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ABSTRACT: The present investigation deals with the accumulation of heavy metals such as Cd, Fe, Zn,Cu and
Pb are accumulated by the soil and transferred to the tomatoes grown in irrigated farmlands of Kaduna
metropolis. Twenty sampling sites were selected from different agricultural areas of Kaduna metropolis along
with a control site (Rigachikun). Soil and tomatoes samples were acid digested and analysed for heavy metals
with the atomic absorption spectrophotometer (AAS). The result of this work showed that Zinc from Kabala
sample is absorbed more than all elements analyzed for tomatoes from the irrigation sites of the Kaduna
metropolis. The absorption of heavy metal in the present study are arranged in the following increasing series.
Zn (KBL) > Fe (TDW) > Cu(KKR) > Pb (KMS) > Cd(NAS and DKA) Most of the transfer factors in the studied
samples are below 1 with the exception of samples from Rigasa (17.25 pgg™ for Cd), Kakuri (1.01 pgg™ for
Cd), Kawo (1.56 pgg*for Cd), Unguwan Sanusi (3.00 pgg™ for Cd), Tudunwada (1.60 pgg™ for Cd) , Doka
(1.06 pgg*for Cd), Abakpa (1.00 pgg™ for both Cu and Pb) and Rigachikun (control) (1.00 pgg™ for Cu).The
result also revealed that cadmium is highly transferred from the soil to tomatoes. This is because high
concentration of heavy metal such as cadmium in tomatoes may occur due to irrigation with contaminated
water. Transfer factor in this work is arranged in the following order , Cadmium > copper > lead > zinc and
iron. When vegetable accumulates heavy metals at a proportion exceeding the tolerance limit and if consumed
may be toxic and causes varieties of illness
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I INTRODUCTION

The term “heavy metals” refers to any metallic element that has relatively high density and is toxic or
poisonous even at low concentration (Lenntech, 2004). Heavy metals are general terms, which apply to the
group of metals and metalloids with atomic density greater than 4g/cm?®, (Huton and Symon, 1988; Garbarino et
al., 1995, Hawkey 1997., Nriagu, 1999).

This classification includes transition metals and higher atomic weight metals of group 11l to V of the
periodic table. Heavy metals include lead cadmium, zinc, copper, iron etc (Duruibe et al., 2007).

The sources of heavy metals in plants are their growth media from which heavy metals are taken up by
roots. Although some heavy metals such as Cu, Zn, Mn, Fe etc are essential in plant nutrition, many heavy
metals do not play significant role in the plants physiology. Plants growing in a polluted environment can
accumulate the toxic metal at high concentration thereby causing serious risk to the human health when
consumed (Kabata — Pendias, 1984, Alloway, 1990, Vousta et al, 1996). Heavymetals have been excessively
released into the environment due to rapid industrialization and have created a major global concern (Wan Ngah
and Hanafiah, 2008). Unlike organic waste, heavy metals are non-biodegradable and they can be accumulated in
living tissues, causing various diseases and disorders, therefore, they must be removed before discharge
(Namasivayam and Ranganathan, 1995).

Industrial products that are used in homes and which have been produced with heavy metals are other
sources of human exposure to such heavy metals. Mercury exposure is through disinfectants, antifungal agents,
toiletries, creams and organo-metallics (McCluggage, 1991). Cadmium exposure is through nickel/cadmium
batteries and artist paints; lead exposure is through wine bottle wraps, mirror coatings, batteries, paints and tiles.

Lead occurs naturally in the environment. Most lead that is found in the environment is as a result of
human activities due to the application of gasoline, which is an unnatural lead — cycle consisting of lead salts
entering the environment through car exhausts. The larger particles will drop to the ground immediately and
pollute soil or surface water while the smaller particles will travel long distance through air and remain in the
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atmosphere and fall back on earth when it is raining. The lead cycle caused by human production is much more
extended than the natural lead-cycle.(Ogwuegbu and Muhanga, 2005)

Lead causes injuries to mental development such as reduction of intelligence and growth disturbances.
Children are particularly at risk for lead consumption, both before and after birth as they absorb lead more
rapidly than adults. Particularly affected are small children with their habit of placing dirty fingers and objects
of all kinds into their mouth (or licking them which is refer to as mouth/hand activity) and in this way,
swallowing dust and soil particles containing heavy metals, for example from lead — based paints (Alloway and
Ayres, 1997).

Cadmium contamination cannot be removed from plants by washing them; it is therefore distributed
throughout the organism. It is often difficult to mention the cause of a cadmium content found in fruit or
vegetables, as cadmium in its natural form exists everywhere in the soil and is absorbed by the roots. The major
pathway of lead is through food via the addition of cadmium to agricultural soil from various sources
(atmospheric deposition and fertiliser application) and uptake by food and fodder crops.

Depending on the severity of exposure the symptoms of cadmium toxic effects also include nausea,
vomiting, abdominal cramps, dysperia and muscular weakness. Severe exposure may result in pulmonary
Odema and death. (McCluggage, 1991; INECAR, 2000; E.U, 2002; and Young, 2005).

Zinc can also be present as alloys. It is used in rubber industries, manufacture of dry batteries, roofing
and exterior fitting on building and pharmaceutical industries where it is used in ointment, shampoo (Ferner,
2001).

Zinc is essential for growth and has important functional role in cellular immunity, sexual maturation
and wound healing ( Favier, 1992). The chief important role of zinc in the body is that, it promotes wound
healing, moderate attack of sickle cell anaemia and controls some of the hereditary disease such as
acrodermatitis enteropathics. (Ferner,2001)

Zinc has similar symptons of illness to that of lead and can easily be mistakenly diagonised as lead
poisoning (McCluggage, 1991). Zinc is considered to be relatively non-toxic, especially if taken orally.
However, excess amount can cause system dysfunctions that result in impairment of growth and reproduction
(INECAR, 2000; Nolan, 2003). The significant signs of zinc toxicity has been reported as vomiting, diarrhoea,
bloody urine, liver failure, kidney failure and anaemia.

Iron is very essential to all organisms, animals and plant. It also functions as a catalyst and is present in
amount greater than that of any other trace elements. However excessive iron can damage the cells of the
gastrointestinal tract and may also damage the cell in the ear and liver. (Ademoroti, 1996).

Soil is a loose surface of the earth distinguished from rock. It is a medium in which crops grow. But to
civil engineer, soil is the material that supports buildings and construction of roads (Zampella, 2003). Soil is a
vital resource for sustaining basic human needs, a quality food supply and a liveable environment (Wild, 1995).
It serves as a sink and recycling factory for both liquid and solid waste. Municipal solid waste has been found to
contain appreciable quantity of heavy metals such as Cd, Zn, Pb and Cu all which may eventually end — up in
the soil (Alloway and Aryes 1997). Other identifiable sources include atmospheric depositions, manure and
fertilizers, pesticides and industrial discharge. (Holgate, 1979).

The accumulation of trace metals in agricultural and non-agricultural soils poses health hazards
(Peplow, 1999). Some of the health effects of trace metals include skin irritation, damage to the liver, kidney
circulatory and nerve — tissue resulting from acute or chronic exposure

Pollution of plants is of concern for two major reasons. Firstly, pollutants may have direct or indirect
phytotoxic impacts on the plants themselves, leading to a decline in crop yields and threatening our food supply.
Secondly the plants may act as a vehicle for transferring pollutants into the food chain. For example, cadmium is
readily accumulated by plants and may get to levels which are adverse to the plants themselves, consequently
posing a significant threat to animal and human that consumes such plants. Heavy metals and pesticides are
major pollutants in this respect (Radojevic and Bashkin 1999).

In municipal sewage, the metallic content are often absorbed on the sewage solids or sewage sludge, if
disposed into farmland, the metallic contents are taken up by plants and may have unpleasant effect on the fruits
and as such are unsuitable for human consumption. In some cases, they may have adverse effects on plants
produced on the farm land, such plants serve as food for man. Heavy metals are passed onto man through the
food chain and the cumulative effects of these metals, most of which are toxic.

Actually, some of the toxic metals are being released to the environment in increasing amount and the
most commonest element is lead. Infact, heavy metals are daily ingested by human either through air, food,
water and soil. Irrespective of their sources, toxic elements can reach the soil when they become part of food
chain (Igwe et al, 2005) unfortunately, once the elements become part of this cycle, they accumulate in animal
and human tissues (Daniel and Edward, 1998). When agricultural soil are polluted, these metals are taken up by
plants and consequently accumulate in their tissues (Trueby, 2003). Animals that graze on such contaminated
plants and drink from polluted water, as well as marine lives that breed in heavy metals polluted water also
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accumulate such metal in their tissues, and milk if lactating (Habashi, 1992; Garbarino et al., 1995; Horsfall and
Spiff, 1992; Peplow 1999).

In Northern Nigeria and Kaduna metropolis in particular there is no adequate rainfall for the planting
season. In order to complement the water need for farming, irrigation with available river is performed. This
occurs with reasonable frequency throughout growing season.

Irrigation is the artificial means of water supply to the agricultural crops ranging from surface
irrigation, micro sprayer and low-head barber irrigation. Irrigation is design to permit farming in arid regions
and offset drought in semi-arid or semi humid regions.

The purpose of irrigation is to introduce water into the part of the soil profile that serves as the root
zone, for the subsequent uses of the crop. (Zapella, 2003).

In Northern Nigeria and Kaduna metropolis in particular there is no adequate rainfall for the planting
season. In order to complement the water need for farming, irrigation with available river is performed. This
occurs with reasonable frequency throughout growing season.

Irrigation is the artificial means of water supply to the agricultural crops ranging from surface
irrigation, micro sprayer and low-head barber irrigation. Irrigation is design to permit farming in arid regions
and offset drought in semi-arid or semi humid regions. The purpose of irrigation is to introduce water into the
part of the soil profile that serves as the root zone, for the subsequent uses of the crop. (Zapella, 2003).

. Excessive amount of fertilizers are applied to crops, considering that they are reasonable insurances
against yield losses and their economic consequences. Fertilizers contain not only major elements necessary for
plant nutrient and growth but also trace metal impurities such as Cd, Pb, or Ni ( Zhan and Shan 2001). The
uptake of these heavy metals by plants especially leafy vegetables is an avenue of their entry into the human
food chain with harmful effects on health (Uwah et al., 2009).

Vegetables are nutritious food that comes from the leaves, roots, seeds, stem and other parts of certain
plants (Cheah, 1969). People eat vegetables raw or cooked and use them as part of their meal in the form of
salad, soup and snacks. Vegetable is an important part of human diet since they contain carbohydrates, proteins
as well as vitamins, mineral and trace elements (Dastane, 1987).

Tomatoes is the edible often red fruit of the plant (Solanum lycopersium), commonly known
as a tomato plant. It belong to the nightshade family. The plants typically grown to 1-3 meters (3-10ft) in height
and have a weak stem that often sprawls over the ground and vines other plant. It is grown in temperate climates
as an annual. Tomato is consumed in diverse way, including raw, as an ingredient in many dishes,sauces,salad
and drinks.

The aim of this research work is to investigate the amount of heavy metals transferred from
soil to tomatoes so as to ascertain the extent of contamination if found extremely above the limit given by
various health organisations.

1. MATERIAL AND METHOD

Sample and Sampling:

Tomatoes samples were collected from twenty one (21) different irrigation site of the farmlands of the
Kaduna metropolis where they were irrigated with water from the river or pond which are sometimes
contaminated. Soil samples were also randomly collected from the farm where these vegetables were grown and
irrigated with water. These samples were then stored in polythene bags and taken to the laboratory and dried in
an oven at 100°.
The dried samples were ground with mortar and pestle and sieved with 2mm sieve.

SAMPLING SITES AND THEIR CODES

Soil samples and tomatoes samples for heavy metal determination were collected from twenty one (21)
irrigation sites of the Kaduna metropolis. These sites were shown in the below table

Table of the sampling sites and their codes

S/NO Sampling Sites Codes
1. Kabala KBL
2. Danmani DMN
3. Barnawa BNW
4, Makera MKR
5. Badiko BDK
6. Nasarawa NAS
7. Malali MAL
8. Kudenda KUD
9. Kinkinau KKN
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10. Kawo KWO
11. Unguwan Rimi URM
12. Unguwan Sanusi UNS
13. Tudun Wada TDW
14, Doka DKA
15. Unguwan Dosa UDS
16. Costain CTA
17. Kurmin Mashi KMS
18. Abakpa ABK
19. Kakuri KKR
20. Rigasa RGS
21. Rigachikun (Control) RCK

SAMPLE PREPARATION

Cabbage samples

5g of the ground tomatoes samples were ashed in a muffle furnace at a temperature of 550°c for five hours and
digested with 20cm® of HNOs/H,0, (2:1). The digested residues were dissolved with 50cm of distilled water
and filtered in 50cm? volumetric flask.

Soil sample:

20g of the finely ground soil samples was mixed with 60cm?® (5:5:1) H,SO,/HNO4/HCI acid mixtures and the
content were refluxed for 12 hours. The sample was washed with 1M HNO; and 100cm? of deionized water was
also added and centrifuged. The elements ( Fe, Zn,Cu,Cd & Pb) were determined using bulk scientific model
VPG 210 model atomic absorption spectrophotometer (AAS).

Transfer of Heavy metals from soil to tomatoes
In order to determine the ratio of the concentration of heavy metal in a plant to the concentration heavy metal in
soil, the transfer factor was calculated based on the method described by Oyedele et al, 1995 and Harrison and
Chirgawi, 1989).

TF =Ps (ugg™/ St (ugg™)
Where Ps is the plant metal content originating from the soil and St is the total metal content in the soil.
According to Rasheed and Awadallah (1998) plant uptake is one of the major path ways by which metal in soil
enter the food chain. The food chain plants might absorb enough amounts of heavy metals to become a potential
health hazard to consumers.
The transfer factor is an index for evaluating the transfer potential of a metal from soil to plant.

1. RESULTS AND DISCUSSION
The mean concentration of some heavy metals and that of the transfer factor from soil to tomatoes were shown
in the below table 1.0 and 2.0 respectively
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Table 1.0: Heavy metals in tomatoes samples from different irrigation sites of the Kaduna Metropolis

Sampling Cd Fe Zn Cu Phb
sites (ugg™) (ugg™) (ugg") (ugg™) (ugg)
KBL 042 [+] 0GB | 898 |+ | 112 | 1969 | £ | 2717 | ND ND | 363 [+] 154
DN 01 |£| 01 | 778 | £ | 369 | ND ND | WD ND | 426 | £| 267
RGS 060 || 0BG | 645 | £ | 119 | 363 | £| 339 | 207 |£| 196 | 419 | £| 245
BNW 050 | £| 048 | 500 | £ | 147 | 146 | £| 237 | 233 |£| 208 | 399 | £| 172
KR 087 [£]| 0BT | 667 | £ | 151 | 453 [£| 140 | 453 [£| 193 [ 213 | £| 081
KRR 074 || 084 | 92 |+ | 092 | 603 | £| 085 | 58 |£| 151 | 188 | £| 061
BDK 036 || 026 | 599 | + | 040 | ND ND | 027 |£| 031 | 092 |£]| 008
NAES T33 |£| 012 | 747 | £ | 162 | 96 | £ 286 | 29 |£| 03 | 327 [£| 170
AL 067 || 050 | B2 | £ | 246 | BB87 | £| 372 | 427 [£| 225 | 307 | £| 194
KUD 077 || 051 | 993 | £ | 488 | 633 | £| 153 | 447 || 064 | 244 | £| 067
REN T x| 053 | 843 | £ | 321 | 677 | £ | 080 | 487 || 212 7 [£| 06

WO 084 | £| 063 | 54 | £ | 122 | 734 [ £| 101 | 333 |£| 081 | 193 | £| 110
URM 093 [£]| 031 | 84 | & | 12 | 733 | £| 131 | 277 |£| 051 | 187 | £| 081
UNS 075 [£]| 022 | 633 | £ | 076 | 533 [ £| 061 | 376 [£| 074 | 193 | £| 050
TOW 032 |£| 021 | 1244 | £ | 1095 | 053 | £ | 035 | ND ND | 353 | £]| 3.25
DKE& 133 |£| 023 | 333 | £ | 214 | 727 | £] 110 | 473 | £] 165 | 232 || 030
UDs 003 [£]| 046 | 773 | £ | 335 | 973 [ £| 464 | 357 [=| 254 | 46 || 242
CTA 06 | £| 053 | 693 | £ | 356 | 793 | & | 435 | 377 |2| 125 | 34 || 156
KIS 087 [£]| 058 | 06 |+ | 312 | 79 | £| 201 | 313 |£| 297 | 467 | £| 129
EEK 003 (]| 023 | 64 [ | 171 | 77 || 245 | 353 [=| 058 | 24 || 053
RCK T || 035 | 92 | £ | 350 | 647 | £] 175 | 353 | £| 095 | 327 || 170

Tomatoes
%5
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g 02 (i)
2 0Cu (uggrl)
5 151 WPh (191
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£
0
2 101
0
c
i
S 5
(4o Ir .[ I[ Bl Eil b I[ IF .[I ; .[
KBL DMN RGS BW MKR KKR BDK NAS MAL KUD KKN KWO URM UNS TOW DKA UDS CTA KMS ABK RCK
Sampling Sites

Fig 1.0: Heavy metal in Tomatoes sample from different irrigation sites of the Kaduna Metropolis
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Figure 1.0 showed that Zinc from KBL tomatoes sample has the highest concentration of 19.69 + 27ugg™ follow
by Iron which had 12.44 + 10.95ugg™. copper and lead had concentrations of 5.8 + 1.51pugg™ (KKR) and 4.67 +
1.29ugg™ (KMS) respectively. Cadmium had 1.33 # 0.12ugg™ (NAS) and 1.33 + 0.23ugg™ (DKA). This
implies that Zinc from KBL sample is absorbed more than all elements analyzed for tomatoes from the irrigation
sites of the Kaduna metropolis.

The absorption of heavy metal in the present study are arranged in the following increasing series.

Zn (KBL) > Fe (TDW) > Cu(KKR) > Pb (KMS) > Cd(NAS and DKA)

Table 2.0: Transfer factor (TF) for each metal from soil to Tomatoes

Sampling Sites Cd Fe Zn Cu Pb
(ngg™) (ngg™) (ngg™) (ngg™) (ngg™)
Kabala 0.31 0.20 0.60 0.00 0.87
Danmani 0.09 0.17 0.00 0.00 0.80
Rigasa 17.25 0.06 0.05 0.65 0.12
Barnawa 0.26 0.31 0.04 0.05 0.05
Makera 0.47 0.15 0.11 0.53 0.50
Kakuri 1.01 0.11 0.11 0.34 0.14
Badiko 0.29 0.13 0.00 0.38 0.63
Nasarawa 0.74 0.17 0.31 0.57 0.00
Malali 0.52 0.65 0.31 0.56 0.48
Kudenda 0.35 0.21 0.15 0.55 0.31
Kinkinau 0.65 0.24 0.23 0.77 0.56
Kawo 1.56 0.05 0.16 0.16 0.07
Unguwan Rimi 0.93 0.08 0.12 0.13 0.23
Unguwan Sanusi 3.00 0.06 0.11 0.39 0.23
Tudunwada 1.60 0.12 0.01 0.00 0.34
Doka 1.06 0.05 0.24 0.35 0.13
Unguwan Dosa 0.59 0.48 0.38 0.70 0.85
Costain 0.39 0.24 0.28 0.95 0.75
Kurmi mashi 0.56 0.24 0.35 0.58 0.97
Abakpa 0.78 0.33 0.30 1.00 1.00
Rigachikun 0.76 0.42 0.36 1.00 0.67
3.5 4
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25 —d
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Fig.2.0: A plot of transfer factor from soil to tomatoes

Table 2.0 shows transfer factor for heavy metal from soil to tomatoes. Most of the transfer factors in
the studied samples are below 1 with the exception of samples from Rigasa (17.25 for Cd), Kakuri (1.01 for Cd),
Kawo (1.56), Unguwan Sanusi (3.00), Tudunwada (1.60) , Doka (1.06), Abakpa (1.00 for both Cu and Pb) and
Rigachikun (control) (1.00 for Cu).
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The transfer factor reported by Oyedele et al., (2005) were 0.75, 0.86, 0.40, 1.42 for the Zn, Cd, Cu and
Pb respectively in vegetable. Infact these values were higher than the obtained in the present study.

Figure 2.0 shows mean plot of transfer factor from soil to tomatoes in which the transfer factor is
highest with cadmium follow by copper and lead. Next in the series are zinc and iron.

That is, in tomatoes samples analyzed, cadmium is highly transferred from the soil. This is because
high concentration of heavy metal such as cadmium in the vegetables like tomatoes may occur due to irrigation
with contaminated water (Singh et al 1989, Sharma et al., 2009, Singh and Kumar 2006), as well as other
contaminant such as domestic and industrial waste.

Transfer factor in this work is summarized in the below series:-
Cadmium > copper > lead > zinc and iron.

IV. CONCLUSION

The result obtained in this analysis revealed that heavy metals such as cadmium, zinc, copper, iron and
lead were absorbed and accumulated by the soil and transfer to the tomatoes samples grown in the irrigated
farmlands of Kaduna metropolis. In this analysis it is clearly showed that cadmium had the highest transfer
factor follow by copper and lead. Next in the series are zinc and iron. That is, Cadmium > copper > lead > zinc
and iron. This is because the accumulation of trace metals in agricultural and non-agricultural soils poses health
hazards. Some of the health effects of trace metals include skin irritation, damage to the liver, kidney circulatory
and nerve — tissue resulting from acute or chronic exposure. As the result is showing cadmium is very much
available in the analyzed tomatoes sample and as such consumers are face with danger of cadmium toxicity
since Cadmium is toxic even at extremely low concentration. At the same time cadmium is associated with bone
defects, viz; Osteomalacia, Osteoporosis and Spontaneous fractures, increased blood pressure and myocardic
dysfunction. Other elements obtained from this research work if present above the regulated limit given by the
various health agencies may lead to toxicity and polluting the soil as well as reducing its ability in the
production of crops and vegetables in the irrigation sites of Kaduna metropolis.

ACKNOWLEDGEMENT
The Authors are grateful to the assistance rendered by the technologist in the Chemistry laboratory of the
Applied Chemistry Department, Kaduna Polytechnic Kaduna.

REFERENCES
[1]. Ademoroti C.M.A (1996): Soil, water and air environmental chemistry and texiocology. Foludex Press Ibadan, 1* Edition Pp 30-34.
[2]. Alloway, B.J, Ayres, D.C, (1997). Chemical principles of environmental pollution, Blackie Academic and professional 2™ edition

Blackie press UK pp190 — 220.

[3]. Alloway, B.J., (1990). Heavy metals in soil — John Wiley and Sons New York 4" edition Pp 122 — 151.

[4]. Cheah, K.K; (1969). Modern Agriculture for Tropical School 2™ edition Oxford University Press Singapore pp 16 - 21.

[5]. Daniel B B, Edward A K (1998). Soil chemistry. Environmental science. John Wiley and son inc. USA pp 135 — 137.

[6]. Dastane N.G; (1987) Use of brackish Waters in horticulture.water Quality Bull. 12: 64 — 71.

[7]. Duruibe J.0, Ogwuegbu, M.O.C and Egwurugwu J.N. (2007): Heavy metal pollution and human biotoxic effects. International
journal of physical sciences . 2 (5) 112 —118.

[8]. E,U (European Union) (2002): Heavy metals in waste, European commission on
Environment(http://ec.europa.eu/environment/waste/ studies/pdf/heavymetalsreport.pdf).

[9]. Retrieved on 16" September, 2009

[10].  Ferner D.J. (2001): Toxicity HeaGvy Metals.emed. J. (2) 5:1.

[11].  Favier, A.E; (1992) Hormonal Effect of Zinc on Growth in Children. Bio Trace Elements Res. 32: 383 — 398.

[12].  Garbarino J.R, Hayes H, Roth D, Antweider R, Briton T I, Taylor H (1995). Contaminants in the Mississippi River U.S. Geological
survey circular 1133, Virginia U.S.A

[13].  (www.pubs.usgs.govicirc/circ1133/). Retrieved on 20™ July,2009

[14]. Habashi F. (1992): Environmental issues in the metallurgical industry — progress and problems, environmental issues and waste
management in energy and mineral production. Balkama, Rotherdam, Karachi, Pakistan. pp 1143 — 1153

[15].  Harrison R.M and Chirgawi M.B, (1989). The assessment of air and soil as controbutor of some trace metal to vegetable plants I11-
experiment with field-grown plants.Sci Total Environ, 83:47-63.

[16]. Hawkey J.S (1997). Heavy metals. Journal of Chemical Education.. 74(1) 1374-1377.

[17]. Holgate M W (1979): A perspective of Environmental pollution, Cambridge University Press, Cambridge UK 3" edition pp 55 —
65.

[18].  Horsfall M N Jr., Spiff A.L (1992): Speciation of heavy metals in intertidal sediments of the Okirika River system (Nigeria), Bull.
Chem.. Soc Ethiop 13(1): 1 - 9.

[19]. Hutton M, Symon C (1988). The quantities of Cd, Hg, and As entering the UK environment from Human Activities. Sci. total
Euron. Vol. 57, pp 129 - 150.

[20]. Igwe J.C, Ogunewa D N, Abia A.A (2005). Comparative adsorption of Zn (1), Cd(Il) and Pb(ll) ions from aqueous solutions and
non-aqueous solution by maize cob and husk.Afr. J. Biotechnol 4(10): 1113 — 1116.

[21].  INECAR((Institute of Environmental conservation Research) (2000), position paper against mining in Rapu — Rapu, published by
INECAR, Ateneo do Naga University. Philippines (www.adnu.edu.ph/institutes/inecar/prospaper 1- asp). Retrieved on 2™ February
2008

[22]. Kabata — Pendias A; Pendias H; (1984); Trace elements in soils and plants, CRC press, 4™ edition Boca Raton, Fla USA 85 pp 107
-129.

DOI: 10.35629/6734-1006031926 www.ijesi.org 25 | Page


http://ec.europa.eu/environment/waste/%20studies/pdf/heavymetalsreport.pdf
http://www.pubs.usgs.gov/circ/circ1133/
http://www.adnu.edu.ph/institutes/inecar/prospaper

Transfer Of Heavy Metals from Soil to Tomatoes (Solanum lycopersium)..

[23].
[24].
[25].
[26).

[271].
[28].

[29].
[30].
[31].
[32).
[33].
[34].
[35].
[36].

[37].
[38].

[39].
[40].

[41].
[42].

[43].
[44].

[45].

[46].

Lenntech ,(2004). Water treatment, published by the Bird Hospital, Co, U.S.A (http://www.cockatiels.
Org/articles/diseases/metals.htm).

Lokhande R.S and Kelkar N (1999). Studies on heavy metals in water of vasai creek, Maharashtra. Indian J. Environment
protection, 19: 664 — 668

McCluggage D. (1991): Heavy metal poisoning, NCS magazine, published by the Bird Hospital, Co, USA
www.cockatiel.org/articles/diseases/metals:html).Retrieved on 15™ June,2009

Namasivayam C., Ranganathan K, (1995): Removal of Pb (II), Cd (I1), and Ni (Il) and mixture of metal ions by absorption onto
waste Fe (111)/Cr (111) hydroxide and fixed bed studies. Environ. Technlol. 16, 851 — 860.

Nolan K. (2003): Copper Toxicity Syndrone, J. Orthomol, Psychiatry 12(4): 270-282.

Nriagu J.O (1999). A global assessment of Natural sources of Atmosphere Trace metals Nature vol. Nolan K. (2003): Copper
Toxicity Syndrone, J. Orthomol, Psychiatry 12(4): 270-282. 338, pp 47 — 49.

Ogwuegbu, M.O.C, Muhanga, W; (2005): Investigation of lead concentration in the Uwah, E.I, Ndahi N.P and Ogugbuaja V.0,
(2009); Study of the levels of some agricultural pollutants in soil and water leaf (Talinum triangulare) obtained in Maiduguri,
Nigeria. J. of Applied Science in Environment 4(2): 71 — 78.

blood of people of Zambia J. Environ (1): 66-75

Oyedele, D.J. Obioh, 1.B, Adejumo J.A, Oluwole A.F, Aina, P.O, Aubiojo, O.I (1995); Lead contamination of soils and vegetation
in the vicinity of a lead smelter in Nigeria. The Sci. of the total Environ. 1732: 189 — 195.

Peplow D. (1999). Environmental impacts of mining in Eastern Washington, Center for Water and Watershed Studies fact sheet
University of Washington, Settle vol 1 pp20 - 25

Radojevic M, and Bachkin N.V (1999); Practical Environmental Analysis. Royal Society of Chemistry. Thomas Graham House,
Cambridge UK pp 180 — 430.

Rasheed MN and Awadallah (1998);Trace element in Faba (Vica Faba L) plant and soil as drtermined by atomic absorption
spectrophotometer and iron selective electrode. J.Sci. Total Environ. 172,18-24

Sharma R.K, and Marshall F.M. (2004). Effects of waste water irrigation on heavy metal accumulation in soil and plants. Paper
present at a National Seminar, Bansalore University, Bangalore, vol. 7, pp 8.

Sharma R.K, Agrawal, M and Mashall, F.M, (2009), Heavy metals in vegetables collected from production and market site of a
tropical urban area. India J of food and chemical toxicology 47, pp 583 —591.

Singh, R.A. (1989). Soil Physical Analysis. Kalyair Publishers, New Delhi 2™ Edition Pp 1-2

Trueby P. (2003): Impact of heavy metals on forest trees from mining area. In: international conference on mining and the
environment 111, Sudbury, Ontario, Canada (www.x-cdcom/sudbury03/prof156.html). 2" August,2008.

Uwah, E.l, Ndahi N.P and Ogugbuaja V.O, (2009); Study of the levels of some agricultural pollutants in soil and water leaf
(Talinum triangulare) obtained in Maiduguri, Nigeria. J. of Applied Science in Environment 4(2): 71 — 78.

Wan- Ngah W.S.; Hanafiah M.A.K.M; (2008): Removal of heavy metal ions from wastewater by chemically modified plant wastes
as absorbents. Bioresource Technology 99:3935 — 3948.

Wild A. (1995). Soil and the Environment: An introduction. Cambridge University Press 1% edition pp 109-165.

Young R.A. (2005): Toxicity profiles: toxicity summary for cadmium Risk Assessment information system. RAIS, University of
Tenneses (http://www.rais.ornl.gov/tox/profiles/cadmium.1shtml).

Retreived on 16" September, 2009.

Vousta D., Grimanins A. Sammara C (1996). Trace elements in vegetable grown in an industrial areas in relation to soil and air
particulate matter. Environ pollut. 94(3): 325 — 335.

Zampella M., (2003): Characterization of heavy metals in contaminated soils of the solofrana river valley South Italy Geoderma
117, 347 — 366.

Zhan, S. and X. Shan (2001): Speciation of rare earth elements in soil and accumulation by wheat with rare earth fertilizer
application. Environmental pollution 112:395 — 405.

Mahmud Mohammed Imam, et. al, “Transfer Of Heavy Metals from Soil to Tomatoes (Solanum
lycopersium) Grown In Irrigated Farmlands of Kaduna Metropolis.” International Journal of
Engineering Science Invention (IJESI), Vol. 10(06), 2021, PP 19-26. Journal DOI- 10.35629/6734

DOI: 10.35629/6734-1006031926 www.ijesi.org 26 | Page


http://www.cockatiels/
http://www.cockatiel.org/articles/diseases/metals:html).Retrieved
http://www.x-cdcom/sudbury03/prof156.html
http://www.rais.ornl.gov/tox/profiles/cadmium.1shtml

