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Abstract

Disposal of domestic and industrial waste into the Odaw River and Korle La-
goon in Accra, Ghana, has led to pollution of the lagoon and surrounding
soils. This study compared the elemental concentrations of heavy metals (lead
and zinc) and essential plant macronutrients (nitrogen, phosphorus and po-
tassium) in soils from the Korle Lagoon Area to those in baseline soils from
the University of Ghana Agricultural Farm (UG Farm), also in Accra. A
comparative pot experiment, using maize (Zea mays L.) as test plant, was
conducted to assess the effect of each soil type on plant growth. Soil samples
from the Korle Lagoon Area were significantly higher (P < 0.001) in lead
(Pb), zinc (Zn), nitrogen (N) and potassium (K) concentrations than samples
from the UG Farm. Mean plant height and mean leaf width of maize plants
harvested 7 weeks after planting (WAP) were both significantly higher (P <
0.003) for samples from the Korle Lagoon Area soil compared to those from
the UG Farm soil. Higher accumulation of Zn (448.3 * 45.5) in maize shoot
within 3 weeks of planting in the Korle Lagoon Area soil had phytotoxic ef-
fects on growth, resulting in shoot growth inhibition and reduced uptake of P
and K in 11-week-old plants. The findings indicate that though nutrient
enrichment due to sewage disposal into the lagoon may increase crop pro-
duction, the nutritional quality of the crop produced could be compromised
by heavy metal accumulation in the soil and subsequent uptake by the plant.
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1. Introduction

The Korle Lagoon, a major water body in Ghana’s capital city, Accra, covers a
total surface area of about 0.6 km” and drains a total catchment area of about 400
km? [1]. Its main inlets are the Odaw River and its major tributary, River Onya-
sia. The Odaw River drains the communities of Achimota, Dome, Legon, Ring
Road Industrial Area as well as the high-density, low-income areas of Nima,
Maamobi and Accra Newtown; while River Onyasia drains the northern parts of
Accra including Haatso, Papao and Agbogba [1] [2]. Due to poor management
of domestic and industrial waste in the catchment area, the Odaw River and the
Korle Lagoon (the major run-off receptacle into the Gulf of Guinea) have be-
come home to all sorts of pollutants [3] [4].

Indiscriminate disposal of both solid and liquid waste, including sewage, has
been cited as a major cause of nutrient element enrichment as well as heavy
metal pollution in the Korle Lagoon [5] [6] [7]. Electronic waste (e-waste) re-
cycling activities at Agbogbloshie in the upper reaches of the Korle Lagoon
constitute another source of heavy metal pollution in the catchment area [8] [9]. A
Pb concentration of 184 mg/kg in soil from the catchment area has been reported
[10]. This is higher than the global average of <10 mg/kg for non-contaminated
soils [11]. In a study of eight lagoons in the Central and Greater-Accra regions of
Ghana, the highest mean concentrations of phosphate (~60 pmol/L) and am-
monia (~1 mmol/L), a source of nitrogen, were recorded in water from the
Korle lagoon [12]. Reference [6] also found high concentrations of ammonia
(4.17 mg/l) and phosphate (4.51 mg/l) in water sampled from the Korle La-
goon. These values exceed their natural geogenic or background levels in
ground and surface water [13] [14]. According to the World Health Organiza-
tion (WHO), the presence of ammonia at higher than natural geogenic levels is
an indication of faecal pollution [15]. These examples highlight the anthropo-
genic enrichment of macronutrients and heavy metals in water and soils in the
Korle Lagoon Area. Since farming of food crops meant for human consump-
tion occurs within the catchment area, there is the need to investigate the ex-
tent of uptake of these elements by the crops and elucidate the impacts on
plant nutrition and growth.

This study compared the concentrations of heavy metals and essential plant
macronutrients in soil samples collected from the Korle Lagoon Area to samples
of a baseline soil series collected from the University of Ghana Agricultural Farm
at Legon, Accra. A pot experiment was set up to compare the growth of maize
(Zea mays L.) plants in soils from the two sites. Studies have demonstrated the
suitability of maize for such an experiment because of its ability to accumulate
heavy metals such as lead (Pb) and zinc (Zn) in both the below- and above-ground
parts of the plant [16] [17] [18]. The current study explored differences in maize
shoot elemental concentrations vis-a-vis plant growth parameters in a bid to as-
sess the effects of pollution in the Korle Lagoon Area on plant nutrition and

growth.
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2. Materials and Methods

Soils were collected from the Korle Lagoon Area and the University of Ghana

Agricultural Farm (Legon) for chemical analysis and for the pot experiment.

2.1. Description of the Korle Lagoon Soil Collection Site

The Korle Lagoon soil was collected from a farm located on a mudflat in the
Korle Lagoon, which was accessed using a canoe. The dominant plant species
found growing along the lagoon were Avicennia nitida (black mangrove) and
grass (mainly Panicum) species. There was evidence of solid waste pollution as
the mangrove trees were covered in rags, sacks, tins and plastics. Food crops
grown on the farm included maize and garden eggs. Personal communication

with the farmer revealed that crop yields were high.

2.2. Description of the University of Ghana Agricultural Farm Soil
Collection Site

The University of Ghana Agricultural Farm (UG Farm) is located on the north
side of the university’s main campus at Legon, which is also drained by the
Odaw River. Unlike the Korle Lagoon area, Legon has not been reported in the
literature for heavy metal pollution, hence its selection as the control site. Man-
agers of the farm normally acquire heaps of different soils for comparative expe-
rimental studies. At the time of soil collection, there were three different soil
types based on the parent material. These were identified as Adenta series, Touji
series and Haatso series. The Adenta series was selected for this study because it
was recommended by the farm managers as the most fertile of the three and the

most used for agricultural experiments.

2.3. Soil Collection and Processing for Pot Experiment

At the Korle Lagoon site, a 5 m x 5 m rectangular plot was demarcated in an
area identified as being representative of the sampling site. The topsoil within
the demarcated plot was collected to a depth of 10 cm. Soil from the UG Farm at
Legon was collected from the heap of Adenta soil series. Figure 1 provides a
map of a part of the Greater-Accra region of Ghana showing the soil collection
sites.

At both sites, unwanted debris including fallen twigs, leaves and plastics were
cleared from the soil surface before collection of the soil using a clean spade. The
soils were placed in clean jute bags and transported to a potting shed at the De-
partment of Plant and Environmental Biology, University of Ghana. Soil samples
were air-dried for two weeks to remove excess moisture and subsequently sieved

through a 2-mm sieve to remove foreign matter and homogenize the soil particles.

2.4. Experimental Design and Plant Growth Measurements

A total of twenty-four 5-litre plastic pails (pots) were used for the plant growth
experiment with 12 pots per soil treatment. Each pot was filled with 1 kg of soil
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Figure 1. Map of a part of the Greater-Accra region of Ghana showing soil collection sites.

accurately weighed (£0.001 kg) using a weighing balance. The pots had four
holes punched underneath each one (to prevent the soil from being waterlogged)
and were placed in shallow plastic plates to hold excess water. This prevented
nutrients from being lost from the set up. The potted soils were watered with
equal amounts of water for two days before planting of the test plant. One seed
of the Tuxpino variety of maize was planted in each pot and was watered daily
with equal amount of water for the duration of the experiment. The experimen-
tal set-up was completely randomized.

For each soil treatment, 3 replicates of the maize plant were harvested 3, 7 and
11 weeks after planting (WAP) for laboratory analysis. The plants were gently
uprooted, and the roots were washed with sufficient water to remove soil par-
ticles. After leaving to air dry for about an hour, the roots were separated from
the shoots by cutting 5 mm above the base of the shoot. The fresh weights of
roots and shoots were measured separately, after which they were placed in
brown envelopes and oven-dried at 70°C till constant weight. The dry weights
were then recorded and the root-to-shoot ratio for each plant was calculated.
Other growth parameters measured include plant height, plant girth, number of
leaves, leaf length and leaf width. For uniformity, all plant girth measurements

were taken 5 cm above the soil surface and plant height was measured from the
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base of the stem (1 cm above the soil surface) to the last leaf base closest to the

stem apex.

2.5. Soil Analysis

Sample preparation for determination of soil pH, electrical conductivity (EC)
and particle size distribution followed standard protocols as described by Van
Reeuwijk [19]. For determination of total N content of the soil samples, the
Kjeldahl method of digestion was used [20]. For extraction of available P in the
UG Farm soil, the Bray-1 method using a mixture of ammonium fluoride and
hydrochloric acid in the ratio 0.03M:0.025M was used while the Olsen sodium
bicarbonate method was used for the Korle Lagoon Area soil because of its high
pH [21]. For digestion of the soils for determination of total potassium (K), lead
(Pb) and zinc (Zn) concentrations, 1.0 g of each sample was weighed into a pre-
viously washed digestion tube and 10 ml of ternary mixture (20 ml HCIO3; 500
ml HNO;; 50 ml H,SO,) was added under a fume hood. The contents were
mixed and heated gently at medium heat on a block digester until dense white
fumes of sulphuric acid (H,SO,) appeared; after which it was heated strongly for
half a minute. It was then allowed to cool, and 40 - 50 ml of distilled water was
added before bringing to the boil again for half a minute on the same block di-
gester at medium heat. The solution was then cooled and filtered completely
(using a 9-cm Whatman no. 42 filter paper) into a 100 ml Pyrex volumetric flask
and made up to the mark with distilled water. Total soil K concentration was
determined by flame photometry and all other soil elemental concentrations

were determined using atomic absorption spectrophotometry [22].

2.6. Plant Analysis

For determination of Pb, Zn and K concentrations in the maize shoot, 0.1 g of
each pulverized plant sample was weighed into a clean 50 ml Pyrex conical flask
and 5 ml of concentrated H,SO4 was added and swirled to ensure that the entire
sample was wetted. After allowing to stand for one hour, the flasks were put on a
sand bath over medium heat in a fume chamber. Six drops of hydrogen peroxide
(H,0,) were slowly added (2 - 3 drops at a time) to avoid vigorous reaction of
the contents. This process was repeated until a colour change was observed,
from black to brown. The burner heat was then turned up while still adding
drops of H,O,. When the solution stayed colourless on cooling, H,O, was added
for the last time and left on the sand bath at high heat for 10 - 15 minutes. The
digest was then transferred into a 100 ml volumetric flask and was made to the
mark with distilled water [23]. The Kjeldahl digestion method [20] and the
Bray-1 method [21] were used respectively for determination of total N and
available P in the maize shoot samples. As with the soil analysis, total K concen-
tration in the plant samples was measured by flame photometry. Atomic absorp-
tion spectrophotometry was used to measure all other elemental concentrations

in the plant samples [22].
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2.7. Data Analysis

Statistical analyses were conducted using Minitab version 21. The two-sample
t-test was used to test the significance of observed differences in elemental con-

centrations and growth parameters.

3. Results

Both the Korle Lagoon Area soil and the UG Farm soil were sandy, but the latter
had lower soil pH and EC values and contained a significantly higher amount of
clay (Table 1). Significant differences were observed in soil Pb, Zn, N and K
concentrations with samples from the Korle Lagoon Area recording higher val-
ues than samples collected from the UG Farm (Table 2).

Comparison of maize growth parameters in the two treatments showed sig-
nificant differences in plant height and leaf width 3 WAP and 7 WAP, with
plants in the Korle Lagoon Area soil recording higher values (Table 3). There
was, however, no significant difference in plant height 11 WAP at which time
root-to-shoot ratio for maize plants in the UG Farm soil was significantly lower
than for those in the Korle Lagoon Area soil (Table 3), indicating better shoot
growth in the UG Farm soil. Mean leaf width was, however, significantly higher
in 11-week-old plants growing in the Korle Lagoon Area soil (Table 3).

Table 4 shows that maize shoot Pb concentrations were statistically compara-
ble for 3-, 7-, and 11-week-old plants harvested from both experimental treat-
ments although soil Pb concentration was significantly higher in the Korle La-
goon Area soil (Table 1). In the case of Zn, there was a significantly higher ac-
cumulation in 3-week-old plants harvested from the Korle Lagoon Area soil, af-
ter which shoot Zn concentrations in both treatments were statistically compa-
rable (Table 4). The concentration of P recorded in maize shoots harvested 3
WAP was also significantly higher for the Korle Lagoon Area treatment than the
UG Farm treatment (Table 4). Although the Korle Lagoon Area soil had a higher

Table 1. pH, electrical conductivity (EC) and texture of soils from collection sites.

Soil Particle Distribution (%)

Soil collection Site pH EC (ps) Texture
Sand Silt Clay
Korle Lagoon Area 7.53 £0.14 967.0 + 32.1 51.9+3.2 347+ 1.7 13.4+0.8 Sandy loam
UG Farm 5.59 £ 0.08 222.0+214 63.4+4.1 84+23 282+5.2 Sandy clay loam
P-value <0.001 <0.001 0.087 <0.001 0.003 -

Table 2. Elemental concentrations in soils from Korle Lagoon Area and UG Farm.

Pb (mg/kg) Zn (mg/kg) N (%) P (%) K (%)
Korle Lagoon Area 66.5+ 0.3 154.3 £ 0.6 0.20 + 0.002 0.02 = 0.000 0.09 + 0.001
UG Farm 23.4+3.1 40.8 £ 10.4 0.14 £ 0.003 0.02 = 0.005 0.04 = 0.005
P-value <0.001 <0.001 <0.001 0.857 <0.001
DOI: 10.4236/as.2023.146056 848 Agricultural Sciences
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Table 3. Maize growth parameters recorded 3, 7 and 11 weeks after planting (WAP).

Plant Height Plant Girth  Number of Leaflength  Leaf width  Root-to-Shoot

(cm) (cm) Leaves (cm) (cm) Ratio

Korle Lagoon Area 195+ 1.8 0.8+0.1 6.7+ 0.6 243+ 1.5 22+0.2 0.57 £ 0.14

3 WAP UG Farm 14.0+£ 0.9 0.7+0.1 6.3+£0.6 234%27 1.6 £0.1 0.52 £ 0.20
P-value 0.009 0.101 0.519 0.626 0.009 0.723

Korle Lagoon Area 34.0 £3.0 1.0+£0.1 10.0 £ 1.0 40.7 £ 2.1 34103 0.78 £ 0.09

7 WAP UG Farm 21.0+£1.5 1.0+ 0.1 8.7+0.6 37.2+2.1 2.1+0.2 0.66 + 0.06
P-value 0.003 1.000 0.116 0.107 0.003 0.135

Korle Lagoon Area 39.0+1.4 14+0.1 1.7+ 1.5 57.4+23 41+0.2 1.06 + 0.06

11 WAP UG Farm 323+54 1.3+0.2 10.7 £ 1.5 49.7 £ 6.2 3.0+£0.5 0.74 £ 0.05
P-value 0.106 0.435 0.468 0.111 0.020 0.002

Table 4. Elemental concentrations in maize shoots harvested 3, 7 and 11 WAP.

Pb (mg/kg) Zn (mg/kg) N (%) P (%) K (%)

Korle Lagoon Area 177.1 £ 28.8 448.3 £45.5 1.38 £ 0.11 0.26 £ 0.02 2.40 £ 0.09

3 WAP UG Farm 150.1 £ 18.2 258.7 £ 32.5 2.04+0.33 0.11 £ 0.02 2.06 £ 0.26
P-value 0.241 0.004 0.031 0.001 0.102

Korle Lagoon Area 2269 +71.4 260.1 £ 26.1 1.85£0.28 0.19 £ 0.02 1.64 £0.14

7 WAP UG Farm 183955 223.0£13.2 2.00 £ 0.28 0.16 £ 0.03 1.91 £ 0.19
P-value 0.357 0.093 0.557 0.253 0.121

Korle Lagoon Area 221.3 £ 39.6 2524 +17.7 1.25 £ 0.25 0.05 £ 0.02 1.34£0.13

11 WAP UG Farm 190.7 £ 154 247.8 £ 39.6 1.15+0.15 0.18 £ 0.03 1.95+£0.26
P-value 0.280 0.864 0.619 0.003 0.021

N content (Table 1), maize shoots harvested from the soil 3 WAP had a signifi-
cantly lower mean concentration of N compared to the UG Farm treatment
(Table 4). No significant differences were observed in maize shoot elemental con-
centrations 7 WAP. However, shoot samples harvested from the Korle Lagoon
Area soil 11 WAP had significantly lower concentrations of P and K (Table 4).

4. Discussion

The acceptable concentration range of Pb in world background soils is 10 - 30
mg/kg with an average of <10 mg/kg [11]. Thus, the mean Pb concentrations
recorded in soils from the Korle Lagoon Area (66.5 + 0.3 mg/kg) and the UG
Farm (23.4 £ 3.1 mg/kg) were both above the global average. The mean for UG
Farm was, however, within the acceptable range. Mean soil Zn concentrations
for both sites were also within the acceptable range of 10 - 300 mg/kg, but the
mean value for the Korle Lagoon Area (154.3 + 0.6 mg/kg) exceeded the global
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average of 50 mg/kg [24]. It is not surprising that Pb and Zn concentrations were
significantly higher in the Korle Lagoon Area soils since studies have found the
two elements, along with cadmium (Cd) and copper (Cu), to be among the do-
minant contaminants in water and sediments sampled from the area [5] [9].

The higher concentrations of N, P and K in the Korle Lagoon Area soil rela-
tive to the UG farm soil are attributable to the discharge of sewage into the la-
goon [6]. Nitrogen plays a vital role in plant growth because it forms a part of
the chlorophyll molecule, which is required for photosynthesis. It is an integral
part of amino acids, the building blocks of nucleic acids and proteins including
enzymes, which serve as regulators of all plant metabolic reactions [25] [26].
Phosphorus is also important in photosynthesis and several enzymatic reactions
because of its major role in the transfer of energy [26]. It is necessary for proper
cell division and for the development of meristem tissue. It is also required for
sugar and starch formation and carbohydrate transport [27]. Potassium is an
enzyme activator and, hence, promotes plant metabolism. It has been shown to
improve the size of grains and seeds. It plays a role in photosynthesis by pro-
moting the translocation of photosynthates (sugars) for storage in fruits and
roots or for plant growth [26]. The significant increase in plant height and leaf
width exhibited by 3- and 7-week-old maize plants growing in the Korle Lagoon
Area soil (Table 3) could, therefore, be attributed to the higher N, P and K con-
centrations as compared to the UG Farm soil (Table 1).

Though a heavy metal, Zn is an essential micronutrient for plant growth and
development that is required at a much smaller concentration than N, P and K.
Excessive accumulation of Zn in plants has phytotoxic effects that include chlo-
rosis, reduced yields and stunted growth [28] [29]. Pb, which is non-essential for
plant growth, has similar phytotoxic effects as Zn when present above acceptable
limits. The effects of Pb toxicity on maize plants include reduction in root and
plant growth, chlorosis and blackening of roots [16]. A study on heavy metal
accumulation in maize at a long-term wastewater irrigation site in China found
that Zn accumulated mainly in the fruit while Pb, along with chromium (Cr)
and nickel (Ni), accumulated mainly in the roots [18]. This is a probable expla-
nation for the statistically comparable maize shoot Pb concentrations recorded
in this study for both experimental treatments (Table 4).

According to Marschner [30], the critical toxicity levels of Zn recorded in the
leaves of crop plants range between 400 and 500 mg/kg dry weight. The results
of this study suggest that the higher shoot Zn concentration in 3-week-old plants
grown in the Korle Lagoon Area soil (448.3 + 45.5 mg/kg) had a limiting effect
on shoot growth, which became evident 11 WAP with the significant increase in
root-to-shoot ratio (Table 3). This phytotoxic effect of Zn on shoot growth has
been attributed to reduced P and K uptake [31], which would explain the signif-
icant decrease in P and K concentrations in 11-week-old plants harvested from
the Korle Lagoon Area soil (Table 4). A negative correlation between maize
shoot K concentrations and the concentrations of heavy metals, including Zn,

supplied to experimental plants has been reported in another study [32].
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Studies on the effects of metal toxicity on root characteristics have shown that,
generally, Zn toxicity represses root elongation but increases root branching [29]
[32] [33]. This would explain the higher root-to-shoot ratio recorded for plants
growing in the Korle Lagoon Area soil. The average concentrations of N, P and
K in plant shoot dry matter that are sufficient for adequate growth are 1.5, 0.2,
and 1%, respectively [30]. It can be argued, therefore, that the mean concentra-
tion of P (0.05 + 0.02 mg/kg) recorded in 11-week-old maize shoots harvested
from the Korle Lagoon Area soil was below average. Reference [34] also found a
significant increase in the root-to-shoot ratio of maize plants grown under low-P
treatment.

Since P and K are important for photosynthesis and carbohydrate transport in
plants, their deficiency in the maize shoot would affect grain yield [27]. Besides,
excessive transfer of the Zn accumulated in the shoot to the grains would com-
promise their nutritional quality. The current study focused on the vegetative
growth of the maize plants and, hence, no grains were analysed. Comparison of
the elemental concentrations in mature maize grain with corresponding shoot
and soil concentrations would further elucidate the effects of metal toxicity on
plant nutrition and, hence, on the nutritional quality of the food crops produced
in the Korle Lagoon Area. This should be considered in future studies.

5. Conclusion

This study has confirmed earlier findings that disposal of sewage and other ur-
ban waste into the Korle Lagoon has caused heavy metal contamination as well
as plant macronutrient enrichment of the surrounding soils. The plant growth
stimulating effects of macronutrient enrichment could increase crop production
as indicated by the farmer from whose plot soil was collected for the current
study. This positive effect is, however, counteracted by the phytotoxic effects of
heavy metals like Zn. Crops grown in the Korle Lagoon Area could, therefore,
end up with high concentrations of heavy metals and low concentrations of the
essential elements required for plant growth as well as for healthy human and
animal diets. Further studies are required to inform decisions regarding their

suitability for use as food and fodder.
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