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ABSTRACT

Article History:

Farmers in peri-urban areas use diluted wastewater for irrigation. Over time, heavy metals may accumulate
in agricultural soils and food crops causing health problems when consumed. Physicochemical, heavy metals
(cadmium, lead and chromium) and microbial analysis of water, soil and vegetables were conducted to
ascertain the quality of water and vegetables using standard methods. The results of the study showed that
the water quality indicators; dissolved oxygen, biochemical oxygen demand and water temperature were not
within the recommended standards of Ghana’s Environmental Protection Agency. The presence of heavy
metals in the water, soil and vegetables were in the order of; soil (1.47 ± 0.017 of cadmium, 0.0019 ± 0.00011
of chromium and 0.541 ± 0.017 of lead) > vegetable (1.472 ± 0.044 of cadmium, 0.0020 ± 0.00010 of chromium
and 0.474 ± 0.021 of lead) > water (0.068 ± 0.009 of cadmium, 0.0047 ± 0.00037 of chromium and 0.110 ±
0.014 of lead). Cadmium, chromium and lead concentrations in soil, vegetables and water varied significantly.
Cadmium and lead concentrations as well as coliform counts in water and vegetables exceeded Food and
Agriculture Organization/ World Health Organization’s maximum permissible levels. Soil samples from the
control site showed almost negligible concentrations of heavy metals (0.00017 mg/kg of cadmium, 0.00014
mg/kg of chromium and 0.0011 mg/kg of lead) whereas farm sites had heavy metals as a result of long-term
wastewater irrigation. Cadmium and lead concentrations in the water and vegetables makes them toxic and
microbial populations of faecal coliform in water and lettuce indicated faecal contamination. Therefore, the
quality of vegetables produced using the Bibini river is low and unsafe for human consumption.
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1. INTRODUCTION
In Ghana, urban and peri-urban agriculture is developing wherever land is
available close to streams and drains (Obuobie et al., 2006). In Kumasi for
example, informal irrigation, which uses stream water is estimated to
cover 11,500 ha, which is twice the total area under formal irrigation in
the whole country (Keraita and Dreschel, 2004). Buckets, motorized
pumps with hosepipe and surface irrigation are used to fetch, pump and
water crops. Surface water used for irrigation is usually of low quality due
to human activities which introduces metals and other pollutants into the
water (Dyjak, 2018). Generally heavy metal pollution originates from
sources like untreated domestic and industrial waste discharges,
accidental chemical spills, direct soil waste dumping, and residues from
agricultural inputs namely fertilizers and pesticides (Tchounwou et al.,
2012; Mico et al., 2006). Bio-accumulation of heavy metals occurs over
time after entering the body through food, water or air.
Heavy metals like cadmium, lead and chromium are important
environmental pollutants because their presence in water or the soil even
in traces can result in serious problems to organisms and humans when
they bio-accumulate in the food chain. One of the main routes of exposure

to these elements by humans is by ingestion through the food chain (Ejaz
et al., 2007). Compared with about 800-1000 farmers practicing
wastewater irrigation in Accra, every day, more than 200, 000 urban
dwellers eat fast food with contaminated raw vegetables (lettuce and
cabbage) in street restaurants. For instance, a survey conducted by
International Water Management Institute between 2008-2014 estimated
that in the main cities in the country, a total of 800,000 people has the
component of raw leafy vegetables in their diet daily (Amoah et al., 2007).
Dietary intake of vegetables contaminated with heavy metals may lead to
various diseases; exposure to Cadmium may lead to renal and pulmonary
diseases such as bronchiolitis, emphysema and alveolitis, Lead may cause
a reduced haemoglobin synthesis, malfunctioning of the kidney, joints,
reproductive system, cardiovascular system and chronic damage to the
central and peripheral nervous system and, high concentration of
Chromium may cause mucous membrane ulcerations, perforation of the
nasal septum, allergic asthma reactions, skin irritations and bronchial
carcinomas (European Union, 2002; Young, 2005; Ogwegbu and Muhanga,
2005; Baruthio, 1992). These afore-mentioned metals are of interest
because the main effluent (wastewater) flowing into the river is greywater
and they (cadmium, lead and chromium) are metals found in greywater
(Donner and Erikson, 2010).
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The extent of contamination depends on several factors including the
quality of water used for irrigation. Water quality parameters like pH,
temperature and dissolved oxygen affects the availability and solubility of
micronutrients or metals for crops consumption (British Columbia
Ministry of Environment et al., 1998). Vegetables accumulate heavy metals
in their edible and non-edible parts. Although some heavy metals act as
micro-nutrients at lower concentrations, they become toxic at higher
concentrations. Health risks due to heavy metal contamination have been
widely reported (Eriyamremu et al., 2005; Muchuweti et al., 2006). The
major contaminants in wastewater also include microbial organisms
which severely affect the health of humans as well as the environment
(Davies, 2005). In wastewater, the presence of organic matter promotes
the breeding of most pathogenic organisms (like bacteria, fungi, viruses
and protozoa) which cause a number of water-borne diseases
(Jegatheesan et al., 2008).
Majority of pathogenic water-borne microbes responsible for human
diseases are from faecal wastes (Kris, 2007). These diseases include
typhoid fever, cholera, salmonellosis and hepatitis A. Over the past years,
a vibrant vegetable farming where diluted wastewater is used for
irrigation has been observed along the Bibini river which passes through
KNUST. The lettuce produced is purchased by fast food vendors who use
the lettuce in its raw state as salad. This makes it difficult to get rid of faecal
coliforms as aside cooking, washing is not a reliable way to remove faecal
coliform. Also, heavy metals biomagnify and bioaccumulate on entry into
the food chain causing detrimental health effects. This study is aimed at
ascertaining the quality of the water used for irrigation and its impact on
vegetable quality.

2. MATERIALS AND METHODS
2.1

Study area

a tributary of Wiwi river. Bibini river receives effluent from a drain
whose surrounding environs consists of a petroleum filling station, cars
washing bay, gymnasium, hair salons, greywater drains from adjoining
hostels as well as drains from some KNUST engineering laboratories. The
focus of the study was on lettuce farms found directly along the Bibini
river whose irrigation source is the river and this was because lettuce
was the common vegetable on all the farms. The produce (lettuce) from
farms along the Bibini river is usually purchased by market women from
Kumasi and sometimes Accra in bulk for retail to food vendors,
restaurants and also, to other vegetable sellers who buy them in small
quantities.
2.2

Water

The dissolved oxygen concentration and water temperature were
measured directly in the river from the entry point of the drain into the
farm then at every 50 m interval afterwards. Water samples were collected
at every point of measurement and taken to the laboratory in sterilized
plastic bottles with labels, placed in an ice chest and transported to the
laboratory for preparation and analysis using American Public Health
Association standard methods (America Public Health Association, 2017).
The pH and total dissolved solids were measured within 24 hours and the
biochemical oxygen demand obtained after 5 days. This was done once
monthly between October, 2019 to December, 2019. A volume of 50 ml of
water was acidified with a tri acid mixture of volume 10 ml comprising
nitric acid (HNO3), sulphuric acid (H2SO4) and percloric acid (HClO4) in the
ratio 1:1:1 and digested on a hot plate in a fume chamber for 30 minutes.
The dissolved solution was then allowed to cool after which it was filtered
with Whatman filter paper and diluted with distilled water to the 50 ml
mark of the volumetric flask. Concentrations of lead (Pb), chromium (Cr)
and cadmium (Cd) were determined using an atomic absorption
spectrophotometer (AAS) (BUCK Scientific, Model 210 VGP).
2.3

Vegetable

Composite samples of lettuce (50 – 60 days old) were randomly taken
from each of the 5 farm sites along the river comprising 20 subsamples
from each farm. The lettuce samples were placed in labelled ziplock bags,
stored on ice and transported to the laboratory. Lettuce samples were
thoroughly washed with distilled water, cut into pieces, mixed up and oven
dried at 70-80 °C for 24 hours. The dried lettuce was then ground into fine
powder using a stainless-steel blender and sieved with a <2 mm sieve. 2 g
of the vegetable was accurately weighed on a balance into an acid washed
beaker, acidified with 15 ml of tri acid mixture comprising HNO 3, H2SO4
and, HClO4 in the ratio 5:1:1 and digested at 80 °C till the mixture turned
transparent (Akan et al., 2009). The solution was set aside to cool and
filtered afterwards with a Whatman filter paper into a 50 ml volumetric
flask. Distilled water was then used to top up the filtrate till it got to the 50
ml mark. Concentrations of Pb, Cr and Cd were determined using AAS
(BUCK Scientific, Model 210 VGP) based on standard methods for the
examination of water and wastewater.
2.4

Figure 1: A map of KNUST showing Bibini river
The study was conducted at KNUST which is in the Kumasi Metropolis of
Ghana. The Bibini river shown in Figure 1 is found within KNUST and is

Soil

Composite samples comprising 20 subsamples were randomly taken from
each of the 5 farm sites along the river specifically from beds having lettuce
on them. 20 subsamples were taken from an adjacent piece of uncultivated
land about 26 m away from farming area to serve as control. The soil
samples were placed in labelled ziplock bags, stored on ice and conveyed
to the laboratory. Soil samples were completely oven dried at 100 °C for
24 hours and ground manually in a ceramic mortar with ceramic pestle till
all soil particles excluding stones became fine to decrease subsample
variability. The soil was then sieved with a <2 mm sieve and stored in
airtight ziplock bags for analysis. 1 g of the soil sample is weighed on a
balance, acidified with HNO3 and HCl in the ratio 1:3 by volume and
digested on a hot plate in a fume chamber till the solution turned lighter
or straw in colour (Hossner, 1996). The solution was set aside to cool and
filtered afterwards with a Whatman filter paper into a 50 ml volumetric
flask. Distilled water was then used to top up the filtrate till it got to the 50
ml mark. Determination of concentrations of Pb, Cd and Cr in soil was done
using AAS (BUCK Scientific, Model 210 VGP).
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Instrumentation

The basic setup (air pressure = 50 – 60 psi, acetylene pressure = 10 -15 psi
and voltage = 208 – 240 V) of the AAS was ensured. The file for the type of
analysis and hollow cathode lamps were selected with appropriate
wavelengths; Cd at 228.9 nm, Cr at 357.9 nm, Pb at 217.0 nm. A calibration
curve was plotted for each of the elements to be analyzed from the stock
standards (Buck Scientific). The digested sample solution was analyzed for
the elements; Cd, Cr and Pb. The Y in the calibration equation is
absorbance of the element and X is the concentration of the element in the
sample. X was calculated after substituting the absorbance reading of the
sample into the calibration equation. This gave X in terms of mg/L. The
total concentration of the element in the sample solution (100 ml) was
calculated by multiplying the concentration in mg/L by 0.1 L. This gave the
total mass of the element in solution. The percentage amount of the
element was found using Equation 2.1 (Wodaie and Abebaw, 2017):
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝐶𝑑, 𝑃𝑏 𝑎𝑛𝑑 𝐶𝑟) =

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝐴𝐴𝑆 ×𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒

(1)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

Where:
Nominal volume =100 ml
Sample weight = 1.00g
2.6

Microbial analysis

Total and faecal coliform counts were determined in water and vegetable
samples using the most probable number (MPN) following APHA-AWWAWEF standard methods (American Public Health Association, the
American Water Works association, and the Water Environment
Federation, 2017). Serial dilutions of 10-1 to 10-10 were prepared by
putting 1ml of the sample into 9 ml of sterile distilled water. One
millimetre aliquots from each of the tubes were inoculated into 5 ml of
MacConkey Broth with inverted Durham tubes and incubated at 35 °C and
44 °C for total coliforms and faecal coliforms respectively for 24 hours.
Tubes that showed a change in colour from purple to yellow and had gas
collected in the Durham tubes after the 24 hours were identified as
positive for total and faecal coliforms. The MPN tables were used to
calculate counts per 100 ml of sample. A drop from each of the positive
tubes was transferred into a 5 ml test tube of trypton water and incubated
at 44oC for 24 hours. Afterwards, a drop of Kovac’s reagent was added to
the tube containing the trypton water. All tubes that showed development
of a red ring after gentle agitation denoted the presence of indole hence
was recorded as a presumptive for thermotolerant coliforms (Escherichia
coli).
2.7

Data was statistically analyzed using analysis of variance with the GenStat
statistical package (12th edition). The means were separated using the
least significant difference (LSD) at 95% confidence level.

3. RESULTS AND DISCUSSION
Physicochemical parameters of irrigation water

Variables described in this section include dissolved oxygen, temperature,
pH, dissolved solids and biological oxygen demand, and represents
analysis of samples taken from the entry point of effluent into river
(referenced as 0 m) and subsequently after every 50 m interval.
3.1.1

Temperature
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Data analysis

3.1

Results of temperature of the irrigation water from various sampling
points are presented in Figure 2. From the results, water temperatures for
October, November and December ranged from 25.10 to 29.05, 25.10 to
30.15 and 25.70 to 30.40 °C, respectively. Temperatures at all points
except the 350 m point were below Ghana’s Environmental Protection
Agency’s maximum limit of 30 °C. Generally, water temperatures differed
significantly (p ≤ 0.001) across the points (Figure 2) and were higher in
December than the other months. Precipitation decreased from October
(minor rainfall in Ghana) to December and may account for the pattern
observed (Figure 2). Consistently, across all months, the lowest and
highest temperatures were observed at 200 and 350 m from the reference
point. Water temperature was about 4 % or more higher in 350 m than in
the other points in all three months. Absence of riparian vegetation around
350 m from the effluent entry point increased solar penetration which
correspondingly increased the water temperature at that point. This
observation accords with who reported that reduced riparian cover
increases average water temperatures (Pusey and Arthington, 2003).
Aside the 200 m, the effluent entry point (0 m) had generally lower
temperature than all other points. This could be due to atmospheric
temperature variations during field measurements as the entry point was
the first sampling point at all times (8-9 am). Some aquatic plants were
present at the 200 m point which could be responsible for the deflection
of sunlight from the water surface resulting in the relatively lower
temperature observed at this point. High water temperature enhances
chemical and biological reactions that consume oxygen and also, reduces
the solubility of oxygen in water (Kundzewicz and Krysanova, 2010).

BO D (mg/L)
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27.75

Figure 3: Biochemical oxygen demand variations along river
The biochemical oxygen demand was measured to give a clearer indication
of the amount of organic pollution present in the water and the results are
shown in Figure 3. BOD measures the amount of oxygen aerobic bacteria
use to remove waste organic matter from water through decomposition
(United States Environmental Protection Agency, 2012). Biochemical
oxygen demand at the points varied from 52.2 to 403.2 mg/L with the
lowest and highest BOD observed at the 350 m and reference point,
respectively. With the exception of the 350 m point, all points along the
river had BOD concentrations exceeding the recommended BOD
concentration in irrigation water of 50 mg/L (EPA, Ghana). The level of
organic pollution in a river depends on two counteracting mechanisms;
pollutant loading and natural cleaning (Wen et al., 2017). This could
explain why the reference point contained the highest total dissolved
solids (Figure 5) and lowest dissolved oxygen (Figure 4) but had the
highest BOD concentration. Increasing distance away from the reference
points accounted for about 75 % of the variations observed in BOD (Figure
3) suggesting the effluent was the main source of pollution in the river.
Thus, general decrease in pollution away from the reference point resulted
in reduction of BOD.
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Figure 2: Temperature variations along river
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increased from the wetter month (October) to the drier months
(November, December) and this finding is similar with observation made
(Byamugisha and Ntambi, 2016). The authors reported that TDS normally
increases from wet to dry seasons and which was due to low and high
evaporation rates respectively. Changes in river discharge affects the river
dilution capacity increasing risk of river pollution in periods of reduced
climate wetness (Milly et al., 2005; McDonald et al., 2011).
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Figure 4: Dissolved oxygen variations along river
Figure 4 represents dissolved oxygen concentrations along the river in
October to December. The lowest concentrations of DO in irrigation water
were observed at the entry point of effluent or drain (0.27 mg/L) and the
highest at 350 m away from the reference point (Figure 4). Except for the
distance 350 m and 150 m where a sharp increase in dissolved oxygen
were observed, there was a general gradual increase in oxygen
concentration along the river. A strong relationship (r = 99 %) existed
between dissolved oxygen and distance in November and December
(point 150 and 350 m excluded) but not in October which averagely had
the highest precipitation (Appendix 1). Oxygen concentrations increased
away from the pollution source due to the dilution occurring as effluent
moved along the river. Lower dissolved oxygen levels were found at higher
polluted zones (zones with high TDS) as high microbial growth gets
stimulated and, they use up available dissolved oxygen to break down
organic materials (Sirota et al., 2013). According to a study, high water
temperature is expected to reduce the concentration of oxygen in water
but the highest dissolved oxygen was also found at the 350 m point which
had the highest water temperature (Figure 2) (Kundzewicz and
Krysanova, 2010).
This can be attributed to the low extent of water pollution (low BOD)
which limits biological reactions that require oxygen. The relatively higher
dissolved oxygen also observed at the 150 m point can be explained by the
presence of aquatic plants at this zone which undergo photosynthesis and
release oxygen into the water. Generally, higher DO was observed in
October than in November and December from the 200 to 350 m away
from the effluent entry point. This could be attributed to the higher
precipitation that occurred in October which may have introduced more
oxygen into the surface waters. The impact of precipitation however is
likely be more prominent in less polluted than more polluted zones. This
may account for the higher DO concentrations from the 200 to 350 m
points. Concentrations of dissolved oxygen in the reference point and 50
m were generally similar (p> 0.05) but were all lower (p ≤ 0.001) than that
found in the other points. The only exception was found between 50 and
200 m in December where dissolved oxygen differences among the two
points did not differ (p> 0.05). The dissolved oxygen level required in
irrigation water is 1 mg/L (EPA, Ghana) hence the water can be said to be
of low quality since the oxygen levels are below the standard.
500.

TDS (mg/L)

375.

250.

125.

0.
0

125

250

375

500

A steady decline in TDS concentration was observed with distance along
the river but a sudden increase was detected at 400 m. The sharp rise in
TDS 400 m away from the reference point could be linked to presence of
another drain that supplies effluents to the river. About 87, 88 and 89 %
of the variations found in TDS concentrations were accounted for by
distance (400 m excluded) in October, November and December,
respectively (Appendix 2). This is because concentration of solids at the
entry point of effluent is higher but dilutes as it moves along the river
reducing the amounts of solids introduced (Wen et al., 2017). The TDS
concentration required for irrigation water is ≤1000 mg/L (EPA, Ghana)
and the concentrations measured in the studied sites were well below the
standard showing a potential for the water to be used for irrigation
purposes.
3.1.3

pH

Fig. 6 displays the pH measured along the river from October through to
December ranging from 7.30 -8.19. The pH was alkaline at all points and
was generally relatively lower in the wetter month (October) than the
drier months (November and December). The highest pH was observed at
200 m away from the reference point across all months and were
significantly higher (p ≤ 0.001) than all other points. This can be as a result
of a refuse dump sited close to this point which releases leached materials.
Unlike October where the least pH was observed at 350 m away from
reference point, in November and December, the least pH values were
recorded at the 300 m point from reference.
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Figure 6: pH variations along river
The generally basic state of the water can be explained by the nature of
wastewater released into the river which is largely greywater and contains
detergents as well as soap-based products. Another factor that can be
responsible for the basicity of the water is anaerobic respiration by
microbes resulting in the production of gases like methane and ammoniathese gases are basic in nature and on dissolution into a medium, turns the
medium basic (Roychoudhury, 2019). The pH of irrigation water affects
the soil pH which also greatly influences the movement and bioavailability
of heavy metals for plant uptake (Nigam et al., 2001). Lead solubility
decreases with increased pH (Kim et al., 2011). Also, chromium tends to
precipitate under neutral to basic pH (Oliveira, 2012). However, cadmium
precipitates and has low solubility at low pH (0 to 4) (Zhang et al., 2018).
The optimum pH for irrigation water is between 6.0- 9.0 (EPA, Ghana)
showing the water pH is suitable for irrigation purposes.
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Figure 5: Total dissolved solids variations along river
The total dissolved solids in the water sampled along the river across all
the three months are shown in Figure 5. Observation in all three months
showed the highest and least TDS concentrations were observed at the
reference point and 350 m, respectively. Mean TDS values generally

3.2

Heavy metals in irrigation water

The mean concentrations of heavy metals in the river at the various points
are described in Table 1. Cadmium, lead and chromium concentrations
ranged from 0.025 to 0.113, 0.008 to 0.204 and 0.001 to 0.007 mg/L,
respectively. Cadmium concentrations generally increased with distance
(r2 = 70) but a poor relationship exist between distance and, chromium
and lead (Appendix 3). Point 1 had the lowest cadmium, chromium and
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lead concentrations and were all significantly lower than all other points
(p < 0.001). Differences found between cadmium concentration at point 1,
2 and 4 were not significantly different. Point 4, 5 and 7 respectively had
the highest lead, chromium and, cadmium concentrations. The
concentration Cr in the water was below the permissible values of 0.1
mg/L whereas Cd and Pb exceeded their maximum permissible limits
(EPA, Ghana).

effects (like kidney dysfunction) as the metals biomagnify and
bioaccumulate on entry into the food chain (Saidi, 2010).
Table 2: Heavy metals concentrations in soil
Sites

Cd

Cr

Pb

1

1.390±0.0168

0.0015±0.00012

0.559±0.029

2

1.517±0.0208

0.0019±0.00035

0.633±0.045

Table 1: Heavy metals concentration in irrigation water
Distance(m)
Cd
Pb
Cr
0 (point 1)
0.035±0.0003 0.01±0.0002 0.001±0.00001
50 (point 2)
0.026±0.0065 0.05±0.0024 0.006±0.00032
150 (point 3)
0.081±0.0078 0.09±0.0024 0.003±0.00020
200 (point 4)
0.031±0.0084 0.20±0.0099 0.005±0.00026
300 (point 5)
0.067±0.012
0.15±0.0049 0.007±0.00018
350 (point 6)
0.114±0.0051 0.08±0.0027 0.006±0.00017
400 (point 7)
0.114±0.0079 0.16±0.0041 0.005±0.00026
Lsd(5%)
0.0242
0.02
0.0007
P
<0.001
<0.001
<0.001
EPA Ghana standard
≤ 0.1
≤0.1

3

1.456±0.0492

0.0021±0.00015

0.501±0.006

4

1.487±0.020

0.0016±0.00015

0.509±0.010

5

1.521±0.023

0.0024±0.00012

0.502±0.011

Control
Lsd (5 %)

0.00017±0.000
009
0.080

0.00014±0.0000
12
0.00055

0.0011±0.0000
12
0.071

P

<0.001

<0.001

<0.001

FAO/WHO
Standard
(2001)

≤3

≤50

≤100

Cadmium is a rare element which is exclusively derived from ores of zinc
(Townshend, 1995) and its presence in water samples could be attributed
to the presence of cadmium metals used in manufacturing parts of vehicles
such as Ni-Cd batteries. The source of cadmium can also be cadmium
substances (zinc containing materials) from road dust which get attached
to surfaces of cars and transferred to the car washing bay. Petroleum fuel
used in cars can contribute to the cadmium in irrigation water (Anon.,
2011). A similar study however, found cadmium in only 1 out of their 3
samples and attributed it to the washing of Ni-Cd batteries at washing bays
(Abagale et al., 2013). They attributed the non-detection of cadmium in the
other 2 samples to the rarity of cadmium metal hence the low probability
of its usage in the manufacturing of vehicle parts. The presence of high
concentrations of cadmium in irrigation water poses a threat to the
ecosystem as increased cadmium concentrations have been found to
increase soil and plant cadmium over time, thereby increasing cadmium
flow through the food chain (Zanders et al., 1996).

3.4

Lead sources in the irrigation water could be lead paints and car batteries
(Divya et al., 2012). At high concentrations, lead in irrigation water can
slow down plant cell growth (Pescod, 1992). In humans, lead accumulates
in the bones and teeth without necessarily affecting the bones but are
stored and released into the bloodstream from where it moves to target
organs like the brain. Calcium-deficient people have the tendency to
accumulate more lead in their bones resulting in higher lead toxicity
(Bradl, 2005). However, in aquatic ecosystems, lead accumulates in the
skin, bone, liver and kidney and does not get biomagnified up the food
chain rendering it less problematic through this route (Taub, 2004).
3.3

Heavy metals in soil

The respective mean concentrations of lead, chromium and cadmium in
the soils ranged from 0.001 to 0.633, 0.0001 to 0.002 and 0 to 1.521 mg/kg
(Table 2) with soils sampled from the farm sites having higher cadmium,
lead and chromium concentrations than an adjacent uncultivated and nonirrigated piece of land (control). The concentration of the chemicals in the
soils along the river were significantly (p ≤ 0.001) affected by distance
although the patterns were inconsistent (Appendix 4). The significantly
higher metal concentrations in soil samples than in the uncultivated area
indicates that the main source of heavy metals contamination of is longterm anthropogenic activities (Yeketetu, 2017). Although Cd, Cr and Pb
were in concentrations below permissible limits of FAO/WHO (Table 2),
there were significant differences between metals concentrations (p≤
0.001). The presence of heavy metals in the soil should be of concern
because heavy metals in water used for irrigation tend to accumulate in
the soils over time where there is a potential that they could become
bioavailable for crops consumption (Toze, 2006). Moreover, heavy metal
contamination is considered as the foremost indicator of food safety and
quality (Marshall, 2004; Radwan and Salama, 2006; Khan et al., 2008).
Human and animal consumption of such crops may lead to detrimental

Heavy metals in vegetable

Table 3 and Appendix 6 show the results on the concentration of heavy
metals in the vegetables. Concentration of lead at the 5 sites did not differ
significantly (p > 0.05) but differences were observed for chromium and
cadmium concentrations. Metals like cadmium, chromium and lead do not
have any known physiological activity in plant growth but are shown to be
harmful beyond certain target values (Marschner, 1995; Bruins et al.,
2000). Lead concentration in vegetables was above the permissible value
given by FAO/WHO (Table 3) at 0.3 mg/kg. This agrees with findings from
a study carried out by where lead was found in 100% of vegetable samples
irrigated with wastewater and was 1.8- 1.35 times more than the
maximum required limit used (Lente et al., 2014). Cadmium levels in the
vegetables varied from 1.324 to 1.77 mg/kg in site one and five,
respectively and were all above the FAO/WHO (Table 3) standard of 0.20
mg/kg.

Sites
1
2
3
4
5

Table 3: Heavy metals concentrations in vegetable.
Cd
Pb
Cr
1.77±0.066
0.496±0.008
0.0016±0.00018
1.4367±0.024 0.4701±0.011 0.0023±0.00015
1.456±0.049
0.45±0.12
0.0019±0.00012
1.3743±0.009 0.467±0.023
0.0023±0.00032
1.324±0.002
0.487±0.016
0.0019±0.00009

Lsd (5%)

0.1216

0.174

0.0006

p

≤0.001

>0.05

>0.05

FAO/WHO
standard (2007)

≤0.20

≤0.30

≤2.30

Similarly, high levels of cadmium were reported in studies conducted in
Harare, Varanasi and Addis Ababa (Mapanda et al., 2007; Sharma et al.,
2007; Weldegebriel et al., 2012). Vegetables at site 2, 4 and 5 contained
similar amount of cadmium but were all lower than in site 1 and 3.
Ingestion of cadmium and lead contaminated vegetables can cause
neurological and kidney problems (World Health Organization, 2020).
Except for cadmium which showed a strong relationship (r² = 0.75), weak
relationships were observed between concentrations of lead (r²=0.04)
and chromium (r² =0.11), and the distance (Appendix 5). Chromium levels
across all sites were < 0.0023 and were more in site 2 and 4 than in site 1.
Chromium did not compromise the safety of the vegetables as its
concentrations were not over and above its allowable limit as was
observed in a similar study by where chromium in cultivated vegetables
was below limits.
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Heavy metals in water, soil and vegetable

Cadmium, chromium and lead concentrations difference among the soils,
water and vegetables are presented in Table 4. Concentrations of the three
chemicals in that corresponding order ranged from 0.07 to 1.47, 0.002 to
0.005 and 0.11 to 0.54 mg/L (Table 4). Concentrations of the chromium
and cadmium in soil and vegetables were similar (p > 0.05) but the former
contained higher (p > 0.001) lead concentration than the latter. Lead and
cadmium concentrations were lower in the water than in the soil and
vegetables. The water contained the highest chromium which was
significantly higher than that contained in both soil and vegetables.
Concentrations of heavy metals are in the order soil > vegetable >
irrigation water. This can be due to the bioaccumulation of metals present
in irrigation water used over an extended period of time (about 40 years)
in the soil. Findings through a similar research buttresses this with their
findings that showed more than 85% of applied trace elements
accumulated in the soil, most especially in the surface few centimetres
(Evans et al., 1979).
Table 4: Heavy metals in soil, vegetables and water
Treatments
Cd
Cr
Pb
Soil
1.474±0.017 0.0019±0.00011 0.541±0.017
Vegetable
1.472±0.044 0.0020±0.00010 0.474±0.021
Water
0.068±0.009 0.0047±0.00037 0.110±0.014
Lsd (5 %)
0.0348
0.0008
0.047
P
≤ 0.001
≤ 0.001
≤ 0.001
Cadmium and lead are relatively immobile in the soil and as a surface
derived contaminant, gets accumulated in the surface of the soil (Zanders
et al., 1996; de Abreu et al., 1998). Usually, soil contaminated by human
activities have the highest concentrations of heavy metals in the surface
horizons (Horvath and Gruiz, 1996; Chopin et al., 2003; Boularbah et al.,
2006). Leafy vegetables cultivated on contaminated soils are considered
one of the major sources of heavy metals in human diet (Zhou et al., 2016).
Fast growing plants like lettuce tend to undergo luxury consumption
where they absorb high levels of nutrients which are in excess of their
immediate requirements for growth within the soil (Lambers and Poorter,
1992). Also, the major source of heavy metal accumulation is the soil-plant
interface (Bini et al., 2012; Khan et al., 2015). This can explain the
cadmium and lead pollution of vegetables on the farm. It is extremely
difficult to remove heavy metals from living organisms because heavy
metals pass through a series of processes that include bioaccumulation,
transformation, and biomagnification after entering the food chain
(Widowati, 2012).
3.6

Total and faecal coliforms in irrigation water and on vegetables

Total and faecal coliform in the irrigation water are in Table 5 with their
concentrations ranging from 3.3E+07 to 4.9E+10 CFU/ 100 ml and
3.7E+06 to 4.1E+10 CFU/ 100 ml. Point source of effluent contained the
highest total and faecal coliforms with concentrations generally
decreasing away from the effluent entry points. Relationship between
distance and faecal coliform in water was weak but distance accounted for
about 62 % of the variations observed in total coliform present in water
(Appendix 6). A strong (r = 0.59) relationship existed between distance
and total coliforms on vegetables but a weak relationship existed between
distance and faecal coliform on vegetables (Appendix 7).
Table 5: Populations of faecal and total coliforms in water
Points
Total coliform
Faecal coliform
Point 1
4.9E+10
4.1E+10
Point 2
2.7E+10
1.8E+09
Point 3
3.3E+07
3.7E+06
Point 4
6.5E+08
2.6E+08
Point 5
1.1E+08
1.8E+07
Point 6
2.6E+08
1.2E+08
Point 7
7.6E+08
1.8E+08
Populations of total and faecal coliforms decreased away from the entry
point of effluent due to the dilution effect along the river. As expected,

populations of total coliform exceeded faecal coliform because total
coliform includes all bacteria found in human or animal waste and, water
and soil which have been affected by surface water while faecal coliform
comprises only bacteria specifically found in the gut and faeces of warmblooded animals (New York State Department of Health, 2020). The
populations of total and faecal coliforms in the water corresponds to the
coliforms found on vegetables (Table 6). High populations of coliforms
were found on vegetables in farms close to the entry point of effluent and
vice versa.
Table 6: Total and fecal coliforms on vegetables.
Sites
Total coliform
Faecal coliform
Site 1
2.4E+10
1.7E+09
Site 2
6.1E+09
9.8E+07
Site 3
3.5E+08
4.2E+06
Site 4
6.7E+09
3.5E+08
Site 5
4.4E+07
4.2E+06
According to World Health Organization, Escherichia coli (E coli) are the
only true indicator of faecal contamination hence their presence at all
points indicates faecal pollution is present and possibly, pathogens are
present as well (World Health Organization, 2011). Ingestion of faecal
contaminated food could lead to fever, nausea, headache, abdominal pain,
vomiting and diarrhoea (World Health Organization, 2020). The
populations of faecal coliform in the water exceeded the recommended
standard in irrigation water at all points at 1.0E+3 CFU/ 100 ml (World
Health Organization, 2000) rendering it unsuitable for vegetable crop
irrigation. The vegetables produced with the irrigation water were
contaminated with faecal coliforms hence unsafe for human consumption
especially as it is consumed raw and washing them may not properly
eliminate the contaminant (Hirsch, 2019).

4. CONCLUSION
The following conclusions can be drawn from the study:
•
Even though the TDS and pH of the irrigation water were within
Ghana’s Environmental Protection Agency’s standard, dissolved
oxygen levels were low, biological oxygen demand and temperature
were high. This indicates low water quality of irrigation water.
•
Heavy metals (Cd, Pb and Cr) are present in the water, soil and
vegetables with cadmium and lead found in vegetables at
concentrations above the permissible levels. This makes them unsafe
for human consumption as they can have adverse health implications
on consumers.
•
Microbial populations of faecal coliforms were found in the irrigation
water as well as on vegetables produced beyond required levels
indicating the vegetables produced are contaminated and of low
quality hence can affect human life when consumed.
It is strongly recommended that:
•
Farmers be extensively educated and encouraged to relocate to other
suitable farming land.
•
Also, the study should be extended to other equally toxic metals in
future research.
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