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ABSTRACT 

The main objective of this study was to assess health risks that may be associated with 

consumption of rice grown in three selected Wards of Rwamgasa, Magenge and Kaseme 

in Geita District.The agricultural soils ofthese wards are thought to have been 

contaminated with Mercury (Hg) used in amalgamation of Gold, and Arsenic (As)from 

anthropogenic sources (Arsenopyrates). Rice samples were collected from 15 villages of 

the selected Wards after which the concentrations of Hg and As were determined. The 

Association of Official Agricultural Chemists (AOAC 2015.01) was used for 

quantification of heavy metals.Macro Plasma Emission Spectroscopy (MP-AES 4210) 

equipped ith Auto sampler SPS4 was used in this case to quantify Hg and As. 

Concentrations (ppm) for each metal was significantly different  (p<0.05) among sampling 

locations. The concentration of Hg and As per kg of rice in the sampled villages ranged 

from 0.78 mg/kg to 3.58 mg/kg at Rwamgasa and Mnekezi villages and 0.64 mg/kg to 

1.01 mg/kg at Nyamalulu and Bingwa villages, respectively. Exposure analysis was 

established in line with health risks characterization for adults of 65 kg and children with 

30 kg average body weight in which the calculated exposure dietary intake (EDI) was 

calculated. These results revealed that, concentration of Mercury exceeded the Maximum 

Allowable Concentration  (MAC) of 0.02 mg/kgbw/day  as per Ministry of Healthy of 

Health of the Republic of People of  China (MHRPC). Further more, the health risk index 

(HRI) was computed as per USEPA/IRIS (2013) in which,  for Mercury the  Health Risk 

Index (HRI) exceeded 1 for children in villages of Rwamgasa, Iseni, Nyakayenze, 

Magenge, Nyamtondo, Nyamalimbe and Msasa implying health risks to children but there 

was no risks for adults. In the case of Arsenic it was observed that it did not pose health 

risks in both age groupssince the concentration did not exceed the MAC of 0.35 

mg/kgbw/day approved by FAO/WHO (2016). 
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CHAPTER ONE 

 

1.0  INTRODUCTION 

1.1  Background Information 

There is a considerable evidence that human foods are frequently subjected to some form 

of contamination by heavy metals such as Lead, Arsenic, Mercury as a result of 

environmental pollution and anthropogenic activities (Berka,2009). Heavy metals such as 

mercury are important potential harmful environmental pollutants (Khanna, 2011; Orina, 

2012) and the widespread of contamination with heavy metals in last decades has raised 

public and scientific interest due to their dangerous effects on human health (Ibrahim, 

2011). 

 

In Tanzania, artisanal and small scale mining activities are conducted in areas where rice 

production is also high, such areas are Kahama and Geita in the Lake Victoria zone. This 

suggests that, there are high chances of the rice produced from these areas to be 

contaminated with heavy metals at levels that exceed regulatory limits. Also during the 

rainy season large quantities of tailing and waste containing heavy metals are carried by 

runoff to the agricultural fields near the mining sites which lead to the elevated levels of 

heavy metals in the soils (Mathews et al.,2012). Due to this reason, protecting the 

agricultural soils in Tanzania from the heavy metals contamination is an urgent need. 

However, strategies to protect those areas from heavy metal contamination cannot be 

formulated when data on heavy metal contamination of agricultural produced in Tanzania 

are limited and scattered. 

 

Small scale miners in Geita use amalgamation process to recover gold from gold ores. The 

ore is initially finely ground then mixed with water to form a pulp. The pulp is then mixed 
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with liquid mercury allowing the gold to amalgamate onto mercury to form spongy 

amalgam. After a press or filtration process to remove excessive mercury from amalgam, 

gold is recovered from the amalgam by burning it over a fire, which releases mercury 

vapour to the atmosphere. The pressing process releases substantial amounts of mercury in 

to the environment through seepage and leakage (Appleton et al.,2004) 

 

Rice (Oryza Sativa) is the third most important cereal crop in the world. In Tanzania it is 

consumed as the second major staple food after maize. Recently, the concern has been 

raised about possible contamination by heavy metals such as Mercury (Hg), Arsenic (As), 

Lead (Pb) and Cadmium (Cd) in soil, water and air due to industrialization. The 

contaminants can be accumulated, transferred and up taken by rice. Fu et al. (2008) found 

Pb with the mean level of 0.69 mg/kg in polished rice in a typical electronic waste 

recycling area from the Southeast China. Also studies of rice grown in highly 

contaminated area in China found mean levels of0.080 mg/kg (As), 0.037 mg/kg (Cd) 

0.005 mg/kg (Hg) and  0.060 mg/kg (Pb) (Huang et al., 2013). 

 

In the artisanal mining sites, there is a likelihood of heavy metal contamination of water 

from tailings and waste water from mining processes to contaminate crops grown in this 

area.In nature, Arsenicoccurs primarily in its sulfide form in complex minerals containing 

silver, lead, copper, nickel, antimony, cobalt, and iron. As is present in more than 200 

mineral species, the most common of which is arsenopyrite. Terrestrial abundance of 

arsenic is approximately 5 mg/kg, although higher concentrations are associated with 

sulfide deposits. Sedimentary iron and manganese ores as well as phosphate-rock deposits 

occasionally contain levels of arsenic up to 2900 mg/kg (WHO, 2001). All types of 

arsenopyrite contain gold (1250–3000 ppm) and other trace elements such as Cu          
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(200–1300 ppm), Sb (up to 9000 ppm) and Tl (3000–4500 ppm) as showed in the study by 

Cepedal et al. (2008). 

 

1.2  Problem Statement and Justification of the Study 

It has been mostly reported that the extent of heavy metals contamination in agricultural 

soils is influenced by their closeness to mining or industrial areas (Appleton et al., 2005).   

For instance, the increased mining, agricultural, industrial activities and domestic 

discharges around farming land if not properly managed, its likely to cause heavy metal 

contamination (Owa, 2013). Different studies have revealed health effects of heavy metals 

in humans, however, the toxicity of metal contamination depends on severalfactors. These 

factors  includethe dose, the route of exposure and nutritional status of the exposed 

individuals (Tchouwou et al., 2012).High toxicity levels ofHg, Arsenic and Lead rank 

highly among the priority metals with public health significance (Khillare et al., 2015). 

 

Mercury is a toxic pollutant, which is distributed worldwide from both natural and 

anthropogenic sources, and cannot be broken down in the environment (Jaeger et al., 

2009). Hghas a half lifeof 1–2 years in the atmosphere, which allows it to be transported 

over long distances via oceanic and atmospheric processes (Li et al., 2009b; Selin, 2009). 

There has been increasing attention on the neurotoxicity and neurodevelopmental risk 

among people exposed to low or moderate levels as once released into the 

environment.Mercury is quickly transformed into organic compounds by aquatic 

microorganisms mainly as methyl mercury (MeHg) which is more toxic than elemental 

and inorganic forms of Hg (Davidson et al., 2004).  
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However, organic Hg compounds are more easily absorbed via ingestion than inorganic 

Hg compounds (WHO, 2003). More than 90% of MeHg could be absorbed and 

accumulated in the body posing a risk of damage to the neurological system, 

cardiovascular and reproductive systems (Mergler et al., 2007). Some specific pediatric 

health effects aresubtle neuro developmental abnormalities, such as visual spatial errors 

(Chevrier et al., 2009), decrements in motor speed and attention have been reported 

(Debes et al., 2006). 

 

Lack of capital to purchase the requisite crushing and milling equipment to facilitate the 

process compels artisanal miners to use rudimentary manual methods of gold extraction 

which involves “pounding” (crushing and grinding) of ores using locally designed metal 

mortars and pestles. The resultant powder is mixed with water and sluiced to obtain a gold 

concentrate, which is later amalgamated with Hg (Benjamin et al., 2002). These processes 

expose miners to heavy metals as well as soil and water pollution.Health of miners and 

other people living within the areas may be affected through inhalation of Hg vapour or 

contaminated dusts, direct contact with Hg, eating fish, cereals and other foods also 

through ingestion of water affected by Hg and As contamination. Although numerous 

studies on Hg pollution have been done in this area  limited studies have been conducted 

on chemical hazard exposure assessment on Hg for consumers of rice in the study area.A 

number of studies indicate that in countries not suffering from high level of As in drinking 

water, rice is a major contributor to inorganic As in human (Meacher et al., 2002).  

 

Rice on other hand has high proportions of inorganic As (Ackerman et al., 2005) and it is 

particularly susceptible to assimilating arsenic into its grain (Williams et al., 2007). 

Preliminary data released byUnited Sates Food and Drugs Adminstration (U.S.FDA) 
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revealed that rice had higher levels of inorganic As than any other food, because as the 

rice plant grows tend to absorb Arsenic more readily than other food crops. Rice is a staple 

in the US which is widely consumed by the population  including by infants. Additionally 

rice intake primarily through infant rice cereal is about three times greater for infants than 

adults in relation to body weight (U.S.FDA report, 2011). The U.S.FDA report has 

prompted similar study to be conducted similarly in Tanzania. Rice is a staple food grown 

in areas thought to be contaminated with these heavy metals.The European Food Safety 

Authority (EFSA) has assessed along with many other international authorities, that As is 

a substance that should be avoided as much as possible (EFSA, 2015). Therefore, the 

findings of this study will provide necessary imformation to various institution that will 

guide them on measures in minimizing damages caused by heavy metals in question to the 

health of individuals in the research areas. 

 

1.3 Study Objectives 

1.3.1  General objective 

To assess chemical hazards and health risks of consumers of rice grown around mining 

areas in Geita district. 

 

1.3.2  Specific objectives 

Specific objects were to ;- 

i. Determine levels of contamination of heavy metals (Hg and As) in rice grown around 

selected gold mining areas of Geita District. 

ii. Assess the health risk to consumers of rice contaminated with Hg and As. 
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1.4  Hypothesis 

H0: Chemical  hazards and health risks of consumers of rice grown around mining 

areas contains safe levels of Mercury and Arsenic. 

H1: Chemical  hazards and health risks of consumers of rice grown around mining 

areas contains unsafe levels of Mercury and Arsenic. 
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CHAPTER TWO 

 

2.0  LITERATURE REVIEW 

2.1  Overview 

This chapter summarizes literature relating to heavy metals pollution, toxicity of heavy 

metals, methylation of Hg and As, human exposure to Hg and As, risk based approach to 

food safety, tolerable dietary intakes (TDI) of heavy metals, estimated dietary intakes 

(EDI) of heavy metals and risk assessment to heavy metals via rice consumption. 

 

2.2 Heavy Metals 

Heavy metals can be defined as a group of elements with a density higher than 5 g/cm
3
.  

respect to their toxicity, they can be divided into two groups namely micronutrients like 

Fe, Mn, Mo, Cu, Cr, Ni and Zn that are essential in small amounts and the toxic like Ar, 

Cd, Hg and Pb without any known biological importance (Lottermoser, 2007). Heavy 

metals are extremely persistent in the environment because of their non-biodegradable 

nature, long biological half-lives, thermal stability and potential to accumulate to toxic 

levels in both plants and animals (Adah et al., 2013). Even at low concentrations, heavy 

metals have been reported to produce damaging effects on humanand animals (Adah et al., 

2013). 

 

2.3  Heavy Metals Pollution 

Heavy metals applications in industrial, domestic, agricultural sphere have led to their 

wide distribution in the environment. However, their potential effects on human health and 

environment have raised concerns among researchers. This is because these metals are 

commonly associated with pollution and toxicity problems (Ratan and Verma, 2014). 

Studies in Ghana raised a great concern of potential risk of exposure to gaseous Mercury 
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(Hg) during amalgamation process (Hogarh et al., 2016). As, the important element in iron 

ores, have been implicated with soil contamination around mining areas in China where 

high levels of As have been also reported (Liao et al.,2005). Mining methods employed by 

small-scale miners vary according to the type of deposit being exploited and its location. 

In view of the poor financial base of small-scale miners, a great majority rely solely on 

traditional/manual methods of mining,which are largely artisanal, featured by simple 

equipment like shovels, pick-axes, pans, chisels and hammers in which environmental 

pollution is not considered (Benjamin et al., 2002). 

 

The speciation of Hg in the soil environment is dynamic where it can be biotically and 

abiotically interconverted between the dominant solution phase inorganic species of 

Arsenate (Asv) and Arsenite (AsIII), the oxidized and reduced form respectively 

(Abedinet al.,2002).Inorganic As can also be methylated through microbial action to give 

monomethylarsonic acid (MMA) and dimethyarsinic acid (DMA).All four species are 

present in the solution phase of paddy soils (Abedin et al., 2002). These four species can 

also be assimilated by rice roots.  

 

Figure 1:  Photo taken during mapping of study area  contaminated swamp at 

Magenge 2016. 
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2.4  Mercury and Arsenic 

Mercury (Hg) is a naturally occurring metal that is present in several forms. Metallic 

mercury is shiny, silver-white and odorless liquid. Hg, which has the lowest melting point 

(−39°C) of all the pure metals, is the only pure metal that is liquid at room temperature. 

However, due to its several physical and chemical advantages such as high boiling point 

(357°C) and easy vaporization. Hg is still an important material in many industrial 

products.  

 

Mercury exists in several forms namely elemental or metallic mercury, inorganic mercury 

compounds, and organic mercury compounds. The most reduced is Hg metal with the 

other two forms being ionic of mercurous ion and mercuric ion (Hg
2+

) in oxidizing 

conditions especially at low pH.Hg
+
ions are not stable under environmental conditions 

since it dismutates into Hgand Hg
2+ 

(Chang et al., 2009). 

 

Exposure routes for Mercury to the environment contamination due to Hg is caused by 

industrial activities, petrochemicals and also by agricultural sources such as fertilizer and 

fungicidal sprays. Some of the more common sources of Hg found throughout the 

environment include mining activities but may not be limited to the household bleach, 

acid, and caustic chemicals (e.g. battery acid, household lye, muriatic acid (hydrochloric 

acid), sodium hydroxide, and sulfuric acid), instrumentation containing Hg (e.g., medical 

instruments, thermometers, barometers and manometers), dental amalgam(fillings), latex 

paint (manufactured prior to 1990), batteries, electric lighting (fluorescent lamps, 

incandescent wire filaments, mercury vapor lamps, ultraviolet lamps), pesticides, 

pharmaceuticals (e.g. nasal sprays, cosmetics, contact lens products), household detergents 

and cleaners, laboratory chemicals, inks and paper coatings, lubrication oils, wiring 

devices and switches and textiles (Resaee et al., 2005). Until the 1970s organomercurials, 
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especially methylsand ethyl mercury, were widely used in agriculture as antifungal agents 

in seed grain. This practice was discontinued as a result of a number of mass poisonings 

both humans and in certain wildlife species; diuretic, and/or cathartic properties in Europe, 

North America, Australia, and elsewhere (WHO, 2003; Clarkson and Magos, 2006). The 

largest present intentional use of Hg is by artisanal and small-scale gold miners  because 

many metals including gold dissolve in Hg to form amalgams (alloys) (Landis and Yu, 

2004).  

 

Studies conducted by Clarkson and Magos (2006) Hg compounds were used in skin 

creams to treat infections. The medical applications of Hg compounds were common 

during the 20th century. For example, the addition of calomel (Hg2Cl2) to teething 

powders. Mercuric chloride, mercuric oxide, mercuric iodide, mercurous acetate, and 

mercurous chloride are, or have been, used as antiseptic.  

 

Arsenic is a chemical element with the symbol As, atomic number 33 and relative atomic 

mass 74.92. It has a specific gravity 5.73 g/cm
3
, melting point of 817°C (at 28 

atmospheres). It boils at 613°C and a vapor pressure of 1 mmHg at 372°C. Arsenic is a 

semi metallic, odorless and tasteless element (Mohan et al, 2007.). As is number one on 

the ATSDR's toxic and hazardous substances „„Top 20 List,” and is the most common 

cause of acute heavy metal poisoning in adults. From a biological and toxicological 

perspective, there are three major groups of arsenic compounds namely; 

- Inorganic arsenic compounds 

- Organic arsenic compounds and 

- Arsine gas. 
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Of the inorganic arsenic compounds, arsenic trioxide, sodium arsenite and arsenic 

trichloride are the most common trivalent compounds.Arsenic pentoxide, arsenic acid and 

arsenates (e.g. lead arsenate and calcium arsenate) are the most common pentavalent 

compounds. Common organic Arsenic compounds include arsanilic acid, methylarsonic 

acid, dimethylarsinic acid (cacodylic acid) and arsenobetaine (WHO, 2000). 

 

At intermediate redox conditions, such as those found in paddy soils which continuously 

fluctuate between aerobic and anaerobic conditions, As is mobilized from both pyrites and 

oxy hydroxides as the relatively mobile Arsenite (Smedley et al., 2002). Thus, for 

aerobically grown crops the relatively immobile arsenate is the dominant plant available 

form. But for anaerobically cultivated rice the more mobile Arsenite is the dominant plant 

available form.The inorganic forms Arsenate and Arsenite are the dominant species in soil 

solution, the former predominant in aerobic soils and the later in anaerobic soils (Abedin 

et al., 2002). Methylated species are also widely found in soils, particularly 

monomethyarsonic acid (MMA) and dimethylarsinic acid (DMA), which are found at high 

proportions in paddy soils (Abedin et al., 2002). 

 

2.5 Toxicity of  Mercury and Arsenic 

The toxicity of these metals has two main aspects: 

 (a)  The fact that they have no known metabolic function, but when present in the body 

they disrupt normal cellular processes, leading to toxicity in a number of organs;  

(b)  The potential  particularly of the so-called heavy metals Hg and As, to accumulate 

in biological tissues, a process known as bioaccumulation.  
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This occurs because the metal, once taken up into the body, is stored in particular organs, 

for example liver or kidney and is excreted at a slow rate compared with its uptake. This 

process of bioaccumulation of metals occurs in all animals, including food animals such as 

fish and cattle as well as humans. Agency for Toxic  Substances and Diseases Registry 

(ATSDR,1999) ranked Mercury to number three on the "Top 20 List" of toxic and 

hazardous substances. Mercury is generated naturally in the environment from degassing 

of the earth's crust, from volcanic emissions. It is therefore necessary to control the levels 

of these toxic metals in foodstuffs in order to protect human health (Ali andAl-Qahtani, 

2012).  

 

Mercury damages the developing brain, and causes a lifelong negative effect in exposed 

population (Bose-O‟Reilly et al., 2008). When exposed to high levels of mercury vapour, 

children exhibit a syndrome known as acrodynia (painful limbs) or pink disease (Davidson 

et al., 2004). Garca-Fernandez et al., (1996) reported that, the health problems caused by 

Mercury toxicity include headache, metabolic abnormalities, respiratory disorders, nausea 

and vomiting. Inorganic Hg occurs as salts of its divalent and monovalent cationic forms 

(WHO, 2003). Mercury salts affect primarily the gastrointestinal tract and the kidneys, and 

can cause severe kidney damage. Both inorganic and organic Mercury compounds are 

absorbed through the gastro intestinal tract and affect other systems via this route (WHO, 

2003). 

 

Despite the wide range of metal toxicity and toxic properties, there are a number of 

toxicological features that are common to many metals. Metals toxicity depends on several 

factors including the dose, route of exposure, and chemical species, as well as the age, 

gender, genetics, and nutritional status of exposed individuals (Tsuzuki et al., 1994). 
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Because of their high degree of toxicity, heavy metals like Arsenic, Cadmium, Chromium, 

Lead, and Mercury rank among the priority metals that are of public health significance 

(Tsuzuki et al., 1994). Concern over such incidents of toxicity, has prompted numerous 

investigations into the metabolism and toxic effects of these elements (Ali and Al-Qahtani, 

2012). 

 

One of the earliest, and the most comprehensively documented case of Hg poisoning in 

man and other animals occurred in the 1950's at Minamata Bay and 1965 in Niigata, in 

Japan especially among fishermen and their families. The source of the Hg was discharged 

wastes from an acetaldehyde plant that used inorganic Hg as a catalyst (Hodgson, 2004). 

The illness became known as the "Minamata Disease" (Lourie, 2003).  

 

Minamata disease reached epidemic proportions during 1956-1965 where 111 cases of 

poisoning were reported and 41 deaths. By 1982, there were 1800 verified human victims 

of Hg poisoning in a total regional population of 200,000 (Hodgson, 2004; Eisler, 2007; 

Selin, 2009), however, the total number of victims remained unconfirmed (Hodgson, 

2004; Selin, 2009). Abnormal Hg content of more than 30 mg/kg fresh weight was 

measured in fish, shellfish, and mud from the Bay and in organs of necropsied humans and 

cats that succumbed to the disease (Hodgson, 2004).  

 

Another sentinel outbreak occurred in rural Iraq in 1971-1972 from seed grain treated with 

oregano-mercurials as fungicides. Farmers received around 95,000 tonnes of wheat and 

barley seeds, the grain was intended for planting, (Lourie, 2003; Selin, 2009), but ended 

up being consumed (Lourie, 2003). Tragically, more than 6500 individuals were 

hospitalized and 459 died from consumption of Hg contaminated bread. The Iraqi 
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government broadcasted warnings to avoid eating the grain. However, people in rural 

areas did not have radios, did not believe the warnings or chose to ignore them because 

they lacked other types of food. When it faced the initial disaster of the Hg treated seed 

being distributed among the farmers, the government announced that any farmer 

possessing these seeds was liable to prosecution involving death. The peasants then 

disposed the hazardous seeds in nearby rivers and lakes, spreading the contamination to 

even more remote regions (Veiga and Baker, 2007). 

 

In general, inorganic compounds of Arsenic are regarded as more highly toxic than most 

organic forms which are less toxic (Andrianisa et al., 2008).  The first symptoms of long-

term exposure to high levels of inorganic As (e.g. through drinking-water and food) are 

usually observed in the skin, and include pigmentation changes, lesions and hard patches 

on the palms and soles of the feet (hyperkeratosis) (Ikeda et al., 2000). These metallic 

elements are considered as systemic toxicants which are known to induce multiple 

damages to human organs, even at lower levels exposure (Jan et al., 2015). It also seems 

to have a negative impact on reproductive processes (infant mortality and weight of new 

born babies) (Hopenhayn, 2006). As is classified as an established human carcinogen by 

the International Agency for Research on Cancer (IARC). Epidemiologic studies have 

provided substantial evidence for the association of As in drinking water withskin cancers 

(non-melanoma), lung and bladder. Limited epidemiologic evidence also suggests a 

possible association of As in drinking water with liver, kidney, and prostatecancers 

(International Agency for Research on Cancer, 1987). 

 

2.6 Mercury Mode of Action in Human Body 

Direct effects usually occur when the biochemistry and physiology of an organism are 

altered by abnormal chemical action. Several mechanisms of chemical toxicity are 
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recognized (Landis and Yu, 2004). They include interruption, blocking, or interference of 

specific cellular functions, such as the increased production of highly reactive molecules 

such as hydrogen peroxide (H2O2), macrophage disruption and Nucleic acids may be 

broken or bound to reactive molecules. Cellular responses to exposure to contamination 

may include stimulation of protection mechanisms, such as lysosomes and stress proteins. 

Tissue damage may occur as a result of these cellular processes, and may result in 

developmental abnormalities (Thompson et al., 2007). 

 

Brain pyruvate metabolism is known to be inhibited by Hg, as are lactate dehydrogenase 

and fatty acid synthetase (Timbrell, 2004). Mercury inactivates the Na+/K+-ATPase, 

which leads to membrane depolarization, calcium entry, and eventual cell death (Landis 

and Yu, 2004; Huang et al., 2008). Further more, it decreases α- and γ-globulins while 

increasing β-globulin, causing liver dysfunction, decreases DNA content in cells by 

affecting the DNA polymerase activity and adversely affects chromosomes and mitosis by 

disrupting the microtubule formation (Landis and Yu, 2004; Gupta, 2007), leading to 

mutagenesis (Landis and Yu, 2004). 

 

2.7 Health risk Assessment Approach 

Risk assessment is a process of estimating the probability that a chemical substance to 

cause adverse effects to a given population. Under particular conditions of exposure, risk 

assessment provides the logical basis for public health decisions and actions aimed at 

reducing or eliminating the risk involved. Health risk assessments are used to determine if 

a particular chemical poses a significant risk to human health and, if so, under what 

circumstances. It is important to assess the daily intake of metals from rice and compare it 

with the Tolerable Daily Intake (TDI) values set by international organizations for health 

safety (Hajeb et al., 2009). 
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The common approaches for food safety risk analysis; include Codex Alimentarius 

Commission framework.The risk analyses applied in the food safety context are the Codex 

Alimentarius Commission risk analysis and HACCP frameworks. 

The present study used the Codex Alimentary Commission framework for heavy metals 

analyses. Risk assessment consists of the following steps: 

i) Hazard identification,  

ii) Hazard characterization,  

iii) Exposure assessment, and  

iv) Risk characterization. 

 

The risk assessment definitions used in this study are similar to that of Potter (1996):  

Hazard: A biological, chemical or physical agent in or property of food with the potential 

to cause an adverse effect.  

Hazard identification: Identification of known or potential health effects associated with 

a particular agent in food  

Exposure assessment: The evaluation of degree of intake likely to occur.  

Risk characterization: The estimation of the adverse effects likely to occur in a given 

population, and a summary of assumptions and sources of uncertainty. 

Dose response assessment: Determination of relationship between the magnitude of 

exposure and magnitude of frequency of adverse effect. 
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CHAPTER THREE 

 

3.0  RESEARCH METHODOLOGY 

3.1  Overview 

This chapter is divided into five main sections;-  study area, rice samples collection and 

preparation, methods and procedures for analysis including digestion of samples, 

optimization of Agilent technologies 4210 MP-AES and quantification of Hg and As. 

 

3.2 Study Area 

This study was conducted in Geita district which is one of the major gold mining areas in 

Tanzania. Geita district is located at latitude -2.8667 and longitude 32.2500. According to 

the 2012 census given by NBS, the population of the district was 807,619. The district is 

bordered to the East by Mwanza region and Nyang'hwale district, to the South 

by Shinyanga region and Mbogwe district, and to the West by Chato district. Geita district 

is characterized by a large number of small scale mines including Rwamgasa, Tembomine, 

Iseni, Buziba, Mgusu mines and others. 

 

3.3  Study Design and Sample Size 

Cross-sectional research design was conducted in this study. A household survey 

independent structured questionnaire (with closed ended questions)was usedto gather 

information on household rice consumption patterns. Purposively sampling was used in 

which rice fields were sampled within the wards in the villages with mining activities and 

rice cultivation. The sample size was estimated using the formula for infinite population as 

proposed by Kothari (2004). 

https://en.wikipedia.org/wiki/Mwanza_Region
https://en.wikipedia.org/wiki/Nyang%27hwale_District
https://en.wikipedia.org/wiki/Shinyanga_Region
https://en.wikipedia.org/wiki/Mbogwe_District
https://en.wikipedia.org/wiki/Chato_District
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   (   )

  
 

Where by n = size of sample, P = Sample proportion, assuming 5% (0.05) for this study 

e = acceptable error (the precision), set at 5% (0.05) for this study and z = standard variate 

at a given confidence level, for this study 95%, confidence level= 1.96 (Kothari, 2004). 

 

Thus, 1.96
2
 X 0.05(1- 0.05)/ 0.05

2 

  =   72.99 ≈ 73  

 

3.4  Method of Investigation 

Data was collected in two main ways; primary and secondary.  

 

3.4.1  Primary data collection 

The primary data was collected through different quantitative and qualitative methods. 

The data was obtained from the field through surveys of the project through administration 

of questionnaires and personal interviews. Samples of rice for laboratory analysis was 

collected from each village as per sampling plan. 

 

3.4.2  Questionnaires administration 

A structured questionnaire, consisted of both open-ended and closed-ended questions 

which were administered in each of the selected areas.  

 

 

3.4.2  Secondary data 

Secondary data were obtained  through  review of  published books and journals.  
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3.5 Sample Collection 

The District has thirty five (35) Wards but only three wards of Rwamgasa, Magenge, and 

Kaseme were studied. The combined population of the wards is about 180,500 and 

average house hold of six (6) individuals (NBS, 2012). The choice of the research area 

was based on the presence of rice cultivation and mining activities. Samples were 

collectedfrom farmers during harvesting in which a total of seventy five (75) samples 

werecollected in villages from  the three wards of Magenge, Kaseme and Rwamgasa 

where mining activities have been conducted for long period of time. Five (5) samples 

from five (5) villages from each of the three (3) wards were collected and placed in plastic 

bags. 

 

Table 1: Samples collected 

Locations Number of Samples 

Rwamgasa Ward  

Rwamgasa 5 

Bingwa 5 

Iseni 5 

Imalanguzu 5 

Nyakayenze 5 

Maagenge Ward   

Maagenge 5 

Nyamalulu 5 

Nyamtondo 5 

Nyamalimbe 5 

Msasa 5 

Kaseme Ward  

Sobola 5 

Kaseme 5 

Mnekezi 5 

Nyamisebehi 5 

Tembomine 5 

Total  75 
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3.6 Sample Preparation 

The samples were dehusked separately placed in plastic bags, stored in a cool dry place. 

The dehusked rice samples were grounded with a help of a blender to obtain fine flour, 

and placed in plastic bags and stored in a dry cool place for further analysis. 

  

3.6.1 Preparation of 1000ppm stock AAS standard solutions for Mercury 

A Mercuric (Hg) standard stock solution of 10ppm was prepared from 1000ppm standard 

using 2% Nitric acid. This stock solution was used to prepare solutions for calibration 

curve (0.00, 0.50, 1.00, 2.00 and 3.00ppm) at the intervals of 0.50ppm. The standard was 

used for injection intoAgilent Technologies MP-AES 4210 for quantification (AOAC, 

2015.01) 

 

3.6.2 Preparation of 1000ppm stock AAS standard solutions for Arsenic 

An Arsenic (As) standard stock solutionof 10ppm was prepared from 1000ppm standard 

using 2% Nitric acid. This stock solution was used to prepare solutions for calibration 

curve (0.00, 0.10, 0.50, 1.00 and 2.00ppm) at the intervals of 0.50ppm. The standards were 

ready for injection into MP-AES 4210 for heavy metal quantification (AOAC, 2015.01). 

 

3.6.3 Sample digestion for heavy metals 

The official method AOAC (2015.01) was used to quantify Hg and Asin which MP-AES 

4210 equipped with Auto Sampler S4 and Nitrogen Generator. 

 

3.6.3.1Ashing by drying 

About 5g of finery grounded rice was placed in a Platinum desiccator. The sample was 

gently heated on a hot plate until enough water was driven off for partial carbonization to 
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occur, then  placed in an electrical furnace and increased the heat at a rate of 100 °C per 

hour. Then the sample was heated at 500°C for about 8hours. 2ml of Nitric acid was 

added. After drying, 2ml of water was added followed by addition of hydrochloric acid to 

dissolve the salts. Deionized water was used to prepare fixed volumes of measurement 

solutions. The sample was injected into MP-AES 4210 for quantification. Digestion of 

blank reagent blank was also performed in parallel with rice samples keeping all digestion 

parameters the same. 

 

3.6.3.2 Wetashing 

About 0.5g of finery grounded rice was added into digestion flask where 4ml of 32% 

Nitric acid was added followed by 1ml of 30% Hydrogen peroxide. Sample wasdigested 

by Ethos Easy Microwave digester at 150°C for 45minutes. The extract was filtered 

through whatman filter paper No 1 and transferred to 50ml volumetric flask; the flask was 

rinsed with Ultra-pure distilled water then filled the volumetric flask to the mark. The 

sample wasinjected into MP-AES 4210 for quantification. Digestion of blank reagent 

blank was also performed in parallel with rice samples keeping all digestion parameters 

the same. (AOAC, 2015.01). 

 

3.7 Method and Procedures 

AOAC First Action Method 2015.01 was used for quantification of heavy metals. MP-

AES 4210 equipped with Auto sampler SPS4 was used. 

 

3.8 MP-AESOptimization 

After sample preparation,wavelength optimization was performed in order to select the 

optional spectral wavelengths for measurement.Multi element standard solutions from 
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Agilent technologies were analyzed by MP-AES 4210 over the wavelength range of 

interest to monitor spectral interferences. In this work, a standard reference solution was 

used to optimize parameters such as nebulizer pressure, number of replicates, read-time 

and stabilization time ( Agilent Technologies MP-AES 4210 Manual). 

 

3.9 Analysis of Metal Contents of Digests 

Agilent Technologies MP-AES 4210 equipped with Auto sampler SP4 was used to 

determine the concentration of digested samples after treatment through different 

conditions of parameters. The analysis was done at working conditions of MP-AES 4210 

for As and Hg as indicated in Table 2 below; 

 

Table 2: Operating conditions for Hg and As  byMP-AES 

Parameter  Condition employed 

Nebulizer Concentric 

Spray chamber Multimode Sample Introductive System (MSIS) 

Nitrogen consumption (L/min) 20 

Read-time (s) 10 

Number of replicates 3 

Rinse time (s) 30 

Sample uptake delay (s) 45 

Stabilisation time (s) 15 

Pump speed (rpm) 15 

Wavelength (nm) 253.652 for Hg and 228.812 for As 

 

3.10 Statistical Data Analysis 

Data obtained from the survey were analyzed using IBMSPSS software version 16, where 

as laboratory data were analyzed usingMicrosoftoffice excel and SAS system version 

9.1.3. Analysis ofvariance was used to determine the significant (p<0.05) variations in 

intake rate (IRi). Means were separated by Duncan‟s Multiple Range Test. 
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3.11 Healthy Risk Assessment 

3.11.1 Estimated Daily Intake (EDI) of Hg and As through Rice Consumption 

The daily intake of metals depends on both the metal concentration in food and the daily 

food consumption. In addition, the body weight of the human can influence the tolerance 

of pollutants. The estimated daily intakes (EDI) are the concept introduced to take into 

accountof  these factors. Based on the dietary nutrition intake level survey by Zhong et al. 

(2006), the EDI was calculated as follows: 

              

Where EDI was the estimated daily intakes , C was the concentration of the heavy metals 

in contaminated rice, FF-Food Factor for the daily average consumption of rice and BW 

thethe body weight.  

 

3.11.2 The health risk index (HRI) 

The health risk index (HRI) described by the percentage of the safe value was used for the 

risk assessment. HRI is calculated by dividing estimated daily intake of heavy metal (EDI) 

by their Oral Reference Doses (RfDo) for a particular heavy metal. Estimate of risk to 

human health (HRI) through consumption of rice grown in metal contaminated soil is 

calculated by the following equation: 

             

Whereby, 

HRI = Estimate of risk to human health  

EDI =Estimated daily intakes 

RfDo = Oral Reference Dose is an estimate of daily exposure to the human population that 

is likely to be without an appreciable risk of deleterious effects during a life time. 
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Health Risk Index (HRI) is below one, no health risk may occur as a result of ingestion of 

the rice. The greater the value HRI above 1, the greater is the level of risk associated with 

the rice consumption. Hence, HRI ranging from 0.0 to 1, means no hazard. The HRI 

ranging from 0.1 to 1.0 means moderate hazard while HRI greater than 1 means that there 

is high risk for long time consumption (USEPA/IRIS, 2013). 
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CHAPTER FOUR 

 

4.0   RESULTS AND DISCUSSION 

4.1 Respondents  Demographic Characteristics (n=75) 

In this study, 72% of respondents were male and 28% were female in which 44% were 

aged between 38-47 years, 24%  aged between 28-27 years, 18.7% were above 45 years 

and 13.3% were between 18-27 years. Most of the respondents (48%) had attained the 

primary school education level, 14.7% of the respondents had attained secondary 

education level, 12.3% had attained vocation training and 25% had informal education. 

About 51% of respondent had a household size of about 7 individuals, 30% had a 

household of about 5 individuals, 19% had a household of about 10 individuals. In average 

these results are moreless the same with results by National Bureau of Statistics 

(NBS),2012 shown that,the household in the study area was 6individuals. All of the 

respondents practiced rice cultivation, 52% practiced crop production only, 32% practiced 

crop production and livestock keeping and 16% practiced both crop production and gold 

mining.  

 

More than half  of the respondents (53.3%) obtained all food from their own farms, 47.7% 

bought some food from the markets and non of them depended on relief food. Regarding 

to components of breakfast, 30% their breakfast comprised of rice left overs, bans and 

scones and tea, 28% stiff porridge served with vegetables/beans/meat and tea, 25% did not 

get formal breakfast and 17%  had vitumbua made from rice flour, sweet potatoes/cassava. 

About 70% of respondents claimed to own rice farms, 20% of hired rice farms each year 

and 10% were business individuals who bought crops during harvesting.Most of the  rice 

plots owned by the respondents  were located away (about 3km) from homestead (16%) 

and 78% had their rice plots to a distance less than 1km. 
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Most of the  rice plots (84%) were located near by gold amalgamation activities carried 

out by the use of chemicals (Mercury). Regarding portion size, the respondents about 60% 

claimed to prepare 1kg of rice/maize flour for 4 people, 30% prepared 1kg of rice for three 

individuals. In gold amalgamation process almost 97.3% handle Hg without any protective 

gear. Equipment used included Hammer, slugbox, slantedbox, stoneclusher, rope, basins, 

waremesh, sisal bags and chisel. All of the respondents claimed to have no knowledge 

about the adverse health effect associated with Hg. Health problems recorded in the study 

area included malaria, HIV/AIDS, diarrhoea, chestpain, pneumonia and  cancers (skin and 

urinary systems). 

 

Table 3: Mean Concentration of Hg and As (mg/kg) in rice from different location 

Location Mercury (Hg) Arsenic (As) 

Rwamgasa ward   

Rwamgasa 3.58 ± 0.09
a
 0.74 ± 0.03

b
 

Bingwa 1.56 ± 0.04
d
 0.64 ± 0.04

c
 

Iseni 2.57 ± 0.06
b
 0.94 ± 0.06

a
 

Imalanguzu 1.45 ± 0.01
d
 0.74± 0.02

b
 

Nyakayenze 2.16 ± 0.02
c
 0.98 ± 0.04

a
 

Magenge ward   

Magenge 2.89 ± 0.01
a
 0.84 ± 0.08

b
 

Nyamalulu 1.92 ± 0.02
e
 1.01± 0.05

a
 

Nyamtondo                           2.02 ± 0.14
d
 0.78 ± 0.04

bc
 

Nyamalimbe 2.35 ± 0.01
b
 0.73 ± 0.05

cd
 

Msasa 2.13 ± 0.05
c
 0.66 ± 0.08

d
 

Kaseme ward   

Sobola 1.25 ± 0.03
c
 0.68 ± 0.05

c
 

Kaseme 0.99 ± 0.03
d
 0.83 ± 0.07

ab
 

Mnekezi 0.78 ± 0.02
e
 0.73 ± 0.05

bc
 

Nyamisebhehi 1.64 ± 0.01
b
 0.84 ± 0.09

a
 

Tembomine 1.92 ± 0.01
a
 0.83± 0.07

ab
 

*Mean concentration with the same superscript on the same ward are not significant different at p< 0.05 

 

4.2.1 Mercury (Hg) and Arsenic (As) concentration in rice from Rwamgasaward 

The results in Table 3, shows the mean concentrations of Hg  in rice samplesdrawn from 

Rwamgasa ward starting with the highest mean of 3.58 ± 0.09 mg/kg for Rwamgasa, 
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followed  by the mean of 2.57 ± 0.06  mg/kgfor Iseni, 2.16 ± 0.02  mg/kg  for 

Nyakayenze,  1.56 ± 0.04 mg/kg for Bingwa and 1.45 ± 0.01 mg/kg for Imalanguzu 

village. The mean concentration of Arsenic was detected in the following trend starting 

with the highest mean of 0.98 ± 0.04 mg/kg (Nyakayenze), 0.94 ± 0.06mg/kg (Iseni), 0.74 

± 0.02 mg/kg (Imalanguzu), 0.74± 0.02 mg/kg (Rwamgasa) and 0.64 ± 0.04mg/kg 

(Bingwa). There was a significant difference in mean concentration of mercury in rice 

samples (P<0.05) . 

 

Figure 1: Variation of Hg in rice from Rwamgasa ward 

 

Figure 2: Variation of As in rice from Rwamgasa ward 

 

Studies by Taylor et al. (2004) in Rwamgasa village in his finding on Mercury 

contamination found 0.01 mg/kg and 0.013 mg/kg in dehusked rice, further more samples 

of pond tailings from Rwamgasa was found to have mercury concentration  in a range of  
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28.5 mg/kg to 193 mg/kg. In this study the range in mercury concentration was found to 

1.45 mg/kg to 3.58 mg/kg and the rice plants are grown mostly depending water from 

those ponds suggesting that they absorbed the same from the tailings. Arsenic 

concentration in Rwamgasa ward ranged from 0.64 mg/kg to 0.98 mg/kg which is inline 

with finding by Jiang et al. (2015) in Suxian country Human province in Southern China 

found concentration of Arsenic in rice ranging from 0.02mg/kg to 1.48 mg/kg of rice. 

 

The highest concentration of Hg in Rwamgasa ward (Table 4) in rice samples was 

obtained from Rwamgasa village 3.58±0.09 mg/kg  and the lowest concentration  in rice 

samples from Imalanguzu village 1.45± 0.01 mg/kg. The concentration of Hg in rice 

samples in Rwamgasa ward was significantly high (P<0.05) compared to levels detected 

from other wards. The highest levels of Hg concentration in rice samples from Rwamgasa 

might be due to intensive  mining activities that have been carried in Rwamgasa 

greenstone belt since colonial era which was very active in the 1930‟s and 1950‟s with 

main mines in the area like Mawemeru, El Dorado and STAMICO according to study by 

Appleton et al.,(2004). Also artisanal miners have been working at Rwamgasa since 1974. 

It has been estimated by BGS (British Geological Survey) that, in average, around 30 kg 

of Mercury is released into the environment from Rwamgasa village annually (Appleton et 

al. 2004). Also, the high levels of Hg concentration in rice samples were found at Iseni 

and Nyakayenze villages. This might be attributed by the reason that, there was an 

ongoing processing of gold ores and reprocessing of tailing. The concentration of Hg in 

rice samples grown in Rwamgasa is higher compared to those of  rice samples  grown on 

the highly Hg contaminated Philippines, which had a mean of 0.016 mg soils of Naboc 

irrigation system ranged from 0.008  mg/kg  to 0.05 mg/kg  Hg wet weight as reported by 

Appleton (2000). The findings of this study are similar to those reported by Taylor et al. 
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(2004) who found Hg concentration range of 0.005 mg/kg to 5.1 mg/kg of rice in the same 

area. However the values observed in this study are higher than those reported by  

Machiwa et al. (2003) in Saragurwa, Nyarugusu and Nungwe in Geita district, which had 

lower concentrations of 0.04 mg/kg, 0.09 mg/kg and 0.13 mg/kg of rice respectively. 

However, in agricultural soils, elevated concentrations of Hg and As are mostly found in 

the immediate surroundings of gold processing sites.  

 

The elevated Hg concentrations in the soils are probably a result of Hg physically lost by 

the small-scale miners during the gold amalgamation process. Elevated As concentrations 

in the soils are most probably related to As content of the inherent mineralogy of the ores 

which contain the mineral arsenopyrite FeAsS2. These results of high As and Hg 

concentration is soils close to amalgamation sites are consistent with findings conducted in 

South America by Lacerda and Salomons (1998). Studies of As concentration by William 

et al. (2007) focused on the Mississippi delta/flood plain and Texas, which has long been 

the practice to grow rice on soils previously used for cotton production when cotton was 

treated against Anthonomus grandis ( boll weevil) infection with arsenical pesticides. It 

was suspected that this past arsenical pesticide usage was a reason why South Central US 

rice has an average arsenic content almost double than that of California rice, this report 

can apply to the research area due to long term cultivation of cotton. 

 

There was no variation in rice samples from Rwamgasa ward in this study for As except 

for villages of Nyakayenze and Iseni. The concentration in the ward ranged from 0.64 

mg/kg to 0.98 mg/kg at Bingwa and Nyakayenze, respectively (Table 3). Although  As 

concentration may be due to the inherent mineralogy of the ores which contain the mineral 

arsenopyrite FeAsS2. Also application of phosphate fertilizers produced in Tanzania which 
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consist of Hg, Cd, As, Pb, Cu and Ni may increase the levels of these metals as reported 

by Lema et al. (2014). This study is similar to that of Taiwan by Lin et al.(2004) who 

found the concentration of 0.80  mg/kg for As in rice. 

 

4.2.2 Health risk for adult and children due to consumption of rice from Rwamgasa 

The Estimated Daily Intake (EDI) of Hg and As indicated higher values at Rwamgasa 

village in comparison to other villages in the ward and the entire research area, and were 

recorded at 1.65 x10
-2  

mg/kg bw/day (0.0165 mg/kgbw/day) and 3.58x10
-2  

mg/kg bw/day 

(0.0358 mg/kgbw/day) for adult and children, respectively (Table 4). The approved safe 

value in rice for Hg by MHPRC (Ministry of Health of republic of People of China, 2005) 

is 0.02 mg/kg bw/day. Therefore the EDI detected for children exceeded the safe value in 

accordance to Chinese standard. This indicated that the long term large consumption of 

rice from this area will result in the higher exposure of Hg. Since the EDI for Hg at 

Rwamgasa, Iseni and Nyakayenze exceeded the safe value. The approved safe limit for As 

is 0.035 mg/kgbw/day (FAO/WHO, 2016). Moreover, the total hazard indice of As  

greater than or closeto the safety threshold of 1. Long-term As exposure through the 

regular consumption of rice in the investigated area poses potential health problems to 

residents in the vicinity of the mining industry. 
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Table 4:  Calculation of estimated Daily Intake (EDI) And Health Risk Index (HRI) due to consumption of rice from the Research 

Area 

 Mercury Arsenic Total 

Location 

C 

Mg/kg 

FF 

kg 

EDI a 

Mg/kgbw/day 

EDIc 

Mg/kgbw/day 

RfDo 

Mg/kg 

bw/day 

HRIa 

- 

HRIc 

- 

C 

Mg/kg 

FF 

kg 

EDI a 

Mg/kgbw/day 

EDIc 

Mg/kgbw/day 

RfDo 

Mg/kg 

bw/day 

HRIa 

- 

HRIc 

- 

THRIa 

 

THRIc 

 

Lwamgasa 3.58 0.30     0.016        0.036  0.02 

    

0.826 1.79 0.771 0.30      0.004        0.008  0.35 

      

0.010  

    

0.022  

     

0.836      1.81  

Bingwa 1.56 0.30     0.007        0.016  0.02 
    

0.360 0.78 0.642 0.30      0.003        0.006  0.35 
      

0.008  
    

0.018  
     

0.368      0.79  

Iseni 2.57 0.30     0.011        0.025  0.02 
    

0.593 1.29 0.938 0.30      0.004        0.009  0.35 
      

0.012  
    

0.027  
     

0.605      1.31  

Imalanguzu 1.45 0.30     0.007        0.015  0.02 
    

0.333 0.72 0.741 0.30      0.003        0.007 0.35 
      

0.010  
    

0.021  
     

0.343      0.70  

Nyakayenze 2.16 0.30     0.010       0.022  0.02 

    

0.498 1.08 0.918 0.30      0.004        0.009  0.35 

      

0.012  

    

0.026  

     

0.511      1.10  

Magenge 2.89 0.30     0.013        0.029  0.02 
    

0.666 1.45 0.841 0.30      0.004       0.008  0.35 
      

0.011  
    

0.024  
     

0.678      1.46  

Nyamalulu 1.92 0.30     0.009        0.019  0.02 
    

0.443 0.96 1.012 0.30      0.004        0.010  0.35 
      

0.013  
    

0.029  
     

0.456      0.98  

Nyamtondo 2.02 0.30     0.009        0.020  0.02 
    

0.466 1.01 0.784 0.30      0.004        0.008  0.35 
      

0.010  
    

0.022  
     

0.477      1.03  

Nyamalimbe 2.35 0.30     0.011        0.024  0.02 
    

0.541 1.18 0.734 0.30      0.003        0.007  0.35 
      

0.010  
    

0.021  
     

0.551      1.19  

Msasa 2.13 0.30     0.010        0.0213  0.02 
    

0.492 1.07 0.658 0.30      0.003        0.007  0.35 
      

0.009  
    

0.019  
     

0.501      1.08  

Sobola 1.25 0.30     0.006        0.0125  0.02 
    

0.288 0.62 0.678 0.30      0.003        0.007  0.35 
      

0.009  
    

0.019  
     

0.297      0.64  

Kaseme 0.99 0.30     0.005        0.0099  0.02 
    

0.229 0.50 0.827 0.30      0.004        0.008  0.35 
      

0.011  
    

0.024  
     

0.240      0.52  

Mnekezi 0.78 0.30     0.004        0.0078  0.02 
    

0.1800  0.39 0.727 0.30      0.003        0.007  0.35 
      

0.010  
    

0.021  
     

0.190      0.41  

Nyamisebhehi 1.64 0.30     0.008        0.0164  0.02 
    

0.3792  0.82 0.835 0.30      0.003       0.008  0.35 
      

0.011  
    

0.024  
     

0.390      0.84  

Tembomine 1.93 0.30     0.009        0.0193  0.02 
    

0.4461  0.96 0.829 0.30      0.004       0.008 0.35 
      

0.011  
    

0.024  
     

0.457      0.99 
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4.2.3 Mercury (Hg) and Arsenic (As) concentration in rice from Magenge ward 

The concentrations of Hg  for the five sampling villages showed variations. The mean 

concentrations of  Hgin rice samples drawn from Magenge ward were 2.89 ± 0.01 mg/kg, 

1.92 ± 0.02 mg/kg, 2.02 ± 0.14 mg/kg, 2.35 ± 0.01 mg/kg and 2.13 ± 0.05  mg/kg of rice 

samples from Magenge, Nyamalulu, Nyamtondo, Nyamalimbe and Msasa respectively 

(Table3). The findings in the five villages of Magenge ward showed unpredictable 

variations. The concentration of  As  in rice samples drawn from this ward  were 0.841 ± 

0.08 mg/kg, 1.01± 0.05 mg/kg, 0.78 ± 0.04 mg/kg, 0.73 ± 0.05 mg/kg and 0.66 ± 0.08 

mg/kg of rice samples from Magembe, Nyamalulu, Nyamtondo, Nyamalimbe and Msasa, 

respectively (Table 3 ). The highest concentration was found at Magenge village and the 

lowest was at Nyamalulu village.  The results of this study in these five villages are higher 

to those established in Cisitu Indonesia whereby   the prevalence of Hg contamination was 

found to be (1.186 mg/kg) Bose-O‟Reilly et al. (2016). The concentration of Hg is mostly 

high at Magenge village and Nyamalimbe due to the ongoing mining activities and 

reprocessing of tailing, also there has been the intensive mining activities at Nyamalimbe 

village since 1980‟s. 

 

 

 

Figure 3: Variation of Hg in rice from Magenge ward 
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Figure 4: Variation of Hg in rice from Magenge ward 

 

The findings in this study also showed that, the concentration of As was very high at 

Nyamalulu (1.012 mg/kg) compared to other areas studied in Geita district (Table3), the 

lowest concentration was recorded at Msasa (0.66±0.08) mg/kg. In general with exception 

of Nyamalulu village, there were no significant variations in As concentration among the 

villages (P<0.05). This is probably because cotton cultivation is highly practiced in the all 

wards of Rwamgasa, Magenge and Kaseme. The finding of Magengeis in line with that of 

Turkey by Gunduz et al. (2013) who found the concentration of  0.98 mg/kg for As in rice 

samples.  

 

4.3.1 Health risk for adult and children due to consumption of rice from Magenge 

The estimated daily intakes (EDI) for Hg through consumption of rice from Magenge 

ward was characterized by a very slight variation among villages with values not 

exceeding 0.029 mg/kg bw/day and 0.013 mg/kg bw/day for children and adult 

respectively who consume rice from Magenge village. With exception of Nyamalulu 
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village which had EDI for children below the maximum allowable limit of 0.02 mg/kg 

bw/day the other four villages of Magenge, Nyamtondo, Nyamalimbe and Msasa villages 

had concentration  above the maximum  allowable limit. HRI for adult did not exceed 1 

for all villages and for children HRI exceeded 1 in all villages in the Magenge ward with 

exception of Nyamalulu. Therefore, there is no health risk for adult due to Hg but there is 

a moderate risk to children consuming rice grown in Magenge ward. 

 

The general population at Magenge ward had EDI of As minimum value at Msasa village 

for adult and children of 3.00x10
-3 

mg/kgbw/day and 6.60x10
-3

 mg/kg bw/day 

respectively. The highest As exposure was at Nyamalulu  1.01 mg/kg due to high 

concentration of As in the rice grown. The exposure estimates   in all five villages of 

Magenge, Nyamalulu, Nyamtondo, Nyamalimbe and Msasa was below the value 

approved by FAO/WHO (2016)  which is 0.35 mg/kgbw/day. However, the HRI 

computed for the ward was far below 1, implying that there is no health risk to the general 

population associated with consumption of rice grown around Villages of Magenge ward 

(Table 4). 

 

4.3.2 Mercury (Hg) and Arsenic (As) concentration in rice from Kaseme ward 

The concentration of Hg in rice samples drawn from Kaseme ward in this study were1.25 

± 0.03 mg/kg, 0.99 ± 0.03 mg/kg, 0.78 ± 0.02 mg/kg, 1.6401 mg/kg ± 0.02 and 1.92 ± 

0.01 mg/kg of rice samples from Sobola, Kaseme, Mnekezi, Nyamisebehi and Tembomine 

respectively. 
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Figure 5: Variation of Hg in rice from Kaseme ward 

 

 

 

Figure 6: Variation of As in rice from Kaseme ward 
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concentration found at Mnekezi and Kaseme was because currently there are no mining 

activities carried out and is a place where artisanal miners are living and therefore the 

level of contamination of agricultural soil is decreasing. Higher levels at Tembomine, 

Sobola and Nyamisebehi is attributed by historical background as mining activities have 

been there for some years and currently small scale investments by Chinese is underway 

and also geographically is an area for run off for Hg contaminated water from Rwamgasa 

mining during heavy rain seasons. The Hg levels observed in Kaseme are still very high 

compared to the Hg level recorded in Mugusu artisanal mining area in the study by 

Tungaraza et al. (2011) who found concentration of 0.026 mg/kg of rice grown in 

Mugusu. In the other hand the result that, the concentration of Arsenic in Magenge ward 

was high at Nyamisebehi (0.84 mg/kg) and low at Sobola (0.68 mg/kg). There was no 

significant variations in As concentration among the five villages. The levels found at 

these five villages  were higher than 0.08  mg/kg which was found in rice samples in 

China by Huang et al. (2013). 

 

4.4.1 Health risk for adult and children due to consumption of rice from Kaseme 

Among the three wards studied, rice grown in Kaseme ward was found with the minimum 

concentrations of Hg leading to low estimated daily intakes (EDI) in rice consumed. The 

minimum EDI for both adult and children were 3.600 x 10
-3

 mg/kgbw/day and 7.80 x 10
-

3
mg/kgbw/day respectively for rice grown at Mnekezi village. In general the EDI did not 

exceed the maximum allowable concentration (0.02 mg/kg bw/day) approved by Ministry 

of  Health for the People of Republic of China (MHPRC, 2005). Since the health risk 

index for villages did not exceed 1 due to Hg for both adult and children therefore there is 

no health risk associated with consumption of rice grown in villages of Kaseme (Table 4). 
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The general population at Kaseme ward had EDI of As below the maximum allowable 

concentration of 0. 35 mg/kg bw /day as approved by FAO/WHO (2016). Nyamisebehi 

had the highest and Sobola village had the lowest level of EDI. In all cases there was no 

health risk to the general population due to As associated with consumption of rice grown 

in the villages of Sobola, Kaseme, Mnekezi, Nyamisebehi and Tembomine in Kaseme 

ward (Table 4). 
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CHAPTER FIVE 

 

5.0  CONCLUSION AND RECOMMENDATIONS 

5.1  Overview 

This chapter presents conclusion and recommendations for reduction of the health risks 

associated with contamination of rice from the study area. 

 

5.2 Conclusion 

Heavy metals metals contamination in the environment is of more concern worldwide. 

The knowledge of the source of heavy metals contamination in agricultural soil and rice is 

necessary in order to improve food safety by minimizing possibility of food insecurity as 

well as food human problems. The dermographic data indicated that about 84% of the  rice 

of the  rice plots were located near by gold amalgamation activities which  was carried out 

by the use of chemicals (Mercury). In gold amalgamation process almost 97.3% handle 

Hg without any protective gear. All of the respondents claimed to have no knowledge 

about the adverse health effect associated Hg. Based on the findings this  study revealed 

that, there was a high concentration of Hg in the study areas with similar mining activities 

such as those in Chunya, Kahama, Ushirombo, Singida, Morogoro and Muheza due to 

amalgamation of gold by artisanal miners.  

 

Individuals in the study area were exposed to Hg through ingestion in various food crops 

such as vegetables, yams and rice which impair their health status. The computed 

estimated daily intakes for Mercury (Hg) in children in most cases exceeded the MAC 

limit of 0.02 mg/kgbw/day in the research area. Through risk characterization of the 

results of sample analysis, health risk index was calculated whereby it was revealed that 

there is a health risk to children who consume rice over a long period of time from the 
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following locations;Lwamgasa, Iseni, Nyakayenze, Magenge, Nyamtondo, Nyamalimbe 

and Msasa. Non-carcinogenic risk due to Hg and As for adult was within the safe limit. 

This review work conclude that,in Tanzania there‟s insufficient information on heavy 

metals contaminationin agricultural soils and rice. Moreover it sugest that more research 

need to be conducted in areas around the problem sources of heavy metal contamination in 

agricultural soil and rice as well as conducting exposure assessment for heavy metas 

through rice consumption. Local government authorities near local mining areas in Geita 

district need to make sure that Environmental regulation and approved practices are 

followed. Improved technologies such as the use of retorts should be emphasized to reduce 

Hg vapour exposure to environment. Different study design should be used to assess 

possibility of Hg related to birth and growth defects, increased abortion/miscarriage rate 

learning difficulties in childhood, infertility problems and neuro-psychological related 

problems linked to Hg exposure. 

 

 

 

 

 

 

 

 

 

 

 

 



40 

 

 

REFERENCES 

 

Abedin, J., Cresser, M., Meharg, A. A., Feldmann, J. and Cotter-Howells, J. (2002). 

Arsenic accumulation and metabolism in rice (Oryza sativa L.). Environmental 

Science Technology 36: 962 - 968. 

 

Ackerman, A. H., Creed, P. A., Parks, A. N., Fricke, M. W., Schwegel, C. A., Creed, J. T., 

Heitkemper, D. T. and Vela, N. P. (2005). Comparison of a chemical and 

enzymatic extraction of arsenic from rice and an assessment of the arsenic 

absorption from contaminated water by cooked rice.Environmental Science 

Technology 39: 5241 - 5246. 

 

Adah, C. A., Abah, J., Ubwa, S. T. and Ekele, S. (2013). Soil availability and uptake of 

some heavy metals by three staple vegetables commonly cultivated along the 

South Bank of River Benue, Makurdi, Nigeria.International Journal of 

Environment and Bioenergy 8(2): 56 - 67. 

 

Ali, M. H. H. and Al-Qahtani, K. M. (2012). Assessment of some heavy metals in 

vegetables, cereals and fruits in Saudi Arabian Markets Egyptian Journal of 

Aquatic Research 38: 31–37. 

 

Andrianisa, H. A., Ito, A., Sasaki, A., Aizawa, J. and Umita, T. (2008). Biotransformation 

of arsenic species by activated sludge and removal of bio-oxidised arsenate 

from wastewater by coagulation with ferric chloride. Water Research 42(19): 

4809 - 4817. 



41 

 

 

Appleton, D., Drasch, G., Böese-O'Reilly, S.,Roider, G., Lister, R., Taylor, H., Smith, B., 

Tesha, A. and Beinhoff, C. (2004). The GEF/UNDP/UNIDO Global Mercury 

Project - Environmental and Health Results from a Small-Scale Gold Mining 

Site in Tanzania [https://www.researchgate.net/publication/226084894_The_ 

GEFUNDPUNIDO_global_mercury_projectEnvironmental_and_health_result

s_from_a_small-scale_gold_mining_site_in_Tanzania] Site visited on 

29/10/2019. 

 

Appleton, J. D. (2000). A Study of the extent of Mercury and related chemical pollution 

along the Naboc River, Monkayo,  Davaodel Norte; Hijo River, Apokon Ore 

processing site; and their neighbouring areas rice fields and banana 

plantations. A report for UNIDO Project DP/PHI/98/00511-02.Geological 

survey, British. 108pp. 

 

Appleton, J. D., Drasch, G., Böese-O'Reilly, S., Roider, G., Lister, R., Taylor, H., Smith, 

B., Tesha, A. and  Beinhoff, C. (2005). Global Mercury Project - 

Environmental and Health Results from a Small- Scale Gold Mining Site in 

Tanzania. The GEF/UNDP/UNIDO sehemupp =British Geological Survey, 

Keyworth, Nottingham, NG12 5GG, United Kingdom. pp468-488. 

 

Appleton, J. D., Taylor, H., Lister, T. R. and Smith, B. (2004).Assessment of 

Environmental Health in the Rwamagasa area, Tanzania.INIDO Project 

EG/GLO/01/34. British Geological Survey, Commissioned, Nottingham, UK. 

159pp. 



42 

 

 

ATSDR-Agency for Toxic  Substances and Disease Registry (2011). Agency for Toxic 

Substances and Disease Registry, 4770 Buford Hwy NE Atlanta, GA 30341. 

[https://healthfinder.gov/FindServices/Organizations/Organization.aspx?code=

HR2587]. Site visited on 10/06/2018.  

 

ATSDR- Agency for Toxic  Substances and Disease Registry (1999). Toxicological 

Profile for Cadmium.US Department of Health and Human Services, Public 

Health Service. 9pp. 

 

Bank, M. S., Burgess, J. B., Evers, D. C. and Loftin, C. S. (2007). Mercury contamination 

of biota from Acadia National Park, Maine: A Review. Environmental 

Monitoring Assessment 126: 105 - 115. 

 

Bencko, V., Symon, K., Chladek, V. and Pihrt, J. (1977). Health aspects of burning coal 

with a high arsenic content. Hearing changes in exposed Children. 

Environmental Research 13: 386 - 395. 

 

Benjamin, N. A., Aryee, B. K. and Ntibery, E. A. (2002). Trends in the small-scale mining 

of precious minerals in Ghana: a perspective on its environmental impact. 

Journal of Cleaner Production 11: 131 - 140. 

 

 

Berka, N. P. (2009).The prevalence and health effects of fungi and mycotoxins in food 

commodities from Cameroon.  Dissertation for Award of MSc Degree at 

University of Johannesburg, South Africa.[ https://books.google.o.tz/books/ 

about/The_Prevalence_and_Health_Effects_of_Fun.html?id=rUFhygAACAA

J&redir_esc=y]. Site visited on 28/11/2019. 

https://books.google/


43 

 

 

Bose-O‟Reilly, S., Lettmeier, B., MatteucciGothe, R., Beinhoff, C., Siebert, U. and 

Drasch, G. (2008).Mercury as a serious health hazard for children in gold 

mining areas.Environmental Research 107(1): 89-97. 

 

Cepedal, A.,  Fuertes-Fuente, M., Martin-Izard, A., Gonz lez-Nistal, S. and Barrero, M. 

(2008).Gold-bearing As-rich pyrite and arsenopyrite from the El Valle gold 

deposit, Asturias, northwestern Spain.The Canadian Mineralogist 46(1):          

233 - 247. 

 

Chang, T. C., You, S. J., Yu, B. S., Chen, C. M. and Chiu Y. C.  (2009). Treating high-

mercury-containing lamps using full-scale thermal desorption technology. 

Journal of Hazardous Materials 3: 967 - 972. 

 

Charles, A.T.andKeitro,H.(2008).Gold-bearing as-rich pyrite and arsenopyrte from the el 

valle gold deposit, Asturias, Northwestern Spain. The Canadian Mineralogist 

46 (1): 233-247. 

 

Chevrier, C., Sullivan, K., White, R.F., Comtois, C., Cordier, S. andGrandjean, P. 

(2009).Qualitative assessment of visuospatial errors in mercury-exposed 

Amazonian children.Neurotoxicology 30: 37 - 46. 

 

Chibunda, R. T. (2008). Comparative sensitivity of Caridinanilotica, 

Haplochromisnubilus, BulinusafricanusandBulinus for skaliifrom Lake 

Victoria, Tanzania to mercury chloride.Chemistry and Ecology 24(3):                  

207 - 212. 

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


44 

 

 

Chibunda, R. T., Pereka, A. E., Phiri, E. C. J. and Tungaraza, C. (2010).Ecotoxicity of 

mercury contaminated sediment collected from Mabubi River (Geita district, 

Tanzania) to the early life stages of African Catfish (Clariasgariepinus). 

International Journal of EnviromentalResearch 4(1): 49-56. 

 

Clarkson, T. W. and Magos, L. (2006).The toxicology of mercury and its chemical 

compounds.Critical Reviews in Toxicology 36: 609 – 662. 

 

Codex Alimentarius Commission (2003). Working principles for risk analysis for 

application in the framework of the Codex Alimentarius Commission.Report 

of the 26
th

 Session of the Commission, 30 June – 7 July 2003. Document 

ALINORM03/41.[http://www.fao.org/tempref/codex/Reports/Alinorm03/al03

_41e.pdf]. Site visited on 31/10/2019. 

 

Codex Alimentarius Commission, (2012).“Joint FAO/WHO Food Standards Programme 

Codex Alimentarius Commission.Report of the sixth session of the Codex 

Committee on contaminants in foods,” Maastricht, Netherlands.Pp26–30. 

 

Cui, Y. J., Zhu, Y. G., Zhai, R. H., Chen, D. Y. and Huang, Y. Z. (2004). Transfer of 

metals from near a smelter in Nanning, China. Environmental  International 

30: 785 - 791. 

 

D‟Itri,P.and‟Itri, F.D. (1977).Mercury contamination: A human tragedy. United 

States:[https://www.osti.gov/biblio/5831103.]. Site visited on 31/10/2019. 

 



45 

 

 

Davidson, P. W., Myers, G. J. and Weiss, B. (2004).Mercury Exposure and Child 

Development Outcomes.Pediatrics11 (3): 1023-1029.  

 

Debes, F., Budtz-J rgensen, E., Weihe, P., White, R. F. and Grandjean, P. (2006).Impact 

of prenatal methylmercury exposure on neurobehavioral function at age 14 

years.Neurotoxicology Teratology 28: 363 - 375. 

 

Dietrich, K. N., Succop, P. A., Bornschein, R. L., Kraft, K. M., Berger, O., Hammond, P. 

B. and  Buncher, C. R. (1990). Lead exposure and neurobehavioral 

development in later infancy.Environment Health Perspective 89: 13 - 19. 

 

Dobbs, M. R. (2009). Clinical Neurotoxicology: Syndromes, Substances, Environments. 

Elsevier Health Sciences, Philadelphia.[https://www.amazon.com/Clinical-

Neurotoxicology-Syndromes-Substances-Environments/dp/0323052606].Site 

visited on 30/10/2019. 

 

EFSA-European Food Safety Authority (2015).Inorganic Arsenic in Rice and Rice 

Products on the Swedish Market 2015,Part 1 - ASurvey of Inorganic Arsenic 

in Rice and Rice Products.The Swedish Market. 56pp. 

 

Eisler, R. (2007). Eisler's Encyclopedia of Environmentally Hazardous Priority Chemicals. 

First Edition, Elsevier Publishers, Amsterdam, The Netherlands. 

[https://www.elsevier.com/books/eislers-encyclopedia-of-environmentally-

hazardous-priority-chemicals/eisler/978-0-444-53105-6]. Site visited on 

30/10/2019. 



46 

 

 

Elson, M. and Haas, E. M. (2003).The Complete guide to diet and nutritional 

medicine.Excerpt from staying healthy with Nutrition. [https://www.amazon. 

com/Staying-Healthy-Nutrition-rev-Nutritional-ebook/dp/B00AGVNGNG]. 

Site visited on 10/5/2017. 

 

EPA-Environmental Protection Agency (1997).Mercury study report to congress: Volume 

iii: Fate and transport of mercury in the environment. Washington DC. 

[https://www.epa.gov/sites/production/files/2015-09/documents/volume3 

.pdf]. Site visited on 18/5/2017. 

 

Eslami, A., Khaniki, J., Nurani, M., Mehrasbi, M., Peyda, M. and Azimi, R. (2007).Heavy 

metals in edible green vegetables grown along the sites of the Zanjanrood 

River in Zanjan, Iran.Journal of Biological Sciences 7(6): 943 - 948. 

 

FAO/WHO –Food and Agriculture Organization/World Health Organization (2016). 

Maximum  level of inorganic arsenic in husked rice. [http://www.fao.org/fao-

who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252 

Fworkspace.fao.org%252Fsites%252Fcodex%252FMeetings%252FCX-735-

10%252F Report%252FREP16_CFe.pdf].  Site visited on 29/1/2018. 

 

Fu, J., Zhou, Q., Liu, J., Liu, W. and Wang, T.  (2008). High levels of heavy metals in rice 

(Oryzasativa L.) from a typical E-waste recycling area in southeast China and 

its potential risk to human health. Chemosphere 71: 1269 - 1275. 



47 

 

 

Garcá-Fernández, A. J., Sanchez-Garcia, J. A., Gomez-Zapata, M. and Luna, A. 

(1996).Distribution of cadmium in blood and tissues of wild birds.Archives of 

Environmental Contamination and Toxicology  30(2): 252 - 258. 

 

Goyer, R. A. (1996).Toxic Effects of Metals: Mercury. Casarett and Doull's Toxicology: 

The Basic Science of Poisons. McGraw-Hill, New York. pp 691-736. 

 

Gunduz, S., and Akman, S. (2013). Investigation of Arsenic and Cadmium  contents in 

rice samples in Turkey by electrothermal Atomic Absorption Spectrometry. 

Food Analytical Methods 6(6): 1693 - 1696. 

 

Gupta, R. C. (2007). Veterinary Toxicology: Basic Clinical Principles. Elsevier Inc., 

Oxford. 120pp. 

 

Hajeb, P., Jinap, S., Ismail, A., Fatmah, A. B., Jamilah, B. and AbdulRahim, M. (2009). 

Assessment of mercury level in commonly consumed marine fishes in 

Malaysia. Journal of Food Control 20(6): 79 - 84. 

 

Herawati, N., Suzuki, S., Hayashi, K., Rivai, I. F. and Koyoma, H. (2000). Cadmium, 

copper and zinc levels in rice and soil of Japan, Indonesia and China by soil 

type.Bulletin Environmental Contamination Toxicology l64: 33 - 39. 

 

Hodgson, E. (Ed) (2004). A Textbook of Modern Toxicology.(Third Edition), John Wiley 

and Sons Inc., Hoboken, New Jersey. 582pp. 

 



48 

 

 

Hopenhayn, C. (2006). Mineralogical Society of America, Arsenic in Drinking Water: 

Impact on Human Health. International Journal of  Environmental Research 

and Public Health 3(4): 316 - 322. 

 

Huang, X., Wang, H., Zhou, J., Ma, C. and Du, C. (2013). Risk assessment of potentially 

toxic element pollution in soils and rice (Oryza sativa) in a typical area of the 

Yangtze River Delta. Environmental Pollution 15 (7): 2542 - 2549. 

 

IARC- International Agency for Research on Cancer (1976).Cadmium, Nickel, Some 

Epoxides, Miscellaneous Industrial Chemicals and General Considerations on 

Volatile Anaesthetics.Lyon, International Agency for Research on Cancer.pp  

39 - 74.  

 

IARC-International Agency for Research on Cancer (2004).Working Group.Some 

drinking-water disinfectants and contaminants, including Arsenic. In; IARC 

Monographs on the Evaluation of Carcinogenic Risks to Humans; WHO: 

Lyon, France. 84pp. 

 

Ibarra, V., Gomez, R. and Arriaga, R. M. (1998).Cadmium and Lead in Agricultural Soil 

of Santiago Ixcuintlanayarit, Mexico. 7pp. 

 

Ibrahim, Y. H. (2011). Assessment of heavy metal levels in the environment, Egypt. Air 

Pollution Department, National Research Centre, Cairo, Egypt.Journal of 

American Science 7(12): 34 - 60. 

 



49 

 

 

Ikeda, M., Zhang, Z. W., Shimbo, S., Watanabe, T., Nakatsuka, H., Moon, C. S., Matsuda-

Inoguchi, N. and Higashikawa, K. (2000). Urban Population Exposure to 

Lead.Kyoto Industrial Health Association, Japan. 25pp. 

 

Ikenaka, Y., Nakayama, S. M. M., Muzandu, K., Choongo, K., Teraoka, H., Mizuno, N. 

and Ishizuka, M. (2010).Heavy metal contamination of soil and sediment in 

Zambia.African Journal of Environmental Science and Technology 4(11):           

729 - 739. 

 

Jaeger, I., Hop, H. and Gabrielsen, G. W. (2009).Biomagnification of mercury in selected 

species from an Arctic marine food web in Svalbard.Science Total 

Environmental 407: 4744 - 4751. 

 

Jan, A.T., Azam, M., Siddiqui, K., Ali, A., Choi, I. and Haq, Q. M. R. (2015). Heavy 

metals and human health: Mechanistic insight into toxicity and counter 

defence system of antioxidants. International Journal of Molecular Sciences 

16: 29592 - 29630. 

 

Jonathan, N., Hogarh, E. A., Daniel, N., Osei, A. and Sam, A. (2016).Contamination from 

mercury and other heavy metals in a mining district in Ghana: discerninrecent 

trends from sediment core analysis inAmponsah in the Bibiani district,           

Ghana. 15pp. 

 



50 

 

 

Khanna, P. (2011). Assessment of heavy metal contamination in different vegetables 

grown in and around Urban Areas.Research Journal of Environmental 

Toxicology 5(3): 162 - 169. 

 

Khillare, K., Khillare, Y. K. and Wagh, U. (2015).Bioaccumulation of heavy metals in 

freshwater fishes from Aurangabad district, Maharashtra.World Journal of 

Pharmacy and Pharmaceuticals Sciences 4(9): 511 - 520. 

 

Kothari, C.R. (2004). Research Methodology Methods & Technique. New Age 

International (P) Limited, Publishers. pp177-178. 

 

Lacerda, L. D. and Salomons, W. (1998).Mercury from Gold and Silver Mining: A 

Chemical Time Bomb? Springer-Verlag, New York. 146pp. 

 

Lacoue-Labarthe, T., Warnau1, M., Oberhänsli, F., Teyssié, J. L. and Bustamante, P. 

(2009). Bioaccumulation of inorganic Hg by the juvenile cuttlefish Sepia 

officinalisexposed to 203Hg radiolabelled seawater and food. Aquatic 

Biology6: 91 - 98. 

 

Landis, W. G. and Yu, M. (2004).Introduction to Environmental Toxicology: Impacts of 

Chemicals Upon Ecological Systems. CRC Press Company, Boca Raton, 

Florida. 509pp. 

 

Lema, M. W., Ijumba, J. N.,Njau, K. N. and  Ndakidemi, P. A. (2014). Environmental 

contamination by radionuclides and heavy metals through the application of 



51 

 

 

phosphate rocks during farming and mathematical modeling of their impacts to 

the ecosystem.  International Journal Engineering Research Genetic Science 

2: 852 - 863. 

 

Li, C., Cornett, J., Willie, S. and Lam, J. (2009). Mercury in arctic air: the long-term 

trend.The Science of the Total Environment 407(8) : 2756 - 2759. 

 

Li, L. and Wu, G. (1999).Numerical simulation of transport of four heavy metals in 

Kaolinite Clay.Journal of Environ Engineering 125(4): 314 - 324.  

 

Li, P., Feng, X. B., Qiu, G. L., Shang, L. H. and Li, Z. G. (2009b). Mercury pollution in 

Asia:  Science Total Environmental 407:  2756 - 2759. 

 

Liao, X. Y., Chen, T. B. and Liu, Y. R. (2005).  Soil As contamination and its risk 

assessment in areas near the industrial districts of Chenzhou City, Southern 

China. Environmental International 3: 791-798. 

 

Liu, H., Probst, A. and Liao, B. (2005).Metal contamination of soils and crops affected by 

lead/zinc spill .The Chenshou (Hunan, China).Science Total Environmental 1: 

153-166.  

 

Lottermoser, B.G. (2007).Mine waste, Characterization, Treatment, Environmental 

impacts.2
nd

Edition.Berlin-Heidelberg:Springer-verlag.304pp. 

 



52 

 

 

Lourie, B. (2003). Mercury in the environment: A Primer. Pollution Probe, Toronto, 

Canada.A review of the contaminated sites.Journal of Hazard Mater 168:             

591 – 601.  

 

Machiwa, J. F., Kishe, M. A., Mbilinyi, H. G., Mdamo, A. and Mnyanza, 

O. (2003).Impact of Gold Mining in Lake Victoria Basin on Mercury Levels 

in The Environment. Lake Victoria Environmental Management Project,  

Mwanza, Tanzania. 46pp. 

 

Madyiwa, S. (2006).Modelling Lead and Cadmium uptake by Star Grass under Irrigation 

with treated wastewater.Thesis for Award of PhD Degree of Doctorate in 

Modelling Lead and Cadmium Uptake by Star Grass Under Irrigation with 

Treated Wastewaterat University of Pretoria, South Africa.155pp. 

 

Mahnaz, T. A. and Leila, R. N. (2009).The Implementation of HACCP (Hazards Analysis 

Critical Control Point).Research Journal of Biological Sciences 4(4):                   

388-394. 

 

Marin, A. R., Masscheleyn, P. and Patrick, W. H. (1993). Soil redoxe-pH stability of 

arsenic species and its influence on arsenic uptakeby rice. Plant Soil 152:         

245 - 253.  

 

Matthews -Amune, C. O. and  Kakulu, S. (2012). Impact of miningand agriculture on 

heavy metal levels in environmental samplesinOkehi local government area of 

KogiState.International Journal of Applied Science Technology 12: 66 - 77. 



53 

 

 

Meacher, D. M., Menzel, D. B., Dillencourt, M. D., Bic, L. F., Schoof, R. A., Yost, L. J., 

Eickhoff, J. C. and Farr, C. H. (2002). Estimation of multimedia inorganic 

arsenic intake inthe US population.Human Ecology Risk Assessment 8:           

1697 - 1721. 

 

Meharg, A. A. (2003). Rahman, M. Arsenic contamination of Bangladesh paddy field 

soils: Implications for rice contribution to arsenic 

consumption.EnvirontalScience Technology 37: 229-234. 

 

Meharg, A. A. (2007). Levels Of Arsenic In Rice – Literature Review, Food Standards 

Agency contract C101045, UK. 65pp. 

 

Meharg, A. A. and Zhao, F. J. (2012).Arsenic and Rice, Springer Dordrecht Heidelberg 

London New York. 30pp.  

 

Mehrnoosh, M., Alireza, R. B. and Saber, K. (2014).Concentration of Cd, Pb, Hg and Se 

in different parts of human breast cancer tissues.Journal of Toxicology 14:          

1 -5. 

 

Mergler, D., Anderson, H. A., Chan, L. H. M., Mahaffey, K. R., Murray, M., Sakamoto, 

M. and Stern, A. H. (2007). Methylmercury exposure and health effects in 

humans: A worldwide concern. Ambio 36: 3 – 11. 

 

MHPRC (2005).Maximum Levels of Contaminants in Foods GB2762.Ministry of Health 

of the People‟s Republic of China, Beijing, China. 19pp. 



54 

 

 

Mohan, D. and Pittman, Jr. C. U. (2007).Arsenic removal from water/wastewater using 

adsorbents- a critical review.Journal of Hazardous Materials 142 (2): 1 - 53. 

 

Musselman, J. F (2004).Sources of mercury in wastewater, pretreatment corner, Bangin, 

Malaysia.International Journal of Chemical Engineering 4: 1 - 31. 

 

Nakagawa, R. and Yumita, Y. (1998).Change and behaviour of residual mercury in paddy 

soils and rice of Japan.Chemosphere 37: 1483 - 1487. 

 

Nordberg, G. F., Fowler, B. A., Nordberg, M. and Friberg, L. T. (2007).Handbook on the 

Toxicology of Metals.Third edition, Academic Press Inc., Copenhagen. 969pp. 

 

Orina, I. N. (2012). Quality and safety characteristics of honey produced in different 

regions of Kenya. Thesis for Award of PhD Degree at Abstracts of 

postgraduate thesis.96pp. 

 

Owa, F. D. (2013). Water pollution: Sources, effects, control and management. 

Mediterranean Journal of Social Sciences 4(8): 65 - 68. 

 

Potter, M. E. (1996). Risk assessment terms and definitions. Journal of Food Protection 

57: 6-9. 

 

Ratan, A. and Verma V. N. (2014). Photochemical studies of „Eichhorniacrassipes’ 

(Water Hyacinth). International Letters of Chemistry, Physics and Astronomy 

30: 214 - 222. 



55 

 

 

Resaee, J., Derayat, S. B., Mortazavi, Y. and Jafarzadeh, M. T. (2005). Removal of 

Mercury from chlor-alkali industry wastewater using Acetobacterxylinum 

cellulose, American Journal of Environmental Sciences 1(2): 102 - 105. 

 

Selin, N. E. (2009). Global biogeochemical cycling of mercury: A review. Annual Review 

of Environment and Resources 34: 43 - 63. 

 

Shallari, S., Schwartz, C., Hasko, A. and Morel, J. L. (1998).Heavy metals in soils and 

plants of serpentine and industrial sites of Albania.Science Total 

Environmental 19: 133 - 142. 

 

Sherere, T. (2010).Mobility and transport of heavy metals in polluted environment. 

Biological Forum 2(2): 112 - 121. 

 

Smedley, P. L. and Kinniburgh, D. G. A. (2002). Review of the source, behavior and 

distribution of arsenic in natural waters. Applied Geochemistry 17: 517 - 568. 

 

Smith, S. R. (1996). Agricultural Recycling of Sewage Sludge and the 

Environment.Commonwealth for Agriculture Bureau International, 

Wallingford, UK. 78pp. 

 

Sommella, A.,Deacon, C.,Norton, G.,Pigna, M.,Violante, A. and Meharg, A.A. (2013). 

Total arsenic, inorganic arsenic, and other elements concentrations in Italian 

rice grain varies with origin and type. Environmental pollution 181:38-43. 

 



56 

 

 

Song, D. P., Jiang, D., Wang, Y., Chen, W., Huang, Y. H. and Zhuang, D. F. (2013). 

Study on association between spatial distribution of metal mines and disease 

mortality: A Case Study in Suxian District, South China. International Journal 

of Environmental Research Public Health 10: 5163 - 5177. 

 

Tamas, Ugrai and Michelle L.( 2015). Determination of Heavy Metals in Food: AOAC 

First Action Method 2015.01; USA. 1pp. 

 

Tangahu, B. V., Abdullah, S. R. S., Basri, H., Idris, M., Anuar, N. and Mukhlisin, M. 

(2011).A review on heavy metals (As, Pb and Hg) uptake by plants through 

phytoremediation.International Journal of Chemical Engineering. [http://do 

wnloads.hindawi.com/journals/ijce/2011/939161.pdf]. Site visited on 

30/10/2019. 

 

Taylor, H., Appleton, J. D., Lister, R., Smith, B.,Chitamweba, D., Mkumbo, O., Machiwa, 

John F., Tesha, A. L. and  Beinhoff, C. (2005). Environmental Assessment of 

Mercury Contamination from the Rwamagasa Artisanal Gold Mining Centre, 

Geita District, Tanzania.Science Total Environment 343: 111 - 133. 

 

Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K. and Sutton, D. J. (2012).Heavy metal 

toxicity and the environment.Journal of Molecular, Clinical and 

Environmental Toxicology 101: 133 - 164. 

 

Thompson, B., Adelsbach, T., Brown, C., Hunta, J., Kuwabara, J., Nealed, J., Ohlendorfe, 

H., Schwarzbach, S., Spiesf, R. and Taberskig, K. (2007). Biological effects of 



57 

 

 

anthropogenic contaminants in the   San   Francisco  Estuary. Environmental 

Research 105: 156 - 174. 

 

Timbrell, J. (2004). Principles of Biochemical Toxicology.(Third Edition), Taylor and 

Francis Ltd., London.  407pp. 

 

Tsuzuki, K., Sugiyama, M. and Haramaki, N. (1994).DNA Single-strand breaks and 

Cytotoxicity Induced by Chromate (VI), Cadmium (II), and Mercury (II) in 

Hydrogen Peroxide-resistant Cell Lines.Environmental  Health Perception 

102: 341 - 342.  

 

Huy, B. T., Tuyet-Hanh, T. T.,  Johnston, R. and Nguyen, H. (2014). Assessing health risk 

due to exposure to arsenic in drinking water in hanam province, 

Vietnam.International Journal of Environmental Research and Public 

Health11(8):7575 - 7591. 

 

Tungaraza, C., Chibunda, R. T. and Pereka, A. E. (2011).Dietary exposure to mercury of 

the adult population in Mugusu artisanal gold mining village, Tanzania: A 

total diet approach. EnvirontalEngenering  Journal4: 141 - 146. 

 

UNEP –United Nations Environmental Protection (1992). Evaluation of certain food 

additives and naturally occurring toxicants [https://apps.who.int/iris/handle/ 

10665/40033]. Site visited on 29/10/2019.  

 



58 

 

 

UNIDO-United Nations Industrial Development Organization (2003). Programme for 

introducing cleaner artisanal gold mining and extraction technologies and 

assessing the impact of the activity on health and the environment 

[http://www.naturalresources.org/minerals/cd/unido.htm]. Site visited on 

12/06/2018. 

 

United States Environmental Protection Agency (USEPA) (2011). Handbook for 

Implementing the Supplemental Cancer Guidance at Waste and Cleanup Sites, 

Cancer Risk Calculations.[http://www.epa.gov/oswer/riskassessment/ 

sghandbook/ riskcalcs.htm]. Site visited on 04/07/2018. 

 

USEPA- United States Environmental Protection Agency (2014). Review of EPA‟s 

Integrated Risk Infomation System(IRIS) Process. Washington D.C. 171pp. 

 

USEPA-United States Environmental Protection Agency (2013). Reference dose (RfD): 

Description and use in health risk assessments, Background Document 1A, 

Integrated risk information system (IRIS); United States Environmental 

Protection Agency: Washington, DC. [http://www epa.gov/iris/rfd.htm]. Site 

visited on 10/06/2018 

 

USEPA-United States Environmental Protection Agency (1997).Mercury study Fate and 

transport of mercury in the environment. Washington DC. [https://www.epa 

.gov/sites/production/files/201509/documents/volume3.pdf]. Site visited on 

18/5/2017. 

 

http://www.naturalresources/
http://www.epa/


59 

 

 

USEPA (2002). Users‟ guide and background technical document for USEPA region 9's 

preliminary remediation goals (PRG). [https://semspub.epa.gov/work/02/103 

453.pdf].Site visited on 1/5/2019.  

 

Veiga, M. M., Maxson, P. A. and Hylander, L. D. (2006).Origin and consumption of 

mercury in small-scale gold mining.Journal of Cleaner Production 14:             

436 - 447. 

 

WHO- World Health Organization (1993). World Health Organization: Evaluation of 

certain food additives and contaminants. 41
st
 report of the joint FAO/WHO 

expert committee on food additives.[https://www.who.int/ipcs/publications/ 

jecfa/reports/trs940.pdf]. Site visited on 4/10/2019.  

 

WHO-World Health Organization (1993).Water Sanitation and Health.Guidelines for 

Drinking-Water Quality, 2
nd

 Edition.World    Health  Organization. Geneva, 

Switzerland. [https://www.who.int/water_sanitation_health/publications/Gdwq 

2v1/en/]. Site visited on 20/8/2019 

 

WHO-World Health Organization (2001). Arsenic and Arsenic Compounds 

Environmental Health Criteria 224. World    Health  Organization. Geneva, 

Switzerland.[https://www.who.int/ipcs/publications/ehc/ehc_224/en/].Site 

visited on 25/10/2019. 

 

WHO-World Health Organization (2003). Elemental mercury and inorganic mercury 

compounds: Human health aspects. Concise international chemical assessment 

http://www.who/


60 

 

 

document. [https://www.who.int/ipcs/publications/cicad/en/cicad50.pdf ]. Site 

visited on 7/9/2018. 

 

WHO- World Health Organization (2004).Cadmium in Drinking-Water Background 

Document for DevelopmentGuidelines for Drinking-Water Quality.World    

Health  Organization. Geneva, Switzerland.45pp. 

 

WHO- World Health Organization (1993).Evaluation of certain food additives and 

contaminants (forty-first report of the joint FAO/WHO expert committee on 

food additives).[https://www.who.int/ipcs/publications/jecfa/reports/trs940 

.pdf]. Site visited on 30/10/2019. 

 

WHO-World Health Organization (2000).Arsenic and arsenic compounds. 

[http://www.euro.who.int/__data/assets/pdf_file/0014/123071/AQG2ndEd_6_

1_Arsenic.PDF]. Site visited on 29/10/2019. 

 

Wilhelm, S. M. and Bloom, S. (1999). Mercury in Petroleum A. Mercury Technology 

Seríices, Frontier Geosciences, Seattle, USA. 

[https://www.osti.gov/biblio/1338816-mercury-speciation-comparison-

brooksapplied-laboratories-eurofins-frontier-global-sciences]. Site visited on 

12/06/2018. 

 

Williams, P. N., Villada, A., Deacon, C., Raab, A., Figuerola, J., Green, A. J., Feldmann, 

J. and Meharg, A. A. (2007). Greatly enhanced arsenic shoot assimilation in 

rice leads to elevated grain levels compared to wheat and barley. 

Environmental Science Technology 41(19): 6854 - 6859. 



61 

 

 

World Health Organisation (2003).National Research Council Recommended Dietary 626 

Allowances. National Press, Washington DC. 417pp. 

 

Zhang, H., Feng, X. B., Larssen, T., Shang, L. H. and Li, P. (2010). Bio-accumulation of 

methylmercury versus inorganic mercury in rice (Oryzasativa L.) grain. 

Environmental  Science Technology  44: 499–504.  

 

Zhong, J. M., Yu, M., Liu, L. Q., Chen, Y. P., Hu, R. Y. and Gong, W. W. (2006). Study 

on the dietary nutrition intake level in Zhejiang Province. Disease Surveillance 

21: 670 - 672. 

 

Zhu, H., Xiao-Dong, P., Ping-Gu, W., Jian-Long, H. and Qing, C. (2013). Health risk 

assessment of heavy metals in rice to the population in Zhejiang, China. 

Plosone 8(9): 1 – 6 

 

 

 

 

 

 

 

 

 

 

 



62 

 

 

APPENDICES 

 

Appendix  1: Results for method validation and calibration curves 

 
Metal Concentration of 

working standards 

(mg/l) 

Correlation 

Coefficients 

of 

calibration 

curves (R
2
) 

Limit Of 

Detection 

(LOD) 

Limit Of 

Quantificatio

n (LOQ) 

Assay (%) Calibra

tion 

curve 

model 

Hg 0.00, 0.50, 1.00, 2.00 

and 3.00 

0.99521 0.711ppm 2.155ppm 102.83 ± 0.095 

 

Linear 

As 0.00, 0.10, 0.20, 0.50, 

1.00 and 2.00 

0.99839 0.276ppm 0.835ppm 105.74 ± 0.039 

 

Linear 

 

Intensity=359.5461073*concentration +21.68145059 for Hg, and 

intensity=4061.37831797*concentration+110.6018986 for As 
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Appendix  2:  Structured questionnaire for assessing rice consumption pattern in 

the research area 

Region …………………………………………. District …………….….…….………… 

Division……………..…….….Ward…………..…….………. Village………...………….. 

Household Identification No………………………………………………..………………  

Name of Enumerator……….............................Date………………………………….…… 

 

Research Questionnaire 

1. Name of respondent……………………………..Mobile phone……………….. 

2. Sex    1. Female     2. Male 

3. Age in complete years………………. 

4. Household size…………. 

5. Level of education i.e. number of years spent in school…………………. 

6. Religion. 1.Christian 

    2. Muslim 

    3. Others. 

7. Main occupation 1.Agro-pastoralism 

                            2. Farmer 

8. Source of food consumed. 

                                        1. Own farms  

                                       2.Bought 

                                       3.Relief 

9. What are the components for your breakfast?............................................................ 

10. What are the components of your dinner?................................................................. 

11. How many kilogram of food do you cook for your household?................................ 

12. When you intend to prepare rice for dinner what is the estimated portion 

size?................... 

13. Do you own a plot for rice production?    1. Yes   2.No 

14. If yes where is your plot located?    1. Homestead 

                                                         2. Away from homestead 

10. How many walking hours is your plot to gold mining ores?……………………….. 
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11. Are gold amalgamation activities carried out within your rice plots? 1.Yes  2.No 

12. What is the distance in meters from rice crops to the gold extraction 

plant?.......................... 

13. Do you engage in gold mining activities?    1. Yes   2.No. 

14. If yes how do you extract gold?............................................................................ .. 

15. Specify the equipment mentioned above.1…………..2……………3…………… 

16. Apart the above equipment started do you use chemicals in amalgamation of gold?         

1.Yes2.NoMention the chemical used in amalgamation of gold…………………. 

17. Do you handle it with bear hands?  1.Yes    2.No. 

18. What type of health problems encountered in this area?...................................... 

Record the physical appearance of respondent in terms of health…………….. 

End 

 

 

 


