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HISTORY ABSTRACT

This study was conducted to assess the health risk of heavy metals from some fruits and vegetables
sold in the Dutse Ultra-modern market, Jigawa State. Two fruits (watermelon and orange) and two
vegetables (okra and spinach) were selected randomly from two vendors for two consecutive
periods within one week. The samples were transported to the laboratory for acid digestion. Atomic
Absorption Spectrophotometer (AAS) was used for the determination of heavy metal (Cd, Pb, Zn,
Fe, Mg, Cr and Ni) concentration in the various samples. Bioaccumulation factor, pollution index,
hazard quotient and hazard index were calculated and compared with WHO standard. Results
obtained in the present study revealed that Cd levels in the samples were significantly higher as
compared with the control value (0.2 mg/mL). Pb, Fe, Cr and Ni evaluated were insignificant as
compared with their control (2 mg/mL, 1 mg/mL, 1.3 mg/mL and 10 mg/mL, respectively). The
results revealed only Cr (1.5) and Ni (1.7) have significantly high bioaccumulation factors while
all other heavy metals show relatively low bioaccumulation. The pollution index of heavy metals
in the samples of fruits and vegetables evaluated shows a relatively low pollution index, values
obtained vary from 0.11 in Pb to 0.9 in Ni. While hazard quotients and hazard index were
insignificant. The study concludes that okra, spinach, orange and watermelon in the Dutse ultra-
modern market in Jigawa state despite their proximity to the mechanic village and a lot of activities
occurring may not cause a serious health threat to human consumption. The study recommends
further studies on other fruits and vegetables not selected for this study.
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INTRODUCTION

Heavy metals are inert chemicals that are required for plant
development in extremely tiny or trace concentrations. Heavy
metals in surface water are caused by anthropogenic activities
that alter the natural distribution of heavy metals in surface water,
as well as weathering of soils and rocks. Leaded gasoline and
paints, mine tailings, fertilizer application on land, animal
manures, sewage sludge, pesticides, wastewater irrigation, coal
combustion residues, petrochemical spills, atmospheric
deposition, and pesticide residues are just a few of the heavy
metal contamination sources that can affect soil [1-5]. Long-term
irrigation with sewage effluent contaminates the soil and
vegetables to such an extent that it becomes poisonous to plants
and causes soil degradation since it includes a significant number

of potentially hazardous heavy metals such as Cr, Fe, Cu, Pb, Zn,
and Cd [6]. There are hazardous trace levels of heavy metals in
nature. Heavy metals are persistent environmental contaminants
because they are stable and difficult to break down or remove.
They are absorbed by plants from the soil and water used for
irrigation, as well as from the air, fertilizers, pesticides, and the
deposition of urban and industrial waste. Additionally, modern
agricultural practices include using fertilizers, pesticides, and
automated farming. Because they contain vitamins and mineral
salts, fresh fruits and vegetables are very important in the diet.
They also include water, calcium, iron, sulphur, and potash [7—
10].

They are highly significant protective foods that are
beneficial for health maintenance as well as the prevention and
treatment of many ailments [11]. Fruits and vegetables are
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extensively used for gastronomic purposes. They are used to
improve the flavour of soups (leafy vegetables) as well as for
nutritional benefits [12]. They are mostly composed of cellulose,
hemicellulose, and pectin components, which give them their
texture and rigidity [13].

However, these plants have a wide range of essential and
harmful metal concentrations. One of the biggest threats to
environmental health is heavy metal contamination. Due to
bioaccumulation through the food chain, which results from rapid
industrial growth, improvements in the use of agricultural
pesticides, and human urbanization activities, it is potentially
dangerous. Due to the spread of these dangerous substances in
the environment and the consumption of food crops tainted by
them, the population's health has been negatively impacted.
Animal and human health may be at risk from heavy metal uptake
by plants through absorption and subsequent buildup along the
food chain [14-16]. The aim of this research work, therefore, is
to access the health risks associated with the consumption of
some fruits and vegetables sold in the Dutse ultra-modern market
by accessing the levels of heavy metal concentrations from these
samples.

MATERIALS AND METHODS

Study area

The study was conducted at Jigawa State Polytechnic Dutse and
samples were collected from Dutse's ultra-modern market. Dutse
laid within latitude: 11.0 °N to 13.0 °N and longitude: 8.0 °E to
10.1 °E. (JARDA, 2012) with an average temperature varying
from 54°F to 103°F, the wet season in Dutse lasts for about 4.5
months from May to October and rainfall reaches a peak in
August and declines afterwards. However, some different species
of crops that are usually grown in the area are millet, rice, maize,
sesame, cowpea and so on, having an average population of
livestock currently estimated at 3.06 million cattle, 5.6 million
sheep and 6.6 million goats.

Sample collection

Two fruits and two vegetables were selected randomly from two
vendors for two consecutive periods within one week. This
makes a total of sixteen samples. The samples were transported
to the laboratory for acid digestion.

Pretreatment

The edible parts of the samples were baked in the oven at 80
degrees Celsius for two to three days, and they were weighed
periodically until they reached a consistent weight. The dried
samples were first kept in polythene bags before being pounded
into a fine powder using a mortar and pestle and then passed
through a 2 mm screen. The powder was then subjected to acid
digestion.

Digestion Experiment

The equipment was instructed to prepare the samples following
the predetermined protocols; briefly: A total of two hundred
milligrams (200 mg) of samples were weighed before being
moved into microwave digestion tubes containing ninety
millilitres. Each jar received an additional ten millilitres of a
combination consisting of 15.9N trace metal grade nitric acid,
hydrogen peroxide, and perchloric acid in a ratio of 7:2:1.
Following a waiting period of one hour (1h), the samples were
put through a microwave digestion device and processed as
follows: ramp temperature from room temperature to 200 degrees
Celsius over twenty minutes, then maintain the temperature at
200 degrees Celsius for twenty minutes; following digestion,
they were allowed to cool to roughly fifty degrees Celsius or

lower before being handled. After transferring the digestion into
a volumetric flask containing 50 millilitres, the volume of the
solution was brought up to 50 millilitres with deionized water,
and it was filtered in preparation for instrumental analysis.

Statistical analysis

ANOVA was performed to examine whether there is a statistical
difference in heavy metal concentrations between the four
distinct samples (orange, watermelon, okra and spinach). The
link between heavy metals in different samples was determined
using correlation analysis.

RESULT AND DISCUSSION

Figs. 1 and 2 show various levels of heavy metal concentrations
in the samples of fruits(orange and watermelon) and vegetables
(okra and spinach) analyzed. Results obtained in the present
study revealed that Cd levels in the samples were significantly
higher as compared with the control value (0.2 mg/mL). Cd
ranges from 0.34£0.01 mg/mL in spinach to 0.6+0.02 mg/mL.
Pb content in the samples evaluated was insignificant as
compared with the control (2mg/mL), values obtained vary from
0.4£0.005 mg/mL in spinach to 0.8 +0.01 mg/mL in Okra. In
terms of Zn, values range from 0.45+0.02 mg/mL in watermelon
to 0.8+0.01 mg/mL in both spinach and orange. Except for
spinach and orange samples, Zn content in the other samples was
insignificant.
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Fig. 1. Estimated heavy metals concentrations in different concentrations
of orange and watermelon obtained from the Dutse market.
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Fig. 2. Estimated heavy metals concentrations in different concentrations
of Okro and spinach obtained from the Dutse market.
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Fe content in the samples was also insignificant as all values
obtained ranged from 0.53+0.01 mg/mL in Okra to 0.63+0.01
mg/mL in both spinach and orange. These values were less than
the control (Img/mL). In Mg figures obtained vary from
0.12+0.04 mg/mL in watermelon to 0.6+0.06 mg/mL in spinach.
All values were insignificant except for the spinach sample.
Results from samples were insignificant they vary from
0.23+0.03 mg/mL as obtained in watermelon and 0.99+0.01
mg/mL in Okra in terms of Cr, while the control value was 1.3
mg/mL. Finally, Ni shows similar values as in Cr, values vary
from 0.75+0.01 mg/mL in watermelon to 8.08+0.01 mg/mL in
spinach, control value was 10 mg/mL.

[17] observed that excessive metal concentrations in the plant
could limit the plant's ability to synthesise chlorophyll, increase
oxidative stress, and decrease stomata resistance. Whether the
pollution originates from the soil or the air, heavy metals like
chromium (Cr) and cadmium (Cd), which are naturally occurring
heavy metals, can hinder the development of plants. This is true
regardless of the source of the pollution [18].To survive, plants
have developed several strategies that are both efficient and
accurate for coping with the effects of exposure to high levels of
heavy metals. Some of the adaptive mechanisms that plants have
developed to deal with higher metal stress include chelation,
immobilization, and the exclusion of plasma membranes. Other
mechanisms include the production of specialized heavy metal
transporters, the activation of stress proteins, and the limitation of
absorption and transport [19-21]. However, as a result of these
activities, plants have accumulated harmful substances, which
may then be passed to a human being. Despite all of this, the plant
may still have a healthy appearance, but it may have accumulated
greater quantities of harmful heavy metals, particularly heavy
metals that are metal-based.
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Fig. 3. Bioaccumulation Factors and population index of heavy metals
from selected fruits and vegetables.

Bioaccumulation > 1 has high uptake of heavy metals,

Bioaccumulation <1 have low uptake of heavy metal and hyper
accumulate in those certain metals.

Pollution index > 1 indicates high contamination of heavy metals
Pollution index < 1 indicates low contaminations of heavy metals

Fig. 3 above described the bioaccumulation and pollution
index of heavy metals from selected fruits in the environment
they are found. The bioaccumulation factor (BAF) is a measure
of the metal enrichment at each trophic level. BAF was calculated
by dividing the metal concentration at the second or third trophic
level by the metal concentration at the trophic level immediately.
In earlier studies, the bioaccumulation factor (BAF) was strongly
applied to quantify the bioaccumulation of environmental
pollutants [22]. Heavy metal concentrations in fruits and

vegetables and the impact they had on the soil were illustrated by
the BSF in this study. the ratio of heavy metal concentrations in
plants to those in their primary living environment is known as
BAF [23-27]. Higher BAF values of greater than one for
chromium and nickel indicate high heavy metal uptake in fruits
and vegetables. on the other hand, the pollution index is a
quantitative measure that describes the ambient quality of an
environment where vegetables and crops can be cultivated [28].
the index is obtained by combining figures for various
environmental pollutants into a single measurement. a pollution
index greater than one indicates high contamination of heavy
metals by plants [29,30]. Nickel has the highest pollution index,
which shows that vegetables and fruits accumulate nickel more
than all the analysed metals.

Table 1. Estimated Hazard Quotient and Hazard index of heavy metals
from selected fruits and vegetables from Dutse ultra-modern market.

Heavy metal Hazard quotients Hazard index
Cd 0.303 0.233
Mg 0.0003 0.233
Cr 0.0098 0.233
Zn 0.0556 0.233
Pb 0.134 0.233
Fe 0.0033 0.233
Ni 0.284 0.233

Table 1 shows the Estimated Hazard Quotient and Hazard index
of heavy metals from selected fruits and vegetables from the
Dutse ultra-modern market. The hazard quotient HQ (the risk
factor applied to noncarcinogens) relates the dose delivered at the
exposure point (the Average Daily Dose ADD) to a toxicological
end-point: the reference dose RfD (10.10) [31]. The data show
that the HQ and HI levels did not surpass the threshold of HQ and
HI. This indicated that the investigated heavy metals and
hazardous metals had daily intake levels that were below the level
of concern (HQ greater than 1); as a result, the non-carcinogenic
risk from heavy metals through fruits and vegetable ingestion
was acceptable [32]. Our study's findings are consistent with
those of research conducted in China, India and Malaysia.
However, the HQ level of Pb is above the threshold level of
greater than one in both fruits and vegetables obtained from the
market. The increased level, poses a health threat to consumers,
especially cancer. This may be due to a lot of anthropogenic
activities occurring in the market as well as the proximity of the
market to the mechanic village.

CONCLUSION

The result obtained for health risk assessment of heavy metals
from fruits and vegetables shows that despite a lot of
anthropogenic activities happening in the market, the
concentration of the heavy metals is within the WHO levels. The
result of the Bioaccumulation index shows that the plants
accumulate Cr and Ni while Pb may pose a health threat by having
a hazard quotient of more than one.

REFERENCE

1. Sadli FNM, Ammer MH, Shukor MY. Yeast Inhibitive Assay for
Anionic Heavy Metals: A review. Bioremediation Sci Technol Res.
2022 Jul 31;10(1):30-6.

2. Sadli FNM, Ammer MH, Shukor MY. Development of a Yeast
Inhibitive Assay for Anionic Heavy Metals Using the 1-(4,5-
Dimethylthiazol-2-Y1)-3,5-Diphenyltetrazolium Bromide (MTT)
Assay. Bull Environ Sci Sustain Manag. 2022;6(1):33-8.

3. WangG,DuW,XuM, AiF, Yin Y, Guo H. Integrated Assessment
of Cd-contaminated Paddy Soil with Application of Combined
Ameliorants: A Three-Year Field Study. Bull Environ Contam
Toxicol . 2021;107(6):1236-42.

-54 -

This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.54987/jobimb.xxxx
https://doi.org/10.54987/jobimb.xxxx

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

23.

24.

25.

JOBIMB, 2022, Vol 10, No 2, 52-55
https://doi.org/10.54987/jobimb.v10i2.758

ELTurk M, Abdullah R, Mohamad Zakaria R, Abu Bakar NK.
Heavy metal contamination in mangrove sediments in Klang
estuary, Malaysia: Implication of risk assessment. Estuar Coast
Shelf Sci. 2019;226:106266.

Sakai N, Yoneda M. Potential Health Risk of Heavy Metals in
Malaysia. In: Yoneda M, Mokhtar M, editors. Environmental Risk
Analysis for Asian-Oriented, Risk-Based Watershed Management:
Japan and Malaysia . Singapore: Springer; 2018; p. 19-32.

Rattan RK, Datta SP, Chhonkar PK, Suribabu K, Singh AK. Long-
term impact of irrigation with sewage effluents on heavy metal
content in soils, crops and groundwater—a case study. Agric
Ecosyst Environ . 2005;109(3—4):310-22.

Olivas GI, Barbosa-Canovas GV. Edible coatings for fresh-cut
fruits. Crit Rev Food Sci Nutr. 2005;45:657-70.

Hakkinen SH a b, Kérenlampi SO ¢, Heinonen IM d, Mykkénen
HM a, Toérronen AR a b. Content of the flavonols quercetin,
myricetin, and kaempferol in 25 edible berries. ] Agric Food Chem.
1999;47(6):2274-9.

Harnly JM a, Doherty RF a, Beecher GR a, Holden JM b, Haytowitz
DB b, Bhagwat S b, et al. Flavonoid content of U.S. fruits,
vegetables, and nuts. J Agric Food Chem. 2006;54(26):9966—77.
Rojas-Graii MA, Soliva-Fortuny R, Martin-Belloso O. Edible
coatings to incorporate active ingredients to fresh-cut fruits: A
review. Trends Food Sci Technol. 2009;20:438-47.

Boeing H, Bechthold A, Bub A, Ellinger S, Haller D, Kroke A, et
al. Critical review: vegetables and fruit in the prevention of chronic
diseases. Eur J Nutr . 2012;51(6):637-63.

Institute of Medicine (US) Committee to Review Dietary Reference
Intakes for Vitamin D and Calcium. Dietary Reference Intakes for
Calcium and Vitamin D . Ross AC, Taylor CL, Yaktine AL, Del
Valle HB, editors. Washington (DC): National Academies Press
(US); 2011. (The National Academies Collection: Reports funded
by National Institutes of Health).

Ratnayake RMS, Hurst PL, Melton LD. Texture and the cell wall
polysaccharides of buttercup squash ‘Delica’ (Cucurbita maxima).
N Z J Crop Hortic Sci . 1999;27(2):133-43.

Pathania D. Heavy metals: Sources, toxicity and remediation
techniques . 2016. 1-310 p.

Phuong NTK, Khoa NC. Evaluation of heavy metals in tissue of
shellfish from Can Gio coastline in Ho Chi Minh city, Vietnam.
Asian J Chem. 2013;25(15):8552-6.

Alissa EM, Ferns GA. Heavy metal poisoning and cardiovascular
disease. J Toxicol. 2011;2011:870125.

Ben Massoud M, Kharbech O, Mahjoubi Y, Chaoui A, Wingler A.
Effect of Exogenous Treatment with Nitric Oxide (NO) on Redox
Homeostasis in Barley Seedlings (Hordeum vulgare L.) Under
Copper Stress. J Soil Sci Plant Nutr . 2022;22(2):1604—-17.

Uddin MM, Zakeel MCM, Zavahir JS, Marikar FMMT, Jahan 1.
Heavy Metal Accumulation in Rice and Aquatic Plants Used as
Human Food: A General Review. Toxics . 2021;9(12):360.

Yan A, Wang Y, Tan SN, Mohd Yusof ML, Ghosh S, Chen Z.
Phytoremediation: A Promising Approach for Revegetation of
Heavy Metal-Polluted Land. Front Plant Sci . 2020;11:359.

Kumar D, Kumar A, Sharma J. Degradation study of lindane by
novel strains Kocuria sp. DAB-1Y and Staphylococcus sp. DAB-
1W. Bioresour Bioprocess. 2016;3(1).

Kumar V, Singh J, Kumar P. Heavy metals accumulation in crop
plants: Sources, response mechanisms, stress tolerance and their
effects. In: Contaminants in Agriculture and Environment: Health
Risks and Remediation . Agro Environ Media - Agriculture and
Ennvironmental Science Academy, Haridwar, India; 2019. p. 38—
57.22. Regoli L, Tilborg WV, Heijerick D, Stubblefield W,
Carey S. The bioconcentration and bioaccumulation factors for
molybdenum in the aquatic environment from natural
environmental concentrations up to the toxicity boundary. Sci Total
Environ. 2012;435-436:96-106.

Ghannam HE. Risk assessment of pollution with heavy metals in
water and fish from River Nile, Egypt. Appl Water Sci. 2021 Jun
25;11(7):125.

Liu X, Gu S, Yang S, Deng J, Xu J. Heavy metals in soil-vegetable
system around E-waste site and the health risk assessment. Sci Total
Environ. 2021 Jul 20;779:146438.

Agarwal S, Albeshr MF, Mahboobb S, Atique U, Pramanick P,
Mitra A. Bioaccumulation Factor (BAF) of heavy metals in green

26.

27.

28.

29.

30.

31

32.

-55-

seaweed to assess the phytoremediation potential. J King Saud Univ
- Sci. 2022 Jul 1;34(5):102078.

Aladesanmi OT, Oroboade JG, Osisiogu CP, Osewole AO.
Bioaccumulation Factor of Selected Heavy Metals in Zea mays. J
Health Pollut. 2019 Dec 1;9(24):191207.

Adilah AN, Marhidayu MSSN. Study on characteristics of sediment
and bed load discharge in Sungai Jemberau at Tasik Chini. IOP
Conf Ser Earth Environ Sci. 2019 Mar;244:012046.

Tiwari S, Agrawal M, Marshall FM. Evaluation Of Ambient Air
Pollution Impact On Carrot Plants At A Sub Urban Site Using Open
Top Chambers. Environ Monit Assess . 2006;119(1-3):15-30.
Butt A, Qurat-ul-Ain, Rehman K, Khan MX, Hesselberg T.
Bioaccumulation of cadmium, lead, and zinc in agriculture-based
insect food chains. Environ Monit Assess . 2018;190(12):698.
Mackay D, Fraser A. Bioaccumulation of persistent organic
chemicals: mechanisms and models. Environ Pollut
2000;110(3):375-91.

Goumenou M, Tsatsakis A. Proposing new approaches for the risk
characterisation of single chemicals and chemical mixtures: The
source related Hazard Quotient (HQS) and Hazard Index (HIS) and
the adversity specific Hazard Index (HIA). Toxicol Rep .
2019;6:632—6.

Alidadi H, Tavakoly Sany SB, Zarif Garaati Oftadeh B, Mohamad
T, Shamszade H, Fakhari M. Health risk assessments of arsenic and
toxic heavy metal exposure in drinking water in northeast Iran.
Environ Health Prev Med . 2019;24(1):59.

This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.54987/jobimb.xxxx
https://doi.org/10.54987/jobimb.xxxx

	Health Risk Assessment of Heavy Metals from Selected Fruits and Vegetables Sold in Dutse Ultra-Modern Market, Jigawa State
	INTRODUCTION


