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Abstract

This study assessed the pollution status of a municipal abattoir and also evaluated the
health risk assessment of heavy metal uptake by vegetable crops commonly grown and
consumed by people living within the study area. The soil mean heavy metal
concentrations in the study area decreases with depths at both depths. Most of the heavy
metals concentrations in the abattoir soil were within the DPR maximum allowable
limits except Cd. The contamination factor (CF) follows the order Cd> Cu> Zn> Ni>
Pb >Cr at 0-15cm while at 15-30cm, the CF follows the order Cd> Cu> Zn> Ni> Pb >
Cr. Based on the index of contamination, the shows index ranging from very slight
contamination to severe pollution. The I-geo index also ranged from moderate

contamination to very highly contamination. The health risk assessment shows that the
DIM values of heavy metals in amaranthus spinosus were higher than that of talinium
triangulare. For talinium triangulare, Cu, Zn, Cr and Ni DIM values were lower than
that of WHO/FAO allowable limit while Pb with a DIM value of 0.357 was slightly
higher than that of the WHO/FAO limit. The study shows Pb, Cu and Zn with HRI >1,
an indication that the consumers of these vegetables are not safe from the risk associated
with consumption of these vegetables. Constant monitoring by Government of the site
should be given priority especially to the inhabitants who lives and utilizes wastewater
of the abattoir as source of manure to grow crops

johnsonolusola06@gmail.com
; Phone: +2348034777507;

1. Introduction

Abattoir can be defined as a premise approved and registered by controlling authorities for hygienic
slaughtering, inspection, processing, effective preservation and storage of meat products for human
consumption [1]. Abattoir wastes remains a great concern though it has always been overlooked by,
wastes like paunch manure, animal blood, animal feaces and abattoir effluents pollutes soils, water
bodies etc. [2] observed that abattoir wastes are hazardous as they may contain varying quantities of
components which are dangerous or potentially dangerous to the environment. Echoing this further [3]
submitted that abattoirs are known all over the world in polluting the environment directly or indirectly
through various processes.

The improper disposal of these wastes onto the lands and into water bodies leads to contamination
of the environment [2, 4]. Indiscriminate discharges of abattoir effluents into soils have been reported to
accumulate metals in receiving soils [5]. Most of these heavy metals not only pollute the soil but
invariably increases its toxicity. Concerns about heavy metals in soils are not just limited to their toxicity
to living organisms inhabiting the soil but also heavy metal built-up - in soils which may result in
immobilization within different organic and inorganic colloids and mobilization into the flora and fauna
and subsequently become available in food chain with harmful health effects [6, 7].
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Soil is a vital resource for humans because its chemical and physical conditions affect agricultural
production and the quality of its products which constitute one of the fundamental factors of the life of
the earth. Heavy metals may determine a potential toxicity to plants. Depending on their concentration
in the soil, their entrance in the food chain represents a geochemical risk because of their toxicity to
human health, especially for the occurrence of bioaccumulation phenomena. Heavy metals can be
present in the soil as product of weathering of the natural rocks, or because they as part of pollution loads
generated by human activities.

Too much accumulation of heavy metals in agricultural soils through wastewater irrigation may
in addition to soil contamination, also lead to elevated heavy metal uptake by crops, thus affecting the
quality and safety of food which could lead to high health risk to consumers of such crops [8]. Within
the study area of Ado-Ekiti municipal abattoir lies farmlands where vegetables are grown for
consumption, most of the abattoir wastes are used as source of manure to grow such crops, this study
therefore aims to assess the pollution status of this municipal abattoir and to evaluate the health risk
assessment of heavy metal uptake by vegetable crops commonly grown and consumed by people living
within the abattoir site.

2. Material and Methods
2.1. Study Location

The study location is Ado EKiti municipal abattoir, EKiti State, Southwest, Nigeria (Figure 1). The town
lies on latitude 7° 40' N and longitude 5° 16' E with a land area of 265km? and an elevation of 400 meters
above sea level [9]. It has an estimated population of about 427,700 people. The area is characterized
with the underlain precambrian basement complex of Southwestern Nigeria and migmatite rock type
[10]. It is located within a land area of about 200 meters, which makes it the largest abattoir in the State
as it slaughters over 700 cattle per week. It has sections such as lairage, slaughter slabs and butchering
sections. . One characteristic of this abattoir is its high traffic of humans and carcasses. Water used for
processing is from well and borehole within the abattoir as well as harvested rainwater collected in a
reservoir [11]. The wastewater is discharged uncontrollable into nearby running rivers, pits and adjoining
farmlands in the study area.

Table 1: Samples Position Coordinates

GPS coordinates

Sample code North East Elevation (metres)
A, A2 07°40.261 005°16.593' 391
By, B2 07°40.260 005°16.640' 390
Cy, C 07°40.213 005°16.638 388
D1, D2 07°40.164 005°16.639' 390
Ei, B2 07°40.261 005°16.794' 389
Fi, F2 07°40.360 005°16.729' 379
Gy, G2 07°40.372 005°16.722' 381
Hi, H2 07°40.340 005°16.666' 382
I, I 07°40.347 005°16.659' 385
Ji, J2 07°40.303 005°16.619' 390
Ki, Ko 07°40.308 005°16.612' 387
L, Lo 07°40.100 005°16.639' 385

Ai-L1 (Soil | depth at 0-15cm) Az-L, (Soil depth at 15-30 cm)

2.2. Soil sampling and preparation

Twenty four (24) soil samples were collected within the abattoir site at depths of 0 — 15cm and 15 — 30
cm with the aid of soil auger. Collected samples from each point were scooped inside a well labelled
polythene sampling bags. The sampling bags were kept inside clean containers to prevent contamination
during the process of transporting to the laboratory for analysis.
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Figure 1: Study area showing sampling points

Soil samples were air dried and ground to pass through 0.15 mm sieve.1g of the sieved samples
was weighed into a digest tube and 10 mL of concentrated Trioxonitrate five acid (HNO3) was added and
allowed to soak for 30 minutes. The sample was placed on a block digester and heated at 25°C until
frothing stopped and nitric acid almost evaporated. 5 mL of concentrated perchloric acid was added and
heating continued until the sample turned light straw in colour. This was allowed to cool, distilled water
was added and the sample filtered into 100 mL volumetric flask and made up to the mark with distilled
water. Blank was prepared using the samples and were determined using a Buck scientific Atomic
Absorption spectrometer (Model: 210VGP) at various wavelengths of the metal and detection limits.
Quantification of metals was based upon calibration curves of standard solutions of metals. Blanks were
included in each batch of analysis and certified reference standard were used to evaluate the accuracy of
the analytical method. The blank determination was applied when the blank analysis gives results with
a non-zero standard deviation. Wavelength and detection limits (LoD) of the various heavy metals using
blank calibration method is shown in Table 2.

2.3. Plant preparation
Water leaf (Talinium triangulare) and green amaranth (Amaranthus spinosus) crops were harvested

within the study area. The harvested crops were cleaned to remove visible soil and then washed severally
with water. Thereafter, it was air dried for several days and then ground into a powdery form and stored
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in polythene bags for heavy metal uptake analysis. The following metals were analysed; Nickel (Ni),
Zinc (Zn), Cadmium (Cd), Chromium (Cr), Lead (Pb) and Copper (Cu).

Table 2: Wavelengths and detection limit of the calibrated instrument use

Elements | Wavelength (m) | Detection Limit (LoD)
Ni 232 0.05
Zn 213.9 0.005
Cd 228.9 0.01
Pb 283.3 0.08
Cr 357.9 0.04
Cu 324.8 0.005

2.4. Heavy metals analysis
Heavy metal analysis of the sampled soils and the plants (Talinium triangulare and Amaranthus

spinosus) was analyzed using Atomic Absorption Spectrophotometer (AAS) (AAS Bulk Scientific
Model 210 VGP) at the EKiti State University Analytical Laboratory, Ado EKiti, Nigeria.

2.5. Statistical Data Analysis
Mean, range, correlational interrelationship between soil samples at various depths of the study area and

the plants was calculated.

2.6. Pollution index calculation
The geochemical index (I-geo) is defined with the formula:

Cn
lgeo = log, 15+ 5n (D

Where Cn is indication of content of the individual heavy metals in the study area, Bn is background
value of individual heavy metals, 1.5 is constant factor introduced to analyze natural fluctuations in the
contents of a given substance in the environment and very small anthropogenic influences. The
background value taken is considered from world average value in shale (mg kgG1l) of the metals
determined in the study. The values are Zn = 95, Pb = 20, Cu =45, Cr =90, Ni and Cd = 0.3. Table 3
shows the I-geo ranges and description.

Table 3: Geo-accumulation index range and description

N/S Class Description
1 <0 practically uncontaminated
2 0-1 Uncontaminated to slightly contaminated
3 1-2 moderately contaminated
4 2-3 moderately to highly contaminated
5 3-4 highly contaminated
6 4-5 highly to very highly contaminated
7 >5 very highly/strongly contaminated

2.7. Contamination factor
This was calculated by using the modifications of [12]:

Concentration of the metal in soil
CF = (2)
Target value
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The target value was obtained by using the standard formulated by the [13], for maximum allowed

concentration of heavy metals in soils as shown in Table 4.

Table 4: Maximum allowed for concentration of heavy metals in soils

S/N | Heavy metal in soil | *Maximum allowed Contamination/pollution index
1 Cd 0.8
2 Cr 100.0
3 Pb 85.0
4 Ni 35.0
5 Zn 140.0
6 Co 20.0
7 Hg 0.30
8 Cu 36.0
9 Mn 476.0
10 Fe 5000.0

*Standard formulated by the Department of Petroleum Resources of Nigeria [13]

2.8. Pollution Index (P1):

Pollution index is a measure of the degree of overall contamination in a sample station. The procedure
of [14] was used to calculate the pollution Index (PI) for each metal is given in the calculation;

PI = (Cf,* Cfy* Cfy * ... Cfi)n 3)

where, n is the no. of metals and Cf is the contamination factor. The Cf is the metal concentration in
soil/background values of the metals. The PI is a potent tool used in heavy metal pollution assessment.

Pollution range and their significance is shown in Table 5.

Table 5: Significance of intervals of contamination factor/pollution index (Cf/PI)

CF/PI Significance
<0.1 Very slight contamination
0.10-0.25 Slight contamination
0.26-0.5 Moderate contamination
0.51-0.75 Severe contamination
0.76-1.00 Very severe contamination
1.1-2.0 Slight pollution
2.1-4.0 Moderate pollution
4.1-8.0 Severe pollution
8.1-16.0 Very severe pollution
>16.0 Excessive pollution

Source [15]

The values less than 1 defines the contamination range, while greater than 1 defines pollution range.

2.9. Transfer Factor (TF):
This is defined as the ratio of the mean plant concentration over the mean soil concentration:

concentration of metal in plant

F= (4)

concentration of metal in soil
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2.10. Health Risk Assessment
Human health risk assessment is considered as characterization of the potential adverse health effects of

humans as a result of exposures to environmental hazards [16]. This process employs the tools of science,
engineering, and statistics to identify and measure a hazard, determine possible routes of exposure, and
finally use that information to calculate a numerical value to represent the potential risk [17]. A health
assessment (HRA) identifies the following relevant steps;

1-Hazard identification

2-Dose-response assessment

3-Exposure assessment

4-Risk characterization.

Health risk assessment classifies elements as, carcinogenic or non-carcinogenic. The classification
determines the procedure to be followed when potential risks are calculated. Non-carcinogenic
chemicals are assumed to have a threshold; a dose below which no adverse health effects will be
observed where an essential part of the dose-response portion of a risk assessment includes the use of a
reference dose (RfD). Also, carcinogens are assumed to have no effective threshold. This assumption
implies that there is a risk of cancer developing with exposures at low doses and, therefore, there is no
safe threshold for exposure to carcinogenic chemicals. Carcinogens are expressed by their Cancer
Potency Factor [17].

Health risks of heavy metal consumption through vegetables were assessed based on the daily intake of
metal (DIM) [18], health risk index (HRI) [19] and the target hazard quotient (THQ) [20.21]. The daily
intake of metals (DIM) was calculated to averagely estimate the daily metal loading into the body system
of a specified body weight of a consumer. This will inform the relative phyto-availability of metal. This
does not take into cognizance the possible metabolic ejection of the metals but can easily tell the possible
ingestion rate of a particular metal. The estimated daily intake of metal in this study was calculated based
on the formula below:

Concentration of metal Conversion factor x Daily vegetable intake

DIM = 5
Body Weight ®)

where concentration of metal is the heavy metal concentration in vegetables (mg/kg), Conversion factor
is 0.085, the conversion factor was used to convert fresh vegetable weight to dry weight [22] and Daily
food intake is the average daily intake of vegetables using 65 g/day [23] while the average body weight
for adult used was 65 kg for this study [23].The health risk index (HRI) was calculated using the formula
below:

The THQ (Hazard Quotient) was calculated using the formula:

EF X ED X FIR X C
RFD X WAB X TA x 1073

THQ = (7)
where EF is the exposure frequency (350 days/year);ED is the exposure duration (55 years, equivalent
to the average lifetime of the Nigerian population WHO (2017); FIR is the food ingestion rate (vegetable
consumption values for South Western adult, Nigerian is 65 g/person/day) [23]; C is the metal
concentration in the edible parts of vegetables (mg/kg); RFD is the oral reference dose (Pb, Cd, Cu, Zn,
Cr and Ni values are 0.0035, 0.001, 0.040,0.300, 1.5 and 0.020 mg/kg/day, respectively) [24]; WAB is
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the average body weight (65 kg for adults vegetable consumer in South western Nigeria)[23] and TA is
the average exposure time for non-carcinogens (ED x 365 days/year). If the THQ value is greater than
1, the exposure is likely to cause obvious adverse effects.

3. Results and discussion

Table 6 shows the concentrations of heavy metals in the soil at various depths while Figure 2 shows the
various mean concentration of soil heavy metals in the study area also at various depths; Figure 2 shows
Pb, Cu, Zn, Cr, Ni and Cd having mean concentrations of 2.55 mg/l, 19.37 mg/l, 40.28 mg/l, 1.33 mg/I,
4.38 mg/l and 5..22 mg/l respectively at depths 0-15cm; Figure 1 also shows the various concentrations
of the heavy metals at depths 15-30cm to be Pb (1.991mg/l), Cu(20.52mg/l), Zn(39.68mg/l),
Cr(0.98mg/1),Ni(3.86mg/l) and Cd (4.78mg/l) respectively. The mean values of the various heavy metals
were higher at depths 0-15 cm except at depth 15-30cm where Cu is higher than that at depth 0-15cm;
generally the various concentrations of the heavy metals decreases with depth, this could be explained
based that most of these metals are always concentrated at the cultivable level of most soil profile; this
study is similar to that of [25].

Table 6: Concentration of heavy metals in the abattoir soil (mg/kg)
Sample code | Pby | Pby, | Cus | Cuz | Zn1 | Znz | Cry | Crz | Nip | Niz | Cdy | Cd2

ND|{ND| 25 | 28 | 25 | 34 | 31|21 | 11 |98 | 7.1 | 7.2
ND [ND| 14 | 13 | 22 | 21 4 121]131|39)]91| 88
21 1 22| 11 17 | 63 | 50 |[ND | ND | 21| 25| 21 2
14 (18| 14 | 23 | 18 | 18 |[ND|ND | 18| 2 51| 5.2
24 | 2 25 |1 26 | 45 | 42 |03 | ND|51|56]| 41| 38
35| 3 40 | 30 | 82 | 90 1 /08|19 | 13| 41 4
55132 | 15 |15 (23 | 20 |17 (19|12 11|72 ]| 71
35132 | 16 15 |1 8 | 90 | ND|ND |ND|ND| 31 | 28

2 12| 28 | 28 | 66 | 61 |[ND|ND| 42| 45| 31 | 3.1
35113 | 24 | 24 | 24 | 23 |07 | 05| ND|ND| 81| 56
25| 2 71| 15| 18 | 15 | 45138 |23 |22 |51 | 38
42 | 4 14 | 13 (82 | 12 |08 |06 |24 | 24| 44 4
Pb1-Cd; (Soil at 0-15cm depth); Pb,-Cd; (Soil at 15-30cm depth)

Depth of Soil (cm) h

20,52 = Pb
39,68
| @ Cu

rXoe—-—IOTMMITO D>

[1Zn

1 ECr

19,37 O Ni
| 40,28
Ocd

0-15cm

0 10 20 30 40 50

Concentration of heavy metals (mg/L) |
/

Figure. 2: Mean Concentration of soil heavy metals in the study area
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Most of the heavy metals concentrations were within the [13] maximum allowable limits except Cd
which is above the [13] allowable limits at various soil depths, this is an indication of the pollution status
of the abattoir; this is different from similar studies carried out by [26, 27, 28]. The concentration of
heavy metals in the abattoir soil according to [29] could be due to process generated during the
slaughtering process. These wastes include its blood, fat, urine, organic and inorganic content of the
animal stomach and other chemicals that may be used during the process. Figure 3 shows the
Contamination Factor(CF) of heavy metals at depth 0-15cm and depth 15-30cm;all the metals except Cd
has a contamination factor <I;Cd has a contamination factor of 6.52(0-15cm) and 5.98(depth 15-
30cm).The CF follows the order below;

0 —15cm Cd> Cu> Zn> Ni> Pb >Cr

15-30cm Cd> Cu> Zn> Ni> Pb > Cr

Based on the index of contamination (Figure 4), the study area can be categorized as very slight
contamination (Cr) at depth 0-15cm and depth 15-30cm; slightly contamination (Pb and Ni) at depth O-
15cm and 15-30cm; moderate contamination (Zn) at 0-15cm and 15-30cm; severe contamination of (Cu)
at depths 0-15cm and 15-30cm; severe pollution(Cd) at both depths.

4 | Heavy metals at depth | )
Pb ) 0,02
0,03 015-30cm
0’57 00-15cm
Cu 0,54
0,28
Zn 0,29
0,01
Cr | o1
. 0,11
Ni EI 0,13
5,98
Cd | 6,52
I I I
T T T T T T
0 1 2 3 4 5 6 7
| The Contamination Factor|)

Figure 3: Contamination Factor (CF) at depth 0-15cm et 15-30cm

4 2,5 )
=1 2 X
g —8—0-15cm /
(]
=3
©
=
£l 1
8
s /
[©]0,5
0 __-M- : : .
Pb Cu Zn Cr Ni Cd
\_ | Pollution index for heavy metals in soils)

Figure 4: Significance of contamination (Contamination factor/pollution index for heavy metals in soils)
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Table 7 shows the Geo-accumulation index (I-geo) of the various heavy metals; they range from Pb-1.2-
1.9(moderately contaminated), Cu-2.3-3.1(moderately contaminated to highly contaminated), Zn- 2.7-
3.8 (moderately contaminated to highly contaminated), Cr-1.3-2.4(moderately contaminated), Ni-1.7-
2.9 (moderately contaminated) and Cd-4.2 - 4.9(highly to very highly contaminated).

Table 7: Geo-accumulation index range and description in the study area

Metal Class Range Description
Pb 12-19 Moderately contaminated
Cu 23-3.1 Moderately contaminated to highly contaminated
Zn 2.7-3.8 Moderately contaminated to highly contaminated
Cr 13-24 Moderately contaminated
Ni 1.7-29 Moderately contaminated
Cd 42-49 Highly to very highly contaminated

Table 8 shows the pollution load index of the heavy metals at various depths while Tables 9 and 10
shows interrelationship between the heavy metals also at various depths. It shows strong positive
correlation between Ni/Cu (.850) at depth 0-15cm and Ni/Cu (.671) at depth 15-30cm, positive
correlation value could be indication that the source of the abattoir soil contamination is from the same

source of pollutants. Similar results has been recorded by [28, 29].

Table 8: Pollution Load Index (PLI) of heavy metals at depths 0-15¢m and 15-30cm

Sample Code | Pb | Cu | Zn | Cr | Ni Cd | PLI Description
A1 0.00/07|02(00|03| 89 |041 Moderate Contamination
Az 0.00/08|02{00|03| 90 |040 Moderate Contamination
B: 0.00/04|02(00|01| 114 |0.30 Moderate Contamination
B; 0.00/04)|01(00|01]| 11.0 |0.27 Moderate Contamination
C: 0.0 03|05 01| 26 |0.46 Moderate Contamination
C, 0.0 [05|04 01| 25 |0.49 Moderate Contamination
D, 0.0 {0401 01| 64 |044 Moderate Contamination
D> 0.0 06|01 01| 65 |050 Moderate Contamination
E: 00 (0703|0001 | 51 |0.28 Moderate Contamination
E> 0.0 {0703 02| 48 |0.70 Severe Contamination
F1 00 (11/06|00|05]| 51 |051 Severe Contamination
F2 00 (08|06|00|04| 50 |044 Moderate Contamination
G1 01(04|02|00|00]| 89 |0.27 Moderate Contamination
G 00 (04|01|00|00| 89 |0.26 Moderate Contamination
H; 0.0 |04 0.6 3.9 | 1.01 | Very Severe Contamination
H, 0.0 |04 |06 35 |0.99 Moderate Contamination
Iy 0.0 | 08|05 0.1 3.9 0.71 Moderate Contamination
P 0.0 {0804 0.1 3.9 0.70 Moderate Contamination
1 0.0 {07|02|0.0 10.1 | 0.38 Moderate Contamination
Jz 0.0 {07|02|0.0 7.0 |0.33 Moderate Contamination
Ki 00 |{02|01(00|01| 64 |0.28 Moderate Contamination
K; 00 |{04/01(00(01]48 0.28 Moderate Contamination
Ly 00 |{04/01(00|01| 55 |0.20 Moderate Contamination
L. 00 ({03|01(00|01| 50 |0.20 Moderate Contamination

A1 — L1 (Soil depth at 0-15cm) A, — L, (Soil depth at 15-30cm)
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Table 9: Correlation between heavy metals (mg/kg) at 0 — 15cm depth

Heavy Metals Pb Cu Zn Cr Ni Cd
Pb 1
Cu 0.3 1
Zn -0 0.5 1
Cr -0 -1 -0.4 1
Ni 0.1 .850 0.6 -0.2 1
Cd 0.5 -0 -.643 0.4 -0 1

A1 — L1 (Soil depth at 0-15cm) Az — L2 (Soil depth at 15-30cm)

Table 11 and 12 shows heavy metals contents in the vegetable crops and their transfer factors. Heavy
metal uptake is highest in Zn and Cu for both vegetables, this is also reflected in its transfer factor. Heavy
metal accumulation in table 10 follow the order Zn >Cu> Pb >Cr >Ni for taliniun triangulare while for
amaranthus spinosus it follows the order Zn> Pb> Cu> Cr> Ni. The recommended maximum limit of
cadmium, chromium, lead and copper ,nickel and zinc for vegetables by [30] is 0.2, 2.3, 0.3,40,0.1and
99 (mg/kg). Pb concentration is above the [30] maximum recommended limits in both vegetable crops.
High level of Pb in the study area could be due to the use of tires by butchers to singe the carcass of
slaughtered animals, most times they apply kerosene and lubricating oil when singeing such carcass
which could be possible pathways to Pb pollution

Table 10: Correlation between heavy metals at 15 — 30cm depths

Heavy Metals Pb Cu Zn Cr Ni Cd
Pb 1
Cu -1 1
Zn 0.1 0.4 1
Cr 0.1 -0 -0.4 1
Ni 0.1 0.71 04 0.1 1
Cd 0.1 -0 -0.5 05 | 01 1

Correlation is significant at the 0.05 level (2-tailed)

Table 11: Heavy metals in edible vegetables from the abattoir
Plant Pb|Cu| Ni |2Zn| Cr | Cd

Talinium traingulare (Water Leaf) | 4.2 | 45| 0.04 | 45| 0.05 | ND
Amaranthus spinosus (Amaranth) | 2.7 | 1.7 | 0.08 | 47 | 0.17 | ND

Table 12: Transfer Factor
Plant/Heavy metals Pb Cu Ni Zn Cr Cd
Talinium traingulare (Water Leaf) | 2.111 | 0.219 | 0.01 | 2.193 | 0.001 | ND
Amaranthus spinosus (Amaranth ) | 1.357 | 0.828 | 0.021 | 2.29 | 0.002 | ND

To estimate the health risk associated with consumption of the two vegetable crops (Talinium triangulare
and Amaranthus spinosus), Daily adult Intake of metals (DIM), Target hazard quotient (THQ) for heavy
metals in vegetables from the study area and Target Hazard Quotient (THQ) was calculated from tables
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13, 14 and 15. In general the DIM values of heavy metals in amaranthus spinosus were higher than that
of talinium triangulare. For talinium triangulare, Cu, Zn, Cr and Ni DIM values were lower than that
of [30] allowable limit while Pb with a DIM value of 0.357 was slightly higher than that of the [30]
standard, this calls for concern especially to the people who consumes these vegetable. Pb when ingested
has been shown to cause severe health risk [31]. This study is similar to the results obtained by [32],
where the Pb accumulation in vegetables was found to be within the range of 2.32 — 5.76 mg/kg. Lead
pollution has been shown to be related with population/vehicular density [33]. Pb contaminations occur
in vegetables grown on contaminated soils, through air deposition or through sewage sludge/waste water
application [34]. Lead poisoning is a global reality, and fortunately is not a very common clinical
diagnosis yet in Nigeria except for few occupational exposures [35]. Low levels of Pb have been reported
in Telfaria occidentalis [36]. Lead influences the nervous system, slowing down nervous response. This
influences learning abilities and behaviors [37].

Table 13: Estimation of Daily Adult Intake of metals (mg/person/day) by consumption of the vegetables grown
within the study area

Plant/Heavy metals | Pb Cu Ni Zn Cr Cd

Talinium traingulare (Water Leaf) | 0.357 | 0.383 | 0.003 | 3.825 | 0.004 ND

Amaranthus spinosus (Amaranth ) | 0.2295 | 1.445 | 0.007 | 3.995 | 0.014 ND

WHO/FAO 0.214 3 1.4 60 |0.05-0.2| 0.06

Table 14 shows the various HRI in the two vegetable crops ranging from 89.25-57.375(Pb), 9.563-
36.125(Cu), 0.170-0.340(Ni), 12.750-13.(Zn) and 0.003-0.010(Cr).The study shows Pb, Cu and Zn with
HRI >1, an indication that the consumers of these vegetables are not safe from the risk associated with
consumption of these vegetables, similar result has been reported by [38,39]. Table 15 shows THQ of
the heavy metals in both vegetable crops which are all <1 except in Pb with a THQ marginally above 1
only for Talinium traingulare in Pb but for Amaranthus spinosus THQ > 1 in Pb

Table 14: Health Risk Index (HRI) of the metals for adults for vegetable consumption around the abattoir site
Health Risk Index(HRI)

Pb Cu Ni Zn Cr Cd
Talinium traingulare (Water Leaf) | 89.25 | 9.563 | 0.170 | 12.750 | 0.003 | ND
Amaranthus spinosus (Amaranth ) | 57.375 | 36.125 | 0.340 | 13.317 | 0.010 | ND

Sample

Table 15: Target Hazard Quotient (THQ) for heavy metals in vegetables from the study area

Target hazard quotient(THQ)
Pb Cu Ni Zn Cr Cd
Talinium triangulare | 1.007 | 0.108 0.002 0.144 0.000 ND
Amaranthus spinosus | 0.647 | 0.408 0.004 0.150 0.000 ND

Sample

Conclusion

This study shows that soil mean heavy metal concentrations decreases at both depths. Most of the heavy
metals concentrations in the abattoir soil were within the Department of Petroleum Resources (DPR)
maximum allowable limits except Cd which is above the DPR allowable limits at various soil depths.
The contamination factor (CF) follows the order Cd> Cu> Zn> Ni> Pb >Cr at 0-15cm while at 15-30cm,
the CF follows the order Cd> Cu> Zn> Ni> Pb > Cr. The study shows a strong correlation between
Ni/Cu (.850) at depth 0-15cm and Ni/Cu (.671) at depth 15-30cm .Based on the index of contamination,
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the shows index ranging from very slight contamination to severe pollution. The I-geo index also ranged
from moderate contamination to very highly contamination. The health risk assessment shows that the
DIM values of heavy metals in amaranthus spinosus were higher than that of talinium triangulare. For
talinium triangulare, Cu, Zn, Cr and Ni DIM values were lower than that of WHO/FAO allowable limit
while Pb with a DIM value of 0.357 was slightly higher than that of the WHO/FAO standard. The study
shows Pb, Cu and Zn with HRI >1, an indication that the consumers of these vegetables are not safe
from the risk associated with consumption of these vegetables. Constant monitoring of the site by the
Government should be given priority especially to the inhabitants who lives and utilizes the various
waste/waste water of the abattoir as source of manure to grow their crops.

Acknowledgement-Special thanks go to the Veterinary Section, Ekiti State Ministry of Agriculture for allowing
us to use their Municipal abattoir for this study.
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