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Abstract:  Health risk index of chromium (Cr), cadmium (Cd)legeb), copper (Cu), and zinc (Zn) have been
determined on two vegetable sampléBb{scus cannabinus and Sesamumradiatum), grown in Bayara—
Bauchi. The levels of the heavy metals in the stiére the vegetables were grown were also determined
Atomic absorption spectrometer was used to estimsiteell as evaluate the level of these heavy métal
the vegetables and soil. This study include thesomeanent of transfer factor (TF), daily dietaryake
(DDI), daily intake of metal (DIM), health risk ied (HIR) and target hazard quotient (THQ). The mean
concentration of Cd, Cr, Pb, Cu, and ZnHibiscus cannabinuswere 3.05+0.01, 0.78+0.01, 0.12+0.01,
3.55+0.02 and 21.88+0.01 mg/kg, were 3.0+0.00,005%, ND, 0.22+0.01 , and 24.17+0.00 mg/kg in
Sesamunradiatum and in the soil were 2.62+0.02, 6.50+0.01, ND, 1@B02 and 26.55+0.03 mg/kg,
respectively. All the values obtained were below glermissible limit recommended by WHO/FAO except
for Cd in bothHibiscus cannabinus and Sesamumradiatum. It is concluded that these vegetables are safe fo
public consumption as they do not contain the arhofithe heavy metals that would constitute darafer
metal poisoning. The HRI and THQ 1 indicated that there is potential health risk asgted with Cd.
Precautionary measures should be taken to avoidctimnulation and biotransformation of the heavy
metals.
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Introduction the values of these heavy metals in vegetables rgiow
Vegetable plants form the major component of mostBayara-Bauchi. The aim and objectives of this stisdip
African dishes providing the most needed nutritioreeds  determine the level of heavy metals iHibiscus

of the consumers such as minerals, vitamins, galtjum,  cannabunusandSesamunmradiatunvegetables grown in
protein and other nutritional requirements. Thegoal Bayara — Bauchi and their, transfer factor (TF), ydail
contain heavy metals at wide range of concentrationdietary intake (DDI) daily intake of metal (DIM).ehlth
(Afshin and Masond, 2008). Heavy metals contamimati risk index (HIR) and target hazard quotient (THQ).

of soil through anthropogenic activities is a wiglesd

and serious problem confronting scientists and leggts ~ Materialsand M ethod

throughout the world (LEt al., 2001). Heavy metals are Samples collection

non-biodegradable  and persistent  environmentaSamples of the edible vegetablédiljiscus cannabinus,
contaminants which may be deposited on the surfacds Sesamumradiatum) were randomly collected from a farm
then absorbed into the tissue of vegetables. Rédet up  in Bayara. The samples were taken to the laboratody
these heavy metals by absorbing them from depositte ~ washed with clean tap water first to remove thd soi
parts of the plants exposed to the air from patlute particles adhered to the sample of vegetable aed th
environment as well as from contaminated soil (8letr followed by double washing with distilled water (kal
al., 2008). Contamination of vegetables with heavy teeta and Audu, 2011). The roots were cut off, the leawed
such as Pb, Cr, Cd, Mn, As, Co and Ni may be due tdhe stem were chopped into smaller pieces. The soil
irrigation with contaminated water, and metal-basedsample was collected from the same farm lands wiere
pesticides, industrials emissions, transportatidnti®  vegetables were collected at a depth of 15 cm filoen
harvest products, storage and or at the point &tdssa surface of the soil. The samples were packageteaned
(Afshin and Masound, 2008). Clearly, not only the containers and properly labeled.The sample of adbjes
ingestion or inhalation of contaminated particlest also  was dried at 15 in the oven. The dried samples were
the ingestion of plants produced by contaminatetha  ground into fine powder using mortar and pestle.

another principal factor contributing to heavy nietaf

exposure for population (Dudka and Miller, 1999heT Digestion of the sample

poisoning effects of heavy metals are due to theirA 3.0 g sample of vegetableBlipiscus cannabinus and
interference with normal body biochemistry in notma Sesamumradiatum) and the soil sample was digested with
metabolic processes (Okunazal., 2011). 15 ml of tri acid mixture (HN@H,SO, & HCIO, in 5:1:1
Vegetables are and also have beneficial anti-oixiglat ratio) at 86C until transparent solution is obtained (Allen
effects. Heavy metal contamination of vegetablemnoa et al.,, 1986). The solution was then cooled and filtered
be underestimated as these foodstuffs are importantsing Whatman No. 42 filter paper and the filtratas
component of human diets. Prolonged consumption ofmaintained to 50 ml with distilled water.

contaminated vegetables may lead to the increasing

accumulation of toxic metals in the liver and kignef Atomic absorption spectrophotometer analysis

humans resulting in the disturbance of biochemicalThe concentration of Pb, Cr, Cd, Cu and Zn in theafié
processes such as liver, kidney, cadio-vasculavone  of digested plant samples was estimated by using an
and bone disorders. Therefore there is a needcerta;m  atomic absorption spectrophotometer. The instrumerst
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calibrated manually with prepared standard solutidn
respective heavy metal and the blank.

Transfer factors (TF)

The transfer factor is an index of the ability dfet
vegetable to accumulate a particular metal witipeesto
its concentration in the soil substrate which walsudated

for each metal species as follow:
TE = metalconcentrationinplanttissue

metalconcentrationinsoil

Daily intake of metal (DIM)

The daily intake of metal (DIM) was determined gsthe
equation

DlM — CmetalchactarXDfoodintake

BWave‘rage

forms to migrate from the soil through the plangst@and
makes itself available for consumption was represkeby
the transfer factor as seen in Fig 1. The Dailyt&ie
Intake of Zinc metal in both vegetables is highart the
DDI of the other metal as shown in the Fig 2. AlB@. 2
indicates that the daily dietary intake (DDI) of #nboth
vegetables Hibiscus cannabinus and Sesamumradiatum)
was the highest 70.23x%0 and 7759 x 16
mg/person/day.The trend for DDI bfibiscus cannabinus

is found to be in the order Zn>Cu>Cd>Cr>Pb while in
Sesamumradiatum is Zn>Cd>Cr>Cu>Pb.

In Fig. 3, the DIM as a function of body weight anthke,
Zn has the highest value of DIM of both vegetables
(Hibiscus cannabinus and Sesamumradiatum) of 198.9 x
10* and 219.8 x10 mg/kg/person/day.The trend of DIM

Wher e Crena™ the heavy metal concentration in vegetablein Hibiscus cannabinuswas found to be in the order of

(mg/kg), Gacto= conversion factor
The conversion factor 0.085 is to convert freshetale
weight to dry weight.

Zn>Cu>Cd>Cr>Pb
Sesamumradiatum

andZn>Cd>Cr>Cu>Pb in

Diodntake = The average daily vegetable intake for 20| 5 g _
people (male and female) was calculated to be 0.68
kg/person/day and having an average body weighl 2 -
(BWoaveragd Of 64.3 kg from the experimental area. 15 -
ETF1
Daily dietary intake (DDI) 14
The Daily Dietary intake of metals expresses thetadly 05 - mTF2
availability of metals in a particular food andeissential in ’
risk assessment of metal. 0 -
;I’he dlaily dietary intake of metal was determinecd.bing cd Cr Pb Cu Zn
ormula:
DD|: X2XY*2 Fig. 1. TF for for Hibiscus cannabinus (TF1l) and

Where x = metal in vegetable, Y= dry weight of the
vegetable, Z= approximate daily intake, B= averageyb
weight 64.3kg

Health risk intake (HRI)

The health risk index for the locals through the
consumption of contamination vegetable is definedaa
quotient between the estimated exposure to dailtalme
intake (DIM) from soil through food chain and reface

dose (RfDo). Therefore the health risk index can be

calculated by using formula:

HRI = DIM
RfDo

Where DIM represents the daily intake of metals

RfDo represent reference oral dose. RfDo value foid?h
Cd, Cu, & Zn is 0.004, 1.5, 0.001, 0.04 and 0.30 kang/
bw/day), respectively (US-EPA IRIS, 2006).

Target harzard quotient (THQ)
This is defined as the ratio of the body intakeedo$ a
metal to the reference dose. The THQ can be cadoitay

. D i XC,
USlng formUIaTHQ — foodintake”™ “metal
RfDoXBWayerage

Wher e Diyoq intake= Dally intake of vegetables (kg/day)
Chetas= Heavy metal concentration in vegetable.

RfDo = Represent reference oral dose for metal (ghg/k
bw/day)

BW.yerage= average body weight 64.3 kg

- If the THQ=> 1 there will be potential health risk.

- If the THQ < 1 there will be no potential heafisk.

Results and Discussion
The results obtained from the health risk indexheévy
metals (Cd, Cr, Pb Cu and Zn) Hibiscus cannabinus,

Sesamumradiatum (TF2)
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Fig. 2: DDI for Hibiscus cannabinus (DDI 1) and
Sesamumradiatum (DDI 2)
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Fig. 3: DIM for Hibiscus cannabinus (DIM1) and
Sesamumradiatum (DIM2)

Health risk index for metals inlibiscus cannabinus and
Sesamunradiatumand presented in Fig. 4. The results
showed that the order of HRI Hibiscus cannabinus was
Cd>Cu>zZn>Pb>Cr and Cd>Zn>Cu>Cr>Pb in
Sesamumradiatum. This simply means that the inhabitants
were highly exposed to health risk associated titse
metals, especially Cadmium (Cd). In Figs. 4 andhg, t

Sesamunradiatumand the soil where these vegetableshealth risk index (HRI) and target harzard quoti@tQ)

were grown.The availability of a metal in its diffat
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for Cd, Cr, Pb, Cu and Zn were calculated. The results
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showed that Cd had the highest of HRI (2.7700) an@® TH
(32.64) in Hibiscus cannabinus and Cd still had the

highest of HRI (2.7300) and THQ (32.100) in
Sesamunradiatum. The HRI and THQ values of Cd for

Table 2: Comparative heavy metals concentration (mg/kg)
in soil samples with similar work reported in tliedature
and the maximum permissible limits in some coustrie

both vegetables werel. Therefore, there is potential
health risk of Cd related diseases e.g renal, @iestnd

ovarian cancers. The THQ for all the metal is ldss 1
except Cd in both plants. Therefore, there is paknt
health risk associated with Cadmium (Cd).

':Ae;‘;y Conc. in Soil \2%[1]6 Bﬁigﬁg* USEPA**
Cd 262 055 3 3
cr 6.50 4472 50 400
Pb ND 21693 400 300
cu 1.67 5413 100 50
Zn 26.55 118.06 300 200

25 A

2 1 ®HRI1

1.5 4
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Fig. 4: Health Risk Index foHibiscus cannabinus and
(HRI1) Sesamumradiatum (HRI12)
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Fig. 5. Target Hazard Quotient fétibiscus cannabinus
(THQ1) andSesamumradiatum (THQ2)

The result showed that, iRlibiscus cannabinus, Zn has the
highest value (21.88 mg/kg), while Cr (0.78 mg/kgyl Pb (0.12
mg/Kg) levels were low. In théesamumradiatum, Zn value

(24.17 mg/kg) was also the highest and Pb was etetted in the
soil, Zn also has the highest value (26.55 mg/kg) @u has the
lowest (1.67 mg/kg), Pb was not detected in thé sanple as
shown in Table 1. The trend in the pl&tibiscus cannabinus was

Zn>Cu>Cd>Cr>Pb, Zn>Cd>Cr>Cu>Pb 8esanumradiatum and

Zn>Cr>Cd>Cu>Pb in the soil sample. The variatiorihef heavy
metals in the plant and the soil is due to theedéffices in the
sources of the metals. Some of the metals may é&&ept in the
plant and the soil will also contribute to the nhétaavailability.

Table 1: Heavy metal concentration (mg/kg) in soil and
vegetablesHibiscus cannabinus and Sesamumradiatum)

I\H/Iztaavjys Soil c:r:kr)gt():;sus Sesamumradiatum
Cd 2.62+0.02 3.05+0.01 3.00 £ 0.00
Cr 6.50 £ 0.01 0.78 £0.01 0.55+0.02
Pb ND 0.12+0.01 ND
Cu 1.67 £0.02 3.55+0.02 0.22+£0.01
Zn 26.55+0.03 21.88+0.01 24.17 £0.00

ND = Not Detected

*Maximum permissible limit of metals (mg/kg) in san Great
Britain; ** Maximum permissible limit of metals (jop) in soil by
USEPA (1985); ND: Not determine

Comparisons of heavy metals in soil in this studg an
other literatures (Table 2) showed a differencenfrihe
one reported in the literature by Wan al. (2007). The
result in this study is less than the British, USE&#d
Japan standard permissible limit of metals in tbié af
those countries with the exception of Cd which isager
than Japan standard permissible limit but less ttien
Britain and USEPA permissible limits. This is a véoyic
heavy metal that should be monitored to preventhéur
outbreak of Cd related sicknesses. It is found Gwiper
has the highest TF value (2.126) in thdibiscus
cannabinus and Cd has the highest TF value (1.145) in the
Sesamunradiatum. Sridtharaet al. (2008) reported that
high TF for heavy metals through leafy vegetablése TF
does not present the risk associated with the métany
form.

The concentration of Cd, Cr, Pb, Cu and Zn for sod an
vegetablesHlibiscuscannabinus and Sesamumradiatum) is
shown in Table 1. The results showed an irreguddiem

of heavy metal availability. Zn has the highesthie soil
(26.55 mg/kg) and in vegetabldsibiscus cannabinus and
Sesamunradiatum) 21.88 mg/kg and 24.17 mg/kg,
respectively. Pb was not detected in both soil and
Sesamumradiatum but detected inHibiscus cannabinus
(0.12 mg/kg). These variations of heavy metal ih aod
vegetables are due to differences in the sourcetheof
metal. Some of the soil will contribute to the nheta
bioavailability in the plant.

Comparisons of heavy metals in soil in this studg an
other literatures (Table 2) showed a differencenfrihe
one reported by Wt al. (2010). The result of heavy
metals (Table 3) in vegetables in this work wermpared
with similar work reported by Anthony and Balwant
(2005) as this work were less than that of the creg
results and in some cases higher than the maximum
permissible limit of the Indian standard and WHOGFA
(2007). Example, Cd in Hibiscus cannabinusand
Sesamunradiatumwas  higher than the maximum
permissible limit when compared with WHO/FAO (2007)
Indian(2007) and Anthony Balwant (2005) standards$nCu
Hibiscus cannabinusis higher than that of Anthony
Balwant 2005 but less than the Indian and WHO/FAO
(2007) standards.Therefore, it has to be monitorexder

to prevent further outbreak of Cd sickness.
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Table 3: Comparison heavy metals conc. (mg/kg) in vegetable samples with similar work reported in the literature

and the maximum per missible limit in some countriesand WHO/FAO

Hibiscus

Indian

Anthony

Heavy Metals cannabinus Sesamumradiatum sandard Balwant 2005 *WHO/ FAO
Cd 3.05 3.00 15 0.361 0.2
Cr 0.78 0.55 20 ND NA
Pb 0.12 ND 2.5 4.31 **5.0
Cu 3.55 0.22 30.0 1.01 40.0
Zn 21.88 24.17 50.0 60
Source: *Aniteet al. (2010); *WHO/FAO (2011); ND = Not Determined NANot Analyzed
Table4a: Different parameters(TF, DDI, DIM, HRI, THQ) for Hibiscus cannabinus
. Conc. in
Heavy Conc. in o DDI DIM
Metals Sail c:rﬁ:t?il;]sus TF (mg/person/day) (mg/kg/person/day) HRI THQ
Cd 2.62 3.05 1.164 9.79x%0 27.7x10° 2.7700 32.64
Cr 6.50 0.78 0.120 2.50xF0 7.1x10° 0.0005 0.006
Pb ND 0.12 0.000 0.39x10 1.1x10* 0.0275 0.321
Cu 1.67 3.55 2.126 11.39x%0 32.3x10° 0.0808 0.949
Zn 26.55 21.88 0.824 70.23x10 198.9x10 0.0663 0.7804
Table 4b: Different parameters (TF, DDI, DIM, HRI, THQ) for Sesamumradiatum
Heavy Conq. in Conc. in_ TE DDI DIM HRI THQ
Metals Soil Sesamumradiatum (mg/person/day)  (mg/kg/per son/day)
Cd 2.62 3.00 1.145 9.63x%0 27.3x10° 2.7300 32.100
Cr 6.50 0.55 0.085 1.77xf0 5.0x10" 0.0003 0.004
Pb ND ND - - ) - -
Cu 1.67 0.22 0.132 0.71x%0 2.0x10" 0.0050 0.059
Zn 26.55 24.17 0.910 77.59x10 219.8x10" 0.0733 0.862

ND: Not Determined; TF: Transfer Factor; DDI: Dalljetary Intake; DIM: Daily Intake of Metal; HRI: é&lth Risk Index; THQ: Target
Harzard Quotient

Cu had the highest transfer factor (TF) value (20126 maximum permissible limit and has to be monitorad i
Hibiscus cannabinus while Cd was the highest (1.145) in order to prevent Cd disease outbreak.

Sesamunradiatum. Sridtharaet al. (2008) reported that

high TF for heavy metals for leafy vegetables. THe  References

does not present the risk associated with metalanyn  Afshin M & Masoud AZ 2008. Heavy metals in selected
form. edible vegetables and estimation of their dailpket
The trend of the TF value was Cu>Cd>Zn>Cr>Pb in in Sanandaj, lranSoutheast Asian J. Trop. Med.
Hibiscus cannabinus while in Sesamumradiatum was Public Health, 39(2): 335 — 340.

Cd>zZn>Cu>Cr>Pb. Variations in TF among different Allen SE, Grimshaw HW, &Rawland AP, 1986. Chemical
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was the highest 70.23x%0 and 7759 x 10 contaminated vegetables from waste water irrigated
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51(2S): 375 — 387.

Conclusion Anthony GK & Balwant S 2005: Heavy metals

Based on the results obtained from the analysigusiks
technique and the analysis made by comparing the metal smelter sites in AustraliSpringer 169: 101 —
detected concentration of Cd, Cr, Pb, Cu and Zn in 123.

Hibiscus cannabinus, Sesamunmradiatumandthe soil  Cui YL, Zhu RH, Zhi RH, Chen DY, Huang YZ & Qiu, Y
sample with the recommended concentration put fatwa 2004. Transfer of metals from soil to vegetablearin

by WHO. These vegetables were safe for public area near a smelter in Nanning, Chikaviron. Int.,
consumption as they do not contain the amount ef th 30: 785-791.

heavy metals that would constitute danger of metaDudka S & Miller WP 1999.Permissible concentratiofs
poisoning. The HRI and THQ indicate that the heavy arsenic and lead in soils based on risk assessment.
metals are not dangerous to consumers. Only Cd in  Water Air Soil Poll., 113(1/4):127-132.

Hibiscus cannabinus and Sesamumradiatumexceeded the

contamination in vegetables grown in urban and
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