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Abstract: This study was conducted on vegetable gardensdrassund Jos on the Jos Plateau, North centralrisige city
which has had strong European influence as a re$atlong history of tin mining activity in the ea. The study seeks to
assess the degree of accumulation and/or contaoninat the heavy metals in compost from municipalldswaste due for
application as organic fertilizer in vegetable garslas well as the potential human health riskciessal with the consumption
of vegetables grown with such organic fertiliz&three waste dumpsites in Jos and gardens weregeztletere vegetables
cultivation (cabbage, lettuce, spinach, turnip,raarradish, beet root, tomato and spring onion® practiced. The
representative samples of compost material, agui@llsoil and vegetables were collected and aedlyar heavy metals such
as: As, Cd, Co, Cr, Ni, Pb, Cu, Zn, Sb and Se. Gemical results show that the concentrations ofe¢helements in the
compost are higher (in decreasing order of As>CaRh»Cu>Cr) compared to that in the soils yet t@applied the organic
fertilizer. The degree of contamination of the sand the compost, the transfer factor (TF) from algricultural soil to
vegetables and its health risk index (HRI) werecwdlatted. Results show that in general, the agricalltsoils are severely
contaminated by As, Cd, Zn and Pb (CF= 10-25). Ot¢hements such as Cr, Cu and Ni have moderateiianunated the soil.
All the vegetables seem to have been severely comééed by Se and As (Se>As>Zn) and therefore apel @ccumulators of
these toxic metals. The leafy and the root vegetabppear to be the major accumulator of Se angé#ectively. The TF of
As in all the different varieties of vegetables>ik, indicating that this element is readily absdrlbg these plants. The HRI
value for As, Pb and Zn is >1 for the all the vadis and therefore is unsafe posing serious himaalth risks.
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on the increase. However, the application of congpbas
raised serious doubts as it relates to public heslfety of its
Solid WasteUse to grow crops destined for human consumption.
source of Research has shown that the heavy metals content in
composts have the potential to contaminate cropscially
dor vegetables grown using it (Jametsal.,(2000); William,
(2000); Fisseha, (2002); Baltrenaite and Butku)043;
David et al., (2008); Defra (2004); Michael and Enzo,
(2004); Choveet al., (2006); Duruibeet al., (2007); Hogarh
et al., (2008; Mohsen and Mohsen, (2008Viahmoudet
al.,(2009); Prabu, (2009); Ghaly and Alkoaik, (2010pda
Fatimaet al., 2011). However, certain heavy metals such as
Fe, Cu, Zn, Ni are important for proper functionimg
biological systems, however, their deficiency ocess could

1. Introduction

With increasing urbanization, Municipal
(MSW) is increasingly becoming a major
environmental pollution in and around metropolitaties in
Nigeria. The municipal solid wastes are dumpe
indiscriminately in the city on arable land andrejoRiver
Channels. Leachates discharged from such wassesfegm
being important breeding sites for diseases vernitin,
infiltrates into the underground or surface watgstem
becoming a major source of environmental pollutigmen
left unattended to. The making of composts fromhswaste
so as to improve soil fertility and to boost crdplg is also
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lead to a number of human health disorders (Dietedd.,
2003). Thus, a better understanding of heavy metatsent
in the composts and their availability for uptake flants
grown on them is of primary importance in assessing
health risk such plants could cause when consurgetian
(Koeniget al., 1990; Menctet al., 1994).

Thus, this paper assesses the human health risésiat®d
with the application of municipal solid waste agyamic
fertilizer in vegetable gardens on the Jos Plateswn for
its cultivation of temperate crops (cabbage, l&ttugpinach,
turnip, carrot, radish, beet root, tomato, springons etc.)
and to recommend remediation strategies to reditse
negative effects on human health.

2. Vegetable Crops Grown on the Jos
Plateau

Jos city is a metropolitan set-up with a populatidrover
8 million people (2006 Population Census), situatad
central part of Nigeria (Figure 1a & 1b). It is kmo for its
distinctively circular rock formations referred tas the
Younger Granite complexes. The rocks are predortiynan
made up of constituent feldspar, quartz, biotiteyd a
hornblende. These rocks also host cassiterite mdute and
associated lead/zinc sulfide mineralization. The Biateau is
also known for its high altitude (about 1200m ab®ea
level), a pre-determinant of its temperate clim@eerage
temperature of 18C) and high rainfall (1200 mm per year).
The sail is fertile within the volcanic provincesgpporting all
year round commercial agriculture of perishablepsrorin
mining is synonymous with the Jos Plateau resultim¢he
devastation of arable land and the destruction g t
ecosystem.
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Figure.la. Location of the Jos Plateau, Nigeria
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Figure 1b. Location Map of Study Area.

On the Jos Plateau, composts are widely applicobth
rainy season and dry season agriculture/farming tfar
production of both crops and vegetables (such abage,
lettuce, celery, spinach, carrot, onion and radigh). It is
affordable and cheaper compared to chemical festii.
Surveys have indicated that 90% of the vegetaldevigron
the Jos Plateau use MSW compost as the organitizéart
The compost despite its heterogeneous sources,
nutrients/heavy metals content is not carried owtdtermine
its suitability or otherwise before application (Banaite and
Butkus, 2004). Its use is therefore already a apighcation.
The introduction of excess nutrients/heavy metals
potentially harmful elements through the compogtiaption
could lead to accumulation of heavy metals in thgetables
and poses direct threat to human health (Wegelith £1995).
A recent preliminary work on the use of the waste
supplement for maintenance of soil fertility hagtearried
out on the Jos Plateau, Nigeria (Olowolafe, 208, led
little emphasis on its heavy metals content anddwhealth
impact. The main sources of heavy metals to vetgetabps
are their growth media (soil, air, nutrient solagd from
which they are taken up by the roots or foliaged¥&et al.,
(20086).

its
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3. Materialsand Methods
3.1. Compost, Compost Making and Application

Compost is a mixture of organic wastes (decayendt @ad
other organic matter), converted into useful orgasbils
used by gardeners to provide nutrients to cropsestince
the tilth, fertility, and productivity of soils" (BDA, 1980;
Encarta, 2008). The Compost undergoes natural dicdb
process under controlled conditions; so as to hasie
decomposition of organic waste and reduces its meju
creating stable, soil-enriching humus. The compest as a
soil conditioner, a fertilizer, addition of vitabmus or humic
acids, and as a natural pesticide for soil. Ndityueontrol
in respect of its nutrients/heavy metals contemtoigse. Non-
decomposable materials such as big rock fragmeass,
plastic, polythene and metals are usually are rexhovNo

hard and fast rule has been established in Nigettierms of
the acceptable standard guidelines for compost mga&s it
is the practice in the developed countries.

3.2. Sampling of Compost for Chemical Analysis

Sampling was carried out at the time when the cahpo

was ready for application (Plates 2 and 3) and wtien
vegetables were in gloom (Plates 4 and 5); preslynthb
period of maximum uptake of elements by the plaRtar
compost samples were collected by quartling systeime
different representative vegetable samples (caoabbage,
onion, lettuce, radish, spinach, tomato, beet ezat turnip)
were collected from seven gardens and thirteensswilples
were collected at the depth of about 20 cm (thee zfrmetal
accumulation) (Figure 2).
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Figure 2. Sample location map
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Plate 1A-D. Municipal Solid Waste (MSW) Dump Site along Bauchi Road by Naraguta Hostel Gate of the University of Jos.
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2C — D Compost ready for use at Yelwa Village Gardens

Plate 2A-D. Compost made from MSW ready for use in the gardensin Naraguta and Yelwa Millages.
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Plate 4A-D. Vegetables (lettuce, cabbage, onion, radish) grown with the compost fertilizer in Naraguta(4A - C) and Yelwa (4D) villages.
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Plate 5A-D. Vegetables (carrot, onion, cabbage, Chinese cabbage) grown with the compost in gardensin Faringada and Naraguta villages

3.3. Sample Preparations for Chemical Analysis Mining, University of Jos, Nigeria using an Indwety

Coupled Plasma- Optical Emission Spectrometry (IOES).

The compost and farm soil samples were separately gnternational certified reference materials weralyzed at
dried and ground into fine powder using pestle avattar o beginning and end of each batch of samplesrriat

and passed through 2 mm sieve. A homogeneous sahple ool standards were also used in between eveny t

g was weighed and each taken in Teflon crucibled asamples and a duplicate is run for every ten sasnple
digested with aqua regia (3mls HN® 2mls HCI) heated on

a sand bath at a temperature of about@3%@r 6 hours. After 3.5. Data Analysis

evaporation to near dryness, the samples were edlow ) ) )

cool then re-dissolved with 10 ml of 2M Nitric aciiitered The geochemical results were interpreted using the
and then diluted to 100 ml with distilled water.géable Pollution indices such as Contamination Factor (CF)
samples such as beet roBeta wulgaris L.), carrot Daucus  'ransfer factor (TF) and Health Risk index (HRI)

carota L.), onion @llium cepa L.), Raddish Raphanus
sativus L.), tomato [ycopersicum esculentum Mill.),
cabbage Rrassica oleracea L. var.capitata), lettucd_éctuca CF is a quantification of the degree of contamonati
sativa L. longifolia), spinach $pinacea oleracea L.) and relative to either average crustal composition edpective
turnip (Brassica rapa) were analyzed for total metals content.metal or to the measured background values from
The vegetable samples were thoroughly washed wstiileld  geologically similar and uncontaminated area (Tijetnal.,
water to remove all adhered soil particles andtéeftry up in  2004; Sutherland, 2000). It is expressed as:

an oven at 2& for 24 hours. The samples were ground in

3.6. Calculation of Contamination Index (CF)

warm condition and passed through 1 mm sieve. Desf CF=Cm/Bm (1)
these samples (2g each) was carried out using ezgia _ Where Cm = measured concentration, while Bm =
(8HNO; + 2 HCI), the same procedure used for the SOfackground concentration of metal; either from réitare
samples (USEPA, 2001b). (average crustal abundance) or directly determiinesh a
3.4. Analytical Techniques geologically similar area. The Contamination fadfGF) of

selected trace elements in soils within the studg & shown
The geochemical analyses were conducted in tha Tables 2,3 and 3.
Geochemistry Laboratory of the Department of Geyplagd



American Journal of Environmental Protection 208(#-2): 1-13 7

Table 1. Concentration of Major (in weight %) and Trace elements (in mg/kg) in the agricultural soils.

SamplelD Sampletype Coordinates Al,Os% CaO% FeO3;% MgO % K,O0% Na0% Asmgl/kg ﬁg/kg ﬁglkg
MS1 Soil 9°58'54"N, 853'13"E 2.35 4.94 2.70 0.46 0.32 0.08 75.96 1.625 4.378
MS2 " 9°58'53"N, 8°53'26"E 2.40 0.72 4.51 0.28 0.23 0.05 48.80 <DL 5.217
MS3 T 9°58'51"N, 8°53'31"E 7.44 0.04 451 0.56 0.67 0.14 <DL T 14.39
MS4 T 9°58'51"N, 8°53'31"E 3.73 0.51 2.79 0.37 0.36 0.04 32.68 T 26.84
MS5 " 9°58'52"N, 8 53'29"E 2.37 3.09 3.95 0.29 0.28 0.12 <DL e 10.93
MS6 " 9°58'51"N, 8°53'34"E 3.51 0.60 4.31 0.39 0.34 0.08 10.27 " 11.90
MS7 T 9°58'52"N, 8°53'37"E 4.70 0.87 4.06 0.47 0.44 0.03 <DL T 13.30
MS8 " 9°59'42"N, 8°54'26"E 4.12 8.14 5.17 0.82 0.84 0.24 24.90 0.375 5.830
MS9 " 9°58'54"N, 8°53'28"E 3.44 1.32 4.42 0.41 0.32 0.11 40.05 <DL 12.08
MS10 T 9°58'31"N, 8°53'31"E 4.17 0.82 3.35 0.43 0.54 0.06 67.75 T 10.57
MS11 T 9°58'52"N, 8°53'14"E 2.45 0.05 131 0.44 0.38 0.02 50.86 T 4.48
MS12 " 9°58'52"N, 8°53'14"E 7.34 0.13 4.44 0.67 0.50 0.10 96.94 " 16.90
MS13 T 3.11 0.14 3.07 0.39 0.34 0.01 56.71 T 10.33
Mean 50.49 1
Table 1. Continued
SamplelD Sampletype Coordinates Crmg/kg Nimg/kg Pbmgkg Cumgkg Sbmgkg Semgkg TImgkg Zn mglkg
MS1 Soil 9°59'41"N, 8°54'28"E 24.52 17.30 108.8 150.9 <DL <DL <DL 4980
MS2 " 9°58'53"N, 8°53'26"E 62.16 7.98 304.5 70.62 " " " 1012
MS3 " 9°58'51"N, 8°53'31"E  99.69 30.98 0.38 26.82 e Z @ <DL
MS4 " 9°58'51"N, 8°53'31"E 32.44 14.42 21.49 45.47 " " " 595.4
MS5 " 9°58'52"N, 8°53'29"E 128.1 14.79 306.2 89.27 " " " 627.4
MS6 7 9°58'51"N, 8°53'34"E 97.13 19.83 34.97 28.54 T 7 T 37.12
MS7 7 9°58'52"N, 8°53'37"E 70.08 27.94 23.61 23.88 T 7 T 55.67
MS8 7 9°59'42"N, 8°54'26"E 130.8 11.28 92.79 116.0 T 7 T 5944
MS9 7 9°58'54"N, 8°53'28"E 129.0 15.74 30.00 35.81 T 7 T 158.8
MS10 " 9°58'31"N, 853'31"E 77.00 23.89 23.35 26.35 " " " 109.5
MS11 " 9°58'52"N, 8°53'14"E  13.78 3.29 2.16 12.28 e Z @ <DL
MS12 " 9°58'52"N, 8°53'14"E  67.80 34.01 13.85 28.81 " " " "
MS13 " 79.15 19.33 48.68 26.98 " " " 14.59
Mean 77.82 18.52 77.75 52.44 1353.45
Sample ID: MS- soil; MC-compost; MV-vegetable; <DL eldw detection limit
3.7. Calculation of Oral Intake of Metals from Soil through Where Gane and Gy represent the concentrations of the
Vegetables toxic metal in the plants and soils respectively.

The values of the oral intake of metals from thé so3.9. Calculation of Health Risk Index (HRI)
through the vegetable were determined based ofothrilar
of Cui et al., (2004). The Daily consumption of aist(DIM) . . .
= daily vegetable consumption x mean vegetable Imet vel du_e to exposure to toxic metz_;tls. The estichatetential
concentrations (mg/day, fresh weight). Althoughsjpscified ealth risk to _humans thTOUQh the mgest_lon of telgjes was
by WHO guidelines (WHO, 1998), the required amoat calculated using the United States Environmentatdetion

; ; oo ' Agency (EPA) hazard quotient where
vegetables in man’s daily diet should be 300-358gp&rson, HRI = (DIM) X (Cye)/RD  BO
for this study we have estimated 61.5g/day of \edget Wh B DIM X {”r‘:ta d 'IX' take of wal th h th
consumed by Nigerians since Africans generallyless of ere 'S e dally intake of metal throug €

vegetables. We have also assumed an average hueigint w vegetables (kg/day), (*G“’TD Is the concentration of in the
vegetable (mg/kg), RD is the oral reference dosetfie
of 65kg for and average adult.

metal (mg/kg of body weight/day) and Bo is the harbady
3.8. Calculation of Transfer Factor (TF) weight (kg).

The health risk index provides an indication of ltteask

The transfer factor (TF) of metals from soil to e&ples : :
was calculated using the formular of Lokeshwari anélr' Results and Discussions

Chandrappa, (2006) as follows: The geochemical results of the analysis carriedoouthe
TF = Gian{ Csoi compost, soil and vegetablee presented in Tables 1, 2 and 3.
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Table 2. Concentration of major (in weight %) and Trace elements (in mg/kg) in the different vegetables.

Type of . 2 2 ® ® 2 o As Cd Co
Samplel D Vegetable Coordinates Al,Os% Ca0% FeO% MgO% K,0% NaO0% mgkg mgkg molkg
MV1 Lettuce 9°58'31"N, 8°53'31"E  0.13 0.14 0.01 0.28 6.02 0.14 79.94 0.17 0.48
MV2 Cabbage 9°59'41"N, 854'28"E  0.10 2.23 0.09 0.44 8.86 0.12 86.46 0.04
MV3 Carrot 9°58'53"N, 8°53'26"E  0.01 0.08 0.01 0.45 4.83 0.64 5227 1.22
MV4 Spinach 9°58'54"N, 8°53'13"E  0.02 0.50 0.01 0.31 4.84 0.27 80.19 - 0.69
MV5 Beetroot 9°58'51"N, 8°53'31"E  0.06 0.85 0.04 0.55 3.36 0.53 26.60 2.94
MV6 Radish 9°59'42"N, 8°54'26"E  0.11 1.90 0.06 2.08 7.81 0.35 2179 - 3.51
MV7 Onions 9°58'52"N, 8°53'29"E  0.09 1.22 0.05 0.65 4.36 0.43 1495 3.70
MVv8 Turnip 9°58'51"N, 8°53'34"E  0.09 2.02 0.12 0.76 6.40 0.55 1273 3.98
MV9 Tomato 9°58'52"N, 8°53'37"E  0.12 1.30 0.07 0.74 7.85 0.57 1589 4.40
Mean 108.74 0.17
Sample ID: MS- soil; MC-compost; MV-vegetable; <DL -ldve detection limit
Table 2. Continued
SamplelD Vegetable Coordinates Crmg/lkg Nimg/lkg Pbmg/kg Cumglkg Sbmg/kg Semgkg TImg/kg Zn mg/kg
MV1 Lettuce 9°58'31"N, 8°53'31"E 1.69 <DL 0.77 6.14 20.26 65.05 Z 46.03
MV2 Cabbage 9°58'54"N, 8°53'13"E <DL T 5.07 3.67 12.18 65.36 T 157.4
MV3 Carrot 9°58'53"N, 8°53'26"E " T 2.96 27.53 22.53 25.23 101.5 97.97
MV4 Spinach  9°58'54"N, 8°53'13’"E Z 0.52 3.99 17.78 69.94 19.03 137.4
MV5 Beetroot 9°58'51"N, 8°53'31’E Z <DL 0.92 <DL <DL <DL 648.7
MV6 Radish 9°59'42"N, 8°54'26"E T T 15.72 7 6.38 141.2 690.1
MV7 Onions 9°58'52"N, 8°53'29"E 0.52 Z 2.564 11.86 1.76 <DL 692.1
MV8 Turnip 9°58'51"N, 8°53'34"E <DL T 2.97 <DL <DL Z 614.2
MV9 Tomato 9°58'52"N, 853 37"E T T 3.44 4.73 27.22 29.60 739.0
Mean 1,69 0.52 2.33 7.44 42477
Sample ID: MS- soil; MC-compost; MV-vegetable; <DL -dwe detection limit
Table 3. Concentration of major (in weight %) and Trace elements (in mg/kg) in the Compost.
Sample . 2 ® 2 2 ® ® As Cd Co
Samplel D type Coordinates Al,Os% Ca0O% FeO% MgO% K,O0% NaO % mgkg mgkg mgkg
MC1 Compost 9°58'31"N, 8°53'31"E 2.39 12.35 1.16 1.29 0.85 0.51 159.1 1.749 7.97
MC2 T 9°57'53"N, 8°53'24"E 1.66 5.45 3.47 0.77 0.28 0.34 1894 - 18.82
MC3 Z 9°58'51"N, 8°53'34"E 341 10.23 2.75 1.14 0.72 0.64 2594 2911 11.65
MC4 Z 9°58'54"N, 8°53'13"E 1.98 1.48 1.48 1.56 0.98 0.56 1265 - 6.67
Mean 1836 2.33
Sample ID: MS- soil; MC-compost; MV-vegetable; <DL -dve detection limit
Table 3. Continued
SamplelD Sampletype Coordinates Cr mg/kg Nimg/kg Pbmg/lkg Cumg/kg Sbmgkg Semg/kg Tl mg/kg Zn mg/kg
MC1 Compost 9°58'31"N, 8°53'31"E <DL 6.30 71.44 77.30 22.85 <DL <DL 6219
MC2 T 9°57'53"N, 8°53'24"E  35.63 39.61 <DL 66.68 <DL 7 7 1386
MC3 Z 9°58'51"N, 8°53'34"E <DL 6.80 82.70 178.3 Z Z Z 2419
MC4 T 9°58'54"N, 853 13"E " 2.78 46.09 107.5 T 7 7 2285
35.63 13.87 66.74 107.45 3077.25
Sample ID: MS- soil; MC-compost; MV-vegetable; <DL -dve detection limit
4.1. Concentrations of Major Elementsin the Compost and ] ] ] ]
Soils 4.2. Concentrations of Toxic Metalsin Compost, Soils and

Vegetables
The average concentrations of the major elementf¢A

MgO, CaO, Fgls K,O and NaO) in the three sampled The compost displays concentration in Arsenic fid?6.5 —
media are as follows; Compost: 2.36, 7.37, 2.229,10.71 2994 mg/kg, slightly above the 10.27 — 96.94 mgégprded

and 0.51 wt% respectively: in the arable soil: 4561, 4.40, in the soils (Tablesl, 2 and 3). There is an erdrarat of As in

0.43, 0.52 and 0.06 wt % respectively and in thgetebles: € Vegetable crops, from 26.60 - 217.3 mg/kg. The
0.10, 1.23, 0.05, 0.55, 6.40 and 0.55 wt % respelgti concentration of Zn in the compost (1386 — 6219kmnjgis
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visibly high compared to that in the soils whichri#a from contamination of the soils in terms of anthropogenput.
1459 - 5944 mg/kg. The vegetable crops also presebhe calculated results for the contamination factior the
significantly relatively high zinc content (46 —93ng/kg). metals in the soils, compost and the vegetableprasented
Another element of concern is Pb with a range oteatration in Tables 4, 5 and 6). CF is classified into sitegaries due
values ranging from 46.09 - 82.70 mg/kg in the coshpThe to severity of contamination: CF < 3 minimal contaation;
soils equally have high Pb content of 0.38 — 3061&J)kg, 3-5 moderate contamination; 5-10 moderately severe
while the vegetable crops have concentrations leetv@e52 — contamination; 10-25 severe contamination; 25-50y ve
5.07 mg/kg. Cu in the compost has concentrationegabf the severe contamination and CF >50 extremely severe
range 66.08 — 178.30 mg/kg as opposed to 12.280-905 contamination. The soils are severely contamindigdAs,
mg/kg and 0.92 — 27.53 mg/kg in the soils and wgles Cd and Pb (CF = up to 20) and moderately contaméhat
respectively. Cobalt presents concentration valaeging from Cr, Cu, Zn and Ni (CF = 3-5). Equally the compost i
6.69 — 18.82 mg/kg in the compost and from 4.38.82mg/kg severely contaminated by As (CF=25-37) and the
and 0.04 — 4.40 mg/kg in the soil and vegetablsgeatively. contamination decreases in the order As>Cd>Zn>Pb&Cu
There is more of Cd in the compost (1.75 - 2.91kgjgthan  All the vegetable crops are extremely severely ammated
recorded in the soil (1.63 - 0.38 mg/kg). The cotrations of by Se (CF= >50). The degree of contamination dee®
Cr in the compost and the soils are within the saamges the order Se>As>Zn>Cd. Except for the onions, ey
(35.03 mg/kg and 24.52 — 130.8 mg/kg respectivélRe Cr, vegetables (lettuce, cabbage, spinach) are severely
Ni exhibits a relatively similar range of concetitra values in  contaminated with As. Also, the root (Carrot, Beeadish,
the compost (2.78 — 29.61 mg/kg) compared to itsegan the Turnip) and the fruit vegetables are extremely saye
sails (3.29 — 34.01 mg/kg). contaminated by As in most cases (CF >50). Theshagithe
most contaminated in As followed by the tomato,nijpy

4.3. Contamination Factor (CF) carrot and beet.

The Contamination Factor determines the level of

Table 4. The Contamination Factor of heavy metalsin the agricultural soils

Sample D Sample Type As Cd Cr Pb Cu Zn Ni

MS1 Soil 15.19 27.083 0.25 10.88 5.03 99.6 0.43
MS2 " 9.76 0.62 30.45 2.35 20.24 0.19
MS3 - 0.99 0.04 0.89 - 0.78
MS4 6.54 0.32 2.15 1.52 11.91 0.36
MS5 - 1.28 30.62 2.98 12.55 0.37
MS6 2.05 0.97 3.49 0.95 0.74 0.49
MS7 - - 0.70 2.36 0.79 111 0.69
MS8 4.98 6.25 131 9.28 3.87 118.88 0.28
MS9 8.01 1.29 3.0 1.19 3.18 0.39
MS10 13.55 0.77 2.34 0.88 2.19 0.59
MS11 10.17 0.14 0.22 0.41 0.08
MS12 19.39 0.68 1.38 0.96 - 0.85
MS13 11.34 0.79 4.87 0.89 0.29 0.48

Table 5. The Contamination Factor of heavy metalsin the Compost

Sample | D Sample Type As Cd Cr Se Pb Cu Zn Ni

MC1 Compost 31.82 29.15 - 7.14 2.58 124.38 0.16
MC2 ? 37.88 - 0.356 - - 2.22 27.72 0.99
MC3 51.88 48.517 - 8.27 5.94 48.38 0.17
MC4 25.30 - 461 3.58 45.70 0.07

Table 6. The Contamination Factor of heavy metals in the vegetables analyzed

L eafy Vegetables Root Vegetables Fruit
Element MV1Lettuce MV2Cabbage MV4 Spinach MV7Onions MV3Carrot MV5Beet MV6Radish MV8Turnip MV9Tomato
As 31.98 34.58 32.08 59.8 20.91 10.64 86.9 50.92 63.56
Cd 56.66 - - - - - - -
Cr - - - -
Se - - - - -
Pb 0.39 2.54 0.26 - 1.48 - - - -
Cu 0.0205 0.012 0.13 0.009 0.09 0.003 0.052 0.010 0.015
Zn 0.046 0.14 0.10 0.69

Ni

0.16

0.69

0.65

0.61

0.74
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4.4. Transfer Factors (TF) from Soil to Vegetables anomalously high (TF=47.22). These indicate tha¢ th
, ) . vegetables in question are good accumulator of ethes
Different heavy metals from soil to vegetation aree of  ,cments. The TF for Zn. Cu and Pb is < 1 in a# th
the key cpmponents of human exposure to metalsighrthe vegetables. Apparently, the TF for the leafy veljlet are
food chain. Table 7 ;hows the transfer factorsdifferent significantly higher than non-leafy vegetables. Pinelonged
heavy metals from soil to vegetables. All the vabi crops | man consumption of these vegetables and theferaa

display TF >1 for As_, (leafy: TF=3.96; root: TF.=4.aAd fruit; _these toxic metals into the human body system cpoke
TF=6.24) suggesting that the tomato is the majoLariqus human health problems.

accumulator of As, followed by the root and finalhe leafy
vegetables. The TF for Cd in the leafy vegetable is

Table 7. Estimated Daily Intake of Metal (DIM) and the Health Risk Index (HRI) through the ingestion of the vegetables.

Elements Mean Concentration of  Transfer Amount of Metal Daily Intakeof = RD Health Risk
the Vegetables Factor (TF) Consumed (mg/kg) Metal (mg/kg) (mg/day) Index (HRI)
Leafy Vegetables (4)
As 19.81 3.96 1218 1.59 5.3
Cd 2.83 47.22 172.2 0.23 0.070 3.21
Cr 0.017 - - - 105 -
Se 168.43 - - - -
Pb 0.212 0.021 13 0.017 0.245 11.3
Cu 0.14 0.005 8.4 0.011 2.0-3.0 0.004
Zn 5.17 0.103 318 0.416 15.00 0.69
Root Vegetables (4)
As 21.20 4.24 1304 1.71 5.68
Cd - - - -
Cr - 0.030 - -
Se 52.68 - - - -
Pb 0.29 - 18 0.023 15.6
Cu 0.39 0.013 24 0.032 0.013
Zn 10.26 0.21 631 0.83 1.38
Ni - - - - -
Fruit Vegetable (1)
As 31.78 6.24 1954.47 2.56 18.53
Cd - - - - -
Cr - - - -
Se 90.73 - - -
Pb - - - - -
Cu 0.015 0.004 7.07 0.009 0.004
Zn 7.74 0.30 908.97 1.19 1.98
Ni - - - -
4.5, Potential Human Health Risk Posed by the The values of the Health Risk Index (HRI) are pnéseé in
Consumption of the Vegetables Table 7. The Hazard Risk Index for As, Cd, Pb, @d &n

) o for the leafy vegetables is 5.3, 3.21. 11.3, 0.064d 0.69
The values estimated daily intake of metals by Mumaregpectively. For the root vegetables HRI for Als, Bu and
being from the consumption of the vegetables grasing 7, is 5 68, 15.6, 0.013, and 1.37 respectively)enshs the
organic fertilizer are presented in Table 7. Inwief the it vegetables has As=18.53, Cu:0.0037 and Z8.1The
dietary pattern on the Jos Plateau, Nigeria whe®s | ) for As and Pb are significantly high in fruibe root
vegetable is taken as part of daily diet, we haeeeh oqeiaples respectively. The sequence of HRI iregaly for
considered a daily average of 61.5g/day and anageer {he elements in decreasing order is As>Pb>Zn>Che HRI
human body weight of 65 kg. The daily intake of &8l, Pb, o A5 pp and zn is >1 and therefore unsafe. HRIGu is <
Cuand Zn from leafy vegetables = 1.59, 0.22510,0.011 y {5 g the variety of vegetables which can basidered
and 0.416 respectively. The daily intake of As, @b,and Zn  g4¢e yith no risk to human health. Arsenic is aidaxetal
from the root vegetables = 1.705, 0.0234, 0'03_2 @"&5 which can cause several human health problems ssch
respectively and from the fruit vegetable = As2.56q5ncer Kkeratosis, hyperthension etc. Human exposuPb

Cu:0.00S_)S and Zn:l._189. Fr_om thi_s data, it can beoved .51 cause kidney damage and damage to the nerystesns
that the intake of As is relatively high from dtiet vegetable 4 impair mental development in children.

crops, but however decreases in the order fruit>teafy.
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5. Conclusion

What has emerged from this study is the revelatiahthe [7]
application of municipal solid wastes as organitilfeer in
vegetable gardens is a major source of metal patiunto
farmlands. Consequently food crops grown on such
contaminated farmland with  high heavy metald8]
concentrations will absorb such metals dependingthan
metal uptake capabilities and storage. The trarfattor (TF)
of different plant species vary from one type tother. Soil
to plant transfer is a major pathway of human ewpomgo
toxic metals via the food chain (Yeasmin et al, 201IThe
transfer of metals from the compost into the saild a
subsequently into the vegetables has been estathlish

The vegetables are severely contaminated by theanfiolg
toxic elements in the decreasing order of Se>As>Hme
variation of elemental concentration in the diffargarieties
of vegetables analysed show clearly that the uptake
capabilities of the plants vary (Pendias and Pendta00). [11]
In general, the vegetables are good accumulatoroyaé
elements, however, the leafy vegetables (lettuaighage and
spinach) are the highest accumulator of toxic rsetad
compared to the non-leafy vegetables. The frugetable
(tomato) is the least accumulator of toxic metaltofved by
root vegetables (carrot, onion, radish and turnip).

The calculated HRI>1 for As in the vegetables iathc
that all varieties are unsafe which may pose riskiuman
health. All except the leafy vegetables are ungaterms of
its zinc content (HRI>1 for Zn). The HRI values e in the
root and leafy vegetables are far higher than d,tharefore
unsafe. Finally, this study has shown that vegetalgrown
from municipal solid waste are unsafe and therefmrses
serious risks to human health. It is therefore meoended
that the composition of organic fertilizer and suls from
which vegetable crops are grown should be monitaed
regulated to reduce its adverse effects on humpnolation.

9]
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