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Abstract: Levels of heavy metals: cadmium (Cd), lead (Pb), arsenic (As) and mercury (Hg) were investigated in the
vegetables (carrots and tomatoes) planted on farms near the old mining sites in Jos, Plateau State. The vegetables
were planted and harvested during the two seasons, dry and raining seasons of 2014. Atomic absorption
spectrometry was used for the analyses. The results showed that concentrations of most of the metals were above
the Food and Agriculture Organization/World Health Organization (FAO/WHOQO) maximum permissible limit.
Cadmium (Cd) concentration ranged from 0.01-0.45mg/kg, lead (Pb) concentrations ranged from 0.01- 0.43mg/kg,
arsenic (As) concentrations ranged from 0.02 -1.20mg/kg lastly, mercury (Hg) concentrations ranged from 0.01 —
0.39mg/kg. The concentrations of the metals followed the order of Cd< Pb < As < Hg. It was observed that the
uptake of metals by tomatoes was higher than carrots’ uptake.
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I. INTRODUCTION

A lot of tin mining activities started on the Plateau during the pre-colonial era. The mining history dates back to 1904
when tin was discovered on the Plateau. This tin mining left a lot of over burdens and mining ponds. Settlements are
found around these mining ponds which contain untreated mining waste waters throughout the year [1]. Many of these
settlers are farmers, who use this water from the mining ponds for irrigation farming of vegetables which after harvest are
transported to every part of country for consumption.

Mining is the process of excavating heavy volume of overburdened materials or natural minerals from the earth surface
for various applications [2]. In most cases, this process results to the release of metals unto the surface, thereby
contaminating the environment such as the waterway and the soil [3], [4]. The World Health Organization (WHO)
reported that the environment got highly contaminated through the activities of the small scale, artisanal or surface
mining, as these processes produce lot of tailings, which contained metals that could be released into the environment be
it through the wind or waterways or land [5]. The mining, processing, smelting/refining activities of mineral resources led
to the contamination of agricultural soils and crops within and around the vicinity of mining site as a result of tailings and
waste water [6]. Apart from contaminating the soil, crops and water, the health of the populace is also being jeopardized
because of the chemicals being used during the processes. Various types of chemical reagents are being used at the mining
sites. Types of chemical used depend on so many factors, such as the processing method, type of ores being considered
etc. Some of the chemical reagents include: Sodium Silicate, Hydrochloric acid, Carbon tetra- chloride and several others

[7].
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There is a global concern over the effect of technological advancement on the environment, due to the impact industrial
pollution is making on the environment. Many developed countries have imposed some legislation to maintain sustainable
environment. These legislations are enforced by specialized institutions such as European Economic Community (EEC),
United State Bureau of Statistics, U.S Mission to the European Union and many others [8]. Heavy metals such as
cadmium, lead, mercury arsenic etc contamination cannot be under estimated as they cause serious health problems such
as loss of vision, hearing, mental retardation, all forms of cancer and even death. Studies in China, South Korea, USA, etc
have shown that vegetables are often contaminated with these heavy metals, thereby contaminating the food chain [9].

It was reported that vegetables are shrubs / herbaceous annular perennials plants consumed by both animals and man.
They can be eaten raw or cooked. They can either be underground such as carrots, potatoes, onions, etc or they could be
above the ground such as tomatoes, cabbage, chili etc. Eating diet rich in vegetables reduced the risk of heart diseases,
heart attack, stroke, bone loss, constipation etc. Vegetables were reported to be low in fat and calories but rich in fiber,
vitamins, folate (folic acid) and minerals [10], [11]. Tomatoes were reported to be rich in lycopene, the red carotenoid
pigment and phytonutrient. Lycopene was an antioxidatant which helped in the elimination of damaging free radicals in
the body tissues, thereby reducing the chances of getting cancer (prostate cancer). It also reduced the risks of
cardiovascular diseases [12]. Carrots cleansed the intestine and remineralized the body. Carrots had diuretic, antidiarrheal
and antianemic abilities. It helped the human body to maintain the acid- alkaline system and was very good for the human
sight. Carrot tea was recommended for bladder and kidney ailment, dropsy and gout diseases [13].

Heavy metals are non-biodegradable and persistent environmental contaminants which may be deposited on the surfaces
and then be absorbed into the tissues of the vegetables. Plants took up heavy metals by absorbing them from deposits on
the parts of the plants exposed to the air from polluted environment as well as from contaminated soils [14].

The aim of the research work is to determine the levels of contamination of cadmium, lead, arsenic and mercury in
vegetables planted at the old mining sites.

1. MATERIALS AND METHODS
Study site:

Samples were collected from four farms namely: Farm A, (Danjuma farm, Hollaza settlement near F.G.C, Jos in Jos
North L.G.A,)) Farm B (Gurum Village near Mistaali) and Farm C at Tsaya (Village both in Bassa L.G.A.) while the
control samples were collected from West Africa Milk Company (WAMCO) farm (Vom, Jos South L.G.A).

Sampling:

Two samples were obtained from each site namely: Tomatoes (a fruit vegetable), Carrot (a root vegetable). Planting and
harvesting of the vegetables were done during the dry and raining seasons of 2014. Whole plant samples of Lycopersicum
esculentum (tomato) and Daucus carrota (Carrot) were collected.

Sample Treatment:

The vegetable samples were washed, separated, cut and air-dried. The dried samples were ashed at 550°C using Carbolite
muffle furnace and stored in air tight covered plastic containers for elemental analyses. One gram (1g) of the ashed plant
sample was digested with 40 ml of aqua regia (a mixture of 3 parts concentrated HCI to 1 part concentrated HNO3) on a
hot plate in the fume cupboard, until the digested sample dried and baked. The baked sample was re dissolved with 10ml
1 : 1 HCL To the hot solution, 30 ml of distilled water was then added and filtered through a Whatman number 41 filter
paper into a 100 ml standard volumetric flask and the solution was made up to the mark with deionized water. All the
reagents used were of standard analytical grade. Cadmium, lead, arsenic and mercury concentrations were determined in
the plant samples using a SOLAAR ice 3000AA01122804v1.30 Atomic Absorption Spectrophotometer (AAS).
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TABLE 1: CONCENTRATION OF METALS (mg/kg)

Cadmium (Cd) Lead (Pb) Mercury (Hg) Arsenic (As)
RAINING | DRY RAINING | DRY RAINING | DRY RAINING [ DRY
SEASON | SEASON | SEASON SEASON | SEASON | SEASON | SEASON | SEASON
CONTROLLED | (),1620.02 0.01£0.01 0.200.02 BDL
CARROT
FARM A | 045002 [ 0.03:0.02 | 0.18+0.01 0.08:0.03 | BDL 0.13:0.03 | 0.14%0.03 [ 0.21x0.05
2014
FARM B [ 001001 | BDL 0.2840.02 BDL 0.08:0.02 | 0.19+0.05 | 0.05:0.06 | 0.99:0.08
FARM | 2014
PPNT 'FARM € [ 002+0.01 | BDL 0.01£0.01 BDL 0.0740.03 | 0.14:0.04 | BDL 1.20£0.01
2014
CONTROLLED | 0,18+0.01 0.05£0.01 0.29+0.01 BDL
TOMATOES
FARM A | BDL 0.08£0.00 | BDL 0.0740.02 | 0.0120. 0.23:007 | 0.86+0.10 | 0.12+0.05
2014 2
FARM B [ 035:001 | BDL 0.3120.04 BDL BDL 0.28:0.10 | 0270.05 | 0.91
2014
FARM  C | 068+0.03 | 0.23+0.01 | 0.03%0.01 0.10£0.07 | BDL 0.10£0.05 | 0.180.02 | 0.14%0.02
2014

BDL: BELOW DETECTION LIMIT

I11. RESULTS AND DISCUSSION
Results:
The Concentrations of Cd, Pb, Hg and As are presented on Table 1.
Discussion:

The result showed that cadmium (Cd) had mean concentration of 0.24mg/kg in carrots of farm A, 0.005mg/kg in carrots
of farm B and 0.01mg/kg in carrots of farm C. The maximum permissible limit for cadmium is 0.10mg/kg [15], as such
only carrots from farm A with such cadmium may be unsafe for human consumption. The mean concentrations of lead
(Pb) for carrots from farm A was 0.13mg/kg, 0.14mg/kg for carrots from farm B and 0.005mg/kg for carrots from farm C.
Carrots from all the farms were safe for human consumption as their concentrations were below the maximum
permissible limit, 0.30mg/kg [15]. Average mercury (Hg) concentrations in carrots from farm A was 0.065mg/kg,
0.14mg/kg was the average concentration of mercury (Hg) in carrots from farm B and farm C had 0.11mg/kg was the
average concentration in carrots from farm C. The maximum permissible limit is 0.03mg/kg [15], based on this, no carrot
was safe for human consumption. Arsenic (As) was high in most of the carrots, farm A had a mean concentration of
0.18mg/kg, farm B carrots had 0.52mg/kg and carrots from farm C had 0.60mg/kg. The maximum permissible limit is
0.43mg/kg, based on these carrots from farms B and C were unsafe for human consumption. Considering the individual
and total metal concentrations in the carrots from all the farms, farm C had the least concentration of metals followed by
farm A and finally farm B.

Mean concentrations of cadmium (Cd) in tomatoes was 0.004mg/kg of farm A, 0.18mg/kg in farm B’s tomatoes and farm
C tomatoes had 0.46mg/kg. The maximum permissible limit is 0.10mg/kg, thus it could be seen that only tomatoes from
farm A with values lower than the maximum permissible limit could be recommended for human consumption. Average
lead (Pb) concentrations in tomatoes from farm A was 0.04mg/kg, 0.16mg/kg was found in tomatoes of farm B and farm
C had 0.07mg/kg. The maximum permissible limit is 0.30mg/kg. Based on this result, tomatoes from all the farms were
safe for human consumption. The average mercury (Hg) concentrations in tomatoes from farm A was 0.12mg/kg,
0.14mg/kg was found in the tomatoes of farm B and tomatoes from farm C had 0.005mg/kg. Maximum permissible limit
is 0.03mg/kg. Only tomatoes from farm C were safe for human consumption. Mercury is more toxic than the other
studied metals and causes more serious health related problems such as mental retardation, loss of vision, hearing and
even death. This could have gotten into the plants through the use of pesticides and herbicides. Mercury was higher than
the Maximum Permissible Level values in almost all the samples.

This agreed with the research studies carried out in Pakistan and Saudi Arabia where it was reported that the mercury
concentration in food and foodstuff in Sindh, Pakistan and vegetables, cereals and fruits in Saudi Arabia respectively
exceeded the permissible levels reported by the WHO of 0.03mg/kg [16], [17].
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The average concentration arsenic (As) in tomatoes of farm A was 0.49mg/kg, 0.59mg/kg was found in farm B and
0.16mg/kg was found in the tomatoes of farm C. The maximum permissible limit is 0.43mg/kg. Only tomatoes from farm
C were safe for human consumption .

The results of this study showed that most of the vegetables up took arsenic; this observed result was similar to the results
obtained in Southern Turkey [18] on a research study carried out on heavy metal concentration on edible parts of some
cultivated plants and medical samples. High arsenic concentrations observed may be due to the usage of arsenic
containing chemicals such as pesticides and herbicides (calcium arsenate, cupper acetoarsenate and lead hydrogen
arsenate). It was reported that these were used in pig and poultry feeds [19]. Which in turn introduce arsenic into the soil
and plants as chicken dug is used as fertilizers.

From the results, tomatoes from farm C was the safest for human consumption followed by farm A and finally farm B.
The results showed that concentrations of most of the metals were higher tham the FAO/WHO maximum permissible
limit in the vegetables. This corresponded to the results obtained in a research study on the levels of As, Cd, Cr, Hg and
Pb in soils and some vegetables which showed that the mean concentration of metals in the analysed sample fell above the
maximum permissible limit and standard value [20].

It can also be seen that metal concentrations of tomatoes are higher than that of carrots, Tomatoes up take of metals
seemed higher than carrots. This may be due to plant’s selectivity of absorption of metals, in the research studies on
assessment of cadmium and lead in soils and tomatoes in farmlands of Kaduna, it was also observed that tomatoes uptake
of cadmium was higher than carrots’ uptake [21].

IV. CONCLUSION

Based on the results obtained from this research work, only carrots and tomatoes from farm C were relatively safe for
human consumption. Lead concentrations in almost all the samples were lower than the maximum permissible limit; as
such lead poisoning as a result of these vegetables may be rare.

V. RECOMMENDATION

Further studies are recommended, the soil - plant transfer factor may be considered.

REFERENCES

[1] Bagudu, N (2001) Mining Licensing Regime in Nigeria. In Bagudu , N (eds) Land Desecration and Environmental
Degradation on Nigeria’s Jos Plateau; League for Human rights.

[2] Ameh, E. and Akpah, F.A. (2011) Heavy pollution indexing and multivariate statistical evaluation of
hydrogeneochemistry of reverporpor in Itakpe Iron ore mining area, Kogi state, Nigeria Adv in Appl sci.Res.2(1).33-
46.

[3] Arogunjo, A.M. (2007) Heavy metal composition of some solid minerals on Nigeria: Any Health implication to
inhabitants around the Mining sites. Int. Appl.Sci.2 (2):143-153.

[4] Jian-Min Z, Zhi D, Mei-Fang C and Cong-Qlang L. (2007) Soil Heavy Metal Pollution Around the Dabaoshan
mines, Guangdong Province, China. Pedosph.17(5):588-594.

[5] Chhotu, D.J. and Fuleka, M..H.(2009) Review: Phytoremediation of heavy metals:Recent Techniques. Afr. J.
Biotechnology. 8(6); 921-926.

[6] Navarro, M.C. ; Perez- Sirvent, C.; Martinez, M.J.; Vidal, J.; Torar, P.J. and Bech. J. (2008) Abandoned Mine Sites
as A Source of Contamination by Heavy Metals: A case study in a semi-arid zone. Journal of Geochemical
Exploration’. 96.183-193.D0i:10.1016/j.gexplo.(2007).04.011.

[7] Pearse, M. J. 2005. An overview of the use of chemical reagents in mineral processing. Minerals Engineering. Vol
18 (2), 139 - 149.

[8] United State Department of Agriculture, Foreign Agricultural Service U.S. Mission to the European Union. (2010).

Page | 43
Research Publish Journals




ISSN 2348-1218 (print)
International Journal of Interdisciplinary Research and Innovations ISSN 2348-1226 (online)
Vol. 4, Issue 2, pp: (40-44), Month: April - June 2016, Available at: www.researchpublish.com

[9] Zheng, N; Wang, Q.C; and Zheng, D.M. (2007) Health risk of Hg, Pb, Cd, Zn and Cu to the inhabitants around
Huludao Zinc Plant in China via consumption of vegetables. The Science of the Total Environment. 383, 81 -89.
Doi: 10.1016fj.scitotenv.

[10] USAD (United State Department of Agriculture) (2014) Centre for Nutrition Policy and Promotion.USDA Food
Guidance System (MyPlate). www.chosemyplate.gov/vegetables

[11] AKlilu, A., Mengistu, S. and Fisseha, I. (2013) Determining the Extent of Contamination of Vegetables Affected by
Tannery Effluent in Ejersa Area of East Shoa, Ethiopia. Int. J. Scientific and Reseach Publications,3:5.3. 4.5.

[12] Dairy Council of California (2014) Health Benefits of Tomatoes,
[13] Lankester,DR.(2015) Food CollectionBethnalGreenMuseum. www.carrotmuseum.co.uk./nutrition3.html.

[14] Sharma, R.K.; Agrawal, M. and Marshall,F.M. (2008) Heavy metal (Cu, Zn, Cd and Pb) contamination of vegetables
in urban India: A case study in Varanasi. Environ.Pollut.,154:254-263.

[15] FAO/WHO, Codex Alimentarius Commissin (2006) Food additivies and contaminants. Joint FAO/WHO Food
Standards programme, ALINORM 01/12A: 1-289

[16] Abbas, M.., Paveen, Z., Igbal, M., Igbal, S., Ahmed, M and Bhutto, R. (2010) Monitoring of toxic metals
(cadmium, lead, arsenic and mercury) in vegetables of Sindh, Pakistan, Kathmandu University Journal of Science,
Engineering and Technology 6 (2), 60-65.

[17] Mohammed, H.H. and Khairia, M.A.(2012) Assessment of some heavy metals in vegetables, cereals and fruits in
Saudi Arabian markets. Egyptian Journal of AquaticResearch.38,31-37.

[18] Saglam C. (2013) Heavy Metal Accumulation in Edible Parts of Some Cultivated Plants and Media Samples from a
Volcanic Region in Southern Turkey. Ekoloji 22 (86): 1-8.

[19] Jones, F. T. (2007) A Broad View of Arsenic, Poultry Science 86 (1): 2-14.doi:10.1093/ps/86.1.2.PMID 17179408.

[20] Duressa, T.F. and Leta, S. (2015) Determination of Levels of As, Cd, Cr, Hg and Pb in Soils and Some Vegetables
Taken from River Mojo Water Irrigated Farmland at Koka Village, Oromia State, East Ethiopia. International
Journal of Science: Basic and Applied Research.(21)2.

[21] Jimoh, W.L.O and Mohammed, M.I. (2012) Assessment of Cadmium and Lead in Soil and Tomatoes Grown in
Irrigated farmland of Kaduna Metropolis Nigeria. Research Journal of Environmental and Earth Science 4(1); 55 —
59.

Page | 44
Research Publish Journals



http://www.chosemyplate.gov/vegetables
http://www.carrotmuseum.co.uk./nutrition3.html
mhtml:file://C:/Users/user/Desktop/Arsenic%20-%20Wikipedia,%20the%20free%20encyclopedia.mht!https://en.wikipedia.org/wiki/Digital_object_identifier
mhtml:file://C:/Users/user/Desktop/Arsenic%20-%20Wikipedia,%20the%20free%20encyclopedia.mht!https://dx.doi.org/10.1093%2Fps%2F86.1.2
mhtml:file://C:/Users/user/Desktop/Arsenic%20-%20Wikipedia,%20the%20free%20encyclopedia.mht!https://en.wikipedia.org/wiki/PubMed_Identifier
mhtml:file://C:/Users/user/Desktop/Arsenic%20-%20Wikipedia,%20the%20free%20encyclopedia.mht!https://www.ncbi.nlm.nih.gov/pubmed/17179408

