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Abstract

Contamination of plants (Abelmoschus esculentus (Okro), Allium cepa (onion), Amaranthus
viridis, Spinacia oleracea (Spinach), Brassica Oleracea (Cabbage), Digitaria horizontalis,
Commelina diffusa) by copper (Cu), cobalt (Co), nickel (Ni), lead (Pb) and chromium (Cr), and
the subsequent human exposure risks, were determined in Funtua region, where wastewater from
Funtua textile is used for irrigation. The concentrations of heavy metals (mg/kg fresh wt.) in
plant samples ranged from 106.45 to 230.55 for Cu, 602.75 to 1121.50 for Cr, 70.50 to 145.10
for Ni, Below Detection Limit (BDL) to 2.15 for Pb and BDL for Co. Thus, the concentrations
were found to be above the WHO (1996) permissible limit with exception to Co and Pb in all
plant samples. The levels of the heavy metals analysed in the plant samples were in the following
trend: Spinacia oleracea>Allium cepa>Amaranthus viridis>Abelmoschus esculentus >commelina
diffusa> Brassica Oleracea >digitaria horizontalis. Hazard Index 1.01 x 10° and 4.20 x 10* were
obtained for children and adults, respectively. Estimated daily intakes in mg/day ranged from
3.07 x 10° to 7.16 x 107 for Pb, 2.63 x 10™ t0 6.13 x 10" for Cu, 1.63 x 10" to 3.80 x 10" for
Ni, 0.12 x 10*to 0.29 x 10" for Cr and BDL for Co in adult and children, respectively. Cu, Ni, Cr
and Pb intake rates were above recommended minimum risk levels (MRLS) in both children and
adult in all the plants, while Co poses no risk in all the plant samples. The result obtained from
subjecting the data to statistical analysis revealed that there was no significant difference in the
levels of the analysed plant samples at p > 0.05 across the sampling sites.
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INTRODUCTION to the on-going mass extinction of species.
Pollution is a major threat to our Today, it is threatening the survival of more
biodiversity and it significantly contributes than 1 million of the planet’s estimated 8
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million plant and animal species, and the
situation is expected to worsen, unless we
change [1]. Unplanned economic
development has led to pressure on
cultivable land and suitable water for
irrigation. To meet the food demands of
exponentially growing human population,
cultivation of food crops is carried out at
places which are not suitable for agriculture
like along wastewater drains or other
polluted sites. In other to address water
crisis, irrigation, using the large amount of
wastewater discharged from the rapid
growing industries is being carried out in
many parts of the world [1].

Industrial wastewaters have been reported to
contain heavy metals concentrations which
are toxic to plants and, thus, affect the plant
growth, seed germination, human health and
lower crop yield [2]. Wastewater used for
irrigation has many contaminants mainly
heavy metals depending upon the source of
discharge [3]. Plants grown on a land
polluted with municipal, domestic or
industrial wastes can absorb heavy metals in
form of mobile ions present in the soil
solution through their roots or through foliar
absorption [4]. Studies on the uptake of
heavy metals by plants have shown that
heavy metals can be transported passively
from roots to shoots through the xylem
vessels [5, 6].These absorbed metals get bio-
accumulated in the roots, stems, fruits,
grains and leaves of plants [4]. The
concentration of heavy metals in vegetables
increases with cultivation years. A high
concentration of heavy metals in end
products carries risks for food safety and
consumer health. Heavy metals are

potentially toxic, resulting in chlorosis,
weak plant growth, and low vyield, and they
may even be accompanied by reduced
nutrient  uptake, disorders in  plant
metabolism, and a reduced ability to fix
molecular nitrogen in leguminous plants [7].
Food safety is a major public concern
worldwide. During the last decades, the
increasing demand for food safety has
stimulated research regarding the risk
associated with consumption of foodstuffs
contaminated by pesticides, heavy metals
and/or toxins.

Contaminated food is one of the main
sources of exposure to heavy metals, and
research points these toxicants to come from
their raw material which are basically crops
[7]. Contamination of the human food
chains by heavy metals is not directly
affected by the plants’ total uptake, but
rather by the concentration in those parts
that are directly consumed [8]. Thus, in
assessing exposure risks, heavy metal
contents in roots and stems are of less
importance than those in the edible leaves.
According to [9] and [10], sensitivity of
organisms to heavy metal toxicity depends
on heavy metal accumulation rate in plants,
intake rate (in animals) and age of the
consuming organism amongst other factors.
The present study aims to check for metal
content (copper, nikel, lead, chromium and
cobalt) in plants irrigated with wastewater
from Funtua textile industry, Nigeria.
Furthermore comparison of hazard index
associated with intake of these metals in
adults and children is also assessed.
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MATERIALS AND METHODS
Study Area

The study area of this research is the Funtua
textile industry and its neighboring sites
where irrigation farming and other
commercial agricultural activities are carried
out. The study area lies between latitude
11°34’N  and longitude 7°14°E. The
Irrigation sites are located along the
waterway of waste water coming out from
Funtua textile limited which is used for
farming.

Sampling and Analysis

Plants leaf samples were collected from the
farm sites irrigated with wastewater from
Funtua textile industry, the plants samples
were collected by randomly picking up two
or three mature bottom leaves from the
plants. The samples were washed once with
distilled water by running the water through
the leaves to mimic the general practice of
unsuspecting consumers. Each bundle was
sub-divided in the laboratory to give
duplicate samples weighing approximately
6g (fresh wt.). The fresh vegetable samples
were digested at the fresh state because the
consumers eat them in that state and then
further analysis was carried out.

2.0 g of the sample was weighed out into a
Kjeldahl flask mixed with 20 cm® of
concentrated H,SO,4, concentrated HCIO,4
and concentrated HNOg in the ratio 1: 4: 40
by volume respectively and left to stand
overnight. Thereafter, the flask was heated
at 70°C for about 40 min and then, the heat
was increased to 120°C. The mixture turned
black after a while. The digestion was

complete when the solution became clear
and white fumes appeared. The digest was
diluted with 20 cm?® of distilled water and
boiled for 15 min. This was then allowed to
cool, transferred into 100 cm® volumetric
flasks and diluted to the mark with distilled
water. The sample solution was then filtered
through a 0.5 um Teflon filter paper and
transferred into a volumetric flask.

Analytical procedures: Determination of

heavy metals

Determination of different heavy metals viz.
Cu, Ni, Co, Cr and Pb in digested plant
samples was done using Atomic Absorption
Spectrophotometer (AAS) ( 280 FS AA) at
the Multi-user Science Laboratory, Faculty

of Physical Sciences, ABU - Zaria.

Risk Assessment Calculation
» Hazardous Index (HI) were used to
estimate the risk to human health
through the hazard index (THI). The
hazard index is the sum of the hazard
quotients which was calculated as
follows:

121D £ (0 E——— (1),
and

Where: THI = Total Hazardous Index and
HQ = Hazard Quotient for the metals
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The following equation was used to
represent daily exposure route:

CDI = C X DI/BW --------- (3)

Where: CDI = Is the Chronic Daily Intake
(mg/kg/d),

C = Concentration of the water contaminant
(mg/L),

DI = Is the Average Daily Intake rate of the
water (I/d), and

BW = Is the Body Weight in (kg).

The hazard quotient, (HQ) was calculated
using the following equation:

level of the toxicants manifesting long term
health hazard effects increasing [11, 12].

HQ = CDI/RID -----mmmmmmmmmmmmmmeoeaav (4)

Where: HQ = Hazard Quotient and Rf D = Is
the Reference Dose (mg/kg).

The Rf D values employed in this study
were obtained from [11]. When the values
are less than 1 (i.e if HQ or THI < 1) it
means there is no risk and generally, the
greater the values, the greater is the risk.

Statistical Treatment of the Data

All experiments was performed in duplicate.
One-way analysis of variance (ANOVA)
was utilized to test whether there is a
significant difference in the levels of the
metals (Cu, Cr, Ni, Pb and Co) analysed
across the sampling points at 95 %
confidence limit.

Microsoft spreadsheet was also used to
calculate the mean and standard deviation of
the parameters determined.

A Publication of Department of Pure and Industrial Chemistry, UMYU Page | 54



UJPICR Volume 1 Number 2 : December, 2021

Results and Discussions

Table 1: Heavy metals parameter of plant

Samples Pb Co Cu Ni Cr

A BDL BDL 222.60+0.01 145.10+0.10 812.50+0.03
B 2.00+0.04 BDL 229.00+0.01 128.95+0.20 1031.64+0.03
C BDL BDL 193.05+0.02 110.05+0.13 1010.25+0.02
D BDL BDL 230.55+0.01 141.25+0.03 1121.50+0.02
E BDL BDL 147.72+0.00 102.90+0.02 736.25+0.03
F BDL BDL 106.45+0.01 70.50+0.14 602.75+0.01
G BDL BDL 158.93+0.01 101.75+0.12 730.00+0.02
WHO 1996 2 0.07 10 10 1.30

Where A: okro, B: Onion, C: Amaranthus viridis, D: Spinach, E: Cabbage, F:Digitaria
horizontalis , G: Commelina diffusa
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Table 2 Daily ingestion, Hazard quotients and hazard indexes for plants sample

Metals

Pb
Co
Cu
Ni

Cr

3 (HI)

Plant samples

Ding-children Ding-adults HQchildren HQadult Rf
7.16 x 103 3.07x10° 0.18 x 10" 7.50 x 10 4.00x 107
NA NA NA NA 5.71 x 10°®
6.13x10* 2.63x10" 1.53 x 10! 0.68 x 10* 4.71 % 10%
3.80x10* 1.63 x 10™ 1.46 x 10" 0.63 x 10* 2.06 x 10
0.29 x 10* 0.12 x 10* 1.01 % 10° 4.20 x 10* 3.01x10*
1.01 % 10° 4.20 x 10*

Ding; Daily ingestion rate, HQ; Hazard quotient, HI; Hazard index, Rf; Reference oral dose of metal (mg/kg of body weight/day).
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Table 3 Analysis of variance for plant samples

Multiple Comparisons

Dependent Variable: Concentration

Tukey HSD
Mean Difference (I- 95% Confidence Interval
(I) Sample (J) Sample J) Std. Error Sig. Lower Bound Upper Bound
A B -.84400 1.034292 .981 -4.16531 247731
c -.53260 1.034292 .998 -3.85391 2.78871
D -1.25240 1.034292 .883 -4.57371 2.06891
E 77540 1.034292 .988 -2.54591 4.09671
F 1.60210 1.034292 714 -1.71921 492341
G .76570 1.034292 .988 -2.55561 4.08701
B A .84400 1.034292 .981 -2.47731 4.16531
C .31140 1.034292 1.000 -3.00991 3.63271
D -.40840 1.034292 1.000 -3.72971 2.91291
E 1.61940 1.034292 .704 -1.70191 4.94071
F 2.44610 1.034292 .256 -.87521 5.76741
G 1.60970 1.034292 .710 -1.71161 4.93101
C A .53260 1.034292 .998 -2.78871 3.85391
B -.31140 1.034292 1.000 -3.63271 3.00991
D -.71980 1.034292 .992 -4.04111 2.60151
E 1.30800 1.034292 .861 -2.01331 4.62931
F 2.13470 1.034292 404 -1.18661 5.45601
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G 1.29830 1.034292 .865 -2.02301 4.61961
D A 1.25240 1.034292 .883 -2.06891 457371
B .40840 1.034292 1.000 -2.91291 3.72971
C .71980 1.034292 .992 -2.60151 4.04111
E 2.02780 1.034292 463 -1.29351 5.34911
F 2.85450 1.034292 126 -.46681 6.17581
G 2.01810 1.034292 469 -1.30321 5.33941
E A - 77540 1.034292 .988 -4.09671 2.54501
B -1.61940 1.034292 .704 -4.94071 1.70191
Cc -1.30800 1.034292 .861 -4.62931 2.01331
D -2.02780 1.034292 463 -5.34911 1.29351
F .82670 1.034292 .983 -2.49461 4.14801
G -.00970 1.034292 1.000 -3.33101 3.31161
F A -1.60210 1.034292 714 -4.92341 1.71921
B -2.44610 1.034292 .256 -5.76741 .87521
Cc -2.13470 1.034292 404 -5.45601 1.18661
D -2.85450 1.034292 .126 -6.17581 46681
E -.82670 1.034292 .983 -4.14801 2.49461
G -.83640 1.034292 .982 -4.15771 2.48491
G A -. 76570 1.034292 .988 -4.08701 2.55561
B -1.60970 1.034292 .710 -4.93101 1.71161
C -1.29830 1.034292 .865 -4.61961 2.02301
D -2.01810 1.034292 469 -5.33941 1.30321
E .00970 1.034292 1.000 -3.31161 3.33101
F .83640 1.034292 .982 -2.48491 415771

Based on observed means.

The error term is Mean Square(Error) = 2.674.
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Table 4 Correlation Matrix for metals in plant samples

Sample PbB CuA CuB CuC CuD CuE CuF CuG NiA NiB NiC NiD
PbB 1

CuA 1.000” 1

CuB 1.000” 1.000” 1

CuC -1.000"  -1.000°  -1.000" 1

CuD -1.000"  -1.000°  -1.000" 1.000” 1

CuE 1.000” 1.000” 1.000°  -1.000°  -1.000" 1

CuF 1.000” 1.000” 1.000°  -1.000°  -1.000" 1.000” 1

CuG 1.000” 1.000” 1.000°  -1.000°  -1.000" 1.000” 1.000” 1

NiA -1.000"  -1.000°  -1.000" 1.000” 1.000°  -1.000"  -1.000°  -1.000" 1

NiB 1.000” 1.000” 1.000°  -1.000°  -1.000" 1.000” 1.000” 1.000"  -1.000" 1

NiC -1.0007  -1.000°  -1.000" 1.000” 1.000°  -1.000"  -1.000"  -1.000" 1.000"  -1.000" 1

NiD 1.000” 1.000” 1.0000  -1.0000  -1.000" 1.000” 1.000” 1.000°  -1.000" 1.000"  -1.000" 1
NiE 1.000” 1.000” 1.000°  -1.000°  -1.000" 1.000” 1.000” 1.000"  -1.000" 1.000"  -1.000" 1.000”
NiF -1.0000  -1.000°  -1.000" 1.000” 1.000°  -1.000"  -1.000°C  -1.000" 1.000"  -1.000" 1.000°  -1.000"
NiG -1.0007  -1.000°  -1.000" 1.000” 1.000°  -1.000"  -1.000°  -1.000" 1.000"  -1.000" 1.000"  -1.000"
CrA -1.0000  -1.000°  -1.000" 1.000” 1.000°  -1.000"  -1.000°C  -1.000" 1.000"  -1.000" 1.000°  -1.000"
CrB -1.000°  -1.000°  -1.000" 1.000” 1.000°  -1.000"  -1.000°  -1.000" 1.000"  -1.000" 1.000"  -1.000"
CrC -1.0000  -1.000°  -1.000" 1.000” 1.000°  -1.000"  -1.000°C  -1.000" 1.000"  -1.000" 1.000°  -1.000"
CrD 1.000” 1.000” 1.000°  -1.000°  -1.000" 1.000” 1.000” 1.000"  -1.000" 1.000"  -1.000" 1.000”
CrE -1.0000  -1.000°  -1.000" 1.000” 1.000°  -1.000"  -1.000°C  -1.000" 1.000"  -1.000" 1.000°  -1.000"
CrF -1.000°  -1.000°  -1.000" 1.000” 1.000"  -1.000"  -1.000°  -1.000" 1.000"  -1.000" 1.000"  -1.000"
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DISCUSSION

Table 1 shows the mean concentration of
metals in each plant sample and maximum
value reported among replicates. The
concentrations of Cu, Ni and Cr were in the
ranges of 106.45+0.006 (F) to 230.55+0.004
(D), 70.5£0.142 (F) to 145.1+0.1 (A), and
602.75+0.005 (F) to 1121.5+0.02 (D) mg/L.
Similarly, the ranges of Pb and Co were
BDL (A,C,D,EF) to 2.15+0.037 (B) and
BDL(A,B,C,D,E,F,G), respectively.

Mean concentration of Cr, Ni, and Cu in all
the analysed samples across the sampling
sites were higher than the WHO permissible
limits of 1.3, 10 and 10 mg/kg, respectively.
The concentration of Co was below
detection limit in all the analysed plant
samples while Pb was only found in sample
B and appeared above 2 mg/ kg WHO
permissible limit. The following trend was
generally observed for the heavy metals in
the analyzed plant samples in which the
highest contamination was observed at
sample D while sample F was least
contaminated. The order of contamination
across  the
D>B>C>A>G>E>F. This might be

attributed to the different retention capacity

sampling  points  was;

for essential metals by the plants.

The concentrations of chromium obtained in
this study were above the concentration
range of 0.35-4.50 mg/kg reported by [14]
in Bangladash, 26.0 - 50.0 mg/kg by [15]
and 0.38 -3.37 mg/kg reported by [13] in
Delta state Nigeria. The main sources of Cr
in plants are due to the repeated use of
untreated or poorly treated waste water from
industrial establishments and the application
of chemical fertilizers and pesticides [16,
14]. Cr a possible carcinogen and dietary
intake of Cr have been associated with slow
healing ulcers. It has also been reported that
chromate compounds can destroy DNA in
cells [17]. These increased levels of metals
IS due to bio-accumulation in the roots,

stems, fruits, grains and leaves of plants [4].

Similarly the highest concentration of Cu
was recorded in sample D (230.55+0.35
mglkg) while the lowest concentration was
recorded at sample F (106.45+0.65 mg/kQ),
the concentration obtained from this study
were mostly below 21.76 - 102.95 mg/kg
reported in a similar studies by [13] and
higher than 0.7- 561.64 mg/kg reported by
[18], 8.50 - 15.50 mg/kg by [19] in leafy and
non-leafy vegetables, and 20.5-71.2 mg/kg
reported by [20] in a similar study.
Generally, the highest concentration of Cu

in the analysed samples could be attributed
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to metallic salts (CuCl,; CuSO,) used during
the dyeing process in the textile industries as
well as metals present as scraps in the
sampling sites which are present in water
used to grow these plants. The
concentrations of Cu in the plant samples
were generally above the WHO tolerable
limit of 10 mg/kg. Although Cu is an
essential trace element, its excessive
concentration can threaten human health
[21]. Cu can bio-accumulate in human
bodies and have important health
implications. Its toxicity may induce

diarrhea, vomiting, and sporadic fever.

The concentration of Nickel (Ni) in the plant
samples were found to be within the range
of 70.50—145.10 mg/kg. The highest mean
value of Ni was found in sample A
(145.10+0.55) while the lowest value was
detected in F (70.50+0.14), the mean
concentration of Ni was higher than the
WHO tolerable limit of 10 mg/kg. The
concentrations obtained in this study were
below those reported in a similar study by
[22] in Greece and higher than the range of
0.4-6.3 mgkg ' reported by [18] and 0.92 —
5.1 mgkg * reported by [14] in a similar
study. Nickel pollution on a local scale is
caused by emission from machines and

generator engines that use Ni gasoline in the

textile factory and by the abrasion and
corrosion of Ni in machine parts. Upon
exposure to Nickel, an individual may show
increased levels of Ni in his or her tissues
and urine [17]. Ni plays a crucial role in the
biological activities of microorganisms and
plants [23]. However, at high levels, Ni is

toxic.

The concentrations of Pb obtained in this
study were below the concentration range of
0.6-5.4 mgkg " reported by [18] and 0.19-
11.2 mgkg ™" reported by [24] for cabbage
and spinach in Zhejiang, China. [20]
reported lower values between 0.88- 1.56
mgkg ™ in a similar study conducted in
India. However, the concentration of Pb
recorded in this study was above the WHO
tolerable limit for sample B while the others
were below detection limit. Residents could
be prone to lead poisoning due to
bioaccumulation. The concentrations of Pb
recorded in the plant sample could be
attributed to the use of leaded fossil fuel for
powering plants in the textile factory, which
consequently settles on the soil and water.
This could have a devastating effect on the
plants due to bioaccumulation over time. Pb
is considered a potential carcinogen and is
associated with etiology of many diseases

especially cardiovascular, liver, kidney,
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bladder, nervous system, blood and bone
diseases [25].

Uptake pattern of heavy metals by plants
was found to be similar in all the plants. In
all the seven plants, the uptake of metals
exhibited the following trend: Cr > Cu > Ni
> Pb> Co. The concentration of all metals
was found to be very high in the leafy plants
(C; Amaranthus viridis, G; commelina
diffusa and D;spinach). This trend was
found to be in accordance with previous
studies estimating heavy metals in plants
[26, 27]. The high concentration of heavy
metals found in Sample A, okro, may be
due to its high retention capacity of metals
as reported by [21] and [7], while other
reports also showed that cabbage is
generally low accumulator of trace metals
even if there might be high concentration in
the soils [28]. This low level of metal
accumulation could be originated from the
genetic behavior of the plant [29].

Allowable safe limits of heavy metals in
food samples are associated with low health
risks in humans [30]. The concentration of
heavy metals in plants increases with
cultivation years. Heavy metal accumulation
depends on plant species, while the
efficiency of plants in absorbing metals is

determined by either plant uptake or soil-to-

plant transfer factors of the metals [7]. Leafy
plants are more likely to accumulate heavy

metals than root crops [31].

Hazard Quotient for Plants °

Health risk associated with any pollutant is
dependent upon the level of exposure and
amount of absorption by human body. Thus,
hazard quotient is a valid tool to assess the
level of risk associated with particular
pollutant. If level of Hazard quotient is less
than 1, the risk associated with exposure of
metal is negligible. However if level of
hazard quotient is higher than 1, the metal
may pose serious health hazards. Hazard
quotient of Cr and Pb was found to be
higher for children than for adult. Daily
ingestion of Pb was above permissible limits
for all samples and the hazard quotient
associated with Pb for children was above 1
in all samples. Toxicity of Pb is associated
with etiology of many diseases, especially
cardiovascular, liver, kidney, and bladder,
nervous system, blood and bone diseases
[25].

Cu was found to be above the safe limits in
all the analysed samples of all leafy plants.
Cu, though a vital element for human life
can cause severe toxicity symptoms when in

excess. The plant samples all exhibited high
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level of hazard quotient. Hazard quotient
was found more than one both for children
and adult, however, children showed higher
hazard quotient than adult.

Hazard quotient of cobalt was not calculated
both for children and adult as the Co was
below detection limit in all the plant
samples. Sample A, D, E and B had highest
hazard index for Cu, Ni, Cr . These implies
that these plants are highly hazardous for
consumption by both children and adults.
Hazard quotient was calculated using the
minimum dietary requirement of plants in
balanced diet for adult 325 g and 162 g for
children and exposure duration (6 years for
children (EDchild), 24 years for adults
(EDadult), respectively); BW is average
body weight (15 kg for children (BWchild),
70 kg for adults (BWadult).

The hazard quotient and metal concentration
in food crops in sites irrigated with
wastewater was in accordance with previous
studies [32, 33, 34, 35, and 36]. In the
present study, we observed that plants
growing in vicinity of wastewater coming
from the Funtua textile pose a significant
threat to human health.

Statistical Treatment of Data

Results of ANOVA revealed that the
variation in metal concentration is not
significant with type of plants as reflected in
Table 3. Summary of post hoc Tukey HSD
test as revealed that there was no significant
difference between concentrations of metals
in all the plants irrigated with wastewater at
95% confidence level. The result of Pearson
correlation as reflected in Table 4 showed
strong positive correlation between Cu in
sample A with Pb and Cu in sample B and
with Cu in sample D and C. Strong positive
correlation shows a common pollution
source and also depicts a direct relationship
between metals in the sample. However,
there are also strong negative correlation
between some of the parameters as reflected
in Table 4. Ni in sample G was strongly
negatively correlated with Pb in sample B,
Cu in samples A and B, strong negative
correlation shows that the metals in the plant
sample comes from different sources, thus
resulting to an inverse relationship.
Conclusion

The healthy and balanced diet is very
essential, plants serve as part of this on a
daily basis. However, this study reveals that
plants grown in the study area is highly
contaminated due to poor agricultural

practice by some farmers. Results obtained
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showed that leaves and fleshy vegetable are
good accumulator of heavy metals, hence it
is advisable not to grow vegetables in farms
and fields irrigated with wastewater or water
rich in heavy metals. The regular
consumption of plants grown in polluted
sites can cause detrimental effects to the
human.
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