
USE OF SNAILS AS BIOINDICATORS OF MERCURY POLLUTION IN AQUATIC ECOSYSTEMS 

 

 

 

 

 

 

 

 

ISAYA ADAM KAYANGE 

 

 

 

 

 

 

 

A DISSERTATION SUBMITTED IN PARTIAL FULFILMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF MASTER OF SCIENCE IN 

PUBLIC HEALTH AND FOOD SAFETY OF SOKOINE UNIVERSITY OF 

AGRICULTURE. MOROGORO, TANZANIA. 

 

2013 



ii 

 

ABSTRACT 

 

Cross-sectional field and experimental studies were carried out to determine the 

mercury distribution in the Mabubi River and to establish its biological effects in the 

ecosystem using snails as bioindicators. The median and range for total mercury 

concentration in Lymnaea stagnaliswere 4298 and 12.62 to 50618 respectively. The 

total mercury concentrations were recorded as below the detection limit (<0.01µg/g) 

in 28 snails.Experimental exposure studies using sub-lethal concentrations of 

mercury (II) chloridewerecarried out on Lymnaea stagnalis. The hatchability and 

growth of L. stagnalis after 24, 48, 72 and 96 hours of exposure at 56 μg/L and 112 

μg/L of HgCl2 were significantly reduced (P <0.05) during the four weeks of 

observations. Effects of mercury were apparent from the first week of the exposure. 

The hatching success for the control and exposed groups were 98.7% and 29-60% 

respectively and the difference was significant (P <0.05). The growth coefficient was 

higher (818.56%) in control group than in those exposed to high Hg concentrations 

(56μg/L and 112μg/Lat 600% and 505.81% respectively).No significant effect 

(P >0.05) was observed on fecundity and survival of snails between control and 

exposed groups. The results from this study show that mercury waste is present in the 

study area and is carelessly released into the environment. Findings further 

demonstrate the usefulness of L. stagnalis as a bioindicator for monitoring mercury 

pollution in aquatic ecosystem. Environmental education to the artisanal gold miners, 

law enforcement and strict regulatory measures are important in order to avoid health 

and ecological consequences arising from the continual release of mercury. 
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CHAPTER ONE 

 

1.0 INTRODUCTION 

1.1 Background Information 

Mercury pollution is a local, regional and global environmental problem that 

adversely affects ecosystems (Dufault et al.,2009; Shokrzadeh et al., 2010). Since 

mercury circulates in the environment and changes its form, as it is not 

biodegradable and has the ability to accumulate in the environment, it is toxic and 

deleterious to the aquatic environment, consequently to humans who depend on 

aquatic products as sources of food (Landis and Yu, 2004; Farombi et al., 2007). 

This has raised attention to the use of invertebrates such as snails for assessment of 

ecosystem quality in aquatic environment (Nedjoud et al., 2009).  

 

In the Lake Victoria Region, mercury originates from small-scale gold miners who 

use it in the gold extraction process. It is introduced into Lake Victoria through many 

rivers including Mabubi River that drains into it and thus posing a high risk to the 

aquatic organisms (Chibunda, 2008a). There are poor Hg management in the mining 

areas and as result most areas involved in the mining activities are contaminated by 

elemental Hg and its derivatives. Beside poor management there are poor 

environmental monitoring systems which cannot help to protect the environment 

from contamination. In these circumstances, the significance of monitoring mercury 

is noticeable, especially in the environment in which people live in order to 

safeguard public health. Mercury is of particular concern in the Lake Victoria 

ecosystem, where high levels of Hg have been measured in biota particularly in the 
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mining areas. Because indigenous populations in the region and other people of the 

Great Lakes countries eat fish, they are particularly vulnerable to Hg exposure (Selin, 

2009).   

 

Exposure to Hg in artisanal mining is a particularly important public health issue 

because of the demographics of the industry. Women and children are engaged in 

gold mining, and their involvement spans all possible activities, including those 

associated with the highest risks of Hg exposure (Nweke and Sanders, 2009). In the 

Mgusu artisanal gold mine, women and children are involved in ore extraction 

process. Because of this mercury is now commonly considered an ‘‘invisible 

epidemic’’ because its impacts are usually not seen immediately but can accumulate. 

Indeed, mercury has been called a ‘‘chemical time bomb’’ because it can 

bioaccumulate in the food chain and create new dangers once transformed into 

methylmercury. Chibunda (2008b) and Spiegel (2009) found that the wellbeing of 

the population in mining areas is affected through inhalation of Hg vapour, direct 

contact with mercury, and the consumption of fish and other food contaminated by 

mercury. Shaw and Chadwick (1998) recommend that in order to assess the potential 

harm that the environmental pollutants, Hg in particular, cause, there is a need to 

know the environmental concentrations of the chemical concerned. It is important to 

know how much of a chemical is present before assessing its likely deleterious 

effects in organisms with which it might come into contact. 

 

In the Lake Victoria Region, several research have been done to investigate the effect 

of mercury, based on its concentration levels in water, biota and sediments (Ikingura 
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et al., 2006; Chibunda, 2008a), however, little information has been gathered to 

explain the ecological effects of the metal to the biological communities in the 

Mabubi River. It is known that most of ecological consequences are easily 

exemplified through biological indicators which are organisms sensitive to the 

pollutant in question. Because of the continuous use and release of mercury by the 

artisanal gold miners to the environment, it is therefore important to establish a 

simple and cost effective method which can be used to test levels of contamination in 

areas under mining activities and their biological effects. 

 

Many mercury ecotoxicological studies have been using sessile organisms, 

particularly fish, birds and humans, which are of public health importance but 

detectable levels are often reached possibly after causing harmful effects to sensitive 

organisms or become a public health problem. It is therefore important to shift the 

monitoring approach by using slow moving or sessile organisms which can provide 

useful information for early detection of pollutants in the environment and therefore 

for ecological monitoring of contaminants.  

 

In this study the choice of a freshwater snail as a model for environmental 

monitoring of chemical contaminants has taken into account that invertebrates 

represent more than 90% of aquatic species. The phylum Mollusc has the highest 

number of animal species after arthropods and 80% of molluscs’ species are 

represented by gastropods (Grazeffe et al., 2008). In freshwater snails mercury 

causes protein denaturation in the foot, gill, and digestive tract (Piyatiratitivorakul 

and Boonchamoi, 2008).  
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This study therefore proposed to use snail species found in the study area as 

bioindicators of environmental pollution in order to establish levels of Hg 

contamination. Snails are regarded to be  appropriate  bioindicators because of  their 

slow mobility, so they are more likely to reflect the local levels of Hg contamination; 

they live in both static and flowing water particularly along the river banks, they are 

filter feeders (Chitmanat et al., 2008), they accumulate pollutants including heavy 

metalsin their tissues, even when exposed to concentrations that are below levels 

considered hazardous for man (Abd Allah et al., 1997),they are abundant and widely 

distributed, hence easy to sample, survive in water and are easy to raise in laboratory 

(Chitmanat et al., 2008; Piyatiratitivorakul and Boonchamoi, 2008; Zhou et al., 

2008). 

 

1.2 Research problem statement and justification 

It is understandable that one of the challenges connected tothe artisanal and small-

scale mining activities is environmental pollution particularly by Hg, as there is no 

environmental assessment done, to determine the negative effects will pose to the 

ecosystem health, before the initiation of their activities. This is due to the fact that 

most of the artisanal gold miners d illegally and informally. Legalization usually 

comes later and no monitoring of the quality of the ecosystem health is done after 

that.  

 

The methods employed during the mining also contribute to the accidents causing 

deaths and injuries to workers and the community alike. The mine waste tailings are 

dumped into Mabubi River that passes through the area. Therefore the water system 
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is affected, and this river drains into Lake Victoria thereby posing health and 

environmental risk to ecosystem and to a greater number of people. 

 

The impact of artisanal gold mining activities on biodiversity has either been uncared 

for or not thoroughly examined. Artisanal gold mining activities in Tanzania are 

unchecked and take a different dimension. Unfortunately, majority of the individuals, 

particularly those engaged in mining activities are unaware of the dangers posed by 

mercury. The improper use and handling of Hg can also lead to potential health 

hazards for miners as well as inhabitants of the communities who may be exposed to 

the metal through the food chain (Donkor et al., 2006) and also through other ways 

such as bathing in the Hg contaminated water. 

 

Apart of being the cause the mercury pollution to the aquatic ecosystem, artisanal 

gold mining activities also contribute greatly to health, social and environmental 

problems which include environmental sanitation, Hg intoxication and unsystematic 

disposal of Hg along with conglomeration of people in the mining communities 

characterized the problems noted in these areas. The release of mercury into the 

atmosphere during blowtorching is common which also puts human health to risks. 

The activity is usually done in open containers and closed houses so the inhalation of 

vaporized mercury is highly possible among the people conducting it and those close 

by. The long-term effect of this type of exposure is the impairment of the metabolism 

of the human nervous system that eventually leads to certain neurobehavioral 

disturbances. The visible symptoms are the exhibition of exaggerated emotional 

responses and muscular tremors and gingivitis (Israel and Asirot, 2002). Currently 
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there are no reports of occupational inorganic mercury poisoning especially during 

blowtorching operations, in this area, probably due to wrong diagnosis or lack of 

experts in this speciality, in the hospitals. 

 

Many studies have suggested the use of fish as bioindicators in evaluating the health 

of aquatic ecosystem (Mdegela, 2006; Yousafzai et al., 2012) because they 

accumulate more pollutants, Hg inclusive, than other species (Shokrzadeh et al., 

2010). However, it is difficult to compare Hg levels in fish from different sites due to 

the different migration habits and food sources of species (Hinton and Veiga, 2002; 

Muralidharan et al., 2010). Snails are good indicators because they respond quickly 

to pollutants such as nutrients and sediment and other environmental stressors 

(Muralidharan et al., 2010). CETEM (1991) in Hinton and Veiga (2002) used aquatic 

snails as bioindicators in Poconé, Brazil, where the organisms incorporated little 

mercury, likely due to adsorption by Fe-rich sediments. In similar experiments by 

Otchere et al. (2000), using the bivalves Anadara senilis, Crassotrea tulipa, and 

Perna perna, factors such as ‘growth dilution’ and seasonal variability of conditions 

(e.g. metabolism, salinity) were also considered. Although this research 

demonstrated that bivalves do accumulate Hg, it reiterated the importance of 

incorporating site-specific variability (physical and environmental factors) in 

evaluating the results. Furthermore, Itziou and Dimitriadis (2011) also suggested that 

use of snails as monitoring organisms may provide a useful biomonitor to understand 

contaminant bioavailability. The best bioindicator for MeHg bioaccumulation is 

human beings due to their high position in the food web. However, there are ethical 

issues associated with collecting biological samples from humans (Hinton and Veiga, 
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2002). Since it is not easy to use human as a study model in evaluating the effects of 

Hg in the biological system, and hence the need of other alternative animals such as 

snails. 

 

In spite of many studies on mercury pollution in the Lake Victoria, data on their 

biological effects in animals and humans is insufficient. Thereforein this study snails 

were used as bioindicators in predicting the potential health effects of Hg poisoning 

in human and other aquatic lives.  Because of lack of conventional snail model in the 

laboratory, it was important to use snails whose seed stock was collected from the 

study area. It became imperative to investigate the extent of pollution in the river and 

the biological effects to the fauna, by using snails, so as to reveal the accumulation 

and health impacts to the ecosystem caused by mercury released. The results of this 

study provided information on the ecological contamination of mercury in Mabubi 

River and the Lake Victoria.   

 

1.3 Hypothesis 

Ho1: There is no mercury pollution in Mabubi River ecosystem. 

HA1: There is mercury pollution in Mabubi River ecosystem. 

Ho2: Pollution of mercury in the ecosystem has no detrimental biological effects to 

the existing of aquatic organisms.   

HA2: There is a significant detrimental biological effectin existing aquatic 

organisms as a result of mercury pollution. 
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1.4 Objectives of the Study 

1.4.1 Overall objective 

To establish the current status of mercury pollution in hotspot areas within the Lake 

Victoria basin and its biological effects in the ecosystem using snails as 

bioindicators. 

 

1.4.2 Specific objectives 

The specific objectives of this study are: 

i. To determine levelsof the total mercury in snails inMabubi River.   

ii. To assessthe effect of mercury exposure on fecundity, hatchability, 

growth and survival of snails collected from Lake Victoria basin.  



9 

 

 

CHAPTER TWO 

 

2.0 LITERATURE REVIEW 

2.1 Overview of Mercury Toxicity 

Mercury (atomic number 80, atomic weight 200.59) is a nerve toxin that may impair 

vision, hearing, walking and talking (EPA, 1997). In its pure form looks like a shiny-

white liquid substance and it is the only metal that occur in liquid form when at 

normal room temperature and pressure (Clarkson and Magos, 2006; Gupta, 2007; 

Weinberg, 2010). The liquid is volatile and releases a monoatomic gas usually 

referred to as mercury vapour (Clarkson and Magos, 2006). It is odourless, 

colourless, tasteless and has a high specific gravity, 13.6 times that of water. Its 

boiling point is 357°C, which is relatively low for metals, and this property leads to 

easy separation from its ores and amalgams. Its freezing point is 
_
39°C, the lowest 

for any metal (Landis and Yu, 2004).  

 

Mercury is classified as a heavy metal (Lourie, 2003; Landis and Yu, 2004) because 

of its density. Heavy metals are very toxic because, as ions or in compound forms, 

are soluble in water and may be readily assimilated by living organisms in the 

ecosystem. These metals can bind to vital cellular components such as structural 

proteins, enzymes, and nucleic acids, and therefore interfere with their normal 

functioning. In humans, some of these metals, such as mercury, even in small 

amounts, can cause severe physiological and health effects (Landis and Yu, 2004). 
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Mercury in any formeither as water-soluble inorganic salt, a lipid-soluble organic 

mercury compound, or as metallic mercury is an extremely potent neurological toxin 

(Dufault et al.,2009). Mercury exists in the environment in three main chemical 

forms, elemental mercury (Hg
0
), inorganic mercury compounds which 

includemercurous (Hg
+
) and mercuric (Hg

2+
) salts (primarily mercuric chloride), 

organic methylmercury (CH3Hg) and dimethylmercury (CH3HgCH3) compounds 

(Hodgson, 2004; Timbrell, 2004; Carvalho et al., 2008).However, the toxicity of the 

three forms of Hg is different, mainly as a result of differences in distribution. Both 

metallic compound and inorganic mercury (Hg
+
/or Hg

2+
) is only poorly absorbed 

from the gastrointestinal tract (7% in humans). The absorbed inorganic Hg 

accumulates in the kidney (Timbrell, 2004). Mercury vapour is stable in ambient air 

and can remain in the atmosphere for months to years. At room temperature, exposed 

elemental Hg can evaporate to become an invisible, odourless toxic vapour. People 

can be exposed to elemental Hg vapour when products that contain Hg break and 

expose Hg to the air, particularly in poorly-ventilated spaces (Hodgson, 2004; 

Timbrell, 2004). Elemental Hg, in the form of Hg vapour, following inhalation, is 

almost completely absorbed by the respiratory system and oxidized in the red blood 

cells to form Hg
2+

. When in red blood cells elemental Hg may be transported to other 

tissues such as the central nervous system (CNS). Elemental Hg readily passes across 

the blood-brain barrier into the CNS and also into the foetus. Ingested elemental Hg 

is not readily absorbed and is relatively harmless (Hodgson, 2004).  

 

Within the body mercury does not break down easily, as a consequence, it remains 

until is excreted through urine and faeces with the latter being the major route. 
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During this time, the metal may be transformed into other more toxic or less toxic 

form (Nordberg et al., 2007). It has high surface tension; it forms small, compact, 

spherical droplets when it is released into the environment where it affects the 

integrity of the ecosystem. Although the droplets themselves are stable, the high 

vapour pressure of Hg compared with other metals causes Hg to evaporate 

(Weinberg, 2010).    

 

Mercury vapour can undergo oxidation in vivo to form the two major oxidation states 

of Hg. The first oxidation state, where the Hg atom has lost one electron, is called 

mercurous Hg and is most commonly found in the form of calomel or mercurous 

chloride, where two Hg atoms are linked together to give the chemical formula 

Hg2Cl2 (Timbrell, 2004; Clarkson and Magos, 2006). It is responsible for nearly all 

the inorganic and organic chemical compounds of Hg. It is a product of the 

metabolism of inhaled Hg vapour and of the organic compounds of Hg as well as its 

release from the Hg
+
(Clarkson and Magos, 2006), a biotransformation which is 

catalysed by catalase (WHO,1990; Timbrell, 2004). It therefore plays a key role in 

the toxicology of most forms of Hg. The chemistry of mercuric Hg is dominated by 

its high affinity for thiol groups, specifically the thiol anion (R-S
−
). The reversible 

reactions are very rapid so that Hg can move quickly from one thiol group to another. 

It is assumed that Hg binds to thiols in vivo based on the chemistry of this metal 

(Clarkson and Magos, 2006).  

 

Compounds in which the Hg
2+

is covalently linked to at least one carbon atom are 

classified as organic Hg compounds (Counter and Buchanan, 2003; Timbrell, 
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2004;Hodgson, 2004; Clarkson and Magos, 2006). Compounds of methylmercury 

(CH3Hg) are usually given the generic names such as dimethylmercury 

(CH3HgCH3). Other organic compounds are also given generic names based on the 

organic moiety species, such as ethyl- and phenyl mercury. The form of mercury 

influences mercury’s distribution within the body and its health effects (Table 1). 

 

Table 1:  Chemical forms of mercury and pathways of human exposure 

Form of Mercury Elemental  

e.g. Hg vapour (Hg0) 

Inorganic 

e.g. Mercurous-Hg-

Hg2+,Mercuric -Hg2+ 

Organic mercury 

e.g.methylmercury, Ethyl 

mercury, Phenyl Hg  

Route of exposure Inhalation Oral Oral-fish consumption 

Target organs Central Nervous System 

Peripheral Nervous 

System 

Kidney 

Kidney 

Peripheral Nervous 

System 

Central Nervous System 

Local Clinical 

Signs 

Lungs: Bronchial 

Irritation 

Pneumonitis 

GI: Irritation, 

corrosive Skin: 

Irritation; 

ulceration 

 

Systemic Effects  Kidney: Proteinuria 

 Central Nervous System: 

Mood changes. 

 Peripheral Nervous 

System: tremors 

 Kidney: Proteinuria, 

tubular necrosis 

 Peripheral Nervous 

System: Tremors, 

numbness 

 Developmental effects in 

foetus and newborn 

 Central Nervous System 

in adults: Tremors, 

paraesthesia 

Source: Section of Environmental Epidemiology and Toxicology, (2008). 

 

Anthropogenic mercury in the environment is commonly derived from a variety of 

sources (Pirroneet al.,2010). The major source is combustion of fossil fuels, 

especially coal; coal-fired power and heat production (Pacyna et al., 2006; Chibunda, 

2008b). Other industrial processes that can release Hg to the atmosphere are cement 
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production, pig iron and steel production, caustic soda production and smelting of 

metals from their sulphide ores (Chibunda, 2008b; Poulin and Gibb, 2008;  Selin, 

2009; Pirroneet al.,2010). 

 

Releases from intentional extraction and use of Hg include: Hg mining, small-scale 

gold and silver mining, chlor-alkali production, use of fluorescent lamps, dental 

amalgam fillings and manufacturing of products containing Hg such as 

thermometers, manometers, electronic switches and other instruments (Chibunda, 

2008a and 2008b; Poulin and Gibb, 2008; Zhang et al., 2009; Pirroneet al.,2010). 

Other sources include those released from waste treatment, cremation (originating 

from both impurities and intentional uses of Hg) such as waste incineration 

(municipal, medical and hazardous wastes) (Chibunda, 2008a; Selin, 2009), landfills 

and cemeteries (Chibunda, 2008a; Poulin and Gibb, 2008; Pirroneet al.,2010).  

 

Natural sources of mercury to the environment are global mercuriferous belts. These 

are areas of the earth along plate tectonic boundaries that are geologically enriched in 

Hg, including western North America, Central Europe, and Southern China. In these 

areas, mercury is present as cinnabar ore (HgS), which has characteristic red colour 

(Selin, 2009; Poulin and Gibb, 2008).   

 

Observation of toxic effects of mercury in human beings has a long history of over 

thousands of years. During the Roman era, Hg intoxication was observed in the 

slaves mining quicksilver from the Almaden mine in Spain. Mercury intoxication 

was also experienced in the A.D 752 by the builders of the giant bronze Buddha, 
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which is coated with a mixture of gold, tin, and mercury. People working in the fur 

and felt hat-making industries in the 17
th

 Century also experienced Hg intoxication 

(Dobbs, 2009). 

 

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 200000 (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 95000 

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 
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6500 individuals were hospitalized, and 459 died from consumption of Hg 

contaminated bread. D'Itri and D'Itri (1977) reported that more than 50000 people 

may have been exposed, and neurological impairments in children were evident. 

Flour made from this treated grain contained 8-9ppm of alkyl mercury. The Iraqi 

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). 

 

2.2 Uses of Mercury 

Mercury has many uses including   ethnic, religious, magical, and ritualistic practices 

and in herbal remedies (WHO, 2003). Mercury in the form of its brilliant red ore, 

cinnabar, wasused by Chinese to prepare red ink over 3000 years ago. It has been 

found in Egyptian tombs, perhaps as a preservative but maybe as a protector against 

evil spirits (Clarkson and Magos, 2006).  

 

Mercury compounds are used in skin creams to treat infections. The medical 

applications of Hg compounds were common during the 20
th

 Century, as, for 

example, the addition of calomel (Hg2Cl2) to teething powders (Clarkson and Magos, 

2006). Mercuric chloride, mercuric oxide, mercuric iodide, mercurous acetate, and 

mercurous chloride are, or have been, used as antiseptic. As antiseptic preservative, 
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mercurochrome (dibromohydroxymercurifluorescein), has seen wide usage as 

bactericide and fungicide and has been the cause of several recorded cases of 

poisoning. Until the 1970s organomercurials, especially methyls- and 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 in America, 

Australia, and elsewhere (WHO, 2003; Clarkson and Magos, 2006). For example 

thimerosal (ethyl mercury thiosalicylate) is still used in vaccines throughout the 

world, despite current concerns in the United States about its potential toxic effects 

in infants. Phenyl-mercury and ethyl mercury compounds still have a limited use as 

antibacterial agents (Clarkson and Magos, 2006).  

 

Inorganic Hg compounds are still widely used in skin-lightening soaps and creams, 

due to the ability of the Hg cation to block the production of melanin pigment in the 

skin (WHO, 2003). Other uses of Hg include attracting luck, love or money, to 

protect against evil or to speed the action of spells through wearing as amulets, 

sprinkling on the floor, or adding to a candle or oil lamp (EPA, 2002). Cutaneous 

applications include treatment of infected eczema or impetigo (various mercury salts) 

and treatment of psoriasis (mercuric oxide or ammoniated mercury [NH2(Hg)Cl]) 

(WHO, 2003; Clarkson and Magos, 2006). Previous uses of inorganic mercurials 

included laxatives, however, such use has been abandoned in most developed nations 

due to the known toxicity of inorganic mercury compounds and the availability of 

equally or more effective, and less toxic, alternatives (WHO, 2003).  
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Some religions have practices that may include the use of metallic mercury. 

However, it was the liquid form of metallic Hg that attracted most attention, its 

physical properties of low viscosity, high density, excellent electrical conductance, 

and reflective surface were the reason for its numerous applications (Clarkson and 

Magos, 2006). The largest present intentional use of Hg is by artisanal and small-

scale gold miners (Weinberg, 2010), because many metals, gold inclusive, dissolve 

in Hg to form amalgams (alloys) (Landis and Yu, 2004). 

 

2.3 Artisanal Gold Miners 

Generally, artisanal gold miners refer to mining by individuals, groups, families or 

cooperatives with minimal or no mechanization. It encompasses all small, medium, 

large, informal, legal and illegal miners who use rudimentary processes to extract 

gold from secondary and primary ore bodies (Hentschel et al., 2003). The economic 

structure of artisanal miners is not different from any other capitalist activity. The 

driving force for artisanal mining is maximum profit with minimum investment. 

However, the environmental damage caused by this attitude is now being recognized 

(Veiga et al., 2006). 

 

Between 80 and 100 million people are dependenton artisanal or small-scale mining 

(ASM) activities for theirlivelihoods (Mutagwaba, 2006).In many parts of the world, 

ASM activities are as important as large-scale mining activities, particularly in terms 

of the numbers of people employed (Deb et al., 2008; Lahiri-Dutt, 2008). However, 

the sector is perhaps better known for its high environmental costs in terms of its 

high contribution to environmental pollution as chemicals, such as Hg used in gold 



18 

 

ore extraction, are released to the environment and poor health and poor safety 

records as many people involved in this sector who are unaware becoming sick and 

some succumb to death during the mining operations (Hentschel et al., 2003). 

 

2.3.1 Reasons for using mercury 

Mercury is used in artisanal and small scale gold mining because it is the easiest and 

quickest method of extraction from many alluvial ore (Telmer and Veiga, 

2009;McCartor and Becker, 2010; Spiegel and Veiga, 2010; Weinberg, 2010). 

Telmer and Stapper (2007) reported that the effective ore grade (what is recovered by 

the miners) was about 0.1g/1000kg; the miners processed about 100000kg of ore per 

day to produce a gravity concentrate of 10kg of ore. That represents a concentration 

factor of 10000 times. The 10kg of concentrate is further concentrated 1000 times to 

produce 10g of gold. 

 

Using mercury makes the whole extraction process less labour intensive. With 

mercury, all mining process can be accomplished by just one person thereby 

eliminating the necessity extra labour (Telmer and Veiga, 2009). Mercury is highly 

effective at capturing gold under the conditions found in the ASM sites (McCartor 

and Becker, 2010; Spiegel and Veiga, 2010; Weinberg, 2010). 

 

Mercury is easily accessible (Spiegel and Veiga, 2010), portable and easy to 

transport, and can be moved across borders into camps more easily than many other 

contraband materials. Miners are not always aware of the health risks that mercury 

poses (Telmer and Veiga, 2009; Weinberg, 2010; McCartor and Becker, 2010). 
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Miners in many cases miners are not aware of the alternatives and if they do, they do 

not have knowledge or capacity to use them. Mercury is the most commonly used 

when simple gravity methods cannot produce concentrates greater than 10-20% gold. 

This is the case in many simple hydraulic sluicing operations and many shallow 

colluvial or hard rock operations. With concentrates of above 20%, the direct gold 

smelting method is used. Mercury is used when quick capital (cash) is needed for 

subsistence or to purchase materials and supplies required for development of more 

sophisticated techniques e.g. leaching with cyanide (Telmer and Veiga, 2009). 

 

2.3.2 The amalgamation method 

In most Artisanal gold mines in Tanzania, mining involves digging pits using simple 

tools such as hand picks, hammers and shovels (Scoble et al., 2007). At the riverside 

location of the Mabubi River, the millers process tailing material or weathered ore 

from pits or shafts.The ore is transported in bags to the milling centres, 

manuallycrushed, (usually by sledgehammers), to loosen it before the broken parts 

are classified into different particle sizes, and sun dried. The dry particles are fed into 

a rod or ball mill, a facility for grinding ore which is usually small, grinding 

commences, without Hg (Israel and Asirot, 2002; Spiegel, 2008; Tomicic et al., 

2011), then slurried and passed over sluices.The sluice concentrates are amalgamated 

in metal trays, withbare hands, and the amalgamation tailing is stored in concrete 

tanks and frequently reprocessed (Israel and Asirot, 2002; Spiegel, 2008). 

 

In the process,miners use bare hands when handling mercuryexposing themselves to 

risks both from vapours and from direct contact with Hg in liquid form (Scoble et al., 
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2007). The whole-ore amalgamation appears to be the most polluting of all gold 

mining processes and cause the most severe human exposures and environmental 

contamination by mercury (Weinberg, 2010). 

 

2.3.3 Release of mercury to the environment 

Most of the artisanal gold miners’activities are undertaken along the river banks 

(Donkor et al., 2006). Mercury is released into the environment during artisanal gold 

mining in a various ways. When it is used to amalgamate gold, some escapes directly 

into water bodies as elemental mercury droplets or as coatings of Hg adsorbed onto 

sediment grains. The mercury that forms the amalgam with gold is emitted to the 

atmosphere when amalgam is heated in a fume hood or retort. There are also 

naturally occurring mercury in soils and sediments that are eroded by sluicing and 

dredging becoming remobilised and bio-available in receiving waters (Telmer and 

Veiga, 2009). 

 

2.4 Cycling of Mercury in Freshwater Aquatic Systems 

Pollution of the environment by mercury in most parts of the world is caused by the 

release of metallic Hg used in the recovery of gold by the crude method of 

amalgamation(Donkor et al., 2006). Once inorganic mercury is exposed to aquatic 

influence, it undergoes a series of transformations, eventually becoming MeHg 

which is a neurotoxic and the most toxic form of the metal (Nordberg et al., 2007). 

Because of its protein binding properties,it is easily incorporated in living organisms 

and bioaccumulates in aquatic food chains. Consequently,fish and other aquatic 
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organisms are contaminated endangering organisms higher in the food chain 

including man (Donkor et al., 2006). 

 

Once it is in the water, Hg attaches to sediment and is transported downstream of the 

river. Larger sediment sinks to the bottom but later re-enters the aquatic system 

through disorption processes (Rimondi et al., 2012). Elemental mercury is also able 

to persist in surface waters for decades, which means that Hg use today, will still 

impact the exposed communities years to come (Donkor et al., 2006;EPA, 

2007;Poulin and Gibb, 2008; Lacoue-Labarthe et al., 2009). 

 

Mercury (II) can be reduced to mercury (0), which may then volatilize to the 

atmosphere. A small portion of it is converted to the more toxic form of MeHg. 

Several different types of microorganisms (bacteria, fungi, and phytoplankton) are 

capable of methylating Hg(II), and the methylation takes place at the interface 

between oxic and anoxic zones in nature-typically in the upper parts of sediments 

where the oxygen gradient is sharp (Bank et al., 2007; Nordberg et al., 2007; 

Chibunda, 2008a). Sulphate- and iron reducing bacteria are capable of methylating 

inorganic Hg, and in some environments most methylation is carried out by these 

organisms (Nordberg et al., 2007; Lacoue-Labarthe et al., 2009; Selin, 2009). 

 

A number of environmental factors are known to affect the rate of MeHg formation 

by influencing the supply of bio-available mercury (II) and/or the activity of 

methylating microbes in aquatic ecosystems.These factors include 

mercuryconcentrations, temperature, Dissolved organic material, pH,Complex 



22 

 

binding ligands (both organic and inorganic), Nutrient content, Redox 

condition,suspended sediment loadand sedimentation rates (Nordberg et al., 

2007;Driscoll et al., 2012). 

 

The synthesis of methylmercury by bacteria from inorganic mercury compounds 

present in water or in sediments is the major source of this molecule in aquatic 

environments. This process can occur under both aerobic and anaerobic conditions 

(Eisler, 1987). Transformation of inorganic Hg to an organic form by bacteria alters 

its biochemical reactivity and hence its fate. Methylmercury is decomposed by 

bacteria in two phases. First, hydrolytic enzymes cleave the C-Hg bond, releasing the 

methyl group. Second, a reductase enzyme converts the ionic Hg to the elemental 

form, which is then free to diffuse from the aquatic environment into the vapour 

phase.These demethylating microbesare widely spread in the environment.They have 

been isolated from water, sediments, and soils and from the gastrointestinal tract of 

mammals-including humans.Understanding the cycling of Hg in aquatic systems is 

critical to environmental risk analysis (Harris et al., 2007; Selin, 2009).  

 

2.5 Impact of Mercury in Ecosystem Health 

Today the use of mercury in gold extraction poses a unique problem in mining areas 

around the world especially in aquatic ecosystems (Donkor et al., 2006). In a 

toxicological sense, the primary problem with Hg in aquatic ecosystems can be 

defined as biotic exposure to mercury or bioaccumulation ofmercury (Wiener et al., 

2007). The term bioaccumulation refers to the net accumulation over time of 

persistent pollutants (heavy metals and pops) within an organism from both biotic 
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(other organisms) and abiotic (soil, air, and water) sources (Nordberg et al., 

2007;Zhou et al., 2008; Islam et al., 2010). Bioaccumulation is an important process 

through which chemicals can affect living organisms (Zhou et al., 2008). This 

phenomenon depends on the rates of contaminant accumulation in the biota and the 

rates of metabolism of contaminants and eventual excretion by the biota. Chemicals 

not readily excreted from biota are subject to bioaccumulation. They are stored in 

body fat (lipophilic), and are often bio-active (mimic or stop the natural chemicals 

that control body systems). Many metals bioaccumulate, but they are not necessarily 

lipophilic (Gobas and Morrison, 2000), for instance, most of the MeHg in fish tissue 

is covalently bound to protein sulfhydryl (SH) groups. This binding results in a long 

half-life for elimination (about two years). As a consequence, there is a selective 

enrichment of MeHg (relative to inorganic Hg) as one move from one trophic level 

to the next higher trophic level (Nordberg et al., 2007).  

 

Persistent pollution with heavy metals produces long-term hazards and serious 

damage to health of aquatic organisms affecting their physiology, reproductive 

status, population size and therefore, survival (Pavlica et al., 2008). Description of 

mercury effects on the fecundity, hatchability, growth and survival of molluscs with 

particular reference to snails is summarised in Table 2. 
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Table 2:  Effects of mercury on fecundity, hatchability growth and 

survivability of molluscs 

Test organism 

 

Mercury conc. 

(μg/L) 

Observation 

 

Reference 

 

Filopaludina 

martensi martensi 

61 Acute toxicity Piyatiratitivorakuland 

Boonchamoi (2008) 

Lymnaea luteola 137 Acute toxicity  WHO (1989) 

Mytilus 

galloprovincialis 

4 Inhibited growth after 6 

days of  exposure 

Beiras and His (1995) 

Villosa iris 8.0-114 

 

Inhibited growth after 21 

days of  exposure   

Eisler (2007) 

Crepidula fornicata 0.25 Reduced fecundity and 

growth  

Eisler (2007) 

Lymnaea luteola 135 Acute toxicity Mathur et al.  (1981) 

Biomphalaria 

glabrata 

0.29 Acute toxicity Abd Allah1 et al. (1997) 

Biomphalaria 

glabrata 

0.25 &1.0 Inhibited growth and 

survival. But no effect 

on fecundity 

Abd Allah1 et al. (1997) 

 

Mercury as a pollutant has a direct toxic effects to aquatic organisms. From the 

various studies above (Table 2) for mercury, the AC50 ranged between 0.25 μg/Land 

137 μg/L, this acute toxicity eliminates most organisms in the affected area 

(Thompson et al., 2007).In addition to the afore-mentioned environmental impacts, 

artisanal gold mining contributes significantly to land degradation, dust production, 

pollution of soils and agricultural sites, diversion of river courses, exposure of large 

areas to erosion and subsequent release of other heavy metals into waterways, and 

deforestation. Mercury may also disperse to other distant uncontaminated locations, 
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making those habitats vulnerable to Hg poisoning (Lombe, 2003). In effect, there is 

loss of biodiversity (Donkor et al., 2006). 

 

2.5.2 Mercury accumulation in fish 

Studies conducted in artisanal gold mining impacted areas around Lake Victoria 

basin indicate a progressive increase with time in levels of mercury in some species 

of fish. Ikingura and Ikagi (1996) as cited by Chibunda, 2008b, found that mercury 

levels ranged between 0.069 µg/g and 0.117 µg/gwet weights (ww) in Nile perch 

collected in Geita District water. Higher levels of mercury in the same species of fish 

sampled from the same area (0.095 to 0.396 µg/gww were reported by Machiwa et 

al. (2003). Furthermore, Taylor et al. (2005) conducted a study at the Rwamagasa 

artisanal gold mine; in Haplochromis spp in which Hg concentration were higher (up 

to 2.06 µg/g ww) than what was found in the previous studies.  

 

Tanzania, like most of other African countries does not have its own guidelines and 

standards for Hg content in fish intended for human consumption. Instead she uses 

standards formulated by the WHO which proposes not to consume fish containing 

Hg levels of 0.56µg/gww or more (Chibunda, 2008b). A reference dose (RfD) of 0.1 

µg/kg body weight/day level for maternal–foetal pairs is recommended. These 

guidelines aim to protect children from deficits in neurological development 

secondary to exposure to MeHg in uterus. This is due to thefact that the developing 

nervous system of embryo vulnerable of MeHg exposure.Such regulations are not 

intended to replace fish in the diet but rather to reduce consumption of fish with 

higher MeHg concentrations. Dietary restrictions are recommended to pregnant and 
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lactating mothers, children and women of reproductive ages (Maramba et al., 2006). 

Furthermore, it is recommended that the people should refrain from consuming on 

regular basis, species of fish with exceeding high levels. Nonetheless, because actual 

consumption patterns of poor local communities which subsist on fishing and fish 

consumption in Tanzania in general are inadequately known, it is not well 

understood if these internationally set limits are protective to health of these 

populations. To date, it is not known if their current Hg intake through fish 

consumption can result in adverse effects (Chibunda, 2008b). Thus, regulations to 

mitigate MeHg risks require actions at different levels (Selin, 2009).  

 

2.5.4 Theory of mercury and mercury poisoning in human 

2.5.4.1 Mercury exposure and effects to human 

In most cases, mercury poisoning in humans results from consumption of 

methylmercury-contaminated foods, primarily fish (Castoldi et al., 2001; Counter 

and Buchanan, 2004; Chibunda, 2008b). While the gastrointestinal tract is the 

primary route of absorption, MeHg can be absorbed through the skin and the lungs as 

well (Broussard et al., 2002). Therelative toxicity of Hg and organic Hg compounds 

fluctuate dramatically in humans depending on the chemical form of Hg, the dose, 

the route of exposure(Landis and Yu, 2004). Other factors that influence the mercury 

toxicityinclude different diets, antibiotic exposure, duration of exposure, genetic 

susceptibility, sex, state of health of the person exposed,the age of the person 

exposed (the foetus is the most susceptible), allergic reactions, the presence of other 

synergistic toxic metals such as lead, cadmium, aluminium(Landis and Yu, 2004; 

Bernard, 2008) and nutritional status of the individual (Hu, 2002). 
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Acute mercury poisoning results from ingestion of soluble HgCl2that precipitates all 

proteins with which it comes into contact (EPA, 1999). Vomiting usually occurs a 

few minutes after ingestion. The victim experiences extreme salivation and thirst, 

nausea, severe gastrointestinal irritation, abdominal pain andloss of fluids and 

electrolytes (EPA, 1999; Landis and Yu, 2004). Methylmercury is transported across 

the blood–brain barrier by an amino acid carrier and readily accumulates in the brain 

(Singh et al., 2007; Wolfe et al., 2007). Methylmercury can have serious effects on 

the central nervous system, particularly during foetal development. As a result of its 

lipophilic nature, MeHg readily crosses the placenta (WHO, 1990; Timbrell, 2004; 

Dufault et al., 2009; Schoeman et al., 2009) and accumulates in foetal blood, brain 

and other tissues (WHO, 1990; Timbrell, 2004). The half-life of MeHg in the body is 

about 50 days with a range of 20-70 days.In hair, the half-life averages about 65 days 

with a range of about 35–100 days.This indicatesthat MeHg leaves the body slowly 

through excretion. Although MeHg is distributed throughout all of the organs of the 

body, it has its most devastating effect on the developing brain. In the adult brain, 

MeHg damage is focal, for example, involving a loss of neurons in the visual cortex 

and a loss of granule neurons in the cerebellum. In the developing brain, the damage 

is more diffuse and extensive (WHO, 1990).  But also mercury vapour is highly lipid 

soluble and enters the blood from both the lungs and oral mucosa. It traverses cell 

membranes (including the blood-brain and placental barriers), rapidly partitions 

between plasma and red blood cells, and becomes widely distributed (Crinnion, 

2000), leading to increased oxidative damage, mitochondrial dysfunction, and cell 

death (Crinnion, 2000;Dufault et al.,2009; Schoeman et al., 2009). 
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2.5.4.2 Mechanism of action of mercury 

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

are altered by abnormal chemical action. Several mechanisms of chemical toxicity 

are 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, 

enzyme induction such as P450 (cytochrome P450 enzymes which are responsible 

for breaking down drugs inside the body(Lynch and Price,2007), interference at 

nerve synapses and hormone receptors for instance endocrine disruptors. 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).  

 

The lipid soluble property of mercury allows easy passage through the alveoli into 

the blood stream and red blood cells and thus accumulates in the brain, kidney, liver, 

hair and skin (Singh et al., 2007). Mercury has a particular high-affinity binding of 

the divalent cationic mercury to thiol or sulfhydryl (SH) groups. Mercury, in its ionic 

form binds to sulfhydryl groups and incapacitates key enzymes involved in the 

cellular stress response, protein repair, and oxidative damage prevention (Landis and 

Yu, 2004; Timbrell, 2004; Gupta, 2007; Carvalho et al., 2008); such as membrane 

ATPase, which are SH dependent (Timbrell, 2004); structural proteins, transport 

proteins and alteration of cell membrane permeability by the formation of 

mercaptides (Gupta, 2007). It also binds to phosphoryl, carboxyl, amide, and amine 
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groups (Broussard et al., 2002; Timbrell, 2004), thioether, and imidazole groups of 

macromolecules (Broussard et al., 2002; Janet al., 2011). Proteins (including 

enzymes) with such groups readily available are susceptible to reaction with 

mercury. Once bound to Hg, most proteins are rendered inactive (Broussard et al., 

2002; Timbrell, 2004). 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). 

Mercury also inhibits active transport mechanism through dissipation of normal 

cation gradient, destroys mitochondrial apparatus and causes swelling of cells, 

leading to lysis. Furthermore, 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).  

 

According to Timbrell (2004), accumulation of mercury in lysosomes increases the 

activity of lysosomal acid phosphatase causingdamage to lysosomes as a 

resultvarious hydrolytic enzymes arereleased into the cell leading to cellular damage 

due to lysosomal acid phosphatase toxicity. Mercury also accumulates in the kidney 

and causes uncoupling of oxidative phosphorylation in the mitochondria of the 

kidney cells. Thus, a number of mitochondrial enzymes are inhibited by Hg
2+

. These 
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effects on the mitochondria lead to a reduction of respiratory control in the renal cells 

and their functions such as solute reabsorption,are compromised (Crinnion, 2000). 

 

2.6 Pollution of Aquatic Environment in Tanzania 

Tanzania, with a total area of about 945,087km
2
 and a population of 

44,928,923(National Bureau of Statistics,2013) is among the least developed 

countries in tropical regions where pollution of the aquatic environment is 

progressively increasing as a result of exploitation of natural resources (Mdegela, 

2006). Mining activities are a major cause of environmental degradation by 

deforestation, destruction of habitat, loss of biodiversity and general damage to the 

land (LEAT, 2011).  

 

There are two sources of environmental pollution the point and non-point sources. 

Point sources are derived from such sources as sewage discharges, waste streams 

from industrial sources, hazardous waste disposal sites, and accidental spills (Landis 

and Yu, 2004). Point source discharges are generally easy to characterize as to the 

types of materials released, rates of release, and total amounts (Landis and Yu, 2004; 

Mdegela, 2006). In contrast, non-point discharges are those materials released from 

diffuse source such as agricultural and horticultural run-off, construction run-off, 

landfills and hazardous waste sites, contaminated soils and aquatic sediments, 

atmospheric deposition, mining waste run-off and urban runoff from such sources as 

parking lots and residential areas(UNEP, 2002; Landis and Yu, 2004).Nonpoint 

discharges are not easily pinpointed. Discharges from non-point sources are complex 

mixtures, amounts of toxicants are difficult to characterize, and rates and the timing 
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of discharges are difficult to predict. One of the most difficult aspects of non-point 

discharges is that the components can vary in their toxicological characteristics 

(Landis and Yu, 2004). 

 

Mercury is discharged into the environment when miners fail to recover Hg tailings, 

either by dumping waste directly into rivers or by releasing Hg vapours into the 

atmosphere when the Hg gold compound is burned (World Resources Institute, 

2010). It is estimated that 500 to 800 tonnes of gold are produced per annum by 13 to 

15 million artisanal gold minersworldwide and at the same time 800-1000 tonnes of 

mercury is released into the environment as a result of artisanal gold mining 

activities (Veiga and Baker, 2004; Mutagwaba, 2006). It is by no means restricted to 

that area and can affect communities many kilometres away (World Resources 

Institute, 2010). 

 

2.7 Control of Pollution in Aquatic Environment in Tanzania 

Control of environmental pollution inTanzania, is carried out through environmental 

protection using end-of-pipe approaches (Mdegela, 2006). This approach is much 

more efficient to prevent a problem than to clean it up. They are based on providing 

some form of treatment which aim at diminishing harmful substances that occur as 

by-products of production (Frondel et al., 2005) just before that water is discharged 

into the receiving waters(Fleming and Ford, 2004). 

 

In the 1980’s, developed countries developed various pollution control concepts with 

several names such as cleaner production, clean technology, eco-efficacy, waste 
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minimization and green productivity of which aim at preventing environmental 

pollution. These concepts had different approaches, as they emphasized control of 

pollution using front-end rather than end-of-pipe approaches (Mdegela, 2006). 

 

Since the late 1990’s, the concept of cleaner production has been adopted by several 

developing countries, Tanzania inclusive in favour of end-of-pipe approaches 

(Mdegela, 2006), which its regulations focus on the end of the pipe do little to 

prevent pollution or avert future impacts-often, they just cause the pollution to be 

shifted from one environmental medium (air, water, or land) to another (Phipps, 

1995) other differences between the two approaches have been summarised in the 

Table 3.This approach has been adopted because of its environmental benefits which 

directly coincide with economical interests. More specifically, there are numerous 

benefits which result from pollution prevention and cleaner production activities: 

First, cleaner production reduces resource use and/or pollution at the source by using 

cleaner products and production methods, whereas end-of-pipe technologies curb 

pollution emissions by implementing add-on measures (Frondel et al., 2005). 

Second, pollution prevention and cleaner production programs reduce ecological 

damage from raw material extraction and refining operations, and the risk of 

emissions during the production process and during recycling, treatment and disposal 

operations. Third, civil participation in pollution prevention and cleaner production 

activities can reduce the risk of civil and criminal liability by minimizing the amount 

of waste generated. This benefit is particularly important, if the waste products are 

hazardous or toxic in nature. Pollution prevention and cleaner production make 

compliance with national and local regulations easier (Frondel et al., 2005; 
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CENTRIC (2013).However, it is practised on a small scale in Tanzania (Mdegela, 

2006). 

 

Table 3:  The table illustrates the difference between end-of-pipe technologies 

and cleaner production in the sense of production integrated 

environmental protection 

 End of pipe technology Cleaner production 

1 How can we treat existing waste and 

emissions? 

Where do waste and emissions come from? 

2 Stands for re-action Stands for action 

3 Generally leads to additional costs Can help to reduce costs 

4  Waste and emissions are limited 

through filters and treatment units 

 End-of-pipe solutions 

 Repair technology 

 Storage of emissions 

 Waste and emission prevention at the source 

 Avoids potentially toxic processes and 

materials 

5 Environmental protection comes in after 

products and processes have been 

developed 

Environmental protection comes in as an 

integral part of product design and process 

engineering 

6 Environmental problems are solved from a 

technological point of view 

Environmental problems are tackled at all levels 

/ in all fields 

7 Environmental protection is a matter for 

competent experts 

Environmental protection is everybody´s 

business 

8 Is bought from outside Is an innovation developed within the company 

9 Increases material and energy consumption Reduces material and energy consumption 

10 Increased complexity and risks Reduced risks and increased transparency 

11 Environmental protection comes down to 

fulfilling legal prescriptions 

Environmental protection as a permanent 

challenge 

12 Is the result of a production paradigm 

dating from a time when environmental 

problems were not as yet known 

Is an approach intending to create production 

techniques for a more sustained development 

Source: CENTRIC (2013). 
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Principally, in Tanzania environmental pollution arising from mining is monitored 

and regulated by NEMC(The National Environment Management Council under the 

Government of Tanzania). Local government authorities have the responsibility for 

regulating environmental pollution in their respective areas. Under district councils 

there are environmental committees at the district, ward and village levels, all of 

which have regulatory responsibility concerning the environment. In addition, there 

are non-governmental organisations (NGOs) which make significant contributions to 

the regulation, advocacy and management of environmental of pollution. Despite 

being affordable, participatory and sustainable in protecting the environment from 

pollution, the pace of integration and implementation of this concept(cleaner 

production concept) is rather slow (Mdegela, 2006).  

 

The reasons for poor implementation are that the written regulations are often riddled 

with gaps and inconsistencies. Environmental regulatory agencies lack sufficient 

funding, qualified manpower, and personnel. Public pollution control facilities like 

wastewater treatment plants have yet to be built (Chibunda, 2008b; Blackman, 2009), 

lack of proper enforcement of the existing legislation, regulations, policy and by-

laws by local authorities. The mandates of central and local government on 

environmental management are weak, conflicting and confusing, enforcement of 

laws and implementation plans becomes difficult if not impossible (LEAT, 

2011).Perhaps most important is that the political will to allocate scarce resources to 

environmental protection and to enforce environmental regulations is limited 

(Chibunda, 2008b; Blackman, 2009). The dearth of government capacity in Tanzania 

to effectively regulate ASM reconfirms the findings of previous studies on ASM. 
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The government authorities were unable to manage the conditions of ASM, because 

they lack adequate resources to enforce existing regulations (Quiroga, (2002; Lovitz, 

2006). This is a vicious cycle in developing countries, because this lack of 

enforcement and control allows for environmentally destructive mining practices to 

persist.   

 

2.8 Mercury Toxicity Monitoring Methods 

Since the early 1960s, the growing awareness of mercury pollution has stimulated the 

development of more accurate, precise and efficient methods to determine Hg and its 

compounds in a wide range of matrices. Special attention has been paid to the 

determination of mercury in aquatic systems, because this element tends to 

accumulate in bottom anaerobic sediments. It is therefore one of the most important 

environmental contaminants that need attention from policy makers, industry, and 

general public (Wilson et al., 2008).  

 

Monitoring is a repetitive observation, for defined purposes, of one or more 

parameters, according to a prearranged schedule over time and space, using 

comparable and standardized methods to gather information continuously about the 

state of the environment (Thomas et al., 2005; Mdegela, 2006). For further 

clarification, biological monitoring is a method of observing the impact of external 

factors on ecosystems and their development over a period, or of ascertaining 

differences between one location and another (Li et al., 2010), based on sampling 

and analysis of an individual and individual organism’s tissues and fluids (Bernard, 

2008; Barbour and Paul, 2010).The method is based on the principle that different 
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aquatic invertebrates have different tolerance levels to pollutants. The presence of 

snails in the river for instance may indicate the cleanness of the watercourse 

(Muralidharan et al., 2010). 

 

Biomonitoring as a technique takes advantage of the knowledge that chemicals that 

have entered the organisms leave markers reflecting this exposure. The marker may 

be the chemical itself. It may also be a breakdown product of the chemical or some 

biological changes in the organisms as a result of the action of the chemical on the 

individual. The results of these measurements provide information about the amounts 

of natural and man-made chemicals that have entered and remained in the organisms 

and the corresponding effects induced. Depending on interactions between the 

selected organisms and the corresponding living space, biological monitoring can 

directly offer the data on the potential effects and actual integrated toxicities of 

pollutants, particularly when applied to the same community over time, may detect 

some biological modifications and therefore reflect the corresponding deleterious 

degree in the environment (Mdegela, 2006; Nordberg et al., 2007; Bernard, 2008). 

When measuring effects of chemicals on ecosystems, the uniformity, intensity, 

frequency, duration of exposure and uniqueness of the chemical are all important to 

consider (Depledge and Hopkin, 1993). 

 

For several reasons,as snails is one of the appropriate organisms for investigation of 

contaminant effects. Snails represent anintermediate between populations and 

ecosystems in the hierarchy of biological organization. They offer important insights 

regarding mechanisms of contaminant at lower levels and relevant endpointsat higher 
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levels. Furthermore, protecting community-level endpoints, such as species richness 

and diversity, is critical for maintaining ecological integrity. Because species 

richness is intimately linked to ecosystem function (e.g., primary production, energy 

flow, and nutrient cycling).Maintaining a diverse community is essential in 

protecting ecosystem services, defined here as benefits received from ecosystems 

that contribute to the well-being of all organisms, including humans (Clements and 

Rohr, 2009). 

 

2.8.1 Types of environmental monitoring methods 

There are three environmental monitoring methods that may be used to assess the 

risks of contaminants to the exposed organisms and to clarify the environmental 

quality of the ecosystem. These include the direct measurement of chemical 

pollutants in streams, soil, sediment or in the organisms themselves (van der Oost et 

al., 2003; Nordberg et al., 2007; Stejskal et al., 2008; Adams, 2009), second is the 

laboratory toxicity test in which the toxicity of a pollutant is determined by the death 

rate of exposed organisms in concentration and time units (Adams, 2009) and third is 

the use of bioindicators(Stejskal et al., 2008; Adams, 2009). 

 

The term bioindicator has been defined and used in various ways and some authors 

even use it to describe biomarkers. For the purpose of this study, the definition of 

bioindicators is considered as, as species or groups of species that responds 

predictably to contamination in ways that are readily observable and quantifiable 

(Mdegela, 2006). This response could be at any level of physiological or ecosystem 

organization from molecular or cellular at one end of the spectrum to population or 
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community at the other end (Schindler, 1996; Mdegela, 2006; Wolfe et al., 2007). 

These organisms are usually chosen to be tailored to specific types of stresses. They 

are any biological species or group of species whose function, population, or status 

can be used to determine ecosystem or environmental integrity (Schindler, 1996). 

 

2.8.2 Advantages of the use of bioindicators over chemical analyses 

If compared to the bioindicators approach, the first two methods (section 2.6.1) often 

provide only limited information. Bioindicators provide unique information not 

available from other methods (Adams, 2009; Muteveri, 2003). Chemical analyses 

can provide very accurate measures of the amounts of individual substances in the 

water but a monitoring system of this kind has always suffered from some 

drawbacks. Firstly, the results reflect the conditions in the river only at the exact 

moment of sampling. Furthermore, water current may disperse pollutants, even 

though concentration in organisms at a locality is high.  

 

This situation makes difficult the prediction of the extent of accumulation a short-

lived but catastrophic pollution event might easily be missed in aquatic organisms 

from the results of analysis of abiotic samples (Depledge and Hopkin, 1993; 

Muralidharan et al., 2010). Secondly, because there are literally thousands of 

different chemical substances that might be present in the water, it is virtually 

impossible to measure them all. Thirdly, some of the most toxic substances occur in 

minute quantities, often below the detection limits of even the most sophisticated 

analytical techniques. It is tricky, costly and unreliable (Day, 2000; Muralidharan et 

al., 2010). Living organisms need to be used in monitoring the quality of the 
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ecosystem for several reasons, the concentration capacity of the accumulator 

organisms makes the pollutants be easily measured, even when they are so diluted in 

the water that they cannot be analysed by the available standards. This permits the 

early detection of the presence of pollutants in the environment; consequently, the 

accumulator organism is also referred to as a "pollution early warning signal" of 

environmental damage (Adams, 2009).  

 

The presence of a pollutant in an organism is evidence that the pollutant is present in 

the environment. From the comparison of the concentrations of the same pollutant in 

individuals of the same species collected from various environments, the relative 

level of contamination of each environment may be evaluated. Analysis of 

contamination in organisms of the same species distributed in an area it is possible to 

obtain the spatial distribution of the pollutants in the environment. If the accumulator 

species are used as food, knowledge of their contamination level may be very useful 

in the determination of their suitability for the human diet (Ravera, 2001). 

Determiningthe effectiveness of remediation efforts in decontaminating waterways 

(Adams, 2009). The pollutant in the organism is identified and quantified, (Nordberg 

et al., 2007). Theconcentration in the organisms reflects the bio-availablefraction of 

the polluting metal, or, in other words, the fraction that is available for uptake in 

organisms (Nordberg et al., 2007; Muralidharan et al., 2010). 
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CHAPTER THREE 

 

3.0 MATERIALS AND METHODS 

3.1 Description of the Study Area 

This study was conducted at Mgusu artisanal gold mine, in the Geita District, 

Mwanza Region, located South West of Lake Victoria in Tanzania (Fig. 1). Geita has 

the largest number of miners in the Districts in Mwanza Region and is comprised of 

four major artisanal and small-scale miners’ centres, namely Nyarugusu, Nyakagwe, 

Mgusu and Rwamagasa (Scoble et al., 2007). Mgusu is located approximately 25 km 

north-west of Geita town, 10 km from the Geita-Biharamulo trunk road. On the north 

of the mine lies Mabubi River that is used as a source of water for processing ore 

from the gold mine. The river is very shallow, with depth varying between 0.5 m and 

3 m depending on the season and level of precipitation. Mabubi River serves as 

sources of drinking water, irrigation, fishing in some parts and other domestic uses. 

People also rear cattle near it (Chibunda, 2008b). The river drains the water into 

Nungwe bay of Lake Victoria that is situated approximately 13 km downstream of 

the mine. The history from the elders suggests that the present gold mining started in 

1987 after the discovery of gold in the Saragura-Mgusu hill area. By 1989/90 the 

population of Mgusu mining village had grown from zero to about 10000 inhabitants 

(Chibunda, 2008b). The present population in the study area is estimated at about 

5225 persons. Downstream of Mabubi River from the artisanal mining site to 

Nungwe Bay, there is no other important industry apart from agricultural activities 
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located along the banks of Mabubi River, which could potentially exaggerate the 

effects of the mercury pollution.  
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Figure 1:  This is a modified Map of study area from Chibunda et al. (2009) 

showing Mwanza and Geita Regions particularly the sampling points 

along the Lake Victoria and Mabubi River 
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3.2 Study Design 

This study included both field and laboratory studies. In laboratory studies, a 

randomized design was used, whereby snails were randomly assigned into 

experimental and control groups.  

 

3.2.2 Sample collection and culture 

Biological materials: The biological materials were fresh-water snails collected 

from the Mabubi River upstream and downstream of the mining site. They were 

transported to Sokoine University of Agriculture (SUA) where were sacrificed and 

oven-dried before taking them to Dar es Salaam at SEAMIC (Southern and Eastern 

Africa Mineral Centre) for chemical analysis. Another group of snails wassampled in 

areas perceived non-contaminated in Mwanza City and served as negative control. 

These snails from Mwanza City, perceived as unpolluted area were stocked and 

maintained in glass aquaria at the Physiology Research Laboratory in the Department 

of Physiology, Biochemistry, Pharmacology and Toxicology for further laboratory 

studies. 

 

Field sampling of snails: Sampling of snails were undertaken during the rainy 

season (in December, 2010), in two stages. The sampling process started about 5 km 

South of Mgusu Village. The first stage involved locating sampling sites, while the 

second stage involved the selection of sampling points. The GPS (Global Positioning 

System) navigation points of the sampled site were taken along the river (Fig. 1). The 

sampling points were selected on the basis of accessibility to the river and shore of 

Lake Victoria.   
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The scooping method and hand picking of snails were employed in sampling (Fig. 2). 

Samples were collected with a long-handled hardened plastic sieve. Snails were 

rarely seen near the edges of slightly deep waters or lodging in plant materials. The 

sieve was dragged through the water thereby collecting snails clinging to the plants. 

Where sieve could not be used, snails were handpicked with gloved hands and placed 

in plastic containers. However, their number was small due to the fact that most of 

them were washed away by rain. Snails collected from each habitat were kept in 

separate labelled plastic containers. The sampling period lasted for three days. 

 

Figure 2:  (a) The sampling process of snails by scooping along the Mabubi 

River, (b) Picking the snails from the scoop by using the table spoon 

 

To minimise stress due to the change of the habitat, snails from Mwanza City were 

kept in freshwater which is almost the same environment from where they were 

sampled. The freshwater used for stocking was fetched from Mindu Dam in 

Morogoro Municipal, whose level of pollution was insignificant (Mdegela et al., 

2009). During the period of stocking, snails were fed with blanched and dried lettuce. 

Before carrying out the experiments snails were allowed to acclimate to laboratory 

conditions for two weeks. Three different species of the snails were the sampled 

from Lake Victoria in Mwanza City as presented in the Table 4. These included 
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Biomphalaria obstructa, Bulinus tuberculata and Lymnaea stagnalis. The total 

number of snails sampled was 190. The first two species managed to cope with the 

laboratory environment, at 100 and 90% survival rate. Bulinus tuberculata failed to 

adapt to the new environment. Similar observation was  reported by Ravera (2001).  

 

Table 4:  Snail samples from Mwanza City 

Snail Species found and collected Number of snails 

Bulinus tuberculata 95 

Lymnaea stagnalis 50 

Biomphalaria obstructa 45 

 

3.4 Analytical Methodology 

Chemicals and Reagents: Sodium borohydride (NaBH4) powder, sodium hydroxide 

pellets (NaOH), concentrated hydrochloric acid, concentrated sulphuric acid and 

mercury standard solution. 

 

Equipment: Atomic Absorption Spectrometer. GBC SIGMA Equipped with hydride 

generator system HG 3000.  

 

3.4.1 Water parameters 

The dissolved oxygen and temperature were measured using the dissolved oxygen 

metre (Model YSI55, manufactured by Yellow Spring Ohio 45387, USA). The 

readings for the pH were taken by using pH metre. During the experiments also the 

measurements for the ammonia were taken after every 48h by the analytical test 

strips method (Merck KGaA, 64271 Darmstadt, Germany). 
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3.4.2 Determination of total mercury in snails 

Snails species sampled from Mabubi River were sacrificed and then dried before 

being taken to Dar es Salaam for mercury analysis. Total mercury analysis was 

performed at the Southern and Eastern Africa Mineral Centre (SEAMIC) in Dar es 

Salaam. Samples were analyzed for total mercury, after pre-treating the sample, as 

follows: A known mass of each snail sample was digested using 5 ml concentrated 

hydrochloric acid. The sample was left to dissolve for 15 minutes, and then 15 ml of 

concentrated nitric acid was added. Ten millilitres of concentrated sulphuric acid was 

then added and the sample was covered at room temperature until most of the sample 

had dissolved. Then the cover was removed and the mixture heated to 70°C on a 

water bath to evaporate slowly most of the acid. The sample was cooled and 

dilutedto 50 ml. Calibration standards (blank) were prepared using all the reagents 

but omitting the sample. Ten millilitres of digested sample, was acidified with 10 ml 

of 6M HCl. Then Hg was measured using Atomic Absorption Spectrometer. GBC 

SIGMA Equipped with hydride generator system HG 3000, with conditions given in 

the equipment manual. 

 

3.4.3 LC50 determination in snails 

Determination of LC50 (concentration that can kill 50% of snails) preceded the 

experiments for determining the fecundity, hatchability, growth and survivability. 

The experiment was performed by the method used by Chibunda (2008a). Snails 

were randomly assigned to the control or mercury treatments. In each experiment 

fresh water was used as control solution. The concentrations used were 240 µg, 250 

µg, 260 µg, 270 µg, 280 µg and 290 µg of mercury (II) chloride (a soluble form of 
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Hg) produced and distributed by Merck KGaA, Darmstadt, Germany (batch number 

(HS code) 31393088). These concentrations were chosen on the basis of preliminary 

trials. Live great pond snails (Lymnaea stagnalis), Fig. 3 were used mercury toxicity 

testing. Due to limited number of specimens, only four snails were kept in glass 

aquaria containing treated fresh water with HgCl2. Each set of the experiments was 

replicated three times. The experiments were run for 24, 48, 72 and 96 hours period, 

during which no food was provided. The exposure medium was not renewed and the 

mortality was noted.  

 

 

Figure 3:  Great pond snail species used in this study- Lymnaea stagnalis 

 

3.4.4 Determination of effects of mercury in snails 

The experiments were performed according to the procedure used by Chauhan and 

Singh (2010). Snail species (Lymnaea stagnalis) were randomly placed into two 

groups; control and experimental groups, the later were treated with sub-lethal 

concentrations of pure HgCl2 to determine its effects on fecundity, hatchability, 

growth and survivability. The exposed snails were kept in static water, and the 
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exposure time was short. At the beginning of each exposure and with every renewal 

of freshwater, hydrological parameters includingtemperature, dissolved oxygen, and 

pH were taken. The ammonia readings of the used water were taken before putting in 

the freshwater from Mindu Dam.   

 

3.4.4.1 Test compound and general exposure conditions 

The mercuric chloride solution was made up from analytical grade mercuric chloride 

(HgCl2). The stock solution was prepared using mercuric salt in freshwater collected 

from Mindu dam within 30 minutes before the beginning of the experiments. To 

avoid contamination, all experiments were performed in 1000 ml acid washed and 

rinsed glass bottles. Test concentrations of 56 μg/L and 112 μg/L of HgCl2, which 

was equivalent to 20.29% and 40.58% of the LD50 for great pond snails (Lymnaea 

stagnalis) (LD50 was 276 μg/L HgCl2), established in this study (see section 3.4.3), 

were used in the study. All experiments were triplicated, except for the hatchability, 

in which only one experiment was performed, and to avoid a recontamination of the 

snails by their own excreta in the water column, test freshwater was carefully 

renewed every 48 hours. The effects of mercury in snails were observed on weekly 

basis. The criterion for determining snail death was the failure of adult snails to 

respond to prodding of their foot and laying upside down.  

 

3.4.4.2 Determination of fecundity 

Groups of 374 young snails were placed in transparent aquaria 1000 ml test water. 

There was a control groupand exposed group. The exposed groups were exposed to 

mercury at concentrations of 20.29% and 40.58% of LC50, which was established in 
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this study, for 24, 48, 72 and 96 hours. After exposure, observation was done for four 

weeks. 

 

Aquaria were filled with 0.5L of oxygenated freshwater for 24 hoursa day for 

replacementand the required concentration of HgCl2 was be mixed with fresh water 

in each aquarium. Seven adult snails were placed in each aquarium (Fig. 4). Three 

replicates were used for each set of experiment; water temperature was 24 ±1 ºC 

during the experiment. A control group of snails was kept in similar conditions 

without any treatment. Once the snail finished laying the eggs, it moved out of the 

place leaving behind the egg mass alone (Deacon, 2007). The laid eggs were 

collected and counted weekly.   

 

Figure 4:  Bottles used as aquaria in this study for toxicity tests 

 

3.4.4.3 Determination of hatchability 

To determine the effect of Hg on the hatchability of snails’ eggs, 30 eggs were put 

into glass bottles containing 20.29% and 40.58% of the LD50 of the HgCl2 

concentration. These eggs were exposed to that mercury concentration for 24, 48, 72 
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and 96 hours. Snails were removed from the stock solution to freshwater. In a 

preliminary experiment the incubation period of the eggs was observed and found to 

range between 7 days and 14 days. The hatchability was checked on weekly basis for 

two weeks. The same was done to the control group. At the end of the experiment the 

hatched eggs (Fig. 5) in terms of live snails, were collected and counted by using 

stereo microscope (Fig. 6).Disintegration of embryos or absence of movement of the 

embryo was considered for mortality of eggs. 

 

Figure 5:  Eggs of snails (L. stagnalis) 
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Figure 6:  The process of counting snail eggs by using stereo microscope 

 

3.4.4.4 Determination of growth and survival 

To measure weights, snails (including shell) from each group were wrapped with 

filter paper to absorb condensed moisture on the snail shell surface and then weighed 

on an analytical digital balance to determine the wet weight. Growth was measured 

weekly by measuring the weight of the snail. The growth of snails was determined by 

taking the wet body weight of each snail before exposing them at a concentration of 

56μg/L and 112μg/L of HgCl2. For both experiments, the mean weekly weights of 

the various groups were taken. Then the growth coefficient of the snails at each 

concentration at weeks 1, 2, 3, and 4 was calculated by using the following equation 

below, 

 

Y = (wt/w0) x 100 

Where Y =growth coefficient of snails exposed at concentration µg Hg
2+

 fort days, 

wt= mean weight of snails exposed at concentration µg Hg
2+

/g fort days, w0 = mean 
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weight of snails exposed at concentration µg Hg
2+

 when t = 0 (Cœurdassier et al., 

2000). Survival of the exposed snails was observed from those used also for 

determination of growth. Observation was done for four weeks, after exposure.  

 

3.5 Data Analysis 

The raw data were summarized in Microsoft Excel Spreadsheet files. Frequencies 

and mean ± standard deviation (SD) for field data were computed using GraphPad 

Prism software. The endpoints measured in the snail mercury toxicity testing were 

adverse effects on survival. The statistical endpoint for mercury toxicity testing 

determined was LC50 values. LC50 value was estimated for survival using the probit 

analysis program (Version 1.5) (EPA, 1999). Statistically significant differences in 

comparing the biological effects of mercury in snails between control and 

experimental groups were determined by the analysis of variance (ANOVA) using 

the same software (GraphPad Prism software). All conclusions are based on at least 

5% level of significance (P<0.05).  
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CHAPTER FOUR 

 

4.0 RESULTS 

4.1 General Observation in the Field 

Despite the government order to close the mine following the death of 70 people due 

to frequent mine accidents on 29
th

 March, 2009 (Prime Minister's Office, 2009). 

Mineral mining and processing is continuing in the study area to date. The mercury 

use for gold extraction is evident everywhere in the area. During data collection, the 

researcher met people who were mining using mercury for extracting gold from its 

ore bare hand. Apart from the adults (women and men) (Fig. 7 and Fig 8), children 

were also found working in the mines (Fig. 9), their main activities are sieving the 

gold ore and supplying water. During sample collection some areas were accessible 

and some were not reachable and hence failed to collect snails samples. 

 

  a  b 

 

Figure 7:  (a) A woman working on the stones thought to contain gold by 

reducing their sizes by hammering (b) people (men) working on 
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the gold ore mixed with pure mercury bare hand at Mgusu 

artisanal gold mine processing site 

  a  b 

 

Figure 8:  (a). An artisanal gold miner roasting the gold-mercury amalgam(b). 

A gold extract after roasting at Mgusu artisanal gold mine 

processing site 

 

  a  b 

 

Figure 9:  (a) and (b): Children amalgamating pure mercury with gold 

concentrate at Mgusu artisanal gold mine processing site bare hand 
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Figure 10:  Sampling of snails by scooping along the Mabubi River at Mgusu 

artisanal gold ore processing site 

 

4.1.1 Sampled snail species and mercury concentration 

A total of 51 snailsof four species were submitted to SEAMIC for chemical 

analysis.While two snails species, Biomphalaria obstructa and Bulinus 

natalensiswere sampled from the upstream, the remaining 49 (Biomphalaria 

obstructa (11), Bulinus forskalii (5) and Lymnaea stagnalis (33) were from 

downstream of Mabubi River.Regarding chemical analysis results, the total mercury 

concentration in two snails-Biomphalaria obstructa (one sampled from the area that 

was thought to be unpolluted and another from the polluted area) was 4690µg/g and 

12380µg/g respectively. There were two snails (Lymnaea stagnalis) with high total 

mercury concentrations of24410µg/g and 50620µg/g. These were sampled from the 

polluted area.High total mercury concentration(10660µg/g)was recorded in Bulinus 

natalensis sampled from theupstream area thought to be unpolluted. Total mercury 

concentration in L. stagnalis was (median and range) 4298 and 12.62 to 50618 

respectively. Total mercury concentrations was recorded as below the detection 

limits (<0.01µg/g) in 28 snails (Table 5). 
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Table 6:  Number of snail species having total mercury concentrations below 

the detection limit 

     Snail Species Area 

Sampled 

Number of 

samples 

Mean Weight 

(gm) 

Mean mercury Conc. 

(mg/g) 

Biomphalaria obstructa Downstream 10 0.07±0.04 <0.001 

Bulinus forskalii Downstream 5 0.01±0.00 <0.001 

Lymnaea stagnalis Downstream  13 0.21±0.12 <0.001 

 

4.2 General Observation for Experimental Results 

The behavioural and morphological changes in the snails exposed to different 

concentrations of mercury after 24, 48, 72 and 96 hours were also observed. When 

exposed to mercury at different concentrations, the snails moved up and down, 

extended their bodies out of the shells, moved around in the containers, and secreted 

whitish jelly like materials, followed by slow movement. Later on, they became 

motionless, unable to append their feet or closed their opercula, and were incapable 

of retracting into their shells especially at higher mercury concentrations. Finally, the 

snail sank down to the bottom, became motionless, and eventually died lying upside 

down.  

 

4.2.1Water parameters monitored during the exposure 

During the experiments water quality parameters (dissolved oxygen, temperature, 

pH, and ammonium concentrations) were monitored and maintained relatively 

constant. The monitoring results of the water quality conditions during the exposure 

period are summarized in the Table 6.The measurements for the ammonia were 

below the detection limit (<10 mg/L).   
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Table 7:  Mean value (±Standard Deviation) of the water parameters 

Characteristic Mean ±S.D 

Dissolved oxygen (mg/L) 8.35 ±1.12 

Temperature (0C) 22.43 ±2.66 

pH 7.29 ±0.17 

 

4.2.2 Toxicity test of mercury in great pond snails 

During experiments, only the L. stagnalis was used. This species was chosen for 

ecological reasons, as it is commonly found in freshwater systems of Lake Victoria 

Region. Other reasons are adaptability to new environment, high fecundity and its 

position in aquatic food chain. The substances, including toxic ones, are taken up by 

aquatic animals via two pathways which include uptake with food and direct uptake 

from the water. Because the relative importance of each of these pathways is strongly 

influenced by biological and environmental factors, it is not easy to generalise the 

contribution of the different pathways to the pollutant accumulation in the organisms. 

Indeed, in some aquatic species, the uptake of pollutants is mainly via food and 

others via water. For example, fish and other aquatic animals, snails inclusive take up 

MeHg by direct absorption from the water, through the gill’s membrane and skin, as 

well as by the ingestion and digestion of contaminated food (Ravera, 2001).  

 

Before carrying out further toxicity studies, LC50 for Lymnaea stagnalis was 

established. Adult snails of an average wet weight of 0.037 gm were used. The 

established LC50 was 276µg/L of HgCl2(Table 7). Therewere no observed effects at 

concentrations of 240 and 250 µg/L of HgCl2. The toxicological effects of mercury 



58 

 

were measured by snail survival. Compared to controls, the survival of L. stagnalis 

generally decreased as a function of mercury exposure. With the concentration of 

260µg/L, 270µg/L, 280µg/L and 290µg/L,respectively, the mortality rate of the snail 

increased as the concentration of mercury increased. The exposed snails showed a 

dose dependent increase in mortality. Considering the four different doses at which 

snails death occurred, the difference was significant (P<0.05), between exposed and 

control groups.  

 

Table 8:  Toxicity testing fordifferent mercury concentrations to great pond 

snails 
Mercury Concentration 

(µg/L) 

Number Exposed Number Responded Observed Proportion 

Responding (%) 

Control 24 0 0 

240 12 0 0 

250 12 0 0 

260 12 2 17 

270 12 3 25 

280 12 7 58 

290 12 11 92 

 

4.2.3 Effect of mercury exposure on the fecundity of great pond snails 

Adult snails of an average wet weight of 0.025gm were used for fecundity 

experiment. There were no significant difference in fecundity between control and 

exposedgroups (P>0.05). The results for the eggs laid for exposed and control groups 

are presented in Fig. 11. Higher number of eggs was laid in the control group than 

the exposed group, in the first week of observation following the exposure, but there 

were no difference noticeableduring the rest three weeks of the monitoring period. In 

this period many eggs were laid by snails in both unexposed and exposed ones as 

shown by the trend Fig. 11. 
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Figure 11:  Trends show biological effects on fecundity on dose response 

profile 

 

4.2.4Effect of mercury exposure on the hatchability of eggs 

The data on hatchability for the control and exposed eggs of snails is shown in Table 

10. The hatching success was 98.7 % for the control group and 29%-60% for 56 and 

112µg/L Hg respectively, following two weeks of observation.There was a 

significant difference (P<0.05) in hatching efficiency between the eggs from the 

controls (n=4) and the exposed (n=8) groups of snails eggs. The hatchability of eggs 

was poor in the exposed group of eggs as compared with the control. Hatching delay 

was observed in the exposed eggs, it was observed from the 9
th

 day to 14
th 

day as 

compared with the control group of eggs in which within the first week of 

experimenting, hatching had taken place.   
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Table 9:  Percentage of the hatched eggs of great pond snails after two weeks 

of observation following exposure to mercury (II) chloride for 24, 48, 

72 and 96 hours 

 Control 20% of LC50 

(56µg/L HgCl2) 

40% of LC50 

(112µg/L HgCl2) 

Percentage of laid eggs (after 

24hr of exposure) 

100 73 40 

Percentage of laid eggs (after 

48hr of exposure) 

100 63 33 

Percentage of laid eggs (after 

96hr of exposure) 

93 57 27 

Percentage of laid eggs (after 

96hr of exposure) 

100 47 17 

Overall Percentage 98.7 60 29 

 

4.2.5 Effect of mercury exposure on the growth of great pond snails 

Mercury (II) chloride concentrations of 56μg/L and 112μg/L inhibited the growth of 

great pond snails (L. stagnalis) comparing to the control group. During experiment 

mercury inhibited growth in a dose-dependent manner. The control group of snails 

increased their weight significantly during the 4 weeks, but those exposed to HgCl2, 

showed small increase in weight. Growth inhibition was observed on the first week 

of exposure. The results are presented in Table 9. The differences in growth between 

control and exposed groups were significant (P<0.05). The growth coefficient of 

snails was higher in lower Hg concentrations indicating a higher growth rate, than 

those in higher Hg concentration groups (Fig. 12).   
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Table 10: Weekly mean weight of great pond snails following mercury 

exposure 

HgCl2 

conc. 

(µg/L) 

Week 0 Week 1 Week 2 Week 3 Week 4 

Mean Mean Mean Mean Mean 

Control 0.004±0.0 0.007±0.0 0.013±0.01 0.020±0.01 0.035±0.01 

56 0.004±0.0 0.006±0.0 0.012±0.01 0.019±0.01 0.027±0.02 

112 0.004±0.0 0.004±0.0 0.009±0.01 0.014±0.01 0.022±0.01 

 

 

Figure 12:  Growth coefficients for Lymnaea stagnalisfollowing exposure to 

sub-lethal concentrations of mercury (II) chloride 

 

4.2.6 Effect of exposure to sub-lethal concentrations of mercury (II) chloride on 

survival 

The results are presented in Table 10, for the effects of mercury (II) chloride on the 

survival of the test organisms (L. stagnalis) during the 24, 48, 72 and 96 hours of 
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exposure, after four weeks of observation. There was low mortality observed in this 

experiment and the difference was not significant (P>0.05) between control and 

exposed groups. At a concentration of 56µg/L mercury (II) chloride, the mortality 

was only 10% while at 112µg/L it was 20%.Thecontrol group mortality was only 

1.7% by week four (4) of observation following exposure. 

 

Table 11:  Effect of mercury (II) chloride exposure on survival great pond 

snails(Lymnaea stagnalis) 

HgCl2(µg/L) Survival 

Week 1 (%) 

Survival 

Week 2 (%) 

Survival 

Week 3 (%) 

Survival Week 4 

(%) 

Control (0) 

56 

112 

100 

100 

80 

100 

95 

80 

100 

90 

80 

98.3 

90 

80 

 

Table 12:  Effects of mercury on hatchability and growth of great pond snails 

(Lymnaea stagnalis) observed in this study 

Test organism Hg concentration (μg/L) Observation 

Lymnaea stagnalis 203.92 Acute toxicity 

Lymnaea stagnalis 41.4 and 82.7 Inhibited growth and delayed 

the hatchability   
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CHAPTER FIVE 

 

5.0 DISCUSSION 

5.1Bioaccumulation and Distribution of Mercury in the Snails Along the 

Mabubi River 

Mercury entrance into aquatic environments causes serious changes in the natural 

ecosystem functioning, such as changes in the food chain structure, physiological and 

behavioural changes in aquatic organisms as well as decrease of biodiversity and 

extinction of sensitive taxa (Sychra et al., 2011). The mercury determination appears 

to be a practical way to measure the pollution by mercury in the Mabubi River.  

 

This analysis was useful in identifying the hotspots of mercury pollution in Lake 

Victoria Basin. The pollutant observed come from waste fluids which is a mixture of 

water and soil containing mercury tailings, due to the artisanal gold mining activities 

going on at this time along the Mabubi River banks. The levels of mercury in almost 

all the samples from the study area are relatively high. Chemical analysisshowed that 

high amount of Hg was present in the snails sampled from Mabubi River 

ecosystem(section 4.1.1). This might be the effect of poor environmental 

enforcement of mercury waste dumping, mainly from artisanal gold mine located at 

Mgusu village. Total mercury concentration levels were variable between upstream 

and downstream of Mabubi River.  

 



64 

 

These results suggest mercury transfer from one point to another from the artisanal 

mining gold processing site to Nungwe Bay is generally very low, even during the 

rainy season. There is no similar study has ever been done in Lake Victoria Basin 

which can be used to compare these result with. However, similar kind of studies has 

been done elsewhere in which high level of mercury in great pond snails (Lymnaea 

stagnalis) were recorded (Sychra et al., 2011).  

 

The increase of mercury loads to the aquatic environment has resulted in 

accumulation of this metal in great pond snails,consequently affecting adversely the 

aquatic populations(Ravera, 2001; Fernandes et al., 2007; Mieiro et al., 2009). The 

observed concentration of mercury in the snails is as a result of numerousconditions. 

There are two types of conditions that affect the Hg bioavailability for aquatic biota, 

physico-chemical conditions that act outside the organisms (Colaço et al., 2006),for 

aquatic organisms this include temperature, salinity (Zhou et al., 2008; Karleskintet 

al.,2010), pH, and the amount of sunlight, the concentration of the pollutant in the 

water (Karleskintet al.,2010), nutrient supply (Cunningham and Saigo, 1990; Mieiro 

et al., 2009; Karleskintet al.,2010) and its degree of contamination, the physical-

chemical form of the pollutant (Mieiro et al., 2009), soil and water chemistry and 

living space (Karleskintet al.,2010), as in any environment.  

 

Secondly are biological conditions that act within the organisms (Colaço et al.,2006), 

which include, genes and the evolutionary adaptations this also include the 

membrane permeability of the organism,they have acquired to deal with changing 

environmental conditions (Karleskintet al., 2010), other biotic factors include the 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cola%C3%A7o%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16844198
http://www.google.co.tz/search?tbo=p&tbm=bks&q=inauthor:%22George+Karleskint%22&source=gbs_metadata_r&cad=8
http://www.google.co.tz/search?tbo=p&tbm=bks&q=inauthor:%22George+Karleskint%22&source=gbs_metadata_r&cad=8
http://www.google.co.tz/search?tbo=p&tbm=bks&q=inauthor:%22George+Karleskint%22&source=gbs_metadata_r&cad=8
http://www.google.co.tz/search?tbo=p&tbm=bks&q=inauthor:%22George+Karleskint%22&source=gbs_metadata_r&cad=8
http://www.ncbi.nlm.nih.gov/pubmed?term=Cola%C3%A7o%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16844198
http://www.google.co.tz/search?tbo=p&tbm=bks&q=inauthor:%22George+Karleskint%22&source=gbs_metadata_r&cad=8
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age, body size, nutrition, and reproductive status (Zhou et al., 2008). The former will 

affect all biota in almost the same way depending on the characteristics of the 

environment whereas the biological factors may act in different ways. The latter, 

biological uptake from ingested food is probably the most important (Colaço et al., 

2006). This describes assimilation efficiencies of the mercury in the ecosystem by 

great pond snails (Lymnaea stagnalis), which are important for understanding their 

bioaccumulation in aquatic invertebrates. 

 

Presence of mercury at both upper stream and downstream of the rivermay be 

attributed to the likelihood of improper dumping of waste and or due to unknown 

gold mining activities going on outside the village with mercury waste being 

carelessly dumped into the same river. In this study, a trend of decrease in levels of 

mercury at different stations was not expected since the contamination is related to 

the waste discharge which is continuous. The reasons for the absence of significant 

correlation at different sampling stations could be associated with the presence of 

vetiver plants which serves well as mercury absorbent (Mangkoedihardjo and 

Triastuti, 2011). This may as well be due tolarge fluctuation in the levels of Hg in the 

waste (Kumar,2003). Otherreasons for the differences of mercury concentrations 

may be due to the influence of respective environmental factors such as dilutions, 

discharges, effluent mixing, and other weather-related effects (Limbong et al., 2003). 

The levels of mercury recorded in snails in this study were generally higher when 

compared to the limit of chronic reference values by WHO and EPA (Abdel-Baki et 

al., 2011).  

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cola%C3%A7o%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16844198
http://www.ncbi.nlm.nih.gov/pubmed?term=Cola%C3%A7o%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16844198
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Since there were no other sources of mercury in the study area, the mercury levels in 

the studied area areattributed to the existing artisanal gold mining facilities. This 

difference in mercury levels in snails indicates that the amount of mercury that find 

its way into the river are decreased to some extent as result of closure of mine 

following mine accident in 2009 (Prime Minister's Office, 2009). Awareness 

campaign should be given to the people who use water from Mabubi River. 

 

The mercury results, from the ongoing mercury-amalgamation gold mining sites and 

those from toxicity experiments, were above acceptable mercury levels allowed by 

regulatory agencies in the developed countries for the protection of aquatic 

organisms. Experimental recorded results exceed far that of the safety level of 5 µg/g 

body weight for total mercury for the invertebrates (Odom, 1975).People working in 

the study area mix the Hg and gold ore bare hand (Fig. 7b and Fig. 9) and burn the 

amalgam on the open air(Fig. 8a) because they are ignorant of the consequences. 

 

5.2. Developmental Effects of Mercury in Snails 

All exposure regimes used in this study had sub-lethal effects that can occur at 

concentrations or doses below those producing direct somatic death (Newman, 

2010). The lethal concentration (LC50), in this study forL. stagnalis was 276 µg/L of 

HgCl2 which is equivalent to 203.92 µg/L of Hg. The established lethal concentration 

of Hg salts falls within the range as reported by Eisler (2007), in the range of from 

below 0.1 µg/L, to more than 200 µg/LHg for representative sensitive species of 

aquatic and freshwater organisms. Mercury toxicity in snails takes place through a 

variety of mechanisms. Heavy metals including Hg, bind to free thiol groups, 
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disrupting proteins structure or function. Mercury generates reactive oxygen species 

through auto-oxidation reactions (Das and Khangarot, 2010).  

Primary criterion of a toxicity test is the survival following exposure to contaminated 

and uncontaminated (control) water (Ramakritinan et al.,2012). There were no 

significant mortality to be reported, normal growth, fecundity and hatching was 

observed, in uncontaminatedwater, demonstrating that the holding facilities and 

handling techniques were acceptable for conducting such tests, as required in the 

standard EPA/COE protocol where mean survival should be 90% (Ramakritinan et 

al.,2012). 

 

Sub-lethal effects of Hg were apparent from the first week of the experiment. Based 

on 56 μg/L HgCl2(=41.4μg/L of Hg) and 112μg/L HgCl2(=82.7μg/L of Hg), which 

are equivalent to 20.29% and 40.58% of the LC50 for L. stagnalis (its LC50 was 

276μg/L HgCl2= 203.92μg/L of Hg), obtained values from the present study, Hg 

demonstrated that had effects on hatchability and growth ofL. Stagnalisas the two 

were significantly reduced (p <0.05) (Table11) after four weeks of observation 

following exposure.  

 

The great pond snail (L. Stagnalis)produces a sessile gelatinous egg capsule (tunica 

capsulis) containing embryos that have a developmental period of approximately 

7 days at 20-24°C (own observation in this study). The embryos are contained in 

prolate spherical eggs that are embedded in a gelatinous matrix (tunica interna) 

(Ebanks et al., 2010), note Fig. 5. The results of the experiments (Table 9) indicated 

that the viability of L. stagnalis eggs in experimental solution were sensitive to 
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HgCl2. There was a delay in embryonic development and hatching failure inL. 

stagnalis after exposure to low concentrations of HgCl2 compared to the control 

group.  

 

The reduced hatchability in the snail L. stagnalis exposed to HgCl2 may be due to the 

interference of HgCl2 with the embryonic growth and development (Kushwaha and 

Singh, 2010). The developing embryo of snails is impaired by removal of ambient 

calcium (Ebanks et al., 2010) which is associated with the presence of mercury in the 

experimental environment. Similar observations were also reported by 

Gopalakrishnan et al. (2008) that the rate of fertilization was clearly reduced when 

sperm of the Hydroides elegans was incubated with even at 20µg/L of Hg
2+

.  

 

According to Bellas et al. (2001) as cited by Wadaan (2005)copper, cadmium and 

chromium reduced the rate of embryogenesis (hatching) intunicates (Coina 

intestinalis). These results are similar with the present findings in hatchability forL. 

stagnalisfollowing exposure toHg
2+

. This interference of the processes associated 

with key population response factors, such as hatchability, is linked to increased 

trace metal body burdens (Thompson et al., 2007). Therefore, mercury 

contamination in the environment could reduce the hatching success of snail eggs in 

aquatic ecosystem and inhibit recruitment of great pond snails (L. stagnalis) into 

snail population, leading to negative changes in the community. Such changes could 

result in further ecological changes since snails form the vital position in the food 

chain. Snails are eaten by fish, birds such as chickens, ducks and other lower life 
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forms, which are in turn eaten by species higher up the food chain including human 

beings. 

Growth was chosen as the response variable to measure sub-lethal effects because is 

not only easy to measure, but it integrates a suite of biochemical and philological 

effects into one quality that is often associated with individual fitness (Newman, 

2010). The exposed group in the growth experiment set up exhibited little increase in 

weight indicating the lowest Ca
2+

 concentrations. The shell of snails almost entirely 

consists of CaCO3 (Wilbur and Saleuddin, 1983), which means that snails exhibiting 

reduced growth coefficient (Fig.12) have accumulated less Ca
2+

 during the  24, 48, 

72 and 96 hours of Hg exposure. Most of Ca
2+

 for shell formation is derived directly 

from the water via uptake across the integument (Van Der Borght and Van 

Puymbroeck, 1966). It cannot be ruled out that the reduced growth seen in response 

to Hg
2+

 exposure is the result of impaired Ca
2+

 uptake from the water caused by Hg
2+

 

exposure and that growth is reduced or even arrested when Ca
2+

 is limiting(Grosell et 

al., 2006).Considering the high whole-animal Ca
2+ 

concentrations in snails, whichare 

two to three orders of magnitude higher than that of fish, it is obvious that Ca
2+

 

requirements for snails are very high. The responses of great pond snails (L. 

stagnalis) to mercury in this study were comparable with the results of other studies 

in invertebrates (Grosell et al., 2006). Grosell et al. (2006) reported that Ca
2+

 

homeostasis is disrupted by reduced Ca
2+

 uptake in rainbow trout exposed to high 

heavy metal concentrations.  

 

Grosell and Brix (2009) associated strongly inhibition of Ca
2+

 and inhibition of snail 

growth with Pb exposure. Similar findings were also reported by Brix et al. (2011) 
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where copper inhibited the growth of L. Stagnalis. In demonstrating the Ca
2+

 uptake 

inhibition by copper ion in L. stagnalis, which resulted into growth inhibition in 

L.stagnalis, Brix et al., (2011) reported the possible ways that L. stagnalis and 

perhaps snails in general, accomplish Ca
2+

 uptake via proteins that are unusually 

sensitive to copper ion compared with other aquatic species such as fish. In fish, Ca
2+

 

uptake across the apical membrane is believed to occur passively via the epithelial 

calcium channel (ECaC), a voltage independent channel, and is then actively 

transported across the basolateral membrane by a Ca
2+

-ATPase. In L. stagnalis, it is 

believed that Ca
2+ 

uptake is also accomplished partly by a basolaterally located Ca
2+

-

ATPase. Specifically, Ca
2+

 appears to cross the apical membrane via a voltage 

dependent calcium channel and possibly via an electrogenic Ca
2+

/2H
+
 exchanger 

with an apical H
+
-ATPase providing the electrogenic force. Given these differences 

between fish and snails, it is certainly possible that the inhibition of Ca
2+

 by copper 

ion is the direct result of inhibition of proteins at the apical membrane. 

 

Alternatively, the inhibition of Ca
2+

 uptake may be a secondary effect in response to 

the direct effect of Cu ion on some other protein or system in the snail. It 

hypothesized that inhibition of Ca
2+

 uptake is a result of a direct inhibition of 

carbonic anhydrase (CA) in the snail mantle. Carbonic anhydrase in the snail mantle 

hydrates CO2 to form HCO3
− 

and H
+
. The HCO3

−
 is utilized for shell formation 

(CaCO3) which also results in the production of an additional H+. Hence, inhibition 

of CA would not only eliminate the need for Ca
2+

 for shell growth, but would also 

significantly reduce the availability of H
+ 

to drive Ca
2+

 uptake across the apical 

membrane (Brix et al., 2011). It is therefore suggested that there is a link between 
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mercury exposure and growth inhibition in great pond snails (L.stagnalis) because of 

heavy metals. 

Using mortality as a criteria for survival(Cœurdassier et al., 2000; Chauhan and 

Singh, 2010; Ma et al., 2010), great pond snails(L. stagnalis) appear not to be 

sensitive to 56 μg/ L and 112 μg/L ofHgCl2 doses used, and therefore survival ofgreat 

pond snails (L. stagnalis) was not significant (P>0.05), because the reported 

mortality was only 10% to 20% (Table 10). Similarly, no response in mortality was 

observed in land snails  (Helix aspersa), fed on a diet containing up to 1000 µg/gof 

heavy metal (Cœurdassier et al., 2000). Mortality of snails in this study, with 

increase in time, might be due to the penetration of Hg
2+

 in them (Kushwaha and 

Singh, 2010). The reason for the low mortality in snails exposed to elemental 

mercury polluted environment is the efficient binding of metal ions by 

metallothioneins, which serve as a protecting factor and deposition in insoluble 

intracellular granules that require further investigation. Molluscs may also possess 

physiological mechanisms that allow them to regulate metal assimilation from food 

(Laskowski and Hopkin, 1996). As a result no increase in mortality was observed in 

this study. 

 

The fecundity of the exposed snail were not significantly affected (P>0.05). The dose 

response trends (Fig. 11) indicated that the exposed snails were much affected and 

shocked in the first week of observation as the number of eggs laid was small. But 

for the remaining three weeks of monitoring, there was high number of eggs laid by 

the chemically treated snails; thiswas not anticipated because mercury is one of the 

heavy metals known to cause depression in fecundity (Gopalakrishnan et al., 2008). 
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There is no explanation why this happened, however, it is suggested that may be the 

cause was due to low dose that was used in the experiment as a result there were 

insufficient interference of Hg
2+

 in the metabolic and physiological pathways 

responsible for reproduction. The caudo-dorsal cells (CDS cells) in brain of the great 

pond snails (L. stagnalis) release ovulation hormone. This active compound 

(mercury (II) chloride) probably failed to affect the CDS cells and thus stop the 

release of ovulation hormone (Kushwaha and Singh, 2010), leading to normal 

increase in fecundity of the chemically treated snails.It is suggested that further 

studies need to be done to determine the role of mercury in reproduction by using 

higher doses than those used in this study. 

 

Mercury deteriorates cell dynamics and damages cell membranes and tissues. 

Furthermore, the exchange of intercellular and intracellular substances and fluid is 

disturbed. Consequently, there is more diffusion of mercury into cells causing cell 

necrosis (Piyatiratitivorakul and Boonchamoi, 2008). Before we can argue that a 

certain species is suitable for monitoring pollution using bioindicators, it is important 

to determine if biological concentrations and responses will reflect levels in the 

environment. Contaminant levels in a particular species may vary depending on 

metabolic, physiological and/or dietary specialization. Therefore, it is important to 

study these variations, so that bioindicator species can be used effectively to monitor 

environmental quality. Wright and Mason (1999) looked at seasonal and spatial 

variations of several heavy metals, including mercury in biota. Higher mercury levels 

were found in biota during the winter months than during the summer months. 

Mercury concentration increased with size of the organisms, which shows that 
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bioaccumulation of Hg
2+

, occurs in these invertebrate species in an age dependent 

manner. The seasonal fluctuation of Hg
2+

 are thought to be due to increased run-off 

and sewage discharges during winter, and not so much because of biological factors 

like metabolism, or reproduction, since the same pattern was found in biota in this 

study. 

 

It is worth mentioningthat the use ofgreat pond snails (L. Stagnalis) as bioindicators 

of Hg pollution in Mabubi River ecosystem is good due to the fact that they are 

abundant in that river. During the sampling process, it was easy to find them except 

in areas where the river banks had no grasses. On the other hand, at the centre of the 

gold processing site, snails were not readily available, though the area had all the 

suitable conditions for them to be flourishing (Fig. 10). From the results, mercury 

concentrations could be the likely cause of theirscarcity. The fundamental principle 

of biomonitoring is that living organisms reflect the conditions in which they live, 

and so a change in some aspect of the biota implies a change in the environment in 

which the organisms live. Snails, for instance, live their whole lives near water, so 

they would not exist in a particular river if conditions at any time during their lives 

had been too harsh for their sustenance (Day, 2000). Because of their abundance in 

terms of high fecundity, their tolerance to pollutants, long aquatic life spans from 

several weeks to several years. This long life span provides an indication of the 

stream health over a period of time (Muralidharan et al., 2010). Laboratory rearing of 

snail species is simple and inexpensive and is favoured by its flexibility for nutrient 

sources. Short generation times and high reproductive capacity (own observation) 

ensures that this biological community can recover quickly from repeated sampling 
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events. In addition Mabubi River ecosystem is easily accessible. Therefore, they are 

worthy to be used in monitoring the quality of the aquatic ecosystems.   

Because of the artisanal gold mining activities and the mercury release into the 

Mabubi River ecosystem and other rivers ecosystems in the Lake Victoria Region, 

the assessment of quality of our rivers has to be continuous and not seasonal. To 

protect the public from the Hg hazards, it is important to minimize the amount of 

mercury released to the environment and the number of peopleexposed, especially 

vulnerable groups such as infants, young children, pregnant women, and the elderly, 

andthe public education on effects of mercury required.  

 

In linking the experimental results and field results, it is unclear why snails collected 

in the Mabubi River had significantly higher amounts of mercury in their bodies than 

those established in toxicity experiments. This might reflect local conditions in 

Mabubi River ecosystem. The difference might as well be due to mercury 

bioaccumulation effects.This point need to be investigated in the future, because 

snails could be used to explain pollution by mercury in the aquatic ecosystems at a 

large scale. 
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CHAPTER SIX 

 

6.0 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The variations of mercury levels in snails in the sampling sites within the Mabubi 

River provide insight into the pathway of mercury distribution from gold processing 

facilities. The results of this study suggest that Mabubi River ecosystem is under 

significant anthropogenic pollution. The study has demonstrated that the level of 

contamination in the ecosystem is high enough to cause damage to the aquatic  

ecosystem. This study has shown that environmental pollution by mercury from 

artisanal gold mining activities is high with detrimental effects in survival, growth 

and reproduction of the snails. It is therefore important to reduce mercury release 

from the gold processing facilities.As it was highlighted in this work, flexibility of 

Lymnaea stagnalis to discrete environmental settings makes it suitable for use, in the 

future, as a bioindicator of the aquatic ecosystem health against environmental 

pollutants including mercury. 

 

Bioindicators play an important role in identifying the factors controlling Hg toxicity 

and bioavailability and can ultimately be used to evaluate hazards where Hg 

pollution is present. The development of easily implementable, environmentally safe, 

low-cost, effective-fast and easy to apply, the method can be beneficial for rapid 

diagnosis of potentially hazardous situations, particularly in developing countries 

where resources are limited and pollution is widespread.  
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Great pond snails (Lymnaea stagnalis) are capable of accumulating mercury and 

other metals. The snails biomonitoring technique presented herein can be used within 

a short period of time at a relatively low cost. Consequently, this technique can be a 

useful tool for the evaluation of the bioavailability of mercury in polluted aquatic 

ecosystem.  

 

6.2 Recommendations 

1. The problem of mercury contamination in the Mabubi River and Lake Victoria 

region ecosystems will not be solved until the Government of the United 

Republic of Tanzania enforces the environmental and pollution regulations, and 

inspection services in favour of protecting human and ecosystem health.  

 

2. Biomonitoring of mercury in ecosystem using snail species-Lymnaea stagnalis 

as bioindicators of mercury pollution is of value. 

 

3. Public campaigns are necessary to deliver information to the target groups, by 

promoting environmental awareness on the best use and on the importance of 

wearing the protective gear when handling mercury to artisanal gold miners and 

also to people who live near the mine and earn their living through the mining 

operations.  

 

4. Further research is needed to assess the relative importance of environmental 

and ecological processes in mercury transfer to adequately protect aquatic 

ecosystem of Mabubi River and elsewhere.  



77 

 

5. Humanbeingsroutine screening tests should be introduced in health institutions, 

particularly in areas where mercury is used in gold extraction, because human 

contact with mercury is high in the study area. 

 

6. There is a need to hold a debate with a wide range of stakeholders on the 

question: Is the public being kept in the dark about the adverse effects of 

mercury? Because there are several researched published information, 

representing reliable, independent, and up-to-date knowledge on mercury which 

is not being used by the stakeholders. Currently, independent scientists are 

wasting resources, their valuable time and energy as far as regulation is 

concerned. The regulatory organs are obliged to publicly explain their attitude to 

independent science. 

 

7. High mercury levels were recorded in snails sampled from Mabubi River 

ecosystem;hence, there is a need to carry out further studies to elucidate the 

mechanism for survival. 
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