Asian Journal of Chemistry;, Vol. 28, No. 1 (2016), 6-10 & ASIAN JOURNAL

OF CHEMISTRY

| ASIAN JOURNAL OF CHEMISTRY .

Isian goumal of CemiS g

http://dx.doi.org/10.14233/ajchem.2016.19117

gstd. 1989

Distribution and Health Risks of Nitrate and Heavy Metals in Edible Leafy Vegetables
Grown in Sewage Sludge and Wastewater-Amended Agricultural Soils

N.R. Exerg’, T.I. OparaNOZIE, J.N. IHEDIOHA and V.E. AGBAZUE
Department of Pure & Industrial Chemistry, University of Nigeria, Nsukka, Nigeria

*Corresponding author: E-mail: nwachukwuekere64 @ gmail.com

Received: 19 February 2015; Accepted: 17 July 2015; Published online: 5 October 2015; AJC-17535

The distribution of nitrate and some heavy metal ions (Ni, Cd, Pb and Cr) were determined in some edible leafy vegetable samples
(Vernonia amygdalina, Telfaria occidentalis, Ocimum gratissimum and Amaranthus viridis) grown in sewage sludge and wastewater
treated agricultural soils. Nitrate was determined by UV spectrophotometric method while heavy metal ions concentrations were determined
using atomic absorption spectrophotometer. The nitrate concentration in the samples ranged from 938.76 to 2485.67 ng/g with none
exceeding the acceptable limits while heavy metal ions concentration ranged from 0.021 to 21.89 ug/g for Ni, 0.017 pg/g for Cd, 2.59 to

WHO. The health risk assessment of human consumption of the vegetables with reference to these heavy metals content showed that only
lead pose health risk in Vernonia amygdalina. Consumption of other vegetables at the present daily intake rate pose no health risk when

hazard quotient based health risk assessment is applied.

INTRODUCTION

Leafy vegetables are major constituents of tropical African
dishes which provide the essential nutrients required by
efficient functioning of human and animal bodies. In addition,
these plants may contain contaminants such as toxic heavy
metals, nitrates, nitrites or other anti nutritive agents. Nitrate
is a compound of natural occurrence that can find its way into
the food chain via nitrogen cycle as well as through food
additives. It is found naturally in living and decaying plants
and animals including humans [1-3]. Human exposure to
nitrate is mainly exogenous through the consumption of vege-
tables and to a lesser extent water and other foods [4]. Nitrate,
on its own, is relatively non-toxic. However, its metabolites
and reaction products like nitrite, nitric oxide and N-nitroso
compounds have toxicological effects including methaemo-
globin formation, hypoplasia of the zona glomerulosa of
adrenal cortex and gastric neoplasia [4]. Exposure to higher
levels of nitrate or nitrite has been associated with increased
incidence of cancer in adults and possible increased incidence
of brain tumors, chromosomal damage, leukemia and
nasopharyngeal tumors in children [5-8]. Researchers in an
previous studies have shown a positive relationship between
the incidences of childhood-onset insulin-dependent diabetes
mellitus and levels of nitrate in drinking water [9]. Nitrate

6.4 ug/g for Pb and 0.32 to 3.85 pg/g for Cr. Most of the results for the heavy metals exceeded the recommended levels as given by FAO/ |
|
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poisoning of groundwater has been shown to contribute to
national infant mortality statistics in the US [10,11]. In a study
conducted by the European Food Safety Authority (EFSA), the
data showed that the critical driver for a high dietary exposure
to nitrate is not the absolute amount of vegetables consumed
but the type of vegetable and the concentration of nitrate which
in turn is related to the condition of production [4].

Some heavy metals are toxic and have positive correlation
with health risks. Vegetables take up these heavy metals and
accumulate them at concentrations high enough to cause health
problems to man. Consumption of heavy metals contaminated
food can seriously deplete some essential nutrients in the body
causing a decrease of immunological defenses, disabilities
associated with malnutrition and a high prevalence of upper
gastrointestinal cancer [12,13]. It has been reported that soil
and vegetables contaminated with some of these heavy metals
such as Pb and Cd significantly contributed to decrease human
life expectancy by 9-10 years [14]. Though Cd and Pb are
widely regarded as the most toxic of the heavy metals for man,
others such as Cr, Co and Ni, although useful to the human
body, can cause metabolic disorders at concentrations higher
than those recommended [13,15]. Lead has been reported to
have critical effects on the developing nervous system of young
children [16,17]. Cadmium accumulates in the human body
affecting negatively several organs e.g., liver, kidney, lung,
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bones, placenta, brain and the central nervous system [17].
Other damages that have been observed include reproductive
and development toxicity, hepatic, haematological and immu-
nological effects [18,19]. Chromium and nickel have been
reported to cause metabolic disorders in human at concen-
trations higher than those recommended [20].

Heavy metals in soils may be from anthropogenic sources
such as solid or liquid waste deposits, agricultural inputs and
industrial and urban emissions apart from bedrock. Sewage
sludge could be a good source of micro and macronutrients as
well as organic matter for plants [21-23]. However heavy
metals in sludge can limit its use, potentially adding high
concentrations of Cd, Cu, Ni, Pb and Zn to soil thus causing
serious problems to plants and their consumers [24]. Though
the amount of heavy metals present in wastewater discharges
may be low, in the long term they tend to build up thus reaching
toxic levels in the soils which in turn are absorbed by plants
grown on them. Excessive accumulation of potentially toxic
chemical substances in agricultural soils has consequences for
food quality and safety. This present study was conducted to
determine the various levels of heavy metals and nitrate in the
vegetable species studied as well as evaluate the health risks
involved in the consumption of these vegetables grown in
sewage sludge and wastewater treated agricultural soils.

EXPERIMENTAL

Sample collection: Four edible leafy vegetable species
were studied viz., Vernonia amygdalina, Telfaria occidentalis,
Ocimum gratissimum and Amaranthus viridis. The fresh vegetable
samples were harvested from wastewater and sewage sludge-
treated farms from University of Nigeria, Nsukka demonstration
farms and properly identified by Botanists from the Department
of Plant Science and Biotechnology of the University of Nigeria
Nsukka. The demonstration farms have a long history of
application of sewage biosolids and wastewater irrigation to
the soils. For each vegetable species, random sampling was
employed to ensure that the samples were proper representation
of the population of each species in the whole farm. The samples,
after harvesting with a new and clean stainless steel knife,
were immediately transferred into clean polythene containers
to avoid contamination. They were afterwards washed several
times with distilled water. The samples were collected and
analyzed monthly between November and February, a season
dry weather when the irrigation was at its peak. A total of 12
determinations were carried out per analyte per vegetable
giving a total of 240 determinations.

All reagents used were of analytical grade from BDH
Chemical Company. They include nitric acid, perchloric acid,
sodium hydroxide, silver sulphate, sodium carbonate, phenol
solution, potassium nitrate stock solution. Also used were

Porcelain mortar, Oven (Hach Model LO-201C), waterbath,
dessicator, atomic absorption spectrophotometer (AAS) GBC
Avanta version and Shimadzu UV-1800 spectrophotometer.
All the glass apparatus were copiously washed with HNO;
(10 % v/v) and rinsed severally with doubly distilled deionized
water.

Sample preparation: The samples for the determination
of nitrate were chopped fresh and ground in a porcelain mortar
to obtain a homogenous slurry and nitrate was extracted
according to standard methods [25-27]. To 10 g of the slurry
was added distilled water and 4 % sodium hydroxide and
warmed at 80 °C for 25 min and the resulting solution filtered.
The nitrate solutions, in test tubes, were subsequently cooled in
ice and treated with 1 mL of 5 % silver nitrate, 7 mL of 98 %
sulphuric acid and 0.1 mL of 5 % phenol solution (C¢HsOH) in
that order. After 20 min, the solution was extracted into toluene
first and then into water several times to ensure efficient extraction.

The samples for the determination of heavy metals were
dried for 2-3 days and then oven-dried for 7 h at 105 °C to
constant weight. The samples were pulverized with a porcelain
mortar, sieved with 1 mm sieve and stored in acid-leached
polythene bags in a desiccator before digestion. Wet digestion
was carried out using nitric acid and perchloric acid mixture
in the ratio of 3:1. 20 mL of the acid mixture was used to
digest 2 g of each oven-dried sample. Afterwards the sample
solution was heated in an electric water bath at 80 °C for about
3 h with intermittent shaking. The solution was cooled and
filtered using Whatman (No. 574) filter paper and then made
up to the mark with deionized water.

Sample analysis: For the analyses of nitrate, blank solution
was prepared and carried through all the analytical processes.
500 ppm standard NOs~ stock solution was also prepared by
dissolving 0.815 g of potassium nitrate in a little quantity of
water in a 1000 mL beaker and making it up to the mark. A
calibration curve was prepared by plotting a graph of the
absorbance of the various NO;™ standard solutions against their
corresponding concentrations. The absorbance of the samples
and blank were read at 407 nm wavelength and the concen-
tration of nitrate in the samples obtained from the calibration
curve.

For the analyses of heavy metals, the solutions of the
digested samples were analyzed for Pb, Ni, Cd and Cr concen-
tration using atomic absorption spectrophotometer GBC
Avanta version. The instrument was calibrated using manually
prepared standard solution of respective heavy metals. These
solutions were diluted for desired concentrations to calibrate
the instrument. Acetylene gas was used as the fuel and air as
the support. An oxidizing flame was used in all cases. All
measurements were done in triplicates and the results reported
as mean + standard deviation. Table-1 shows the standard
operating conditions of the FAAS.

TABLE-1
OPERATING PARAMETERS FOR WORKING ELEMENTS
Elements Wavelength (nm) Slit (nm) Lamp current (mA) Air flow (L/m) Acetylene flow (L/m)
Cr 357.9 0.2 7 13.5 2.0
Ni 232.0 0.2 4 13.5 2.0
Pb 283.3 1.0 10 13.5 2.0
Cd 228.8 0.5 4 13.5 2.0
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Quality assurance: Blank samples were analyzed after
five samples. All analysis was replicated three times. The
elemental concentrations of procedural blanks were generally
less than 5 % of the mean analyte concentrations for all the
metals. The accuracy and precision of metal analysis were
checked by analyzing spiked samples and measuring the
recoveries. Recoveries between 95 to 105 % were recorded for
the metals and considered adequate to guarantee accuracy of
the adopted method.

Health risks assessment: The health hazard or risks
of heavy metals are subject of continuous research. The consu-
mption of contaminated vegetables forms a vital route of the
contaminants in animals and humans. The risk to human health
by ingesting heavy metals laden vegetables is often estimated
using hazard quotients (HQ) [28].

Daily intake of metal (DIM): The daily intake of metal
in this study was calculated based on the formula proposed by
Sajjad et al. [29].

oo D
Daily intake of metal = cxb (D
BW

where, C = heavy metals concentration in plants (mg/kg); D =
daily intake of vegetables (kg/person/day dry weight); BW =
body weight.

The average daily vegetable intake rate was estimated by
carrying out a survey in which 200 people having average
body weight of 60 kg were asked for their daily intake of a
particular vegetable from the experimental site [30].

Hazardous quotient (HQ): Hazardous quotient for the
consumers via the ingestion of vegetables was assessed by the
ratio of daily intake rate (DIR) to the oral reference dose (R/D)
for each metal [31].

Daily intake of metal
RD (3)

where R/D = oral reference dose for the metal (mg per kg of
body weight per day). RD is the oral reference dose. RD is
an estimate of a daily oral exposure for the human population,
which does not cause deleterious effects during a lifetime in
non-cancer health assessments [32]. The values of RiD for Pb
is 0.003 (mg kg™ day™), Cd is 0.001 (mg kg day™), Cris 15
(mg kg day™") and Ni is 0.02 (1 mg kg day™) [33,34]. When

Hazardous quotient =

the calculated value of hazardous quotient is less than one,
then the consumers of the vegetables are adjudged to be safe
but if hazardous quotient is equal to or higher than one, they
are considered as not safe for human health and can cause
potential health risk [31].

Estimation of potential health risks arising from consump-
tion of more than one heavy metal in the vegetables, the hazard
index (HI) was developed by US-EPA [28] and is defined as
the total sum of the hazard quotients (HQ) of all the metals
examined and given as eqn. 4:

HI = ZHQpb + HQCd + HQNi + HQCr (4)

The magnitude of hazard index is assumed to be propor-
tional to the extent of adverse effects or toxicity of the vegetables
consumed.

Statistical analysis: The obtained data were subjected to
two-way analysis of variance (ANOVA) to examine the influence
of different variables on the concentrations of assessed heavy
metals in the vegetables. Statistical significance of means was
computed using Pair Samples t-test, with a significance level
of P < 0.001 Statistical analysis of data was carried out using
SPSS 17.

RESULTS AND DISCUSSION

The result for the nitrate analysis is shown in Table-2.
The four species of vegetable analyzed for nitrate concentration
all showed the nitrate levels to be below the permissible limits
as set by the WHO/EC [35]. Vernonia amygdalina had the
lowest nitrate level at 938.76 ug/g while Amaranthus viridis
had the highest at 2485 pug/g.

The result of the heavy metal determinations is shown in
Table-3. Ocimum gratissimum showed the lowest concentration
of nickel at 0.021 pg/g while Amaranthus viridis had the
highest at 21.89 pg/g. Cadmium levels were below detection
limits in all samples except Vernonia amygdalina which gave
a cadmium concentration of 0.17 pg/g. Amaranthus viridis
and Ocimum gratissimum showed the least and highest
concentrations of lead with Pb concentrations of 2.59 and 6.4
pg/g respectively. Chromium was least present in Vernonia
amygdalina at 0.32 pg/g while Telfaris occidentalis had the
highest at 3.85 pg/g. Chromium level was below detection
limit in Ocimum gratissimum.

TABLE-2
CONCENTRATION OF NITRATE IN THE SAMPLES
S. No. Sample Concentration of nitrate (ug/g)  Concentration in blank (ug/g) WHO/EC limit (ug/g)
1 Amaranthus viridis 2485.67 + 118.52 <0.001 2500-3000
2 Ocimum gratissimum 2123.50 + 190.84 <0.001 2500-3000
3 Vernonia amygdalina 938.76 + 104.49 <0.001 2500-3000
4 Telfaria occidentalis 2011.82 + 87.08 < 0.001 2500-3000
TABLE-3
CONCENTRATION OF HEAVY METALS IN THE SAMPLES
S. No. Sample Ni (ug/g) Cd (ug/g) Pb (ug/g) Cr (ug/g)
1 Amaranthus viridis 21.89 +£0.135 Below detection limit 2.59 £ 0.0002 2.39 £ 0.0003
2 Ocimum gratissimum 0.021 £+ 0.004 Below detection limit 6.4+0.03 Below detection limit
3 Vernonia amygdalina 0.046 = 0.035 0.17 £ 0.0002 541 +0.025 0.32 £ 0.022
4 Telfaria occidentalis 18.48 + 1.028 Below detection limit 3.85+0.143 3.85+0.143
5 Concentration in blank <0.001 <0.001 <0.001 <0.001
6 FAO/WHO limits 0.1 0.02 0.1 0.1-0.2
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With the permissible nitrate limits set by WHO/EC for
leafy vegetables ranging from 2500-3000 pg/g [36], none of
the samples exceeded these limits. However, some of the
vegetables like Amaranthus viridis and Ocimum gratissimum
showed nitrate levels close to the lower class boundary of the
set permissible limits. Also from the results, it is clear that the
samples have different capacities to accumulate nitrate.

The results of the study showed that nickel levels in
Amaranthus viridis and Telfaria occidentalis greatly exceeded
the permissible limits. Cadmium level in Vernonia amygdalina
also greatly exceeded the set limits. The levels of lead detected
in all four samples all exceeded the allowed limits. Apart from
Ocimum gratissimum which was below detection limit, the
levels of chromium in all the other three samples were above
the recommended levels. All these are a great source of concern
considering the great toxicological effects these heavy metals
exert on the environment and consumers of their carriers. A
wide range of diseases are known to be caused by these heavy
metals when ingested in amounts exceeding the permissible
[37]. The high level of heavy metals in the samples studied
can be attributed to the nature of the sewage sludge and waste-
water with which the soils, upon which the vegetables were
grown, were treated. Earlier a similar study reported high level
of heavy metals (Pb, Fe, Cu and Zn) after studying the long
term effects of municipal waste disposal on soil properties
and productivity of sites used for urban agriculture in Abakaliki,
South Eastern part of Nigeria [38]. Also in a report which studied
plant uptake of heavy metals on a similar site at University of
Ife dump site, the result showed that Pb uptake by Talinum
triangulare and Albennucus esculentus increased in leafs and
roots of Talinum triangulare and in the fruit of Albennucus
esculentus relative to those grown in the non-dump sites [39].
In another research work which studied health risk assessment
of heavy metals via dietary intake of foodstuffs from the
wastewater irrigated site of a dry tropical area of India, it was
found that several fold higher concentrations of all the heavy
metals were observed in all the vegetables and cereal at waste-
water irrigated site as compared to clean water irrigated site
[40]. This increased uptake and accumulation of heavy metals
in the plants was attributed to the use of contaminated waste-
water for irrigation. It has been reported that accumulation of
heavy metals in Zea Mays was more prominent with increasing
proportions of treated wastewater used in irrigation [41]. The
result of this study has therefore shown to be in agreement
with those of earlier studies.

Health risk calculations: The result of the health risk
assessment of ingestion of the heavy metals in the vegetables is

presented in Table-4. The daily intake rate (DIR) of Amaranthus
viridis was found from the vegetable consumption survey of
the target population to be 0.032 Kg/person/day for people
of average weight of 60 kg. The calculated hazard quotients
for all the assayed heavy metals in Amaranthus viridis were
below one (hazardous quotient < 1), an indication that the
consumption of the vegetable poses no health risk to consu-
mers. Also, with the daily intake rate of 0.002 Kg/person/day
of Ocimum gratissimum and all the calculated hazardous
quotient below one, ingesting of the vegetable is of no health
risk to the target population.

The hazardous quotient of Pb in Vernonia amygdalina
was above one (hazardous quotient > 1), showing that it is not
safe to consume the vegetable from the sample area. However,
all other heavy metals assayed in Vernonia amygdalina were
safe to consume based on hazardous quotient-health risk
assessment method. The results of hazardous quotient deter-
mination of heavy metal in Telfaria occidentalis indicated no
health risk status.

Considering individual heavy metal, the hazardous quotient
were in the order of Pb > Ni > Cd > Cr but when the vegetables
were considered, the trend of hazardous quotient risk was
Vernonia amygdalina > Telfaria occidentalis > Amaranthus
viridis > Ocimum gratissimum. Relative contribution of each
heavy metal to the total hazard index were Pb = 64.21 %, Ni =
32.01 %, Cd = 3.7 % and Cr = 0.07 %. Minimal risk from Cr
can be attributed to its high R(D. Such low values were also
found by other researchers [13,42].

However it must be noted that hazardous quotient based
risk assessment method cannot provide a quantitative estimate
for the probability of the exposed consumers having an adverse
effect [43]. Hazardous quotient procedure considers only
exposure resulting from heavy metal exposure due to consum-
ption of the vegetables in this study. Other exposure routes
such as dermal contact, soil ingestion and contact with agro-
chemicals were not considered.

Conclusion

Although nitrate levels in all vegetable samples were all
below the permissible limits, the same was not found to be
true for heavy metals concentration in the same samples all
grown in soils treated with sewage sludge and wastewater. Most
of the samples had high levels of the heavy metals. This poses
a direct health threat to man especially those who consume
these leafy vegetables although only lead was implicated based
on hazardous quotient risk based assessment in one of the
vegetables.

TABLE-4
HEALTH QUOTIENTS AND INDICES OF THE HEAVY METALS FROM VEGETABLE CONSUMPTION

Dietary intake rate

Vegetable (ke/person/day) Ni Cd Pb Cr HI
Amaranthus viridis 0.032 0.58 BDL 0.37 0.0008 0.97
Ocimum gratissimum 0.002 .00004 BDL 0.061 BDL 0.0610
Vernonia amygdalina, 0.042 0.0016 0.119 1.082 0.0002 1.203
Telfaria occidentalis 0.029 0.447 BDL 0.531 0.0012 0.979
XHQ 1.029 0.119 2.064 0.0022 3214
R{D (mg/kg/day) 0.02 0.001 0.0035 1.5 YHI=3.214

HQ = Hazard quotien; HI = Hazard index; R;D = Oral reference dose; BDL = Below detection limit
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