fecal sludge as organic material and possible
health implications of consuming food crops growing on the site.

2.0. Materials and Methods

2.1. Study area

The study was carried out in Ubakala in Umuahia South Local Government Area of Abia State,
Nigeria (Figures 1 and 2). Ubakala is located in the lowland rainforest zone of Nigeria (Keay, 1959)
and lies on latitude 5°26' to 5°34' N and longitude 7°22' to 7°33' E. It experience two seasons Vviz the
wet season that is characterized with heavy rainfall between April to November and short dry season
from December to early March. The mean annual rainfall is 1,122 mm, and annual relative humidity
is over 65 % while the mean annual temperature exceeds 27 °C.
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Figure 1: Abia State showing Umuahia South
Source: Ogbonna et al. (2020a)
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The surface elevation is about 120 m and the area has low-lying to moderately high plain topography.
It is drained by Imo River and its tributaries are perennial, resulting in secondary rainforest vegetation
along the river banks. Agriculture is well practiced by the people and crops commonly grown include
cassava, maize, fluted pumpkin, yam, okra, groundnut, pawpaw, oil palm trees, cola nuts, cocoa while
animals such as poultry birds, pigs, goats, snails are raised.
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Figure 2: Map of study area

2.2. Sample collection
2.2.1. Collection of fecal sludge samples

The experiment was preceded by a visit to the fecal sludge dumpsite area. The purpose of the visit
was to learn the history of the fecal sludge dumpsite, identify the food crops that were common in the
study site, the various distances the food crops were growing at the four cardinal points from the edge
of the fecal sludge dumpsite as well as the terrain of the site (which is table in nature). Fecal samples
were collected with steel core sampler to the depth of 1 m from ten (10) different sampling points in
four cardinal points (i.e. two sampling points each at north (N), south (S), east (E), west (W), and at
the center (C) of the fecal sludge dumpsite. The steel core sampler was cleaned with deionized water
for each individual sample collection to avoid cross-contamination. The samples from N, S, E, W and
C were bulked together to form a composite sample and placed (about 160 g) in large ASEPA
polythene bags, well-sealed, labeled, placed in a wooden box and covered to avoid contamination
from external sources. The samples in the wooden box were transferred to the laboratory for pre-
treatment and analysis. The fecal samples were air-dried at room temperature until all moisture was
completely eliminated. The sample was subjected to crushing and grinding and then homogenized
using a porcelain pestle and mortar. The homogenized fecal samples were sieved (0.2 mm) and stored
in refrigerator prior to digestion. The sample were analyzed for pH, organic matter, nitrogen (N),
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phosphorus (P), potassium (K), calcium (Ca), sodium (Na), magnesium (Mg), and potentially toxic
elements chromium (Cr), copper (Cu), cadmium (Cd), zinc (Zn), lead (Pb), and manganese (Mn)
using standard laboratory methods.

2.2.2. Collection of soil samples

Surface soil (0-20 cm) samples were collected from eight (8) different points with thoroughly cleaned
Dutch soil auger in four cardinal points (i.e. two sampling points each at north (N), south (S), east (E)
and west (W) of 1 m, 5 m, 15 m and 30 m from the edge of the fecal sludge dumpsite in September
2019. The Dutch soil auger was cleaned with deionized water for each individual sample collection to
avoid cross-contamination. The control sample was collected in a 2 year upland bush fallow about 1
km from the dumpsite where there was no visible source of contamination. Soil samples from the
same distance (e.g. 0-20 cm depth from 1 m at N, S, E and W) were bulked together to form a
composite sample and placed in large polythene bags (about 80 g), well-sealed, labeled, placed in a
wooden box and covered to avoid contamination from external sources. The samples in the wooden
box were transferred to the laboratory for pre-treatment and analysis. Each bulked soil sample was
freed from roots, stones, and seeds and air-dried at room temperature until all moisture was
completely eliminated. The samples were crushed, ground to increase the surface area for chemical
reactions and homogenized using a porcelain pestle and mortar. The homogenized soil samples were
sieved (< 2 mm) and analyzed for pH, organic matter, electrical conductivity (EC) and potentially
toxic elements (Cr, Cu, Cd, Zn, Pb and Mn) using standard laboratory methods.

2.2.3. Collection of plants samples

Fresh leaves were sampled from eight stands each of Carica papaya Linn. (pawpaw, Caricaceae),
Telfairia occidentalis Hook f. (fluted pumpkin, Cucurbitaceae) and Manihot esculenta Crantz
(cassava or manioc, Euphorbiaceae) at each particular distance. For example, two (2) stands of
pawpaw were collected each at N, S, E and W). The leaves were randomly collected in September
2019 from different parts of each plant species using thoroughly cleaned secateurs. These three plant
species were sampled because they were common among all sampling distance, thus, the plants were
growing around the points where soil samples were collected from the fecal sludge dumpsite. Samples
from each plant species was placed separately in large envelopes, labeled well and sealed, placed in a
wooden box and covered to avoid contamination from external sources. The samples in the wooden
box were transferred to the laboratory for pre-treatment and analysis.

2.2.4. Analysis of potentially toxic element in plant samples

The leaves were thoroughly rinsed with deionized water to remove adhered soil, dust and pollen
particles and placed in large crucibles and oven dried at 60°C for 96 hours. The dried leaves samples
was milled to fine powder (< 1 mm) using a cyclone sample mill (model 3010-019). The analysis was
carried out using the procedure of Yeketetu (2017). About 0.5 g of each of the plant samples were
weighed separately into a digestion flask and digested in furnace at 500 °C for four hours, and then 10
ml of 6 M HCI were added, covered and heated on a steam bath for 15 minute in fume hood. Another
1 ml of HNO; was added and evaporated to dryness by continuous heating for one hour to dehydrate
silica and completely digest organic compounds. Finally, 5 ml of 6 M HCI and 10 ml of water were
added and the mixture was heated on a steam bath to complete dissolution. The mixture was cooled,
filtered into a 50 mL volumetric flask and made up to the mark with distilled water (Singh et al.,
2010). Then the samples were analyzed for potentially toxic element (Cr, Cu, Cd, Zn, Pb and Mn)
using Atomic Absorption Spectrometer (model AA-7000 Shimadzu, Japan).

2.2.5. Analysis of exchangeable bases, organic matter, EC in fecal samples and potentially toxic
element in soil and fecal sludge

The procedures of Adeyeye (2005) and Bhowmick et al. (2013) was adopted with modifications. One
(1) g of the sieved samples were weighed into digestion flask and 30 cm® of aqua regia was added and
digested in a fume-cupboard until clear solution was obtained, which was cooled, filtered and then
made up to 50 ml mark in a standard volumetric flask with de-ionized water. A blank sample was
prepared to zero the instrument before running other series of samples. Standards (2 ppm, 4 ppm and
6 ppm) were prepared from 1000 ppm stock solution of the metals and used to plot the calibration
curve. The curve was plotted automatically by the instrument. Exactly 0.2 g was pipette from 1000
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ppm, pour into 100 ml flask and made to the mark with deionized water. This procedure was used in
the preparation of 4 ppm and 6 ppm, respectively. High temperature was produced in the ignition
chamber and provided enhanced reducing settings for the atomization of the respective
metals/minerals. Each standard was aspirated by nebulizer, converted into an aerosol, mixed with the
gases and converted into atomic form. All the standard solutions were analyzed and the calibration
curve was plotted automatically for the metals/minerals of interest. Each metal/mineral (Pb, Mn, Zn,
Cr, Cu, Cd, K, Na, Ca and Mg) were analyzed using its respective wavelength after which its
concentration was generated from the standard graph by the instrument (Atomic Absorption
Spectrometer, model AA-7000 Shimadzu, Japan). Triplicate digestion of each sample was carried out
together with blank digest without the sample. The measuring conditions of Pb, Mn, Zn, Cr, Cu, Cd,
K, Na, Ca and Mg ions are as follows:

Pb: Burner height: 8.0 mm; Wave length: 283.3 nm; Burner angle: 0 degree; Slit width: 0.7 nm; Fuel
gas flow rate: 2.3 L/min; Lighting mode: BGC-D2; Flame type: air-C,H,. A five point’s calibration
curve is made with 0, 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.6 ppm standard solutions prepared from certified
1000 ppm standard solution.

Mn: Burner height: 7.0 mm; wave length: 279.5 nm; Burner angle: 0 degree; Slit width: 0.2 nm; Fuel
gas flow rate: 2.0 L/min; Lighting mode: BGC-D2; Flame type: air-C,H,. A five point’s calibration
curve is also made with 0, 0.1 ppm, 0.2 ppm, 0.3 ppm, 0.4 ppm standard solutions prepared from
certified 1000 ppm standard solution.

Zn: Burner height: 7.0 mm; Wave length: 213.9 nm; Burner angle: 0 degree; Slit width: 0.7 nm; Fuel
gas flow rate: 2.0 L/min; Lighting mode: BGC-D2; Flame type: air-C,H,. A five point’s calibration
curve is also made with 0, 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.8 ppm standard solutions prepared from
certified 1000 ppm standard solution.

Cr: Burner height: 7 mm; Wave length: 766.5 nm; Burner angle: 0 degree; Slit width: 0.5 nm; Fuel
gas flow rate: 2.0 L/min; Lighting mode: BGC-D2; Flame type: air-C,H,. A five point’s calibration
curve is also made with 0, 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.8 ppm standard solutions prepared from
certified 1000 ppm standard solution. Moreover, same volume of 0.1 to 0.2% cesium chloride is
added to the standard and unknown sample to prevent the ionization of potassium.

Cu: Burner height: 7 mm; Wave length: 766.5 nm; Burner angle: 0 degree; Slit width: 0.5 nm; Fuel
gas flow rate: 2.0 I/min; Lighting mode: BGC-D2; Flame type: air-C,H,. A five point’s calibration
curve is also made with 0, 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.8 ppm standard solutions prepared from
certified 1000 ppm standard solution. Moreover, same volume of 0.1 to 0.2% cesium chloride is
added to the standard and unknown sample to prevent the ionization of potassium.

Cd: Burner height: 7 mm; Wave length: 766.5 nm; Burner angle: O degree; Slit width: 0.5 nm; Fuel
gas flow rate: 2.0 I/min; Lighting mode: BGC-D2; Flame type: air-C,H,. A five point’s calibration
curve is also made with 0, 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.8 ppm standard solutions prepared from
certified 1000 ppm standard solution. Moreover, same volume of 0.1 to 0.2% cesium chloride is
added to the standard and unknown sample to prevent the ionization of potassium.

K: Burner height: 7.0 mm; Wave length: 766.5 nm; Burner angle: 0 degree; Slit width: 0.7 nm; Fuel
gas flow rate: 2.0 L/min; Lighting mode: NON-BGC; Flame type: air-C;H,. A five point’s calibration
curve is also made with 0, 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.8 ppm standard solutions prepared from
certified 1000 ppm standard solution. Moreover, same volume of 0.1 to 0.2% cesium chloride is
added to the standard and unknown sample to prevent the ionization of potassium.

Na: Burner height: 7.0 mm; wave length: 589.0 nm; Burner angle: 0 degree; Slit width: 0.2 nm; Fuel
gas flow rate: 1.8 L/min; lighting mode: NON-BGC; Flame type: air-C,H,. A five point’s calibration
curve is also made with 0, 0.1 ppm, 0.2 ppm, 0.3 ppm, 0.4 ppm standard solutions prepared from
certified 1000 ppm standard solution.

Ca: Burner height: 17 mm; Wave length: 422.7 nm; Burner angle: 0 degree; Slit width: 0.7 nm; Fuel
gas flow rate: 2.0 L/min; Lighting mode: BGC-D2; Flame type: air-C,H,. A five point’s calibration
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curve is made with 0, 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.6 ppm standard solutions prepared from certified
1000 ppm standard solution. However, it is ionized and 0.1 to 0.2% potassium chloride is added to the
standard and unknown sample with same extent.

Mag: Burner height: 7 mm; Wave length: 285.2 nm; Burner angle: 0 degree; Slit width: 0.7 nm; Fuel
gas flow rate: 1.8 L/min; Lighting mode: BGC-D2; Flame type: air-C,H,. A five point’s calibration
curve is also made with 0, 0.1 ppm, 0.2 ppm, 0.4 ppm, 0.8 ppm standard solutions prepared from
certified 1000 ppm standard solution.

2.2.6. Determination of nitrogen

Nitrogen was determined by the micro-Kjedahl method as described in Pearson (1976). The 1 g of the
ground samples was weighed into the 500 ml Kjedahl digestion flask (Barloworld UK, model Fk
500/3l). The 1 g of catalyst mixture (20 g potassium sulphate, 1 g copper sulphate and 0.1 g selenium
powder) was weighed and added into the flask, and 15 ml of conc. H,SO,4 was also added. Heating
was carried out cautiously on a digestion rack in a fume cupboard until a greenish clear solution
appeared. The digest was allowed to clear for about 30 minute and allowed to cool. Ten (10) ml of
distilled water was added to avoid caking. Then the digest was transferred with several washings into
a 100 ml volumetric flask and made up to the mark with distilled water. A 10 ml aliquot was collected
from the digest and placed in the flask. A 100 ml receiver flask containing 5 ml boric acid indicator
solution was placed under the condenser of the distillation apparatus so that the tip was 2 cm inside
the indicator. Ten (10) ml of 40 % NaOH solution was added to the digested sample through a funnel
stop cork. The distillation commenced by closing the system jet arm of the distillation apparatus. The
distillate was collected in the receiver flask (35 ml). Titration was carried out with 0.01M standard
HCI to first pink colour. Triplicate digestion of each sample was carried out together with blank digest
without the sample.

Titration vol. X 0.014 x M x 100 x 50

% Nitrogen wt. of sample = 10 (1)

where M = molarity of std. HCI

2.2.7 Determination of phosphorus

Phosphorus (P) was determined by the Vanodo-molybdate spectrophotometric method using
Shimadzu UV-Visible Spectrophotometer UV1800, Japan. About 3.0 to 3.2 g of samples to the
nearest 0.001 g were weighed into vijcor crucible. A 0.5 g zinc oxide was added and the mixture was
heated slowly on hot plate until the sample thickens, then the heating was slowly increased until the
mass is completely charred. The crucibles were placed in muffle furnace at 550-600 °C and held for 2
hours before it was removed and cooled to room temperature. The 5 ml each of distilled water and
hydrochloric acid were added to the ash and the crucibles were covered with watch glasses and heated
to gentle boiling for 5 minute and the solution were filtered into 100 ml volumetric flasks. The inside
of the watch glass and the sides of the crucibles were washed with 5 ml of hot distilled water using
wash bottle with fine jet. The crucibles and the filter papers were washed with four additional 5 ml
portions of hot distilled water and the solution was cooled to room temperature and neutralize to a
faint turbidity by drop-wise addition of 50 % potassium hydroxide solution. A 0.5N hydrochloric acid
was added drop-wise until the zinc oxide precipitate is dissolved. Then 2 additional drops was added
and diluted to volume with distilled water and thoroughly mixed. About 10 ml of the solution was
pipette into clean dry 50 ml volumetric flask and 8.0 ml of hydrazine sulphate solution and 2.0 ml of
sodium molybdate solution were added. The flask was stopper and inverted 2 to 3 times, thereafter the
stopper was loosen and heat for 10-15 minute in a vigorous boiling water bath. The bath was removed
and cools to 25+5 °C in water bath and the volume was diluted with distilled water and thoroughly
mixed. The solution was transferred to clean, dry cuvette and the transmittance was measured at 650
ml with the instrument adjusted to read 100 % transmittance for a cuvette containing water. Reagent
blanks were prepared using the procedure described with no samples. The phosphorus content of the
samples and blanks were read from the transmittance graph.

10(A—-B
Phosphorus = ¥ (2)
w,
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where:

A = phosphorus content of the sample aliquot
B = phosphorus content of the blank aliquot
W = weight of sample

V = volume of aliquot

2.2.8. Determination of pH

The term pH is used to measure the amount of hydrogen ion concentration (H*) of a solution. It is,
therefore, described as a measure of the acidity or alkalinity of the solution. The pH meter (Jenway
pH meter, model 3510 USA) was standardized with pH 4, 7 and 10 buffer solutions. It was then
washed with distilled water, wiped and immersed in the samples (soil and fecal) and retained for a
short while until the readings stabilized. The readings were then recorded from the display. The
readings were taken in triplicates.

2.2.9. Determination of organic matter

Organic matter levels in the sieved soil and fecal samples were estimated indirectly from organic
carbon (C) using the Walkley and Black procedure (Walkley and Black, 1934). Exactly 1 g of the
finely ground samples were weighed separately into 500 ml conical flasks. A 10 ml of 1M potassium
dichromate was poured inside the flasks and the mixture was swirled. Then 20 ml of conc. H,SO, was
added and the flasks were swirled again for 1 minute in a fume cupboard. The mixture were allowed
to cool for 30 minutes after which 200 ml of distilled water, 1 g NaF and 1 ml of diphenylamine
indicator were added. The mixtures were swirled and titrated with ferrous ammonium sulphate. The
blanks were also treated in the same way. Triplicate digestion of each sample was carried out together
with blank digest without the sample.

(B—T)x M x1.33x0.003x 100
% Carbon = 7 3

where:

B = Titration volume (Blank)

T = Titration volume (Sample)

M = Molarity of Fe solution

Organic matter = Organic carbon x 1.724

2.2.10. Quality assurance

Triplicate digestion of each sample was carried out and blanks were prepared from only reagents
without sample to check for background contamination by the reagents. Appropriate quality assurance
procedures and precautions were taken to ensure the reliability of the results in all fecal sludge, soil
and plant sample test. Samples were carefully handled to avoid cross-contamination. All Glass wares
used were soaked into 3 M HNO; overnight and washed with deionized water to reduce the chances
of interferences, and reagents used were of analytical grades. Distilled and deionized water were used
throughout the study.

The comparison and interpretation of the results of analyzed fecal sludge, soils and food crops is
based on the control values, permissible limits established by Codex Alimentarius Commission
(WHO/FAO), National standards of different countries and related studies.

3.0. Results

3.1. Potentially toxic element in dried fecal sludge

The concentration of potentially toxic element in dried fecal sludge is summarized in Table 1. The
result indicate that the six (6) potentially toxic element tested in this study were present in the fecal
sludge. The concentrations of PTE in the dried fecal matter were Zn (12.41+£0.30 mg/kg), Cd
(0.07+0.00 mg/kg), Cr (4.47+0.34 mg/kg), Cu (2.12+0.03 mg/kg), Mn (8.13+0.03 mg/kg) and Pb
(0.01+0.00 mg/kg). The concentration of Zn in the dried fecal sample was Zn is 12.41+0.30 mg/kg,
which is well below the accepted limits of 500 and 1200 mg/kg (Zn) set by China (GB 4284-1984 and
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GB 4284-2018), respectively, 2500-4000 mg/kg (Zn) by the European Union (Directive 86/278/EEC)
and 800 mg/kg (Zn) in Sweden (Chen et al., 2003) (Table 2). The concentration of Zn (12.41+0.30
mg/kg) from fecal sludge dumpsite at Ubakala, Nigeria is higher than 0.058 to 0.094 mg/kg in fecal
sludge at Accra region of Ghana (Ahmed et al., 2019). The concentration of Cd in the dried fecal
sample was 0.07+0.00 mg/kg, which is well below the accepted limits of 5 mg/kg and 3 mg/kg set by
China (GB 4284-1984 and GB 4284-2018), respectively, 20-40 mg/kg (Cd) by the European Union
(Directive 86/278/EEC) and 2 mg/kg (Cd) in Sweden (Chen et al., 2003) (Table 2). The concentration
of Cd (0.07+0.00 mg/kg) in fecal sludge dumpsite at Ubakala, Nigeria is well below 0.90 to 112.03
mg/kg in sludge from municipal and industrial wastewater treatment plants in China (Wang and
Mulligan, 2005), 0.8 to 7.3 mg/kg in dried sewage sludge in Greece (Spanos et al., 2016), 1.17+0.19
to 1.71+0.29 ug/g in sludge from wastewater treatment plants of Sparta and Kavala, Greece
(Angelidis and Aloupi, 1999).

Table 1: Heavy metal concentration in dried fecal matter

Potentially toxic element Concentration
pH 8.90+3.10
Organic matter (OM) 7.41+2.01 %

N 0.06+0.02

P 0.02+0.00 mg/kg
K 0.47+0.01 cmol/kg
Ca 0.03+0.00 cmol/kg
Mg 0.05+0.00 cmol/kg
Na 0.78+0.01 cmol/kg
Cd 0.07+0.00 mg/kg
Zn 12.41+0.30 mg/kg
Cr 4.47+0.34 mg/kg
Cu 2.1240.03 mg/kg
Mn 8.13+0.03 mg/kg
Pb 0.01+0.00 mg/kg

Values are mean + standard deviation of 3 replicates

The concentration of Cu in the dried fecal sample was Cu is 2.12+0.03 mg/kg, which is well below
the accepted limits of 500 mg/kg (Cu) in China (GB 4284-2018), 1000-1750 mg/kg (Cu) by the
European Union (Directive 86/278/EEC) and 600 mg/kg in Sweden (Chen et al., 2003) (Table 2). The
concentration of Cu (2.12+0.03 mg/kg) in fecal sludge dumpsite at Ubakala, Nigeria is well below
120.31 to 2051.26 mg/kg (Wang and Mulligan, 2005), 51.0 to 198 mg/kg (Spanos et al., 2016),
78.746.5 to 141.7£6.6 pg/g (Angelidis and Aloupi, 1999) but higher than 0.018 to 0.030 mg/kg
(Ahmed et al., 2019).

The concentration of Mn in the dried fecal sludge was 8.13+£0.03 mg/kg, which is below 122.2+82.0
to 251.0+115.6 mg/kg in pilot-scale sludge drying reed beds (Stefanakis and Tsihrintzis, 2012). The
level of Mn in the fecal sludge suggests that its application in soil will enhance Mn in soil and
subsequent assimilation in plants. The concentration of Cr in the dried fecal sample was 4.47+0.34
mg/kg which is wellbelow the permitted limits of 600 mg/kg (GB 4284-1984) and 500 mg/kg (GB
4284-2018) (Cr) established by China and 100 mg/kg (Cr) in Sweden (Chen et al., 2003) (Table 2).

Table 2: Limit values for heavy-metal concentrations in sludge for use in agriculture (mg/kg of dry

matter)

Standard by country pH Cd Cu Pb Cr Zn Mn
GB 4284-1984 (China) pH<6.5 5 250 300 600 500 NA

pH>6.5 20 500 1000 1000 1000 NA

Grade A 3 500 300 500 1200 NA
GB 4284-2018 (China) Grade B 15 1500 1000 1000 3000 NA
40 CFR Part 503 (US) 85 4300 840 NA 7500 NA
Directive 86/278/EEC (EU 1986) 20-40  1000-1750  750-1200 NA 2500-4000 NA
(Sweden) (Chen et al., 2003) 2 600 100 100 800 NA
AbfKlaeV (Germany) 10 800 900 900 2500 NA
EU 3" Draft (2000) 10 1000 750 1000 2500 NA
Greek Legislation 80568/4225/91 (1991) 20-40  1000-1750  750-1200  *510  2500-4000 NA

NA = Not available, *Cr (total) = (Cr (I111) + Cr (VI)], - not specified

The concentration of Cr (4.47+£0.34 mg/kg) in samples of fecal sludge dumpsite in Ubakala, Nigeria is
higher than 0.00 to <0.01 mg/kg in Accra region of Ghana (Ahmed et al., 2019).
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The concentration of Pb in the dried fecal sludge was 0.01+0.00 mg/kg, which is well below the
permitted limits of 300 mg/kg (Pb) set by China (GB 4384-2018), 750-1200 mg/kg (Pb) by the
European Union (Directive 86/278/EEC) and 100 mg/kg (Pb) in Sweden (Chen et al., 2003). The
concentration of Pb (0.01+£0.00 mg/kg) in samples of fecal sludge dumpsite in Ubakala, Nigeria is
higher than 0.002 to 0.010 mg/kg (Ahmed et al., 2019). The concentrations of PTE in the dried fecal
matter were below the permissible limits established by European Union, China and Sweden. The low
concentration of PTEs in fecal sludge at Ubakala, Nigeria may be attributed to inadequate
manufacturing of agricultural input (e.g. inorganic fertilizer, pesticides among others) for crop
production in Nigeria unlike the developed countries. Thus, reducing the level of soil contamination
by PTEs and uptake by food crops consumed by the people. Thus, the fecal sludge could be harnessed
by farmers as organic material to boost crop yield. Consequently, there is need for periodic
monitoring of PTE in soil to ascertain their (PTE) status in line with permitted limits set by countries
in Europe, China, USA as well as International and National Organizations. Generally, the order of
abundance of the potentially toxic element in the dried fecal matter from the fecal sludge dumpsite at
Ubakala, Nigeria is: Zn>Mn>Cr>Cu>Cd>Ph.

3.2. Chemical properties in soil

The values of some selected chemical properties such as pH, organic matter and electric conductivity
in soil at the fecal sludge dumpsite in Ubakala, Nigeria is presented in Table 3. The results indicate
that the highest and lowest values of soil pH, electric conductivity and organic matter were observed
at the fecal sludge dumpsite and control site, respectively. The high pH values in soil from the fecal
sludge dumpsite may be attributed to the buffering effect of fecal matter as well as soil organic matter
against pH change, in addition to release of high basic cations during decomposition of organic
material. High basic cations are released during organic matter decomposition and this increases soil
pH (Oyedele et al., 2008; Awotoye et al., 2011; Ogbonna et al., 2018b). The pH of soils from the
fecal sludge dumpsite increased from 4.80£0.10 to 6.60+0.03 which is higher than 4.80+0.10 recorded
in soils from the control site. Thus, the soils from the fecal sludge dumpsite were less acidic unlike the
soils from the control site. Soil pH is influenced by the use of chemicals such as fertilizers, sludge and
liquid manures, and pesticides (Smith and Doran, 1996). Olness and Archer (2005) observed an
increase in soil pH from 4.9 to 6.3 following the application of animal waste compost. The lower
acidic nature of soils from the fecal sludge dumpsite can be attributed to the organic nature of the
fecal sludge. Study in the composition of feces reported that majority (84%) of the solid matter in
feces is organic in nature (Lopez Zavala, 2002). The low acidic nature of soils at the fecal sludge
dumpsite will facilitate the decomposition of fecal sludge by soil microorganisms’ vis-a-vis the
release of macronutrients and potentially toxic element in the fecal sludge dumpsite. In contrast, the
strong acidic nature of soils at the control site might have hindered the effectiveness of
microorganisms to decomposing organic materials since pH influence the inactivation of pathogen in
fecal sludge (Appiah-Effah et al., 2014).

Table 3: Some chemical properties in soil

Distance (m) pH Organic Matter (%) EC (uScm-Y)
1 6.60° + 0.03 24.11+0.01 33.27°+0.83
5 5.75" + 0.05 13.95" + 0.05 20.03" + 1.05
15 5.12°+0.10 7.75°+ 1.49 15.93°+1.17
30 4.80°+0.10 2.22° +0.02 9.79° + 0.58
Control 4.80°+0.10 2.14% +0.03 8.40%+1.11

Values are mean + standard deviation of 3 replicates
3¢ Means in a column with different superscripts are significantly different (P<0.05)

The highest level of organic matter in this study was observed to apex within 1 m (24.11+0.01)
followed by its (organic matter) values at the distance of 5 m (13.95+0.05), 15 m (7.75+1.49) and 30
m (2.22+0.02) while the control site (2.14+0.03) had the lowest level of organic matter. The level of
organic matter in soil indicates that the values of organic matter in soil samples were decreasing with
increasing distance from the fecal sludge dumpsite. The magnitude of decline in organic matter
content with distance in this study varied amongst sampling distance but the rate of decline were
higher at 30 m, followed by 15 m and lastly 5 m. The high value of organic matter at 1 m may be
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linked with its proximity to the fecal sludge dumpsite while the low organic matter content in soil at
the control site may be attributed to low quantity of organic materials unlike the fecal sludge dumpsite
area that provided sustained supply of organic matter to the soils at various distance. The level of
organic matter at 1 m (24.11+0.01) was 1.73, 3.11, 10.86 and 11.27 folds higher than its value at 5 m,
15 m, 30 m and control, respectively. The organic matter content in soil from the fecal sludge
dumpsite at Ubakala, Nigeria increased from 2.22+0.02 to 24.11+0.01, which is lower than
62.49+1.63 to 70.3620.88 % in sewage sludge in Greece (Angelidis and Aloupi, 1999) but higher than
1.5t0 1.9 (Bozym, 2019) (Table 4), 5.12+0.02 to 6.59+0.07 % in waste dump soil (Obasi et al., 2013),
3.81 to 7.94 % in municipal landfilled soil (Fonge et al., 2017) and 1.74+0.04 to 3.88+0.08 % in soil
amended with sewage sludge (Elloumi et al., 2016). Soil organic matter content is an important soil
quality indicator (Larson and Pierce, 1991) since it influences soil biological, physical and chemical
characteristics. It (soil organic matter) is a sink and source for plant nutrients and very crucial in
sustaining soil fertility, reducing erosion, influencing aggregation, and improving water infiltration
and retention (Sikora and Stott, 1996; Doran et al., 1996), buffering capacity and microbial
activity/diversity (Arshad and Coen, 1992).

Table 4: Comparison of concentration of some chemical properties and PTE in soils with related
studies and EU standard

Parameters This study Related studies EU
Standards
pH 4.80-6.60 7.09-7.60 Amos-Tautua et al. (2014), 8.0-8.3 Bozym (2019), NA
7.56-8.65 Anhwange and Kaana (2013)
Organic matter 2.22-2411  1.03-4.71 Amos-Tautua et al. (2014), 1.5-1.9 Bozym (2019. NA
Electrical conductivity 9.79-33.27 NA
Cr 2.40-21.03  11.40-18.34 Ajah et al. (2015), 12.0-355 Spanos et al. (2016), 39.67- 150

48.08 Vongdala et al. (2019), 53.5-134.5 Shamuyarira & Gumbo
(2014), 0.10-536.5 Esakku et al. (2005), 29.21-32.41 Ayari et al.
(2010)

Cu 6.27-31.39  51.0-198.0, Spanos et al. (2016), 54.06-66.82 Vongdala et al. (2019), 140
25.17-87.77 Ajahet al. (2015), 263.7-626 Shamuyarira (2013), Ideriah
et al. (2010), 2.18-1005 Esakkuet al. (2005), 45.0-48.23 Avari et al.
(2010)

Pb 0.09-0.35 35.6-172.9 Shamuyarira (2013), 9.10-271.9 Esakku et al. (2005), 300
52.45-56.12 Ayari et al. (2010), 125.72-138.48 Ajah et al. (2015),
67.99-80.17 Vongdala et al. (2019), 12.0-102 Spanos et al. (2016)

Zn 13.40- 52.48-77.46 Vongdala et al. (2019), 86.95-98.25 Ayari et al. (2010),
100.80 856.0-1880 Spanos et al. (2016), 43.37-76.37 Ajah et al. (2015), 5.52-
777.9 Esakku et al. (2005), 951.0-1732 Shamuyarira (2013)
Mn 36-188.57 263-1348 Shamuyarira (2013), 6.44-12.28 Ajah et al. (2015), 8.36-
383.1 Esakku et al. (2005)
Cd 0.07-0.92 0.8-7.3 Spanos et al. (2016), 0.82-3.11 Shamuyarira (2013), 3.73-3.76 3

Vongdala et al. (2019), BDL-3.80 Esakku et al. (2005), 0.88-1.10
Ayari et al. (2010)

NA = Not available

The highest value of electrical conductivity was obtained at the distance of 1 m (33.27£0.83 mS/cm)
and the value is significantly (P<0.05) higher than values observed at 5 m (20.03+1.05 mS/cm), 15 m
(15.93+£1.17 mS/cm), 30 m (9.79+£0.58 mS/cm) and control (8.40+1.11 mS/cm). The values of
electrical conductivity in soil were decreasing with increasing distance from the fecal sludge
dumpsite. The high values of EC in soil at the fecal sludge dumpsite may be attributed to presence of
soluble salt in the fecal sludge. For instance, winery sludge (Saviozziet al., 1994) and brewery sludge
(Alayu and Leta, 2020) were found to increase soil salinity, which exerts severe stress on non-salt-
tolerant plants and inhibits the plant growth (Mtshaliet al. 2014). However, the value of soil salinity in
this study was not at a level that could restrict plant growth rate and yield of crops because the EC
value meets the tolerable salinity limit of most plants that ranges from 3 to 4 mS/cm (Abdullah et al.
2016. The level of EC at 1 m (33.27+0.83 mS/cm) is 1.66, 2.09, 3.40 and 3.96 fold higher than its
values at 5 m, 15 m, 30 m and control, respectively. The values of EC in soil from the fecal sludge
(FS) dumpsite in Ubakala, Nigeria increased from 9.79+0.58 to 33.27+0.83 mS/cm, which is higher
than 1.53+0.01 to 2.46+0.02 mS/cm in waste dump soil (Obasi et al., 2013), 0.03 to 0.04 mS/cm in
municipal landfilled soil (Fonge et al., 2017) and 0.58+0.07 to 0.80+0.08 dS/m in soil amended with
sewage sludge (Elloumi et al., 2016) (Table 4). Electrical conductivity (EC) is a measure of soil
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salinity (Rhoades, 1996) and it significantly impacts microbial respiration, decomposition and other
processes involved in nitrogen cycling (Smith and Doran, 1996).

3.3. Horizontal distribution of potentially toxic element in soil

The distribution of potentially toxic element in soil samples collected at various distance from the
fecal sludge dumpsite and control site is summarized in Table 5. The results show that significant
differences exist among the PTE at the various distance from the fecal sludge dumpsite. The results
also indicate that highest and lowest concentrations of the PTE were observed at the fecal sludge
dumpsite and control area, respectively. The high PTE in soils from the study site may be attributed to
the fecal sludge dumpsite since the PTE were present in the samples of dried fecal matter analyzed in
this study (Table 1) as well as the high content of organic matter in soil (Table 3). Organic matter in
soils immobilizes heavy metals at strongly acidic conditions and mobilizes metals at weakly acidic to
alkaline reactions by forming insoluble or soluble organic metal complexes, respectively (Brummer
and Herms, 1982). More so, the pH values in soils (4.80+0.10 to 6.60+£0.03) of the fecal sludge
dumpsite is also implicated for the high PTE values. At low pH some metallic elements are overly
abundant and highly mobile (Brady and Weil, 2000). Notwithstanding this, studies have shown that
sites adjoined to source of pollution are subjected to high concentration of PTE such as heavy metals
unlike the control site (Ogbonna et al., 2013, 2018c, 2020b) The concentration of six (6) PTE tested in
the soil was observed to climax within 1 m followed by their (PTE) values at the distance of 5 m, 15
m, 30 m while the control site had the lowest concentration of the PTE. The pattern of migration of
the PTE in soil suggests that the concentration of PTE in soil sample were decreasing with increasing
distance from the fecal sludge dumpsite. Similar pattern in distribution of PTE (Pb, Cd, As, Ni, Fe and
Zn) with highest concentration at 1 m and decreased with distance has been reported in a related study
at Ngwogwo in Ebonyi State, Nigeria (Ogbonna et al., 2020b).

The highest concentrations of Zn (100.80+1.40 mg/kg), Cd (0.92+0.02 mg/kg), Cu (31.39+1.04
mg/kg), Mn (188.57+2.25 mg/kg), Cr (21.03£1.43 mg/kg) and Pb (0.35+0.03 mg/kg) were recorded
in soil at a distance of 1 m from the fecal sludge dumpsite. The values of Zn, Cd, Cu, Mn, Cr and Pb
at 1 m are significantly (P<0.05) higher than their values at 5 m (87.30+2.75, 0.62+0.02, 19.13+0.15,
119.904+0.95, 10.07+1.10 and 0.28+0.01 mg/kg) and 15 m (37.33+0.99, 0.11+0.01, 13.63+0.47,
94.07+1.01, 6.00£0.20 and 0.16+0.00 mg/kg). Similarly, the values of PTE at 1 m is significantly
(P<0.05) higher than their values at 30 m (13.40£1.20, 0.07+0.01, 6.27+0.31, 36.00+1.56, 2.40+0.40
and 0.09+0.02 mg/kg) as well as the control (2.10+0.02, 0.00+0.00, 0.45+0.03, 9.36+1.50, 0.01+0.00
and 0.00£0.00 mg/kg) for Zn, Cd, Cu, Mn, Cr and Pb, respectively. The PTE in the large volume of
fecal sludge dumpsite may have provided a source for continued leaching and migration via runoff
and have culminated to various level of contamination of Zn, Cd, Cu, Mn, Cr and Pb at the various
distance of 1, 5, 15 and 30 m. Potentially toxic element like heavy metals are part of the composition
of fecal sludge (Hashem, 2000).

Table 5: Heavy metal concentration in soils at various distances from fecal sludge dumpsite

Distance (m) Zn Cd Cu Mn Cr Pb

1 100.80°+1.40 0.92°+0.02 31.39%+1.04 18857°+225 21.03°+143 0.35°+0.03
5 87.30°+2.75  0.62°+0.02 19.13°+0.15 119.90°+0.95 10.07°+1.10 0.28°+0.01
15 37.33°+0.99  0.11°+0.01 13.63°+047  94.07°+1.01 6.00°+0.20  0.16°+0.00
30 1340%+1.20 0.079+0.01 6.279+0.31 36.00% + 1.56 2.40°+0.40  0.09%+0.02
Control 2.10°+0.02  0.00°+0.00  0.45°+0.03 9.36° + 1.50 0.01°+0.00  0.00°+0.00

Values are mean + standard deviation of 3 replicates
3¢ Means in a column with different superscripts are significantly different (P<0.05)

The concentration of Zn in soil at the fecal sludge dumpsite was 13.40+1.20 to 100.80+1.40 mg/kg,
which is below the Environmental Quality Standard of 421 mg/kg (Zn) set by National Environmental
Standards and Regulations Enforcement Agency, NESREA (NESREA, 2011) of Nigeria, the accepted
limit (i.e. target value) of 140 mg/kg (Zn) as described by Dutch criteria for soil (Ogbonna et al.,
2020b) but higher than 60 mg/kg (Zn) established by Codex Alimentarius Commission (FAO/WHO,
2001) (Table 6). The concentration of Zn (100.80+1.40 mg/kg) at 1 mis 1.15, 2.70, 7.52 and 48 times
higher than its values at 5 m, 15 m, 30 m from the fecal sludge dumpsite and control, respectively.
The concentration of Zn (13.40+1.20 to 100.80+1.40 mg/kg) in soils at the various distance from the
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fecal sludge dumpsite is lower than 122.92+0.06 to 235.75+0.04 mg/kg in soil at waste dumpsite in
Uyo, Akwa Ibom State, Nigeria (Nkop et al., 2016) but higher than 43.37 to 76.37 mg/kg in soil at
MSW dumpsite in Enugu State, Nigeria (Ajah et al., 2015), 13.82 to 17.26 mg/kg in soil at MSW
dumpsite in Benue State, Nigeria (Anhwange and Kaana, 2013). The differences in the concentrations
of PTE in soil from the fecal sludge area and municipal solid waste dumpsites may be attributed to
source of wastes, composition and length of time the wastes has lasted at the dumpsites. Zinc is an
essential nutrient in soil for the growth and development of plants.

The concentration of Cd in soil at the fecal sludge dumpsite was 0.07+0.01 to 0.92+0.02 mg/kg,
which is higher than the maximum permitted level of 0.1 mg/kg (Cd) established by the Codex
Alimentarius Commission (FAO/WHO, 2001), the accepted limit of 0.8 mg/kg (Cd) as described by
Dutch criteria for soil (Ogbonna et al., 2020b) but lower than 50 mg/kg (Cd) set by National
Environmental Standards and Regulations Enforcement Agency, NESREA (NESREA, 2011) of
Nigeria. The concentration of Cd (0.92+0.02 mg/kg) at 1 m is 1.48, 8.36, 13.14 and 92 times higher
than its values at 5 m, 15 m, 30 m from the fecal sludge dumpsite and control, respectively. The
concentration of Cd (0.07£0.01 to 0.92+0.02 mg/kg) in soils at the various distances from the fecal
sludge dumpsite is lower than 219 to 330 mg/kg in soil at waste dumpsite (Awokunmi et al., 2010).

Table 6: Comparison of concentration of heavy metals in soils with international and national
standards (*ECDGE, 2010); Ogbonna et al. (2020a)

D —
j@>) (5]
< =)
= <
o < < 2
< [eR%) ) T .©
> = R >
£ = S L8 5 58 § a = g
2 @ & < S 5 5@ S2 8 ¢ Z E <«
g 2 = a3 g Sg &2 g2g =2 E X E: & 2
T - zZ 8 =] L 8 8 [a] § n<s _)c(/) -)"<" X * X X
Cr 2.40-21.03 100 NA 100 100 380 60 150 400 100 60 NA
Cu 6.27-31.39 100 70-80 100 36 190 40 100 135 60-100 40 75
Pb 0.09-0.35 164 1.6 50 85 530 40 100 300 100 70 15
Zn 13.40-100.80 421  300-400 60 140 720 NA NA NA NA NA 140
Mn 36-188.57 NA NA NA NA NA NA NA NA NA NA NA
Cd 0.07-0.92 3 0.01 0.1 0.8 12 0.4 2 3 1-2 1 1.9

NA = Not available

The concentrations of Cu and Mn in soil at the fecal sludge dumpsite in Ubakala, Nigeria were
6.27+0.31 to 31.39+£1.04 and 36.00+1.56 to 188.57+2.25 mg/kg, respectively for Cu and Mn. The
values of Cu in soil at the fecal sludge dumpsite at Ubakala, Nigeria was 6.27+0.31 to 31.39+1.04
mg/kg, which is lower than the maximum permitted level of 100 mg/kg (Cu) established by Codex
Alimentarius Commission (FAO/WHO, 2001), the accepted limit of 36 mg/kg (Cu) as described by
Dutch criteria for soil (Ogbonna et al., 2018a), 100 mg/kg (Cu) set by National Environmental
Standards and Regulations Enforcement Agency, NESREA (NESREA, 2011) and 70-80 mg/kg (Cu)
set by Federal Ministry of Environment (FMEnv, 2002) of Nigeria. The concentration of Cu
(31.39+£1.04 mg/kg) at 1 mis 1.64, 2.30, 5.01 and 69.76 times higher than its values at 5 m, 15 m, 30
m from the fecal sludge dumpsite and control, respectively. The concentration of Cu (6.27+£0.31 to
31.39+1.04 mg/kg) in soils at the various distance from the fecal sludge dumpsite is lower than
2.1840.1 to 1005.2+6.0 mg/kg in soil (Esakku et al., 2005) but higher than 6.68 to 11.4 mg/kg in soil
(Anhwange and Kaana, 2013).

The concentration of Mn (188.57+2.25 mg/kg) at 1 m is 1.57, 2.00, 5.24 and 20.15 times higher than
its values at 5 m, 15 m, 30 m from the fecal sludge dumpsite and control, respectively. The
concentration of Mn (36.00£1.56 to 188.57+2.25 mg/kg) in soils at the various distance from the fecal
sludge dumpsite is lower than 2000 mg/kg (Mn) in soil (FAO/WHO, 1984) but higher than 6.44 to
12.28 mg/kg in soil at MSW dumpsite in Enugu State, Nigeria (Ajah et al., 2015).

The concentrations of Cr and Pb in soil at the fecal sludge dumpsite were 2.40+0.40 to 21.03+£1.43
and 0.09+0.02 to 0.35+0.03 mg/kg, respectively. The values of Cr (2.40+0.40 to 21.03+1.43 mg/kQg) is
well below the accepted limit of 100 mg/kg (Cr) as described by Dutch criteria for soil (Ogbonna et
al., 2020a), the 100 mg/kg (Cr) established by Codex Alimentarius Commission (FAO/WHO, 2001),
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the 100 mg/kg (Cr) set by National Environmental Standards and Regulations Enforcement Agency,
NESREA of Nigeria (NESREA, 2011), 50 mg/kg (Cr) set by Ministry of Agriculture, Fisheries and
Food, MAFF (MAFF, 1992) and 50 mg/kg (Cr) set by the European Commission, EC (EC, 1986).
The concentration of Cr (21.03+1.43 mg/kg) at 1 m is 2.09, 3.51, 8.76 and 2,103 times higher than its
values at 5 m, 15 m, 30 m from the fecal sludge dumpsite and control, respectively. The concentration
of Cr (2.40+0.40 to 21.03+1.43 mg/kg) in soils at the various distances from the fecal sludge dumpsite
is lower than 239.00+120 to 677.00+232 mg/kg in soil of landfilled foundry site in Poland (Bozym,
2019).

The concentration of Pb in soil at the fecal sludge dumpsite was 0.09+0.02 to 0.35+£0.03 mg/kg,
which is well below 164 mg/kg (Pb) set by National Environmental Standards and Regulations
Enforcement Agency, NESREA (NESREA, 2011) of Nigeria, the accepted limit of 85 mg/kg (Pb)
described by Dutch criteria for soil (Ogbonna et al., 2020a) and the maximum permitted level of 50
mg/kg (Pb) established by Codex Alimentarius Commission (FAO/WHO, 2001) (Table 6). The
concentration of Pb (0.35+0.03 mg/kg) at 1 m is 1.25, 2.19, 3.89 and 35 times higher than its values at
5 m, 15 m, 30 m from the fecal sludge dumpsite and control, respectively. The concentration of Pb
(0.09+0.02 to 0.35+0.03 mg/kg) in soils at the various distances from the fecal sludge dumpsite is
lower than 9.10+0.1 to 271.9+22 mg/kg in soil (Esakku et al., 2005) and 125.72 to 138.48 mg/kg in
soil (Ajah et al., 2015). Generally, the concentration of the potentially toxic element in soil followed a
decreasing order: Mn>Zn>Cu>Cr>Cd>Pb. The purpose of ranking the PTEs is to show their level of
distribution in soil in order of concentrations.

3.4. Potentially toxic element in food crops

Table 7 shows the concentrations of Cd, Cu, Pb, Mn, Cr and Zn in leaves of Carica papaya L,
Telfairia occidentalis Hook f. and Manihot esculenta Crantz sampled at the fecal sludge dumpsite
area and control site of Ubakala, Nigeria. The results showed that the leaf concentrations of
potentially toxic element in the contaminated site were significantly higher than that of the control site
in all plant species. The result also indicates significant differences among the plant species sampled
from the study site (i.e. fecal sludge dumpsite area). The disparity in concentrations of potentially
toxic element in plant species tested in this study may be attributed to their dissimilarity in inherent
ability to uptake potentially toxic element from soil (Ogbonna et al., 2018a). From the results, the
highest concentrations of Zn (56.02+5.02 mg/kg), Cd (0.085+0.01 mg/kg), Cr (9.60+1.13 mg/kg) and
Pb (0.008+0.00 mg/kg) were assimilated in the Carica papaya leaves and the values are significantly
(P<0.05) different from their (Zn, Cd, Cr and Pb) values in Telfairia occidentalis and Manihot
esculenta as well as some values of Carica papaya at various distance from the fecal sludge dumpsite
(Table 7). The high concentrations of Zn, Cd, Cr and Pb in Carica papaya leaves may be attributed to
its network of fibrous root that offered large surface area at the surface soil (0-15 cm) and beyond the
surface soil (16-50 cm) as well as horizontal spread of its roots in soil. The papaya root is
predominately a non-axial, fibrous system, composed of one or two 0.5-1.0 m long tap roots, and
secondary roots that branch profusely (Marler and Discekici, 1997; Carneiro and Cruz, 2009).

The concentration of Zn increased from 1.24+0.06 to 56.02+5.02 mg/kg, which is higher than 22.09 to
45.71 mg/kg in tomato growing on soil amended with applied sewage sludge (Elloumi et al., 2016),
5.96+0.02 to 28.85+0.04 mg/kg in Amaranthus hibridus, Talinum triangulare, Carica papaya,
Ipomea batatas and Luffa aegyptiaca at waste dump site (Obasi et al., 2013), 0.02 to 0.40 mg/kg in
Zea mays, Hibiscus sabdarifa, Abelmuschus esculentus, Amaranthus dubius and Arachis hypogea at
municipal waste dumpsite in Nasarawa State, Nigeria (Opaluwa et al., 2012). The concentration of Zn
(1.24+0.06 to 56.02+5.02 mg/kg) in this study is relatively higher than the permissible limit of 50
mg/kg (Zn) established by the Codex Alimentarius Commission (FAO/WHO, 2006) (Table 8). Zinc is
an essential element for healthy growth and development of plants, animal and man but will be
harmful to flora and fauna when thethreshold limit is exceeded. High level of Zn is known to inhibit
copper absorption, resulting to Cu deficiency symptoms (Tothert et al., 2016). Its (Zn) deficiency in
flora and fauna may result to stunted growth and impair cell division.

210 Ogbonna et al., 2021



Nigerian Journal of Environmental Sciences and Technology (NIJEST) Vol 5, No. 1 March 2021, pp 197 - 221

Table 7: Heavy metal concentration in plants at various distances from the fecal waste dumpsite

Distance  Plant species Zn Cd Cu Cr Pb Mn

(m)

1 Telfairia 26.14°+2.10  0.007°+0.00 10.80%2.01  4.01°+0.02 0.001°+0.00  17.21%+2.01
occidentalis
Carica 56.02°%+5.02  0.085%+0.01 5.10°+0.03 9.60°+1.13 0.008%+0.00 8.60°+1.03
papaya
Manihot 37.60°+3.28  0.011°+0.01 2.94°+0.06 2.06"+0.04 0.001°+0.00 4.91°40.10
esculenta

5 Telfairia 14.20°41.20  0.005%+0.00 1.84%+0.01  0.60°+0.01  0.0001°+0.00  3.20°+0.13
occidentalis
Carica 24.11°42.82  0.010°+0.01 1.04%+0.02 0.82°+0.02  0.0003°:0.01  1.60°+0.01
papaya
Manihot 16.23942.04  0.009°+0.02 0.88%+0.04 0.63°+0.01  0.0002°+0.00  1.00°+0.03
esculenta

15 Telfairia 5.12°40.12  0.001%+0.00 0.28°+0.01 0.04%0.00  0.00001%+0.00  0.72°+0.01
occidentalis
Carica 7.00°40.14  0.008°+0.00 0.64%+0.02  0.079+0.00  0.00002°+0.01  0.31°+0.02
papaya
Manihot 6.01°+0.04  0.003°+0.001 1.03%+0.03 0.02°+0.00  0.00001%+0.01  0.28°+0.00
esculenta

30 Telfairia 1.24'+0.06  0.0000°+0.000  0.002%+0.001  0.000°+0.00 <0.00001°+0.00  0.20°+0.00
occidentalis
Carica 2.017+0.00  0.0000°£0.000  0.008™+0.001  0.001°+0.00 <0.00001°+0.00  0.18°+0.01
papaya
Manihot 1.68+0.03  0.0000°+0.000  0.009%+0.002  0.000°+0.00 <0.00001°+0.00  0.11°+0.00
esculenta

Control  Telfairia 0.229+0.00 BDL <0.00019+0.00 BDL BDL 0.06"£0.00
occidentalis
Carica 0.70%+0.01 BDL <0.00019+0.00 BDL BDL 0.04'+0.00
papaya
Manihot 0.31%+0.00 BDL <0.00019+0.00 BDL BDL 0.01%+0.00
esculenta

Values are mean + standard deviation of 3 replicates
3¢ Means in a column with different superscripts are significantly different (P<0.05)

The concentration of Cd in the food crops increased from 0.0000+0.000 to 0.085+0.01 mg/kg, which
is lower than 0.05 to 1.55 mg/kg in Xanthosomasagittifolium, Telfairia occidentalis and Amaranthus
hybridus at municipal solid waste dumpsite in Awka, Nigeria (Nduka et al., 2008). The concentration
of Cd (0.0000+0.000 to 0.085+0.01 mg/kg) in food crops is lower than the permissible limit of 0.2
mg/kg (Cd) established by the Codex Alimentarius Commission (FAO/WHO, 2006) (Table 8).
Cadmium is a non-essential element in plant metabolism and has no nutritional benefits in human
body (Ogbonna et al., 2020b). It (Cd) can be toxic even at low concentrations (Jain et al., 2007;
Ogbonna et al., 2020a) as it replaces Zn biochemically and cause kidney damage (Feng et al., 2011).
The concentration of Pb in this study increased from <0.00001+0.00 to 0.008+0.00 mg/kg, which is
lower than 1.95+0.04 to 16.75+0.04 mg/kg in A. hybridus, T. triangulare, C. papaya, . batatas and L.
aegyptiaca (Obasi et al., 2013) and 0.10 to 1.74 mg/kg in X. sagittifolium, T. occidentals and A.
hybridus (Nduka et al., 2008). The concentration of Pb (<0.00001+0.00 to 0.008+0.00 mg/kg) in food
crops is lower than the permissible limit of 0.30 mg/kg (Cd) established by the Codex Alimentarius
Commission (FAO/WHO, 2007). Lead (Pb) is a non-essential element in plant metabolism and has no
nutritional benefit in human body. Lead (Pb) exposure can impair brain and nervous system, cause
chronic kidney disease even at relatively low blood Pb levels (ATSDR, 2007; IARC, 2006).

The concentration of Cr in plant leaves increased from 0.000+0.00 to 9.60+1.13 mg/kg, which is
lower than 0.12 to 25.0 mg/kg in tomato (Elloumi et al., 2016). The concentration of Cr (0.000+0.00
to 9.60+1.13 mg/kg) in plant leaves is higher than the permissible limit of 2.30 mg/kg (Cr) established
by Codex Alimentarius Commission (FAO/WHO, 2006). The fecal sludge with 4.47+0.34 mg/kg (Cr)
and high concentration of Cr (21.03+1.43 mg/kg) in soil are implicated for the high values of Cr
above the permissible limit of FAO/WHO in plant leaves. Chromium is essential for carbohydrate
metabolism in animals (Tucker et al., 2005) but its (Cr) concentration in food crops tested in this
study pose serious health risk to man and animals that depend on C. papaya leaves for food and
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medicine in South east Nigeria. For instance, the leaves of C. papaya are a viable forage for West
African dwarf (WAD) goats while infusion of the leaves is used therapeutically for treatment of
malaria, headache and wound-healing. Besides the effects on hepatic and renal toxicity, C. papaya
displays anti-malaria actions (Bhat and Surolia, 2001; Udoh et al., 2005; Imaga and Adepoju, 2010;
Aravind et al., 2013), antitumor, wound-healing and free radical scavenging activity (Basalingappa et
al., 2018), antimicrobial (Olagunju et al., 2009) and immunomodulatory activity on peripheral human
blood mononuclear cells (Otsuki et al., 2010). Exposure to Cr could lead to allergic dermatitis in
human, bleeding of the gastrointestinal tract, cancer of the respiratory tract and ulcers of the skin
(Bhagure and Mirgane, 2010; Al Hagibi et al., 2018).

Table 8: Comparison of concentration of heavy metals in plants with international and national

standards
Heavy  This study Related studies NESREA FAO/WHO FEPA DPR
metals 2001, 2006,
2007

Zn 1.24+0.06 to 0.30-212.7 Onyedikachi et al. (2018) NA 0.3 NA NA
56.0245.02

Cd 0.0000+0.000to  55.4-136.7 Raimi et al. (2019) NA 1.63 NA NA
0.085+0.01

Cu 0.002+0.001 to 40.4-720.6 Al-Farraj and Al-Wabel, 2007 NA 50 NA NA
10.80+2.01

Cr 0.000+0.00 to 49-7,521 Gonzélez-Chavez et al. (2015) NA 0.2 NA NA
9.60+1.13

Pb <0.00001+0.00 54.1-134.3 Raimi et al. (2019) NA 0.2 NA NA
to 0.008+0.00

Mn 0.11+0.00 to 205-9,432 Olufemi et al. (2014) NA 425 NA NA
17.21+£2.01 196.5-2,925 Raimi et al. (2019)

31.95-2,654.11 Onyedikachi et al. (2018)

The highest concentrations of Cu (10.80+£2.01 mg/kg) and Mn (17.21+2.01 mg/kg) are recorded in
Telfairia occidentalis leaves and the values are significantly (P<0.05) higher than their (Cu and Mn)
highest values in C. papaya and M. esculenta leaves. The concentration of Cu increased from
0.002+0.001 to 10.80+2.01 mg/kg, which is lower than 7.15 to 32.34 mg/kg in tomato (Elloumi et al.,
2016) and 1.37+0.01 to 28.90+0.01 mg/kg in A. hybridus, T. triangulare, C. papaya, |. batatas and L.
aegyptiaca (Obasi et al., 2013). The concentration of Cu (0.002+0.001 to 10.80+2.01 mg/kg) is below
the permissible limit of 73.0 mg/kg (Cu) set by Codex Alimentarius Commission (FAO/WHO, 2001).
The Recommended Dietary Allowance (RDA) of Cu for proper growth and human health of an adult
ranges from 1.5 to 3 mg/day (Samira and Tawner, 2013). Copper is one of the essential micronutrients
in plant metabolism. It (Cu) is part of enzymes involved in specific metabolic processes (Tothert et
al., 2016) but it could cause damage to immune system, reproductive ability, liver, neurological
system and gastrointestinal tract (ATSDR, 2004).

The concentration of Mn in plant leaves increased from 0.11+0.00 to 17.21+2.01 mg/kg, which is
relatively lower than 0.10 to 20.57 mg/kg in X. sagittifolium, T. occidentals and A. hybridus (Nduka et
al., 2008) but relatively higher than 1.95+0.02 to 15.36+0.02 mg/kg in A. hybridus, T. triangulare, C.
papaya, |. batatas and L. aegyptiaca (Obasi et al., 2013). The concentration of Mn (0.11+0.00 to
17.21+2.01 mg/kg) is well below the permissible limit of 500 mg/kg (Mn) set by Codex Alimentarius
Commission (FAO/WHO, 2001) (Table 8). The Recommended Dietary Allowance (RDA) of Mn for
proper growth and human health of an adult ranges from 2 to 5 mg/day (Samira and Tawner, 2013).
Manganese is essential element in plant metabolism and has nutritional benefit in human body. For
instance, Mn play key role in photosynthetic processes in plants (Lei et al., 2007). Exposure to high
dose of Mn affects the respiratory tract and brain of human and the symptoms include hallucinations,
forgetfulness and nerve damage (Prashanth et al., 2015). The sequence of potentially toxic element in
plant leaves at the fecal sludge dumpsite area was found in the order of Pb<Cd<Cr<Cu<Mn<Zn. The
purpose of ranking the PTEs is to show their level of accumulation in food crops in order of
concentrations.

3.5. Pearson correlation between PTE in soil and food crops

The result of the Pearson correlation analysis of potentially toxic elements in soil and food crops is
summarized in Table 9. The result show strong positive relationship between PTE in soil and food
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crops; very strong positive relationship between PTE in soil. Emphatically, strong positive
relationship exist between Zn in soil and food crops (r = 0.616, p<0.05) and Cu in soil and food crops
(r = 0.544, p<0.05), which suggest that increase in Zn and Cu in soil culminated in their (Zn and Cu)
increase in food crops. In addition, strong positive relationship exist between Zn in food crops and Pb
in soil (r = 0.571, p<0.05). More so, strong relationship occur between Cu in food crops and Mn in
soil (r = 0.6000, p<0.05) and Cu in food crops and Pb in soil (r = 0.560, p<0.05). Furthermore, very
strong positive relationship occur between Zn and Cd in food crops (r = 0.601, p<0.01), Zn and Cu in
food crops (r = 0.813, p<0.01), Zn and Mn in food crops (r = 0.770, p<0.01), Zn and Cr in food crops
(r = 0.854, p<0.01), Zn and Pb in food crops (r = 0.661, p<0.01). In furtherance of this, very strong
positive relationship exist between Cu and Mn in food crops (r = 0.959, p<0.01), Cu and Cr in food
crops (r = 0.897, p<0.01), Cu and Pb in food crops (r = 0.890, p<0.01), Mn and Cr in food crops (r =
0.961, p<0.01), Mn and Pb in food crops (r = 0.886, p<0.01) and Cr and Pb in food crops (r = 0.813,
p<0.01). Similarly, very strong positive relationship occur between Zn and Cd in soil (r = 0.966,
p<0.01), Zn and Cu in soil (r = 0.955, p<0.01), Zn and Mn in soil (r = 0.955, p<0.01), Zn and Cr in
soil (r = 0.923, p<0.01). In addition to this, very strong positive relationship exist between Zn and Pb
(r =0.981, p<0.01), Cd and Cu in soil (r = 0.942, p<0.01), Cd and Mn in soil (r = 0.929, p<0.01), Cd
and Cr in soil (r = 0.953, p<0.01), Cd and Pb in soil (r = 0.942, p<0.01). Lastly, very strong positive
relationship occur between Cu and Mn in soil (r = 0.996, p<0.01), Cu and Cr in soil (r = 0.982,
p<0.01), Cu and Pb in soil (r = 0.976, p<0.01), Mn and Cr in soil (r = 0.971, p<0.01), Mn and Pb in
soil (r = 0.975, p<0.01) as well as Cr and Pb in soil (r = 0.942, p<0.01).

Table 9: Correlation between heavy metals in soil and plants

Zn Cd Cu Mn Cr Pb Zn Cd Cu Mn Cr Pb
(soil) (soil) (soil) (soil) (soil) (soil)  (plant) (plant) (plant) (plant) (plant) (plant)

Zn 1

(soil)

cd 0.966™ 1

(soil)

Cu 0.955" 0.942" 1

(soil)

Mn 0.955™ 0.929™ 0.996™ 1

(soil)

Cr 0.923™ 0953 0.982™ 0.971" 1

(soil)

Pb 0.9817 0.942 0976~ 09757 0.942" 1

(soil)

Zn 0.616° 0414 0456 0500 0.328 0571 1

(plant)

Cd 0.345 0283 0213 0.225 0188 0301 0.601" 1

(plant)

Cu 0521 0.320 0544 06007 0425 0560° 0.813™ 0.319 1
(plant)

Mn 0.287 0061 0299 0.364 0167 0325 07707 0.288 0.959™ 1
(plant)

Cr 0.231 -0.015 0170 0.232 0.021 0246 0854 0412 0.897" 0.961" 1
(plant)

Pb 0313 0.111 0360 0406 0232 0353 06617 0.094 0.890" 0.886" 0.813" 1
(plant)

*. Correlation is significant at 5% (P<0.05).
**_Correlation is significant at 1% (P<0.01).

4.0. Conclusions

The study shows that potentially toxic element (Cd, Zn, Pb, Cu, Cr and Mn) were present in the fecal
sludge at Ubakala, Nigeria. The PTE were distributed in soil at various concentrations and assimilated
at varying levels in C.papaya, T. occidentalis and M. esculenta leaves. The concentrations of the
PTEs tested in dried fecal sludge were below the permitted limits established by European Union,
China and Sweden. Zinc (Zn) concentration in soil is higher than the permissible limit established by
Codex Alimentarius Commission while Cd is higher than both FAO/WHO limit and Dutch criteria for
soil. The concentration of Zn and Cr in food crops is higher than the permissible limit established by
the Codex Alimentarius Commission. Thus, prolong utilization of the food crops by human and
animals might have serious deleterious effects on them. Strong positive relationship exist between Zn
in soil and food crops (r = 0.616, p<0.05) and Cu in soil and food crops (r = 0.544, p<0.05). Very
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strong positive relationship occur between Zn and Cd in food crops (r = 0.601, p<0.01), Zn and Cu in
food crops (r = 0.813, p<0.01) while very strong positive relationship occur between Zn and Cd in soil
(r = 0.966, p<0.01) and Zn and Cu in soil (r = 0.955, p<0.01). Considering the level of Zn and Cd in
soil, we recommend that the fecal sludge should be treated with lime to precipitate PTE content of
sludge and lowering the corresponding environmental risks.
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