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ABSTRACT 

The study investigated the concentration of seven potential toxic elements (PTEs) (As, Cd, Cu, Pb, 

As Cr and Co) in the farm soil of some selected farming communities (Kwabia, Kwabia 

Asasehene, Agbom, Aworworso and Asasehene) in the Eastern Region of Ghana using acid 

digestion and Atomic Absorption Spectrophotometer methods. The mean concentrations of the 

PTEs recorded from the farms ranged from 3.5mg/kg-0.7mg/kg for Cd, 19.08mg/kg-3.94mg/kg 

for Cr, 19.24mg/kg11.42mg/kg for Co, 27.28mg/kg-3.26mg/kg for Pb, 29.62mg/kg-12.42mg/kg 

for Ni, 30.76mg/kg-14.52mg/kg for Cu and 36.6mg/kg-22.02 mg/kg for As. 

The mean concentrations of the PTEs in the studied area decreased in the order 

As>Cu>Ni>Pb>Co>Cr>Cd for all the five farming communities. The mean concentration for As 

for all the farms studied exceeded the WHO/FAO limits whiles that of Cd exceeded the WHO/FAO 

limits for Aworworso farms. However, the hazard index for children and adult were < 1 which 

showed that the PTEs posed no Health risk on individual health. The Total Carcinogenic Risk 

(TCR) was within or below acceptable risk. The study revealed that there was high degree of 

contamination of the PTEs; Cu, Cr, Pb, As, Co, Ni and Cd shown by the degree of contamination 

and the pollution load index, PLI. However, enrichment factor, EF showed that the soils of the 

studied area were much enriched in Cd and As and the PTEs had impact on soil microbial 

population and vice versa.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the study 

Worldwide, there is a high dependence on agriculture and related activities for the sustenance of 

life on earth. Agriculture plays a key role in the economic growth and development of most 

countries; hence critical attention is given to the sector. Ghana is no exception, as the agricultural 

sector contributes about 40% to the nation’s gross domestic product (GDP) and employs majority 

of the labour force while providing raw materials for industrial growth and development as well 

as for the international markets, generating foreign income [1]. With increasing population growth 

worldwide, the dependence on agriculture for subsistence is even higher with current situation 

such as poor land usage practices. In sub-Saharan Africa, it is estimated that about 15% of the 

population currently live in locations that are hit high by food insecurities as a result of soil 

degradations from unsafe agricultural practices [2]. 

It is worth noting that the success of the agricultural industry lies on many markers with soil quality 

among one of the important parameters. Soil quality refers to the capacity of a soil type to function 

within an ecosystem to sustain plant productivity [3]. Among the soil quality parameters used in 

assessing soils for agricultural productivity, available nutrients which comprises of the capacity of 

the soil to support plant growth as well as taking care of elements that present environmental 

hazard is a key.  

Potentially Toxic Elements (PTEs) are usually important class of elements at lower concentrations 

especially cobalt which mostly serve as source of trace nutrients for plant growth. However, PTEs 
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presents an important class elements which demands constant monitoring especially due to the 

increase in anthropogenic activities, as they can cause serious damage to plant growth and 

production and to the health of consumers [4]. The presence of PTEs in soils have been reported 

in many literatures with common elements such as Zn, As, Pb, Cu, Cr being studied frequently [4]. 

In a study conducted [5], it was observed that most of the soils from various sites and areas studied 

contained PTEs and were in some cases above the permissible limits. 

Common sources of PTEs in the soil include mining activities, agrochemical use, fossil fuel 

consumption, waste disposal and sewage irrigation among others [6]. Accumulation of potentially 

toxic elements in farmlands and its environs poses a serious threat to various biological (fauna), 

food safety and human health [7]; [6]. Some of these PTEs such as Cu and Zn are known to perform 

biological functions in the soil and plants ecosystem but in elevated levels are toxic when ingested. 

Lead (Pb), mercury (Hg) and Cadmium (Cd) have no biological function but extremely toxic even 

at low quantities [8]. Contaminated farming soil have been identified by several researchers as a 

significant causes of soil quality depletion ([9]It affects the activity of microorganism in soil and 

decreases the expected yield of farm produce [10].      

In the Upper Manya Krobo Municipality about 80% of the land support crop production serving 

as one of the major food baskets of Ghana Ministry of Food and Agriculture [11]. According to 

[11] the municipality is the leading producer of maize and yam in the Eastern region with an 

estimate production value of 2886 tonnes of maize and 33034 tonnes of yam annually. Whereas 

several studies on PTEs have been carried out in the farming communities in Ghana such as 

Central, Upper West, Ashanti and Western regions, there is paucity of data as regards to potentially 

toxic elements (PTEs) levels in the Upper Manya Krobo Municipality of Eastern region of Ghana. 
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Therefore, the primary aim of the study is to determine the physicochemical, microbial properties 

of the soil and assess the potentially toxic elements levels and their level of contamination in 

relation to soil quality and soil health within the Municipality while assessing the potential health 

risks. 

1.2 Problem Statement 

The major occupation of the residence of Upper Manya Krobo Municipality is crop production. 

Crops largely cultivated include maize, yam, cassava, cowpea, and plantain.  Pest and diseases are 

among the pressing challenges faced by farmers in Ghana and farmers in the Upper Manya Krobo 

community are no exception. In the light of this, most farmers resort to the use of pesticides and 

fungicides to control the prevalence of pest and disease on their farms. These agrochemicals are 

known to be a major source of PTEs pollution. The pollution of farming soil is a serious 

environmental problem, as it does not only disturb soil matrix but pose health risk to people who 

ingest crops grown on these contaminated soils. As a result, it is imperative to assess the levels of 

potentially toxic elements, (PTEs) in the soils of a major crop production hub in Ghana.  

1.3 Justification of the Study 

Like other countries in the world, PTEs pose a major problem in Ghana and a danger to human 

health and other organisms. Most research done on heavy metals and PTEs have been around 

mining areas used for farming, wastewater for irrigation of crops and levels of PTEs in food crops 

sold on the market in Ghana. These researches have mostly been in Northern ,central, Ashanti, 

Upper west and Western regions [12]; [1]; [13]This research focused on PTEs in farm soil in Upper 

Manya Krobo municipality of the Eastern region which is unique. The reported PTEs and heavy 
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metal levels in various media in Ghana makes this research significant. PTEs contamination is on 

the increase in most farming soils due to agricultural practices such as application of fertilizers 

(phosphate fertilizers), pesticides, weedicides, fungicides, and use of contaminated water 

(wastewater) for irrigation. In addition, urbanization is forcing farming in previously industrial 

areas, farming close to mining areas and on poorly remediated lands [13]. Soils exposed to PTEs 

contamination destroys soil quality and have serious health implication to living organisms [14].  

Toxicity is also a key problem associated with trace elements in the environment coupled with 

accumulation through the food chain and their persistence in nature [14]. It is estimated that, 44.7% 

of people of Upper Manya Krobo municipality rely on income from farming, which is heavily 

dependent on the use of agrochemicals, fertilizers, and pesticides, thus contributing significant 

levels of PTEs contamination in soils, which needs to be determined. This will help in policy 

planning, remediation recommendation approaches and the use of best farming practices which 

would help remediate potential risk of PTEs to human health. 

1.4 Research Hypothesis  

The following hypothesis will be tested towards providing answers to the main aim of the study. 

H0: Farm soils within Upper Manya Krobo municipality do not contain Potentially Toxic Elements 

(PTEs) and pose no risks to health. 

H1: The farm soils/agricultural soils in Upper Manya Krobo municipality have Potentially Toxic 

Elements (PTEs) and could present health risks.  
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1.5 Research Questions 

To verify the hypothesis listed above, the following questions will be answered; 

1. What is the level of PTEs contamination in farm soils in the study area? 

2. How can levels PTEs in the studied soils affect human health? 

3. How does levels of PTEs in the studied farm soils impact on soil ecology? 

1.6 Main Objectives 

To assess the levels of Potentially Toxic Elements (PTEs) in the farm soils of Upper Manya Krobo 

municipality and possible health and ecological implications. 

1.6.1Specific Objectives 

1. To determine the presence and level of contamination of PTEs in the farms soil 

2. To determine the physicochemical and microbial properties of the soil  

3. To assess the implications of the physicochemical properties of the soil on the PTEs and 

vice versa in relation to soil quality 

4. To determine the effects of the PTEs on the soil microorganisms in relation to soil health 

5. To perform health risks assessment of the PTEs in the farms soil 

1.7 Organization of the Study 

The study has been put into five chapters. An introductory chapter provides a background to the 

study and research problem. The chapter also contribute to scientific knowledge, hypothesis to be 

tested, research questions and objectives propelling the research. Chapter two evaluates details of 
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literature that justifies the relevance of the study.  Chapter three describes the methodology for 

achieving the outcomes of the study. Chapter four presents the results and discussion in relation 

relevant literature. Chapter five provides the concluding remarks. These includes conclusion, 

recommendation.  

PTEs: Potential Toxic Elements. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Background  

PTEs have various meanings. The term “potential toxic” has been defined differently base on 

different scholarly views and disciplines. PTE has been given several definitions from biologist to 

toxicologist thereby pointing no informed footings [15]. [15] admonished that the term PTE is an 

ill-defined term that means many different things to many different people. Fergusson (1990) 

added that PTEs are metallic elements that have high density relative to water. [16] admonished 

PTE is a loose term which is used to show environmentally bad metals. Again, potential toxic 

elements are naturally occurring ubiquitous substances in the human environment, which typically 

originated from the weathering of parent’s materials. Examples, Cd, As, Ni, Hg, Pb, and Zn. [17]. 

2.2 Potential Toxic Elements in soil, distribution, and interaction with soil components 

Potentially Toxic Elements (PTEs) are ubiquitous in the environment. They are natural sources 

largely but human activities such as smelting, mining, application of pesticides and fertilizers, 

using sewage for irrigations as well as emissions from industries also release PTEs into the soil 

environment. The PTEs can be toxic to plants, soil organisms and human. These can be metals or 

metalloids and toxic. It can also be sources of micro-nutrients to plants.  

Commonly toxic PTEs are arsenic, cadmium, chromium, mercury, thallium, and lead represented 

by the abbreviations As, Cd, Cr, Hg, TI, and Pb respectively. PTEs such as copper, zinc 

molybdenum and nickel are sources of micronutrients in soil to plants at allowable limits of 

concentrations. However, when these exceed allowable limits, they become toxic in the soil 
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environment [17]; [18].  The soil usually become sinks for the PTEs because the chemical nature 

of these compounds make them difficult to degrade in soil therefore when they are released into 

the soil either accidentally via wet deposition from the atmosphere or intentionally  such as 

discharge of wastewater on the soil presents high possibility if toxic exposure to the organisms of 

the receiving soils [18]. With an increasing in population, agricultural lands and soils are at huge 

risks of PTEs contamination. The practice to increase fertility of agricultural land can introduce 

PTEs into the soil. For example, use of agrochemicals, fertilizers, sewage, on farmlands if not 

properly treated enrich the soil of PTEs above allowable levels [19].  

According to[20], the soil in the Sinop region of Turkey had PTEs above allowable limits that 

posed health dangers to the children exposed to the risks of the PTEs.  In same respect, a study 

conducted in China, Guangdong region detected volumes of PTEs far above permissible levels 

and geostatistical analysis identified the sources of the PTEs to be predominantly anthropogenic 

(industrial wastes, agricultural activities, traffic emissions) and from natural sources [21]. In Italy, 

the city of Salerno, soil based PTEs study revealed that urban soils had heavy pollutions especially 

in industrial areas and intense traffic zones of the city [22]. These research outcomes show that in 

areas where the above activities are profound, the increase in PTEs contamination of soil is high. 

The anthropogenic activities mentioned above are common among the Krobo Municipality in 

Ghana.   

Several factors influence the availability of PTEs in soil. Temperature is key factor. In high soil 

temperatures for longer periods, weathering of soil minerals and Organic Matter (OM) 

decomposition increase resulting in an increase in PTEs in the soil. High temperature from fires 

such as burning bushes, wildfires, and burning the land in preparation for planting crops when not 

well controlled and regulated can be sources for emission of PTEs into the soil [23]. However, 
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there is no evidence of controlled burning contributing to PTEs availability in soils [24]. The 

practice of burning in preparing farmlands for cultivation is common among farmers in Ghana 

especially subsistence farmers and are mostly unregulated. To estimate the total amount of PTEs 

in contaminated soil, the following equation is used: 

Mtotal = (Mp+Ma+Ms+Mf+Mag+Mt+Mow+Mip)-(Mcr+Me+Ml+Mv)  

The abbreviations p represents parent material, s is the sediments, a is the atmospheric deposition, 

f represent the sources of fertilizers, ag represents sources of agrochemicals, t represents 

technological materials, ow, ip, cr, e, v, and l represents wastes sources from organics, wastes from 

inorganic sources, crop removal, erosion, volatilization and leaching respectively and Mtotal 

represents the total amount of PTEs in the soil [25]. 

Some main PTEs in farm soils, the interactions of the PTEs with soil and their sources are 

reviewed. Chromium (Cr), a main element of the PTEs have an average concentration of 40mg/kg 

in soil. The main species of Cr are Cr (III) and Cr (IV). Cr (III) is the main form of Cr in soil. It is 

a bit stable and forms complexes with NH3, Cl-, SO42-, F- and CN-. Cr (IV) is present in the form 

of CrO4 
2− and Cr2O7 

2−. They precipitate with metal cations. Sources of contamination are mostly 

from fertilizers, pesticides, biosolids, manure and electroplating [26]. Vanadium (V) has average 

concentration of 90mg/kg. V(III) can replace Fe(III) in iron minerals in soil and mainly emanate 

from phosphate fertilizers, smelting and mining of vanadiferous magnetite and burning of coals 

and oils [27]. Manganese (Mn) has average concentration of 850mg/kg. The toxicity of Mn (IV) 

is depended on the sorption or ability to oxidize heavy metals and can be present as insoluble 

hydroxides. Major sources include discharge from municipal wastewater, mining of alloy and steel 

[28]. Nickel (Ni) has average concentration of 22mg/kg and normally reported in the range of 0.2-
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450mg/kg in soils. Ni (II) forms inner sphere complexes when contact with solid phases and are 

mostly associated with soil organic matter. It can precipitate as hydroxides at high pH values of 

the soil. Nickel can come from mining and burning of fossil fuels [29].  The interactions of the 

PTEs in the soil is important to understand the potential effects on health and how the levels in 

farms soil could have an impact on agriculture. 

2.3 Origin, identification, and sources of Potential Toxic Elements (PTEs) in Soils 

Generally, it is practically difficult to pinpoint the origin of different PTEs when found in a 

contaminated soil. Whether the PTEs originates from anthropogenic sources or from geogenic 

sources [30]. However, in such instances, three methods help to identify whether the PTEs in a 

contaminated soil acting together are from anthropogenic or geogenic sources. These are spatial 

distribution, element speciation and profile distribution [30]. Identification by PTEs speciation is 

hinged on three assumptions. These assumptions state that lithogenic materials have stronger 

bonding than the pollutant bonding in polluted materials, ‘interactions between solution and solid 

phase in polluted systems tend to form more labile associations compared to natural systems’, and 

finally due to the weaker bonds of pollutants they are more readily mobilized in polluted the soil 

[31]. The mobile proportions of the PTEs also help to tell whether the pollutants are from 

anthropogenic or natural sources [32]. To have an approximation of the real PTEs speciation in 

the soil, extraction methods are often used. This method provides insight into the form of the PTEs 

present in the soil, the health hazard to the environment, and mobility of the PTE. Factors that 

affect the extraction methods are temperature, concentration, selectivity, soil/extractant ratio etc 

[30].   
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To identify the origin of PTEs in soil by profile distribution, it is much easier. For example, 

atmospheric deposition is expected to be accumulated in the top soil profile whiles geogenic 

sources can be found at greater depths of the soil profile  [30]. Whiles this method is true in most 

instances, for historical depositions, the profile distribution for atmospheric deposition at topsoil 

and geogenic sources at higher depths are untrue [32]. Some authors argue that mobile components 

of anthropogenic PTEs leach into greater depths especially fluvisols and could be mistaken for 

geogenic sources of PTEs. Similarly, plants roots can transport PTEs of lithogenic origin and 

mistaken for anthropogenic sources of PTEs. [32]; [33]. Despite the weaknesses of the profile 

distribution methods for identifying PTEs origin in soils, it can be a good approach when the 

shortfalls are carefully considered when performing analysis. 

The Last method, spatial distribution normally tells the sources of enrichment of the PTEs in the 

soil [30]. Normally point sources of PTEs contamination in soil are easy to tell since it might come 

from a single identifiable source. Unlike the point sources, the non-point sources of the PTEs 

contamination in soil are difficult in nature to tell the exact origin since it could be from diverse 

sources and diffuse as well [30]. However, geostatistical methods are used in spatial distribution 

analysis of origin of PTEs contamination in soil to give as closest maximum, the origin of the PTEs 

contamination [34]. In using geostatistical methods for spatial distribution of PTEs in soil, 

geogenic origins should be analysed and interpreted taking the geological conditions of the 

location into account [34]. Whiles this method is effective, mostly, there are inadequate data to 

perform the geostatistical method [34]. The three methods outlined above; spatial distribution, 

element speciation and profile distribution can be used in combination not neglecting known local 

anthropogenic sources that could release PTEs into the soil for maximum results [30]. These 
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guided the identification and analysis of PTEs in the farms soil to juxtapose against health impact 

assessments of the PTEs.  

2.4 Properties, effects (on fauna, flora, and human) and molecular mechanism of the 

toxicity of selected PTEs in farms soil 

A detailed evaluation of the properties, effects, and the molecular mechanisms of the PTEs under 

consideration in this study are done. These PTEs are arsenic (As), lead (Pb), cadmium (Cd), copper 

(Cu), Nickel (Ni), and chromium (Cr). Each of these is evaluated separately below. 

2.4.1 Arsenic in Farms Soil 

Arsenic is classified as a metalloid and carcinogenic. Arsenic contamination in soils are either 

from geogenic sources such as weathering of arsenic rich rocks, and natural oxidation [35]. The 

mining of ores, burning of e-wastes, discharge from landfills and dumpsites also release arsenic 

into the environment (anthropogenic sources). Groundwater and soil in different countries (>300 

million people in 17countries) have suffered arsenic contamination [35]. Arsenic contamination of 

soil and other media are reported in Ghana as well. In the Western region of Ghana, arsenic 

contamination is reported in gold mining areas with repercussions on human health and the soil 

ecology [35]. Agricultural soils are negatively impacted especially those near these mining areas 

where mine tailings rich in arsenic are deposited [36]. Rural deprived children who ply and play 

around these areas ingest these toxic elements and negatively impact on their health [36]. Exposure 

to Arsenic causes fever, hair losses, weakness, muscle spasms, impaired healing, decreased 

immune system function including nausea and vomiting [37]. At low levels of arsenic, it has been 

found to affect soil flora and fauna [37]. The main sources of As that affect farm soils are via 

University of Ghana http://ugspace.ug.edu.gh



13 | P a g e  

 

manure applications, biosolids and compost amendments, agrochemicals additions. When the As 

is in farm soils, it can stop microbial activities, reduce fertility of the soil, prevent seed germination, 

affects plants nutrient, and reduce farm yields. When the As accumulates in food crops, it gets into 

the food chain and impacts on human health [37].  

Arsenic has different forms of oxidation states in both solid (soil) and liquid phases in the 

environment, 0,+3, -3 and +5 [38]. But it is rare to find the oxidation state of As(-3) and As(0) in 

its natural state [39], In farm paddy soils which are normally for rice cultivation, As is often in the 

form of  trivalent arsenite, As(III) or pentavalent arsenate, As (V), in the paddy soil pore water of 

the farmland [40]. Organic As exists most commonly as monomethylarsonic acid and 

dimethylasrsinic acid present at lower concentrations [40]. There is positive correlation between 

soil pH and As in soil because high pH induces negative surface charges that promotes desorption 

of As (III) and As (V) in the soil solution [41]. The speciation, bioavailability and mobility of As 

species is determined by the Redox potential (Eh). In oxidizing conditions, arsenic acid, H3AsO4 

is dominant at low pH (pH<2) and at pH ranges of 2-11, H2AsO4
- and HAsO4

2- are dominant [10]. 

In reduction conditions, at lower Ph value, arsenious acid, H3AsO3 is prominent and converted to 

H2AsO3
- and converted to HAsO3

2- at higher pH values (pH>12). Mechanisms that causes As 

speciation in paddy farm soil environments are reductive dissolution of metal hydroxides, 

microbial mediated reduction and oxidation and formation of root plaques [10]. The main 

characteristics, sources, and chemical reactions at various levels of growing rice in As 

contaminated paddy soil environment in shown in figure 2.1. 
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Figure 2. 1: The main characteristics, sources, and chemical reactions at various levels of growing 

rice in As contaminated paddy soil environment [38]. 

 

2.4.2 Lead in farms soil 

Lead is a heavy metal classified as PTEs. It is dense, ductile, soft having low electrical conductivity 

than other metals. Lead can impact negatively on plants metabolic processes since it is non-

essential element [42]. Crops grown on Pb contaminated soil show signs of poor growth, poor 

biomass production and bad root growth [42]. Pb in nature forms minerals by interaction with 

other elements and arguably does not exist in natural forms. There are however archaeological 

records that provide evidence that Pb was used for diverse activities in the past. Due to population 

growth and industrialization, the concentration of lead has increased to about 1000 times over the 

centuries with most increment witnessed in 1950-2000 [43]. Primarily, Pb are from the mineral 

deposits together with copper and zinc in the environment.  Due to the high application of Pb in 

the bicycle and automotive industries, Pb concentration in the environment is expected to further 
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increase. In agriculture production especially cultivation in urban polluted soils close to industries 

is recording pollution in food crops [44]. Table2.1 is evidence that the production of Pd is 

increasing across the world and with higher production and reserves, the likelihood of soil 

contamination is high which can affect crop production. 

Table 2. 1: Production and reserves of lead (Pb) worldwide [45] 

Country Production (1000m3 ton) Reserves 

Australia 620 27000 

USA 400 7000 

Bolivia 90 1600 

Canada 65 650 

China 1600 13000 

Ireland 45 600 

India 95 2600 

Mexico 185 5600 

Peru 280 6000 

Russia 90 9200 

South Africa 50 300 
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Sweden 65 1100 

Other countries 330 4000 

Sum 4065 78500 

Lead uptake mechanism in plants on a contaminated farm soil is demonstrated explicitly in figure 

2.2. To maintain nutrient homeostasis, plants respond to changes in the soil and within the plant 

itself to regulate nutrient uptake (Figure 2.2). Soil mineral status, membrane transporters, and 

mineralization regulate the bioavailability of metals in soil. There are two major routes plants take 

up metal. These include by inducible substrate-specific and energy-dependent uptake and passive 

update [46]. Pb is immobilized in complexes and becomes unavailable for plants update in the soil. 

This is because is non-essential element and does not have specific route for the plant uptake [44]. 

However, they are absorbed in the form of Pb ions by various strategies. Pb is linked to carboxylic 

groups of mucilage uronic acids on the root tips in the soil and impact differently the uptake of 

other essential nutrients. For instance, lead ions positively effect on potassium (K) and calcium 

(Ca) uptake but negative effects on the absorption of Magnesium (Mg) in the farms soil [47]. 
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Figure 2. 2:  Lead (Pb) uptake mechanism and accumulation in plant parts [43] 

2.4.3 Cadmium in farms soil and plants uptake mechanisms 

The concentration of Cd in a non-contaminated soil is generally low and reported in the range of 

(0.01-5)mg/kg [44]. Fertilizer applications, and indiscriminate Cd containing wastes disposals 

have increased the Cd levels in the soil environment [44]; [48]. An exposure to cadmium 

concentrations poses various degrees of health implications to human. An acute exposure causes 

pneumonitis known as oxide fumes, toxic concentrations cause proteinuria and chronic effects are 

lung cancer, osteomalacia and proteinuria. Kidney, bone damage and risks of cardiovascular 

mortality are possible when exposed to Cd in soil [49].  The commonest exposure route of Cd is 

in food and smoking which found to result in penetration of the placenta and absorbed via the 

alimentary tract [49]. Among the PTEs, cadmium has got more attention on the basis that “ it is 
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the only metal that might pose human/animal health risks at plant tissue concentrations that are not 

generally phytotoxic” [49]. 

The mechanisms of Cd uptake by plants are driven by the electrochemical potential gradient of the 

plasma membrane within the root cells of the plants. The presence of Fe in soil reduces Cd uptake 

by plants [50]. According to [51] the presence of barley Fe concentrations (0-10µM) reduced 

cadmium update in the studied soils. The uptake of Cd was improved when iron (Fe) deficiency 

upregulated expression of genes for encoding Fe(II) uptake in Thlaspi caerulescens Ganges 

ecotype [52]. The releases of phytosiderophore were enhanced when maize plants were exposed 

to Cd. Whiles the Cd transport to the roots symplast of the maize appears unregulated, unknown 

factors restrict the movement of the Cd unto the shoot of the maize in contaminated soil.   But it 

has been reported that Mn enriched medium in soils promoted the Cd uptake with 64% of this 

compound accumulated in the cell wall of the plant to transferred potentially to consumers in 

Lactuca sativa plant (Ramos et al., 2002). Cd are found in the root cell vacuoles of wheats by 

photochelatins that influences the symplastic radial cadmium movement. In a rice farm, the soil 

was found to be contaminated with Cd and 0.73% of Cd uptake by the plants entered the grain of 

the rice which represented about 1.02mg/kg, about 100 times more than allowable limits by the 

European Union for concentration of Cd in rice [54].  

2.4.4 Impacts of Copper (Cu) in farms soil, bacteria population, and health 

Copper is present in fungicides. Farmers use the fungicides to prevent diseases attacking their 

crops. There have been increasing concerns among farmers that the use of the fungicides can 

increase copper levels in soil and might be affecting crop yield [55].  Copper is a dietary mineral 

for animals and can be in animal feed. The animal manure used for crop production may contain 
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copper added to the soil. At depths of 0-15cm, researchers found that manure application 

containing factor was critical [56]. However, soil kept at a pH of 6.5 reduces copper availability 

to crops in the soil. Secondly,> 10% of organic matter content in soil reduces copper availability 

to plants by sequestering copper ions in the soil [57]. Crops uptake of copper depends on many 

factors such as kind of crop, soil characteristics and normally absorbed into plant roots not the 

shoots. Copper to translocate to plant shoots at excessive levels, a level considered toxic which is 

at ≥19mg/kg of copper in farm soils [58].  A study conducted in New Jersey among farming 

communities on impact of copper on soil bacteria and human health subjected the farm soil 

environment to copper levels from extremely high level (about 4500mg/kg), high copper levels 

(about 450mg/kg) and normal exposure levels (about 15mg/kg). The revealed a decline in bacteria 

population and fungal biomass at higher copper concentrations over time [59]. According to 

Fagnano et al., (2020)‘’Copper exerts selection pressure on soil microbiota’’. However, increased 

Cu concentration did not relate to diversity indices and microbial richness’’ [60].  

On the contrary, a study conducted in Southern Italy found no correlations between the edible parts 

of crops and copper levels in the soil. This was conducted at the following parameters: maximum 

Cu soil content (11.4mg/kg f.w), total maximum value (570mg/kg d.w) and maximum bioavailable 

value (13.8mg/kg d.w). The range of Cu concentrations found in the foodstuffs were 0.01-

6.2mg/kg and few outside range. Lettuce had concentration of 11.4 mg/kg at soil concentration of 

77.2mg/kg, pepper had 8.7 mg/kg at soil concentration of 60.7 mg/kg. The high copper 

concentrations were not related to copper accumulation in other plants on the soil. Also, the 

observed high Cu concentrations in plants did not influence high soil values  [61]. However [62]  

also observed a different results. They found positive correlations between the bioavailable and 

total Cu in the soil and the Cu content in the aerial parts of the plants. With urbanization and 
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industrialization leading to more industrial sites for agriculture activities, coppers levels in food 

and health cannot be overlooked. 

 

Figure 2. 3: Illustration of Cu in soil, uptake in plants and contamination of the ecosystem [63] 

 

The root to shoot transport of Cu is illustrated in figure 4. Specific metal chelators and transporters 

transport Cu2+ to aerial plant parts in the soil (Figure 4).  Initially it was found that Cu 

translocation was facilitated by amino acids forming stable Cu-complexes in xylem sap [64]. 

Mineral homeostasis in plants is mediated by Nicotianamine. “The nicotianamine and histidine 

have highest copper binding capacity making them ideal ligands to chelate Cu and other metals in 

xylem and translocate to the shoot tissues”[64].  But the concentration of the Cu in the soil 

determines the nicotianamine activation [63]. It is found that most nicotianamine activation 

occurred at excess Cu concentration. Recently, it is found that ‘’deoxymugineic acid mediates 
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copper transporting he xylem sap as specific Cu-chelator and nicotianamine acted as specific Cu-

chelator in the phloem sap ‘’ [63]. 

 

Figure 2. 4: The transport and update of Cu by plants roots to the shoot cells  through different 

transporters in the farms soil (Reproduced from [63]) 

 

2.4.5 Impacts of Nickel (Ni) on farms soil 

Nickel is required by plants in minute quantities and therefore called a micronutrient. Nickel comes 

from both anthropogenic (application of phosphate fertilizers to soil main source of nickel) and 

pedogenic processes and its presence in soil much depends on the parent material. It is more 

present in arid and semi-arid regions [65]. Nickel is a common metal used in electroplating. Due 

to workers exposure and research confirming the cancerous nature of the metal, the International 
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Agency for Research on Cancer (IARC) stated that Ni can cause sinonasal and lung cancer. When 

farming activities are done close to metal industries, or on a former metal industry, the risks of 

exposure to toxic levels of Ni and the development of cancer is a possibility [66]. High levels of 

Ni contamination have been found in refinery areas and about 1km away from the refinery. Crop 

produced on soil about 1km had Ni content exceeding limits. Most of the Ni were found in lettuce, 

oats and cabbage  (Patrick & Bisessar, 2008). Studying the Ni uptake and toxicity in crops on an 

farmland with Ni content in the range of 2000ppm to 10000ppm revealed inhibition in growth of 

crops such as potatoes, onions, celery, and cabbage especially at 10000ppm of Ni concentration 

[67]. Elevated levels of Ni is associated with chlorosis and plant roots growth inhibition [68]. 

Aerial deposition of contaminants and indiscriminate disposal of industrial wastes could cause 

high levels of Ni in soil. There was severe toxicity in the crop plants experimented. However, 

normal growth was found at Ni concentration of 2000-3000ppm (Patrick & Bisessar, 2008).  

Ni is one of the transition metals having 1455 ℃ melting point, boiling point of 1730 ℃ and high 

density of 8.9 g/cm3 [29]. The average atomic weight of Ni is 58.69 and a group X element of the 

periodic table [65]. There are four oxidation states of Ni. These are +4, +3, +2 and +1 oxidation 

states. The main oxidation state of Ni is +2 which is more toxic in cationic form than its complexes 

and readily available [69].  Polluted environment with Ni is a concern particularly because it cannot 

be degraded in the environment [69].  The major sources of Ni in agricultural soil are from smelting 

operations few distance from farmlands, industrial discharges, insecticides, herbicides, fungicides 

and fertilizers with high risks of mobility and toxicity in the soil [70]; [69].  

Nickel in the farm soils show affinity with metallic iron (Fe) and sulphur (S) therefore Ni-S and 

Ni-Fe minerals are formed in the soil. Ni moves in the soil and poses risks due to movement to 

rooting zones for plants uptake as Ni(H20)6
2+ [70].  Decrease in soil pH results in increase Ni 
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releases into the soil environment which means pH is very critical to control Ni levels in the soil 

for effective and safe agriculture production and protection of health [69]. The range of allowable 

Ni in agriculture soils is reported to be 20mg/kg to 60mg/kg and remediation is required at 75-

150mg/kg threshold [65]. 

2.4.6 Impacts of Chromium (Cr) on farms soil and crop plants 

Chromium one of the heavy metals exists in different oxidation states and toxicity [71]. The effect 

from chromium depends on the exposure, intensity, the oxidation state, the exposure time, and the 

dose exposed to. Chromium exists in 0, +3 and +6 commonly in soil but has oxidation state from 

0, +1, +2, +3 +4, +5, and +6. Cr (III) has low toxicity and mobility and absorbed on surface of clay 

minerals in precipitates. It is important therefor to note factors and conditions that aid the 

conversion of Cr (III) to Cr (VI) in soil. The speciation of chromium determines its uptake, 

translocation, and accumulation in plants. It is often imbibed by plants via carriers of essential ions 

e.g. sulphate [71]. 

The anthropogenic sources of Cr into the soil are from industries such as electroplating, drilling 

muds, production of chromic acid etc. The tannery and leader industry contaminate the soil 

environment the most despite efforts to limits their impact on the environment. Until recently, it 

was  used to preserve wood [72].  At a pH less than 4, Cr (III) is insoluble inorganic compounds 

and rarely mobile or bioavailable. Cr (III) is sparingly soluble and tends to bind to organic 

substances and at increased pH it presents in hydrolysed forms [73]. The hexavalent form of 

chromium easily mobilizes in acid and alkaline soils whiles the trivalent forms stable in soil. The 

trivalent chromium is not easily exchanged with other cations in soil because it is strongly adsorbed 

on surfaces of soil particles.  It is slightly mobile in acid soils [71]. The chemical equation below 

University of Ghana http://ugspace.ug.edu.gh



24 | P a g e  

 

shows the expression of balance between Cr (III) and Cr (VI) in the soil phases. The process is 

same in water bodies: 

Cr2O7
2−+6e+14H+↔ 2Cr3 +7H2O  [74] 

In a 10nM solution of (KH)2PO4 at pH 7.2, if Cr remains oxidized in the soil, cannot be extracted 

and therefore immobilized since it is adsorbed strongly  [74]. 

In farm soils, the value of chromium varies and can be up to 350 mg/kg. The trivalent forms of 

chromium are mostly found in soil and complexed with minerals structures in the form of mixed 

oxides of Fe3+ and Cr3+. In the presence of high organic matter content in soil, Cr (VI) is reduced 

to Cr (III). The redox reaction is active in rhizosphere in a different bacterial reductase enzyme 

released by plant roots [71].  

Different factors influence Cr phytoavailability. The most important are the redox potential, pH, 

organic content of the soil, microbial content, nature of absorbing phase, kind of minerals present 

in the matrix and the chromium contamination source. Cr (III) is the most stable in low redox 

potential (Eh) environments. Between 4 -8 Ph range, Cr (III) is in its hydrolysed forms. In high 

redox potential and between pH interval of 2-14, Cr (VI) is the most stable species 

thermodynamically. Hexavalent chromium reduces to Cr (III) fast in reducing conditions forming 

stable solution complexes in acidic condition. Organic complexes of chromium are more mobile 

and stable in soil [71]. In plants, the biological cell membrane are almost impermeable to Cr(III)  

which makes it very important to detoxify Cr (VI) to Cr (III) via reduction processes to protect the 

soil environment [75]. Cr (VI) interferes with plant metabolic processes, negatively affects their 

growth and are toxic to the plants [75]. Some studies however reports that at higher concentrations 

of Cr (III) it damages plant/crops tissues in agricultural soils [76]. Chromium inhibits cell division 
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and reduces root growth and limits absorption of nutrients by plants. It reduces leaf biomass of 

plants, reducing leaves per pant and yield output. Chromium interferes also with nutrients such as 

Nitrogen (N), phosphorus (P), potassium (K), Manganese (Mn), Iron (Fe), and boron (B) uptake 

by plants which puts risks on investment in farming and affects the economic growth of a country 

including Ghana [71]. This is mostly important since the economic activities of the people in 

Manya Krobo municipality, the study location are mainly in agriculture. Chromium contamination 

of the agricultural soil environment will require urgent interventions for remediations to ensure 

good crop growth, yield and safe farm produce devoid of the consequences of chromium 

contamination. 

2.4.7 Effects of Cobalt (Co) on Agriculture soil 

Naturally, cobalt (Co) is found in sedimentary rocks, and igneous rocks. The average abundance 

of Co is within 25-30mg/kg and the least abundance among the other heavy metals apart from 

scandium [77].  Anthropogenically, cemented carbide contains about 5-30% of Co. This means 

the carbide grinding plants and the cement industries release much Co into the environment [78]. 

E-wastes industries also pollutes the soil environment with significant volumes of Co above 

acceptable thresholds. Co dusts are released into the environment from polishing disc in diamond 

polishing [79]. Paints and pigments industries are culprits of Co release into soil by using Co as 

siccative to expedite the paint drying process. Bottom ash from incinerators are sources of 

anthropogenic Co soil pollution. Mining activities, TVs, mobile batteries are all sources of Co 

release into the soil which could rich exceedance levels [77].   

The chemistry of Co shows that it has atomic mass of 58.93 amu and atomic number of 27. It has 

different oxidation states but the most common are +2 and +3 [77]. Cobalt is an essential 
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microelement and important vitamin B12. In leguminous plants, it helps in the plants root nodules 

development, metabolism, and growth [80]. It can enter the food chain and it is found that human 

consumption of Co is 5-40µg/day [81]. In soil, the tolerable limit for crop plant growth is 0.2-0.5 

ppm. Also, soil concentration of Co in the range of 4000-10000 ppm can support certain plant 

species growth [77]. In the synthesis of DNA and oxidation of fatty acids, Co acts as coenzyme in 

such cellular processes. It has been reported that the deficiency of Co in grasses and feedstuffs for 

ruminants led to diseases such as bone fragility, loss of appetite, and anaemia [82].   However, 

when it is in excess ion soil it becomes deadly to the crop plant growth. When in excess in soil, it 

causes huge financial loss to farmers by affecting crop biomass and reducing yield. It also becomes 

toxic to plants in higher concentrations and inhibit the growth of the plants, active transport in the 

plants.  Some of the negative effects of Cobalt in higher concentrations are falling crop plant 

leaves, discoloured plain veins, reduction in shoot weight, failure of plant greening, and plant 

leaves closing prematurely [82]. Higher concentrations of Co also affect the function of plant 

systems.  It leads to formation of hydrogen peroxide radicals, reactive oxygen species (ROS), and 

antioxidant enzyme activities are altered [83]. ROS produced under higher concentration of Co 

causes disruption in photosystem II including electron transport chain transport disruption [83]. 

Nitrogen metabolism and photosynthetic pigments are reduced when Co is in excess in agricultural 

soil. It has been determined that when iron and calcium are inhibited, it easily makes Co toxic in 

the soil [84]. To produced higher yields in a cost effective and financially sound manner, 

contaminated Co soil had to be remediated prior to cultivation [84]. The effects of Co in crop 

plants in soil and the seeming mechanism of action of chelating and oxidizing agents are presented 

in figure 8 and figure 9 respectively [77]. 
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Figure 2. 5: The effects of Cobalt (Co) in agriculture soil (Reproduced from [77] 

 

 

Figure 2. 6: The mechanism of the oxidation and chelating agents [77] 
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2.5  Health risks and risk assessment of PTEs in contaminated farm soil 

PTEs are well known to pose various levels of health risks to human. These risks differs from crop 

type, soil type and type of the PTEs in the soil [85]. According to [86], the worst case method to 

understand the health risks of the PTEs when ingested is to plant crops that are able to accumulate 

these PTEs. These crops may include lettuce, white campion in controlled conditions using pot 

trials. Lettuce is known to accumulate Zn and Pb in its tissues [87]. White campion is native species 

in Italy and present in many other countries and the leaves, immature stems are fried, boiled, and 

cooked to make soup or pasta. The biomass of white campion can accumulate large concentration 

of PTEs. These biomonitor plants can help to evaluate the PTEs concentration levels and impact 

on health. Normally the uptake and accumulation in the shoots of the plants/crops are done using 

the Bioaccumulation coefficient (BAC) method to check the index of the concentrations of the 

PTEs in the shoots to that of PTEs in the soil of cultivation [88]. When PTEs enters farmlands in 

high concentrations usually above permissible limits, it affects soil quality, growth of the crop 

plants, inhibits soil organisms’ activity, results in poor yield and enters the food chain affecting 

animals and humans posing health hazards [89]. Another approach to assess human health risks 

on exposure to PTEs in soil is to combine data from toxicology, epidemiological research and 

exposure assessment models to determine the impacts of the PTEs [90]. The most used method 

worldwide is the soil-human health risks assessment (SHRA) stated the by United States 

Environmental Protection Agency. The SHRA is viable and effective for application to any 

commercial, industrial, farming contaminated sites and the results are used to plan initial 

remediation measures. The limitation with this method is that it does not consider pre-existing 
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illness and lacks certainty. The limitation should be factored in interpretation of a research 

outcome. The method is seen to give good outcome of health risks of PTEs in contaminated soil 

[91]; [92]; [93] 

Studies have found that prolong exposure to the PTEs in soil can cause imbalance in cardiovascular 

systems and result in cancer [94]. Many researchers deduced that human exposure to PTEs in soil 

can be by skin contact, ingestion, inhalation, dermal absorption leading to accumulation of the 

toxic elements in the tissues, disruption of cellular metabolism, affect the nervous system, immune 

system and the endocrine systems [95], [96]. The risks of metal ingestion by children using 

contaminated soil/land as playground in areas near farmlands have been reported [92].  According 

to [35] , in Ghana, people who walk around abandoned mine areas potentially inhale/ingest PTEs 

from mine wastes. This applies to farming close to the abandoned mine wastes which endangers 

health. Consuming food contaminated with Cu leads to Wilson diseases that cause malfunctioning 

in liver, brain, and other body organ system. Similarly, exposure to PTEs such as Cd, Ni, Cr causes 

health implications such as abortion, hepatic, development toxicity, reproductive and 

immunological health defects, birth defects, infertility and malformations in people [97]; [8].  

2.6  PTEs in agricultural soil environments in Ghana 

In Ghana, common activities that release PTEs into the environment are smelting, mining, 

automobile exhaust, use of wastewater/contaminated water for irrigation, application of fertilizers, 

weedicides, fungicides, and pesticides [98]. 

[12] conducted a study into the accumulation of heavy metals and metalloids in foodstuffs from 

agricultural soils in Tarkwa, a mining hub in Ghana and found that compared to Codex 

Alimentarius Commission Standard values, about 30% of cassava had accumulated higher 
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concentrations of Pb.  Ni was found to have the highest capacity of absorption into the foodstuffs. 

They deduced that cassava consumption among children and adults of the study location (33 

communities in Tarkwa) were at higher risks of exposure to health implications. 

[1]  unearthed the geochemical background of some PTEs in soils in the Upper West region of 

Ghana of the Nadowli District. They found that Cd and As were higher in soil than background 

(maximum allowable limits) values. The other PTEs were lower than the background values in the 

studied soil. The geology of the area and human activities dominated by artisanal mining 

influenced the detection of the PTEs. 

Similarly, a study conducted in Tamale Metropolis of Ghana to assess the health risks of 

contamination of PTEs in vegetables showed little impact of health.  Three main compounds, 

Cadmium (Cd), chromium (Cr), and lead (Pb) were found in cabbage, carrot, green pepper onion 

and tomatoes but below World Health Organization (WHO) standards. Children and adults were 

not at risks to certain of the metals such as Pb since individual hazard index was below 1. Cadmium 

(Cd) and chromium (Cr) however exceeded 1 of the individual hazard index posing health effect 

to the population exposed [26]. 

[99], studied the impact of ‘galamsey’ on the river Pra of Ghana and distribution of Potentially 

Toxic Metals (PTM) on agricultural soils. He discovered the presence of As, Pb, Zn, Ni, Cu, Co, 

Cr and Cd in the agricultural soils. As concentrations exceeded allowable levels, represented health 

risks and a potential chemical of concern on the food chain. The other PTMs did not exceed 

allowable limits although were present in the agricultural soil. Phosphate fertilizers applications 

and the use of contaminated water of the river Pra by farmers for their farming activities 

responsible for the PTMs in the soil. 
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[13] on a study in the Ashanti region of Ghana about the accumulation and bioaccessibility of toxic 

metals in root tubers from farming communities in gold mining sites and environs which found 

the PTEs. Higher concentrations of the PTEs namely As, Ni, Cu, Pb, and Zn found at farm soils 

closer to the mining sites. The accumulation of the PTEs in the root tubers was established. The 

soil, and food crops were low to moderately contaminated with PTEs and posed lower risks to 

consumers.  

The literature shows that the PTEs are detected in agricultural soils especially in mining areas in 

Ghana. Some of these elements impacted negatively on the soil and health upon consumption. 

Farming dominates Upper Manya Krobo municipality economic activities and evidence from the 

literature make this study timely. 

2.7  Soil pH  

Soil pH is described as the “major soil variable” since it affects various chemical reactions in the 

soil. Either indirectly or directly, soil pH influences availability of essential nutrients to plants, 

phytotoxic elements and pollutants in the soil [100]. pH management ensures nutrient solubility 

and accessibility to plants. Before nutrients are available to plants, it has to dissolve and this can 

be lost via leaching and runoff which makes pH regulation and management very important to 

ensure maximum plant access to soil nutrients [100]. Nutrients such as phosphate solubility is 

highly a factor of the soil pH. Formerly, it was reported that a pH of near neutral, plants absorb 

phosphorus to the maximum, but current research refutes this. According to current findings, at 

lower pH, plants absorb phosphorus better and there is phosphorus desorption in soil [101]. Figure 

5 explains availability of phosphorus to plants based on the soil pH. Soil pH is also significant for 

the soil fertility and the soil chemistry. The pH of the soil also influences the biogeochemical 
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processes of the soil. In soil, the leaching of certain cations such as calcium (Ca), sodium (Na), 

potassium (K), magnesium (Mg) controls the pH more than ions released from weathering in the 

soil which make ions such as Al3+ and H+ to dominate [102]. The production of carbonic acid via 

dissolution of CO2 in soil water releasing H+, Nitrification which involves converting NH4+ to 

NO3- release H+ into the soil, nitrogen uptake and acid rain all controls soil pH [102]. The soil pH 

can control the biological processes of the soil, affect biogeochemical processes of the soil and the 

biogeochemical processes also affect soil pH is a relationship explained by figure 6. Soil pH 

determines the distribution and fate of substances in the soil and contribute to nutrient recycling, 

the removal and translocation of harmful substances, controls soil microbial activities, 

mineralization of the soil organic matter, enzymatic activities, biodegradation in the soil,  and 

determines nutrient availability for crop production [102]. 

 

Figure 2. 7: Influences of pH on availability of phosphorus [101] 
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Figure 2. 8: Soil pH effects on biogeochemical processes and vice versa 

2.8  Cation Exchange Capacity (CEC) 

The CEC is the ability of soil to retain and exchange cations and soils’ ability to grip positive 

charged ions [103]; [104]. To understand soil health and quality, certain soil properties which 

controls the soil and requires proper management must be determined. The CEC is significant in 

soil quality assessment and can be influenced by the soil physical, chemical, and biological 

properties [105]. The correlation between soil colloidal fractions and CEC is very strong. Although 

determining CEC is very important to understand soil health and quality, the conventional method 

of analysis is very expensive, cumbersome and time consuming [104]. For soil components, the 

surface electric charge can be measured using cation exchange capacity. Therefore, the cation 

exchange capacity has been useful tool to estimate the properties of soil components to understand 

soil health [103]. It is used to estimate the water properties in clay horizons of soil and done at 

specific soil pH to avoid variable charges resulting from fluctuation in the soil pH. For lightly 

acidic/neutral soils, CEC is usually measured at pH=7 what is referred to as the Metson method. 
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For alkaline soils, the Bower method is used. The CEC is measured at pH =8.2. However, these 

two methods presents inaccurate results in a soil with different soluble salts and monoionic 

absorbent on soil material are difficult to make under salinity conditions [103]. 

2.9  Electrical Conductivity (EC) of soil  

The electrical conductivity is a measure of the conductance of the soil. It is indication of the ions 

(and salts) present in the soil and the sources it might have come from which determines whether 

crop yield will be better or not based on effects on the crop plants [106]. The wastes (solid wastes 

and liquid wastes) are disposed onto farmlands, the decomposition releases nutrients, salts and 

ions influencing the electrical conductivity of the soil [106]. However, this is regulated by many 

indicators of soil fertility examples phosphorus (P), potassium (K), organic matter (OM), 

magnesium (Mg), including contents of organic ligand and soluble salts [106]. The EC 

determination in soil is highly complex but its determination is important. This is because the EC 

is used to delineate soil fertility index and has direct effect on crop yield/correlated effectively 

with crop output [106]. Electrical conductivity which measures ions and salts in the farm soils can 

provide useful information to the farmer. For instance, if salt content is high, it can affect plant 

growth and productivity. The salt content of soil can be excess naturally due to weathering of rocks 

and minerals high in salt or mismanagement of the soil by humans. For acceptable salt content for 

proper crop growth, EC of 0-0.8 dS/m is recommended. When a soil analyzed exceeds 4 dS/m at 

25 ℃, then such sampled soil is considered saline [107]. The EC is found to impede nutrients 

availability to plants, inhibit activities of microorganisms, and poor crop yield. When the soil is 

salty, the plants are unable to extract water/enough nutrients from the soil resulting in the poor 

yield so the salt become toxic to the crops [108].  
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2.10  Soil Organic Matter (SOM) 

Soil organic matter is a mixture of many biodegradable and non-biodegradable components. It 

contains about 1-10% of microorganisms and non-degradable plant materials, and a mixture of 

other biogenic components in evolutionary stages and  proportions [107]. The soil organic matter 

(SOM) can be fast recycling thus relating mainly to the amino acids, carbohydrates, and lipid 

fractions of the soil (active). This can happen in the soil for either months or decades and represents 

10-40% of the SOM [107]. There is the passive SOM called the humic fraction which represents 

about 40-60% and had remained in the soil for about centuries/millennia [107]. Agricultural soil 

usually has SOM content of around 0.1-6% and had correlated so well with paramount features of 

soil physical, chemical, microbial and biological properties [109].  The SOM can influence 

nutrients availability for both microbial activities and plant growth and also affects the physical 

and chemical properties of the soil [109]. The SOM do accumulate in the soil over long period of 

time and current profile in soil could be affected by chemical reactions, tree falls, and microbes 

reprocessing the soil organic matter. Agriculture activities and practices can in themselves affect 

soil organic matter content. When this happens, the soil microbes are affected reducing their 

activities which has direct effect on crop production and yield [109].  

The soil organic matter can control soil erosion, but soil erosion increases if there is poor SOM. 

The addition of manures, composts also adds SOM [110]. The pH of the soil can be lowered if 

organic matter content is high. Levelling has reduced SOM content from the soil surface to the 

subsoil. As the weather warms, there is possibility of organic matter decomposition to help plant 

growth. The organic matter increases water content at field capacity, in sandy soil, it increases 

available water, and in fine texture soil, the air and water flow rates are increased. Other 

importance of the SOM in agriculture soil is the supply of nutrients to plants, provide home of 
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food to microbes in the soil, maintain the soil structure, provides essential nutrients and controls 

infiltration rate [110]. 

2.11 Soil particle size/texture 

Soil particle size is very important and affects PTEs bioaccessibility [111]. Historically, extraction 

methods for soil particle sizes had been sieved at <2mm and validated at <250µm for effectiveness 

[111]. The different particle sizes can have different compositions and characteristics which 

ultimately affects pollutants distributions in the soil micro-environments [111]. Studies have 

demonstrated that coarse soil particles accumulate lower PTEs concentrations than fine soil 

fractions which accumulates higher PTEs concentrations. The fine particles have clay minerals, 

organic matter content, Fe, Mn, and Al unlike the coarser particles [111].  There are therefore good 

adsorption sites for the fine soil particles affecting the PTEs bioaccessibility and stability [111].  

The soil texture/particle influences soil water penetration, root penetration and aeration as well as 

the status of nutrients in the soil. It also affects the nutrient supply of the soil.  For sandy soil, the 

nutrient is low, low water retention, low organic matter, very permeable, low cation exchange 

capacity and low ability to retain moisture in the soil [110]. Therefore, to use sandy soil for 

agriculture purposes, good management of moisture and nutrient retention should be done. Sandy 

loam are less resistant to root penetration and could be a problem for deep rooted crops [110]. Clay 

soils normally have high organic matter, has pH buffering capacity and high cation exchange 

capacity. The differences in soil particles/texture can directly or indirectly influence soil functions 

and crop production [110]. 
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2.12 Soil moisture content 

The soil moisture content is a significant physical indicator of the soil health and quality [112]. It 

determines nutrients access to plants/crops [112]. The moisture content of soil is dependent on 

several factors. These include clay minerals, organic matter, void ratio, groundwater condition and 

soil particle size. Importantly the water content of soil is dependent on the soil structure and texture 

which affects soil moisture as well [112]. Porosity determines the wetness of soil. Clayey soil has 

many pores though small particle sizes than sandy soils which have larger particle sizes. The many 

micro pore of clayey soil makes clayey soil make more porous and tend to have larger water 

content compared to sandy soil. However, sandy soil can easily be recharged with soil moisture 

[113].  Knowledge of this helps the farmers to decide crop type to grow to gain maximum yield. 

A good physical condition of soil also depends on the excellent water holding capacity of these 

soil [113]. A plant becomes stressed if there is low moisture of the soil. Organic matter degradation 

is also slowed when there is low moisture content since microbial activities will be negatively 

affected. The soil moisture content usually increases in raining seasons and decreases in the dry 

seasons and therefore for proper agricultural practices, effective planning and management are 

important [113]. 

2.13 Microbial community and agriculture soil quality 

Potentially toxic elements and heavy metals can affect soil microbes and ultimately the soil quality 

and health.  Heavy metals such as Zn, and Cu which also classed as PTEs in low concentrations 

are significant plant and animal nutrient [114]. Prokaryotic and eukaryotic microbes have long 

used these metals for their cell development and structural functions [115]. In the illustration in 

figure 7,  microbes are able to use metals for their metabolism and growth [114] . But in higher 
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concentrations of the metals, they become very toxic to the microbes. Not all the PTEs have 

essential functions in the life of microorganisms. For example Cd and Pd have no essential function 

in living organisms [116]. They destroy enzymatic and cellular functions, DNA structure damage, 

damage cell membranes and replacement of essential elements and as a result impair living 

organisms life cycle. The heavy metals can have these destructive characteristics on microbes in 

soil because of they are not degradable, toxic and have long biological half-life [116]. The 

microbes are inseparable part of the ecosystem. The soil microbes and the metal contaminants 

interact in a much complex manner in the soil ecosystem [117]. Soil chemical contaminants (heavy 

metals and PTEs) can govern the soil microbial biomass activities and dynamic behaviour. It is 

worth mentioning that some microorganisms such as bacteria, fungi and Protista with the aid of 

specialized organisms can degrade some heavy metals and transform parts of the heavy metal’s 

products into their metabolism. In this process, the microbes either remove the metal or reduce its 

toxicity. In the process of biosorption and bioprecipitation, metal mobility and availability can be 

reduced and bring about immobilization of the metal contaminant in the soil [114].   

 

Figure 2. 9: Ingestion, detoxification and assimilation of metals by Microbes in the soil [114] 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1  Study area 

The study was conducted within the Asesewa in Upper Manya Krobo District in the Eastern region 

of Ghana and its surroundings (fig 3.1). The district is located within latitude 6o 20ꞋꞋ North and 6o 

50ꞋꞋ North and longitudes 0o 30ꞋꞋ West and 0o 00ꞋꞋ West. The land measures 885sq.km which makes 

up about 4.8% of the overall geographical area of the region. It shares boundaries with Volta Lake 

due north and with sister districts such as Fanteakwa due west, Asuogyaman due east, YiloKrobo 

due south-west and Lower Manya Krobo due south-East. Upper Manya Krobo District (Asesewa 

being the capital) falls within semi-equitorial climate with two principal seasons being the moist 

(wet) and arid (dry) seasons. The district is found in the eastern part of Ghana and was chosen for 

this study because it is one of the major food hubs in Ghana. The crops are produced for local 

consumption and exportation.  

It experiences both forest and savannah climatic conditions. It is a relatively warm climatic zone 

with mean monthly temperature of 21 to 30o C; annual rainfall levels of 1200 to 1500 mm and 

relative humidity of 90%  in the rainy season and 55% in the dry season [11].  

At Asesewa, 80% of the land supports crop production and majority of the people are farmers who 

mostly and annually rely on bushfire and ploughing for clearing their lands before growing of 

crops. Ploughing, slashing, burning, application of fertilizer and pesticide are inevitable farming 

practices amongst the farmers. 
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The major occupations for inhabitants are crop production and livestock production. Some of the 

crops produced include maize, yam, cassava, cowpea, groundnut, plantain, rice and vegetables like 

okro, tomatoes, garden, eggs and pepper. Livestock production includes the production of cattle, 

goat, sheep and poultry. The Municipality is noted as the leading producer of maize and yam in 

the Eastern Region with estimated production values of 28,861 tonnes of maize and 33,034 tonnes 

of yams annually [11]. 
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Figure 3. 1: Map of study area making up the farming sites within Asesewa in the Upper Manya Krobo District and its surroundings. 
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3.2  Sampling 

3.2.1 Sample collection and treatment 

Fresh soil samples were taken from five randomly selected farms in the farming communities 

of Asesewa namely, Kwabia, Kwabia Asasehene, Asasehene, ,Agbom  and Aworworso in  

December, 2021. In each farming community, soil samples from five random farms were 

sampled by dividing each farm by four parts where four soil samples were taken from each 

quarter and one was sampled from the centre  at a depth 30cm and were placed in zip-lock bags 

and appropriately labelled with a unique identity and then put in an ice chest containing ice and 

then transported to the analytical chemistry laboratory of the University of Ghana. The samples 

were then stored in the fridge. In all, total of 25 soil samples (from five different farms) were 

taken from the five farming communities.  The soil samples were ground using porcelain pestle 

and mortar and passed through a 2 mm sieve to remove plant roots, debris, stones, and other 

materials to obtain soil fraction (sand, silt, and clay). The sieved soil samples were stored in a 

well labelled zip polyethylene bags for later analysis. 

3.2.2 Digestion of soil samples 

Approximately, 1.0 g of soil sample was weighed into the digestion tube, digested with 10 mL 

HClO4:HNO3 (1:2) mixture and placed on an electric hot plate at 95 °C for 1-2 hours under 

fume chamber until the solution was reduced to near dryness. The samples were then removed 

from the hot plate and allowed to cool to room temperature. Deionised (20ml) water was added 

to the digested samples and filtered through Whatman No. 42 filter paper into a 100 mL 

volumetric flask and the volume adjusted.  
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3.3 Determination of heavy metals 

The concentration of heavy metals was measured using PINAAcle 900T Perkin Elmer Atomic 

Absorption Spectrophotometer for (Cd, Pb, Cr, Cu, and Ni). As was determined using Flow 

Injection Analysis System – Atomic Absorption Spectrophotometer (FIAS-AAS) (Hydride 

Generation Technique). Air-acetylene gas was used as the source of fuel for Cd, Pb, Cr, Cu, 

and Ni while argon gas was used for As. 

3.4 Data analysis 

The statistical analysis was performed using SPSS 26.0 (SPSS Inc., USA) software and 

Microsoft Office Excel 2019. The values of minimum, maximum, mean, standard deviation (± 

SD), standard error (SE), and coefficient of variation of the data were calculated. The results 

were subjected to one-way analysis of variance (ANOVA) at 0.05 significance level. To 

identify the relationship between the heavy metals in the soil and their possible sources, 

Pearson’s correlation coefficient analysis was used. The correlation coefficient measures the 

strength of the interrelationship between the heavy metals. 

3.5 Contamination Assessment 

A number of mathematical models have been used in quantify for the degree of metal 

enrichment or pollution in soils, [118];[29]. In this study enrichment factor (EF), 

geoaccumulation index (Igeo), contamination factor (Cf), contamination degree (Cd), and 

pollution load index (PLI) were employed. To assess pollution status of the soil, the following 

defines each of the factors used:  
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3.5.1 Enrichment factor 

The enrichment factor is used to assess the degree of contamination by individual elements in 

the soil [78]. It is based on the assumption that under natural conditions, there is a linear 

relationship between a reference element and other element constituent of the soils. A reference 

element was based on the standardization of a measured element against the reference element. 

A reference element is often the one commonly used element elements: Al, Fe, Ti, Si Sr, K etc. 

[9],[119]. Iron (Fe) was chosen as a conservative tracer to differentiate natural from 

anthropogenic component because it is a major sorbent phase for trace element [98]. It was 

calculated using the following equation [21];[8]. 

EF =
𝐶𝑛/𝐶𝑟𝑒𝑓

𝐵𝑛/𝐵𝑟𝑒𝑓
− − − − − − − − − − − − − − − − − − − − − − − −[1] 

where Cn is the concentration of the element of interest and Cref is the concentration of reference 

element for normalization. Enrichment factor is placed in five categories: EF < 2 as deficiency 

to minimal enrichment, EF 2-5 as moderate enrichment, EF = 5-20 as significant enrichment, 

EF = 20-40 very high enrichment and EF > 40 as extremely high enrichment [18]. 

2.5.2 Geoaccumulation index 

The geoaccumulation index (Igeo) is a geochemical criterion used to assess heavy metal 

accumulation in soils to measure the degree of metal pollution [120]. 

Igeo = 𝑙𝑜𝑔2 [
𝐶𝑛  

1.5𝐵𝑛
] − − − − − − − − − − − − − − − − − − − − − −[2] 

where Cn represent the measured concentration of the element and Bn denoted the concentration 

of element in the earth’s crust [93]. The metal content accepted as background was multiplied 

each time by the constant 1.5 in order to take into account natural fluctuations of a given 
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substance in the environment as well as very small anthropogenic influence. The following 

classification is given for geoaccumulation index: < 0 = practically unpolluted, 0-1 = 

unpolluted to moderately polluted, 1-2 = moderately polluted, 2-3 = moderately to strongly 

polluted, 3-4 = strongly polluted, 4-5 = strongly to extreme polluted and >5 =extremely 

polluted [21]. 

3.5.3 Contamination factor   

[120]proposed an overall indicator of contamination by integrating data for several heavy 

metals under study. The contamination factor is an index used to estimate the contamination or 

pollution range of a certain metal set as; 

𝐶𝑓 =
𝐶𝑥 𝑠𝑎𝑚𝑝𝑙𝑒

𝐶𝑛 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
− − − − − − − − − − − − − − − − − − − − − − − −[3] 

where Cx is the mean content of metals from the study area, and Cn is the background values 

of individual metals [37]. [120]categorized contaminated soils into four classes based on 

contamination factor values as follows: Cf < 1 as low contamination, 1<Cf≤3 as moderate 

contamination, 3 ≤ Cf < 6 as high contamination, and 6 ≤ Cf as very high contamination. 

3.5.4 Contamination degree 

The degree of contamination (Cd) is the sum of contamination factors for all of the elements. 

The degree of contamination by the heavy metal in the soil was determined as follows ([60]). 

C𝑑 = ∑ 𝐶𝑓

𝑛

𝑖=1

− − − − − − − − − − − − − − − − − − − − − − − − − −[4] 

In this study, four categories of Cd were used to evaluate metal contamination levels as follow; 

Cd < 8 as low degree of contamination, 8 ≤ Cd < 16 as moderate degree of contamination, 16 ≤ 
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Cd < 32 as considerable degree of contamination and 32 ≤ Cd as very high degree of 

contamination. 

3.5.5 Pollution Load Index 

The Pollution Load Index (PLI) is commonly used to assess the quality of the environment. 

[48]The pollution load index is defined as the ratio of element concentration in the study area 

to the background content of the corresponding element, it is also the geometric mean of CFs 

of the heavy metals under study. The PLI is calculated as follows; 

𝑃𝐿𝐼 = (𝐶𝐹1 × 𝐶𝐹2 × 𝐶𝐹3 × 𝐶𝐹𝑛)
1
𝑛 − − − − − − − − − − − − − − − −[5] 

The PLI was classified as either low (PLI ≤ 1), moderate (1 < PLI ≤3), and high (PLI > 3) ([48] 

3.5.5 Potential Ecological Risk 

The potential ecological risk index, proposed by [120]was used to investigate the ecological 

risk of the potential toxic elements in the study area. The potential ecological risk (PER) was 

calculated using the following formula; 

CF =
𝐶𝑥 𝑠𝑎𝑚𝑝𝑙𝑒

𝐶𝑛 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
− − − − − − − − − − − − − − − − − − − − − − − [6] 

𝐸 = 𝐶𝐹 × 𝑇 − − − − − − − − − − − − − − − − − − − − − − − − − − − [7] 

where Cx is the measured concentration of the heavy metal, Cn is the background value of heavy 

metal, Cf is the contamination factor of the heavy metal, E is the potential ecological risk factor 

of each heavy metal, and T is the toxic response factor of heavy metals. The toxic response 

factor for As, Hg, Pb, Cd, Cr, Cu, and Ni are 10, 40, 5, 30, 2, 5, and 5 respectively. The 

categories for ecological risk classification were presented as follow: E < 40 as low ecological 
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risk, 40 ≤ E < 80 as moderate ecological risk, 80 ≤ E <160 as considerable ecological risk, 160 

≤ E < 320 as high ecological risk, and E ≥ 320 very high ecological risk [120]. 

3.6  Human health risk assessment 

Health risk assessment of the studied soils was widely used to obtained both carcinogenic and 

non – carcinogenic risks to human via three exposure pathways: ingestion, dermal contact and 

inhalation. The methodology used for the health risk assessment was based on the guidelines 

and Exposure Factors Handbook of US Environmental Protection Agency [121]. The average 

daily doses (ADDs) (mg/kg/day) of potentially toxic metals via ingestion (ADDing), inhalation 

(ADDinh), and dermal contact (ADDder) for both adults and children were estimated using the 

following: 

𝐴𝐷𝐷𝑖𝑛𝑔 =
𝐶𝑠𝑜𝑖𝑙  × 𝐼𝑛𝑔𝑅 × 𝐸𝐹 × 𝐸𝐷 ×  10−6

𝐵𝑊 × 𝐴𝑇
− − − − − − − − − − − − −  [8] 

 

𝐴𝐷𝐷𝑖𝑛ℎ =
𝐶𝑠𝑜𝑖𝑙  × 𝐼𝑛𝑔𝑅 × 𝐸𝐹 × 𝐸𝐷 

𝑃𝐸𝐹 ×  𝐵𝑊 × 𝐴𝑇
− − − − − − − − − − − − −  − − − −  [9] 

 

𝐴𝐷𝐷𝑑𝑒𝑟 =
𝐶𝑠𝑜𝑖𝑙  × 𝑆𝐴 × 𝐴𝐹 × 𝐴𝐵𝑆 × 𝐸𝐹 × 𝐸𝐷 ×  10−6

𝐵𝑊 × 𝐴𝑇
− − − − − − − − [10] 

where ADDing, ADDinh, and ADDder are the daily amount of exposure to metals (mg/kg/day) 

via ingestion, inhalation, and dermal contact respectively. The other exposure factors and 

values used to estimate the intake value and risk are listed in Table 3.1 
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Table 3. 1:  Definition and reference values of some parameters for health risk assessment of 

heavy metals. 

Factor  Definition  Units Value  Reference 

Children  Adult  

Csoil Heavy metal 

conc. in soil 

mg/kg    This study 

IngR Ingestion rate of 

soil 

mg/day 200 100 [121] 

EF Exposure 

frequency 

days/year 350 350 Environmental site 

assessment 

guideline[121] 

ED Exposure 

duration  

Years 6 24 [91] 

BW Body weight Kg 15 55.9 Environmental site 

assessment 

guideline [45] 

AT Average time  Days 365ED 365ED [91] 
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InhR Inhalation rate 

of soil 

m3/day 7.63 12.8 [122] 

PEF Particle 

emission factor 

m3/kg 1.36×109 1.36×109 [91] 

SA Exposed skin 

surface area 

cm2 1600 4350  [121] 

AF Skin adherence 

factor 

mg/cm 

day 

0.2 0.7 [91] 

ABF Dermal 

absorption 

factor 

Unit 0.0001 0.0001  [121] 

 

3.7 Carcinogenic and Non-Carcinogenic Risks Factor 

The carcinogenic risks determine the possibility of cancer development in the lifetime of an 

individual exposed to carcinogenic hazards and in this case the PTEs [123]. The equations 

below were used to estimate the carcinogenic risks (CR) and the total carcinogenic risks 

(TCRs) of the PTEs of the farm soils  

𝐶𝑅 = 𝐴𝐷𝐷 × 𝑆𝐹 − − − − − − − − − − − − − − − − − − − − − − − − − − − − − [11] 

𝑇𝐶𝑅 = ⅀𝐶𝑅 = 𝐶𝑅oral +𝐶𝑅dermal+𝐶𝑅 Inh------------------------------------------------------------[12] 

Where CR is the carcinogenic risks, ADD is the average daily exposure dose (mg/kg/day) of 

the PTEs, and SF is the carcinogenic slope factor under three exposure routes of the PTEs 
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measured in mg/kg/day. Acceptable risks range are considered in the range of 1×10-6 and 1× 

10-4. Significant risks to humans considered at TCR>1× 10-4 

Table 3. 2: References doses (RfD) and SF values for the PTEs [123] 

Metal SF ing SF Inh SF derm 

Cu 1.7 - 42.5 

Cd 6.1 6.3 6.1 

Zn - - - 

Co - - - 

Pb - - - 

Ni - - - 

Cr 0.5 42 20 

As 1.5 15.1 3.66 

 

In this study, non-carcinogenic and carcinogenic effects of heavy metals were assessed using 

the hazard quotient (HQ), hazard index (HI) and carcinogenic risk (RI) methods [124]; [8]. The 

HQ is the ratio of the ADD( Average Daily Dose), of a heavy metal to its reference dose (RfD) 

for the same exposure pathways [91]. The reference dose (RfD) (mg/kg/day) is the maximum 

daily dose of a metal from specific exposure pathway for both adult and children, that is 

believed not to lead to an appreciable risk of deleterious effects to sensitive individuals during 

a lifetime. If the ADD is less than the RfD, HQ ≤ 1, it is considered that there will be no adverse 

health effects, whereas if the ADD exceeds the RfD, HQ > 1, it is likely that there will be 

adverse health effects (USEPA, 1989, 2001).  
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The hazard index (HI) is the sum of HQ and means of the total risk of non-carcinogenic element 

via three exposure pathways for single element. If the value of HI < 1, no risk of non-

carcinogenic effects is believed to occur, whereas HI > 1 indicated a probability of an adverse 

health effects, and probability increases with the increase of HI values. Carcinogenic risk is 

regarded as the probability of an individual developing any type of cancer in the whole life 

time due to exposure to carcinogenic hazards [84]. The HI and carcinogenic risk are calculated 

as follows: 

HI = ∑ 𝐻𝑄 = ∑
𝐴𝐷𝐷

𝑅𝑓𝐷
− − − − − − − − − − − − − − − − − − − − − [11] 

 

Risk (RI) = ∑ 𝐴𝐷𝐷 × 𝑆𝐹 − − − − − − − − − − − − − − − − − − − −[12] 

The value of SF represents the probability of developing cancer per unit exposure level of 

mg/kg/day. The values for RfD, SF and other calculated parameters are given in Table 3.1. If 

RI < 10-6, the carcinogenic risk to health from the soil can be negligible and an RI above 1 × 

10-4 is likely to be high risk of developing cancer in human beings. An RI value within a range 

from 1 × 10-6 to 1 × 10-4 indicate an acceptable or tolerable risk to social stability and to human 

health [48]. 

3.8 Quality control for the soil samples for the PTEs 

All the reagents used were of analytical grade. A blank was run for each digestion procedure 

to correct the measurement. Each sample was analyzed in triplicates and two standards were 

tested after every 10 samples to check for interference and cross contamination. The percent 

recoveries of the metals analyzed were also calculated (Table 3.3). ISE Sample 999 of moist 

clay from Liteta/Ivory Coast, WEPAL (Wageningen Evaluating Programs for Analytical 

University of Ghana http://ugspace.ug.edu.gh



54 | P a g e  

 

Laboratories were included in every batch of the sample digestion and analysis as part of the 

quality control protocol.  

 

 

Table 3. 3:  Certified and measured concentration of Pb, Cd, and As in ISE sample 999 of moist 

clay from Liteta/Ivory Coast, WEPAL 

Analyte Certified value (mg/kg) Measured value (mg/kg) % Recoveries 

Pb 4.710 ± 1.157 4.907 ± 0.235 99.8 

Cd 0.040 ± 0.020 0.048 ± 0.031 95.7 

As 

Cr  

Cu  

Ni  

0.772 ± 0.344 

221.0 ± 32.0 

12.5 ± 1.61 

74.1 ± 13.83 

0.852 ± 0.223 

215 ± 29.2 

13.2 ± 2.52 

76.3 ± 14.51 

101.4 

98.7 

104.2 

98.3 

3.9 Determination of the Physicochemical parameters of the soil 

3.9.1 Laboratory analysis for moisture content of soil 

50g each of wet soil sample was weighed into moisture cans and dried at 105℃ and oven dried 

for 24 hours. The hot sample was placed in desiccators and allowed to cool at room temperature 

and reweighed. The percentage water content at field capacity of the samples was measured by 

the difference in mass between wet soil and oven-dried soil per oven dried soil expressed as a 

percentage. Mathematically, 
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% Water content = 𝑤𝑒𝑖𝑔ℎ𝑡  𝑜𝑓  𝑤𝑒𝑡 𝑠𝑜𝑖𝑙−𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓𝑜𝑣𝑒𝑛  𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑣𝑒𝑛 𝑑𝑟𝑖𝑒𝑑 𝑠𝑜𝑖𝑙
× 100% 

3.9.2 Soil particle size analysis 

Bouyoucos (1962) method as modified by Day (1965) was employed for the measurement of 

particle size analysis for each of the twenty-five representative soil sample. 40g each air-dried 

homogeneous sample was weighed into dispersion bottles and pre-treated with hydrogen 

peroxide 1:1 (soil: solution) for the destruction of organic matter. 100ml of 5% calgon (sodium 

hexametaphosphate) solution was added as a dispersion agent to form a suspension. The 

suspensions were shaken thoroughly on a mechanical shaker for two hours (2hrs) in order to 

disperse each sample into sand, silt and clay. The suspensions were then transferred into 1L 

sedimentation cylinder and topped up with distilled water to the mark.  

After this, a plunger was dipped into the suspensions in and out vigorously and left to 

equilibrate. After five minutes a hydrometer was immersed and the first hydrometer reading 

was taken and recorded. The first density reading was for both silt and clay in the suspensions. 

The second hydrometer reading was taken and recorded after five hours (density of clay only 

in the suspension). The content of sand was determined by pouring the suspension directly into 

a 47μm sieve. The content (sand) on the sieve was properly washed with tap water to wash off 

all clay and silt particles on the sieve and then transferred into moisture cans, preweighed and 

dried in the oven at 105℃ for 24 hours. After this the weight of the oven dried sand was 

determined.  Hydrometer readings in a blank that contains only 5% calgon were taken at five 

minutes and five hours’ time intervals. The percentage clay, silt and sand were calculated 

mathematically as follows: 

%(clay and silt) = 
( 5 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 ℎ𝑦𝑑𝑟𝑜𝑚𝑒𝑡𝑒𝑟 𝑟𝑒𝑎𝑑𝑖𝑛𝑔)

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 ×100 
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%Clay = 
(5 ℎ𝑜𝑢𝑟𝑠 ℎ𝑦𝑑𝑟𝑜𝑚𝑒𝑡𝑒𝑟 𝑟𝑒𝑎𝑑𝑖𝑛𝑔)

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 ×100 

%Silt = %(clay and silt) - %Clay 

%Sand = 
(𝑜𝑣𝑒𝑛𝑑𝑟𝑦𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 𝑜𝑛 𝑡ℎ𝑒 47𝜇𝑚𝑠𝑖𝑒𝑣𝑒)

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 × 100 

The USDA textural triangle was used to determine the textural classes of the soil samples. 

3.9.2 Soil pH measurement 

 The soil samples were air dried at 25℃ and sieved with less than 2mm sieve. Soil pH was 

determined in distilled water to soil mass (1:1) with a pH meter (ACCSEN, EL150 pH 

electrode). 20g of each soil sample was weighed on an electronic balance into a beaker of 

100ml capacity followed by addition of 20ml distilled water to form a soil-liquid suspension. 

The suspension was stirred for thirty minutes (30mins) and was allowed to equilibrate for a 

period of one hour to equilibrate. The pH meter was calibrated at buffers 4.01, 7 and 10.01 

(triple point calibration). The pH of the soil samples was measured by immersing the probes 

gently into the suspension. 

3.9.3 Measurement of electrical conductivity 

The Soil samples under study were air dried at 25℃ and sieved with less than 2mm sieve. The 

soil electrical conductivity was measured in distilled water of 1:5 mass to water ratio with the 

conductivity electrode using the pH meter (ACCSEN, EL150). Electrical conductivity probe 

was use to measure the soil’s electrical conductivity. A 10g soil sample was weighed into 

100ml beaker and then 50ml of distilled water was added to form a suspension. The resulting 

suspension was stirred for thirty minutes (30mins) and left undisturbed for one hour to 

equilibrate. The conductivity meter was calibrated at buffers 1413μs/cm, 12.88ms/cm and 
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84μs/cm (triple point calibration). The electrical conductivity probe was gently immersed into 

the soil-liquid suspension to measure the electrical conductivity. 

3.9.4 Extraction of exchangeable bases 

5 g sample of the soil (fine) was weighed into a 200 ml extraction bottles for each sample. Fifty 

milliliters (50ml) of 1M NH4OAc solution at pH 7 was transferred to the content of the 

extraction bottles. The bottles were covered tightly and shaken on a reciprocating mechanical 

shaker for 1hr and it was filtered with filter paper (Whatman No.42 filter paper). Using Atomic 

Absorption Spectrophotometric techniques (AAS) (A Analyst 800), the Ca, Mg, K and Na was 

measured. Appropriate standards were used for the calibration of the AAS instrument for 

calcium (Ca), magnesium (Mg), potassium (K) and sodium (Na) respectively to determine their 

absorbance. Concentrations of the basic cations in the filtrates were determined on the AAS 

device. Exchangeable bases were calculated as follow: 

X(cmolcKg-1) = 
𝑅 × 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓  𝑒𝑥𝑡𝑟𝑎𝑐𝑡×10ᶾ (𝑔) × 100 (𝑐𝑚𝑜𝑙) × 𝐸

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙  ×10⁶ (𝜇𝑔)×𝑀
 

Where X = Basic cation,  

R = Absorbance measured in mgL-1 

E = Represents charge of cation 

M= Basic cation’s atomic mass 

3.9.5 Cation exchange capacity (CEC) 

5 g sample of the soil (fine) was weighed into a 200ml extraction bottles. Fifty milliliters (50ml) 

of 1M NH4OAc solution at pH 7 was transferred to the content of the extraction bottles. The 

bottles were covered tightly and shaken on a reciprocating mechanical shaker for 1hr. The 
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suspension was filtered with filter paper (Whatman No.42 filter paper). After filtration, the 

residues were immediately washed four times with 50ml portions of ethanol (in order to get rid 

of excess ammonium ion) into empty plastic bottles. The residues were again washed four 

times with 50ml portions of acidified KCl (1M). Each portion was added at a time and allowed 

to drain through the residue before adding the next portion. Ten milliliters (10ml) of the filtrate 

were transferred into a Kjeldahl flask and 10ml solution of forty percent sodium hydroxide 

(40% NaOH) portions were added and distilled into 5ml 2% boric acid. The solutions were 

back titrated against 0.01M HCl solution. The ammonium ion concentrations in the various 

samples were determined as the CEC of the soil. 

CEC (cmolc/kg soil) = 
𝑉(𝐻𝐶𝑙) × 𝑀(𝐻𝐶𝑙) × 0.001 × 𝑣𝑜𝑙.𝑜𝑓𝑒𝑥𝑡𝑟𝑎𝑐𝑡 × 1000 ×100

𝑣𝑜𝑙.𝑜𝑓𝑡ℎ𝑒𝑎𝑙𝑖𝑞𝑢𝑜𝑡 × 𝑤𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑠𝑜𝑖𝑙
 

 

3.9.6 Organic Matter Determination (Weight Loss-On-Ignition at 550℃) 

50g each of the wet soil sample was weighed into clean and well dried moisture cans. It was 

then dried in the oven for one day (24hrs) at 105℃. The hot sample was quickly placed in 

desiccator and allowed to cool at room temperature. Two grams (2g) of each soil sample that 

was oven dried was measured into clean dry and already weighed heating crucible. The heating 

crucibles were arranged in a pattern that followed their labels and were placed in the 

VECSTAR muffle furnace at a temperature 550℃ for four hours. Thereafter, samples were 

allowed to cool and placed into the desiccators to further induce cooling without absorbing 

moisture and the contents reweighed to determine weight loss after ignition. 

 Percent organic matter is calculated as follows: 

% Organic Matter = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑡 105℃−𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑡 550℃

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑡 105℃
× 100 
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3.10 Biological analysis 

3.11 Preparation of Ringer’s solution 

2g sodium chloride (NaCl), 0.07g potassium chloride (KCl), 0.12g calcium chloride (CaCl2) 

and 0.5g hydrated sodium thiosulphate (Na2S2O3.5H2O) were weighed and dissolved in 

distilled and topped up to the 1L mark. 

 

3.12 Preparation of nutrient agar solution 

28g of nutrient agar was dissolved in distilled water and made up to the 1L mark and autoclaved 

at 121℃ for 15 minutes. 

10g sample of fine soil was transferred into ninety millilitres (90ml) sterilized Ringer’s solution 

followed by shaking in sterilized medicinal bottle. Using aseptic technique, the cap of the test 

tube was removed from the 9ml dilution blank (Ringer’s solution) and the mouth was flamed. 

100 microlitres (100μL) of the suspension was pipetted into 9ml Ringer’s solution (blank) in a 

screw cap test tube with sterile micropipette for each subsequent transfer. Using aseptic 

technique, 1ml of the diluents from the 10 to the negative 1 dilution was transferred to the 10 

to the negative 2 dilution blank which followed in that order to 10 to the negative 5 dilution 

blank (serial dilution of 10-1, 10-2, 10-3, 10-4 and 10-5) and recapped and shaken for about 1min 

in each case. The micropipette tips were changed in each case. 100μl of serial diluents 10-4 and 

10-5 (duplicate of each) were pipetted into a sterile petri dish followed by pouring 12ml to 15ml 

of melted nutrient agar (pour plate method) solution. It was then covered and gently shaken 

and allowed to set. The petri dish and its content were placed in the incubator at 37℃ for 3 

days when growth was observed. The number of microorganisms was estimated using marker 

on the Colony Forming Units (CFU). Plates with too numerous colony-forming units to count 
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(TNTC above 300) and plates with colony forming units too few to count (TFTC below 30) 

were ignored. The number of microorganisms was estimated as follows:  

Microbial population = 
𝐶𝐹𝑈

𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑝𝑒𝑟 𝑔𝑟𝑎𝑚 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 

3.13 Fungal population for ten farms (Kwabia and Kwabia Asasehene) 

The five soil samples each from the five farms were homogenized. Ten (10g ± 0.1g) of each 

was analyzed in the Department of Botany for soil mycoflora profile and population analysis. 

The analysis was done in malt extra media and DG18 media.  

3.14 Preparation of malt extract agar (MEA) and Dichloran-Glycerol (DG18) agar 

50g of MEA or 31.8g of DG-18 powder were weighed and dissolved in 1L distilled water after 

which the mixture was heated in a water bath for about10 minutes for complete dissolution. 

The solution was transferred into medicinal bottles and was sterilized at 121˚C and 1.1Kg/cm3 

pressure for 15mins in an autoclave.  

Table 3. 4: Materials and their quantities for preparing malt extract agar (Oxoid CM167) 

 

 

Material Quantity 

Malt extract 30.0g 

Mycological Peptone 5.0g 

Agar 15.0g 

Distiled Water 1000mL 

Ph 5.4±0.2 

Temperature 25ºC 
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Table 3. 5: Materials and their quantities used in the preparation of Dichloran-glycerol (DG18) 

Agar (Oxoid CM167). 

 

3.15 Preparation of peptone water 

1% peptone water was prepared by dissolving 1g in 99ml of distilled water. Exactly 10ml 

aliquots were dispensed into McCartney tubes and autoclaved at 121℃ (1.11kg/stem pressure) 

for 15 minutes. These were used for the various serial dilution preparations. 

3.16 Isolation and identification of mycoflora population 

One percent (1%) peptone water was used for serial dilution preparations of a stock solution of 

10g sample/100ml of peptone water of each sample into a McCartney tube filled with 9ml of 

Material Quantity 

Peptone 5.0g 

Glucose 10.0g 

Potassium dihydrogen phosphate 1.0g 

Magnesium Sulphate 0.5g 

Dichloran 0.002g 

Agar 15g 

pH 5.6±0.2 

Temperature 25ºC 
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the aliquot (peptone water) and a serial dilution up to 1:103. Each tube was shaken at140rev/min 

for 2-3mins on an orbital shaker (Gallenkamp, England). Serial dilution up to1:103 aliquot was 

made and 1ml aliquot was plated on 20ml of either MEA or DG18 and incubated at room 

temperature (26℃) for 7 days. Colonies of mycoflora appeared were counted and calculated 

as 𝑙𝑜𝑔10 CFU/g sample. Fungi isolated were identified by their cultural, colour morphological 

characteristics (microscopic and macroscopic) according to[127]; [128];  [129] as well as other 

relevant identification manuals. 

3.17 Quality Control/ Quality Assurance for determining the physicochemical properties 

For the study, samples were carefully handled during sample collection, transporting, 

preparation, analysis to avoid any external influences that could interfere with the integrity of 

the sample and hence contaminate it; protocols were carefully followed for each analytical 

parameter alongside careful tracking of samples for error minimization. Also, results and data 

entry including reporting were carefully done to avoid statistical errors.  To minimize chemical 

(photochemical and microbiological degradation) and physical (volatilization, adsorption, 

diffusion, and precipitation) changes between collection and analysis sample bags were well 

sealed and the cooler which contained samples with ice was airtight. Samples were kept in the 

refrigerator until all chemical and biological analyses were carried out. Extractions were carried 

out within one week after sampling. Quality assurance measures applied in the laboratory 

included rigorous contamination control procedures (strict washing and cleaning procedures), 

analysis of procedural blanks, monitoring of detector response and linearity. During extraction, 

blanks duplicates were included in the analysis and re-calibration standards run frequently to 

check the linearity of the determination. For validation of the analytical procedure, repeated 

analysis of the samples against internationally certified/standard reference material was used. 

Except for the temperature, multi-probe meters were calibrated together using the same 
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standard and procedures. Electrical conductivity was calibrated against 0.005, 0.05, and 0.5M 

standard potassium chloride solution; pH was calibrated with standard buffer at pH of 4, 7 and 

10. The temperature was checked against standard mercury thermometer for consistency.  

All reagents used during the analysis were of high quality and exposed to the same extraction 

procedures and subsequently run to check for interfering substances. Sample of each series was 

analysed in duplicates. 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1 Concentration of PTEs in the farm soil 

The mean concentrations of the PTEs ranged from 3.5mg/kg-0.7mg/kg for Cd, 19.08mg/kg-

3.94mg/kg for Cr, 19.24mg/kg11.42mg/kg for Co, 27.28mg/kg-3.26mg/kg for Pb, 

29.62mg/kg-12.42mg/kg for Ni, 30.76mg/kg-14.52mg/kg for Cu and 36.6mg/kg-22.02 mg/kg 

for As. Therefore, the concentrations of the PTEs decreased in the order 

As>Cu>Ni>Pb>Co>Cr>Cd in the farms soil studied (Table 4.1). Analysis of variance 

(ANOVA) between the metals concentrations and the farms was used to unearth the variations 

in level of the PTEs’ concentrations among the five farms (Appendix A, Table 10, Table 11, 

Table 12, Table 13, Table 14, Table 15, and Table 16). The mean concentration of Cu decreased 

among the farms as follows: KA>K>Aw>AS>Ag. There was no significant difference between 

the concentration of copper (Cu) for all the five farms (p>0.05). For Cd concentration, there 

was significant difference between all the farms (p<0.05) and the Cd concentration decreased 

among the farms in the order; Aw>AS>KA>Ag>K (Table 4.1). Also, there was significant 

variations in the concentrations of Cr among the five farms especially between Kwabia and 

Aworworso as well as Kwabia Asasehene and Agbom farms (p<0.05) (Table 12 appendix A). 

The concentration of Cr decreased in the order; Ag>Aw>AS>KA>K for the farms. The 

concentration of Co decreased among the farms in the order KA>K>Ag>AS>Aw (Table 4.1). 

The Tukey HSD tests revealed that the concentration of Co was not significantly different 

between the farms (p>0.05). In decreasing order, the concentration of Pb among the farms were 

Ag>Aw> AS> K>KA and the concentration of Ni were Ag>Aw>KA>AS>K for the farms. 

Also, the concentration of Pb and Ni were significantly different among all the farms (p<0.05) 
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but As concentration were not significantly different between the farms (p>0.05). The variation 

degrees of concentrations among the farms could represent different activities that releases 

different kinds of PTEs into the farms soil. Several studies had indicated also that the presence 

and content of PTEs in soils in varying concentrations depends on the location, activities 

at/around the agricultural site and sources of the pollutants [130]; [13]; [9]; [131]. The 

maximum allowable concentrations of the PTEs established by the World Health Organization 

and the Food and Agriculture Organization (WHO/FAO) were above the mean concentrations 

of the PTEs in all the farms soil except for As similarly reported elsewhere [130].  The mean 

concentration for As for all the farms exceeded the WHO/FAO limits and Cd exceeded the 

WHO/FAO limits for Aworworso farms (Table 4.1). Descriptive statistics revealed that the 

maximum values for Cu, Cr, Co, Pb, and Ni for the five farms were below WHO/FAO 

maximum limits (Table 4.2). The maximum values for As exceeded WHO/FAO limits for all 

the five farming communities.  The maximum concentration for Cd for Aworworso, Kwabia 

Asasehene and Asasehene farms exceeded the WHO/FAO allowable limits. The As and Cd 

exceeding allowable concentrations could endanger soil health for agriculture production [37]. 

It also means that the farms soil had arsenic rich rocks coupled with natural oxidation. 

Discharges from landfills, dumpsites and burning of e-wastes near the farming locations 

accounts for increased arsenic concentrations [35]. Also, excess fertilizer applications by 

farmers, and indiscriminate Cd containing wastes disposals increased the Cd levels in the soil 

environment [44]; [132]. 

From table 4.1, the coefficient of variation (CV) of the metals was further used to infer the 

sources of contamination of the metals in the soil. Heavy metal pollution with low CV 

represents natural sources and high CV is mostly caused by human activities [124]). The 

coefficient of variation of PTEs in the soils were in the following decreasing order: Pb (69.94%) 

> Cr (55.55%) > Cd (55.54%) > Ni (42.25%) > Cu (30.94%) > Co (20.83%) > As (19.20%) 
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(Table 4.1). The CV and the Pearson correlation both confirmed Pb and Cd in the farms soil to 

emanate from human activities (Table 4.1 and Table 4 .3). The coefficient of variation of the 

PTEs analysed indicated moderate degree of variability. The greater the coefficient of variation 

the greater the likelihood that heavy metals concentrations were affected by human activities 

[13]. Anthropogenic activities such as fertilizer applications, discharge of effluents, etc 

contribute significantly to the concentration of PTEs in the soils. Natural sources of PTEs may 

originate from parent materials and lithogenic sources [35].  
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Table 4. 1: Average concentrations of the PTEs present in the farm soils 

Farms Mean concentrations of the PTEs in the farm soil (mg/kg) 

 

Cu Cd Cr Co Pb Ni As 

K 26.00 ± 9.4 0.7± 0.04 3.94 ± 

1.57 

17.02 ± 

6.19 

5.1 ± 1.16 12.42 ± 

3.32 

35.6 ± 8.37 

KA 30.76 ± 7.90 1.6 ± 

1.59 

6.24 ± 

4.34 

19.24 ± 

6.98 

3.26 ± 0.45 14.68 ± 

8.08 

26.96 ± 

7.63 

AS 16.00 ± 3.20 2.42 ± 

1.34 

13.42 ± 

8.71 

12.74 ± 

1.86 

22.28 ± 

5.33 

14.62 ± 

8.51 

24.86 ± 

9.88  

Ag 14.52 ± 2.71 1.42 ± 

0.71 

19.08 ± 

5.90  

15.68 ± 

2.72 

27.22± 6.34 29.62 ± 

6.94 

22.02 ± 

7.07 

Aw 24.34 ± 7.18 3.5 ±1.31  17.14 ± 

7.32 

11.42 ± 

3.55 

27.14± 

12.72 

28.94 ± 

1.59 

25.12 ± 

8.91 

C 2.58 ± 0.51 0.12 

±0.06 

3.08 ± 

0.21 

7.76 ± 

0.45 

2.30 ± 0.81 0.52 ± 

0.19 

1.36 ± 0.04 

CV (%) 30.94 55.54 55.55 20.83 69.94 42.25 19.20 

bWHO/FAO 100.00 3.00 100.00 50.00 100.00 50.00 20.00 

K=Kwabia farming community, KA=Kwabia Asasehene, A=Asasehene, Ag=Agbom, 

Aw=Aworworso, C=Control; CV=Coefficient of Variation; WHO/FAO=World Health 

Organization/Food and Agriculture Organization  
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Table 4. 2: Descriptive Statistics of the PTEs in the farm soils (mg/kg) 

Farming 

Communities 

Cu Cd Cr Co Pb Ni As 

Kwabia 

Minimum 12.1 0.3 0.2 6.3 3.4 9.1 10.7 

Maximum 56.4 1.5 8.3 20.8 8.4 16.8 60.6 

Median 17.3 0.5 5.2 20.5 3.9 12.2 41.7 

Skewness 1.47 1.51 -0.09 -1.92 1.13 0.34 -0.09 

Kurtosis 1.64 2.07 -2.26 3.64 -0.23 -1.89 -0.83 

Kwabia Asasehene 

Minimum 21.30 0.2 1.1 9.8 0.1 1.5 14.6 

Maximum 41.20 3.7 12.1 29.2 12.4 23.7 41.5 

Median 31.1 0.8 7.3 19.2 1.1 16 24.5 

Skewness 0.16 0.67 0.17 0.17 2.12 -1.22 0.42 

Kurtosis -1.16 -2.43 -0.95 1.37 4.59 2.81 -1.01 

Asasehene 

Minimum 13.2 0.4 2.7 10.2 17.2 1.5 10.5 

Maximum 21.4 3.6 23.1 14.7 31.2 24.3 59.6 

Median 15.1 2.8 12.2 12.5 21.3 14 16.1 

Skewness 1.63 -0.96 -0.01 -0.32 1.54 -0.84 1.99 

Kurtosis 2.95 -0.17 -2.18 -1.24 2.93 1.29 4.10 

Agbom 

Minimum 11.3 0.5 11.1 11.8 11.2 19.2 8.5 

Maximum 17.1 2.5 27.6 17.7 42.1 34.4 50.6 
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Median 15.1 1.4 18.8 17.5 34.2 34.4 19 

Skewness -0.31 0.55 0.22 -0.90 -0.42 -1.08 1.58 

Kurtosis -2.80 2.10 1.65 -1.63 -2.96 -0.66 2.67 

Aworworso 

Minimum 12.1 2.3 11.2 9 12.1 26.7 11.5 

Maximum 41 4.9 26.1 17.6 45.1 30.9 61.5 

Median 21.3 3 12.7 9.7 23.1 28.8 16.2 

Skewness 0.41 0.43 0.63 1.97 0.49 -0.31 1.95 

Kurtosis -2.48 -3.15 -3.05 3.93 -0.42 0.03 3.88 

Control 

Minimum 0.2 0.05 1.1 7.1 1.2 0.3 0.6 

Maximum 4.1 0.2 8.6 8.3 3.1 0.8 2.5 

Median 3.1 0.1 1.3 7.8 2.1 0.5 0.6 

Skewness -1.13 0.40 1.87 -0.55 -0.27 0.59 0.61 

Kurtosis 1.08 -0.18 3.44 0.46 -1.32 -0.02 -3.33 

bWHO/FAO 100.00 3.00 100.00 50.00 100.00 50.00 20.00 

4.2 Sources of PTEs contamination 

To further identify the sources of contamination, correlation coefficient analysis was carried 

out. The correlation matrix was carried out to examine the relationship between the metals 

enable inference to the sources of pollution (Table 4.3). Pearson’s correlation analysis showed 

strong negative correlation between Cr and Cu (r = -0.89), Co and Cd (r= -0.81), Pb and Cu (r 

= -0.78), As and Cr (r= -0.80), Pb and Co (r= -0.82), As and Pb (r= -0.74) and As and Ni (r= -

0.67) (Table 4.3). Also, there was strong positive correlation between Pb and Cd (r=0.64), Pb 

and Cr (r=0.71), Ni and Pb (r= 0.80) and moderate correlation between Co and Cu (r=0.52), 

University of Ghana http://ugspace.ug.edu.gh



70 | P a g e  

 

As and Cu (r=0.58), As and Cd (r= -0.54), Ni and Cr (r= 0.54). However, significant correlation 

was established between the following: Cd/Cu (r= -0.12, p<0.05), Cd/Co (r= -0.81, p<0.05), 

Ni/Cd (r= 0.48, p<0.05), As/Cd (r= -0.54, p<0.05), Ni/Cr (r=0.54, p<0.05), As/Cr (r= -0.80, 

p<0.05), and As/Co (r=0.39, p<0.05). Again, strongest positive significant correlation was 

found for Pb/Cd (r= 0.64, p<0.05) which meant a possible common source of the PTEs in the 

farms soil. This corroborates with findings by [37], that a strong positive significant correlation 

between the metals was indication of possible sources of contamination of the elements in the 

agricultural soil. Similarly, according to [37], strong positive correlation suggests that the PTEs 

may come from the similar sources mainly originating from anthropogenic activities and while 

negative correlation indicates different sources. In Table 4.3, there was more significantly 

negative correlation between the metals which implied that majority of the PTEs had different 

sources of contamination in the soil [37]. High correlation of PTEs could be influenced by 

human activities in addition to natural sources.  

 

 

 

 

 

Table 4. 3: Correlation matrix of the PTEs in the soil 

PTEs Cu Cd Cr Co Pb Ni As 

Cu 1.00 
      

Cd -0.12* 1.00 
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Cr -0.89 0.08 1.00 
    

Co 0.52 -0.81* -0.26 1.00 
   

Pb -0.78 0.64* 0.71 -0.82 1.00 
  

Ni -0.42 0.48* 0.54* -0.48 0.80 1.00 
 

As 0.58 -0.54* -0.80* 0.39* -0.74 -0.67 1.00 

*Correlation is significant at p<0.05 level (2-tailed) 

4.3 Physicochemical properties of the farms soil 

The pH of the soils were weakly acidic for all farms and ranged from 5.50±0.26 (AW farms)-

6.69±0.98 (A farms). The pH for Agbom was significantly different from Aworworso 

(p<0.05) (Table 4.4). The pH reflects the kinds of anthropogenic activities, rock, and mineral 

properties of the farm soils. Each crop plant has unique pH range for optimal performances. 

The acidic pH possibly comes from the application of ammonium-based nitrogen (N) 

fertilizers. Also from Table 4.4, there is high amount of sand which could decrease the 

buffering capacity of the soil.  High precipitation washes away base cations to make pH acidic. 

This agrees with observations made from the studies [133]. When the Ph of the soil is within 

the pH of 6.5-8.0, macronutrients are more available in the soil [133]. Therefore, Aworworso 

farms were in pH that favoured availability of macronutrients. At pH ranges between 5.0-7.0, 

micronutrients become predominant in the soil which was expected for KA, A and AW (Table 

4.4). On the other hand, other studies have found much lower pH in agricultural soils as 

opposed to the current study. According to [101], a lower pH of 3.0-3.5 determined from 

agricultural soil promoted better absorption of  phosphorus by plants better and enhanced 

phosphorus desorption in the soil which influenced nutrients availability for crop production 

and promotion of soil health. Also, pH affects CEC of the soil [133]. The CEC determined for 

the five farms were not significantly different (p>0.05). The CEC gives an indication of the 
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soil’s ability to retain and release nutrients to the plants. The low pH (5.5-6.9) of the farms soil 

meant that more H+ ions available in the soil to exchange with the cations which are basic. This 

will remove them from the exchangeable sites of the soil to the soil water (solution) which 

makes nutrients available to plants or lost via erosion. 

The soil moisture is a key indicator of soil health and quality [112]. The soil moisture ranged 

from 4.12-8.28% among the farms. Significant differences existed in the percentage soil 

moisture between Kwabia Asasehene farms and Asasehene farms (p<0.05). From Table 4.4, 

the percentage of sand was higher than the percentage of clay and silt. The pores of sand are 

larger than for clay and silt which allows for less water holding capacity of the soil which 

accounted for the low percentage of soil moisture observed. Whiles rainfall and irrigation 

influence the moisture content of soil, exposure to high temperature and evaporation as well as 

the soil structure determines the amount accessible to soil organisms and for plant growth.  A 

moderate soil moisture promotes microbial functions and improves crop production while high 

moisture obstruct oxygen penetration in soil the which affect microbial activities [112]. It is 

noteworthy to mention that, different crop plants requires varying amounts of soil moisture and 

the percentage of moisture recorded in this study effects on crop plants is dependent on the 

kind of crop plants that are grown on the farms [134]. 

In addition, the percentage of the soil textural classes were of the farms were assessed. The 

percentage of clay for Kwabia (K) farming community was significantly different from Kwabia 

Asasehene (AS) farming community (K=33.4±7%, KA=18.2±4%, p<0.05). Similarly, 

significant difference was observed between K and KA farming communities for percentage 

of sand (K=55.8±10%, KA=73.6±5%, p<0.05) whiles there was no significant difference 

between silt among all the farming communities (p>0.05). The soil textural class therefore was 

sandy clay loam (Table 4.4). According to [135] and [110], fine soil particles have good 
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adsorption sites which affects the PTEs bioaccessibility and stability. The differences in soil 

particles/texture can directly or indirectly influence soil functions and crop production [110].  

The Electrical Conductivity (EC) is an indication of ions and salts present in the soil. The EC 

for the farms were Kwabia (0.1±0.04) dS/m, Kwabia Asasehene (0.1±0.04) dS/m, A (0.1±0.05) 

dS/m, Agbom (0.10±0.12) dS/m and Aworworso (0.06±0.01) dS/m (Table 4.4). There was no 

significant difference in EC among the farms (p>0.05) (Table 4.4). The ions and salts could be 

from wastes dumped on/around the farm, rocks, and minerals of the soil. If salt content is high, 

it can affect plant growth and productivity. For acceptable salt content for proper crop growth, 

EC of 0-0.8 dS/m is recommended. When a soil analyzed exceeds 4 dS/m at 25 ℃, then such 

sampled soil is considered saline [107]. The recorded EC was between 0.07-0.1 dS/m which 

were within acceptable recommendations and hence represented no impediment to nutrients 

availability to plants, microorganisms, and crop yield as opposed to observations made 

elsewhere [108].  

In Table 4.4, the soil organic matter (OM) contents were all within commonly reported range 

of soil organic matter content of 0.1-6% agreeing with other existing studies  [109]. The soil 

OM originates from the biodegradation of organic materials, addition of fertilizers and the 

decay of plant leaves. This influences nutrients availability for crop plant growth [109]. 

Significant differences (p<0.05) were observed among the following farming communities for 

the exchangeable bases: K and KA, Ag and Aw for Ca and Mg respectively; K and KA for 

potassium (K) (Table 4.4).  

 

Parameters Farming communities 

K KA A AG AW 
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Table 4. 4: Physicochemical properties of the farms soil 

The mean values of the farms in rows with different letters are significantly different at p<0.05 

K=Kwabia, KA=Kwabia Asasehene, AS= Asasehene, Ag= Agbom and Aw= Aworworso 

4.4 Impact of the PTEs on the soil microbial population 

The number of microorganisms (bacteria) detected in the soil was comparatively small. In the 

five farms analysed from each farming community, most of the samples had bacteria too few 

to count (TFTC) especially for 10-5cfu/gsoil (Table 8 Appendix A). When a correlation was 

performed between the mean total bacteria counts (10-4cfu/gsoil) and the PTEs, it showed 

Moisture (%) 8.28 ±2.24a 4.12 ±1.73a 7.32± 0.77b 7.15 ±0.45b 5.95± 1.24b 

Clay (%) 33.4±7.23c 18.2±4.38d 42.6±30.33d 20.2±3.96d 16.4±0.89d 

Silt (%) 10.8±5.17e 6.6±2.07e 8.2±4.50e 5.2±1.48e 7.8±3.42e 

Sand (%) 55.8±9.65b 73.6±4.51a 49.2±33.55a 74.6±2.61a 75.00±3.08a 

pH  5.87±0.87d 6.03±0.68d 6.69±0.98d 6.13±0.47d 5.40±0.26c 

EC (dS/m) 0.07±0.04e 0.1±0.04e 0.07±0.05e 0.10±0.12e 0.06±0.01e 

% Organic matter 4.41±2.88a 3.06±1.61a 3.04±0.49a 3.52±0.24a 3.74±0.51a 

CEC (cmol(+)/Kg 

soil 

22.22±7.72b 14.01±1.79b 19.03±7.20b 24.70±7.33b 27.82±6.28b 

Exchangeable bases 

(cmol(+)/Kg) 

     

Ca 8.75±1.85c 4.91±1.23d 5.62±2.89d 5.22±0.46d 3.47±0.16c 

Mg 2.65±0.46e 1.10±0.18a 1.53±0.71a 1.49±0.24a 0.74±0.18b 

K 0.88±0.12c 0.77±0.10d 0.97±0.32d 1.06±0.46d 0.62±0.11d 

Na 0.33±0.05e 0.34±0.02e 0.37±0.07e 0.39±0.12e 0.34±0.07e 
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mixed effects at p=0.05 at 95% confidence interval. There was strong negative correlation 

between the bacteria in the soil for Kwabia farms and Co (r=-0.86), Pb (r=-0.77) and As (r=-

0.54) in the soil (Table 4.5 and Figure 4.1 a, b, c). Also, the bacteria isolated for Kwabia 

Asasehene (KA) farms correlated strongly positively with Co (r=0.95) and Cu (r=0.74) 

signifying serious impacts of these PTEs on the soil bacteria (Nunes et al., 2016). But Cd, Cr, 

Pb, Ni and As had no effect on the bacteria for KA farms (Table 4.5). For Asasehene (A) farms, 

Cd (r=-0.57), Cr (r=-0.62), Ni (r=0.57), As (r=0.58) and Cu (r=0.73) correlated strongly with 

the soil bacteria (Table 4.5). Again, there was strong negative correlation between the bacteria 

in the soil for Agbom (Ag) farms and Cd (r=-0.74), Co (r=-0.72), Ni (r=-0.66) and As (r=-0.78) 

in the soil (Table 4.5). There was strong correlation between the bacteria in the soil for 

Aworworso (Aw) farms and Cd (r=-0.77), and Co (r=0.57) in the soil (Table 4.5). This means 

that some of the PTEs impacted on the soil bacteria in the farms soil.  This corroborates with 

other studies that have found effect of PTEs on the soil microbial population. A study 

conducted in New Jersey among farming communities on impact of copper on soil bacteria and 

human health subjected the farm soil environment to copper levels from extremely high level 

(about 4500mg/kg), high copper levels (about 450mg/kg) and normal exposure levels (about 

15mg/kg). This revealed a decline in bacteria population and fungal biomass at higher copper 

concentrations over time [59]. According to [60] ‘’Copper exerts selection pressure on soil 

microbiota’’. The impact of the PTEs on the bacteria in this study could be evident for the few 

numbers of bacteria detected at 10-5cfu/gsoil that was significantly too few to count. This could 

have led to death of some of the bacteria due to high concentrations and degree of 

contamination (Table 4.9). This can have effect on the nutrient circulation and availability in 

the soil. 
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Table 4. 5: Bacteria population for each farm (10-4 CFU/g soil) correlated with the PTEs of the 

soil 

Farms PTEs 

 
Cd Cr Co Pb Ni As Cu 

Kwabia -0.04 0.43 -0.86 -0.77 -0.21 -0.54 -0.05 

Kwabia Asasehene -0.38 -0.36 0.95 0.30 0.09 -0.28 0.74 

Asasehene -0.57 

 

-0.62 -0.28 0.30 0.57 0.58 0.73 

Agbom -0.74 0.05 -0.72 -0.35 -0.66 0.40 -0.78 

Aworworso -0.77 0.23 0.57 -0.35 0.24 -0.37 -0.06 
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Figure 4. 1: Regression analysis for strength of correlation between the soil bacteria and As 

(A), soil bacteria and Pb (B), soil bacteria and Co (C) for Kwabia (K) farms 

 

y = -2E-05x + 24.135

R² = 0.7434

0

5

10

15

20

25

30

0.00E+00 2.00E+05 4.00E+05 6.00E+05 8.00E+05 1.00E+06

C
o
n

ce
n

tr
a
ti

o
n

 o
f 

th
e 

P
T

E
s

(m
g
/k

g
)

Bacteria population (10-4 cfu/gsoil)

Regression for  bacteria  populat ion and Co levels  on 

Kwabia farms
C

 

y = -3E-05x + 49.63

R² = 0.2954

0

10

20

30

40

50

60

70

0.00E+00 5.00E+05 1.00E+06

C
o

n
ce

n
tr

a
ti

o
n

 o
f 

th
e 

P
T

E
s 

(m
g

/k
g

)

Bacteria population (10-4 cfu/gsoil)

Regression for  bacteria  

populat ion and As levels  on 

Kwabia farms

A

 

y = -5E-06x + 7.3284

R² = 0.599

0

1

2

3

4

5

6

7

8

9

0.00E+00 5.00E+05 1.00E+06

C
o

n
ce

n
tr

a
ti

o
n

 o
f 

th
e 

P
T

E
s 

(m
g

/k
g

)
Bacteria population (10-4 cfu/gsoil

Regression for  bacteria 

populat ion &Pb levels  on 

Kwabia farms

B

University of Ghana http://ugspace.ug.edu.gh



78 | P a g e  

 

4.5 Effects of the Physicochemical properties of the soil on the PTEs 

The impacts of the physical and chemical properties of the soil on the PTEs and vice versa was 

determined using correlation at α=5%. A correlation of 0.00-0.49 was classified as no 

correlation to poorly correlated. From 0.50-1.0 was classified moderate to strong correlation. 

Correlation between the mean concentrations of PTEs for all farms and the physicochemical 

properties of soil for all farms were performed. There was moderate negative correlation 

between clay and Ni concentration of the farms soil (r=-0.54) (Table 4.6). Regression analysis 

depicted a weak strength of the relationship between clay and Ni (R2=0.30). This implies that 

the clay content impacted on the nickel concentration in the soils (Table 4.6 and Figure 4.2). 

Moderately positive correlation was found between sand and Ni (r=0.57). The pore sizes of the 

sand and grain arrangement impacted on Ni infiltration in the soil (Figure 4.3). The CEC 

affected the concentration of Pb in the soil (r=0.51) (Figure 4.4). The CEC therefore possibly 

affected the release of Pb ions which is found to affect exchangeable bases such as potassium 

(K) and calcium (Ca) uptake but negative effects on the absorption of Magnesium (Mg) in 

agricultural soil [47]. Organic matter (OM) content did not correlate with the mean 

concentrations of the PTEs of the five farms similar to findings of other studies [9]. 

Correlations between concentrations of PTEs for each farming community and each 

physicochemical parameter of the soil revealed mixed results. The moisture content had strong 

correlation with Co (r=-0.90) and As (r=-0.75) for Kwabia farms; Cr (r=0.78), Pb (r=-0.56) for 

Asasehene farms; Ni (r=0.70), As (r=0.73), Cu(r=-0.72) for Agbom farms; Cr (r=-0.56), As 

(r=0.93), Cu (r=0.77) for Aworworso farms (Table 1, Appendix A). The details of the 

correlation between each farm site and the physicochemical properties of the soil are presented 

in Table 1 appendix A. The pH correlated with the metals for the individual farms (Table 1 

Appendix A). This means that the pH influenced the adsorption, retention, migration and 
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transfer of the PTEs [9]. Decrease in soil pH results in increase Ni releases into the soil 

environment which means pH is very critical to control Ni levels in the soil for effective and 

safe agriculture production [69]. In the present study, pH correlated with Ni for Asasehene (A) 

farms, Ni (r=-0.54).  Also, pH correlated with Kwabia (K), Kwabia Asasehene (KA) and 

Agbom (AG) farms at r=0.50, r=-0.62 and r=0.75 respectively (Table 1 Appendix A).  

 

 

 

Table 4. 6: Correlation between the physicochemical properties and the PTEs of the farms soil 

Parameters PTEs 

 
Cd Cr Co Pb Ni As Cu 

Moisture (%) -0.29 0.06 -0.26 0.09 -0.04 0.08 -0.21 

Clay (%) 0.17 -0.04 0.12 0.05 -0.54 0.03 -0.03 

Silt (%) -0.01 -0.43 0.16 -0.18 -0.39 0.09 0.09 

Sand (%) -0.14 0.14 -0.15 0.01 0.57 -0.02 0.01 

pH 0.03 0.11 -0.06 -0.01 -0.25 0.06 -0.21 

EC (dS/m) -0.22 -0.07 0.21 -0.21 0.03 0.14 0.06 

Organic matter (%) -0.24 0.00 -0.15 -0.01 0.05 -0.18 0.11 

CEC (cmol(+)/Kg soil 0.23 0.31 -0.17 0.51 0.37 -0.13 0.07 

Exchangeable bases (cmol (+)/Kg) 

Ca -0.48 -0.47 0.08 -0.37 -0.31 0.21 0.08 

Mg -0.47 -0.32 0.18 -0.28 -0.44 0.28 0.08 

K -0.10 0.30 0.06 -0.06 -0.11 -0.21 -0.28 
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Na -0.12 0.04 -0.16 -0.05 0.00 -0.07 -0.21 

Control 0.21 0.11 0.30 0.10 -0.16 -0.03 0.27 

 

 

Figure 4. 2:  Strength of the relationship between clay and nickel concentrations in the farm 

soils 

 

Figure 4. 3: Strength of the relationship between sand and nickel concentrations in the farm 

soils 
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Figure 4. 4: Strength of the relationship between CEC and lead concentrations in the farm soils 

 

4.6 Contamination Indices of the farms soil 

4.6.1 Geoaccumulation Index (Igeo) of the Farms Soil 

The degree of PTEs and the metals enrichment of the farms soil are determined by the Igeo 

[123]. The Igeo takes into account the human factors, the effect of diagenesis on soil background 

values, and geochemical background values [132]. Table 4.8 represented the soil quality 

classification with reference to the geoaccumulation index estimated from the farms soil. The 

mean geoaccumulation index values of the PTEs were in the increasing order 

Cr<Ni<As<Cu<Cd<Co<Pb (Table 4.7). The mean values of the PTEs (Cu, Cr, Co, Pb, Ni and 

As) were within Igeo≤ 0 implying that the soils were not contaminated for Cu, Cr, Co, Pb, Ni 

and As (Table 4.7). There was moderate pollution of Cd in the soil depicted by the mean values 

(Table 4.7).  The absence of contamination of these PTEs are also recorded by  Sun and Chen, 

(2018) that after Igeo analysis for contamination of PTEs in soil, Cr and Cu did not pollute the 

soil (Igeo≤ 0). For the individual farms, the soil for Kwabia farms (K) was moderately polluted 
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with Cd whiles there was no contamination of Cu, Cr, Co, Pb, Ni and As in the K farm soil 

(Table 4.7). For Kwabia Asasehene (KA) farms, there was no pollution of Cu, Cr, Co, Pb, Ni 

and As similarly reported in other studies [37]. However, moderate to high Cd pollution of the 

KA farms was found (Table 4.7 and Table 4.8). For Asasehene farms (A), the soil was highly 

polluted with Cd and slightly polluted for Pb. For Agbom farms (AG), the soil quality was in 

class 3 of Igeo classification representing moderate to high pollution of Cd. There was 

moderate pollution of Pb in the Agbom farms. For Aworworso farms (Aw), the soils were 

unpolluted for Cu, Cr, Co, Ni and As. It is however highly polluted for Cd and moderately 

polluted for Pb (Table 4.7 and Table 4.8). The farms were more polluted for Cd translating that 

the distribution of Cd in the farms soil is high from sources of electronic wastes disposals, 

indiscriminate disposal of used batteries and possible erosion of Cd containing substances from 

Auto repair shops from the farming communities. It can therefore be reasoned that the levels 

of the seven PTEs contamination in the five farms are in the order Pb>Co>Cd>Cu>As>Ni>Cr 

(Table 4.7) and the PTEs that polluted the farms soil were within the classes of 1-4 of Igeo 

values of 0-1 to 3-4. This compromise soil quality whiles the majority of the PTEs fall within 

the 0 (Igeo≤ 0) indicating absence of pollution for those metals (Table 4.7 and Table 4.8). 

Table 4. 7: Geoaccumulation Index (Igeo) for soil quality of the farms 

Farming communities      Cu       Cd       Cr      Co      Pb       Ni        As 

Kwabra -1.21 1.22 -5.47 -1.14 -1.88 -3.18 -3.18 

kwabia Asasehene -1.61 2.42 -4.59 -0.96 -2.52 -2.94 -2.94 

Asasehene -1.73 3.01 -3.48 -1.56 0.25 -2.94 -2.94 

Agbom -1.91 2.24 -2.97 -1.26 0.54 -1.93 -1.93 

Aworworso -1.72 3.54 -4.36 -1.72 0.53 -1.96 -1.96 

Control -5.92 -1.32 -5.55 -2.27 -3.03 -7.76 -7.76 
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Min -5.92 -1.32 -5.55 -2.27 -3.03 -7.76 -7.76 

Max -1.21 3.54 -2.97 -0.96 0.54 -1.93 -1.93 

mean  -2.35 1.85 -4.40 -1.48 -1.02 -3.45 -3.45 

SD 1.765 1.741 1.036 0.474 1.642 2.177 2.177 

CV (%) -75.12 93.97 -23.52 -31.92 -161.24 -63.09 -63.09 

 

Table 4. 8: Soil quality in reference to Geoaccumulation Index (Igeo) values 

Class Values of Igeo Soil quality 

0 I ≤ 0 Unpolluted 

1 0-1 unpolluted to moderately polluted 

2 1-2 moderately polluted 

3 2-3 moderately to highly polluted 

4 3-4 highly polluted 

5 4-5 highly to extremely high polluted 

6 5-6 extremely high polluted 

 

4.6.2 Contamination factor (CF) of the Farms Soil 

The classification of soil contamination based on the contamination factor criteria CF<1 

represents low contamination, CF (1-3) represents moderate contamination, CF (3-6) 

considerable contamination, CF ≥6 represents high contamination [35]; [92]. The mean value 

for the CF showed that there was low Cr contamination in the soil (Table 4.9).  Moderate 

contamination of Cu in the soil, considerate contamination of Pb and high contamination of 

Cd, Ni and As in the farms soil. Farms at Kwabia were highly contaminated for Ni and As 
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(CF=12.42 and 11.87 respectively). This was similar to contamination factor values determined 

in farms soils near mine site in Ghana [8]. There was low contamination for Cr and Pb (CF<1). 

Cu and Cd were moderate to considerate contamination respectively (Table 4.9). Kwabia 

Asasehene farms soil were highly contaminated with Cd, Ni and As. There was high 

contamination of Cd, Pb, Ni and As for the Asasehene farm soils. Similarly, Cd, Ni and As 

highly contamination found in the soils of Agbom and Aworworso farms. The results shows 

that Cd, Ni, and As predominantly highly contaminated the farms soils with CF values above 

one (1) (Table 4.9). The source contributions of the PTEs could be from either anthropogenic 

or geogenic sources [8]. The average contamination factor calculated increase in the order of 

Cr<Cu<Pb<As<Cd<Ni. The coefficient of variation (CV) of the metals further confirmed that 

Pb, Cd, Cr, Ni with high CV emanated from human activities [136]. 

Table 4. 9: Contamination factor (CF), Pollution Load Index (PLI) and Degree of 

contamination (Cd) of the PTEs in the Farms Soil 

Farming 

Communities 

CF 
 

PTEs    

Cu Cd Cr Pb Ni As PLI Cd 

Kwabra 2.51 3.50 0.22 0.36 12.42 11.87 1.94 30.88 

kwabia Asasehene 3.08 8.00 0.35 0.23 14.68 8.99 2.22 35.32 

Asasehene 1.60 12.10 0.75 22.28 14.62 8.29 4.53 59.63 

Agbom 1.45 7.10 1.06 1.94 29.62 7.34 3.34 48.52 

Aworworso 2.43 17.50 0.95 1.94 28.94 8.37 4.09 60.14 

Minimum 1.45 3.50 0.22 0.23 12.42 7.34 1.94 30.88 

Maximum 3.08 17.50 1.06 22.28 29.62 11.87 4.53 60.14 

Mean 2.21 9.64 0.66 5.35 20.06 8.97 3.22 46.90 
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SD 0.68 1.35 0.37 1.50 8.47 1.72 1.13 11.52 

CV (%) 30.59 55.54 55.55 177.48 42.25 19.20 35.13 28.82 

 

4.6.3 Pollution Load Index (PLI) and Degree of contamination (Cd) of the Farms Soil 

The PLI is an index that assesses the pollution collectively caused by the PTEs found in the 

farms soils. The PLI for all the farms were above unity (Table 4.9 and Figure 4.5). This implies 

a deterioration of soil quality for all the farms in the five farming communities. Similar 

observations have been made in other studies of PTEs in soil [137]. This could be due to 

anthropogenic activities such as overapplication of fertilizers, rampant tilling, and 

indiscriminate burning as depicted by the high coefficient of variation values (Table 4.9). The 

CF determined the PLI in the soil. The high PLI indicated that the farms soil had been 

contaminated with PTEs. This contamination of the PTEs is further evidenced by the degree of 

contamination (Cd) values. The Cd values shows very high degree of contamination for all the 

farms soil by PTEs (Cd>32) (Table 4.9). The degree of contamination was classified as follows: 

Cd<8 for low degree of contamination, Cd (8-16) moderate degree of contamination, Cd (16-

32) considerable degree of contamination and Cd>32 for very high degree of contamination 

(Table 7 appendix A). 
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Figure 4. 5: Pollution Load Index (PLI) of the PTEs in the farms soil 

 

4.6.4 Enrichment Factor (EF) of the Farms Soil 

The enrichment factors for the PTEs showed little to minimal enrichment of Cu, Cr, Pb, Ni and 

Co for all farms (Table 4.10, Appendix A Table 2). According to deductions by Mensah et al. 

(2021), EF>1.5 represented anthropogenic contamination sources. From table 4.10, on the 

average, there was highly extreme enrichment of As (EF=57.54) and Cd (EF=334.69) which 

might have arisen from anthropogenic pollution sources in the soil similar to EF for heavy 

metals in soils reported in other works [92]. Each farm had extremely high enrichment of Cd 

and As (EF>40) such that Kwabia farms had EF=144.03, Kwabia Asasehene(KA) farms 

(EF=329.20), A farms (EF=497.92), Agbom farms (EF=292.17), and Aworworso farms 

(EF=720.13) for Cd. Arsenic (As) enrichment due to the EF values were Kwabia farms 

(EF=90.43), KA farms (EF=68.48), A farms (EF=63.15), AG farms (EF=55.93) and 
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Aworworso farms (EF=63.81) representing extremely high enrichment of the metal in the farm 

soils of anthropogenic origins. 

Table 4. 10: Enrichment Factors of the PTEs in the agricultural soils 

Farming 

communities 

PTEs 

  Cu      Cd       Cr      Pb      Ni      As      Co 

Kwabra 0.072 144.025 0.003 0.269 0.018 90.428 0.224 

kwabia Asasehene 0.084 329.200 0.005 0.172 0.021 68.482 0.253 

Asasehene 0.044 497.915 0.011 1.174 0.021 63.147 0.168 

Agbom 0.040 292.165 0.016 1.434 0.043 55.934 0.206 

Aworworso 0.066 720.125 0.006 1.430 0.042 63.808 0.150 

Control 0.007 24.690 0.003 0.121 0.001 3.455 0.102 

Min 0.007 24.690 0.003 0.121 0.001 3.455 0.102 

Max 0.084 720.125 0.016 1.434 0.043 90.428 0.253 

mean  0.052 334.687 0.007 0.766 0.025 57.542 0.184 

SD 0.018 148.795 0.001 0.043 0.006 20.982 0.005 

CV (%) 53.375 74.337 71.388 83.929 65.487 50.367 29.773 

 

4.6.5 Potential Ecological Risks (E) 

The potential ecological risks of the contamination of the PTEs in the farm soils indicated Cd 

as strong ecological risks. This similar to other studies [123]. The mean values of the PTEs 

showed Cd has a very strong ecological risk (Table 11). The PTEs per farm indicated that Cd 

and As had moderate potential ecological risks for Kwabia farms; strong ecological risks of Cd 

for Kwabia Asasehene farms, for Asasehene farms, there was strong potential ecological risks 
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for Cd and moderate potential ecological risks for Pb; for Agbom farms, Cd had strong 

potential ecological risks and Ni moderate ecological risks; Aworworso farms showed very 

strong and moderate potential ecological risks for Cd and Ni respectively (Table 4.11 and 

Appendix A Table 3). As observed, there was low potential ecological risks (Risk Index 

(RI)<90) on all the farms for Cr and Cu in the studied soils (Table 4.13). Unlike this current 

study (low potential ecological risks to strong potential ecological risks found among the soils 

for the PTEs), an assessment of potential toxic metals (PTM) in farmland soil samples found 

low potential ecological risks for all the metals [99]. The mean potential ecological risk index 

calculated increased in order Cr<Cu<Pb<As<Ni<Cd. 

Table 4. 11: The potential ecological risks of the PTEs 

Farms     Cu        Cd       Cr           Pb    Ni   As 

Kwabia 12.53 105.00 0.44 1.82 62.10 118.67 

kwabia 

Asasehene 

15.38 240.00 0.69 1.16 73.40 89.87 

Asasehene 8.00 363.00 1.49 111.40 73.10 82.87 

Agbom 7.26 213.00 2.12 9.72 148.10 73.40 

Aworworso 12.17 525.00 1.90 9.69 144.70 83.73 

Control 12.90 3.60 6.42 11.50 2.60 13.60 

Minimum 7.26 3.60 0.44 1.16 2.60 13.60 

Maximum 15.38 525.00 6.42 111.40 148.10 118.67 

mean  11.37 241.60 2.18 24.22 84.00 77.02 

SD 3.12 185.03 2.18 42.93 55.01 34.68 
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4.7 Human Health Assessment 

The exposure of the PTEs from soil to human occurs through three main pathways; ingestion 

(oral), inhalation and dermal contact. The Human Health Assessment were determined for 

children and adults. The results showed that all the daily exposure via ingestion, inhalation and 

dermal contact for children and adult for all the PTEs investigated were <1 , similar to work 

observed by [132]. Similarly, the non-carcinogenic hazard quotient (HQ) for ingestion, 

inhalation, and dermal contact as well as the hazard index were also <1. This means that the 

contaminants (PTEs) in the farms soil did not represent a potential health risk to children and 

adult upon exposure (Table 4.12). According to the United States Environmental Protection 

Agency (USEPA), when the HQ<1, detrimental health impacts are unlikely [121]. HQ> 1 

represents risks. It is important to mention that the health risks determination method does not 

consider existing health issues. It puts certain and rigid assumptions such as exposure duration 

etc and is unable to indicate certainty of the risks but a possibility. Despite these inherent 

shortfalls, it is the most used method for reporting health risks exposure to the PTEs in soil 

[138]. In this study, Cu, Cd, Cr, Co, Pb, Ni and As did not pose health risks upon exposure via 

inhalation, ingestion and dermal contact for children and adult (Table 4.12). Other studies 

found As to pose health impacts to children and adults [138]. Cd has also been noted for health 

impacts in soil [132]. 

Table 4. 12: Exposure pathways, hazard index, hazard quotient of the PTEs in soil 

Metal/exposure Cu Cd Cr Co Pb Ni As 

aADDing Child 2.44E-04 2.81E-05 1.15E-04 1.79E-04 1.91E-04 2.15E-04 2.90E-04 

 
Adult 3.27E-05 2.74E-06 1.51E-05 2.4E-05 2.5E-05 2.88E-05 3.89E-05 

aADDinh Child 6.84E-09 5.73E-10 3.15E-09 5.01E-09 5.22E-09 6.03E-09 8.12E-09 
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Adult 3.10E-09 2.60E-10 1.43E-09 2.27E-09 2.37E-09 2.73E-09 3.68E-09 

aADDder Child 3.90E-07 3.27E-08 1.80E-07 2.86E-07 2.98E-07 3.44E-07 4.63E-07 

 
Adult 9.97E-07 8.34E-08 4.58E-07 7.3E-07 7.6E-07 8.78E-07 1.18E-06 

bHQing Child 6.10E-03 0.0281174 - - 5.45E-02 0.01074 0.965439 

 
Adult 9.35E-03 7.83E-04 - - 1.21E-04 0.008234 0.011103 

bHQinh Child 1.70E-07 5.72643E-07 - - 1.47E-06 2.92E-07 2.62E-06 

 
Adult 8.82E-07 7.37753E-08 - - 6.72E-07 7.76E-07 1.05E-06 

bHQder Child 7.44E-04 6.22141E-05 0.000342 0.000545 0.000567 0.000655 0.000883 

 
Adult 1.90E-03 1.59E-04 8.73E-04 1.39E-03 1.45E-03 0.001671 0.002254 

cHI Child 0.006843448 0.028180187 - - 0.055063 0.011395 0.966324 

 
Adult 0.01125251 0.000941476 0.000873 0.001391 0.001569 0.009906 0.013358 

a Daily amount of exposure (ADD) to metals through ingestion, inhalation, and dermal contact 

pathways 

b non-carcinogenic hazard quotient (HQ)for ingestion, inhalation, and dermal contact 

c Hazard index (HI) of the metals upon child and adult exposure in the farms soil 

 

4.7.1 Carcinogenic risks of the PTEs in the farms soil 

Acceptable risks range are considered in the range of 1×10-6 - 1× 10-4. Significant risks to 

humans considered at Total Carcinogenic Risks (TCR)>1× 10-4. The PTEs assessed were all 

within or below the acceptable risks range indicating the absence of carcinogenic risks to 

children and adults (Table 4.13). Although the EF, degree of contamination, PLI and the CF 

showed the contamination of As and Cd for most of the farms, these did not represent 
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carcinogenic risks whether exposed through inhalation, ingestion or derma contact for children 

and adult.  

Table 4. 13: Carcinogenic Risks for children and adult of the PTEs in the farms soil 

Parameter Metal Cu Cd Cr Co Pb Ni As 

CR (oral) Child 4.15E-04 1.72E-04 5.75E-05 - - - 4.34E-

04 

 
Adult 5.57E-05 1.67E-05 7.53E-06 - - - 5.83E-

05 

CR 

(inhalation) 

Child - 3.61E-09 1.32E-07 - - - 1.23E-

07 

 
Adult - 1.64E-09 6.00E-08 - - - 5.56E-

08 

CR 

(dermal) 

Child 1.66E-05 1.99E-07 3.59E-06 - - - 1.70E-

06 

 
Adult 4.24E-05 5.09E-07 9.17E-06 - - - 4.33E-

06 

TCR Child - 1.72E-04 6.12E-05 - - - 4.36E-

04 

 
Adult - 1.72E-05 1.68E-05 - - - 6.27E-

05 

CR: Carcinogenic risks; TCR: Total carcinogenic risks 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusion 

The study found the presence of seven potentially toxic elements (PTEs) in the farm soils in 

five farming communities in Upper Manya Krobo namely; Kwabia, Kwabia Asasehene, 

Asasehene, Agbom and Aworworso. The mean concentration of all the PTEs in all studied soil 

were below WHO/AFO permissible levels except for As. There was high degree of 

contamination of the PTEs; Cu, Cr, Pb, As, Co, Ni and Cd shown by the degree of 

contamination and the pollution load index (PLI) in the studied soils. However, enrichment 

factor (EF) showed that the soils were much enriched in Cd and As.  The mean potential 

ecological risk index of the PTEs calculated were low to moderate for all the studied soils 

except for Cd which recorded high values indicating very high ecological risk.  

The physicochemical properties of the soil influenced soil health and impacted on the PTEs. 

Especially, clay, and sand affected Ni concentration in the soil and CEC also impacted on Pb 

concentration. The pH, soil organic matter and soil moisture varied on individual farms. In 

addition, PTEs influence nutrient availability and bioaccessibility, retention and 

microorganisms’ activity. 

The microorganism population isolated in the soil correlated with most of PTEs in the soils. 

This implies the impact of PTEs on soil microorganisms and vice versa were found in this 

study. 

All the PTEs had hazard quotient (HQ), Hazard index HI<1 which meant the PTEs for the 

farms posed no health risks to human both children and adult when exposed via ingestion, 

inhalation, and dermal contact. The possibility of contracting cancer through the PTEs in the 
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soil was assessed. The carcinogenic risk (CR) and total carcinogenic risk (TCR) via inhalation, 

ingestion and dermal contact were within acceptable range and represented no risks of cancer. 

5.2 Recommendation 

Further work should focus on the possibility of health risks of Arsenic and Cadmium via food 

consumption from crops cultivated on Aworworso farm soils via the food chain. 

Although the PTEs in the soils did not pose health risks both carcinogenic and non-

carcinogenic risks but the concentration of the PTEs warrants attention to training on fertilizer 

applications, insecticides usage, and soil remediation using indigenous plants. 

The potential of the PTEs mobilization in the topsoil and levels of concentration in the soil 

should be investigated with respect to potential health impacts 
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APPENDIX  

Table 1:  Correlation between PTEs and Physicochemical properties of the farm soil 

Physicochemical 

Properties 

 
PTEs 

  

Moisture (%)     Cd      Cr     Co     Pb      Ni     As      Cu 

K -0.19 0.14 -0.90 -0.24 0.06 -0.75 -0.24 

KA -0.42 0.34 0.42 0.28 -0.05 0.08 -0.01 

A -0.44 0.78 0.09 -0.56 0.49 0.13 -0.17 

AG 0.10 -0.31 -0.73 0.04 -0.70 0.73 -0.72 

AW -0.27 -0.56 0.02 -0.42 -0.43 0.93 0.77 

pH  
       

K -0.30 0.50 -0.68 -0.36 0.28 0.10 -0.28 

KA 0.63 -0.62 0.21 -0.28 0.42 -0.17 0.57 
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A 0.13 0.33 0.76 0.58 -0.55 0.47 0.55 

AG -0.13 0.75 -0.32 -0.42 -0.31 -0.01 -0.45 

AW 0.38 -0.15 -0.51 0.14 0.13 -0.38 -0.73 

EC (dS/m) 
       

K -0.01 0.44 0.25 0.51 0.76 0.90 0.05 

KA 0.43 -0.46 0.77 0.07 0.39 -0.03 0.94 

A -0.37 -0.45 0.13 0.60 0.33 0.59 0.79 

AG -0.77 0.03 -0.30 -0.55 -0.23 -0.06 -0.40 

AW -0.36 0.52 0.01 -0.16 -0.04 -0.50 -0.58 

Organic matter 
       

K 0.10 0.32 -0.66 0.13 0.38 -0.54 0.17 

KA -0.91 0.09 0.43 0.35 -0.29 -0.26 -0.02 

A -0.48 0.39 -0.29 -0.65 0.77 -0.07 -0.33 

AG 0.10 0.69 0.22 -0.17 0.20 -0.35 0.15 

AW 0.74 -0.49 -0.04 0.48 0.53 -0.13 0.06 

CEC 
       

K 0.59 0.00 -0.02 -0.18 -0.39 -0.73 0.58 

KA 0.46 -0.85 0.62 -0.52 0.84 -0.56 0.56 

A -0.37 -0.32 0.14 0.52 -0.01 0.78 0.95 

AG 0.63 0.16 -0.17 0.50 -0.23 0.23 -0.04 

AW 0.14 0.55 0.55 0.44 0.61 -0.74 -0.10 

Exchangeable bases (cmol(+)/Kg) 
      

Ca 
       

K 0.00 0.23 -0.80 -0.85 -0.46 -0.77 -0.04 
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KA 0.67 -0.78 0.07 -0.61 0.66 -0.42 0.32 

A -0.53 -0.36 0.04 0.44 0.30 0.78 0.92 

AG -0.13 0.75 -0.32 -0.42 -0.31 -0.01 -0.45 

AW -0.78 -0.05 0.29 -0.64 -0.54 0.72 0.68 

Mg 
       

K 0.34 0.85 -0.71 -0.60 0.10 -0.27 0.36 

KA 0.42 -0.52 0.83 -0.11 0.60 -0.19 0.81 

A -0.20 0.30 0.30 0.13 -0.53 0.72 0.70 

AG 0.75 -0.70 0.06 0.93 -0.01 0.36 0.32 

AW -0.40 -0.11 0.79 -0.28 0.61 -0.43 0.10 

K 
       

K -0.49 -0.06 -0.89 -0.23 0.03 -0.63 -0.47 

KA 0.42 -0.67 -0.15 -0.47 0.35 -0.39 0.16 

A 0.55 0.33 0.92 0.71 -0.70 0.02 0.13 

AG -0.06 0.94 0.05 -0.67 0.07 -0.19 -0.21 

AW 0.19 0.35 0.51 0.38 0.78 -0.89 -0.31 

Na 
       

K -0.36 -0.31 -0.68 -0.31 -0.31 -0.83 -0.37 

KA -0.16 -0.79 0.40 -0.21 0.25 -0.63 0.43 

A 0.41 -0.42 0.49 0.89 0.09 -0.26 0.02 

AG -0.34 0.37 -0.63 -0.41 -0.59 0.24 -0.72 

AW -0.76 -0.60 0.00 -0.94 -0.43 0.61 0.21 

 

Table 2: Categories of Enrichment Factor (EF) (Chen et al., 2022) 
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EF Value Enrichment of soil 

< 2 deficiency to minimal enrichment 

2-5 moderate enrichment 

5-20 significant enrichment 

20-40 very high enrichment 

> 40 extremely high enrichment 

  

Table 3.  Classification of Potential Ecological Risk (Chen et al., 2022) 

RI Potential Ecological Risk 

< 90 low 

90-180 moderate 

180-360 strong 

360-720 very strong 

≥ 720 highly strong 

 

 

 

 

 

 

 

Table 4: Ingestion exposure route of the PTEs for children and adult per farm 
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Parameter aADDIng (Child) 

Farms Cu Cd Cr Co Pb Ni As 

Kwabra 3.36E-04 1.23E-05 4.44E-05 2.18E-04 6.69E-05 1.59E-04 4.55E-04 

kwabia 

Asasehene 

3.93E-04 2.82E-05 8.18E-05 2.46E-04 4.27E-05 1.88E-04 3.45E-04 

Asasehene 2.05E-04 3.94E-05 1.76E-04 1.63E-04 2.92E-04 1.87E-04 3.18E-04 

Agbom 1.86E-04 2.50E-05 2.50E-04 2.00E-04 3.57E-04 3.79E-04 2.82E-04 

Aworworso 3.11E-04 6.16E-05 9.60E-05 1.46E-04 3.56E-04 3.70E-04 3.21E-04 

Control 3.30E-05 2.11E-06 4.21E-05 9.92E-05 3.01E-05 6.65E-06 1.74E-05 

aADDInges (Adult) 

Kwabra 4.51E-05 1.20E-06 5.82E-06 2.92E-05 8.75E-06 2.13E-05 6.11E-05 

kwabia 

Asasehene 

5.28E-05 2.74E-06 1.07E-05 3.30E-05 5.59E-06 2.52E-05 4.62E-05 

Asasehene 2.74E-05 3.84E-06 2.30E-05 2.19E-05 3.82E-05 2.51E-05 4.26E-05 

Agbom 2.49E-05 2.44E-06 3.27E-05 2.69E-05 4.67E-05 5.08E-05 3.78E-05 

Aworworso 4.18E-05 6.00E-06 1.26E-05 1.96E-05 4.66E-05 4.96E-05 4.31E-05 

Control 4.43E-06 2.06E-07 5.51E-06 1.33E-05 3.95E-06 8.92E-07 2.33E-06 

a Daily amount of exposure (ADD) to metals through ingestion 

 

Table 5: Inhalation exposure route of the PTEs for children and adult per farm 

Parameter ADDInh (Child) 

 
Cu Cd Cr Co Pb Ni As 

Kwabra 9.43E-09 2.51E-10 1.22E-09 6.10E-09 1.83E-09 4.45E-09 1.28E-08 
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kwabia 

Asasehene 

1.10E-08 5.74E-10 2.24E-09 6.90E-09 1.17E-09 5.26E-09 9.67E-09 

Asasehene 5.74E-09 8.03E-10 4.81E-09 4.57E-09 7.99E-09 5.24E-09 8.92E-09 

Agbom 5.21E-09 5.09E-10 6.84E-09 5.62E-09 9.76E-09 1.06E-08 7.90E-09 

Aworworso 8.73E-09 1.26E-09 2.63E-09 4.10E-09 9.73E-09 1.04E-08 9.01E-09 

Control 9.25E-10 4.30E-11 1.15E-09 2.78E-09 8.25E-10 1.86E-10 4.88E-10 

 
ADDInh (Adult) 

Kwabra 4.28E-09 1.14E-10 5.51E-10 2.77E-09 8.29E-10 2.02E-09 5.79E-09 

kwabia 

Asasehene 

5.00E-09 2.60E-10 1.01E-09 3.13E-09 5.30E-10 2.39E-09 4.38E-09 

Asasehene 2.60E-09 3.64E-10 2.18E-09 2.07E-09 3.62E-09 2.38E-09 4.04E-09 

Agbom 2.36E-09 2.31E-10 3.10E-09 2.55E-09 4.43E-09 4.82E-09 3.58E-09 

Aworworso 3.96E-09 5.69E-10 1.19E-09 1.86E-09 4.41E-09 4.71E-09 4.09E-09 

Control 4.20E-10 1.95E-11 5.22E-10 1.26E-09 3.74E-10 8.46E-11 2.21E-10 

a Daily amount of exposure (ADD) to metals through inhalation pathway 

 

 

Table 6: Dermal exposure route of the PTEs for children and adult per farm 

Parameter aADDder (Child) 

 
Cu Cd Cr Co Pb Ni As 

Kwabra 5.38E-07 1.43E-08 6.93E-08 3.48E-07 1.04E-07 2.54E-07 7.28E-07 

kwabia 

Asasehene 

6.29E-07 3.27E-08 1.28E-07 3.94E-07 6.67E-08 3.00E-07 5.52E-07 
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Asasehene 3.27E-07 4.58E-08 2.75E-07 2.61E-07 4.56E-07 2.99E-07 5.09E-07 

Agbom 2.97E-07 2.90E-08 3.90E-07 3.21E-07 5.57E-07 6.06E-07 4.50E-07 

Aworworso 4.98E-07 7.16E-08 1.50E-07 2.34E-07 5.55E-07 5.92E-07 5.14E-07 

Control 5.28E-08 2.45E-09 6.57E-08 1.59E-07 4.71E-08 1.06E-08 2.78E-08 

aADDder (Adult) 

Kwabra 1.37E-06 3.66E-08 1.77E-07 8.89E-07 2.66E-07 6.49E-07 1.86E-06 

kwabia 

Asasehene 

1.61E-06 8.36E-08 3.26E-07 1.00E-06 1.70E-07 7.67E-07 1.41E-06 

Asasehene 8.36E-07 1.17E-07 7.01E-07 6.65E-07 1.16E-06 7.64E-07 1.30E-06 

Agbom 7.58E-07 7.42E-08 9.97E-07 8.19E-07 1.42E-06 1.55E-06 1.15E-06 

Aworworso 1.27E-06 1.83E-07 3.82E-07 5.97E-07 1.42E-06 1.51E-06 1.31E-06 

Control 1.35E-07 6.27E-09 1.68E-07 4.05E-07 1.20E-07 2.72E-08 7.10E-08 

a Daily amount of exposure (ADD) to metals through dermal contact pathways 
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Table 7: Contamination Factor (Cf) and Degree of Contamination (Cdeg) interpretation (Chen 

et al., 2022) 

Cf value Contamination Cdeg value Contamination 

< 1 low contamination < 8 low degree of contamination 

1-3 moderate contamination 8-16 moderate degree of 

contamination 

3-6 considerable contamination 16-32 considerable degree of 

contamination 

> 6  very high contamination  > 32 very high degree of 

contamination 

 

 

Table 8: Mean total microbial (bacterial) population with serial dilutions of 10-4 and 10-5 

S/N  10-4 CFU/g soil  10-5 CFU/g soil 

KWABIA   

1 4.2 ×105 TFTC 
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2 4.4×105 TFTC 

3 8.9×105 4.3×106 

4 TFTC TFTC 

5 3.6×105 TFTC 

KWABIA ASASEHENE   

6 3.7×105 TFTC 

7 6.9×105 TFTC 

8 TFTC TFTC 

9 5.1×105 TFTC 

10 5.0×105 TFTC 

ASASEHENE   

11 3.3×105 TFTC 

12 4.9×105 TFTC 

13 9.5×105 3.1×106 

14 

15 

7.0×105 TFTC 

AGBOM   

16 13.1×105 TFTC 

17 TFTC TFTC 
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18 

19 

20 

5.2×105 

3.6×105 

5.3×105 

TFTC 

TFTC 

TFTC 

AWORWORSO   

21 6.2×105 TFTC 

22 TFTC TFTC 

23 

24 

25 

4.0×105 

5.3× 105 

3.4×105 

 

 

TFTC 

TFTC 

TFTC 

Table 9: Significance difference between the correlation matrix of the metals (p-values 

@α=0.05) 

PTEs Cu Cd Cr Co Pb Ni As 

Cu na 
      

Cd 0.00 na 
     

Cr 0.10 0.05 na 
    

Co 0.05 0.00 0.20 na 
   

Pb 0.54 0.04 0.14 0.80 na 
  

Ni 0.71 0.01 0.04 0.36 0.39 na 
 

As 0.15 0.00 0.03 0.01 0.24 0.29 na 
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Table 10: Tukey HSD results between the five farms for Copper (Cu) 

Farms pair Tukey HSD 

Q statistic 

Tukey HSD 

p-value 

Tukey HSD 

inference 

Kwabia vs Kwabia Asasehene 0.9154 0.8999947 insignificant 

Kwabia vs Asasehene 2.1141 0.5694144 insignificant 

Kwabra vs Agbom 2.4178 0.4521038 insignificant 

Kwabia vs Aworworso 0.4023 0.8999947 insignificant 

Kwabia Asasehene vs Asasehene 3.0295 0.2417066 insignificant 

Kwabia Asasehene vs Agbom 3.3332 0.1686318 insignificant 

Kwabia Asasehene vs Aworworso 1.3177 0.8730550 insignificant 

Asasehene vs Agbom 0.3038 0.8999947 insignificant 

Asasehene vs Aworworso 1.7118 0.7228003 insignificant 

Agbom vs Aworworso 2.0155 0.6069785 insignificant 
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Table 11: Tukey HSD results between the five farms for Cadmium (Cd) 

Farms 

pair 

Tukey HSD 

Q statistic 

Tukey HSD 

p-value 

Tukey HSD 

inference 

Kwabia vs Kwabia Asasehene 1.7290 0.7162398 insignificant 

Kwabia vs Asasehene 3.3043 0.1747760 insignificant 

Kwabia vs Agbom 1.3832 0.8480838 insignificant 

Kwabia vs Aworworso 5.3790 0.0087448 ** p<0.01 

Kwabia Asasehene vs Asasehene 1.5753 0.7748379 insignificant 

Kwabia Asasehene vs Agbom 0.3458 0.8999947 insignificant 

Kwabia Asasehene vs Aworworso 3.6501 0.1123554 insignificant 

Asasehene vs Agbom 1.9211 0.6429930 insignificant 

Asasehene vs Aworworso 2.0748 0.5843931 insignificant 

Agbom vs Aworworso 3.9959 0.0701114 insignificant 

 

Table 12: Tukey tests post-hoc HSD results for Chromium (Cr) between the farms 

Farms 

pair 

Tukey HSD 

Q statistic 

Tukey HSD 

p-value 

Tukey HSD 

inference 

Kwabia vs Kwabia Asasehene 0.8216 0.8999947 insignificant 

Kwabia vs Asasehene 3.3865 0.1577514 insignificant 

Kwabia vs Agbom 5.4084 0.0083502 ** p<0.01 

Kwabia vs Aworworso 4.7154 0.0244133 * p<0.05 

Kwabia Asasehene vs Asasehene 2.5649 0.3948306 insignificant 
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Kwabia Asasehene vs Agbom 4.5868 0.0296411 * p<0.05 

Kwabia Asasehene vs Aworworso 3.8938 0.0808310 insignificant 

Asasehene vs Agbom 2.0219 0.6045538 insignificant 

Asasehene vs Aworworso 1.3289 0.8687889 insignificant 

Agbom vs Aworworso 0.6930 0.8999947 insignificant 

 

 

Table 13: Tukey HSD results between the five farms for Cobalt 

Farms 

pair 

Tukey HSD 

Q statistic 

Tukey HSD 

p-value 

Tukey HSD 

inference 

Kwabia vs Kwabia Asasehene 1.0557 0.8999947 insignificant 

Kwabia vs Asasehene 2.0354 0.5994226 insignificant 

Kwabia vs Agbom 0.6372 0.8999947 insignificant 

Kwabia vs Aworworso 2.6631 0.3581840 insignificant 

Kwabia Asasehene vs Asasehene 3.0911 0.2253298 insignificant 

Kwabia Asasehene vs Agbom 1.6930 0.7299734 insignificant 

Kwabia Asasehene vs Aworworso 3.7188 0.1024365 insignificant 

Asasehene vs Agbom 1.3981 0.8423902 insignificant 

Asasehene vs Aworworso 0.6277 0.8999947 insignificant 

Agbom vs Aworworso 2.0258 0.6030483 insignificant 

 

Table 14: Tukey HSD results between the five farms for Lead (Pb) 
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Farms 

pair 

Tukey HSD 

Q statistic 

Tukey HSD 

p-value 

Tukey HSD 

inference 

Kwabia vs Kwabia Asasehene 0.4451 0.8999947 insignificant 

Kwabia vs Asasehene 4.1560 0.0558183 insignificant 

Kwabia vs Agbom 5.3511 0.0091390 ** p<0.01 

Kwabia vs Aworworso 5.3317 0.0094192 ** p<0.01 

Kwabia Asasehene vs Asasehene 4.6012 0.0290092 * p<0.05 

Kwabia Asasehene vs Agbom 5.7962 0.0045189 ** p<0.01 

Kwabia Asasehene vs Aworworso 5.7769 0.0046626 ** p<0.01 

Asasehene vs Agbom 1.1950 0.8999947 insignificant 

Asasehene vs Aworworso 1.1757 0.8999947 insignificant 

Agbom vs Aworworso 0.0194 0.8999947 insignificant 

 

 

 

Table 15: Tukey HSD results between the five farms for nickel (Ni) 

Farms 

pair 

Tukey HSD 

Q statistic 

Tukey HSD 

p-value 

Tukey HSD 

inference 

Kwabia vs Kwabia Asasehene 0.8004 0.8999947 insignificant 
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Kwabia vs Asasehene 0.7792 0.8999947 insignificant 

Kwabia vs Agbom 6.0917 0.0028225 ** p<0.01 

Kwabia vs Aworworso 5.8509 0.0041422 ** p<0.01 

Kwabia Asasehene vs Asasehene 0.0213 0.8999947 insignificant 

Kwabia Asasehene vs Agbom 5.2913 0.0100379 * p<0.05 

Kwabia Asasehene vs Aworworso 5.0504 0.0146097 * p<0.05 

Asasehene vs Agbom 5.3125 0.0097082 ** p<0.01 

Asasehene vs Aworworso 5.0717 0.0141354 * p<0.05 

Agbom vs Aworworso 0.2408 0.8999947 insignificant 

 

Table 16: Tukey HSD results between the five farms for Arsenic (As) 

Farms 

pair 

Tukey HSD 

Q statistic 

Tukey HSD 

p-value 

Tukey HSD 

inference 

Kwabia vs Kwabia Asasehene 1.0758 0.8999947 insignificant 

Kwabia vs Asasehene 1.3373 0.8655772 insignificant 

Kwabia vs Agbom 1.6909 0.7307458 insignificant 

Kwabia vs Aworworso 1.3049 0.8779202 insignificant 

Kwabia Asasehene vs Asasehene 0.2615 0.8999947 insignificant 

Kwabia Asasehene vs Agbom 0.6151 0.8999947 insignificant 
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Kwabia Asasehene vs Aworworso 0.2291 0.8999947 insignificant 

Asasehene vs Agbom 0.3536 0.8999947 insignificant 

Asasehene vs Aworworso 0.0324 0.8999947 insignificant 

Agbom vs Aworworso 0.3860 0.8999947 insignificant 
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