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Abstract

The level of Cadmium (Cd), Lead (Pb), Copper (Cu) and Chromium (Cr) in Spinach
(Amaranthus candatus L) and Roselle (Hibiscus subtaritta L) irrigated with urban wastewater
in Fagge - Kano and Shinko - Yola were investigated. The heavy metal concentrations in the
wastewater used for irrigation at both sites were analyzed including the daily intake of heavy
metal through consumption of the two vegetables. Atomic Absorption Spectrophotometer was
used for the analysis of both water and plant samples. The concentrations of Cd, Pb, Cu and
Cr in almost all the vegetables exceeded the maximum permissible limit of 1.5 mg kg-t, 2.5 mg
kg-1, 73 mg kg and 30 mg kg respectively as set by the World Health Organization and Food
Agricultural Organization (WHO/FAQ). The estimated daily intake rate of Cd, Pb and Cu as
a result of consumption of Spinach and Roselle leaves ranged from 23.10 — 37.65 mg/day,
4.13 — 24.75 mg/day and 6.60 — 14.03 mg/day which were far above the maximum tolerable
daily intake limits of 0.06 mg/day, 0.21 mg/day and 1.2 mg/day respectively. This alarming
intake rate of the heavy metals in the study areas could lead to bioaccumulation and toxicity
resulting in serious health risks such as kidney damage, bronchitis, bone marrow cancer and
mental retardation.
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1.0 Introduction

Vegetables are rich sources of fibers, minerals and vitamins as well as having beneficial
anti-oxidative effects [1]. In addition, vegetables contain both essential and toxic elements
which comprises of heavy metals at different concentrations. Heavy metals include elements
such as Cadmium, Chromium, Copper, Iron, Lead, Mercury and Zinc. They can be hazardous
to the environment and could be exceptionally toxic [2].

World Health Organization,[3] and Jarup [4] explained that prolonged intake of
unacceptable concentration of heavy metals in foodstuffs may lead to chronic accumulation of
heavy metals in the kidney and liver of human beings causing disruption of numerous
biochemical processes, leading to cardiovascular, nervous, kidney and bone diseases.

Furthermore, heavy metals may be added to vegetable due to irrigation with
contaminated water, addition of fertilizers and pesticides, sewage discharge, emission of heavy
metals from vehicles deposited on the vegetable surface during their production, transportation,
storage and marketing [5, 6].

Heavy metals are regarded as cumulative toxins which through biomagnifications in
plants affect human health. Also due to the significance of vegetables as a source of food, it is
necessary to assess the levels of vegetable contamination with heavy metals grown in Urban
Area like Fagge Irrigation Site Kano, Kano State (FIS) and Shinko Irrigation Site Yola,
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Adamawa State (SIS) which may be polluted as a result of using urban wastewater for
irrigation.

This research is aimed at determining the level of heavy metals which include Cadmium
(Cd), Chromium (Cr), Copper (Cu) and Lead (Pb) in vegetables (Spinach and Roselle) and
waste water for irrigation as well as estimating the daily intake of heavy metals through
consumption of the vegetables.

2.0 Materials and Method
2.1  Vegetables

Vegetable samples were randomly harvested from the study areas Fagge and Shinko
irrigation sites in Kano and Yola respectively. The Roselle (Hibiscus subtaritta L) and Spinach
(Amaranthus candatus L) samples were collected in different polythene bags and were
transported to Chemical Engineering Laboratory of Modibbo Adama University of Technology
Yola. The samples were thoroughly washed with tap water to remove sand, dirt and possible
parasites as practiced by the consumers. The samples were sorted into leaves and stems after
which they were dried at 60°C in an oven to constant weight. The samples were weighed into
a porcelain crucible and heated in a muffle furnace at a temperature of 450°C for one hour. The
ash samples were grounded with porcelain mortal and piston after which it was passed through
2 mm sieve and stored in plastic containers. 0.2 g of each of the ash samples were dissolved in
one molar hydrochloric (1M HCI) acid. The resulting solution was filtered with Whatman No
1 filter paper and the heavy metals were analyzed using Atomic Absorption Spectrophotometer
(AAS).

2.2 Water

The concentrations of the heavy metal in irrigation water were evaluated using standard
method for examination of water and wastewater [7]. 50 mL of each water sample was
transferred to an evaporating dish and evaporated on a steam bath to about 20 mL. 10 mL of
8M Nitric acid (NHO3) was added and evaporated on a hot plate to near dryness. The residue
was quantitatively transferred using two aliquots of 10 and 15 mL of concentrated nitric acid
into a 250 mL flask. 20 mL of perchloric acid (HCIO4) was added and boiled until the solution
became clear and white fumes of perchloric acid appeared. It was then cooled and de-ionized
water was added and the solution filtered. The filtrate was quantitatively transferred to a 100
mL volumetric flask with two portion of 5 ml de-ionized water. The solution was made to mark
and mixed thoroughly. The heavy metals were analyzed using Atomic Absorption
Spectrophotometer.

2.3  Daily Heavy Metal Intake

The daily intake of heavy metals through the consumption of vegetable was obtained
according to the expression [8] in equation 1.

Daily intake of heavy metals (mg /day) = [Daily Vegetable consumption] x
[Heavy metal concentration]---------------- (1)

3.0 Results and Discussion

The results of heavy metal concentrations in the vegetable leaves and stems from Fagge
irrigation site (FIS) — Kano and Shinko irrigation site (SIS) - Yola are presented in Figures 1 —
4. The highest concentration of Cd was found in spinach leaves from SIS — Yola as seen in
Figure 1. This may be a reflection of the high concentration of Cd in the irrigation wastewater
as shown in Table 3. Although Cd was not detected from the irrigation water from FIS — Kano,
the high concentrations in the vegetables may be from aerial deposition, soil or use of pesticides
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which was not studied. With exceptions of Roselle stems from FIS —Kano in which Cd was not
detected, concentrations of Cd in all parts of vegetables under study exceeded the Maximum
set standard of 1.5 mg Kg* for prevention of food adulteration [9].

Although Lead (Pb) was not detected in Spinach at FIS — Kano and in Roselle at SIS —
Yola, higher concentrations of Lead (Pb) were observed in Spinach leaves from SIS — Yola and
Roselle stem from FIS — Kano. All the concentrations of Lead (Pb) found in the vegetables
from both sites were above the maximum permissible limit of 2.5 mg Kg for prevention of
food adulteration [9] as shown in Figure 2. Exposure to high concentration of Pb affects the
body building system, more especially children whose major organs such as brain are still under
developed making them more vulnerable compared with adults [10, 11].
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Figure 1: Variation of Cd in FIS - Kano and SIS - Yola Vegetables

The variations of Copper (Cu) concentration in Spinach and Roselle are shown in
Figure 3. With the exceptions of Spinach leaves and stem from SIS — Yola, concentrations of
Cuin all vegetables were below the maximum permissible limits set by WHO [12]. This shows
that Spinach and Roselle from FIS — Kano and Roselle from SIS — Yola are safe for
consumption, but because of the large amount of the vegetable consumption by Nigerians, the
estimated range of daily intake rate of Cu is still above the limits set by WHO [12] as shown
in Tables 1 and 2.

The variations of the concentrations of Cr were shown in Figure 4. With the exceptions
of Spinach and Roselle leaves from FIS — Kano, all concentrations of Cr in vegetables were
above the maximum limits of WHO [12]. Irrespective of the high concentrations of Cr in the
vegetables, the estimated range of Cu intake rate in the vegetables is still below the maximum
level set by Agency of Toxic Substances and Disease Registry (ASTD) [13] as seen in Tables
land 2.
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Figure 2: Variation of Pb in FIS - Kano and SIS - Yola
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Figure 3: Variation of Cu in FIS - Kano and SIS - Yola
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Figure 4: Variation of Cr in FIS - Kano and SIS - Yola Vegetables

Most of the Northern parts of Nigeria use the vegetable leaves of Spinach and Roselle
for making delicacies. Therefore the daily intake of the heavy metals (mg/day) can be
calculated from equation 1. Thus the concentrations of the heavy metal in the leaves of the
vegetables are used for the estimation of the daily metal intake.

The National Nutrition and Food Research Institute of Iran estimated the average
consumption of edible vegetable as 218g/person/day [14]. Also the Consumer Council of
Zimbabwe’s total dietary study estimated a leafy vegetable consumption rate for low income
urban dweller to be 183 — 219 g/person/day for adult of 60kg body weight [15]. The estimated
average consumption of vegetables in Nigeria is 165 g/person/day for adult with average body
weight of 60 kg [16]. The estimated heavy metal intake rate from Yola and Kano are shown in
Tables 1 and 2 below:

Table 1: Concentration of Heavy Metals in Spinach leaves (dry weight) and the estimated
Heavy Metals Intake Rates by an Adult (of 60kg body wt.) from the FIS-Kano
and SIS-Yola

Metal Concentrations of Heavy Metal Estimated Range of Heavy Maximum
in Leaves (mg/g Dry Wt.) Metal Intake Rate (mgday?) Limit
(mgday™)
FIS-Kano SIS-Yola FIS-Kano SIS-Yola
Cd 0.140 0.165 23.10 27.23 0.06
Pb ND 0.025 ND 4.13 0.21"
Cu 0.040 0.085 6.60 14.03 1.2
Cr 0.023 0.110 3.80 18.15 90™

“[17]; "[13]. ND = Not detected
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Table 2: Concentration of Heavy Metals in Roselle leaves (dry weight) and the estimated
range of Heavy Metals Intake Rates by an Adult (of 60kg body wt.) from the
FIS-Kano and SIS-Yola

Metal Concentrations of Heavy Metal Estimated Range of Heavy Maximum

in Leaves (mg/g Dry Wt.) Metal Intake Rate (mgday?)  Limit
(mgday)
FIS-Kano SIS-Yola FIS-Kano SIS-Yola
Cd 0.228 0.168 37.65 27.72 0.06"
Pb 0.150 ND 24.75 ND 0.21°
Cu 0.040 0.065 6.60 10.73 1.2"
Cr 0.008 0.105 1.32 17.33 90™

From Tables 1 and 2 the estimated intake rate of Cd, Pb and Cu for both Spinach and Roselle
leaves consumption which ranges from 23.10 — 37.65 mg/day, 4.13 — 24.75 mg/day and 6.60 —
14.03 mg/day were far above the Provisional Tolerance Daily Intake (PTDI) [17] maximum
limits of 0.06 mg/day, 0.21 mg/day and 1.2 mg/day respectively. This alarming intake rate of
the heavy metals in the study areas can lead to bioaccumulation and toxicity resulting in kidney
damage, bronchitis, bone marrow cancer and mental retardation. The estimated daily intake
rate of Cr 1.32 — 18.15 mg/day is below the maximum limits of 90 mg/day [13].

Cadmium and Lead daily intake rate in vegetable leaves were far above the Maximum
set standard of 0.06 mg of Cd day*and 0.21 mg of Pb day™ respectively by Provisional
Tolerance Daily Intake (PTDI) [17] at a high alarming rate. While Cu daily intake rate in
vegetable leaves from FIS — Kano is 6.60 mg of Cu day™ and SIS - Yola ranges between 10.73
—14.03 mg of Cu day™* which is still above the maximum risk level of 1.2 mg of Cu day™.

From Tables 1 and 2, it was observed that Cd, Pb, Cu and Cr daily intake rate from
consumption of Spinach leaves from SIS — Yola are higher compared to FIS — Kano, while Cd
and Pb daily intake from consumption of Roselle leaves from FIS- Kano is higher compared to
SIS - Yola.

Table 3: Concentration of Heavy Metals in mg/L dry weight in the irrigation waters

Site Cd Pb Cu Cr

FIS-Kano ND 0.01 0.31 0.10
SIS-Yola 0.02 0.09 0.11 0.21
Maximum Limits (FAO,1985) 0.01 0.065 0.017 0.55

ND = Not detected

From Table 3 the concentrations of Cd, Pb in SIS — Yola and Cu in FIS — Kano were
above the maximum limits in irrigation waters set by the Food and Agricultural Organization
[18]. These might have resulted to the high concentrations of Cd and Pb in the vegetables which
were above the WHO/FAO maximum tolerable limits [12] as shown in Figures 1 and 2.

The higher concentration of heavy metals at SIS — Yola may be attributed to the higher
vehicular emission due to the location of the site closer to major highway in addition to the
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contribution of wastewater used for the irrigation from Shinko drainage which comprises of
domestic waste generated from Jimeta — Yola.

The concentration of Chromium detected in irrigation waters for both sites were below
the maximum limits by FAO [18]. These did not reflect the high concentration of Chromium
in the parts of vegetables in Figure 4. This shows that the contamination might be as a result of
aerial deposition or the use of fertilizers and pesticides which was not studied.

4.0 Conclusion
From the above studies the following conclusion could be made:

The concentrations of Cd and Pb in SIS — Yola and Cu in FIS —Kano irrigation waters were
above the maximum permissible limits set by WHO/FAO, these resulted in contaminations of
vegetables cultivated in these areas.

The Spinach and Roselle from Fagge and Shinko irrigation sites in Kano and Yola respectively
contained high Cd, Pb, Cu and Cr concentrations above the safe limits prescribed by WHO.

The Cd, Pb and Cu estimated intake rate for the two vegetables were far above the maximum
limits set by WHO/FAO and ATSDR. The alarming rate of the estimated intake of these heavy
metals in the study areas could lead to toxicity resulting to serious health problems such as
kidney damage, bronchitis, bone marrow cancer and mental retardation.

References

1.  Behemuka, T. E, and Mubofu, E. B. (1999): Heavy Metals in Edible Green Vegetables
grown along the sites of the Sinza and Msimbazi rivers in Dar. Es Salaam, Tanzania. J.
Food Chem. 66:63-6

2. Ellen G., Van J. and Tolsma K. (1990): Heavy Metals in Vegetables grown in the
Netherlands and in Domestic and Imported Fruits. Z Lebensm Unters Forsch, 190:34-9

3. WHO (1992): Cadmium Environmental Health Criteria”. Geneva: World Health
Organization, :134

4.  Jarup L. (2003): Hazards of Heavy Metal Contamination. Br Med Bull 2003; 68:167-82

Chiroma,T. M., Hymore, F. K. and Ebewele, R. O. (2003): Heavy Metal Contamination
of Vegetables and Soil Irrigated with Sewage Water in Yola, Nigeria. Nigerian Journal
of Research and Development, Vol. 2, No 2, 60 — 68

6. Chiroma,T. M., Hymore, F. K. and Ebewele, R. O. (2014); Heavy Metals in Soils and
Vegetables Irrigated with Urban Grey Wastewater in Fagge, Kano, Nigeria. Journal of
Environmental Science and Engineering. Vol. 56, (1), 31 -36

7.  APHA — AWWA — WEF (1998); Standard Methods for Examination of Water and
Wastewater, 20" ed. Section 3120, 337 — 343, In Clesceri, L. S., Greenberg, A. E. and
Eaton, A. D. American Public Health Association. Washington D. C.

8. Cui, YJ., Zhuy, Y.G., Zha, R.H., Chen, D.Y., Huang, Y.Z., Qiu, Y. and Liang, J.Z.,
(2004): Transfer of Metals from Soil to vegetable in an Area Near a Smelter in Nanning.
China. J. Environ. Int. 30,785-791.

9.  Awasthi, S.K., (2000): Prevention of Food adulteration. Act No. 37 of 1954. Central and
State Rules as Amended for 1999, Third Ed. Ashoka Law House, New Delhi.

10. Carrington, C.D. and Bolger, P.M. (1992): An Assessment of the Hazards of Lead in
Food. J. Regulatory Toxicology and Pharmacology 16:265-277.



Nigerian Journal of Engineering Science and Technology Research, Vol. 3, No. 1, 2017 (112-119) 119

11.

12.

13.

14.

15.

16.

17.

18.

Metcalf and Eddy (2003): Wastewater Engineering: Treatment and Reuse, Fourth
Edition, PP. 29-121, Tata McGraw-Hill Publishing Company Limited, New Delhi.

WHO (2001): Health Guidelines for the use of wastewater in Agriculture and
Aquaculture. Report of a Scientific Group Meeting. Technical Report Series, No. 778,
World Health Organization Geneva.

ATSDR, (2003): Minimal Risk Levels (MRLs) for Hazardous Substances. Agency for
Toxic  Substances and Disease Registry: September 18 2014 from
(http://www.atsdr.cdc.gov/mrls.html).

Maleki A., and Zarasvand M. A. (2008): Heavy Metals in Selected Edible Vegetables
and Estimation of Their Daily Intake in Sanandaj, Iran: Southeast Asian. Journal of
Tropical Medical Public Health, 39 (2), 335 — 340.

Vhurumuku, E., (2000): Measurement of Food Security and Vulnerability in Zimbabwe
Urban Areas. USAID famine Early Warning Systems Network, Harare, Zimbabwe, 10 -
15

Ruel, M. T., Nicholas, M. and Lisa, S. (2004): Patterns and Determinants of Fruit and
Vegetable consumption in Sub-Saharan Africa. FAO/WHO Workshop on Fruits and
Vegetables for Health, 1t — 3" September

Joint FAO/WHO (1999): Expert Committee on Food Additives Toxicological Evaluation
of Certain Food Additives, ILSI Press International Life Sciences Institute; Washington,
DC; USA.

FAO (1985): Water Quality for Agriculture Irrigation and Drainage. Paper No. 29, Rev.
1 Food and Agriculture Organization of the United Nation, Rome.



http://www.atsdr.cdc.gov/mrls.html

