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Abstract

The present investigation was on the assessment of concentrations of different heavy
metals in irrigation water, agricultural soil and vegetables (Amaranthus spp.) grown on
the University of llorin Teaching and Research Farm. The possible health hazard to
humans through food chain transfer was discussed. Irrigation water, soil and Amaranthus
spp. were analyzed for Cr, Co, Ni, Cu, Pb, Cd, Mn, Fe and Zn concentrations. Transfer
factors (TF), daily intake rate (DIR) and target hazard quotient (THQ) for daily
consumption of 0.345kg of the plant were evaluated using the data obtained from the
analysis. The concentration of these metals in the soil were as follows; Mn (76.5 — 225.5
mg/kg), Fe (2063.5 — 8697.0 mg/kg), Zn (9.0 — 25.5 mg/kg), Cu (2.0 — 8.0 mg/kg), Cr (<0.1
— 8.5 mg/kg), Pb (<0.1 — 33.0 mg/kg), while Ni, Co and Cd were not detected (<0.1 mg/kg).
Only Mn, Fe, Cu and Zn were detected in the irrigation water and in the plant wereMn
(0.41 mg/L), Fe (0.30 mg/L), Cu (0.02 mg/L), Zn (0.02 mg/L) and Mn (390 — 940 mg/kg), Fe
(405 — 662.5 mg/kg), Cu (0.00 — 10.0 mg/kg), Zn (50.0 — 110.0 mg/kg) respectively. The TF
was in the order Zn >Mn> Cu > Fe, while the DIR were below the tolerable limits and the
THQ were in the ranges Zn (1.05%x10° -2.31x107), Mn (1.72x107 -4.14x107%), Fe
(3.56%10° -5.83%x10°) and Cu (1.13x10° —1.50%107). The results also showed that the
levels of Zn, Fe and Mn in the vegetables were higher than the international standards
and the calculated THQs implied that these concentrations would have no adverse effect
on the consumers over the period of time. However, the concentrations of the heavy
metals need regular monitoring to prevent excessive build-up over time in the vegetable.
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hazard.
Introduction (Nagajyot et al., 2010). During the
Heavy metals are  significant period of low rainfall especially in the
environmental pollutants and their dry season, most farmers usually depend
toxicity is a problem of increasing on the use of river or stream water for
significance for ecological, evolutionary, irrigation of vegetable beds (Dosumu et
nutritional and environmental reasons al., 2003) and these water bodies may
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have been polluted over time, acting as a
source of heavy metals to soil. Soil to
plant transfer of heavy metals is the
major path way of human exposure to
metal contamination (Jolly et al., 2013).
If plants decay, these toxic metals are
redistributed and as a consequence their
enrichment in the agricultural soil occurs.
The toxic heavy metals entering the
ecosystem may lead to geoaccumulation,
bioaccumulation and biomagnifications
(Naser et al., 2012). Vegetable’s uptake
of metals from soil is one of the major
pathways that metals enter into food
chain as they contain essential nutrients
and trace elements (Rasheed and
Awadallah, 1998; Nwajei et al., 2012). It
has been observed that among food
system, vegetables are the most exposed
food to environmental pollution due to
aerial burden (Jolly et al., 2013).

Metals such as chromium, cobalt,
copper, iron, manganese and zinc as
micronutrients are essential with known
biochemical functions while lead is non-
essential with toxic effects (Audu and
Lawal, 2006). It is only when metals are
present in bioavailable forms and at
excessive levels that they have the
potential to become toxic to plants
(Nagajyot et al., 2010). Some of these
heavy metals are also called trace
elements due to their presence in trace
(10 mg kg) or in ultra-trace (1 g kg™")
quantities in the environmental matrices.
The essential heavy metals have
biochemical and physiological functions
in plants and animals through
Participation in redox reaction, and being
an integral part of several enzymes.
Heavy metals are significant
environmental pollutants, and their
toxicity is a problem of increasing
significance for ecological, evolutionary,
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nutritional and environmental reasons
(Nagajyoti, 2010).

Heavy metals can be found generally
at trace levels in soil and vegetation.
However, these have a toxic effect on
organisms at high levels of concentration.
Heavy metals toxicity has an inhibitory
effect on plant growth, enzymatic
activity, stoma function, photosynthesis
activity and accumulation of other
nutrient elements, and also damages the
root system (Noorikh et al., 2013).
Furthermore, consumption of heavy
metals-contaminated food can seriously
deplete some essential nutrients in the
body  causing a decrease in
immunological defenses, intrauterine
growth retardation, impaired psycho-
social behavior, disabilities associated
with malnutrition and a high prevalence
of upper gastrointestinal cancer (Ramesh
and Yogananda, 2012). Prolonged
consumption of contaminated foodstuff
may lead to the unceasing accumulation
of toxic metals in the liver and kidney of
humans resulting in the disturbance of
biochemical processes, such as, liver,
kidney, cardiovascular, nervous and bone
disorders (Mahmood and Malik, 2013).

It is increasingly difficult to find a
river or other bodies of water of which its
natural regime has not been modified by
man's activities. There is a considerable
variation in  the  sources  and
concentrations of toxic metals among
rivers all over the world. The presence of
metal pollutants in freshwater is known
to disturb the delicate balance of aquatic
ecosystem (Abdus-salam er al., 2008).
The aquatic systems receive a large
amount of heavy metals from natural
occurring deposits and natural processes
and anthropogenic activities (Salano,
2013).
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Soil is often contaminated by human
activities and this is reflected in the high
horizontal and vertical variability brought
about by the anthropogenic influence on
soil formation and development (Salano,
2013). Large areas of agricultural land
are contaminated by heavy metals that
mainly originate from former or current
mining activities, industrial emissions or
the application of sewage sludge (Issa,
2008). Amaranths (Amaranthus species)
are grown during both wet and dry
season, though irrigation is normally
required for dry season crops since the
rate of transpiration by the leaves is
usually high. Amaranth can tolerate a soil
pH of 45 to 8 (Fayemi, 1999). The
leaves are rich in calcium, phosphorus,
folic acid, potassium, iron and vitamins
A, B and C but fairly low in carbohydrate
(Okpara et al., 2013). Amaranths are
recommended as a good food with
medicinal properties for pregnant women,
children lactating mothers and patients
with constipation, fever, haemorrhage
and anaemia (Quinton, 2006).

The level of heavy metals (As, Cd,
Co, Cu, Fe, Ni, Pb and Zn) in soils
samples from farmland around dumpsite
as well as other sites used as control sites
in Lafia metropolis, Nasarawa state,
Nigeria have been determined by
Opaluwa et al. (2012). The values of all
the metals analyzed for samples from
dumpsites were higher than those from
the control site suggesting possible
mobility of metals from dumpsites to
farmlands through leaching and runoffs,
but were below values recommended by
the World Health Organization (WHO).

Soil samples irrigated with two
different water sources; ground water
zone (GWZ) and waste water zone
(WWZ) have been analyzed for some
heavy metals Chromium, Cobalt, Nickel,
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Copper, Lead, Cadmium, Manganese and
Zinc. Concentration of heavy metals of
soil obtained from different sites of
WWZ was found to be significantly high
as compared to the soil obtained from
various sites of GWZ (Mahmood and
Malik, 2013). Accumulation of heavy
metals such as cadmium (Cd), copper
(Cu), manganese (Mn), lead (Pb) and
zinc (Zn) in some Amaranthus spp grown
around refuse and industrial effluent site,
have been reported by Shagal et al.,
(2012) with the results revealing high
concentration of the metals ranged from
10.00 — 70.50mg/Kg of various heavy
metals.

A comparative studied of heavy
metals (Lead (Pb), Zinc (Zn) and
Cadmium (Cd)) contamination in the
vegetable  Corchorus  olitorius  (C.
olitorius) leaves cultivated along a major
road and remote area free from any form
of industrial activities have also been
carried out by Sanyaolu et al. (2007) with
the results indicating that the closer the
plants were to the road, the higher the
heavy metal burden compare to the
concentration of heavy metals in
C.olitorius leaves from the control site
which remains constant (i.e. showing no
sign of contamination).

Amaranthus randomly collected from
agricultural fields at five different stations
across Vrishabhavathi River in the south of
the Indian city of Bengaluru have been
analyzed for Fe, Zn, Cd, Cr, Cu, Mn, and Pb
with the highest transfer factor of the metals
from the river water to the vegetable in the
order of Zn>Mn>Fe>Cu>Ni>Pb>Cr
(Jayadev and Puttaih, 2013). However, the
results obtained from the various studies on
the heavy metals determination were not
subjected to risk and hazard assessment.

This study aims at the risk assessment
of selected heavy metals by estimating
the bioaccumulation factor that exists in
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the vegetable, evaluating the possible
health hazards to human body through
the consumption of the vegetable and to
determine the correlation between the
metals concentration in soil and
Amaranthus leaves.

Materials and Method
Study Area

The study was conducted on the
Agricultural Research and Learning
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Sampling and Preparation

All samples were taken during the dry
season between February and March and
were immediately taken to the laboratory
after collection for preparation and stored
adequately until digestion and analysis.

Surface water sample of the Oyun
River used for irrigation was taken in a
well labeled plastic container. About 500
ml of irrigation water was collected and
stored in the refrigerator at about 5 °C
temperature prior to analysis. Sampling
spots were mapped out at reasonable
distance from each other using the
quadrant sampling method. A total of 17
soil samples of about 500 g each were
collected from the surface soil from 0-5
cm depth using augers. Collected soil
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Vegetable Farm, University of Ilorin,
Ilorin, Kwara state. The university lies
between Latitude 8.47 °N and Longitude
4.68 °E. The Vegetable Farm covers an
area of half of an hectare and is located
close to the maize farm which is 1V2
hectare situated along the university road;
a major highway with quite heavy
vehicular movement throughout the day.

(b)
Figure 1: (a) Map of Nigeria showing Kwara state and the state capital, Ilorin (b) Scale
Map of University of Ilorin showing the study location

samples were put in polythene bags and
labeled SSO1 — SSO17 then closed tightly
and taken to the laboratory. The collected
soil samples were air dried for 24 hours
and pulverized using a wooden mortar
and pestle; pebbles and plant fragments
were removed. The ground soil samples
were screened through a 2 mm sieve and
stored in a dark cupboard until digestion.

Samples of Amaranthus spp. were
also taken on the same day using the
quadrant  sampling  method.  The
vegetable was taken with the roots,
labeled (PSO1 — PS17) accordingly and
taken to the laboratory in polythene bags.
The plant samples were rinsed with tap
water and then with distilled water. The
leaves of the vegetable were taken and
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oven dried at exactly 70°C until a
constant weight is achieved to remove all
combined water and achieve good
homogenization and correct analytical
results (Estefan et al., 2013). The dried
plant samples were ground and sieved
through a 1mm sieve then labeled and
stored in a dark cupboard.
Determination  of  physicochemical
parameters

The irrigation water was analyzed for
some physicochemical parameters such
as pH, Electrical Conductivity (EC),
Total Suspended Solids (TSS), Total
Dissolved Solids (TDS). The pH value of
the water sample was measured using the
Hanna pH 20 pH meter and electrical
conductivity was measured with the EC
214 conductivity meter at 25°C. Total
Suspended  Solids was determined
following a standard method (Nasrullah
et al., 2006). While TDS value was
obtained using the conductivity method
(Uwidia and Ukulu, 2013)
Sample Digestion and the determination
of Heavy metals

Samples of irrigation water, Soil and
vegetables were digested using the mixed
acid hot plate digestion method (Hogan,
2011). The resulting solutions were
analyzed for heavy metals (Fe, Cd, Co,
Cu, Mn, Cr, Ni, Pb and Zn) using atomic
absorption spectrophotometer; BUCK
SCIENTIFIC MODEL 210 VGP

Data Analysis

The results obtained from the AAS
equipment was in mg/LL and were
converted to mg/kg for dry samples
according to Sanyaolu et al., (2011).
Estimation of Transfer Factor, Daily
Intake Rate and Target Hazard Quotient
of Metals, Transfer Factor
(Bioaccumulation Factor) was done using
standard methods (Naser er al., 2012,
Orisakwe et al., 2012, Iwegbue et al.,
2013). Length of exposure (ED) was set
to 16,936 days for Nigerian based on the
average life expectancy of 48.4 years,
from 2 years of age (Iwegbue et al.,
2013). The average adult body weight
(BW) was considered to be 55.9 kg, and
average daily vegetable intake for adults
(SFI) is considered to be 0.345
kg/person/day (Orisakwe et al., 2012).
AT = ED for non-cancer risk (IDNR,
2013). The data were statistically
analyzed by SPSS software version 16.0
to obtain the Pearson correlation
coefficient between metal concentrations
in soil and Amaranthus leaves.

Results

The results of physicochemical
parameters, metal concentrations of
samples, transfer factors, daily intake
rates, target hazard quotients and
coefficients of correlation between metals
in soil and Amaranthus leaves and
various guidelines are summarized in the
tables below.

Table 1: Physical properties of irrigation water sample

pH EC (uS cm™)

TSS (mg L")

TDS (mg L")

7.1 152 0.69

98.8

Table 2: Concentration of Heavy Metals in irrigation water (mg/L)

Heavy Metals Mn Fe Cu Co

Cr Cd Pb Ni Zn

Conc. 0.41 0.30 0.02

0.00 0.00 0.00 0.00 0.00 0.02
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Table 3: Concentrations of Heavy Metals in soil sample (mg kg™)

Soil sample Mn Fe Cu Cr Pb Zn Co Cd Ni

SS01 181.0 4116.0 8.0 5.0 ND 11.5 ND ND ND
SS02 180.0 4051.0 2.0 4.0 ND 11.0 ND ND ND
SS03 255.5 5279.0 3.0 6.0 9.5 210 ND ND ND
SS04 150.0 8679.0 35 4.0 11.0 12.5 ND ND ND
SS05 160.0 6556.0 4.0 6.0 5.0 140 ND ND ND
SS06 205.5 6178.5 6.0 6.5 20.0 16.5 ND ND ND
SS07 143.0 3842.5 2.0 4.0 ND 1880 ND ND ND
SS08 182.0 4564.0 3.0 4.0 ND 1880 ND ND ND
SS09 177.0 3928.0 3.0 ND ND 190 ND ND ND
SS10 161.5 4055.5 3.5 ND ND 17.5 ND ND ND
SS11 205.5 4901.5 4.5 2.0 ND 255 ND ND ND
SS12 126.5 4076.5 2.5 55 ND 13.5 ND ND ND
SS13 117.0 4828.5 4.0 8.5 33.0 215 ND ND ND
SS14 182.5 6413.5 3.0 8.0 ND 20.5 ND ND ND
SS15 76.5 2063.5 35 ND ND 9.0 ND ND ND
SS16 178.5 4167.5 4.5 5.0 ND 160 ND ND ND
SS17 185.0 4934.5 4.0 6.5 ND 200 ND ND ND

ND = not detected

Table 4: Concentrations of Heavy Metals in Amaranthus spp. (mg/kg)

Amaranthus Mn Fe Cu Co Cr Cd Pb Ni 7n

A 635.0 4525 ND ND ND ND ND ND 100.0
B 940.0 480.0 100 ND ND ND ND ND 80.0
C 502.5 662.5 ND ND ND ND ND ND 67.5
D 530.0 405.0 ND ND ND ND ND ND 50.0
E 687.5 502.5 7.5 ND ND ND ND ND 110.0
F 482.5 480.0 ND ND ND ND ND ND 95.0
G 645.0 407.5 7.5 ND ND ND ND ND 95.0
H 390.0 502.5 ND ND ND ND ND ND 67.5
WHO/FAO - 48.0 30.0 - - 1.0 2.0 - 60.0
NAFDAC - - 200 - - - 2.0 - 50.0
EC/CODEX - 0.3 - - 0.2 0.3 >50.0

Normal range in plants 400-500 2.5 - - <24 0.50-30  0.02-50 20-100

ND* not detected
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Tables 5: Estimated Daily Intake of Metal (mg kg™ day™) from ingestion of 0.345kg of the

vegetable

Amaranthus Mn Fe 7Zn Cu Pb Co Cd Cr Ni

A 3919 2793 0.617 NC NC NC NC NC NC

B 5.801 2962 0494 0.062 NC NC NC NC NC

C 3.101 4.089 0417 NC NC NC NC NC NC

D 3271 2500 0309 NC NC NC NC NC NC

E 4243 3.101 0.679 0.046 NC NC NC NC NC

F 2976 2962 0.586 NC NC NC NC NC NC

G 3.981 2515 0.586 0.046 NC NC NC NC NC

H 2407 3.101 0417 NC NC NC NC NC NC

Integrated Risk 11.0 450 400 100 0240 - 0.064  0.0105

Information System (US

EPA 2009)

NC* not calculated.

Table 6: Estimated Target Hazard Quotient of Metal ion
Amaranthus Mn Fe 7Zn Cu Pb Co Cd Cr Ni
A 2.79%107  3.98x10°  2.10x10° NC NC NC NC NC NC
B 4.14%10%  4.22%10°  1.68x10°  1.50x10° NC NC NC NC NC
C 221%10% 5.83%10° 1.42x10°  NC NC NC NC NC NC
D 2.33x%10%  3.56%10°  1.05%10°  NC NC NC NC NC NC
E 3.03x10%  4.42x10°  2.31x10° 1.13x10° NC NC NC NC NC
F 2.12%10%  4.22x10°  2.00%10° NC NC NC NC NC NC
G 2.84%10%  3.59%10°  2.00x10° 1.13%1073 NC NC NC NC NC
H 1.72%10%  4.42x10°  1.42x10° NC NC NC NC NC NC

NC* not calculated.

Discussion
Heavy Metal Contents of Irrigation
Water, Soil and Amaranthus Leaves

The maximum concentration of iron
in soil was in SS04 (8676 mg/kg) and
minimum in SS15 (2063mg/kg) (Table
3). While in the vegetable leaves the
concentration was highest in sample C
(662.5mg/kg) and least in sample D
(405.0 mg/kg) (Table 4). The level of Fe
in irrigation water was below the
Canadian standard but was higher than
the FAO standard for vegetables in some
cases.

The concentration of manganese in

soil was maximum in SS03 (225.5
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mg/kg) and minimum in SS15 (76.5
mg/kg) (Table 3). While in the vegetable
leaves the concentration was highest in
sample B (940.0 mg/kg) and least in
sample H (390.0 mg/kg) (Table 4). The
level of Mn in irrigation water exceeded
the Canadian and WHO/FAQO guidelines
and below the EU standards for all soil
samples with levels in Amaranthus spp
above the FAO guidelines. Manganese
toxicity is a major factor on limiting
growth in acidic soils, in these soils high
concentrations of manganese in the
leaves reduces photosynthesis and thus
growth is reduced (Mousavi et al., 2011)
as observed in the Amaranthus spp.
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In irrigation water and soil, Zn levels
were below the international standards
while only one sample of the Amaranthus
spp. had Zn level above the FAO
standard (Tables 2, 3 and 4). Zinc is a
trace element that can affect several
metabolic processes of plants at high
concentrations. Zinc deficiency has been
shown to be associated with increased
morbidity and mortality, in particular
from diarrhea, possibly also from
malaria, and also with reduced child
growth (Nubé and Voortman, 2006).

The mean concentrations of Cu in
irrigation water, soil and Amaranthus
spp. were the ranges of 0.02 mg/L, 2.0 —
8.0 mg/kg and 0.00 — 10.0 mg/kg
respectively. In all the samples analyzed,
the levels of Cu were below all standards
(Tables 2, 3 and 4).

Chromium concentration in soil was
maximum at SS13 (8.5 mg/kg) and
minimum at SS11 (2.0 mg/kg) and were
not detected in SS09, SS10 and SS15
(Table 3). Cr levels were below the
Canadian and EU standards. Cr was not
detected in the Amaranthus spp. and this
might be due to the quality of the
irrigation  water, however a little
concentration Cr can be very toxic and
will pose great health hazards.

Lead concentration in the soil sample
analyzed was in the range of 5.0 mg/kg —
33.0 mg/kg and was only detected in 5
soil samples out of 17 samples analyzed.
Pb was not detected in any of the
Amaranthus samples as well as the
irrigation water sample. Lead is well
known for its toxic and adverse effects on
human. Its absence in the plant will give
no deficiency symptoms as it is non-
essential.

Heavy metals like cadmium, lead,
and nickel are highly toxic at relatively

488

low concentrations in human beings and
animals (Latif, 2009). Cobalt, cadmium
and nickel were not detected in all the
samples of water, soil and vegetables
analyzed. This shows that the location of
the university road has no influence on
the concentration of Co, Cd and Ni in the
environment as well as Pb and Cr in the
vegetable. Although the farmland is close
to a major road (the university road),
exhaust from vehicles are expected to
increase the concentration of metals like
Zinc, Copper, Lead, Nickel and
Cadmium; but this was not the case due
to adequate dispersion. Fe has the highest
concentration of all the heavy metals
detected in the soil and this has been
reported for Ilorin and its environs soil
(Dosumu et al., 2002).

Transfer Factor, Daily Intake Rate and
Target Hazard Quotient of Metals

The relative orders of transfer of
metals from soil to plants grown on soil
irrigated with river water were Zn >Mn>
Cu > Fe with TFs 4.957, 3.570, 0.830 and
0.100 respectively. The TFs indicate that
uptake of metals by crops does not
increase  linearly = with  increasing
concentrations of metals in soils (Fe
>Mn> Zn > Cu) as reported by Rattan et
al., (2005). Zinc was found to have the
highest TF as also found by Jayadev and
Puttaih (2013) in their study with
Amaranthus spp.

The daily intake rates of these metals
were below the US EPA (2009) upper
tolerable daily intake for both adults and
children (Table 6). Mn was found to
have the highest DIR while copper had
the lowest. They were in ranges; Mn
(2.407 — 5.801 mg/kg/day), Fe (2.500 —
4.089 mg/kg/day), Zn (0.309 - 0.679
mg/kg/day), and Cu (0.046 — 0.062
mg/kg/day).
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The THQs for metals obtained in this
study were all below 0.1 in ranges; Zn
(1.05%107- 2.31%107), Mn (1.72X107
4.14%107), Fe (3.56%107 5.83%10™) and
Cu (1.13%10° 1.50%107). Hence, this
implies that the prolonged consumption
of these vegetables will have no toxic
effect on the consumers as the THQ less
than or equal to 1 represents no adverse
effect for non-carcinogen (IDNR, 2013).
Coefficient of Correlation between
Metal Concentrations in Soil and
Amaranthus Leaves

The coefficient of correlation
between metals in soil and Amaranthus
leaves revealed that metal levels increase
in Amaranthus leaves and the metal level
of the soil decreases slightly and vice
versa. However, the relationship between
the metal level in soil and Amaranthus
leaves were negligible with coefficient of
correlation of -0.286, -0.120, -0.152 and
0.525 for Mn, Fe, Zn, and Cu
respectively. These generally mean that
the concentration of metals in the
Amaranthus leaves cannot be attributed
to the metal concentration of the soil.

Conclusion

The study has shown that there was
considerable amount of heavy metals in
irrigation water, soil and Amaranthus
spp., though the levels were below the
international ~ standards’  permissible
levels for Cu, Pb, and Cr. In few cases
the levels of Mn, Fe and Zn exceeded the
permissible limit of some of the
internationals  standards. The heavy
metals concentration in the river water
and in the Amaranthus leaves was found
to be in the order; Mn> Fe > Zn > Cu,
while other heavy metals of interest were
not detected. The present study has
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shown that the quality of water for long
term irrigation has great impact on the
heavy metal content of vegetables
irrigated with it. There was no strong
relationship between the metal levels in
soil and the leaves of the vegetable
according to the results of correlation
coefficient. The data however revealed
that iron, manganese and Zinc has
antagonistic effect on the availability of
copper and  Amaranthus spp. is not
likely to induce any health hazard to
consumers as far as its metal contents and
the calculated target hazard quotient are
concerned. Hence, the vegetables would
serve as a great source of the most
essential nutrients needed by both plant
and animals. However, the level of Fe,
Zn and Mn in the soil should be
continuously monitored to check on their
levels in order to avoid toxicity overtime.
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