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ABSTRACT ARTICLE HISTORY
Vegetables have become an indispensable part of human nutrition. This study aimed at analyz- Received 3 August 2022
ing the biochemical compositions of three leafy vegetables (Corchuorus olitorius, Telfairia occi- Accepted 28 May 2023

dentalis and Spinacia oleracea) collected from local farm irrigated with municipal wastewater. The
biochemical parameters were assayed following standard laboratory protocols. Results revealed Biochemical; heavy metals;
significantly (P < 0.05) higher Ca (207.33mg/kg) and Mg (182.53 mg/kg) contents in wastewater inigation; ve’getables elasi
with Mg contents in both clean water (72.80 mg/kg) and wastewater (182.53 mg/kg) exceeding the wastewater

FAO safe limits. The wastewater had significantly (P < 0.05) higher (Fe) and (Cd) contents (1.72 and

0.42 mg/kg), than clean water from the modern farm (0.67 and 0.13 mg/kg). Both water samples

had heavy metals, exceeding the FAO safe limits. The Mn, Fe and Pb contents determined in the

three vegetables collected from both farms were within FAO safe limits except Cd content which

ranged from 0.05-0.87 mg/kg which is above FAO acceptable limits of 0.02 mg/kg. Results on min-

eral composition revealed significantly higher (P < 0.05) Na, K, Ca and Mg contents in the three

vegetables collected from the local farm, Telfairia occidentalis having the highest Na (123.33 mg/

kg), K (6500 mg/kg) and P (6.19 mg/kg) while, Corchuorus olitorius had the highest Ca (2.15 mg/kg)

and Mg (2.12mg/kg). The result of this study shows that municipal wastewater irrigation could be

utilized in improving the mineral compositions of leafy vegetables. However, it is highly recom-

mended that the wastewater is treated properly to avoid heavy metal contamination.
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Introduction of their nutritional significance and valuable health ef-
fects, the consumption of green leafy vegetables has
increased in recent years and has led to a continuous
upsurge in the demand for vegetables. Thus, there is a
need to cultivate the crops all year round (Olumakinde
etal.,, 2019).This has in turn led to a great dependence
on other sources of water for irrigation during periods
of drought or long dry seasons.

According to Habu et al. (2021), most local farm-
ers often utilize wastewater in irrigating vegetables
as a result of water scarcity. Wastewater is generated
throughout the year (Hsien et al., 2019) and its use in
irrigation has been an old-age practice (Xavier and
Varghese, 2020). It has several advantages which include

Vegetables are a group of crops that are an important
part of the human diet as they provide minerals, pro-
teins and fats, and are an economical source of energy
(Naz et al., 2018). They are consumed by all categories
of people and can be eaten raw or processed (Inyinbor
et al., 2019). Globally, vegetables play a salient role in
meeting the food requirement of people because they
are important sources of various essential elements. In
addition, they also provide sustainable incomes to peri-
urban, urban and rural communities (Mwadzingeni
et al., 2021). The presence of various phytochemical
compounds in vegetables accounts for their benefi-
cial health properties (Kurina et al., 2021). As a result
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increasing soil organic matter content (Makhadem
etal., 2021), reducing fertilizer requirements and add-
ing various amounts of elements such as Na, Ca, and
Mg to the soil (Singh, 2021). However, wastewater may
also contain various potentially toxic elements and or-
ganic matter with highly harmful effects on humans
and generally in the ecosystem. Wastewater contains
cyanide (CN) and heavy metal ions such as iron (Fe*"),
chromium (Cr*"), nickel (Ni#"), zinc (Zn*"), lead (Pb*"),
copper (Cu**) and manganese (Mn**) (Olumakinde
etal.,2019).

According to Ghori et al. (2019), heavy metal toxicity
is the most common stress living organisms encoun-
ter in different ecosystems. Excessive accumulation
of heavy metals in plant organs inhibits their growth
and productivity (Hananingtyas et al., 2022) and could
pose damages at both cellular and organismal levels
and are detrimental even at low concentrations. Heavy
metals accumulation in plants shows phytotoxic ef-
fects on plants which result in reduced nutrient up-
take and yield reductions and could also have adverse
effects as they cause chemical and physiological alter-
ations which change or interferes with the active com-
ponent or secondary metabolites levels, especially in
medicinal plants (Shen et al., 2020).

The use of wastewater on agricultural soils depos-
its a large number of heavy metals on the soil which
have an antagonistic effect on crop growth rate (Munir
et al., 2022). These heavy metals not only pollute the
soil but also deteriorate food quality and safety when
vegetables and other food crops are grown on these
soils (Naz et al., 2018). Intake of vegetables grown on
heavy metals contaminated soil has been one of the
most common food chain routes for exposure of hu-
mans to heavy metals (Habu et al., 2021), others being
inhalation and skin application (Sanaei et al., 2021).
These heavy metals cause deleterious effects on hu-
man health (Rizk et al., 2022).

Although much research has been conducted onthe
use of wastewater for irrigation farming of vegetables
in Nigeria, in north-central Nigeria, this group of veg-
etables that are highly nutritive and of great medicinal
significance has not received any research attention.
This research, thus, investigated the Physico-chemical
parameters of soil and the biochemical compositions
of three vegetables {Corchuorus olitorius (Jute), Spina-
cia oleracea (Spinach) and Telfairia occidentalis (Fluted

pumpkin)} collected from a local farm irrigated with
municipal wastewater.

Materials and methods
Study area

Three (3) vegetable samples were collected from a lo-
cal irrigation farm, Sauken Gwari along Mandela road,
Minna, Niger state, Nigeria (15° N 9°37'13" N 6° 34'1"
E) on 28" April 2021 while the control was collected
from a modern irrigation farm (Al-Amin farm), Maitum-
bi Area, Minna, Niger state, Nigeria (152° SE 9°33'60" N
6°33'4" E) on 21° May 2021 (Fig. 1).

Sample collection

Soil, vegetables and water samples were collected
from Mandela local farm and Al-Amin modern farm
which were about 2.5 km apart. Both farms have the
same soil type and irrigation pattern. Eighteen (18) soil
samples were randomly collected, nine (9) from each
farm at a depth of 15cm after uprooting the vegeta-
bles. Fifteen (15) leaf samples were collected for each
vegetable type from the two farms during the dry
season and were noted for dry season farming, which
gave a total of ninety (90) samples. The collected leaf
samples were taken from the mid-growth flowering of
the youngest mature plant. The samples were air-dried
ground using a mortar and pestle.

Identification of vegetables

The vegetable samples collected were taken to the
herbarium of the Department of Plant Biology, Federal
University of Technology Minna, Nigeria for identifica-
tion and authentication. The vegetables were identi-
fied as Corchuorus olitorius (Jute), Spinacia oleracea
(Spinach) and Telfairia occidentalis (Fluted pumpkin)
with voucher’s number FUT/PLB/MAL/005, FUT/PLB/
AMA/002 and FUT/PLB/CUC/003, respectively.

Water sample analyses

The municipal wastewater from the Sauken Gwari
(Lamnu) was collected in a sample bottle and a clean
water sample for irrigation was also collected from Al-
Amin farms in a sample bottle. The water samples were
collected in triplicate and were conveyed to Usman
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Figure 1. Map of Sauken Gwari along Mandela road, Minna, Niger state, Nigeria and Al-Amin farm, Maitumbi Area, Minna, Niger state,

Nigeria.

Danfodio University Sokoto, Sokoto State, Nigeria for
physicochemical analyses.

Chemical composition of water

Temperature

The air and water temperatures were taken from both
farms in degrees centigrade using a mercury glass
bulb thermometer (0-110°C). Readings were taken at
the level of the eye meniscus. The air temperature was
determined by holding the thermometer above water
for exactly 2 minutes until it stabilized before read-
ing following the standard procedures of EPA (2002).
The water temperature was determined by lowering
the thermometer into the water and the reading was
taken, when established, following the method of EPA
(2002).

Electrical Conductivity (EC), Total Dissolved Solids
(TDS) and pH

These were determined according to APHA (2014) us-
ing a pre-calibrated microprocessor pH/EC/TDS. The
pre-calibrated pH, TDS and conductivity meter elec-
trode was washed out using distilled water and the
cell constant of the conductivity meter was checked.
The electrode meter was dipped inside the water and
left for about 10 seconds. The Electrical Conductivity
(EC), Total Dissolved Solid (TDS) and pH readings were

obtained from the microprocessor meter. The process
was repeated thrice for both water samples.

Dissolved Oxygen (DO)

Dissolved Oxygen (DO) was determined using a por-
table dissolved oxygen analyzer (APHA, 2014). The
DO meter was standardized using distilled water and
buffer solution and was placed into the water samples
(untreated and clean water) for about 60 seconds, after
which the reading was taken from the DO meter. This
was repeated in triplicate for all water samples.

Biological Oxygen Demand (BOD)

To determine the biological oxygen demand (OD),
the sample bottles were filled with water samples and
wrapped with black polythene bags to avoid any form
of light penetration and were kept in a dark cupboard.
After five (5) days, the procedure was repeated to
check the amount of oxygen that has been used up by
microorganisms (APHA, 2014).

Total alkalinity

This was determined by titration methods following
the method of APHA (2014). The water samples were
measured to 50ml and poured into a clean 150 ml
conical flask, and 3 drops of phenolphthalein indicator
were added to the water sample. The sample was titrat-
ed with 0.05 ml of H,SO,, until the colour disappeared.
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To the colourless solution, 3 drops of methyl orange
indicator were added and titrated further until the co-
lour changed from yellow to permanent reddish or or-
ange-red colour and the titrated values were recorded
and used to compute the alkalinity.

Total hardness

The water sample was thoroughly shaken and 25 ml
was taken and diluted to 50ml with distilled water.
Exactly two (2) ml of Phosphate buffer solution was
added to bring the pH of the water sample to 10. An
aliquot of three (3) drops of ferrochrome black indica-
tor was also added. This was titrated with 0.01 Mol/L
EDTA to a blue colour endpoint. Hardness was then
calculated in line with APHA (2014).

Phosphate-phosphorus (PO,.P)

This was determined by the colourimetric method fol-
lowing the procedures of APHA (2014). Exactly 2 ml of
the water sample was put in a 25ml volumetric flask
and a single drop of phenolphthalein indicator was
added followed by 2ml of ammonium molybdate
and 1 ml of freshly diluted stannous chloride solution.
These were made up to 25ml volume with distilled
water and mixed thoroughly. The colour intensity (ab-
sorbance) was measured at a wavelength of 660 nm in
a Spectrophotometer (Optima SP 300, UK) after about
5-6 minutes.

Nitrate-Nitrogen (NO;.N)

To determine the nitrate content, the pH of the wa-
ter samples was adjusted to approximately 7.0 using
acetic acid or sodium hydroxide solution, as appropri-
ate. The samples were filtered and an aliquot of 10 ml
of the sample was transferred into a sample tube
and 2ml of 30% sodium chloride (NaCl) solution was
added to the sample the contents of the tubes were
mixed thoroughly by swirling and the samples were
placed in a cold-water bath (0-10°C) for 10 minutes.
An aliquot of 10ml of sulfuric acid solution was add-
ed to the sample tubes and 0.5 ml of brucine sulfuric
acid reagent was added to each test tube and the test
tubes were transferred into a 100°C water bath for 25
minutes. After which the tubes were transferred to a
cold-water bath and were allowed to cool. The absor-
bance of the sample was read at 410 nm using a Spec-
trophotometer (Optima SP 300, UK) according to EPA
(2002).

Determination of heavy metals in water

This was determined following the method of Olafi-
soye et al. (2013). An aliquot of 2.5 ml of concentrated
nitric acid (HNO;) was added to 50ml of the water
samples and digested until a colourless solution was
obtained. Insoluble materials were then removed from
the digested samples through filtration and the vol-
ume was made up to 50 ml with distilled water.

Soil analysis

Cation exchange capacity (CEC) was determined ac-
cording to Sumner and Miller (1996). The Kjeldahl
method (Bremner, 1996) was used to determine total
Nitrogen while plant available phosphorus was deter-
mined using Olsen et al. (1954). Electrical conductivity
was measured according to Rhoades (1996). Soil pH
was determined according to De-Frees et al. (1982).
Soil organic matter was determined using the Smith-
Weldon method according to Nelson and Sommers
(1996). Ammonium acetate buffered at pH7 (Thomas,
1982) was used to determine exchangeable cations.
Microelements in the soils were determined by Di-
ethylene Triamine Penta Acetic acid (DTPA) extraction
methods (Lindsay and Norwell, 1969).

Determination of heavy metals in soil

Five replicate soil samples each from the modern ir-
rigation farm and local farm irrigated with municipal
wastewater were randomly collected for determi-
nation of heavy metals using an atomic absorption
Spectrophotometer instrument (Optima SP 300, U.)
following the methods of Abbruzzini et al. (2014). An
aliquot of 2 g of soil was taken from each sample, then
dissolved in 5ml HNO3, 0.5mL HF, and 0.5ml HCl in a
Teflon vessel and was placed in a Microwave Digestion
System. The digested samples were then transferred
into a Teflon beaker and the volume was completed
to 50 mL with de-ionized water. The digested solution
was filtered by using 0.45 mm filter paper and stored in
50 mL polypropylene tubes to be analysed.

Sample preparation for heavy metals and
nutritional composition analyses

Vegetable samples were prepared for analyses fol-
lowing the method of Akan et al. (2009). Vegetable
samples collected from local irrigation farm and



Al-Amin farms were thoroughly washed, sliced and air-
dried at room temperature (+25°C) for seven (7) days.
The dried vegetables were separately pounded with
mortar and pestle followed by sieving using and the
powdered samples were preserved for further analysis
in a refrigerator at 4°C.

Sample digestion

The vegetable samples were digested following the
standard procedure of Awofolu (2005). Exactly 0.5 g of
sieved dried samples of each vegetable was weighed
into a 100cm? beaker and a mixture of 5cm? concen-
trated HNO; and 2 cm? HCIO, were added to dissolve
the sample. The beaker was heated at a moderate tem-
perature of 110 °C on a hot plate for an hour in a fume
hood until the content was about 2cm?. The digest
was allowed to cool and was filtered into a 50 cm? stan-
dard volumetric flask and made up to the mark with
distilled deionized water.

Heavy metal analysis in vegetables

A serial dilution method was used to prepare the work-
ing standards and the concentration of the metals (i.e.,
Mn, Fe, Pb and Cd) in each sample digest was deter-
mined using a spectrophotometer (Optima SP 300, UK)
equipped with a digital readout system at Department
of Agriculture, Usman Danfodio University Sokoto, So-
koto State, Nigeria.

Nutritional analysis

The vegetable extracts’ nutritional composition was
carried out per the Association of Official Analytical
Chemists (AOAC, 2020) methods.

Data analyses

Data obtained were subjected to an independent
sample student t-test to assess significant differences
between the means at a 5% level of probability using
Statistical Package for Social Sciences (SPSS version
23.0).

Results
Chemical composition of water

The results on the chemical composition of clean water
from modern irrigation farm and municipal wastewa-
ter from local irrigation farm are presented in Table 1.
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No statistical (P > 0.05) difference was observed in pH,
DO, K, Na, P, BOD, CL, NH, and NO; contents between
clean water from modern irrigation farm and munici-
pal wastewater from local irrigation farm. The highest
pH, DO, K, Na, BOD, CL, NH, and NO; values (6.6 mg/kg,
5.2mg/kg, 1.5mg/kg, 0.50 mg/kg, 17.3 mg/kg, 4.8 mg/
kg, 0.7mg/kg and 2.4mg/kg, respectively) were ob-
served in municipal wastewater from local irrigation
farm. The highest P content of 0.48 mg/kg for clean
water from modern irrigation farm was significantly
higher than the 0.22mg/kg recorded for municipal
wastewater from local irrigation farm (Table 1).

The Ca, Mg, CO5 and HCO; contents of 207 mg/kg,
182mg/kg, 0.33 and 104, respectively, recorded for
municipal wastewater from local irrigation farm were
significantly (P < 0.05) higher than the Ca, Mg, CO5 and
HCO; contents of 75.0 mg/kg, 72.8 mg/kg, 0.00mg/kg
and 55.3mg/kg, respectively recorded for clean water
from modern irrigation farm (Table 1).

Heavy metals composition in water

Table 2 revealed significant (P < 0.05) differences in
iron (Fe) and cadmium (Cd) contents with the higher
value of 1.7 mg/kg and 0.42 mg/kg observed in munic-
ipal wastewater than 0.67 mg/kg and 0.13mg/kg for
clean water from modern irrigation farm, respectively.
No significant (P > 0.05) difference was observed in Mn
and Pb concentrations. The results of heavy metals ac-
cumulation in the soil are presented in Table 3. No sig-
nificant differences (P > 0.05) were observed in heavy
metals concentration in soils from modern farmland

Table 1. Chemical composition of clean water from modern ir-
rigation farm and wastewater from local irrigation farm.

Parameters Treatment FAO limits
WMIF WLIF
pH 6.1£0.70 6.6+0.65 6.5-8.4
DO (mg/L) 43+0.85 5.2+0.55 >2.00
Ca (mg/kg) 75.0+6.6 207+12.2° 0-400
Mg (mg/kg) 72.8+2.0 182+4.9° 0-60
K (mg/kg) 0.70+0.50 1.5+0.06 0-2
Na (mg/kg) 0.37+0.02 0.50+0.03 0-920
P (mg/kg) 0.48+0.05 0.22+0.06 0-2
BOD (mg/L) 15.6+£0.78 17.3+£0.50 100
€0y mg/L) 0.00+0.00 0.33+0.02° 0-30
HCO; (mg/L) 55.3+7.0 104+£7.0 0-610
Cl (mg/L) 1.6+0.07 4.8+0.60 0-1,050
NH, (mg/L) 0.63+0.03 0.73+0.02 0-5
NO; (mg/L) 1.3£0.61 24+0.40 0-10

Values are mean * standard error of the mean.
*significant differences at (P < 0.05). WMIF: Water from a modern
irrigation farm, WLIF: Water from a local irrigation farm.
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Table 2. Assessment of heavy metals in water and soil from modern and local irrigation farm.

Parameters WMIF WLIF FAO
Water (Mg/L) Mn 0.67+0.13 0.55+0.08 0.447
Fe 0.67 £0.08 1.7+017 0-1.5
Pb 0.16+0.02 0.12+0.01 0.01
d 0.13+£0.04 0.42+0.01° 0.03
Mn 0.49+0.29 0.47+0.15 400
Soil (mg/kg) Fe 0.76+0.21 1.3+0.36 100,000
Pb 0.19+0.15 0.14£0.12 85
d 0.14£0.19 0.40£0.50 0.8

Values are mean = standard error of the mean.

*significant differences at (P < 0.05). SMIF: Soil from modern irrigation farm, SLIF: Soil from local irrigation farm.

Table 3. Physico-chemical parameters of soil from the modern
and local irrigated farmland.

Parameters Treatment

Soil MIF Soil LIF
pH 6.5+0.85 6.5+0.67
0rg. C (%) 0.86+0.12" 0.27+0.10
Org. M (%) 14+0.19° 0.29+0.01
N (%) 0.09+0.01 0.04+0.00
P (mg/kg) 1.2+0.56 0.77 +£0.05
Ca (mg/kg) 1.0+0.12 0.65+0.12
Mg (mg/kg) 1.5+0.70 0.43+0.11
K (mg/kg) 0.66+0.08 0.46+0.12
Na (mg/kg) 0.55+0.09 0.33+0.09
CEC (cmol/kg) 11.1+£1.0 9.5+1.0
Sand 77.6+2.1 85.5+5.2
Silt 13.5+1.0 11.0+0.12
Clay 9.8+0.96 9.0+1.1

Values are mean * standard error of the mean.
*significant differences at (P < 0.05). MIF: Modern irrigation farm,
LIM: Local irrigation farm.

irrigated with clean water and local farmland irrigated
with municipal wastewater (Table 2).

Physico-chemical parameters of soil

Results of Physico-chemical parameters (Table 3) re-
vealed significant (P < 0.05) differences in Org. C and
Org. M content between the soil collected from mod-
ern farm irrigated with clean water and local farm irri-
gated with municipal wastewater. The highest pH, Org.
C,Org.M, N, P, Ca, Mg, K, Na, CEC, Silt and Clay were ob-
servedin soil collected from modern farmirrigated with
clean water (6.5, 0.86%, 1.4%, 0.09%, 1.2 mg/kg, 1.0 mg/
kg, 1.5mg/kg, 0.66 mg/kg, 0.55mg/kg, 11.1 cmol/kg,
13.5 and 9.8, respectively) than soil collected from
local farm irrigated with municipal wastewater (6.5,
0.27%, 0.29%, 0.04%, 0.77%, 0.65mg/kg, 0.43 mg/kg,
0.46mg/kg, 0.33mg/kg, 9.5 cmol/kg, 11.0 and 9.0,
respectively).

Heavy metals composition in vegetables

Notable variations were observed in the heavy metal
composition between vegetables from modern farm

irrigated with clean water and local farm irrigated with
municipal wastewater (Table 4).

In C. olitorius (Jute), the significantly highest
(P < 0.05) Mn and Cd contents were observed in mod-
ern farm irrigated with clean water (0.59mg/kg and
0.87 mg/kg, respectively) than in local farm irrigated
with municipal wastewater (0.15mg/kg and 0.40 mg/
kg, respectively). The results in Table 4 indicated a
significantly (P < 0.05) higher Fe and Pb contents in
vegetables from local irrigation farm (2.2mg/kg and
0.50 mg/kg, respectively) than from modern irrigation
farm (1.5mg/kg and 0.39 mg/kg, respectively).

In S. oleracea, no significant difference (P > 0.05) was
observed in Mn and Pb contents of vegetables collect-
ed from between modern irrigation farm and local ir-
rigation farm (Table 4).

In T. occidentalis, a significantly (P < 0.05) higher Mn
content was recorded in vegetables obtained from
modern irrigation farm (1.3 mg/kg) than in vegetables
obtained from local irrigation farm (0.30 mg/kg) (Table
4). The significantly highest (P < 0.05) Fe, Pb and Cd
contents were however recorded in T. occidentalis ob-
tained from local irrigation farm (1.5 mg/kg, 0.50 mg/kg
and 0.38 mg/kg, respectively).

Mineral composition of vegetables

Significant (P < 0.05) differences were observed be-
tween the heavy mineral composition of vegetables
from modern farm irrigated with clean water and local
farm irrigated with municipal wastewater (Table 5).

In C. olitorius, significantly (P < 0.05) higher Na
(88.1mg/kg), K (3000mg/kg), Ca (2.2mg/kg) and Mg
(2.2mg/kg) contents were observed in vegetables
collected from local irrigation farm watered with mu-
nicipal wastewater. However, no significant difference
(P > 0.05) was observed in P content.

The significantly higher (P < 0.05) Na, K and Ca
(49.67 mg/kg, 4100 mg/kg and 0.40 mg/kg, respective-
ly) in S. oleracea were observed in vegetables collected
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Table 4. Heavy metals compositions in some Selected vegetables (mg/kg).

Vegetable Source Mn Fe Pb cd

C. olitorius MIF 0.59+0.34" 1.5+0.28 0.39+0.05 0.87+0.09"
LIF 0.15+0.01 22+0.13 0.50+0.06" 0.40+0.04

S. oleracea MIF 0.65+0.31 0.52+0.28 0.39+0.36 0.33+0.09
LIF 0.51+0.07 1.2+0.14° 0.43+0.39 0.42+0.02"

T. occidentalis MIF 1.3+0.03" 0.91+0.11 0.32+0.30 0.05+0.00
LIF 0.30+0.07 1.5+0.27" 0.50+0.03" 0.38+0.08

WHO/FAO 0-100 0-100 0-2.00 0-0.02

Values are mean + standard error of the mean.
*significant differences at (P < 0.05)
MIF: Modern irrigation farm, LIM: Local irrigation farm.

Table 5. Mineral composition of some selected vegetables from modern farm irrigated with clean water and local farm irrigated with

municipal wastewater (mg/kg).

Vegetables Source Na Ca Mg P

C. olitorius MIF 548+7.2 2167+35.2 1.5+0.61 1.6+0.45 53+0.63
LIF 88.1+1.7 3000+20.0° 224013 22+0.25 53+0.17

S. oleracea MIF 31.3£5.0 2800+30.0 0.33+0.28 1.3+0.39 3.4+0.50
LIF 49.7+35 4100+30.0° 0.40+0.13" 14+0.23 3.8+0.30

T. occidentalis MIF 82.5+3.0 4700+20.0 0.63+0.08 1.7+0.19 5.7+0.37
LIF 123476 6500+36.6° 0.90+0.13" 2.1+0.10° 6.2+0.06

Values are mean =+ standard error of the mean.

*significant differences at (P < 0.05). MIF indicates Modern irrigation farm, and LIM indicates Local irrigation farm.

from local irrigation farm while no significant differ-
ence (P > 0.05) was observed in Mg and P contents
between S. oleracea collected from modern irrigation
farm and local irrigation farm (Table 5).

A significantly (P < 0.05) higher Na (123 mg/kg), K
(6500 mg/kg), Ca (0.90mg/kg) and Mg (2.1 mg/kg) in
T. occidentalis were observed in vegetables collected
from local irrigation farm than in Na (82.5 mg/kg), K
(4700 mg/kg), Ca (0.63mg/kg) and Mg (1.7mg/kg)
contents of vegetables collected from modern irriga-
tion farm (Table 5). No significant (P > 0.05) difference
was observed in the P content of T. occidentalis col-
lected from modern irrigation farm and local irrigation
farm.

Discussion

The result of Physico-chemical parameters of clean wa-
ter from modern irrigation farm and municipal waste-
water from local irrigation farm showed an average pH
of 6.07 and 6.57, respectively which is within the range
of FAO safe limits of 6.00-9.00 for pH of irrigation water
(WHO/FAO, 2011). The DO, Ca, K, Na and P observed
in the municipal wastewater were also within the
FAO threshold limits for wastewater irrigation (WHO/
FAO, 2011). DO is an important component of water
because it aids in microorganisms and plant survival.
The high amount of DO in the municipal wastewater

shows the presence of a low concentration of bacteria,
this is beneficial to plant growth and nutrient decom-
position by microbes (Hassana et al., 2020). The values
of DO obtained in clean water and wastewater indicate
that they were less polluted. High BOD in wastewater
reflects a high concentration of biologically degrad-
able substances (Joshi and Santani, 2012: Hassan et
al., 2022). However, this is not the case with the BOD
value obtained in this study. The high content of Ca,
Mg and HCO; observed in the municipal wastewater
could be because wastewater contains high nutrient
content (both micro and macro nutrients) that can
support plant growth. Similar findings of high Ca and
HCO; content have been reported by Aijaz et al. (2022)
in industrial wastewater.

The assessment of heavy metals in water from mod-
ern and local irrigation farm revealed that the Mn, Pb
and Cd contents recorded in both clean water and
wastewater were beyond the WHO/FAO permissible
limits in water for irrigation (WHO/FAQ, 2011). The
presence of high heavy metals in water for irrigation
tends to accumulate in the soil where they become
easily accessible to crops planted on them. Chaoua et
al. (2019) opined that the excessive accumulation of
heavy metals in agricultural soils is mainly through ir-
rigation with wastewater and poses a major threat to
residents who live and consume crops cultivated in the
contaminated area.
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Heavy metals accumulation in soil from both mod-
ern irrigation farm and local irrigation farm were be-
low the WHO/FAO toxic limits. This could be explained
by the fact that the wastewater used in this study was
municipal and not industrial wastewater and thus con-
tain low concentrations of heavy metals which could
not have had high accumulation in the soil samples.
Similar findings of low accumulation of heavy metals
in soil irrigated with municipal wastewater have been
reported by Makhadmeh et al. (2021).

The significantly higher Org. C and Org. M contents
observed in soil from local farm irrigated with munici-
pal wastewater is in line with reports by Mustapha et
al. (2020). Irrigation with wastewater could improve
soil nutrients and organic carbon (Heinze et al., 2014:
Asirifi et al.,, 2021). An increase in organic matter in the
soil could improve the biological, physical and chemi-
cal characteristics of the soil.

The accumulation of Mn, Fe and Pb in the three
vegetables viz (Jute, Spinach and fluted pumpkin)
collected from modern farm irrigated with clean wa-
ter and local farm irrigated with municipal wastewa-
ter were within the WHO/FAO safe limits (WHO/FAQ,
2011). However, the Cd contents observed in the three
vegetables from both farms were beyond the WHO/
FAO safe limits. The presence of high levels of Cd in
crops beyond the recommended limits could cause de-
generative bone disease, liver damage, cancer, kidney
dysfunction, lung injuries and metabolic syndromes
associated with Zn and Cu (Fay et al, 2018: Munir
etal., 2022). The variations observed in the heavy met-
als accumulation in the three vegetables could be
attributed to the differences in the morphology and
physiology of the three vegetables for heavy metals
usage and the plants’ capability to uptake and accu-
mulate heavy metals (Habu et al., 2021).

A significant increase observed in the mineral com-
position of Jute, Spinach and fluted pumpkin irrigated
with municipal wastewater over the control group ir-
rigated with clean water could be attributed to the
ability of wastewater to supply carbon nutrients and
micronutrients to support plant growth and develop-
ment. Similar findings of improved nutritional compo-
sition have been reported in tomatoes irrigated with
wastewater by Kekere et al. (2020) and in lettuce and
spinach by Waheed et al. (2019).

Wastewater has been a valuable source of plant
nutrients and organic matter. However, Alobaidy et al.

(2010) opined that it may pose undesirable environ-
mental and health impacts. Certain risk factors have
been identified with the continued use of wastewater
for irrigation, some of which are short term (microbial
pathogens) whereas others have a longer-term impact
that increases with the continued use of wastewater
such as salinity effects on the soil and accumulation of
some compounds in the soil. Thus, so many guidelines
have been developed to give a quality criteria and
guidance on the use of wastewater for irrigation (EPA,
2004)

Conclusion

This study revealed significantly higher concentrations
of Ca and Mg in municipal wastewater and the pres-
ence of high concentrations of heavy metals in water
from both modern farm and local farm studied, sug-
gesting that they are not fit for irrigation purposes.
The study further revealed a high accumulation of Cd
in three vegetables collected from both farms and ex-
cept for cadmium, there was no accumulation of other
heavy metals noted in the soil and water in the three
vegetables studied. Our investigation also revealed
that jute, spinach and fluted pumpkins irrigated with
municipal wastewater had higher mineral compo-
sition than those from modern farm irrigated with
clean water. This implies that municipal wastewater
irrigation could be utilized in improving the mineral
compositions of leafy vegetables. However, it is highly
recommended that the wastewater is treated properly
to avoid heavy metal contamination.
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