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ABSTRACT  

The objective of this study was to determine the level of mercury, lead, cadmium and 

arsenic in the environment and in selected staple foods consumed around Kisumu region 

of Kenya and to determine if those levels were within the maximum allowable limits by 

WHO. The heavy metal content of the samples was determined using AAS after wet 

ashing. The lead content in the water and soil ranged between 0.00 - 8.6 µg/100 ml and 

0.11 - 1.69 mg/100 g, respectively. In the maize and beans it was 0.00 - 0.23 mg/100 g, 

and in the fruits and vegetables it was 0.00 - 0.38 mg/100 g, while in the fish it was 0.01 - 

0.50 mg/100 g. The mercury content in the water and soil ranged between 0.01 - 0.03 

µg/100 ml and 1.00 - 4.05 µg/100 g, respectively. In the dry maize and beans it was 1.38 

- 2.20 µg/100 g, and in the fruits and vegetables was 0.00 - 3.41 µg/100 g, while in the 

fish it was 1.36-3.80 µg/100 g. The cadmium content in the water and soil ranged 

between 0.04 - 0.11 µg/100 ml and 0.07-0.15 mg/100 g, respectively. In maize and beans 

it was 0.07 - 0.15 mg/100 g, while in the fruits and vegetables it was 0.00 - 0.14 mg/100 

g. In fish it was 0.09 - 0.16 mg/100 g. The arsenic content in the water and soil ranged 

between 0.00 - 8.30 ng/100 ml and 12.39 - 24.36 µg/100 g, respectively. In the maize and 

beans it was 5.21 - 7.03 µg/100 g, while in the fruits and vegetables it was 2.89 - 7.34 

µg/100 g. In fish it was 4.31 - 7.66 µg/100 g. The results of this study show that the lead, 

mercury, cadmium and arsenic content in water and soil from Kisumu region were within 

the WHO maximum limits. However, there were significant differences in the heavy 

metals concentrations due to geographical location. There significant differences in heavy 

metal concentrations between species. It is recommended that further research be done to 
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determine the effect of food preparation on the heavy metals content in the foods, 

monitor the levels of the heavy metals in human tissue and also determine other sources 

of heavy metals contamination apart from soil and water and continuous monitoring of 

heavy metals since there may be seasonal variations in their levels.    
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CHAPTER 1:  

INTRODUCTION  

1.1 Background information  

Heavy metal toxicity represents a significant public health problem world wide. If 

unrecognized or inappropriately treated, heavy metal toxicity can result in 

significant morbidity and mortality (WHO, 1995). At ppm and sub-ppm levels, 

toxic heavy metals such as arsenic, cadmium, lead and mercury can affect human 

health, regardless of whether they are present in substances we ingest or in paint, 

fabric, plastic, and other materials we get in contact with (WHO, 1993). Various 

regulatory bodies around the world strictly regulate the maximum concentrations 

of heavy metal contaminants in foodstuffs, drugs and cosmetics. Most regulations 

have set the maximum limits for these trace metal contaminates in foods and water 

(IAEA, 1994).   

 

The periodic table contains 105 elements, of which 80 are considered as metals. 

Toxic effects in humans have been described for less than 30 of these metals. 

Many metals are essential to biochemical processes, and others have found 

therapeutic uses in medicine. However, occupational exposure to heavy metals has 

accounted for the vast majority of poisonings throughout human history (WHO, 

1993). A heavy metal is a member of an ill-defined subset of elements that exhibit 
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metallic properties, which would mainly include the transition metals, some 

metalloids, lanthanides, and actinides. Many different of heavy metals definitions 

have been proposed; some based on density, some on atomic number or atomic 

weight and some on chemical properties or toxicity (Duffus, 2002). The term 

heavy metal has been called "meaningless and misleading" in an IUPAC technical 

report due to the contradictory definitions and its lack of a "coherent scientific 

basis" (Duffus, 2002). There is an alternative term; toxic metal, for which no 

consensus of exact definition exists. Depending on context, a heavy metal can 

include elements lighter than carbon and can exclude some of the heaviest metals. 

One source defines a heavy metal as one of the "common transition metals, such as 

copper, lead, and zinc. These metals are a cause of environmental pollution 

(heavy-metal pollution) from a number of sources, including lead in petrol, 

industrial effluents and leaching of metal ions from the soil into lakes and rivers by 

acid rain" (Oxford University Press, 2000). Another common definition is based 

on the weight of the metal (hence the name heavy metal), classifying all metals 

weighing more than 5000kg/m
3
, such as lead, zinc and copper as heavy metals 

(Zevenhoven and Kilpinen, 2001). In medical usage, heavy metals are loosely 

defined and include all toxic metals irrespective of their atomic weight. Heavy 

metal poisoning can possibly include excessive amounts of iron, manganese, 

aluminium or beryllium (the fourth lightest element), or a semimetal such as 

arsenic. This definition excludes bismuth, the heaviest of stable elements, because 

of its low toxicity (Duffus, 2002). Heavy metals occur naturally in the ecosystem 

http://en.wikipedia.org/wiki/Transition_metal
http://en.wikipedia.org/wiki/Metalloid
http://en.wikipedia.org/wiki/Lanthanide
http://en.wikipedia.org/wiki/Actinide
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Atomic_weight
http://en.wikipedia.org/wiki/Atomic_weight
http://en.wikipedia.org/wiki/Chemical_properties
http://en.wikipedia.org/wiki/Toxicity
http://en.wikipedia.org/wiki/IUPAC
http://en.wikipedia.org/wiki/Toxic_metal
http://en.wikipedia.org/wiki/Toxic_metal
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Beryllium
http://en.wikipedia.org/wiki/Arsenic
http://en.wikipedia.org/wiki/Bismuth
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with large variations in concentration. Nowadays anthropogenic sources of heavy 

metals, i.e. pollution, have been introduced to the ecosystem. Waste derived fuels 

are especially prone to contain heavy metals so they should be a central concern in 

a consideration of their use (Zevenhoven and Kilpinen, 2001). 

 

Hippocrates described abdominal colic in a man who extracted metals, and the 

pernicious effects of arsenic and mercury among smelters were known even to 

Theophrastus of Erebus who lived in the period 370-287 BC (Jarup, 2004). Toxic 

effects from chronic exposure to heavy metals are far more common than acute 

poisonings. The chronic exposures may lead to a variety of conditions depending 

on the route of exposure and the metabolism and storage of the specific element in 

question (IAEA, 1994). Many of the heavy metals have been implicated as 

carcinogens in the setting of chronic exposure. The most common heavy metals 

implicated in acute and/or chronic toxicity are lead, arsenic, and mercury (WHO, 

1993). For the most part, heavy metals bind to oxygen, nitrogen, and sulfhydryl 

groups in proteins, resulting in alterations of enzymatic activity. This affinity of 

heavy metal species for sulfhydryl groups serves a protective role in heavy metal 

homeostasis as well. Increased synthesis of metal binding proteins in response to 

elevated levels of a number of metals is the body’s primary defense against 

poisoning. For example, the metalloproteins which are induced by many metals are 

rich in thiol ligands, which allow high-affinity binding with cadmium, copper, 

silver, and zinc among other elements (Silva et al., 2005). Other proteins involved 
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in both heavy metal transport and excretion through the formation of ligands are 

ferritin, transferrin, albumin, and hemoglobin (IAEA, 1994). Although ligand 

formation is the basis for much of the transport of heavy metals throughout the 

body, some metals may compete with ionized species such as calcium and zinc to 

move through membrane channels in the free ionic form. For example, lead 

follows calcium pathways in the body, hence, its deposition in bone and gingivae 

(IAEA, 1994). Nearly all organ systems are affected by heavy metal toxicity. 

However, the most commonly affected organ systems include the central nervous 

system (CNS), peripheral nervous system (PNS), gastrointestinal (GI), 

hematopoietic, renal, and cardiovascular (CV) (Silva et al., 2005) . To a lesser 

extent, lead toxicity involves the musculoskeletal and reproductive systems 

(WHO, 1987). The organ systems affected and the severity of the toxicity vary 

with the particular heavy metal involved, the age of the individual, and the level of 

toxicity (IAEA, 1994).  

 

Generally, children are more susceptible to the toxic effects of the heavy metals 

and are more prone to accidental exposures. Inorganic lead salts enter the body by 

way of ingestion or inhalation (WHO, 1987). For adults only about 10% of the 

ingested dose is absorbed. In contrast, children may absorb as much as 50% of an 

ingested dose. The percentage of absorbed lead is increased with deficiencies of 

iron, calcium, and zinc (WHO, 1989). It is also increased with a predominantly 
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milk diet, possibly due to the high lipid content of the milk. Children and infants 

are prone to developmental delays that are secondary to lead toxicity (IAEA, 

1994). 

 

Lake Victoria, with a total catchment area of approximately 194 200 km
2
, is 

located between latitudes 0°20N, 3°0S and longitudes 31°39E, 34°53E and is 

shared by Kenya, Uganda and Tanzania. Lake Victoria basin has a total 

catchment’s area of approximately 12,300 km
2
 and a mean run-off of 

approximately 7,300,103 m
3
. In Kenya, it comprises of a low-lying, dry lakeshore 

basin surrounded by Kericho, Nandi and Kisii highlands, with an annual rainfall of 

approximately 2000 mm. The area has a short rainy season from November to 

December and a long rainy season from March to May. The main river basins 

include Nyando (3450 km
2
), Sondu-Miriu (3489 km

2
) and Nzoia. Rivers Yala, 

Kibos and Awach form the other basins. The area is under extensive sugar, tea and 

coffee plantations. Associated agricultural industries include Panpaper mills 

(Webuye), sugar factories (Muhoroni, Miwani, Chemilil, Nzoia, Sony and 

Mumias) and tea factories (Kericho and Kisii regions). Most of the rivers in the 

lake basin drain areas overlain by Precambrian and tertiary volcanics. Past 

documented hydrological data show variable annual mean suspended loads and 

discharge rates of some rivers in the area (Campbell et al., 2006). 
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Kisumu town is the headquarters of Nyanza province, Kenya, on the northeastern 

shore of Lake Victoria. It is the commercial, industrial, and transportation centre of 

western Kenya, serving a hinterland populated by almost four million people. 

Kisumu is an important link in the Lake Victoria–Mombasa trade because of its 

water and rail connections. This has led to a high population density in the town, 

which results in heavy vehicle population, high quantities of sewerage disposed 

and high human activities that leads to pollution. The heavy vehicle population has 

led to lead pollution. Many of these vehicles have questionable roadworthiness 

because the regulatory measures in the country are not strictly enforced and they 

emit heavy fumes, which pollute the air and foodstuff grown or vended along the 

roads (Mutuku, 2004). Studies have reported high levels of lead content in 

vegetation sampled near major highways (Finkelman, 1996; Isabella, 1997). 

Research has also shown that there is good correlation between average traffic 

counts and average soil and plant lead content at sites close to the roadside 

(Isabella, 1997). Kisumu is the major urban town within the basin with various 

small scale to large scale industries (fish processing industries, tannery, brewery 

and textiles). Waste is discharged from municipal and industrial activities into the 

lake through rivers, surface run-off and storm waters.  

 

http://www.britannica.com/eb/article-9056565/Nyanza-Province
http://www.britannica.com/eb/article-9075259/Lake-Victoria
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1.2 Statement of the problem and Justification  

Over the past century, there has been an increasing awareness throughout the 

world of the health and developmental risks associated with environmental 

exposure to toxic metals, such as, lead (Pb), mercury (Hg), cadmium (Cd), and 

arsenic (As). While exposure to toxic levels of any of these environmental 

contaminants may result in impaired health in adults, the toxicological effects of 

these metals are often more devastating in the developing central nervous system 

and general physiological systems of children (Countera and Buchananb, 2004). In 

Kenya regulations on the concentrations of heavy metals in the foods have been 

established. However, despite the well established severity of the consequences of 

heavy metal poisoning, there is very little data on the magnitude of heavy metals 

contamination foods and environment in Kenya. This project is thus designed to 

avail information on the extent of heavy metals contamination in staple foods and 

the environment in Kisumu, around the Lake Victoria region of Kenya. Such 

information is important for designing intervention measures for minimizing heavy 

metal pollution. Lake Victoria is an important source of fish both for local 

consumption and export. In the industrialized countries, there are strict regulations 

on the concentrations of heavy metals in foods. Strict monitoring and enforcement 

measures have been put in place in these countries for these heavy metals (IAEA, 

1994). Therefore, contamination of Lake Victoria fish with the heavy metals could 

lead to the affecting of very many people both economically and health wise in 

Kenya, regionally and internationally. Its safety should be guaranteed and 
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safeguarded at all times. The results of this study can thus be used in designing 

necessary corrective and preventive actions to prevent or eliminate the threat of 

heavy metals contamination. Kisumu is a major urban town with various small to 

large scale industries (fish processing industries, tannery, brewery and textiles). 

The industrial wastes are discharged into the lake through rivers, surface run-off 

and by storm waters. There is a likelihood of the discharges containing toxic 

metals; including lead, mercury, cadmium and arsenic that could contaminate the 

lake ecosystem. It is thus important to establish the level of heavy metals 

contamination in the Lake Victoria ecosystem in order to determine the 

appropriate intervention measures if need be.  

 

The findings of this study, will enhance awareness among stakeholders on the 

severity of the heavy metals contamination of food and water, and thus on their 

safety, and consequently on human health.  Such information will be disseminated 

to policy makers with the objective of influencing positive intervention policies on 

heavy metal pollution in Kenya. Information generated will also contribute 

towards proper management of the environment given the nutritional and health 

implications posed. 
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1.3 Objectives  

1.3.1 Main objective  

The main objective of this study was to determine the level of mercury, lead, 

cadmium and arsenic in the environment and in selected staple foods consumed in 

the Kisumu region of Kenya.  

 

1.3.2 Specific objectives  

The specific objectives are to: 

1.3.2.1. Determine the level of mercury in staple foods, soil and water.  

1.3.2.2. Determine the level of lead in staple foods, soil and water. 

1.3.2.3. Determine the level of cadmium in staple foods, soil and water. 

1.3.2.4.  Determine the level of arsenic in staple foods, soil and water. 

1.3.2.5. To compare the level of heavy metals in the staple foods, soil and 

water with the maximum safe limits.  

1.4 Research questions 

1.4.1 What are the lead, mercury, cadmium and arsenic concentrations in the 

environment (soil and water) in Kisumu region? 

1.4.2 What are the lead, mercury, cadmium and arsenic concentrations in the 

selected staple foods consumed in Kisumu region? 
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1.4.3 Are the lead, mercury, cadmium and arsenic concentrations in the water, 

soil, fish, maize, beans, fruits and vegetables within the safe maximum 

health limits as given by WHO? 
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CHAPTER 2:  

LITERATURE REVIEW  

2.1 Introduction 

Heavy metal pollution can arise from many sources but most commonly arises 

from the purification of metals, e.g., the smelting of copper and the preparation of 

nuclear fuels (Duffus, 2002). Electroplating is the primary source of chromium and 

cadmium. Through precipitation of their compounds or by ion exchange into soils 

and muds, heavy metal pollutants can localize and lay dormant. Unlike organic 

pollutants, heavy metals do not decay and thus pose a different kind of challenge 

for remediation. Currently, plants or microrganisms are tentatively used to remove 

some heavy metals such as mercury (Zevenhoven and Kilpinen, 2001). 

Motivations for controlling heavy metal concentrations in gas streams are diverse. 

Some of them are dangerous to health or to the environment (e.g. Hg, Cd, As, Pb, 

Cr), some may cause corrosion (e.g. Zn, Pb), some are harmful in other ways (e.g. 

Arsenic may pollute catalysts) (Zevenhoven and Kilpinen, 2001). Within European 

community the 13 elements of highest concern are As, Cd, Co, Cr, Cu, Hg, Mn, 

Ni, Pb, Sn, and Tl, the emissions of which are regulated in waste incinerators. 

Some of these elements are actually necessary for humans in minute amounts (Cu, 

Cr, Ni) whilst others are carcinogenic or toxic, affecting, among others, the central 

http://en.wikipedia.org/wiki/Smelting
http://en.wikipedia.org/wiki/Nuclear_fuel
http://en.wikipedia.org/wiki/Cadmium
http://en.wikipedia.org/wiki/Soil_contaminant
http://en.wikipedia.org/wiki/Bay_mud
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nervous system (Hg, Pb, As), the kidneys or liver (Hg, Pb, Cd, Cu) or skin, bones 

or teeth (Ni, Cd, Cu, Cr) (Zevenhoven and Kilpinen, 2001).  

 

2.2 Lead  

2.2.1 General description 

Lead is the commonest of the heavy elements, accounting for 13 mg/kg of the 

earth's crust. Several stable isotopes of lead exist in nature, including, in order of 

abundance, 
208

Pb, 
206

Pb, 
207

Pb, and 
204

Pb. It is a soft metal with a melting point of 

327 °C (WHO, 2003).  

2.2.2 Occurrence  

Lead is used in the production of lead acid batteries, solder, alloys, cable 

sheathing, pigments, rust inhibitors, ammunition, glazes, and plastic stabilizers 

(WHO, 1989). Tetraethyl and tetramethyl lead are important because of their 

extensive use as antiknock compounds in petrol, but their use for this purpose has 

been almost completely phased out in many developing countries including Kenya 

(WHO, 2003). From a drinking-water perspective, the almost universal use of lead 

compounds in plumbing fittings and as solder in water-distribution systems is 

important. Lead pipes may be used in older distribution systems and plumbing 

(Quinn and Sherlock, 1990). Atomic absorption spectrometry and anodic stripping 

voltammetry are the methods most frequently used for determining the levels of 
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lead in environmental and biological materials. Detection limits of less than 1 

μg/litre can be achieved by means of atomic absorption spectrometry (ISO, 1986).  

 

With the decline in atmospheric emissions of lead since the introduction of 

legislation restricting its use in fuels, water has assumed new importance as the 

largest controllable source of lead exposure in the USA (Levin et al., 1989). Lead 

is present in tap water to some extent as a result of its dissolution from natural 

sources but primarily from household plumbing systems in which the pipes, 

solder, fittings, or service connections to homes contain lead. PVC pipes also 

contain lead compounds that can be leached from them and result in high lead 

concentrations in drinking-water. The amount of lead dissolved from the plumbing 

system depends on several factors, including the presence of chloride and 

dissolved oxygen, pH, temperature, water softness, and standing time of the water, 

soft, acidic water being the most plumbosolvent (Schock, 1989; 1990). Although 

lead can be leached from lead piping indefinitely, it appears that the leaching of 

lead from soldered joints and brass taps decreases with time (Levin et al., 1989). 

Prepared food contains small but significant amounts of lead. Lead content is 

increased when the water used for cooking or the cooking utensils contain lead, or 

the food, especially if acidic, has been stored in lead-ceramic pottery ware or lead-

soldered cans. The intake of lead from lead-soldered cans is declining as the use of 

lead-free solders becomes more widespread in the food processing industry (Quinn 

and Sherlock, 1990; Galal-Gorchev, 1991).  



 

 

14 

 

Soils and household dust are significant sources of lead exposure for small 

children (Clausing et al., 1987), but the levels are highly variable, ranging from <5 

μg/g to tens of milligrams per gram in contaminated areas. As lead is immobile, 

levels in contaminated soil will remain essentially unchanged unless action is 

taken to decontaminate them (CDC, 1985). The highest lead concentrations 

usually occur in surface soil at depths of 1–5 cm. Studies in inner-city areas in the 

USA have shown that peeling paint or dust originating from leaded paint during 

removal may contribute significantly to children's exposure to lead (Mushak and 

Crocetti, 1989). 

2.2.3 Health effects 

Adults absorb approximately 10% of the lead contained in food (USEPA, 1986), 

but young children absorb 4–5 times as much (Alexander, 1974). Absorption is 

increased when the dietary intakes of iron or calcium and phosphorus are low 

(Blake, 1983a;b). The principal vehicle for the transport of lead from the intestine 

to the various body tissues is the red blood cell (Moore, 1988), in which lead is 

bound primarily to haemoglobin and has a special affinity for the beta, delta and, 

in particular, fetal gamma chains (Ong and Lee, 1980). Following its absorption, 

lead appears both in a soft tissue pool, consisting of the blood, liver, lungs, spleen, 

kidneys, and bone marrow, which is rapidly turned over, and in a more slowly 

turned over skeletal pool. (Holtzman, 1978; Barry, 1978). Inorganic lead is not 
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metabolized in the body. Unabsorbed dietary lead is eliminated in the faeces, and 

lead that is absorbed but not retained is excreted unchanged via the kidneys or 

through the biliary tract (ATSDR, 1990).  

 

Lead is a cumulative general poison, infants, children up to 6 years of age, the 

fetus, and pregnant women being the most susceptible to adverse health effects. Its 

effects on the central nervous system can be particularly serious (WHO, 2003). 

Overt signs of acute intoxication include dullness, restlessness, irritability, poor 

attention span, headaches, muscle tremor, abdominal cramps, kidney damage, 

hallucinations, and loss of memory, encephalopathy occurring at blood lead levels 

of 100–120 μg/dl in adults and 80–100 μg/dl in children. Signs of chronic lead 

toxicity, including tiredness, sleeplessness, irritability, headaches, joint pain, and 

gastrointestinal symptoms, may appear in adults at blood lead levels of 50–80 

μg/dl. After 1–2 years of exposure, muscle weakness, gastrointestinal symptoms, 

lower scores on psychometric tests, disturbances in mood, and symptoms of 

peripheral neuropathy were observed in occupationally exposed populations at 

blood lead levels of 40–60 μg/dl (USEPA, 1986).  

 

Lead interferes with the activity of several of the major enzymes involved in the 

biosynthesis of haem (USEPA, 1986). The only clinically well-defined symptom 

associated with the inhibition of haem biosynthesis is anaemia (Moore, 1988), 

which occurs only at blood lead levels in excess of 40 μg/dl in children and 50 
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μg/dl in adults (FAO, 1987). Lead-induced anaemia is the result of two separate 

processes: the inhibition of haem synthesis and an acceleration of erythrocyte 

destruction (Moore, 1988). Enzymes involved in the synthesis of haem include d-

aminolaevulinate synthetase (whose activity is indirectly induced by feedback 

inhibition, resulting in accumulation of daminolaevulinate, a neurotoxin) and d-

aminolaevulinic acid dehydratase (d-ALAD), coproporphyrinogen oxidase, and 

ferrochelatase, all of whose activities are inhibited (USEPA 1986; Moore, 1988). 

Reproductive dysfunction may also occur in females occupationally exposed to 

lead (USEPA, 1986; IARC, 1980). In 1986, JECFA established a provisional 

tolerable weekly intake (PTWI) of 25 μg of lead per kg of body weight (equivalent 

to 3.5 μg/kg of body weight per day) for infants and children (FAO, 1987). This 

PTWI was reconfirmed by JECFA in 1993 and extended to all age groups (WHO, 

1993). On the assumption of a 50% allocation to drinking-water for a 5-kg bottle-

fed infant consuming 0.75 litres of drinking-water per day, the guideline value is 

0.01 mg/litre (WHO, 2003). As infants are considered to be the most sensitive 

subgroup of the population, this guideline value will also be protective for other 

age groups.  

2.3 Arsenic  

2.3.1 General description 

Arsenic exists in oxidation states of -3, 0, 3 and 5. It is widely distributed 

throughout the Earth’s crust, most often as arsenic sulfide or as metal arsenates 
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and arsenides. In water, it is most likely to be present as arsenate, with an 

oxidation state of 5, if the water is oxygenated. However, under reducing 

conditions (<200 mV), it is more likely to be present as arsenite, with an oxidation 

state of 3 (IPCS, 2001).  

2.3.2 Occurrence 

The different forms in natures are Arsenic (As),  Arsenic trioxide (As2O3), Arsenic 

pentoxide (As2O5), Arsenic sulfide (As2S3), Dimethylarsinic acid (DMA) - 

(CH3)2AsO(OH),  Monomethylarsonic acid (MMA) - (CH3)AsO(OH)2), Lead 

arsenate (PbHAsO4), Potassium arsenate (KH2AsO4), Potassium arsenite 

(KAsO2HAsO2). Arsenicals are used commercially and industrially as alloying 

agents in the manufacture of transistors, lasers and semiconductors, as well as in 

the processing of glass, pigments, textiles, paper, metal adhesives, wood 

preservatives and ammunition. They are also used in the hide tanning process and, 

to a limited extent, as pesticides, feed additives and pharmaceuticals. Arsenic is 

introduced into water through the dissolution of rocks, minerals and ores, from 

industrial effluents, including mining wastes, and via atmospheric deposition 

(IPCS, 1981; Nadakavukaren et al., 1984; Hindmarsh and McCurdy, 1986). In 

well oxygenated surface waters, arsenic(V) is generally the most common arsenic 

species present (Irgolic, 1982; Cui and Liu, 1988); under reducing conditions, such 

as those often found in deep lake sediments or groundwater, the predominant form 
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is arsenic(III) (Lemmo et al., 1983; Welch et al., 1988). An increase in pH may 

increase the concentration of dissolved arsenic in water (Slooff et al., 1990). 

 

Arsenic concentrations measured in remote or rural areas range from 0.02 to 4 

ng/m
3
 (US NRC, 1999). In urban areas, arsenic concentrations of 3–200 ng/m

3
 

have been measured. Much higher concentrations (>1000 ng/m
3
) are present in the 

vicinity of industrial sources (Ball et al., 1983; WHO, 1987; US NRC, 1999). The 

level of arsenic in natural waters, including open ocean seawater, generally ranges 

between 1 and 2 μg/litre (Hindmarsh and McCurdy, 1986; US NRC, 1999). 

Concentrations may be elevated, however, in areas with volcanic rock and 

sulphide mineral deposits (Hindmarsh and McCurdy, 1986); in areas containing 

natural sources, where levels as high as 12 mg/litre have been reported (Grinspan 

and Biagini, 1985); near anthropogenic sources, such as mining and agrochemical 

manufacture (US NRC, 1999); and in geothermal waters (mean 500 μg/litre, 

maximum 25 mg/litre) (US NRC, 1999). Mean arsenic concentrations in sediment 

range from 5 to 3000 mg/kg; the higher levels occur in areas of contamination (US 

NRC, 1999) but are generally unrelated to arsenic concentrations in water. The 

total estimated daily dietary intake of arsenic may vary widely, mainly because of 

wide variations in the consumption of fish and shellfish. Most data reported are for 

total arsenic intake and do not reflect the possible variation in intake of the more 

toxic inorganic arsenic species. Limited data indicate that approximately 25% of 

the arsenic present in food is inorganic, but this is highly dependent upon the type 
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of food (Hazell, 1985; US EPA, 1988; IPCS, 2001). Fish and meat are the main 

sources of dietary intake of arsenic (Gartrell et al., 1986a); levels ranging from 0.4 

to 118 mg/kg have been reported in marine fish sold for human consumption, and 

concentrations in meat and poultry can be as high as 0.44 mg/kg (Health and 

Welfare Canada, 1983). The mean daily intake of arsenic in food for adults has 

been estimated to range from 16.7 to 129 μg (Hazell, 1985; Gartrell et al., 1986a; 

Dabeka et al., 1987; Zimmerli et al., 1989); the corresponding range for infants 

and children is 1.26–15.5 μg (Nabrzyski et al., 1985; Gartrell et al., 1986b). In 

preliminary studies in North America, the estimated daily intake of arsenic from 

the diet was 12–14 μg of inorganic arsenic (Yost et al., 1998).  

2.3.3 Health effects 

Ingested elemental arsenic is poorly absorbed and largely eliminated unchanged. 

Soluble arsenic compounds are rapidly absorbed from the gastrointestinal tract 

(Hindmarsh and McCurdy, 1986); arsenic(V) and organic arsenic are rapidly and 

almost completely eliminated via the kidneys (Buchet et al., 1981a; Luten et al., 

1982; Tam et al., 1982). Inorganic arsenic may accumulate in skin, bone, liver, 

kidney and muscle (Ishinishi et al., 1986); its half-life in humans is between 2 and 

40 days (Pomroy et al., 1980). Inorganic arsenic is eliminated from the body by 

the rapid urinary excretion of unchanged arsenic in both the trivalent and 

pentavalent forms and by sequential methylation (Buchet and Lauwerys, 1985; 

Lovell and Farmer, 1985). Limited short-term studies on humans indicate that the 



 

 

20 

capacity to methylate inorganic arsenic is progressively, but not completely, 

saturated when daily intake exceeds 0.5 mg (Buchet et al., 1981b). In humans, 

inorganic arsenic does not appear to cross the blood–brain barrier; however, 

transplacental transfer of arsenic in humans has been reported (Gibson and Gage, 

1982). 

 

A number of studies have attempted to show that arsenic is an essential element, 

but a biological role has not been demonstrated so far (US NRC, 1999, 2001). 

Arsenic has not been demonstrated to be essential in humans (IPCS, 2001). The 

acute toxicity of arsenic compounds in humans is predominantly a function of their 

rate of removal from the body. Arsine is considered to be the most toxic form, 

followed by the arsenites (arsenic(III)), the arsenates (arsenic(V)) and organic 

arsenic compounds. Lethal doses in humans range from 1.5 mg/kg of body weight 

to 500 mg/kg of body weight (Buchet and Lauwerys, 1982). Acute arsenic 

intoxication associated with the ingestion of well water containing 1.2 and 21.0 mg 

of arsenic per litre has been reported (Feinglass, 1973; Wagner et al., 1979). Early 

clinical symptoms of acute intoxication include abdominal pain, vomiting, 

diarrhoea, muscular pain and weakness, with flushing of the skin. These symptoms 

are often followed by numbness and tingling of the extremities, muscular 

cramping and the appearance of a papular erythematous rash (Murphy et al., 

1981). Within amonth, symptoms may include burning paraesthesias of the 

extremities, palmoplantar hyperkeratosis, Mee’s lines on fingernails and 
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progressive deterioration in motor and sensory responses (Fennell and Stacy, 1981; 

Murphy et al., 1981; Wesbey and Kunis, 1981). Signs of chronic arsenicism, 

including dermal lesions such as hyper- and hypopigmentation, peripheral 

neuropathy, skin cancer, bladder and lung cancers and peripheral vascular disease, 

have been observed in populations ingesting  arsenic contaminated drinking-water 

(Tseng et al., 1968; Borgońo and Greiber, 1972; Hindmarsh et al., 1977; Tseng, 

1977; Zaldivar, 1980; Zaldivar and Ghai, 1980; Valentine et al., 1982; Cebrian et 

al., 1983). Dermal lesions were the most commonly observed symptom, occurring 

after minimum exposure periods of approximately 5 years. Effects on the 

cardiovascular system were observed in children consuming arsenic-contaminated 

water (mean concentration 0.6 mg/litre) for an average of 7 years (Zaldivar, 1980; 

Zaldivar and Ghai, 1980). In a large study conducted in Taiwan, a population of 40 

421 was divided into three groups based on the arsenic content of their well water 

(high, >0.60 mg/litre; medium, 0.30–0.59 mg/litre; and low, <0.29 mg/litre) 

(Tseng, 1977). The role of these metabolites with regard to arsenic carcinogenicity 

remains unknown. 

2.4 Mercury  

2.4.1 General description  

Mercury (with the chemical symbol of Hg) is a naturally occurring element found 

in air, water, and soil. It is distributed throughout the environment by both natural 

and anthropogenic (human) processes. Mercury is found in various inorganic and 
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organic forms and is persistent in the environment namely elemental mercury 

(with the chemical symbol of Hg0), ionic mercury (also known as inorganic 

mercury with the chemical symbol of Hg (II) or Hg2+) exists in nature as Hg (II) 

mercuric compounds or complexes in solution; and organic mercury with 

methylmercury (with the chemical formula MeHg) being the most important (US 

EPA, 1997c).  

2.4.2 Occurrence 

Various studies indicate that anthropogenic releases of mercury from industrial 

and combustion sources contribute to the levels of methylmercury in fish, 

especially in freshwater and immediate coastal environments. However, also 

contributing to these fish methylmercury concentrations are existing background 

concentrations of mercury, which may consist of mercury from natural sources, as 

well as historic anthropogenic mercury which has been re-emitted from the oceans 

or soils (US EPA, 1997a, 1997c; UNEP, 2002). Methylmercury bioaccumulates 

(higher concentration than the surroundings) in marine and fresh water fish and 

mammals. The older the fish or mammal, the higher the methylmercury 

concentration. It also biomagnifies, that is, the higher the organism is in the food 

chain, the higher its trophic level and the higher its methylmercury concentration. 

Therefore, bigger predatory fish are more likely to have higher levels of 

methylmercury (Storelli, 2003). High methylmercury concentration has also been 

observed in fish at lower levels in the food web, likely due to higher background 
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levels of mercury in the environment. Occupational exposures have been reported 

from (among others) chloralkali plants, mercury mines, mercury-based small-scale 

gold and silver mining, refineries, thermometer factories, dental clinics with poor 

mercury handling practices, and production of mercury-based chemicals (ATSDR, 

1999; UNEP, 2002). Many workers may still be exposed to elevated mercury 

levels and therefore may be at risk (UNEP, 2002). Small-scale or artisanal mining, 

using gold-mercury amalgamation to extract gold from ore is a significant source 

of exposure for the workers and nearby populations (UNEP, 2002). Miners burn 

the gold-mercury amalgam to vapourize the mercury and recover the gold; thus the 

miners and local populations can have high exposure to mercury vapours. 

Consumption of contaminated fish by community residents can result in the intake 

of high levels of methylmercury (UNIDO, 2003). Some fatalities and severe 

poisonings have been associated with acute exposures to elevated air levels 

resulting from heating metallic mercury and mercury-containing objects (ATSDR, 

1999; UNEP, 2002). Dental fillings made with mercury amalgam can be a source 

of human exposure to elemental mercury (UNEP, 2002). Exposures to elemental 

mercury or inorganic mercury forms can also occur due to use of some skin-

lightening creams and soaps and the presence of mercury in some traditional 

medicines (such as certain traditional Asian or Chinese remedies). Exposures to 

organic mercury may result from the use of thimerosal (ethylmercury 

thiosalicylate) as a preservative in some vaccines and other pharmaceuticals 

(ATSDR, 1999; UNEP, 2002). However, the use of thimerosal in vaccines is being 
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phased out, or significantly reduced, in many countries, especially in vaccines 

intended for children.  

In spite of its potential risks, mercury continues to be used in a variety of products 

and processes all over the world. Elemental mercury is used in artisanal and small-

scale mining of gold and silver; chloralkali production; manometers for 

measurement and control; thermometers; electrical switches; fluorescent lamp 

bulbs; back lights of computers; and dental amalgam fillings. Mercury compounds 

are used in batteries; biocides in the paper industry, pharmaceuticals, paints, and 

on seed grain; and as laboratory reagents and industrial catalysts (ATSDR, 1999). 

Mercury can be released to air, water bodies, and soils during production (or other 

uses) or after disposal of the mercury-containing products and wastes. Mercury is 

also present in various raw materials (such as coal, oil, wood, and various mining 

deposits) and can be released to the air or other media when these materials are 

burned, processed, or disposed. Among human activities, combustion of fossil 

fuels is the most important in terms of both volume and distribution. Moreover, 

large amounts of mercury that remains in mine tailings, landfills, sediments, and 

stockpiles present a threat of future release (UNEP, 2002). Mercury emissions can 

be, however, distributed over long distances in the atmosphere and oceans. 

Therefore, even countries with minimal mercury emissions, and other areas 

situated remotely from dense human activity, may be affected. For example, high 

mercury exposures have been observed in the Arctic, far from any significant 
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sources of anthropogenic releases (ATSDR, 1999; UNEP, 2002; AMAP, 2002; 

AMAP, 2003, Van Oostdam et al., 2005).  

2.4.3 Health effects 

The primary targets for toxicity of mercury and mercury compounds are the 

nervous system, the kidneys and the cardiovascular system. It is generally accepted 

that developing organ systems (such as the fetal nervous system) are the most 

sensitive to toxic effects of mercury. Fetal brain methylmercury levels are higher 

than in maternal blood (SACN, 2004), and the developing central nervous system 

of the fetus is currently regarded as the system of highest concern as it 

demonstrates the greatest sensitivity (WHO, 2004). It should be noted, however, 

that in humans the nervous system continues to develop through adolescence. 

Other systems that may be affected include the respiratory, gastrointestinal, 

hematologic, immune, and reproductive systems. As described below, the health 

effects caused by elevated exposures to elemental mercury, inorganic mercury 

compounds, and organic mercury compounds (methylmercury) differ (ATSDR, 

1999; UNEP, 2002). At higher concentrations, adverse kidney and thyroid effects, 

pulmonary dysfunction, changes in vision and deafness may also be observed 

(ATSDR, 1999; US EPA, 1997d; UNEP, 2002). Short-term exposure to high 

concentrations of Hg0 vapour damages the lining of the mouth, irritates lungs, 

cause tightness of chest, coughing, nausea, vomiting, diarrhea, and increased blood 

pressure (ATSDR, 1999). A few studies suggest that Hg0 may cause reproductive 
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toxicity. However, most human studies indicate that long-term exposure to Hg0 

does not affect the ability to have children (ATSDR, 1999). Studies with rats 

suggest that Hg0 exposure may result in behavioural developmental effects (US 

EPA, 1997d). Findings from genotoxicity assays are limited and do not provide 

supporting evidence for a carcinogenic effect of Hg0 (US EPA, 1997d). 

Nonetheless, as noted above, noncancer effects on the nervous system appear to be 

the most sensitive effect. Damage to the kidneys is the key end-point in exposure 

to inorganic mercury compounds. Accidental ingestion of mercuric chloride by 

children resulted in cardiac effects (increased heart rate and blood pressure) 

(ATSDR, 1999; US EPA, 1997d). Accidental drinking or ingestion of inorganic 

Hg can also cause considerable damage to the digestive tract and kidney even with 

the limited absorption rate. In addition, dermal exposures to ionic mercury can 

lead to adverse effects to the skin such as dermatitis (ATSDR, 1999; MPP and 

NRDC, 2005). There are some data indicating that mercuric chloride may be a 

germ cell mutagen. Positive results have been obtained for chromosomal 

aberrations in multiple systems, and evidence suggests that mercuric chloride can 

reach female gonadal tissue (ATSDR, 1999; US EPA, 1997d). Nonetheless, as 

noted above, noncancer damage to the kidney is considered the most sensitive 

effect. Neurotoxicity is the most sensitive endpoint of exposure to inorganic 

mercury compounds. In humans, the indices of neurotoxicity include 

neurobehavioral deficits, neuronal loss, ataxia, visual disturbances, impaired 

hearing, paralysis and death (WHO, 2004). Offspring born of women exposed to 
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high levels of methylmercury during pregnancy have exhibited a variety of 

developmental neurological abnormalities similar to cerebral palsy, including the 

following: delayed onset of walking, delayed onset of talking, altered muscle tone 

and deep tendon reflexes, and reduced neurological test scores (ATSDR, 1999; 

NRC, 2000; US EPA, 1997d; UNEP, 2002).  

 

Both the central and peripheral nervous systems show signs and damage (WHO, 

2004; Eto et al., 2002). Deficits in acts of daily living were observed in Minamata 

disease adult patients significantly increased and were further aggravated by aging 

(Kinjo et al. 1993). Neurological subjective complaints as well as nonspecific 

complaints in a population in a polluted area in Minamata could also be influenced 

by past methylmercury exposure (Fukuda et al. 1999). The study of about 900 

Faroese children showed that prenatal exposure to methylmercury resulted in 

neuropsychological deficits at seven years of age (Grandjean et al., 1997). 

Developmental delays were significantly associated with the methylmercury 

exposures, even excluding the children whose mothers had higher hair mercury 

levels (above 10 μg/g) (Grandjean et al., 1997). Within the low exposure range, 

each doubling of the prenatal methylmercury exposure level was associated with a 

developmental delay of 1-2 months (UNEP, 2000; ATSDR, 1999; UNEP, 2002).  

 

Various studies also suggest that exposures to methylmercury may cause adverse 

effects to the cardiovascular system, including increased risk of acute myocardial 
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infarction and elevated blood pressure (Salonen et al., 2000, Rissanen et al., 2000, 

Guallar et al., 2002, Yoshizawa et al., 2002, Virtanen et al., 2005, Grandjean et al. 

2004). These studies suggest that even small increases in methylmercury 

exposures may cause adverse effects on the cardiovascular system, thereby leading 

to increased mortality (UNEP 2002). WHO has concluded that the available 

evidence for the potential cardiotoxicity of methylmercury was, however, not 

conclusive, but noted that further studies were needed (WHO, 2004). The Joint 

FAO/WHO Expert Committee on Food Additives (JECFA), which also evaluates 

chemical contaminants in the food supply, has established provisional tolerable 

weekly intakes (PTWIs) for total mercury at 5 μg/kg body weight (WHO, 1987) 

and for methylmercury at 1.6 μg/kg body weight (WHO, 2004). The PTWI for 

methylmercury of 1.6 μg/kg body weight was reconfirmed by JECFA at its 67th 

meeting in 2006 (WHO, 2006). The US EPA has developed Reference Doses 

(RfDs) for mercuric chloride of 0.3 μg/kg/day and methylmercury 0.1 μg/kg/day. 

At exposures increasingly greater than the RfD, the potential for adverse health 

effects increases (US EPA, 1995a, 1995b, 2001).  

2.5 Cadmium  

2.5.1 General description 

Cadmium is a metal with an oxidation state of +2. It is chemically similar to zinc 

and occurs naturally with zinc and lead in sulfide ores. It is a soft white solid with 

the density of 8.64 g/cm
3
, melting point of 320.9 °C, boiling point of 765 °C at 100 
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kPa and is soluble in dilute nitric and concentrated sulfuric acids (IARC, 1976; 

Ros and Slooff, 1987; Ware, 1989). 

 

2.5.2 Occurrence 

Cadmium metal is used mainly as an anticorrosive, electroplated onto steel. 

Cadmium sulfide and selenide are commonly used as pigments in plastics. 

Cadmium compounds are used in electric batteries, electronic components and 

nuclear reactors (Friberg et al., 1986; Ros and Slooff, 1987). Fertilizers produced 

from phosphate ores constitute a major source of diffuse cadmium pollution. The 

solubility of cadmium in water is influenced to a large degree by its acidity; 

suspended or sediment-bound cadmium may dissolve when there is an increase in 

acidity (Ros and Slooff, 1987). In natural waters, cadmium is found mainly in 

bottom sediments and suspended particles (Friberg et al., 1986). Cadmium can be 

determined by atomic absorption spectroscopy using either direct aspiration into a 

flame or a furnace spectrometric technique. The detection limit is 5 μg/litre with 

the flame method and 0.1 μg/litre with the furnace procedure (ISO, 1985, 1986; 

Ware, 1989). Cadmium is present in ambient air in the form of particles in which 

cadmium oxide is probably an important constituent (Friberg et al., 1986). Annual 

average concentrations in four cities in Germany in 1981–1982 were 1–3 ng/m
3
. 

Cigarette smoking increases cadmium concentrations inside houses. The average 

daily exposure from cigarette smoking (20 cigarettes a day) is 2–4 μg of cadmium 
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(Ros and Slooff, 1987). Rivers containing excess cadmium can contaminate 

surrounding land, either through irrigation for agricultural purposes, dumping of 

dredged sediments or flooding. It has also been demonstrated that rivers can 

transport cadmium for considerable distances, up to 50 km, from the source 

(WHO, 1992). Nonetheless, studies of cadmium contamination in major river 

systems over the past twenty to thirty years have conclusively demonstrated that 

cadmium levels in these rivers have decreased significantly since the 1960s and 

1970s (Cook and Morrow, 1995; Elgersma et al., 1992; Mukunoki and Fujimoto, 

1996; Van Assche and Ciarletta, 1992). Cadmium concentrations in unpolluted 

natural waters are usually below 1 μg/litre (Friberg et al., 1986). Median 

concentrations of dissolved cadmium measured at 110 stations around the world 

were <1 μg/litre, the maximum value recorded being 100 μg/litre in the Rio Rimao 

in Peru (WHO/UNEP, 1989). Average levels in the Rhine and Danube in 1988 

were 0.1 μg/litre (range 0.02–0.3 μg/litre) (ARW, 1988) and 0.025 μg/litre 

(AWBR, 1988), respectively. In the sediments near Rotterdam harbour, levels in 

mud ranged from 1 to 10 mg/kg dry weight in 1985–1986, down from 5–19 mg/kg 

dry weight in 1981 (Ros and Slooff, 1987). Contamination of drinking-water may 

occur as a result of the presence of cadmium as an impurity in the zinc of 

galvanized pipes or cadmium-containing solders in fittings, water heaters, water 

coolers and taps. Drinking-water from shallow wells of areas in Sweden where the 

soil had been acidified contained concentrations of cadmium approaching 5 

μg/litre (Friberg et al., 1986). In Saudi Arabia, mean concentrations of 1–26 
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μg/litre were found in samples of potable water, some of which were taken from 

private wells or cold corroded pipes (Mustafa et al., 1988). Levels of cadmium 

could be higher in areas supplied with soft water of low pH, as this would tend to 

be more corrosive in plumbing systems containing cadmium.  

Cadmium in soils is derived from both natural and anthropogenic sources. Natural 

sources include underlying bedrock or transported parent material such as glacial 

till and alluvium. Anthropogenic input of cadmium to soils occurs by aerial 

deposition and sewage sludge, manure and phosphate fertilizer application. 

Cadmium is much less mobile in soils than in air and water. The major factors 

governing cadmium speciation, adsorption and distribution in soils are pH, soluble 

organic matter content, hydrous metal oxide content, clay content and type, 

presence of organic and inorganic ligands, and competition from other metal ions 

(OECD, 1994). The use of cadmium-containing fertilizers and sewage sludge is 

most often quoted as the primary reason for the increase in the cadmium content of 

soils over the last 20 to 30 years in Europe (Jensen and Bro-Rasmussen 1992). 

Atmospheric cadmium emissions deposition onto soils has generally decreased 

significantly over that same time period (Cook and Morrow, 1995; Mukunoki and 

Fujimoto, 1996). Indeed, recent studies in Europe have documented that 

atmospheric emissions do not presently have a significant impact upon the 

cadmium content of soils (Bak et al., 1997). Fossil fuels contain 0.5 to 1.5 ppm 

cadmium, but phosphate fertilizers contain from 10 to 200 ppm cadmium (Cook 

and Morrow, 1995).  
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Food is the main source of cadmium intake for non-occupationally exposed 

people. Crops grown in polluted soil or irrigated with polluted water may contain 

increased concentrations, as may meat from animals grazing on contaminated 

pastures (IARC, 1976). Animal kidneys and livers concentrate cadmium. Levels in 

fruit, meat and vegetables are usually below 10 μg/kg, in liver 10–100 μg/kg and 

in kidney 100–1000 μg/kg. In cereals, levels are about 25 μg/kg wet weight. In 

1980–1988, average cadmium levels in fish were 20 μg/kg wet weight. High levels 

were found in shellfish (200–1000 μg/kg) (Galal-Gorchev, 1991). Based on 

cadmium levels measured in 1977–1984, the estimated daily intake in food by the 

Netherlands population is 20 μg/person (IARC, 1976). The dietary daily intake of 

cadmium has also been estimated to be in the range 10–35 μg (Galal-Gorchev, 

1991). In contaminated areas in Japan, daily intakes in 1980 were in the range 

150–250 μg, based on measurements of cadmium in faeces (Friberg et al., 1986). 

 

2.5.3 Health effects 

It has been well established that excess cadmium exposure produces adverse health 

effects on human beings. Humans normally absorb cadmium into the body either 

by ingestion or inhalation. Dermal exposure (uptake through the skin) is generally 

not regarded to be of significance (Lauwerys, 1988). It is widely accepted (WHO, 

1992; ATSDR, 1997) that approximately 2% to 6% of the cadmium ingested is 

actually taken up into the body. Factors influencing cadmium absorption are the 

http://www.cadmium.org/env_ref.html#l
http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#w
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form in which cadmium is present in the food, and the iron status of the exposed 

individual. In contrast, from 30% to 64% of inhaled cadmium is absorbed by the 

body, with some variation as a function of chemical form, solubility and particle 

size of the material inhaled. Thus, a greater proportion of inhaled cadmium is 

retained by the body than when cadmium is taken in by ingestion. For the non-

occupationally exposed individual, inhalation exposure to cadmium does not 

usually contribute significantly to overall body burden. The exception to this 

generalization is the cigarette smoker.  

For chronic cadmium exposure, effects occur mainly on the kidneys, lungs, and 

bones. A relationship has been established between cadmium air exposure and 

proteinuria (an increase in the presence of low molecular weight proteins in the 

urine and an indication of kidney dysfunction) (WHO, 1992; OECD, 1994). 

Cadmium is known to accumulate in the renal cortex, and there is evidence that the 

level of cadmium in the renal cortex associated with increased urinary excretion is 

about 200 to 250 µg/g (wet weight). Depending upon exposure level and other 

sources of cadmium, this level might be reached after 20 years occupational 

exposure. However, recent work has demonstrated that these effects are reversible 

at low exposure levels once the cadmium exposure has been removed or reduced 

(Roels et al., 1997). With today's low occupational exposure standards, coupled 

with required biological monitoring of cadmium exposure levels (e.g. cadmium-in-

blood and cadmium-in-urine) and kidney function parameters (e.g. B-2 

microglobulin, a low molecular weight protein), there is every assurance that 

http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#o
http://www.cadmium.org/env_ref.html#r
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kidney dysfunction or other effects do not develop in occupationally exposed 

workers as they did in the past. Ellis et al., (1981, 1983) were able to determine 

kidney and liver cadmium concentrations by in-vivo neutron capture -ray 

spectroscope. Bruckner and Linsel (1977) reported a 140-fold increase in the hair 

cadmium concentrations of exposed workers. The general consensus appears to 

favour the use hair cadmium measurements as indices to cadmium exposure 

(Hammer et al., 1971; Baker et al., 1977; Milosevic et al., 1980; Takeuchi et al., 

1990), but this is not universally endorsed (Kim, 1982; Watanabe et al., 1974; 

Imahori et al., 1979).  

The World Health Organization (WHO) has established a provisional tolerable 

weekly intake (PTWI) for cadmium at 7 µg/kg of body weight This PTWI weekly 

value corresponds to a daily tolerable intake level of 70 µg of cadmium for the 

average 70-kg man and 60 µg of cadmium per day for the average 60-kg woman. 

Clearly, the daily cadmium intake for the general population from food, which is 

by far the dominant source of cadmium, is well below the guidelines established 

by the World Health Organization. The average daily cadmium intake for the 

general population in the Western World has shown a distinct downward trend 

from 1970 through 1992 (Van Assche and Ciarletta, 1992), a reduction presumed 

to be due to the marked decreases in direct atmospheric deposition of cadmium 

onto crops and soils. Other studies have suggested that, over the timeframe of 1980 

- 1985, levels of cadmium intake have been relatively constant (OECD, 1994). At 

http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#v
http://www.cadmium.org/env_ref.html#o
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an absorption rate of 5% from ingestion, the average person is believed to retain 

about 0.5 to 1.0 µg of cadmium per day from food.  
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2.6 WHO heavy metal limits in water, soil, fish, maize, beans, fruits and 

vegetables  

The WHO limits for lead, mercury, cadmium and arsenic in various food samples, 

water and soil are shown in Table 2.1. 

 

Table 2.1: WHO limits for the heavy metals in µg/100 g (or ml) 

 

Sample  Lead  Mercury   Cadmium  Arsenic 

Water  1.5  0.6  300 1  

Soil  500  200  5000 50 

Fish  250  5  250  10  

Maize  20  1.5  700 10  

Beans  20  1.5 700 10  

Fruits  30  1.5 700 10  

Vegetables  30  1.5 700 10  

Source: WHO, 1999; WHO, 2003; WHO, 2004  
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CHAPTER 3: 

MATERIALS AND METHODS 

3.1 Research design  

This research was a cross sectional descriptive study where heavy metals (lead, 

mercury, cadmium and arsenic) levels were determined in soil, water and foods 

and compared with the maximum safe WHO limits (WHO 1999; 2003; 2004).  

3.2 Research area 

The study was carried out within a 10 kilometer radius in and around Kisumu City. 

Waters from the Lake Victoria, river Kisiat, and taps were collected. The foods 

were collected from the local farmers and from the market. The soils were taken 

from the adjacent areas to the lake and from the environs of Kisumu City. The site 

of the study was chosen because of the human and industrial activities that may 

result in discharge of effluent into the lake and its environs occasioning heavy 

metal pollution. Below, is a map of Kenya showing the Kisumu region, where the 

study was carried out.  
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Source: http://www.unhabitat.org 

Figure 3.1: A map of Kenya showing Kisumu region 
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Source: http://www.travelpod.com/travel-blog-city/Kenya/Kisumu/tpod.html 

Figure 3.2: A map of Kisumu region showing the sampling sites.  

3.3 Sampling   

The sampling was done three times during the study period, namely in April, 

September and November 2007. April was choosen to represent the long rains 

season, September for the dry season and November for the short rains season. 

Water and soil were sampled along the Lake Victoria shore and within a 10 km 

radius. Foods were collected from local farmers and also from the Kisumu 

Municipal market.  
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3.4 Collection of samples  

3.4.1 Food samples  

3.4.1.1 Fish – fish of different sizes were purchased at the Dunga and Tilapia 

landing sites on Lake Victoria. This was done early in the morning when the 

fishermen were landing after overnight fishing. The fish varieties analyzed 

included: 

o Nile tilapia (Oreochromis niloticus (L)),  

o Nile perch (Lates (lates) niloticus (L)),  

o Butter catfish (Schilbe intermedius (Ruppell)),  

o Migori haplo (Haprochromis species).  

o Dagaa (Lake Victoria sardine (Rastrineobola argentea (Pellegrin)),   

Three samples of each fish species were purchased from randomly chosen 

fishermen at each of the two landing sites. Dry dagaa was purchased from 

the Kisumu Municipal market. 

3.4.1.2 Maize and beans       . 

o Maize (Zea mays L) – 500 g of dry maize was purchased from five 

randomly selected vendors in the Kisumu Municipal market and 

used to make a homogeneous sample.   

o Beans (Phaseolus spp) – 500 g of dry beans were purchased from 

five randomly selected vendors in the Kisumu Municipal market 

and used to make a homogeneous sample. 
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3.4.1.3 Vegetables and fruits – several farmers were randomly selected around 

Kisumu and three replicates of edible parts of vegetables and fruits, each 

weighing approximately 500 g purchased from them. Similar samples of 

the fruits and vegetables were purchased from the Kisumu Municipal 

market. The vegetables and fruits purchased included:   

o Bananas (Musa paradisiaca) 

o Spiderplant (akeyo/deck) (Cleome guanadra L) 

o Oranges (Citrus spp) 

o Spinach (Spinacia oleracea) 

o Tomato (Lycopersicon esculentum) 

o Custard apple (Annona reticulate L) 

o Kales (Brasicca oleracea) 

o Black nightshade (Solanum nigrum)   

o Amaranth (Amaranth amaranth) 

o Arrow roots (Colocasia antiquorum) 

o Cow peas (Vigna unguiculata L)  

3.4.2 Water   

The sampling sites for the water samples were purposively chosen based on 

anthropological activities, whereby the areas with higher anthropological activities 

were preferred. The lake Victoria water was sampled at the Dunga and Tilapia 

Beaches. At each sampling point, five samples of 500 ml were collected. The 

specific sampling points were at the shore, and 200 metres inshore at depths of 30 
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cm. The river water was sampled from River Kisiat near the Nyamasaria Bridge, 

on the Nairobi-Kisumu highway. Five river water samples each of 500 ml were 

collected. The tap water samples were collected from five sampling points and the 

sample size was each 500 ml. 

3.4.3 Soils   

Soils were sampled from purposively selected sampling points, from where grid 

sampling was adopted for three samples each of 500g. The samples were collected 

at the depth of 0-15 cm (IAEA, 1994). The soil samples were obtained from 

among other areas, the Nairobi-Kisumu highway and at point of about 2 km away 

from the Nairobi-Kisumu highway. The sampling was done as per the IAEA 

protocols for soil sampling (IAEA, 1994).  

3.5 Sample handling and preparation 

3.5.1 Water 

Immediately after sampling, 5 ml of concentrated HCl was added to the water 

samples to stabilize them, and then transported to the Food Science and 

Technology Department at JKUAT for analysis. The transport conditions were as 

recommended by Iqbal et al. (2006).  
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3.5.2 Soils 

After collection, the soil samples were air-dried, ground, and screened to pass 

through a 0.5 mm sieve and then stored in plastic jars for further laboratory 

analysis according to AOAC (1984). 

3.5.3 Fruits and vegetables 

All the fruit and vegetable samples were cleaned to remove adhering soil particles, 

washed three times with de-ionized water and 0.05 M HCl, and then rinsed with 

de-ionized water three times to ensure dislodging and removal of dust particles 

(Turzen, 2003). The samples were then dried in a fan-forced oven at 60±5 °C for 

48 hours, ground using a stainless steel grinder, sifted through a 0.2-mm sieve, and 

stored in plastic jars for further analysis (AOAC, 1984). 

3.5.4 Maize and beans   

After delivery to the Food Biochemistry Laboratory at JKUAT, the food samples 

were stored under refrigeration until analysis. The samples were ground and dried 

at 65 
0
C for 10 hours prior to analysis (AOAC, 1984).  

 

3.6 Laboratory analyses 

 

For the soil and food samples, three replicate samples of one gram each were 

analyzed as per the AOAC method (AOAC, 1984). The samples were treated with 

5 ml of a mixture of nitric acid, sulphuric acid and hypochloric acid in the ratio of 
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6:3:1. They were then allowed to stand for five minutes after shaking thoroughly 

(Turkekul et al., 2004). The samples were digested on a hot plate starting at 70 
0
C 

through to 120 
0
C until the volume reduced to approximately 1 ml, and the 

suspended white fumes of SO3 were clearly observed. The samples were then 

allowed to cool to room temperature after which approximately 20 ml of 5% 

hydrochloric acid solution was added. The samples were heated on a hot plate at 

approximately 75 
0
C for 15 minutes and then cooled. They were filtered through 

Whatman filter paper number 42 into a 100 ml volumetric flask, and filled to the 

mark using 5% HCl. A blank sample was also prepared in the same way (Turzen, 

2003; WHO, 2006).  

 

The water samples were put into a 250 ml beaker and placed on a hot plate. The 

water was heated and while about to boil, 2 ml of nitric acid-water mixture (50:50) 

and 10 ml hydrochloric acid-water mixture (50:50) were added. The samples were 

evaporated until the mixture reduced to approximately 25 ml. The 25 ml residues 

were transferred into 100 ml volumetric flasks and filled to the mark with distilled 

water (Iqbal et al., 2006).    

 

The lead, cadmium, mercury and arsenic contents in the samples were determined 

using a Shimadzu Atomic Absorption Spectrophotometer, Model AA-6200 

according to Osborne and Voogt, (1978) and Turkebul et al., (2004).  Commercial 

samples of lead, cadmium, mercury and arsenic standards were used as reference 
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compounds (Wako Pure Chemical Industries Ltd., Japan). They were analyzed 

using Flame Emission Spectrophotometer. Mercury standard and samples were 

analyzed without the flame. Arsenic analysis was preceded by hydride vapour 

generation using the hydride vapour generator, while mercury analysis was 

preceded by mercury vapour generation using the mercury vapour generator 

(Turzen, 2003).  

3.7 Data analysis and interpretation 

Statistical analysis of the data was done using SAS (SAS version 9.2) (Mutuku, 

2004) to compare the lead, mercury, cadmium and arsenic concentrations in the 

different samples of foods, soils and water. Quantitive values such as the mean, 

range, standard error and correlations were used (Schartz, 1993). The obtained 

results were compared with the maximum permissible concentrations (MPC) by 

WHO (1993; 2004). 
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CHAPTER 4:  

RESULTS AND DISCUSSION 

4.1 Lead 

4.1.1 Lead content in the water samples from Kisumu region 

The results of lead content in water samples from Kisumu region are shown in 

Figure 4.1. The lead content of the tap water was significantly lower than the water 

from Lake Victoria and River Kisiat (p<0.05). Water treatment involves a 

flocculation and sedimentation step to clarify the water. This step could have 

contributed to the reduction in the lead content in the tap water as lead could have 

been trapped in the floccules. There was no significant difference (p<0.05) in lead 

content between the water samples from the lake and the river.  This observation 

was expected since the rivers feed the lake and thus their lead content is expected 

to be similar. The water from the lake shores at the two different sites (Dunga and 

Tilapia beaches) were not significantly different (p<0.05) from each other.  The 

lake waters (200 m in the lake) were also not significantly different (p<0.05) at the 

two different sites (Dunga and Tilapia beaches). However, it is worth noting that 

the results showed a significant difference between the shoreline waters and the 

water sampled from 200 m inshore (p<0.05), with the shoreline waters containing 

significantly higher lead content as compared to the inshore waters. Sources of 

lead in surface water or sediment could include deposits of lead containing dust 
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from the atmosphere, wastewater from the industries that handle lead, urban run-

off and mining piles (UNEP, 2000). The observation made above indicates that the 

entry of lead into the lake water is at the shoreline, thus explaining why it was 

highest there. It was lower inshore due to the dilution effect and also due to the 

lower extent sedimentation of the suspended matter in the water.  
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Figure 4.1: Lead content in waters from different sites in Kisumu region 

(µg/100 ml) 

 

The WHO maximum lead limits in drinking water are 0.015 mg/litre or 1.5 µg/100 

ml (WHO, 1989). The mean lead content of the tap water analyzed (1.5 g/100 ml) 

was within this limit. It can thus be concluded that the tap water supplied in 

Kisumu city was within the maximum WHO limits for lead in drinking water. 

However, the lake and river waters did not meet this set standard and would thus 

not be fit for human consumption without prior treatment.  

 

During the rainy season, lead could be leached from soils found next to busy 

highways into the water system posing a serious health problem (USEPA, 2003).  
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Once lead from vehicle exhaust fall onto the soil, it usually sticks to the soil, 

depending on the particulate size, from where small amounts may enter rivers and 

lakes and streams as the soil particles are moved by rainwater (Mahaffey, et al., 

1982). Lead may remain adsorbed to the soil particles in water for many years. 

Movement of lead from soil to water also depends on lead salt or compound, and 

on the physical and chemical characteristics of the soil (USEPA, 2003). In general, 

very little lead occurs in lakes, rivers, or ground water (WHO, 1989). Man’s 

exposure to lead through water is low compared to exposure through air and food 

(WHO/FAO, 1995). The concentrations of lead in water in most American cities 

as determined in 1962, ranged from trace to 6.2 µg/ 100 ml (Duggan and Inskip, 

1985). McBe (1970) found lead concentrations of more than 5.0 µg/100 ml in 41 

out of 2595 samples and 25% of them contained no measurable amount of lead 

(McBe, 1970). The lead content in the tap water analyzed in this study was 1.0 to 

1.9 µg/100 ml. This amount is much lower than the lead content reported in the 

two earlier studies in the American cities. Lead in drinking water occurs mainly 

through contamination at various points in the delivery system such as lead pipes, 

solder and water faucets (UNEP, 2000). The American cities studied were more 

likely to have lead plumbing, thus contributing to the high lead levels in the tap 

waters. The water supply systems in Kenya are relatively new and thus are mostly 

free of lead, thus explaining the low lead content in the Kisumu region waters as 

compared to the American cities waters. Lead concentration has also been found to 

be high in plastic pipes when left standing overnight (WHO, 1987). The sources of 
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lead in plastic pipes are probably lead stearate which is used as a stabilizer in the 

manufacture of polyvinyl plastics.  

4.1.2 Lead content in the soil samples from Kisumu region 

The results of the lead content of the soils from Kisumu region are shown in Table 

4.1. The Nairobi-Kisumu roadside soil had significantly higher lead contents as 

compared to the soil obtained 2 km away from the road (p<0.05). The major 

source of lead pollution could have been due to vehicular emissions. Previous 

studies have reported high levels of lead content in soils and vegetation sampled 

near major highways (Finkelman, 1996; Isabella, 1997). Research has shown that 

there is good correlation between average traffic counts and average soil and plant 

lead content at sites close to the roadside (Isabella, 1997). The significantly higher 

lead content in the soil from the roadsides may be attributed to the accumulation of 

lead in soil emanating from the vehicular emissions since of use leaded petrol in 

Kenya has only recently been partially eliminated.  However, the lead content of 

the soils from Dunga beach and 2 km from the roadside had significantly lower 

lead content (p<0.05). The two being far from the source of lead were expected to 

contain lower lead content which was found to be the case. There was no 

significant difference in the lead content in the soil from the Tilapia beach and R. 

Kisiat (p<0.05). Both sites experienced relatively high vehicular traffic since River 

Kisiat sampling point was near the highway and Tilapia beach had a lot of 

anthropological activities including car washing business.  
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Table 4.1: Lead content in soil from Kisumu region (mg/100 g) 

  

.Sample  Mean  Range 

  Minimum  Maximum  

Dunga beach  0.15±0.01
c
 0.11 0.22 

River Kisiat 0.27±0.03
b
 0.12 0.45 

Tilapia beach  0.38±0.03
b
 0.39 0.17 

Roadside 0.76±0.13
a
 0.26 0.68 

2 km from the roadside 0.16±0.01
c
 0.12 0.21 

WHO limits  0.5   

 

Each value is a mean SE of three analyses each done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.05) 

from each other. 

 

An inverse relationship between the distance from the road and lead content of the 

soil has been observed in various soils and vegetables (Tyroller, 1988). The soil 

from Tilapia beach showed significantly higher average lead levels than those 

from Dunga beach (p<0.05) which could be attributed to the human activities 

difference at the two different landing sites. While Dunga beach only serves as a 

landing site for the fishermen with very few other human activities, Tilapia beach 

boasts of a thriving fast food business and car washing facilities. The higher lead 

levels in the soil from Tilapia beach could then be attributed to the car washing 

business and its higher vehicle traffic which raises the lead levels both from the 

vehicle exhaust and possible gasoline leakages. The results of this study fall within 



 

 

51 

the range established in an earlier study in Uasin Gishu District of Kenya where 

the typical values were found to be 0.1 to 0.3 mg/100 g in soils along the highway 

(Kunguru and Tole, 1994). The recommended maximum WHO level for lead in 

agricultural soil is 0.50 mg/100 g (USEPA, 2003). From the results obtained, the 

soil from the Dunga beach, Tilapia beach and River Kisiat were within the set 

limits. However, the mean lead content in the soil from the roadside (0.76±0.13
 

mg/100 g) exceeded this limit. This could be explained by the high traffic densities 

experienced in Kisumu City. 

4.1.3 Lead in the fruits and vegetables from Kisumu region 

The results of lead contents in fresh foods from Kisumu region are shown in Table 

4.2. The cow pea’s leaves, kales, custard apple and bananas had below detectable 

levels of lead. They had thus significantly lower (p<0.05) lead content as 

compared to the other fruits and vegetables. Amaranth, arrow roots and onions had 

significantly higher (p<0.05) lead content compared to the other fruits and 

vegetables. The two ground crops analyzed (arrow roots and onions) had 

significantly higher lead content (p<0.05) as compared to other crops suggesting a 

strong possibility of the soil being a source of lead. Particles originating from the 

air can be found in vegetables particularly green leafy ones growing or vended 

along roads (Isabela, 1997). Lead also gets into the foods from plants absorbing 

lead that is in the soil. 
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Table 4.2: Lead content in fruits and vegetables from Kisumu region (mg/100 

g) 

 

Sample  Mean Range  

Minimum  Maximum  

Arrow roots  0.29±0.02
a
 0.18 0.38 

Onions 

Cow peas leaves 

Kales 

Amaranth 

Black nightshade  

Guava  

0.28±0.01
a
 

ND
c
 

ND
c
 

0.29±0.02
a
 

0.17±0.02
b
 

ND
c 

0.26 

ND 

ND 

0.19 

0.14 

ND 

0.26 

ND 

ND 

0.37 

0.22 

ND 

Tomatoes 0.11±0.01
b
 0.10 0.13 

Custard apples ND
c
 ND ND 

Oranges  0.06±0.01
c
 0.05 0.08 

Spiderplant 0.12±0.05
b
 ND 0.31 

Black berries 0.17±0.03
b
 0.12 0.25 

Banana  ND
c
 ND ND 

WHO limits in foods 0.03   

 

Each value is a mean SE of three analyses each done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.05) 

from each other. 
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The higher lead content in amaranth could have been caused by bioaccumulation 

of lead, a phenomenon that has been observed in other crops as reported in other 

studies (Countera and Buchananb, 2004). The concentration of lead in various 

food items is varied. Karlwoski and Wojciechowska (1991) found a range of 0 - 

1.3 mg/kg (0 - 0.13 mg/100 g) for vegetables. This is consistent with some of the 

results obtained from this study with cow peas’ leaves, kales and traditional 

vegetables falling within this range. The amaranth and black night shade however 

had higher lead levels that these reported in this study. Kehoe (1961) found lead in 

every food in both industrial and non-industrial communities. Some of the 

vegetables and fruits analyzed in the current study did not contain detectable levels 

of lead. The detection limit for lead in this study was 0.01 µg/100 g thus any 

samples with lead below this limit were not detected.  

 

Leelhaphunt et al. (1994) found lead levels of 210 g/100 g (0.21 mg/100 g) in 

tomatoes purchased from Thailand markets. The lead content in tomatoes reported 

in this study was on average 0.11 mg/100 g ranging from 0.10 to 0.13 mg/100 g. 

This was lower than that reported in the 1994 study in Thailand. However, these 

figures are much higher than those reported by Denmark National Food Agency 

(Benko et al., 1995). This may be due to the successful phasing out of leaded 

gasoline in the European countries. In Japan, Muramatsu et al. (1994) found lead 

concentrations of 184 g/100 g (0.184 mg/100 g) in tomatoes. This is higher than 

the concentrations reported for tomatoes in this study (0.13 mg/100 g). Studies by 
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Sadjirun (1994) in Jakarta Indonesia established lead levels of 9.26 µg/g (0.926 

mg/100 g) in cabbage (B. oleracea var. capitata), 1.02 µg/g (0.102 mg/100 g) in 

carrots and 10.74 µg/g (1.074 mg/100g) in cauliflower. These were generally 

higher than the results of this study. WHO Codex Alimentarius Commission 

minimum levels in fruits is 30 g/100 g (0.03 mg/100 g) (WHO, 1999). Most of 

the fruits analyzed fell below this minimum level with the exception of tomatoes 

and black berries. The vegetables however, had significantly higher levels of lead 

as compared to the maximum allowable limit. 

4.1.4 Lead in maize and beans from Kisumu region 

The results of lead content in maize and beans from Kisumu region are shown in 

Figure 4.3. The maize had significantly lower (p<0.05) lead content than the beans 

since it had non-detectable levels. However, the two beans varieties analyzed had 

no significant difference (p<0.05) in lead content. Karlwoski and Wojciechowska 

(1991) found a range of 0-0.139 mg/100 g for grains. The maize analyzed fell 

within this range. However, the beans had slightly higher levels than these. 

Airborne lead can be deposited on the foods during distribution and display in the 

market (Isabella, 1997). In an earlier study in Uasin Gishu (Kunguru and Tole, 

1994) the lead content in maize grown along the highway was found to be 13 to 25 

µg/100 g, which was much higher than the values from the current study. The lead 

content of the maize analyzed in the current study had lower lead content than the 

maize grown away from the highway which had an average lead content of 6 
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µg/100 g (Kunguru and Tole, 1994). The maize lead levels in this study are very 

low compared to studies done in other parts of the world. According to Yang et al. 

(1994), cereals in China had lead levels of 6.3 g/100 g. 

 Table 4.3: Lead content in maize and beans from Kisumu region (µg/100 g) 

Sample  Mean Minimum  Maximum  

Green/yellow beans   0.18±0.02
a
 0.15 0.23 

Maize  ND
b
 ND ND 

Red/white beans 0.15±0.01
a
 0.13 0.17 

Maximum WHO limits 20   

 

Each value is a mean SE of three analyses each done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.001) 

from each other. 

 

 

In Denmark, the National Food Agency established lead levels of 3.3 g/100 g in 

cereals (National Food Agency of Denmark, 1992; Andersen et al., 1996). Both 

studies reported lead levels above those established in this study. Another study by 

Urieta et al. (1996) found mean lead levels of 2.0 g/100 g in cereals from Spain. 

In the United Kingdom, Ysart (1994) reported mean lead levels of 2.0 g/100 g in 

cereal products. In Poland, Krelowska-Kula (1991) found lead levels of 6.7 g/100 

g in cereals while Sapuner- Postrunzic et al. (1996) reported mean lead levels of 

7.6 g/100 g in cereals. The maize lead levels established in this study were thus 

lower or within the ranges of lead established all over the world. Leelhaphunt et al. 
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(1994) in Thailand found mean lead levels of 570 g/100 g in baby corn (Zea 

mays). The Thailand study showed lead levels, which were much higher than those 

observed in this study. 

  

In a related study in Thailand, Leelhaphunt et al. (1994) found varying lead levels 

in various bean varieties. In kidney beans, 118.3 g/100 g, mung beans, 241.2 

g/100 g, and cowpeas 223.9 g/100 g. The values reported in this study are lower 

than those reported in the Thailand study. Other studies by Zhang et al. (1998) in 

China, found lead levels of 2.6 g/100 in pulses. These levels are higher than those 

established in this study (0.15- 0.18 g/100 g). Muller and Anke (1995) in a 

German study found mean lead levels of 2.2g/100g in white bean while Urieta et 

al. (1996) reported levels of 1.0 g/100 g of lead in Spain. The lead levels 

observed in the current study are lower than those reported in the European 

studies. It is important to note that phasing out of leaded gasoline in European 

countries has successfully been implemented as compared to Kenya and other 

developing countries (UNEP, 2000) but the number of vehicles on Kenyan roads is 

much lower than those in the European cities. The permissible levels by WHO 

(1999) in cereal is 20 g/100 g on dry weight basis. The contents of lead in maize 

reported in this study are generally within the permissible maximum levels by 

WHO. In pulses, the WHO (1999) permissible maximum limits are also 20 g/100 

g. The levels reported in this study for beans are thus within the WHO limits.  



 

 

57 

4.1.5 Lead content in fish samples from Kisumu region 

The results of lead content in fish collected from Kisumu region are shown in 

Figure 4.2. The butter fish and Migori haplo (kamongo) had significantly higher 

levels of lead as compared to the other fish analyzed (p 0.05).  Nile perch on the 

other hand had significantly lower lead levels than the other fish analyzed (p 

0.05). There was no significant difference (p 0.05) in lead content between the 

dried sardines and fresh sardines (dagaa). This indicates the the drying process of 

the dagaa was done away from sources of environmental contamination like dust. 

The tilapia of the two different sizes (small and medium) were not significantly 

different (p 0.05) in lead content. Previous studies have indicated that the heavy 

metals content in fish is dependent on the size and the trophic level due to 

bioaccumulation with the predatory fish containing higher levels (Storelli, 2002). 

This was observed in the current study with the butter fish and Migori haplo 

registering higher lead content than the sardines. The lead content in the tilapia 

fishes of the different sizes was not significantly different since their diet is 

similar. The lead content in the fish analyzed ranged from a low of 0.11 to a high 

of 0.25 mg/100 g. In other studies, Karlwoski and Wojciechowska (1991) found a 

range of 0.02-0.25 mg/100 g for fish and seafood. The lead content of the fish 

analyzed in the current study thus fell within this range.  
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Figure 4.2: Lead content in fish from Kisumu region (mg/100 g) 

 

The WHO set limits for lead in fish is 0.25 mg/100 g (WHO/FAO, 1995). The fish 

analyzed in this study fell within this limit.   

4.2 Mercury 

4.2.1 Mercury content in water samples from Kisumu region  

The results of mercury content of water from Kisumu region are shown in Table 

4.4. Tilapia beach shoreline water had significantly higher mercury content (p 

0.05) as compared to the other waters. With the exception of the Tilapia beach 

waters, there was no significance difference (p 0.05) between the other water 

samples. Earlier studies of water total mercury concentrations have found a range 
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of 0.7 to 4.0 ng/litre, in northern L. Victoria (Amyot et al. 2000). Another study by 

Campbell et al. showed that the water total mercury concentrations ranged from 

0.7 to 5.8 ng/litre (Campbell et al., 2003). The results of this current study have 

indicated a mercury content of 0.01 to 0.03 µg/100 ml which is much higher than 

the earlier figures. However, the earlier studies had further found that total 

mercury concentrations were consistently elevated immediately near the cities of 

Jinja and Kisumu, where untreated sewage effluents are common in these shallow 

near shore environments (Campbell et al., 1998). This could thus explain the 

higher mercury levels found during the current study since the sites samples were 

in close proximity of Kisumu City.  

Table 4.4: Mercury content in water from Kisumu region (µg/100 ml)  

 Mean Range 

Minimum  Maximum  

Dunga beach 200m inshore 0.02±0.00
a
 0.01 0.02 

Dunga beach shoreline 0.01±0.00
a
 0.01 0.01 

River Kisiat 0.02±0.00
a
 0.02 0.03 

Tilapia beach shoreline 0.03±0.00
b
 0.01 0.02 

Tilapia beach 200m inshore 0.01±0.00
a
 0.02 0.03 

Tap water 0.02±0.00
a
 0.01 0.02 

WHO maximum limits 0.6   

 

Each value is a mean SE of three analyses each done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.05) 
from each other. 
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In the Kisumu region environment, the mercury contamination of the lake water 

could have arisen from the untreated sewage effluents and wash downs from gold 

mining activities upstream in Kakamega which fall under the lake’s catchments 

area. Anthropogenic total mercury sources have likely increased when agricultural 

and developmental activities escalated in the African Great Lakes region 

(Campbell et al., 2003.) Anthropogenic influences in the L. Victoria basin has 

already been implicated in excessive nutrient (C, N, P) inputs, significant shifts in 

diatom and chironomid species, increased concentrations of polyaromatic  

hydrocarbons from wood and fuel combustion, and the introduction of persistent 

organic pollutants (DDT, toxaphene) in recent short cores (Hecky, 1993; Lipiatou 

et al., 1996; Verschuren et al., 2002). Improper use or disposal of mercury and 

mercury containing objects can cause mercury exposure, for example after spills of 

elemental mercury or improper disposal of fluorescent light bulbs (Goldman and 

Shannon, 2001). However, the majority of mercury pollution comes from 

industrial emissions, especially from the burning of fossil fuels particularly high 

sulphur coal (Robertson, 2004). Other industrial sources include mercury mining 

and smelting, chloralkali process plants, and organic mercurial pesticide 

(Robertson, 2004). Other sources of mercury vapour include crematoriums, waste 

incinerators, and volcanoes (Goldman and Shannon, 2001). The Environmental 

Protection Agency (EPA) has limited the level of inorganic mercury in rivers, 

lakes, and streams to 0.0144 µg/100 ml. The shoreline water from the two beaches 

meets this requirement while the rest do not. Of greater concern are especially the 
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tap and river waters which are used for direct consumption by the residents of the 

city.  The Food and Drug Administration (FDA), limits levels of mercury to no 

more than 0.2 µg/100 ml in bottled water. The waters analyzed contained mercury 

levels much lower than this limit. The WHO (1999) limits for mercury in drinking 

water is 0.6 µg/100 ml. All the water analyzed had mercury levels way below this 

limit.  

4.2.2 Mercury content in the soil samples from Kisumu region 

The results of mercury content of soils Kisumu region are shown in Table 4.5. 

Tilapia Beach shoreline soil had significantly higher mercury content (p 0.05) 

than the Dunga Beach shoreline soils. This could be due to the higher 

anthropological activities at the Tilapia Beach as compared to the Dunga Beach as 

discussed under 4.2 above. However there was no significant difference between 

the mercury content of the soils from Dunga Beach shoreline and 2 km off the 

highway (p 0.05). This again can be attributed to their reduced anthropological 

activities. The soils from the road sides were significantly higher in mercury 

content (p 0.05) than all the other soils. In another study, surface soil samples 

collected from various agricultural sites around Jinja, Napoleon Gulf, had total 

mercury concentrations between 1.27 and 4.84 µg/100 g (Campbell et al., 2003). 

All the soils analyzed in the current study had their mercury contents falling within 

this range. The soils mercury content ranged from 1.39 to 4.05 µg/100 g.  
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In Tanzania near Mwanza Gulf, soil samples collected near gold mercury 

processing sites have shown extremely elevated total mercury concentrations of 

25.0 to 156.0 µg/100 g, although the total mercury concentrations declined very 

quickly to 0.2 µg/100 g with depth in the soil cores and with distance from the 

processing sites (van Straaten, 2000). This rapid decline was attributed to the 

presence of oxyhydroxides in the Tanzanian soils restricting mercury movement 

away from the mercury source (van Straaten, 2000). The results of the current 

study shows that the mercury content of the soils around Kisumu City are much 

lower than those reported in Mwanza gulf in Tanzania. 

 

Table 4.5: Mercury content in soil from Kisumu region (µg/100 g) 

 

Sample  Mean  Range 

  Minimum  Maximum  

Dunga beach shoreline 1.41±0.06
c
 1.00 1.70 

2km off the roadside 1.41±0.06
c
 1.00 1.70 

River Kisiat 1.88±0.17
bc

 1.39 2.57 

Tilapia beach shoreline 2.38±0.18
b
 1.60 3.43 

Roadside  3.13±0.29
a
 2.17 4.05 

WHO maximum limits 200   

 

Each value is a mean SE of three analyses each done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.05) 

from each other. 
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A review of forested soils from around the world (Roulet et al., 1998) indicates 

that the Lake Victoria surface soil has total mercury concentrations of 0.17–0.51 

µg/100 g.  This is much lower than the values obtained form the current study, 

however, this can be attributed to the fact that the earlier study had focused on 

forested areas of the lake Victoria catchments which have nil or minimal 

anthropological activities. The results of the current study however fall within the 

ranges for temperate soils in North America and Sweden of 0.1–32.5 µg/100 g, 

and also of the Amazon soils of 0.6–21.9 µg/100 g. Data on normal total mercury 

concentrations in African soils are very limited and there is a need to survey soil 

concentrations across East Africa (Campbell et al., 2003). Lakes Ontario and Erie 

shores were found to contain mercury values between 14.0 to 480.0 µg/100 g 

(Mudroch et al., 1988). This was much higher than the mercury levels found in the 

soils from L. Victoria shores. A study in southern L. Victoria found that wetland 

sediments near gold mines had elevated total mercury concentrations of 17.0–

535.0 µg/100 g dry weight prior to entering the Igonozela wetlands (van Straaten, 

2000). These are much higher than those found in the current study. The WHO 

limits for mercury in soil are 200 µg/100 g. All the soils analyzed in the current 

study had mercury levels much lower than this limit.  

4.2.3 Mercury content in maize and beans samples from Kisumu region  

The results of mercury contents in maize and beans from Kisumu region are shown 

in Figure 4.3. Maize had significantly higher (p 0.05) mercury levels as compared 
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to the beans. The two bean varieties were however not significantly different (p 

0.05). Total mercury sources to L. Victoria region are primarily anthropogenic 

(Campbell et al., 2003). It can thus be postulated that the mercury found in the 

maize and beans could have arisen from environmental exposure to dust 

containing mercury compounds. The set WHO (2006) maximum limit for mercury 

in foods is 1.5 µg/100 g. The two bean varieties’ mercury content fell within this 

range. However, the mercury content of the maize was slightly higher than this 

limit. 
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Figure 4.3: Mercury content in maize and beans from Kisumu region (µg/100 

g) 

4.2.4 Mercury content in fruits and vegetables samples from Kisumu region 

The results of mercury content of the fruits and vegetables from Kisumu region are 

shown in Table 4.6. Kales were found to have significantly higher (p 0.05) 

mercury levels than the rest of the vegetables and fruits. Among the underground 

crops, the onions had significantly lower mercury content (p 0.05) than the arrow 

roots. Among the fruits, the oranges, blackberries, bananas and guava had 
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significantly lower (p 0.05) mercury content as compared to the tomatoes and 

custard apple.   

 

Table 4.6: Mercury content in fruits and vegetables from Kisumu region 

(µg/100 g) 

 

Sample  Mean Range  

Minimum  Maximum  

Banana    0.86±0.04
c
 0.77 0.98 

Tomatoes  

Black nightshade 

Onions 

Amaranth 

Cow peas leaves 

Kales 

1.97±0.09
b
 

 

0.99±0.10
c
 

 

0.22±0.02
e
 

 

1.87±0.21
b
 

 

0.72±0.14
d
 

 

3.16±0.10
a
 

1.79 

 

0.82 

 

0.16 

 

0.80 

 

0.36 

 

2.59 

 

2.20 

 

1.28 

 

0.26 

 

2.63 

 

1.38 

 

3.41 

 

Arrow roots 1.56±0.05
b
 1.33 1.76 

Black berries ND
e
 ND ND 

Custard apple 1.69±0.13
b
 1.47 2.05 

Guava  0.65±0.05
d
 0.53 0.77 

Oranges ND
e
 ND ND 

Spiderplant 1.75±0.28
b
 0.90 2.61 

WHO maximum limits 1.5   

 

Each value is a mean SE of three analyses each done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.05) 

from each other. 
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Among the leafy vegetables, there were no significant differences (p 0.05) 

between amaranth, black night shade and traditional vegetables. These three 

vegetables tend to grow in the wild explaining their similarities. The set standard 

for mercury in foods is 1.5 µg/100 g. The cow peas’ leaves, banana, black berries, 

black nightshade, guava, onions and oranges were found to be within this limit. 

The amaranth, arrow roots, custard apple, kales, tomatoes and traditional vegetable 

were found to have higher contents of mercury than the set limit.  

4.2.5 Mercury content in fish samples from Kisumu region 

The results of mercury content in fish from Kisumu region are shown in Figure 

4.4. The Migori haplo (kamongo) was found to have significantly higher (p 0.05) 

mercury content than the rest of the fish. The two different sizes of tilapia did not 

have a significant difference (p 0.05) in mercury content. This is contrary to 

expectation since earlier studies had indicated that heavy metals content including 

mercury tend to increase in fish with increase in size due to bio-accumulation 

(Storelli et al., 2002). This could have however be due to their similarity dietary 

intakes considering the fish analyzed were not very different in size most likely 

had a very similar diet. The fresh and dried sardines did not have a significant 

difference (p 0.05) in levels of mercury which indicates that the drying process 

did not have a significant effect on the mercury content of the sardines. Monitoring 

of environmental and human exposure to mercury in the Nungwe Bay area of the 

Lake Victoria goldfields Tanzania, has revealed low mercury concentrations in 
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fish ranging between 1.8 and 16.9 µg/100 g with a mean of 7 µg/100 g (Campbell 

et al., 2003). All the fish analysed in this study had their mercury content within 

this range. Mining has not produced a significant increase in environmental 

methylmercury that is available for bioaccummulation in aquatic food chains. 

Highest mercury concentrations in fish caught along the southern shores of Lake 

Victoria and in rivers draining from gold processing sites were detected in lungfish 

species (Protopterus aethiopicus), and lowest Hg concentrations in tilapia 

(Oreochromis niloticus and Tilapia zilii) (Campbell et al., 2003). 
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Figure 4.4: Mercury content in fish from Kisumu region (µg/100 g) 
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Lake Victoria fish contain lower levels of mercury than some other lakes in the 

region, such as Lake Malawi and Lake Albert (Campbell et al., 2003). The earlier 

research suggested that most fish species caught in Lake Victoria are safe to eat, 

even if consumed often (Campbell et al., 2003). This is good news for fish 

exporters, who must meet international guidelines for acceptable mercury levels. 

Nearly all fish contain trace amounts of methyl mercury, some more than others. 

In areas where there is industrial mercury pollution, the levels in the fish can be 

quite elevated (Campbell et al., 2003). In general, however, methyl mercury levels 

for most fish range from less than 1 µg/100 g to 50 µg/100 g (Campbell et al., 

2003). The fish analyzed in the current study falls within this range. Certain 

species of very large tuna, typically sold as fresh steaks or sushi, can have levels 

over 100 µg/100 g (Campbell et al., 2003) which is much higher than the levels of 

mercury in fish found in the current study. The WHO maximum limit of mercury 

in fish is 5 µg/100 g. This was not exceeded by any of the fish varieties analyzed 

in the current study. 

4.3 Cadmium 

4.3.1 Cadmium content of water samples from Kisumu region 

The results of cadmium content in water from Kisumu region are shown in Figure 

4.5. R. Kisiat and tap waters had significantly higher (p<0.05) cadmium content as 

compared to the lake water. The lake waters from all the sampling points at both 

the Dunga and Tilapia Beaches were not significantly different (p<0.05) in 
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cadmium content. The tap and river water are not significantly different form each 

other (p<0.05) in cadmium content. Cadmium may enter aquatic systems through 

weathering and erosion of soils and bedrock, atmospheric deposition direct 

discharge from industrial operations, leakage from landfills and contaminated 

sites, and the dispersive use of sludge and fertilizers in agriculture (OECD, 1994). 

The most likely source of cadmium in the waters analyzed could be the use of 

fertilizers in agriculture which ends up in the water systems through soil erosion. 

Much of the cadmium entering fresh waters from industrial sources may be rapidly 

adsorbed by particulate matter, and thus sediment may be a significant sink for 

cadmium emitted to the aquatic environment (WHO, 1992). Some data shows that 

recent sediments in lakes and streams range from 0.2 to 0.9 ppm in contrast to the 

levels of generally less than 0.1 ppm cited for fresh waters (Cook and Morrow, 

1995).  
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Figure 4.5: Cadmium content in water from Kisumu region (mg/ 100 ml). 

 

http://www.cadmium.org/env_ref.html#o
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The average cadmium content in the world's oceans has variously been reported as 

low as <5 ng/L  (WHO, 1992) and 5-20 ng/L (OECD, 1994; Jensen and Bro-

Rasmussen, 1992) to as high as 110 ng/L (CRC, 1996), 100 ng/L (Cook and 

Morrow 1995) and 10 to 100 ng/L (Elinder, 1985). Higher levels have been noted 

around certain coastal areas (Elinder, 1985) and variations of cadmium 

concentration with the ocean depth, presumably due to patterns of nutrient 

concentrations, have also been measured (WHO, 1992; OECD, 1994). Even 

greater variations are quoted for the cadmium contents of rainwater, fresh waters, 

and surface waters in urban and industrialized areas. Levels from 1 µg/100 ml to 

400.0 µg/100 ml have been quoted in the literature depending on specific location 

and whether or not cadmium total or dissolved cadmium is measured (Elinder, 

1985; WHO, 1992; OECD, 1994). The results of this study fall within this range 

being 40 to 110 µg/100 ml. It has been demonstrated that rivers can transport 

cadmium for considerable distances, up to 50 km, from the source (WHO, 1992). 

Nonetheless, studies of cadmium contamination in major river systems over the 

past twenty to thirty years have conclusively demonstrated that cadmium levels in 

these rivers have decreased significantly since the 1960s and 1970s (Cook and 

Morrow, 1995; Elgersma et al., 1992; Mukunoki and Fujimoto, 1996; Van Assche 

and Ciarletta, 1992). Cadmium compounds are currently mainly used in re-

chargeable nickel–cadmium batteries. Cadmium emissions have increased 

dramatically during the 20th century, one reason being that cadmium-containing 

products are rarely re-cycled, but often dumped together with household waste. 

http://www.cadmium.org/env_ref.html#w
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http://www.cadmium.org/env_ref.html#j
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http://www.cadmium.org/env_ref.html#c
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The WHO limits for cadmium in water is 0.3 mg/100 ml. All the water analyzed 

during this study fell within this limit.  

4.3.2 Cadmium content in soil samples from Kisumu region 

The results of the cadmium content in the soil from Kisumu region are shown in 

Table 4.7. The soils from the Tilapia Beach, River Kisiat and roadside were 

significantly higher (p<0.05) in cadmium content as compared to the Dunga Beach 

and 2 km off the road soils. The River Kisiat soils were not significantly different 

(p<0.05) from the roadside and Tilapia beach soils. Fossil fuels contain 0.5 to 1.5 

mg/kg cadmium, but phosphate fertilizers contain from 10 to 200 mg/kg cadmium 

(Cook and Morrow 1995). The higher cadmium content in the roadside soil could 

be associated to the deposition of cadmium from fossil fuel combustion in 

vehicles; the same could be true of the River Kisiat and Tilapia Beach soils which 

also experience high traffic levels. The three areas also experience higher 

anthropogenic activities which could have led to the higher cadmium content. 

Cadmium in soils is derived from both natural and anthropogenic sources. Natural 

sources include underlying bedrock or transported parent material such as glacial 

till and alluvium. Anthropogenic input of cadmium to soils occurs by aerial 

deposition and sewage sludge, manure and phosphate fertilizer application. This 

could explain the higher levels of cadmium in the Tilapia Beach which has more 

agricultural activities as compared to the other areas sampled.  Cadmium is much 

less mobile in soils than in air and water. The use of cadmium-containing 

http://www.cadmium.org/env_ref.html#c
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fertilizers and sewage sludge is most often quoted as the primary reason for the 

increase in the cadmium content of soils over the last 20 to 30 years in Europe 

(Jensen and Bro-Rasmussen, 1992). 

Table 4.7: Cadmium content in soils from Kisumu region (mg/100 g) 

Sample  Mean Range 

  Minimum  Maximum  

Dunga beach shoreline 0.13±0.05
b
 0.12 0.16 

2 km off the road 0.13±0.05
b
 0.12 0.16 

River Kisiat 0.09±0.01
c
 0.07 0.13 

Tilapia beach shoreline 0.15±0.00
a
 0.13 0.18 

Roadside 0.07±0.00
d
 0.05 0.09 

WHO maximum limits 5.00   

 

Each value is a mean SE of three analyses done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.001) 

from each other. 

 

Atmospheric cadmium emissions deposition onto soils has generally decreased 

significantly over that same time period (Cook and Morrow, 1995; Mukunoki and 

Fujimoto, 1996). Indeed, recent studies in Europe have documented that 

atmospheric emissions do not presently have a significant impact upon the 

cadmium content of soils (Bak et al., 1997). Except in cases of extreme 

contamination, the concentration of cadmium in soils is not the primary 

determinant of cadmium in the human diet. For example, leafy vegetables and 

http://www.cadmium.org/env_ref.html#j
http://www.cadmium.org/env_ref.html#c
http://www.cadmium.org/env_ref.html#m
http://www.cadmium.org/env_ref.html#m
http://www.cadmium.org/env_ref.html#b
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potato tubers naturally accumulate higher levels of cadmium than do fruits and 

cereals (Mench, 1998). Moreover, tillage and crop rotation practices similarly have 

a greater impact upon the cadmium content of food than does the concentration of 

cadmium in soils (Mench, 1998). The WHO maximum allowable limits for 

cadmium in soil are 5 mg/100g. This limit was not exceeded by any of the soil 

samples analyzed.  

4.3.3 Cadmium in fruits and vegetables from Kisumu region 

The results of cadmium content in fruits and vegetables from Kisumu region are 

shown in Table 4.8. The tomatoes, kales and custard apple had significantly higher 

(p<0.05) levels of cadmium as compared to the other fruits and vegetables 

analyzed. On the other hand, cow peas’ leaves, arrow roots, and guava had 

significantly lower (p<0.05) levels of cadmium. It was also observed that the 

cadmium levels in the leafy vegetables were very similar. Cadmium levels can 

vary widely in various types of foodstuffs (ATSDR, 1997). Leafy vegetables such 

as lettuce and spinach and certain staples such as potatoes and grain foods exhibit 

relatively high values from 3 to 15 µg/100 g (WHO, 1992; ATSDR, 1997). The 

cadmium contents of foodstuffs may vary widely with the agricultural practices 

utilized in the particular areas such as phosphate fertilizer, sewage sludge and 

manure application, the types of crops grown, and atmospheric cadmium 

deposition from natural or anthropogenic sources.  

 

 

http://www.cadmium.org/env_ref.html#m
http://www.cadmium.org/env_ref.html#m
http://www.cadmium.org/env_ref.html#w
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Table 4.8: Cadmium content in fruits and vegetables from Kisumu region 

(mg/100 g) 

 

 Sample  Mean  Range 

Minimum  Maximum 

Spiderplant    0.12±0.05
a
 0.00 0.31 

Tomatoes  

Black nightshade 

Onions 

Amaranth 

Cow peas leaves 

Kales 

0.13±0.00
a
 

 

0.07±0.01
b
 

 

0.07±0.00
b
 

 

0.04±0.00
b
 

 

0.01±0.00
c
 

 

0.14±0.01
a
 

0.12 

 

0.05 

 

0.07 

 

0.02 

 

0.00 

 

0.12 

 

0.13 

 

0.07 

 

0.08 

 

0.06 

 

0.01 

 

0.15 

 

Arrow roots ND
c
 ND ND 

Banana  0.05±0.00
b
 

 

0.05 0.06 

Black berries 0.02±0.00
c
 

 

0.02 0.02 

Guava  0.01±0.00
c
 

 

0.01 0.02 

Oranges 0.02±0.00
c
 

 

0.01 0.03 

Custard apple 0.13±0.00
a
 

 

0.12 0.13 

WHO maximum limits 0.70   

 

Each value is a mean SE of three analyses each done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.05) 

from each other. 

 

Therefore the cadmium content of terrestrial foods varies significantly as a 

function of the type of food crop grown, the agricultural practices pursued, and the 
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atmospheric deposition of cadmium onto exposed plant parts (ATSDR, 1997). 

This could explain the difference between the levels reported in the earlier study 

which were much lower than the levels reported in the current study. Earlier 

studies by Turzen (2003) indicated that the average level of cadmium in vegetables 

in Bangladesh was 0.18 mg/100 g. this was higher than the values reported in the 

current study. There are strong indications that cadmium levels in foodstuffs have 

substantially decreased during the past several decades due to the progressive 

control of cadmium emissions to the environment (Van Assche and Ciarletta, 

1993; Watanabe et al., 1993; Watanabe et al., 1994). Recent studies have further 

documented that the cadmium content of food crops in Europe and many other 

countries are now stable and not increasing with time (Chaudri et al., 1995). In 

earlier studies, levels in fruit and vegetables were reported to be usually below 1 

μg/100 g (Galal-Gorchev, 1991). The level of cadmium reported in the fruits and 

vegetables in the current study were much higher than these. The WHO limit for 

cadmium in food is 0.7 mg/100 g. This was not exceeded by any of the fruits and 

vegetables analyzed.  

4.3.4 Cadmium in maize and beans from Kisumu region 

The results of cadmium content in maize and beans from Kisumu region are shown 

in Figure 4.6. The cadmium content in the maize was significantly higher (p<0.05) 

than the beans. There was no significant difference (p<0.05) in cadmium content 

in the different beans analyzed. Much of the cadmium which enters the body by 

http://www.cadmium.org/env_ref.html#v
http://www.cadmium.org/env_ref.html#v
http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#c
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ingestion comes from terrestrial foods (Van Assche, 1998). This is to say, from 

plants grown in soil or meat from animals which have ingested plants grown in 

soil. Thus food plants together with the cadmium deposited out of the atmosphere 

on edible plant parts establishes the vast majority of human cadmium intake (Van 

Assche, 1998). Crops grown in polluted soil or irrigated with polluted water may 

contain increased concentrations, as may meat from animals grazing on 

contaminated pastures (IARC, 1976).  
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Figure 4.6: Cadmium content in maize and beans from Kisumu region 

(mg/100 g) 

 

In cereals, levels are about 2.5 μg/100 g wet weight have been reported (Galal-

Gorchev, 1991). This is much lower than the levels reported in maize in the 

current study. There is considerable information in the literature regarding the 

cadmium contents of foods grown in contaminated areas (Elinder, 1985; WHO, 

1992; OECD, 1994). Detailed studies have indicated that only a small percentage 

of these contaminated areas were actually utilized for growing foods which were 

subsequently consumed with the exception of rice fields in Japan where 

http://www.cadmium.org/env_ref.html#v
http://www.cadmium.org/env_ref.html#v
http://www.cadmium.org/env_ref.html#v
http://www.cadmium.org/env_ref.html#e
http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#w
http://www.cadmium.org/env_ref.html#o
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considerable cadmium did find its way into the average person's diet through rice 

grown on contaminated rice fields (Elinder, 1985). In specific cases, management 

measures to reduce the transfer of cadmium from historically contaminated soils 

into the local food chain have proven successful (Staessen et al., 1991). The WHO 

limit of cadmium in foods is 0.7 mg/100 g. this limit was not exceeded by the 

maize and beans analyzed in the current study.  

4.3.5 Cadmium content in fish samples from Kisumu region  

The results of cadmium content in fish from Kisumu region are shown in Figure 

4.7. From the results of this study, the butterfish, Migori haplo and medium sized 

tilapia had significantly higher levels of cadmium (p 0.05) as compared to the 

rest. The cadmium content was lowest in the small sized tilapia. However there 

was no significant difference between the sardines and the Nile perch (p 0.05). It 

is however important to note that the levels of cadmium were generally very close. 

Some have estimated that 98% of the ingested cadmium comes from terrestrial 

foods, while only 1% comes from aquatic foods such as fish and shellfish, and 1% 

arises from cadmium in drinking water (Van Assche, 1998). In previous studies, 

average cadmium levels in fish were found to be 2 μg/100 g wet weight. High 

levels were found in shellfish of 20–100 μg/100 g (Galal-Gorchev, 1991). These 

levels are much lower than the levels reported in the current study. The WHO 

maximum allowable limit for cadmium in fish is 2.5 mg/100 g (WHO, 2004). This 

limit was not exceeded by any of the fish varieties analyzed. 

http://www.cadmium.org/env_ref.html#e
http://www.cadmium.org/env_ref.html#s
http://www.cadmium.org/env_ref.html#v
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Figure 4.7: Cadmium content in fish from Kisumu region (mg/100 g) 

 

4.4 Arsenic  

4.4.1 Arsenic content in water samples from Kisumu region  

The results of arsenic content in water from Kisumu region are shown in Table 

4.9. The arsenic content of water from the tilapia beach shoreline was significantly 

higher (p 0.05) from the other water samples. On the other hand the tap water did 

not contain any detectable amounts of arsenic and was significantly lower that the 

rest of the water samples (p 0.05). This could be attributed to the water treatment 

process where much of the arsenic could have been removed together with the 

floccules during the sedimentation step. It was also noted that the arsenic content 
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in the waters from the beach and the lake inshore were significantly different (p 

0.05) at the two beaches (Tilapia and Dunga). The shoreline waters had 

significantly higher (p 0.05) levels of arsenic than the inshore waters. This 

indicates that there is a reduction in arsenic content in the lake waters with 

increasing distance form the shoreline. This shows that the level of anthropogenic 

pollution is higher at the shorelines than in the lake.  

Table 4.9: Arsenic content in water from Kisumu region (ng/100 ml) 

Sample  Mean  Range 

  Minimum Maximum  

Dunga beach 200m inshore 2.0.±0.10
d
 1.60 2.70 

Tap water ND
e
 ND ND 

River Kisiat 1.7±0.60
d
 0.00 3.90 

Tilapia beach 200m inshore 4.2±0.50
c
 2.70 5.80 

Tilapia beach shoreline 13.1±1.10
a
 9.10 16.80 

Dunga shoreline 8.30±1.10
b
 1.30 11.30 

WHO minimum limits 1000   

 

Each value is a mean SE of three analyses each done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.05) 

from each other. 

 

 

Also noted was that the arsenic content in the River Kisiat waters was not 

significantly different from the arsenic content of the shoreline water from the two 

beaches (Dunga and Tilapia). This could be attributed to the fact that the water 
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from both sources had been exposed to pollution due to human activities at the two 

sources. The water from the Tilapia beach shoreline had significantly higher (p 

0.05) arsenic content than the Dunga beach shoreline waters. This could be 

attributed to the higher level of human activities at the Tilapia beach as compared 

to the Dunga beach. This is because the physical, chemical and biological 

processes occurring permanently in an aquatic environment should be considered 

to explain the inorganic elements and heavy metals concentrations (Nguyen et al., 

2005). External processes like discharging of pollutants and anthropogenic 

activities also affect the concentration and behavior of inorganic elements and 

heavy metals concentrations (Baeyens et al., 1998). Human activities have 

increased the concentration of metals in many of the natural water systems which 

have raised concerns regarding metal bioaccumulation and human health hazards 

(Pan and Brugam, 1997). 

 

In addition, conditions in the catchments and lake are important for the mobility 

and availability of metals in the water. Rivers and lakes are exposed to 

atmospheric deposition of anthropogenically derived trace elements. This can 

create harmful effects on environmental condition and human health due to their 

toxicity and bioaccumulation in various environmental compartments (Jarup, 

2004, Silva et al., 2005). WHO has recommended 10 parts per billion (1 µg/100 

ml) as the limit for arsenic in drinking water (WHO, 2003). From the results 
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obtained, all the water sources analyzed were within this limit ranging from 0.00 to 

13.1 ng/100ml (0.00 to 0.013 µg/100 ml) 

4.4.2 Arsenic content in soil samples from Kisumu region 

The results of arsenic content of soils from Kisumu region are shown in Figure 

4.8. From the results of this study, soil from R. Kisiat was found to have 

significantly higher (p 0.005) levels of arsenic as compared to the rest of the 

soils. This could be due to higher anthropogenic activities around the river since 

there is bathing and washing of clothes taking place there. In soils contaminated 

through anthropogenic activity, arsenic contents may exceed 50 mg/kg (Ali et al., 

2003). 
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Figure 4.8: Arsenic content in soils from Kisumu region (µg/100 g)  

 

The Dunga shoreline soil and 2 km from the highway were significantly lower (p 

0.05) in arsenic content than the roadside and river Kisiat soils. This is because 

both of them being further away from human activities, had lower anthropogenic 
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activities. It was also noted that there was no significant difference (p 0.05) in the 

arsenic content in the soils from the two beaches (Dunga and Tilapia) which is an 

indicator of similarities in human activities at the two beaches. The roadside soils 

were not significantly different (p 0.05) from the Tilapia beach soils. The two 

sites have high vehicular traffic thus there source of arsenic could be both 

anthropogenic as well as from the combustion of petroleum products whose 

combustion has been found to emit some arsenic (Ghelberg et al., 1983). In a study 

in Bangladesh, concentration of arsenic in the irrigated soils varied from 0.32 to 

2.75 mg/100 g. On the other hand, in the areas where irrigation-water did not 

contain arsenic, the soil arsenic varied from 0.01 to 0.28 mg/ 100g (Huq, 2006). 

The concentration of arsenic in the soils in the current study (0.012 to 0.024 

mg/100 g) was much lower than those reported in the Bangladesh study with the 

water containing arsenic and within the same range with the water without arsenic. 

The WHO limit for arsenic in agricultural soils is 50 µg/100g (WHO, 2003). This 

limit was not exceeded by any of the soil samples analyzed.  

4.4.3 Arsenic content in maize and beans samples from Kisumu region 

The results of arsenic contents of maize and beans from Kisumu region are shown 

in Figure 4.9. From the results obtained from this study, the arsenic content was 

significantly different (p 0.05) between the maize and beans. Maize generally had 

significantly (p 0.05) higher levels of arsenic. Among the two varieties of beans 

analyzed, there was a significant difference (p 0.05) in the amount of arsenic. 
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Dietary arsenic represents the major source of arsenic exposure of most of the 

general population. The actual total arsenic concentrations in foodstuffs from 

various countries will vary widely depending on the food type, growing conditions 

(type of soil, water, geochemical activity, use of arsenical pesticides) and 

processing techniques (Khaliquzzamann and Khan, 2003).  
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Figure 4.9: Arsenic content in maize and beans from Kisumu region (µg/100 

g)  

 

Yost et al., 1998 reported arsenic content of 20 µg/100 g in cereals consumed in 

the Northen America diet. The findings of this study (5.2 to 7.0 µg/100 g) 

indicated a much lower level of total arsenic in the maize sold in the Lake Victoria 

region of Kenya. In the same North American study, Yost et al. (1998) found the 

total arsenic levels in pulses to be 20 µg/100g. This is much higher than the figures 

found in this study. In another study by Kaliquzzamann and Khan (2003) in 

Bangladesh, the level of arsenic in both cereals and pulses was established as 20 

µg/100g which is much higher than the levels found in this study. The WHO limit 

set for cereals is 10µg/100 g (WHO, 2003) which was not exceeded by the maize 
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purchased from Kisumu market. The WHO limit set for pulses is also 10 µg/100 g 

(WHO, 2003) which was also not exceeded by the two varieties of beans studied in 

this study. The beans are also safe for human consumtion.  

4.4.4 Arsenic content in fruits and vegetables samples from Kisumu region 

The results of arsenic content in the fruits and vegetables from Kisumu region are 

shown in table 4.10. From the results obtained, the onions, oranges, black berries 

and black nightshade had significantly higher (p 0.05) arsenic content than the 

rest of the fruits and vegetables analyzed. On the other hand amaranth, arrow 

roots, kales and traditional vegetables had significantly lower (p 0.05) levels of 

arsenic as compared to the rest. The oranges had no significant difference (p 

0.05) with the bananas and guavas. Among the underground crops, the onions had 

significantly higher arsenic levels compared to the arrow roots (p 0.05). There 

was no significant difference between the fruits and vegetables (p 0.05) as they 

were represented evenly in all the arsenic ranges. Naidu (Naidu, 2001) reported 

0.64 µg/100g arsenic content in fruits. This is also much lower than the arsenic 

content found in fruits in the Lake Victoria study which ranged from 4.20 µg/ 100 

g to 7.19 µg/100 g. Other studies have shown that arsenic content in plants varied 

considerably with type of plants, type of soil, and arsenic content of irrigation-

water. Generally, the highest concentrations of arsenic were always recorded in 

plant-roots, and this may be attributed to contamination from fine colloidal 
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particles (Abedin et al., 2002; Hironaka and Ahamad, 2003; Alam and Rahman, 

2003).  

Table 4.10: Arsenic content in fruits and vegetables from Kisumu region 

(µg/100 g) 

 

 Sample  Mean  Range 

Minimum  Maximum  

Spiderplant    3.94±0.08
de

 3.64 4.25 

Tomatoes  

Black nightshade  

Onions 

Amaranthus 

Cow peas leaves 

Kales 

4.56±0.06
cd

 

 

7.34±0.07
a
 

 

6.90±0.10
a
 

 

2.89±0.10
e
 

 

5.96±0.32
ab

 

 

3.85±0.16
de

 

4.39 

 

7.16 

 

6.71 

 

2.40 

 

5.07 

 

3.59 

 

4.67 

 

7.50 

 

7.17 

 

3.39 

 

7.28 

 

4.29 

 

Arrow roots 2.90±0.51
e
 1.43 4.55 

Banana  4.43±0.04
cd

 4.32 4.49 

Black berries 6.96±0.09
a
 6.77 7.20 

Custard apple 5.51±0.06
bc

 5.34 5.62 

Guava 4.31±0.05
cd

 4.20 4.43 

Oranges  6.99±0.08
a
 6.79 7.19 

WHO limit 10.00   

 

Each value is a mean SE of three analyses done in triplicates.  

Means within columns followed by different letters are significantly different (p 0.05) 

from each other. 
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Debeka et al., 1993 carried out a survey of the arsenic intake by Canadian children 

and found out the vegetable consumed in Canada had arsenic content ranging from 

0.28 µg/100 g to 0.7 µg/100 g. The arsenic content of the vegetables analyzed in 

the current study were much higher than those reported in the Canadian study 

since they ranged from 1.43 µg/100 g to 7.50 µg/100 g.In another study by Naidu 

(2001), figures similar to the Canadian study were found and these were also much 

lower than those found in the current study. In a Bangladesh study the arsenic 

content in vegetables was 2.8 to 7.0 µg/100 g. This was similar to the arsenic 

content in vegetables found in the current study. In another study in Bangaldesh, 

the arsenic content of tomatoes was found to be 400 µg/100 g which is 100-fold 

higher than those found in this study (4.5 µg/100 g). In the same study, the arsenic 

content of arrow roots was found to be 2000 µg/100 g which is also much higher 

than those found in this study. In the same study the arsenic content of the onions 

was found to be 5 µg/100 g which was similar to the arsenic content of onions in 

the current study (Huq et al., 2006). The WHO limits for arsenic in foods 

including fruits and vegetables is 10 µg/100 g (WHO, 2003). This limit was not 

exceeded by any of the fruits and vegetables analyzed in the current study.  

4.4.5 Arsenic content in fish samples from Kisumu region 

The results of arsenic content in fish from the Kisumu region are shown in Figure 

4.10. The dry sardines (dagaa) had significantly higher levels (p 0.05) of arsenic 

as compared to the rest of the fish samples. Most of the other fish samples were 
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not significantly different (p 0.05) from each other. The tilapia of the two 

different sizes (small and medium) were not significantly different (p 0.05) from 

each other. The fresh sardines had significantly lower levels of cadmium (p 0.05) 

as compared to the dried sardines’ sample. This could be attributed to the 

concentration of the arsenic during drying process. The difference between the 

fresh and dry sardines could also be attributed to exposure to anthropological 

contamination during drying and display in the market. 
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Figure 4.10: Arsenic content in fish from Kisumu region (µg/100 g) 

  

 

In a North American study in 1993, Debeka et al. found arsenic average levels of 

166.2 µg/100 g in fish and shell fish (Debeka et al., 1993). This was much higher 
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than the average value of 1.43 to 7.60 µg/100 g in fish found in this study. In 

another study in North America, Yost et al. found arsenic levels of 110 µg/100 g 

in fish (Yost et al., 1998). This was also much higher than the levels found in the 

current study. The Australian limit of 1 mg/kg (100 µg/100 g) dry weight was set 

with regard to the high seafood intake of Australian people, as seafood contains 

elevated amounts of arsenic. However, most arsenic in this seafood is organic 

(Leelphart et al., 2004). This limit is also much higher than the findings of the 

current study. The WHO limit for arsenic in fish is 10 µg/100 g (WHO, 2003). 

This limit was not exceeded by any of the fish types analyzed in the current study. 

The fish is thus safe for human consumption.  
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CHAPTER 5:  

CONCLUSIONS AND RECOMMENDATIONS  

5.1 Conclusions 

The waters from Kisumu region, which were sourced from L. Victoria, River 

Kisiat and taps were within the WHO limits for mercury, cadmium and arsenic. 

The tap water samples were the only ones that met the WHO limits for lead. There 

were variations based on the sources. Geographical location was noted to cause 

variations especially with the L. Victoria water whose heavy metal contents were 

found to be different at the two beaches, Dunga and Tilapia Beach. The distance 

from the shoreline was also noted to cause variations, with the inshore waters 

containing lower heavy metal contents.  

 

The soils from Kisumu region were found to be within the WHO limits for 

mercury, cadmium and arsenic. The roadside soils samples contained higher lead 

contents than the WHO limit. However, there were differences due to geographical 

location with the soils from areas with high anthropological activities containing 

higher heavy metal loads while those from areas with lower anthropological 

activities contained lower heavy metal loads.  
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The maize from Kisumu region was found to be within the WHO limits for lead, 

cadmium and arsenic in foods. However, it was found to contain slightly higher 

mercury content than the WHO limits for mercury in foods.  

 

The beans from Kisumu region were found to be within the WHO limits for lead, 

mercury, cadmium and arsenic in foods. However, there were variations in the 

heavy metals contents from one heavy metal to another with some being 

significantly higher than others.  

 

The fish from Kisumu region was found to be within the WHO limits for lead, 

mercury, arsenic and cadmium. However, there were variations in heavy metal 

contents between the species of fish studied.   

 

The fruits and vegetables from Kisumu region were found to be within the WHO 

limits for arsenic and cadmium. However, there were differences in the arsenic and 

cadmium contents between the different species of fruits and vegetables studied.  

 

Eight of the thirteen different fruits and vegetables studied had lead contents above 

the maximum WHO limit for lead in foods. The remaining five were within the 

limits. It was observed that the lead content variations were very large between the 

different fruits and vegetables studied.  
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Six of the thirteen different fruits and vegetables analyzed had higher mercury 

content than the maximum WHO limit for mercury in foods. The remaining seven 

were within the WHO limits. The mercury content variation were also very big 

between the different types of vegetables studied.  

5.2 Recommendations 

It is recommended that further research be done on the effect of food preparation 

on heavy metal levels in the foods. Such work should focus on the effect of 

common food preparation methods such as washing, soaking and boiling on heavy 

metal concentrations in the foods, to determine if they are significantly affected by 

these preparation methods.  

 

It is recommended that a continuous monitoring of heavy metal levels of water, 

soil and foods be put in place since there could be seasonal variations in their 

levels. It is also recommended that a study be carried out to determine the levels of 

heavy metals in human tissue. It is also recommended that a study be carried out to 

determine other sources of heavy metals other than water and soils studied in the 

current study, especially air. Further studies should also be carried out to 

determine the parameters causing the apparent variations in the heavy metals 

content in the different species of fruits and vegetables analyzed.  

 

 

 

 



 

 

92 

REFERENCES  

Abedin M. J., Crasser M. S., Emhart A. A., Feldman J., and Cotter-Howells J. 

(2002) Arsenic accumulation and metabolism in rice (Orzo sativa L.). 

Environ Science Techno. 36:962-8. 

Agency for Toxic Substances and Disease Registry (ATSDR). (1990) Public 

Health Statement, Mercury ATSDR public health statement, December 

1990.  http://www.atsdr1.atsdr.cdc.gov:8080/ToxProfiles/phs8916.html  

Agency for Toxic Substances and Disease Registry (ATSDR). (1997) Draft 

toxicological profile for cadmium, Public Health Service, U.S. Department 

of Health & Human Services, Atlanta, Georgia.  

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

Toxicological profile for mercury. US Department of Health and Human 

Services, Public Health Service, ATSDR. Atlanta, GA. Available at: 

http://www.atsdr.cdc.gov/toxprofiles/tp46.html. 

Agency for Toxic Substances and Disease Registry (ATSDR). (2000) Arsenic 

toxicity course: SS3060, Revision date 2000, Agency for Toxic Substances 

and Disease Registry, Division of Health Education and Promotion, U.S. 

Department of Health and Human Services. 

Alam Md. Z., and Rahman M. (2003) Accumulation of arsenic in rice plant from 

arsenic contaminated irrigation water and effect on nutrient content. In: 

Feroze A.M., Ashraf A.M., Adeel, Z. editors. Fate of arsenic in the 

http://www.atsdr1.atsdr.cdc.gov:8080/ToxProfiles/phs8916.html
http://www.atsdr.cdc.gov/toxprofiles/tp46.html


 

 

93 

environment. Dhaka: Bangladesh University of Engineering and 

Technology. 131-5. 

Alexander, F. W. (1974) The uptake of lead by children in differing environments. 

Environmental health perspectives. 7:155-159. 

Ali, M. A., Badruzzaman, A. B. M., Jalil, M. A., Hossain, M. D., Ahmed, M. F., 

and Masud A. A. (2003) Arsenic in plant and soil environment of 

Bangladesh. In: Feroze AM, Ashraf AM, Adeel Z, editors. Fate of arsenic 

in the environment. Dhaka: Bangladesh University of Engineering and 

Technology. 85-112. 

AMAP. (2002) Arctic Pollution 2002: Persistent Organic Pollutants, Heavy 

Metals, Radioactivity, Human Health, and Changing Pathways. Arctic 

Monitoring and Assessment Program. Available at: http://www.amap.no/  

AMAP. (2003) AMAP Assessment 2002: Human Health in the Arctic. Arctic 

Monitoring and Assessment Programme (AMAP), Oslo, Norway. xiii+137 

pp. Available at: http://www.amap.no/ 

Amyot, M., Lean D. R. S., Poissant, L. and Doyon, M.-R. (2000) Distribution and 

transformation of elemental mercury in the St. Lawrence River and Lake 

Ontario. Can. J. Fish. Aquat. Sci. 51, (Suppl.1): 155–163. 

Andersen, N. L., Fragt, S., Groth, M. V., Hrtkopp, H. B, Moller, A., Ovesen, L., 

and Warming, D. L. (1996) Dietary habits in Denmark. Main Results. 

Publication No. 235. National Food Agency. 

http://www.amap.no/


 

 

94 

AOAC. (1984) Official Methods of Analysis of the Association of Analytical 

Chemists. 14
th
 Edition. Washington, DC, USA. 

ARW (Düsseldorf, Arbeitsgemeinschaft Rhein-Wasserwerke e.V). (1988) 

Jahresbericht. 45th annual report, 1988.  

AWBR (Karlsruhe, Arbeitsgemeinschaft Wasserwerke Bodensee-Rhein). (1988) 

Jahresbericht. 20th annual report, 1988. 

Baeyens, W., Parmentier, K., Goeyens, L., Ducastel, G., De Gieter, M., and 

Leermakers, M. (1998) Biogeochemical behaviour of Cd, Cu, Pb and Zn in 

Scheldt estuary: results of the 1995 surveys. Hydrobiologia 366:45-62. 

Bak, J., Jensen, J., Larsen, M. M., Pritzl, G. and Scott-Fordsmand, J. (1997) "A 

heavy metal monitoring programme in Denmark." Sci. Total Environ, 207: 

179-186.  

Baker, E. L., Hayes, C. G., Landrigen, P. J., Handke, J. L., Leger, R. T., 

Housworth, W. J., and Harrington, M. (1977) American Journal of 

Epidemiology. 106: 261-273 

Ball, A. L., Rom, W. N. and Glenne, B. (1983) Arsenic distribution in soils 

surrounding the Utah copper smelter. American Industrial Hygiene 

Association Journal. 44:341.  

Benko, V., Cikrt, M., and Lener, J. (1995) Toxic metals in the environment. 

Prague: Grada :282 

http://www.cadmium.org/env_ref.html#j


 

 

95 

Barry, P. S. I. (1978) Distribution and storage of lead in human tissues. In: Nriagu 

J. O. (editor). The biogeochemistry of lead in the environment. Part B. 

Amsterdam, Elsevier/North Holland Biomedical Press. 

Blake, K. C., Barbezat, G. O., and Mann, M. (1983a) Effect of dietary constituents 

on the gastrointestinal absorption of 
203

Pb in man. Environmental research. 

30:182. 

Blake, K. C. and Mann, M. (1983b) Effect of calcium and phosphorus on the 

gastrointestinal absorption of 
203

Pb in man. Environmental research. 

30:188-194. 

Borgońo,  J. M. and Greiber, R. (1972) Epidemiological study of arsenicism in the 

city of Antofagasta. In: Hemphill D. D., editor. Trace substances in 

environmental health, V. A symposium. Columbia, MO, University of 

Missouri Press, pp. 13–24. 

Bruckner, C. and Linsel, K. (1977) Changes of various parameters conditional on 

cadmium at exposed workers. Kadmium Symposium, 1977. Freidrich-

Schiller University Jena (DDR). 312-316. 

Buchet, J. P., and Lauwerys, R. R. (1982) Evaluation of exposure to inorganic 

arsenic. Cahiers de médecine dutravail, 19:15. 

Buchet, J. P., and Lauwerys, R. R. (1985) Study of inorganic arsenic methylation 

by rat liver in vitro: relevance for the interpretation of observations in man. 

Archives of Toxicology, 57:125–129. 



 

 

96 

Buchet, J. P., Lauwerys, R., and Roels, H. (1981a) Comparison of the urinary 

excretion of arsenic metabolites after a single oral dose of sodium arsenite, 

monomethylarsonate, or dimethylarsinate in man. International Archives of 

Occupational and Environmental Health, 48:71–79. 

Buchet, J. P., Lauwerys, R., Roels, H. (1981b) Urinary excretion of inorganic 

arsenic and its metabolites after repeated ingestion of sodium metaarsenite 

by volunteers. International Archives of Occupational and Environmental 

Health, 48:111–118. 

Campbell, L. M., Heckey, E. R., Nyaundi, J., Muggide, R., and Dixon, D. G. 

(2003) Lake Victoria. Journal of Great Lakes Resources, 29: 267-282. 

Cebrian, M. E. (1983) Chronic arsenic poisoning in the north of Mexico. Human 

Toxicology, 2:121–133. 

Centers for Disease Control (CDC). (1985) Preventing lead poisoning in young 

children. Atlanta, GA, Department of Health and Human Services:7-19 

(Publ. No. 99-2230). 

Clausing, P., Brunekreef, B., and van Wijnen, J. H.  (1987) A method for 

estimating soil ingestion by children. International archives of 

occupational and environmental health, 59:73-82 

Chaudri, A. M., Zhao, F. J., McGrath, S. P., and Crosland, A. R. (1995) "The 

cadmium content of British wheat grain." J. Environ. Qual. 24:850-855.  



 

 

97 

Cook, M. E., and Morrow, H. (1995) "Anthropogenic Sources of Cadmium in 

Canada," National Workshop on Cadmium Transport Into Plants, Canadian 

Network of Toxicology Centres, Ottawa, Ontario, Canada.  

Countera, S. A., and Buchananb. L. H. (2004)  Mercury exposure in children: a 

review. Journal of Toxicology and Applied Pharmacology. 198: 209– 230. 

CRC Handbook of Chemistry and Physics 77th Edition. (1996) CRC Press, Inc., 

Boca Raton, Florida.  

Cui, C. G., and Liu, Z. H. (1988) Chemical speciation and distribution of arsenic in 

water, suspended solids and sediment of Xiangjiang River, China. The 

Science of the Total Environment. 77:69–82.  

Dabeka,  R. W., McKenzie, A. D. and Lacroix, G. M. A. (1987) Dietary intakes of 

lead, cadmium, arsenic and fluoride by Canadian adults: a 24-hour 

duplicate diet study. Food Additives and Contaminants. 4:89–101. 

Duggan, M. J and Inskip M. J. (1985) Childhood exposure to lead in surface dust 

and soil: A community problem. Pub. Healt. Rev. 13: 1-54.  

Duffus, J. H. (2002) ""Heavy metals" a meaningless term? (IUPAC Technical 

Report)" Pure and Applied Chemistry, pp. 793-807.  

Elgersma, F., Anderberg, B. S., and Stigliani, W. M. (1992) "Emission Factors for 

Aqueous Industrial Cadmium Emissions in the Rhine River Basin; A 

Historical Reconstruction for the Period 1970-1988," Edited Proceedings 

Seventh International Cadmium Conference - New Orleans, Cadmium 

http://www.cadmium.org/env_ref.html#m
http://www.cadmium.org/env_ref.html#c


 

 

98 

Association, London, Cadmium Council, Reston VA, International Lead 

Zinc Research Organization, Research Triangle Park NC.  

Elinder, Cad-Gustaf. (1985) "Cadmium: Uses, Occurrence, and Intake," Cadmium 

and Health: A Toxicological and Epidemiological Appraisal, CRC Press, 

Inc., Boca Raton, Florida.  

Ellis, K., Yasumura, S., and Cohn, S. (1981). American Journal of Industrial 

Medicine. 2: 32. 

Ellis, K., Yasumura, S., Vartsky, D., and Cohn, S. (1983) Fundamental Applied 

Toxicology. 3:167-174. 

Eto, K., Yasutake, A., Korogi, Y., Akima, M., Shimozeki, T., Tokunaga, H., 

Kuwana, T., and Kaneko, Y. (2002) Methylmercury poisoning in common 

marmosets-MRI findings and peripheral nerve lesions. Toxicologic 

Pathology. 30 (6): 723-734.  

FAO/WHO Joint Expert Committee on Food Additives. (1987) Toxicological 

evaluation of certain food additives and contaminants. Cambridge, 

Cambridge University Press, 1987:223-255 (WHO Food Additives Series, 

No. 21). 

Feinglass, E. J. (1973) Arsenic intoxication from well water in the United States. 

New England Journal of Medicine. 288: 828–830. 

Fennell, J. S., and Stacy, W. K. (1981) Electrocardiographic changes in acute 

arsenic poisoning. Irish Journal of Medical Science. 150: 338–339. 



 

 

99 

Finkelman, J.  (1996) “Phasing Out Leaded Gasoline Will not end Lead in 

Developing Countries.” Environ. Health Persp. 104: 1 

Friberg, L., Nordberg, G. F., and Vouk, V. B. (editors). (1986) Handbook of the 

toxicology of metals. Vol. II. Amsterdam, Elsevier, pp. 130–184. 

Fukuda, Y., Ushijama, K., Kitano, T., Sakamoto, M. and Futatsuka, M. (1999) An 

Analysis of subjective complaints in a population living in a 

methylmercury-polluted area. Environmental Research Section. 81 (2): 

100-107.  

Galal-Gorchev, H. (1991) Dietary intake of pesticide residues, cadmium, mercury 

and lead. Food additives and contaminants. 8(6):793-806. 

Gartrell, M. J. (1986a) Pesticides, selected elements, and other chemicals in adult 

total diet samples, October 1980–March 1982. Journal of the Association 

of Official Analytical Chemists. 69:146–159. 

Gartrell, M. J. (1986b) Pesticides, selected elements, and other chemicals in infant 

and toddler total diet samples, October 1980–March 1982. Journal of the 

Association of Official Analytical Chemists. 69: 123–145. 

Ghelberg, N. W., Bodor, E., and Piersica, Z. (1983) Hair analysis- a screening test 

for heavy metal burden of the organism. International Meeting of the 

Israeli ‘ecology Society, Rehovot. 577-584 

Gibson, R. S., and Gage, L. A. (1982) Changes in hair arsenic levels in breast and 

bottle fed infants during the first year of infancy. The Science of the Total 

Environment. 26: 33–40. 



 

 

100 

Goldman, L. R., and Shannon, M. W. (2001) Technical report: mercury in the 

environment: implications for pediatricians. Pediatrics. 108: 197– 205. 

Grandjean, P., Weihe, P., White, R.F., Debes, F., Araki, S., Yokoyama, K., 

Murata, K., Sorensen, N., Dahl, R., and Jorgensen, P.J. (1997) Cognitive 

deficit in 7-year-old children with prenatal exposure to methylmercury. 

Neurotoxicology and Teratology. 19 (6): 417-428.  

Grandjean, P., Murata, K., Budtz-Jørgensen, E., and Weihe, P. (2004) Cardiac 

autonomic activity in methylmercury neurotoxicity: 14-year follow-up of a 

Faroese birth cohort. The Journal of Pediatrics. 144 (2): 169-176.  

Grinspan, D., and Biagini R. 1985. [Chronic endemic regional hydroarsenicism. 

The manifestations of arsenic poisoning caused by drinking water.] 

Medicina cutanea Ibero-Latino-Americana.13: 85–109. 

Guallar, E., Sanz-Gallardo, M.I., van Veer, P., Bode, P., Aro, A., Gomez-Aracena, 

J., Kark, J. D., Riemersma, R. A., Martin-Moreno, J. M., and Kok, F. J. 

(2002) Mercury, fish oils, and the risk of myocardial infarction. The New 

England Journal of Medicine. 347 (22): 1747-54.  

Hammer, D. I., Finklea, J. F., Hendrick, R. H., Shy, C. M., and Horton, R. J. 

(1971) American Journal of Epidemiology. 93:84-92. 

Hazell, T. (1985) Minerals in foods: dietary sources, chemical forms, interactions, 

bioavailability. World Review of Nutrition and Dietetics. 46:1–123. 



 

 

101 

Health and Welfare Canada. (1983) Food/field monitoring project FM-35. Ottawa, 

Ontario, Department of National Health and Welfare, Bureau of Chemical 

Safety. 

Hecky, R.E. (1993). The eutrophication of Lake Victoria. Verh. Internat. Verein. 

Limnol. 25: 39–48. 

Hindmarsh, J. T., and McCurdy, R. F. (1986) Clinical and environmental aspects 

of arsenic toxicity. CRC Critical Reviews in Clinical Laboratory Sciences. 

23: 315–347. 

 Hindmarsh, J. T., McLetchie, O. R., Hefferman, L. P. M., Ellenberger, H., 

McCurdy, R. F., and Thiebaux, H. J. (1977) Journal of Analytical 

Toxicology. 1:270-276. 

Hironaka H., and Ahmad S. A. (2003) Arsenic concentration of rice in 

Bangladesh. In: Feroze AM, Ashraf AM, Adeel Z, editors. Fate of arsenic 

in the environment. Dhaka: Bangladesh University of Engineering and 

Technology. :123-30. 

Holtzman, R. B. (1978) Application of radio-lead to metabolic studies. In: Nriagu 

J.O., (editor). The biogeochemistry of lead in the environment. Part B. 

Amsterdam, Elsevier/North Holland Biomedical Press: 37. 

Huq, S. M. E. (2006). Arsenic contamination in food chain: Transfer of arsenic 

into food materials throughground water irrigation. Journal of Health, 

Population and Nutrition. September: 24 (3): 305-316. 



 

 

102 

Imahori, A., Fukushima, I., Shiobora, S., Yanagida, T., and Tomura, J. (1979) 

Journal of Radioanalytical Chemistry. 52: 167-180. 

IAEA. (1994) International Atomic Energy Agency. Sampling, storage and sample 

preparations procedures for X-ray fluorescence analysis of environmental 

samples. IAEA. June 1994. 

International Agency for Research on Cancer (IARC). (1980) Some metals and 

metallic compounds. Lyon. :325 (IARC Monographs on the Evaluation of 

Carcinogenic Risks to Humans, Vol. 23). 

International Organization for Standardization (ISO). (1985) Water quality — 

determination of cadmium. Geneva, International Organization for 

Standardization (ISO 5961:1985). 

International Organization for Standardization (ISO). (1986) Water quality—

determination of cobalt, nickel, copper, zinc, cadmium and lead. Geneva, 

(ISO 8288:1986): 11  

IPCS. (1981) Arsenic. Geneva, World Health Organization, International 

Programme on Chemical Safety. Environmental Health Criteria. 18. 

IPCS. (2001) Arsenic and arsenic compounds. Geneva, World Health 

Organization, International Programme on Chemical Safety. 

Environmental Health Criteria. 224. 

Iqbal, F., Raza, N., Ali, M., and Athar, M. (2006) Contamination of Kallar Kahar 

Lake by inorganic elements and heavy metals and their temporal variations. 



 

 

103 

Journal of Applied Science and Environmental Management. Vol. 10(2): 

95-98. 

Irgolic, K. J. (1982) Speciation of arsenic compounds in water supplies. Research 

Triangle Park, NC, US Environmental Protection Agency (EPA-600/S1-

82-010). 

Isabella, R.  (1997) Lead Exposure in Latin America and the Caribbean, Environ. 

Health. Persp; 4: 399. 

Ishinishi N. (1986) Arsenic. In: Friberg L et al., eds. Handbook on the toxicology 

of metals, 2
nd

 edition, Vol. II. Elsevier, Amsterdam, pp. 43–73. 

Jarup, L. (2004) Hazards of heavy metal contamination. Braz. Med. Bull. 68:167-

182. 

Jensen, A., and Bro-Rasmussen, F. (1992) "Environmental contamination in 

Europe," Reviews of Environmental contamination and toxicology, 

Volume 125, pages 101-181.  

Karlwoski, K, and Wojciechowska, M. M. (1991) Dietary monitoring studies, on 

lead and cadmium exposures in Poland. Chemical speculation and 

bioavailability. Proceedings of the symposium on the bioavailability and 

dietary exposures of lead. 3 (3-4): 21-30. 

Kehoe, R.A. (1961) The metabolism of lead in health and disease. The Harben 

lectures. J. Roy. Inst. Publ. Health. Hyg. 24: 81-96. 



 

 

104 

Kim, N. B. (1982) Trace element analysis of human hair by neutron activation 

technique. Report of IAEA 2535 F, International Atomic Energy Agency, 

Vienna. 

Kinjo, Y., Higashi, H., Nakano, A., Sakamoto, M., and Sakai, R. (1993) Profile of 

Subjective Complaints and Activities of Daily Living among Current 

Patients with Minamata disease after 3 Decades. Environmental Research. 

63 (2): 241-251.  

Kunguru, K. and Tole, P. M. (1994) “Contamination of soils, maize, wheat and 

milk with lead form motor vehicle emissions in Uasin Gishu District, 

Kenya”. Discovery and Innovation. Vol. 6 No. 3 pp 261 – 264. 

Krelowska -Kula, M. (1991) Metal contents on certain food products. Die 

Nehrung. 35: 363-367. 

Lauwerys, R. R. (1988) Health Maintenance of Workers Exposed to Cadmium, 

The Cadmium Council, Inc., New York, NY.  

Leelhaphunt, N., Chuenta, S., Punnachaiya, M., Chuenta, W., and Nouchpramool, 

S. (1994). Analysis of toxic elements in food and drinking water in 

Thailand by neutron activation analysis. Nuclear techniques for toxic 

elements in foodstuffs. Report on International Atomic Energy Agency 

(IAEA). Coordination Research Program. 215-267. 

Lemmo, N. V. (1983) Assessment of the chemical and biological significance of 

arsenical compounds in a heavily contaminated watershed. Part 1. The fate 



 

 

105 

and speciation of arsenical compounds in aquatic environments — a 

literature review. Journal of Environmental Science and Health. A18:335. 

Levin, R., Schock, M. R., and Marcus, A. H. (1989) Exposure to lead in U.S. 

drinking water. In: Proceedings of the 23rd Annual Conference on Trace 

Substances in Environmental Health. Cincinnati, OH, US Environmental 

Protection Agency. 

Lipiatou E., Hecky R. E., Eisenreich S. J., Lockhart L., Muir D. and Wilkinson P. 

(1996) Recent ecosystem changes in Lake Victoria reflected in 

sedimentary natural and anthropogenic organic compounds. In: Johnson 

T.C. and Odada E.O. (eds), The Limnology, Climatology, and 

Paleoclimatology of the East African Lakes. pp. 523–541. 

Lovell, M. A., and Farmer, J. G. (1985) Arsenic speciation in urine from humans 

intoxicated by inorganic arsenic compounds. Human Toxicology. 4: 203–

214. 

Luten, J. B., Riekwel-Booy, G., and Rauchbaar, A. (1982) Occurrence of arsenic 

in plaice (Pleuronectes platessa), nature of organo-arsenic compound 

present and its excretion by man. Environmental Health Perspectives. 

45:165–170. 

Mahaffey, K. R., Annest, J. L., Roberts, J., and. Murphy, R. S. (1982) National 

estimates of blood lead levels: United States, 1976-1980; association with 



 

 

106 

selected demographic and socioeconomic factors. New. Engl. J. Med. 307: 

537-579. 

McBe, L. J. (1970) Corrosion by soft water. Amer. Water works seminar on 

corrosion by soft water. DC. 9 

Mench, M. J. (1998) "Cadmium availability to plants in relation to major long-

term changes in agronomy systems." Agricult. Ecosyst. Environ. 67: 175-

187.  

Milosevic, M., Petrovic, L., Petrovic, D., and Pejuskovic, B. (1980). Arch. Hig. 

Rada Toksikol. 31:209-217 

Moore, M. R. 1988. Haematological effects of lead. Science of the total 

environment. 71:419-431. 

MPP and NRDC. (2005): Mercury in soaps and creams– presentation and draft 

fact sheet provided by Michael Bender of the Mercury Policy Project 

(MPP), in coordination with the Natural Resources Defence Council 

(NRDC), at the UNEP Regional Awareness Raising Workshop on Mercury 

Pollution in Port of Spain, Trinidad and Tobago, 18-21 January 2005. 

Available at: http://www.mercurypolicy.org/  

Mudroch, A., Sarazin L. and Lomas T. (1988) Summary of surface and 

background concentrations of selected elements in the Great Lakes 

sediments. J. Great Lakes Res. 14: 241–251. 



 

 

107 

Mukunoki, J., and Fujimoto, K. (1996) "Collection and Recycling of Used Ni-Cd 

Batteries in Japan," Sources of Cadmium in the Environment, Inter-

Organization Programme for the Sound Management of Chemicals 

(IOMC), Organization for Economic Co-operation and Development 

(OECD), Paris.  

Muller, M., and Anke, M. (1995) Investigations into the oral lead exposure of 

adults in former German Democratic republic. 22: 38-43 

Muramatsu, Y., Sumiya, M., Yanasigawa, K., and Ohmomo, Y. (1994) Trace and 

toxic elements in foodstuffs. In: Nuclear techniques for toxic elements in 

foodstuffs. Report on an IAEA Co-ordinated Research Programme. 

Vienna, 156-172. 

Murphy, M. J., Lyon, L. W., and Taylor, J. W. (1981) Subacute arsenic 

neuropathy: clinical and electrophysiological observations. Journal of 

Neurology, Neurosurgery and Psychiatry. 44:896–900. 

Mushak, P., and Crocetti, A. F. (1989) Determination of numbers of lead-exposed 

American children as a function of lead source: integrated summary of a 

report to the U.S. Congress on childhood lead poisoning. Environmental 

research. 50:210-229. 

http://www.cadmium.org/env_ref.html#o


 

 

108 

Mustafa, H. T. (1988) Cadmium and zinc concentrations in the potable water of 

the eastern provinces of Saudi Arabia. Bulletin of Environmental 

Contamination and Toxicology. 40:462–467. 

Nabrzyski, M., Gajewska, R., and Lebiedzinska, A. (1985) [Arsenic content of 

daily diets of children and adults.] Rocznik Panstwowego Zakladu Higieny. 

36:113–118 (in Polish). 

Nadakavukaren J. J. (1984) Seasonal variation of arsenic concentration in well 

water in Lane Country, Oregon. Bulletin of Environmental Contamination 

and Toxicology. 33:264–269. 

Naidu R. (2001) Geogenic Arsenic and associated toxicity problems in the 

groundwater soil-plant-animal-human continuum, Expert Group Meeting 

on Arsenic, Nutrition and Food Chain (2001), Pub: UNICEF, Bangladesh 

Country Office, Dhaka. 

National Food Agency of Denmark. (1992) Food Monitoring. 1988-1992. 

National Research Council (NRC), Committee on the Toxicological Effects of 

Methylmercury. (2000). Toxicological Effects of Methylmercury. National 

Academy Press, Washington, DC. 

Nguyen, H. L., Leermakers, M., Elskens, M., Ridder, F. D., Doan, T. H., and 

Baeyens, W.  (2005) Correlations, partitioning and bioaccumulation of 



 

 

109 

heavy metals between different compartments of Lake Balton. Sci. Total 

Environ. 341:211-226. 

Ong, C. N., and Lee, W. R. (1980) High affinity of lead for foetal haemoglobin. 

British journal of industrial medicine. 37:292-298. 

Organization for Economic Co-operation and Development (OECD). (1994) Risk 

Reduction Monograph No. 5: Cadmium OECD Environment Directorate, 

Paris, France.  

Osborne, D. R., and Voogt, P. (1978) The analysis of Nutrients in Food. Academic 

Press London, England. 

Oxford University Press. (2000) A Dictionary of Chemistry. Oxford Reference 

Online. Oxford University Press. 

Pan, Y., and Brugam, R. B. (1997) Human disturbance and tropic status changes in 

Crystal Lake, McHenry County, Illinois, USA. J. Paleolimnology. 17:369-

376. 

Pomroy, C. (1980) Human retention studies with 74As. Toxicology and Applied 

Pharmacology. 53:550–556. 

Quinn, M. J., and Sherlock, J. C. (1990) The correspondence between U.K. 'action 

levels' for lead in blood and in water. Food additives and contaminants. 

7:387-424. 

Rissanen, T., Voutilainen, S., Nyyssonen, K., Lakka, T. A., and Salonen, J. T. 

(2000) Fish oil-derived fatty acids, docosahexaenoic acid and 



 

 

110 

docosapentaenoic acid, and the risk of acute coronary events: the Kuopio 

ischaemic heart disease risk factor study. Circulation. 102: 2677-2679.  

Robertson, W. O. (2004) Chronic Poisoning: Trace Metals and Others. In L. 

Goldman & D. Ausiello (Eds.), Cecil Textbook of Medicine, 22nd 

Edition. (Vol 1, Ch. 20, pp. 91). Philadelphia: WB Saunders ISBN 0-

7216-9653-8  

Ros, J. P. M., and Slooff, W. (editors). (1987) Integrated criteria document. 

Cadmium. Bilthoven, National Institute of Public Health and 

Environmental Protection (Report No. 758476004). 

Roels, H. A., Van Assche, F. J., Oversteyns, M., De Groof, M., Lauwerys, R. R., 

and Lison, D. (1997) "Reversibility of microproteinuira in cadmium 

workers with incipient tubular dysfunction after reduction of exposure." 

Amer. J. Ind. Med. 31: 645-652.  

Roulet, M., Lucotte M., Saint-Aubin A., Tran S., Rhéault I., Farella N. (1998) The 

geochemistry of mercury in central Amazonian soils developed on the 

Alter-do Chão formation of the lower Tapajós River Valley, Pará state, 

Brazil. Sci. Tot. Environ. 223: 1–24. 

Sadjurin, S. (1994) Determination of toxic elements in foodstuffs from a local 

market in Jakarta. In: Nuclear Techniques for Toxic Elements in 

Foodstuffs. Report on an IAEA Co-ordinated Research Programme. 

Vienna. 145-155. 

http://en.wikipedia.org/w/index.php?title=Special:Booksources&isbn=0721696538
http://en.wikipedia.org/w/index.php?title=Special:Booksources&isbn=0721696538
http://www.cadmium.org/env_ref.html#v
http://www.cadmium.org/env_ref.html#l


 

 

111 

Salonen, J. T., Seppanen, K., Lakka, T. A., Salonen, R., Kaplan, G. A. (2000) 

Mercury accumulation and accelerated progression of carotid 

atherosclerosis: a population-based prospective 4-year follow-up study in 

men in eastern Finland. Atherosclerosis. 148 (2): 265-273.  

Sapuner-Postruznik, J., Bazulic, D., Kubala, H., and Balint, L. (1996) Estimation 

of dietary intake of lead and Cadmium in the general population of Croatia. 

Sci.Total Environ. 177: 31-35. 

Scientific Advisory Committee on Nutrition and Committee on Toxicology 

(SACN). (2004) Advice on fish consumption: benefits & risks. United 

Kingdom Food Standards Agency and Department of Health. Available at: 

http://www.food.gov.uk/multimedia/pdfs/fishreport200401.pdf 

Schartz, J. (1993) Beyond LOEL’s p values, and vote counting: methods for 

looking at shapes and strengths of associations. Neurotoxicity. 14: 237-46. 

Schock, M. R. (1989) Understanding lead corrosion control strategies. Journal of 

the American Water Works Association. 81:88. 

Schock, M. R. (1990) Causes of temporal variability of lead in domestic plumbing 

systems. Environmental monitoring and assessment. 15:59. 

Slooff, W. (editor). (1990) Integrated criteria document arsenic. Bilthoven, 

National Institute of Public Health and Environmental Protection (Report 

No. 710401004). 

http://www.food.gov.uk/multimedia/pdfs/fishreport200401.pdf


 

 

112 

Silva, A. L. O., Barrocas, P. R. G., Jacob, S. C., and Moreira, J. C. (2005) Dietary 

intake and health effects of selected toxic elements. Brazilian Journal of 

Plant Physiology. 17:79-93. 

 Staessen, J., Vyncke, G., Lauwerys, R., Roels, H., Celis, H., Claeys, F., 

Dondeyne, F., Fagard, R., Ide, G., Lijnen, P., Rondia, D., Sartor, F., Thijs, 

L., and Amery, A. (1991). Transfer of cadmium from a sandy acidic soil to 

man: A population study. Hypertension and Cardiovascular Rehabilitation 

Unit, Department of Pathophysiology, University of Leuven, Belgium.  

Storelli, M. M. (2003) Survey of total and methylmercury levels inedible fish from 

the Adriatic sea. Food Additives and Contaminants. 20 (12): 1114-1119.  

Takeuchi, Y., Nakano, S., Ohmori, S., Aoko, A., and Kasuya, M. (1990). Journal 

of Radioanalytical Nuclear Chemistry. 144: 97-106. 

Tam, G. K. (1982) Excretion of a single oral dose of fish-arsenic in man. Bulletin 

of Environmental Contamination and Toxicology. 28:669–673. 

Tole, M. P. and Shitsama, J. M. (2000) Concentrations of heavy metals in water, 

fish, and sediments of the Winam gulf, Lake Victoria, Kenya. Moi 

University, Lake Victoria 2000 Conference, Jinja, Uganda. 

Tseng, W. P. (1968). Prevalence of skin cancer in an endemic area of chronic 

arsenicism in Taiwan. Journal of the National Cancer Institute. 40:453–

463. 

http://www.cadmium.org/env_ref.html#l
http://www.cadmium.org/env_ref.html#r


 

 

113 

Tseng, W. P. (1977) Effects of dose–response relationship of skin cancer and 

blackfoot disease with arsenic. Environmental Health Perspectives. 

19:109–119. 

Turzen, M. (2003) Determination of heavy metals in soil, mushroom and plant 

samples by AAS. www.sciencedirect.com/science. 

Turkebul, I., Elmastas, M., and Turzen M. (2004) Determination of iron, copper, 

manganese, zinc, lead and cadmium in mushroom samples from Tokat, 

Turkey. In Food Chemistry, Volume 84, Issue 3, February 2004: 389-392.  

Tyroller, H. A. (1988) Epidemiology of hypertension as a public health problem: 

An Overview as background for evaluation of lead blood-pressure 

relationships. Env. health Persp. 78: 3-7 

United Nations Environmental Programme (UNEP). (2000) Global Environment 

Outlook. Earth Scan Publications Ltd, London; 132-133.  

United Nations Environment Programme (UNEP). (2002) Global Mercury 

Assessment. UNEP Chemicals Mercury Programme. Available at: 

www.chem.unep.ch/mercury/Report/Final%20Assessment%20report.htm 

UN Habitat. (2008) Kisumu, the Millennium City. Model for urban development. 

http://www.unhabitat.org. 

 

United Nations Industrial Development Organization (UNIDO). (2003) Removal 

of barriers to introduction of cleaner artisanal gold mining and extraction 

technologies. Available at: http://www.cetem.gov.br/gmp/Jan_2003.pdf 

http://www.sciencedirect.com/science
http://www.chem.unep.ch/mercury/Report/Final%20Assessment%20report.htm
http://www.unhabitat.org/
http://www.cetem.gov.br/gmp/Jan_2003.pdf


 

 

114 

US Centers for Disease Control and Prevention (CDC). (2005) National Report on 

Human Exposure to Environmental Chemicals. Third Report. US 

Department of Health and Human Services, Public Health Services. 

Available at: http://www.cdc.gov/exposurereport 

 US Environmental Protection Agency (US EPA). (1986) Air quality criteria for 

lead. Research Triangle Park, NC. (Report EPA-600/8-83/028F).  

US EPA. (1988) Special report on ingested inorganic arsenic. Skin cancer; 

nutritional essentiality. Washington, DC, US Environmental Protection 

Agency, Risk Assessment Forum (EPA-625/3-87/013). 

US Environmental Protection Agency (US EPA). (1995a) Integrated Risk 

Information System (IRIS) for Mercury, Elemental (CASRN 7439-97-6). 

Washington, DC: National Center for Environmental Assessment, Office 

of Research and Development. www.epa.gov/iris/subst/0370.htm 

 US Environmental Protection Agency (US EPA). (1995b) Integrated Risk 

Information System (IRIS) for Mercuric Chloride (CASRN 7487-94-7). 

Washington, DC: National Center for Environmental Assessment, Office 

of Research and Development.  http://www.epa.gov/iris/subst/0692.htm 

 US Environmental Protection Agency (US EPA). (1997a) Mercury Study Report 

to Congress, Volume I: Executive Summary.EPA-452/R-97-007. 

Washington, DC. Office of Air Quality Planning and Standards and Office 

of Research and Development.  

http://www.cdc.gov/exposurereport
http://www.epa.gov/iris/subst/0370.htm
http://www.epa.gov/iris/subst/0692.htm


 

 

115 

US Environmental Protection Agency (US EPA). (1997c) Mercury Study Report 

to Congress, Volume IV: Assessment of Exposure to Mercury in the 

United States. Washington, DC: Office of Air Quality Planning and 

Standards and Office of Research and Development. EPA-452/R-97-005. 

US Environmental Protection Agency (US EPA). (1997d) Mercury Study Report 

to Congress, Volume V: Health Effects of Mercury and Mercury 

Compounds. Washington, DC: Office of Air Quality Planning and 

Standards and Office of Research and Development. EPA-452/R-97-007.  

US Environmental Protection Agency (US EPA). (2001) Integrated Risk 

Information System (IRIS) for Methylmercury (CASRN 22967-92-6). 

Washington, DC: National Center for Environmental Assessment, Office 

of Research and Development. www.epa.gov/iris/subst/0073.htm 

United States Environmental Protection Agency (USEPA). (2003) United States 

EPA Environment Report. www.epa.gov/air/urbanair/lead/what.html. 

US NRC. (1999) Arsenic in drinking water. Washington, DC, US National 

Research Council, National Academy Press. 

US NRC. (2001) Arsenic in drinking water, 2001 update. Washington, DC, US 

National Research Council, National Academy Press. 

Urieta, I., Jalon, M, and Eguileor I. (1996) Food Surveillance and the Basque 

country (Spain). Estimation of the dietary intake of organochlorine 

pesticides, heavy metals, arsenic, aflatoxin M1, iron and zinc through the 

total diet study. F. Add. Cont. 13(1): 29-52 

http://www.epa.gov/iris/subst/0073.htm
http://www.epa.gov/air/urbanair/lead/what.html


 

 

116 

Valentine, J. L. (1982) Arsenic effects on human nerve conduction. In: Gawthorne, 

J. M., Howell, J. M., and White, C. L., (editors). Proceedings of the 4th 

International Symposium on Trace Element Metabolism in Man and 

Animals, Perth, Western Australia, 11–15 May 1981. Berlin, Springer-

Verlag. p. 409. 

Van Assche, F. J., and Ciarletta, P. (1992) "Cadmium in the Environment: Levels, 

Trends and Critical Pathways, Edited Proceedings Seventh International 

Cadmium Conference - New Orleans, Cadmium Association, London, 

Cadmium Council, Reston VA, International Lead Zinc Research 

Organization, Research Triangle Park NC.  

Van Assche, F. J., and Ciarletta, P. (1993) "Environmental exposure to cadmium 

in Belgium: Decreasing trends during the 1980s." Heavy Metals in the 

Environment Volume 1, pages 34-37. Toronto-September 1993.  

Van Assche, F. J. (1998) "A Stepwise Model to Quantify the Relative Contribution 

of Different Environmental Sources to Human Cadmium Exposure," Paper 

to be presented at NiCad '98, Prague, Czech Republic, September 21-22, 

1998.  

Van Oostdam, J., Donaldson, S.G., Feely, M., Arnold, D., Ayotte, P., Bondy, G., 

Chan, L., Dewily, E., Furgal, C.M., Kuhnlein, H., Loring, E., Muckle, G., 

Myles, E., Receveur, O., Tracy, B., Gill, U. and Kalhok, S. (2005) Human 

http://www.cadmium.org/env_ref.html#c


 

 

117 

health implications of environmental contaminants in Arctic Canada. A 

review. Science of the Total Environment. 351-352:165-246.  

Van Straaten P. (2000) Mercury contamination associated with small scale gold 

mining in Tanzania and Zimbabwe. Sci. Tot. Environ. 259: 105–113. 

Verschuren, D., Johnson T.C., Kling H.J., Edgington D.N., Leavitt P.R., Brown 

E.T. (2002) History and timing of human impact on Lake Victoria, East 

Africa. Proceedings B of The Royal Society of London 269: 289–294. 

Virtanen, J.K., Voutilainen, S., Rissanen, T.H., Mursu, J., Tuomainen, T.P., 

Korhonen, M.J., Valkonen, V.P., Seppanen, K., Laukkanen, J.A., Salonen, 

J.T. (2005) Mercury, fish oils, and risk of acute coronary events and 

cardiovascular disease, coronary heart disease, and all-cause mortality in 

men in eastern Finland. Arteriosclerosis Thrombosis Vascular Biology. 25: 

228-33.  

Wagner, S. L. (1979) Skin cancer and arsenical intoxication from well water. 

Archives of Dermatology. 115:1205–1207. 

Ware, G. W., (editor). (1989) Cadmium. US Environmental Protection Agency 

Office of Drinking Water health advisories. Reviews of Environmental 

Contamination and Toxicology. 107:25–37. 

Watanabe, H., Matsushita, S., Ogawa, T., Murayama, H., Nagakura, E. (1974) 

Hyogo Ken Eisei Kenkyuho Kenkyu Hokoku. 9: 1-8. 



 

 

118 

Watanabe, T., Iwani, 0., Shimbo, S., and Ikeda, M. (1993) "Reduction in cadmium 

in blood and dietary intake among general populations in Japan," Int. Arch. 

Occup. Environ. Health. 65: S205-S208.  

Watanabe, T., Shimbo, S., Yasumoto, M., Imai, Y., Kimura, K., Yamamoto, K., 

Kawamura, S., and Ikeda, M. (1994) "Reduction to One Half in Dietary 

Intake of Cadmium and Lead among Japanese Populations," Bull. Environ. 

Contam. Toxicol. 52: 196-202. 

Welch, A. H., Lico, M. S., and Hughes, J. L. (1988) Arsenic in ground water of the 

western United States. Ground Water. 26:333–347. 

Wesbey, G., and Kunis, A. (1981) Arsenical neuropathy. Illinois Medical Journal. 

150:396–398 

World Health Organization (WHO). (1987) Lead (Evaluation of health risks to 

infants and children). In: Toxicological evaluation of certain food additives 

and contaminants. Geneva, World Health Organization, 223 (WHO Food 

additives Series, No 21.). 

World Health Organization (WHO). (1989) Lead-Environmental Aspects. Joint 

United Nations Environment Programme, the International Labour 

Organization, and the World Health Organization Report. Geneva. 

World Health Organization (WHO). (1992) Environmental Health Criteria 134 

Cadmium International Programme on Chemical Safety (IPCS) 

Monograph.  



 

 

119 

World Health Organization  (WHO). (1993) Evaluation of certain food additives 

and contaminants. Forty-first report of the joint FAO/WHO Expert 

committee on food additives. Geneva, world health organization, (WHO 

Technical report Series, no. 837). 

World Health Organization (WHO)/FAO. (1995) Trace Elements in Human 

Nutrition and Health. World Health Organisation, Geneva. 

World Health Organization (WHO). (1999) Joint FAO/WHO Food Standards 

Programme. Codex Committee on Food Additives and Contaminants. 

Thirty-second session. Draft Maximum levels of lead. Prepared by 

Denmark.  

World Health Organization (WHO). (2001) Environmental Health Criteria-224 

(Arsenic and Arsenic Compounds); WHO, UNEP, ILO Joint Publication 

(2001). 

World Health Organization (WHO). (2004) WHO Food Additive Series 52. Safety 

evaluation of certain food additives and contaminants. International 

programme on chemical safety. http://whqlibdoc.who.int/publications 

 World Health Organization (WHO). (2006) WHO Technical Report Series 940. 

Summary and Conclusions. Sixty-seventh report of the Joint FAO/WHO 

Expert Committee on Food Additives, World Medical Association. (2004). 

WMA Declaration of Helsinki. Ethical principles for medical research 

involving human subjects. http://www.wma.net/e/policy/b3.htm 

http://whqlibdoc.who.int/publications
http://www.wma.net/e/policy/b3.htm


 

 

120 

Yang, H. F., Luo, X. Y., Shen, W., Zhou, Z. F., Jin, C. Y., Yu, F., and Liang, C. S. 

(1994) National food contamination monitoring programs- Levels of 

mercury, lead and cadmium in Chinese foods. Biomedical and 

Environmental Science. 7: 362-368. 

Yoshizawa, K., Rimm, E. B., Morris J. S., Spate V. L., Hsieh, C. C., Spiegelman, 

D., Stampfer, M. J., Willett, W. C. (2002) Mercury and the risk of coronary 

heart disease in men. New England Journal of Medicine. 347: 1755-1760. 

Yost, L. J., Schoof R. A.  and  Aucoin R. (1998)  Intake of Inorganic Arsenic in 

the North American Diet.  Human Ecol Risk Assess. 4: 137-152. 

Ysart, G. (1994) Dietary exposure estimates of 300 elements from UK total diet 

study. F. Add.  Cont. 9: 391-403. 

Zaldivar, R. (1980) A morbid condition involving cardio-vascular, broncho-

pulmonary, digestive and neural lesions in children and young adults after 

dietary arsenic exposure. Zentralblatt fűr Bakteriologie und Hygiene, 

Abteilung I: Originale B. 170:44–56. 

Zaldivar, R., and Ghai, G. L. (1980) Clinical epidemiological studies on endemic 

chronic arsenic poisoning in children and adults, including observations on 

children with high- and low-intake of dietary arsenic. Zentralblatt fűr 

Bakteriologie und Hygiene, Abteilung I: Originale B. 170:409–421. 

Zevenhoven, R. and Kilpinen, P. (2001) Control of pollutants in flue gases and 

fuel gases. 

http://eny.tkk.fi/research/combustion_waste/publications/gasbook/index.htm
http://eny.tkk.fi/research/combustion_waste/publications/gasbook/index.htm


 

 

121 

Zimmerli, B., Bosshard, E., and Knutti, R. (1989) [Occurrence and health risk 

evaluation of toxic trace elements in the diet.] Mitteilungen aus dem 

Gebiete der Lebensmitteluntersuchung und Hygiene. 80:490 (in German). 

Zhang, Z. W., Watanabe, T., Shimbo, S., Higashikawa, K., Ikeda, M. (1998) Lead 

and Cadmium contents in cereals and pulses in Northeastern China. Sci. 

Total Environ. 220: 137-145. 

 


