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ABSTRACT 

Nitrates and phosphates are among the major inorganic pollutants in the environment, 

primarily contributed by nitrogenous and phosphate fertilizers, organic manures, human and 

animal wastes, and industrial effluents through biochemical activities of microorganisms. 

Beside other known detrimental effects, research findings suggest that increased nitrate 

and/or phosphate intake affects the functioning of the thyroid gland in humans. In Kenya, 

goiter remains endemic despite iodization of table salt in households. Notably, the area 

around Nandi hills in Nandi County has recorded high incidences of goiter in the recent past. 

This indicates that factors such as inorganic ion content of water (among others) may have 

etiological role in endemic goiter cases in the region. This study sought to determine the 

etiological factors leading to observed high prevalence of goiter. This was achieved through 

determination of concentration of nitrate ions and phosphate ions in drinking water and urine. 

Three samples were collected; urine, table salt and drinking water (stream and borehole). 

Urine samples were analyzed to determine the concentration of nitrate ions, phosphate ions, 

and Iodate ions using cadmium reduction method, UV-visible spectrophotometry and Salifert 

Iodine pro test kits respectively. Iodate ions in table salt were quantified using the same kits. 

From the results obtained in the study, stream water recorded nitrate and phosphate 

concentrations of 2.91±0.74 and 0.30±0.08 mg/l respectively. In addition, there was a 

significant difference (P<0.05) in both nitrate and phosphate levels among the three sampling 

points in the three streams. However, there was no significant difference (P>0.05) in both 

nitrate and phosphate concentrations among the three streams used in the study. In borehole 

water, nitrate and phosphate levels were 1.69±0.79 and 0.29±0.07mg/l respectively. Both 

nitrate and phosphate levels in stream and borehole water were found to be within the WHO 

acceptable limits. On the other hand, nitrate and phosphate levels in urine samples were 

0.53±0.30 and 709.59±5.57mg/l respectively. Iodine concentration in salt used by 

respondents in the study area ranged between 43.78±9.47 and 69.21±5.08 when titration and 

saltPADs methods were used respectively. Pearson Correlation results reported an 

insignificant positive association (P>0.05 ; r>0)between nitrate, phosphate and iodine ions 

and occurrence of goiter in the study. The study therefore concluded that concentrations of 

nitrate and phosphate ions in drinking water and iodine ions in table salt are not the main 

cause of goiter in the study area. This calls for additional studies to be carried out on other 

possible causes of goiter in the study area. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

Ground and surface water has been utilized for drinking purposes for a long time. 

Surface water sources include streams, rivers, marshes, lagoons, ponds, and lakes 

while ground water sources include mainly boreholes (Chapra, 2008). The current 

progression of human civilization has put serious concerns to the safety of ground and 

surface water for drinking purposes. This is mainly because of the current rate of 

water pollution. This form of environmental degradation occurs when pollutants are 

directly or indirectly discharged into surface and/or ground water bodies without 

adequate treatment to remove harmful compounds (Hammer& Chadik, 2009). Water 

pollution is  a major global problem mainly because of its serious effects on the entire 

biosphere (Pimentel et al.,2004). The specific contaminants leading to pollution of 

water include a wide spectrum of chemicals, pathogens, and/or physical changes   

such as elevated temperature and discoloration (Schawarzenbach et al., 2010). While 

many of the chemicals and substances that are regulated may be naturally occurring 

(calcium, sodium, iron, manganese, etc.) the concentration is often the key in 

determining what is a natural component of water and what is a contaminant. High 

concentrations of naturally occurring substances can have negative impacts on aquatic 

flora and fauna (WHO, 2004). 

Currently, the high water pollution load comes from chemicals which include 

detergents, disinfection by-products, food processing waste, insecticides, herbicides, 

petroleum, hydrocarbons, volatile organic compounds (VOCs), chlorinated solvents, 

perchlorate, pharmaceutical drugs and their metabolites, ammonia from food 
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processing waste, chemical waste such as industrial by-products, fertilizers, heavy 

metals and silt (WHO, 2004; Hammmer & Chadik, 2009; Forstnet & Wittmann, 

2012). 

Nitrates (NO3
−) and phosphates (PO4

3−) are among the major inorganic pollutants 

contributed by nitrogenous and phosphate fertilizers, organic manures, human and 

animal wastes and industrial effluents through the biochemical activities of 

microorganisms (Almasri & Kahuarachi, 2004; Goel, 2006). 

 

Figure 1.1: Nitrate ion (Goel, 2006) 

 

Figure 1. 2: Phosphate ion (Goel, 2006) 

Excessive use of nitrogenous fertilizers such as Calcium Ammonium Nitrate (CAN) 

in agriculture has been one of the primary sources of high nitrate ions in water 

sources. Apart from nitrate ions, nitrogen is applied in ammonium (NH4
+) and amide 

(NH2
−) forms, which generates nitrate in soil system through mineralization, which is 

fairly rapid in tropical and subtropical soils. Livestock feeding, barnyards, septic 

tanks, animal and human contamination are the other important sources contributing 

high amounts of NO3
- (Goel, 2006; Savci, 2012). Due to its high solubility in water 
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and low retention by soil particles, nitrate ions are prone to leaching to the subsoil 

layers and ultimately to the groundwater, if not taken up by plants or denitrified to 

N2O and N2 (Majumdart & Gupta, 2000). The rate of leaching is governed by the soil 

properties and amount of water present in the soil system. The arrival of nitrate to 

ground and surface water can be enhanced by shallow groundwater table; excessive 

application of nitrogenous fertilizers, manures and irrigation; and abundant rainfall. 

Once ingested, nitrates are readily absorbed from the proximal small intestine and 

rapidly equilibrate with body fluids. In rats, about 50% of an oral dose was detected in 

the carcass within 1 hour; in humans, peak levels were achieved in serum, saliva and 

urine within 1 to 3 hours (Hungate, 2013). There is little absorption from the stomach 

in most species, although some has been reported from the rumen of cattle (Hungate, 

2013). 

Excessive use of phosphate fertilizers in agriculture has been known to be one of the 

major sources of high phosphates in water sources. In addition, waste-waters from 

laundering agents contain phosphates; Most laundry detergents contain approximately 

35% to 75% sodium triphosphate (Na5P3O10) (Bajpai & Tyagi, 2007). Phosphates 

exist in three forms: orthophosphate, metaphosphate (or polyphosphate) and 

organically bound phosphate with each compound bearing phosphorous in a different 

chemical arrangement (Georganta & Grigoropoulou, 2007). Orthophosphates applied 

to agricultural or residential lands as fertilizers are carried into the surface water. In 

addition, leaching events can cause the vertical migration of the phosphates into the 

groundwater system causing pollution. Different organizations and countries have set 

standards for nitrates and phosphates in drinking water, to safeguard public health 

from the hazards associated with high concentrations of the chemicals. 
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The historic area of concern with respect to nitrate exposure and human health is 

methemoglobinemia, or blue baby syndrome. Blue baby syndrome occurs when nitrite 

mediates the oxidation of the heme ion in hemoglobin (an oxygen-carrying protein 

pigment in red blood cells) to form methemoglobin (Greer & Shannon, 2005). This 

can result in anemic hypoxia (oxygen-deficient blood), which can be life-threatening 

for an infant (Fewtrell, 2004). 

Lately, it has been also suggested that increased nitrate and/or phosphate intake 

affects the function of the thyroid gland, as was observed in a study in pigs by 

competitive inhibition of iodide transport leading to decreased thyroid hormone 

secretion, followed by an increase in thyroid-stimulating hormone (Zoeller, 2007; 

Eskiocak et al., 2005). This has been theorized to happen through the inhibition of 

steroidogenesis without involving the guanylatecyclase-cyclic guanosine 

monophosphate pathway (Zaki et al., 2004). This has been hypothesized to be a major 

cause of goiter in humans though no conclusive studies have been conducted.  

Goiter occurs with varying intensity in almost every country though some few 

countries appear to be entirely free from it. It is characterized by a swelling of the 

larynx resulting from enlargement of the thyroid gland (thyromegaly) normally 

associated with a thyroid gland that is not functioning properly (Knudsen, 2000). 

Goiter is caused by deficiency of iodine in the human body. Globally, the Total Goiter 

Prevalence (TGP) in the general population is estimated to be 15.8%, varying between 

4.7% in America to 28.3% in Africa (Andersson et al., 2005). Worldwide, over 

90.54% (approximately 200 million people) cases of goiter are caused by iodine 

deficiency (De Benoist et al., 2004). Selenium deficiency is also considered a 

contributing factor (Aydin et al., 2002).  In countries that use iodized salt, 

Hashimoto's thyroiditis is the most common cause. Goiter can also result from 
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cyanide poisoning; this is particularly common in tropical countries where people eat 

the cyanide-rich cassava root as the staple food (Sousa et al., 2002) 

1.2 Statement of the Problem 

High incidences of goiter in the world have been reported in high mountain region (in 

Alpine valleys, in the Pyrenees, on the slopes of the Himalayas, and along the 

Cordillera of the Andes) though goiter is also known to occur within low-lying areas 

and even at sea level. 

In Kenya, Goiter remains endemic despite iodization of salt. Notably, the area around 

Nandi Hills in Nandi County has recorded high incidences of goiter in the recent past. 

According to the Kapsabet District Hospital and Moi Teaching and Referral Hospital 

(MTRH) records, goiter accounts for 50 - 72% of the diseases in the Nandi Hills area 

(Ali et al., 2014). This is despite the fact that the table salt used in most of the 

households in Kenya is iodized. This suggests that other etiological factors such as 

inorganic content of water may have a role in the causation of endemic goiter cases in 

the region. In addition, tea farming is the main economic activity in the study area. In 

Nandi Hills tea plantations, about 5,000 hectares of land are under mature tea and 

fertilizer is applied at a rate of 140 Kg /ha/year, with N: P: K being the commonly 

used fertilizer (EPK, 2006). Therefore, these inorganic ions can be discharged to 

water bodies through leaching and surface run-off. This study thus aims at 

determining the etiological factors that potentially cause the high prevalence of goiter 

in this region. This will be achieved through the determination of the concentration of 

nitrates and phosphates in the drinking water commonly used in this area and urine 

samples. Additionally, the research will quantify the level of iodine in urine and salt 

samples. 
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1.3 Objectives of the Study 

1.3.1 General Objective 

To determine the concentration of nitrates and phosphates in drinking water and urine 

samples from inhabitants of Nandi Hills. 

1.3.2 Specific Objectives 

1. To determine the concentration of nitrates and phosphates in drinking water 

samples collected from streams and boreholes in Nandi Hills. 

2. To determine the concentration of nitrates and phosphates in urine samples 

from selected inhabitants of Nandi Hills. 

3. To establish iodine concentration in table salt from the inhabitants of Nandi 

hills 

4. To determine the relationship between the concentration of nitrates ions, 

phosphates ions and iodine ions in the samples and the prevalence of goiter in 

the study area. 

1.4 Justification 

Several studies have shown that the endemic goiter in many countries including 

Kenya is associated with iodine deficiency (Lamberg, 1993: Boyages, 1993; Bayram 

et al., 2003). However, some studies have reported that high exposure to inorganic 

ions like nitrate and phosphate has an effect on goiter development (Zoeller, 2007). 

Studies by WHO on prevalence of goiter among Kenyan populace by the year 2013 

indicated a reducing trend as compared to other prevoius years. However, in Nandi 

Hills region, the prevalence seems to be increasing. This is despite the fact that the 

table salt used in most of the households in Nandi Hills is iodized. The thyroid gland 

plays a major role in up-taking iodide (I-) and synthesizing new thyroid hormones. 

Nevertheless, presence of inorganic ions like nitrate inhibits thyroid function by 
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blocking the sodium-iodide symporter (NIS) (Sherrill et al., 2004). Therefore, there is 

need to determine the concentrations of inorganic ions in drinking water in Nandi 

Hills so as to determine the possible causes of goiter in this region.  

1.5 Significance of the Study 

The findings from this study are expected to bring into the limelight potential 

contributory factors leading to the increased prevalence of goiter in the Nandi Hills 

region. Additionally, the findings will give information whether high nitrates and 

phosphates in drinking water can be associated with increased incidence of goiter. 

The study findings will also serve as a guide to health practitioners and policy makers 

in their efforts to combat the rising trend of goiter in Nandi Hills region. 

1.6 Scope of the Study 

There are a number of possible sources of man-made water contaminants. However, 

this study will be biased only on nitrates and phosphates as contaminants of drinking 

water. This is mainly because only nitrates and phosphates are theorized to be the 

inorganic contaminants of water which may have an etiological role in the causation 

of endemic goiter cases.  

The study will also be purposively conducted in Nandi Hills. This is because Nandi 

Hills is the only area which has recorded noticeable increase of goiter cases despite 

the overall decrease of the prevalence of the disease in Kenya. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Goiter 

Goiter is a disease characterized by an abnormal swelling of the thyroid gland that 

causes a lump to form in the neck (Tonacchera et al., 2010). The thyroid gland is a 

small butterfly-shaped gland in the neck, just in front of the windpipe (trachea). It 

produces thyroid hormones, which help regulate the body's metabolism (Fagman & 

Nilsson, 2010).  The thyroid gland is not usually noticeable, but if it swells, it 

produces a lump on the neck known as goiter. The size of goiter can vary from person 

to person. In most cases, the swelling is small and does not cause any symptoms. 

However, in more severe cases, the swelling can increase significantly and affect 

breathing and swallowing (Barrett et al., 2010). 

2.1.1 Causes of Goiter 

There are several known causes of goiter. The main one is iodine deficiency. Iodine is 

found primarily in sea water (sea foods) and also in common table salt. Iodine is an 

essential trace element (Mertz, 2012). It is a major component of the thyroid 

hormones thyroxine and triiodothyronine (Pitt-Rivers& Tata, 2013). In areas where 

there is little iodine in the diet typically remote inland areas where no marine foods 

are eaten, iodine deficiency is common. It is also common in mountainous regions of 

the world where food is grown in iodine-poor soil (Li& Eastman, 2012). Although a 

lack of dietary iodine is the main cause of goiter in many parts of the world, this is not 

often the case in countries where iodine is routinely added to table salt and other 

foods. 
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Another known cause of goiter is Graves' disease. Graves' disease is an immune 

system disorder that results in the overproduction of thyroid hormones, a condition 

known as hyperthyroidism (Hemminki et al., 2010). Although a number of disorders 

may result in hyperthyroidism, Graves' disease is a common cause. In Graves' disease, 

antibodies produced by the immune system mistakenly attack the thyroid gland, 

causing it to produce excess thyroxine. This overstimulation causes the thyroid to 

swell resulting to goiter (Menconi et al., 2014). 

Hashimoto's disease is another known cause of goiter. Hashimoto's disease is a 

condition in which the immune system attacks the thyroid (Umaret al., 2010). Like 

Graves' disease, Hashimoto's disease is an autoimmune disorder, but instead of 

causing the thyroid to produce too much hormone, Hashimoto's damages the thyroid 

so that it produces too little (Boelaert et al., 2010). In response to low hormone level, 

the pituitary gland produces more thyroid stimulating hormone to stimulate the 

thyroid, which then causes the gland to enlarge causing goiter. 

Multinodular goiter is another known cause for goiter. In this condition, several solid 

or fluid-filled lumps called nodules develop in both sides of the thy roid, resulting in 

overall enlargement of the gland (Bahn& Castro, 2011). Solitary thyroid nodules can 

also cause goiter.  In this case, a single nodule develops in one part of the thyroid 

gland (Paschke et al., 2011). Most nodules are noncancerous (benign) and do not lead 

to cancer. 

Goiter can also result in patients with thyroid cancer. Thyroid cancer is far less 

common than benign thyroid nodules. Cancer of the thyroid often appears as an 

enlargement on one side of the thyroid (Pazaitou-Panayiotou et al., 2012). 
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In pregnancy, a hormone called human chorionic gonadotropin (HCG), may cause the 

thyroid gland to enlarge slightly resulting to goiter. Human placenta synthesizes 

glycoprotein, steroids, and protein hormones during pregnancy (Harrington & 

Campbells, 1993). The production of HCG by placenta in the first trimester of 

pregnancy is critical for implantation and maintenance of the blastocyst (Petraglia et 

al., 1990). HCG can stimulate the thyroid gland during first trimester of pregnancy 

because of its structural resemblance with TSH (Fantz et al., 1999). During 

pregnancy, thyroid hormones have an important role in embryogenesis and foetal 

brain development (Haddow et al., 1999). Therefore, thyroid function is frequently 

assessed during pregnancy, both to evaluate suspected thyroid abnormalities, and to 

monitor the status of preexisting thyroid disease (Zarghami et al., 2005). 

Finally, Thyroiditis can also cause goiter. This is an inflammatory condition that can 

cause pain and swelling in the thyroid (Jankovic et al., 2013). It may also cause an 

over- or underproduction of thyroxine. 

2.1.2 Prevalence of Goiter 

Goiter cases are minimal in affluent countries where table salt is supplemented with 

iodine, however, it is still prevalent in most countries as shown in Table 2.1 below. 

Globally, the prevalence of goiter is estimated to be 12% (Li& Eastman, 2012). The 

highest regional goiter prevalence is in the Eastern Mediterranean Region (22.9 %), 

while over 42.5 % of the population is considered to be at-risk of iodine deficiency in 

that Region (Anderssonet al., 2012). In absolute terms, Southeast Asia including 

India, Bangladesh and Indonesia and the Western Pacific together account for more 

than 50% of the world's total population at-risk of iodine deficiency disorders (IDDs) 

(Anderssonet al., 2010). There is still a non-negligible IDDs problem in most 

countries in Europe (even Western Europe, including 10 million people at-risk in 



11 

 

 

 

Germany), necessitating continuing control measures and vigilance (Zimmermann, 

2013). The largest increases in populations-at-risk are in the American, Eastern 

Mediterranean, European and Southeast Asian Regions (Andersson et al., 2012).  

In Africa, goiter is endemic in many countries notably Congo, Uganda, Kenya and 

Sudan. The prevalence is as high as 81% in some parts of these countries (Elnour et 

al., 2000). It is the chief consequence of iodine deficiency, resulting from either low 

iodine intake or ingestion of goitrogens (Narwal, 2013). Iodine deficiency also occurs 

in lowland regions far from the oceans, such as central Africa (Zimmermann & 

Andersson, 2012). The extreme form of iodine deficiency, endemic cretinism has 

been well characterized in Central Africa, where up to 2–6% of the overall population 

may be affected (Zimmermann et al., 2003). Gross neurological defects are also seen 

in African populations and were described in 10% of patients with cretinism in the 

Kivu area of Democratic Republic of Congo (Zimmermann et al., 2003). 

A national micronutrient survey conducted in 45 districts in Kenya found total goiter 

rates as 16.3% (FAO, 2005). Three had no goiter problems, while 30 had mild iodine 

deficiency disorders (IDD) with goiter prevalence between 5 and 19%, 7 had 

moderate problem (TGR 20-29%) and 5 districts were noted to have goiter 

prevalence’s greater than 30%. Survey data from Rift Valley where Nandi Hills is 

located indicated total goiter prevalence as 20% (FAO, 2005). Cases of goiter have 

been reported in Nandi Hills despite the use of iodized salt, raising a public health 

concern (Adwok, 2006). Furthermore, doctors who carried out goiter surgical 

operation services in three towns of the north Rift region reported that goiter disease 

is highly prevalent (Wamalwa, 2012). 
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Table 2.1: Total Number of People and Percent of Regional Population Living in 

Areas At-Risk of Iodine Deficiency Disorders (TGR> 5%) and Affected by 

Goiter 

WHO Region Population 

(millions) Population At-Risk 

Population Affected by 

Goiter 

(millions) % of 

Region 

% of 

Global 

Total 

(millions) % of 

Region 

%of 

Global 

Total 

Africa 550 181 32.8 11.5 86 15.6 13.1 

Americas 727 168 23.1 10.7 63 8.7 9.6 

Eastern 

Mediterranean 

406 173 42.6 

11.0 

93 22.9 14.2 

Europe 847 141 16.7 9.0 97 11.4- 14.8 

Southeast Asia 1355 486 35-9 30.9 176 13.0 26.8 

Western Pacific 1353 423 27.2 26.9 141 9.0 21.5 

Total 5,438 1,572 28.9 100.0 655 12.0 100 

Source: WHO (2010) 

2.1.3 Treatment of Goiter 

The well-known treatment for goiter is via medications. In the case of 

hypothyroidism, thyroid hormone replacement with levothyroxine (Levothroid, 

Synthroid) usually resolves the symptoms of hypothyroidism as well as slowing the 

release of thyroid-stimulating hormone from the pituitary gland, often decreasing the 

size of the goiter (Hughes & Eastman, 2012). For inflammation of the thyroid gland, 

medical practitioners usually prescribe aspirin or a corticosteroid medication to treat 

the inflammation (Tonacchera et al., 2010). Goiters associated with hyperthyroidism 

require medications to normalize hormone levels.   
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A less common remedy to goiter is surgery. This involves the removal of all or part of 

the thyroid gland (total or partial thyroidectomy) especially if the patient has a large 

goiter that is uncomfortable or causes difficulty breathing or swallowing, or in some 

cases, if a nodular goiter is causing hyperthyroidism (Hughes & Eastman, 2012). 

Surgery is also the treatment for thyroid cancer (Memon et al., 2010).  

In some cases, radioactive iodine is used to treat an overactive thyroid gland. The 

radioactive iodine is taken orally and reaches the thyroid gland through the 

bloodstream, destroying thyroid cells (Haymart et al., 2011). The treatment results in 

diminished size of the goiter, but eventually may also cause an underactive thyroid 

gland.  

2.2 Nitrates 

Nitrate is a polyatomic ion with the molecular formula NO3
− and a molecular mass of 

62.0049 g/mol. Nitrates also describe the organic functional group RONO2 (Beckey, 

2013). Nitrate salts are found naturally on earth as large deposits, particularly of 

Nitratine. Nitrates are mainly produced for use as fertilizers in agriculture because of 

their high solubility and biodegradability (Sebilo et al., 2013). The main nitrates are 

ammonium, sodium, potassium, and calcium salts. Almost all inorganic nitrate salts 

are soluble in water at standard temperature and pressure (Armarego & Chai, 2013). 

A rich source of inorganic nitrate in the human body comes from diets rich in leafy 

green foods, such as spinach and arugula. 

2.2.1 Nitrates Pollution 

Currently, Nitrate is a key problem as a contaminant of drinking water (primarily 

from groundwater and wells) due to its harmful biological effects (Burow et al., 

2010). According to Stevens (2012), agricultural activities, primarily crop and 
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livestock production, account for over 80% of all nitrogen added to the environment. 

Fertilizers form the single largest source of nitrates in the world and not surprisingly, 

agricultural areas have the highest rates of nitrate contaminated water (Conway& 

Pretty, 2013). Animal manure is the second largest source of nitrates in the 

environment, accounting for 13 billion pounds per year (Kuzelka & Ennenga, 2013). 

Non-agricultural sources of nitrogen contribute less than 20% of the nitrogen released 

into the environment (Fowler et al., 2013). 6% is released from point sources 

(basically pipes) into water bodies, while 14% is deposited from atmospheric sources. 

Point sources in urban watersheds can cause significant localized nitrate problems in 

surface waters or individual wells. According to Loehr (2012), a variety of point 

sources contribute approximately 2.6 billion pounds of nitrates to the environment 

into surface waters each year. Municipal sewage plants account for 80% of point 

source nitrates discharges; individual septic tanks and a number of industrial sources 

account for the rest (Wang et al., 2012). 

Nitrates are also deposited in soil and water from the atmosphere, where it enters from 

an array of sources as nitrogen oxide emissions from coal or oil burning electric 

utilities or other industries or from automobiles, trucks or buses (Berner & Berner, 

2012).  

2.2.2 Effects of Nitrates Pollution 

High concentrations of nitrates in the body can cause methemoglobinemia, and have 

been cited as a risk factor in developing gastric and intestinal cancer (Tanget al., 

2011). Methemoglobinemia most often affects infants of less than six months of age. 

Methemoglobinemia is the condition in the blood which causes infant cyanosis, or 

blue-baby syndrome (Trapp& Will, 2010). Methemoglobin is probably formed in the 
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intestinal tract of an infant when a bacterium converts the nitrate ion to nitrite ion 

(Ashurst & Wasson, 2011). One nitrite molecule then reacts with two molecules of 

hemoglobin to form methemoglobin. This altered form of blood protein prevents the 

blood cells from absorbing oxygen which leads to slow suffocation of the infant 

which may lead to death rapidly (Meisenberg & Simmons, 2011). Because of the 

oxygen deprivation, the infant will often take on a blue or purple tinge in the lips and 

extremities, hence the name, blue baby syndrome (Ashurst & Wasson, 2011). Other 

signs of infant methemoglobinemia are gastrointestinal disturbances, such as vomiting 

and diarrhea, relative absence of distress when severely cyanotic but irritable when 

mildly cyanotic and chocolate-brown colored blood (Tang et al., 2011). 

Nitrate pollution has also been associated with stomach and gastrointestinal cancer. 

Although many studies have been performed attempting to link stomach and 

gastrointestinal cancer to nitrate intake, there is no conclusive evidence for 

correlation. Researchers claim that nitrate represents such a potential risk because of 

nitrosation reactions which, with appropriate substrates present, form N-nitroso 

compounds which are strongly carcinogenic in animals (Bryan et al., 2012). 

Nitrate pollution also affects the environment negatively. The widely known 

environmental adverse effect of nitrate pollution is eutrophication. This is the process 

by which a body of water acquires a high concentration of nutrients, especially 

phosphates and nitrates. These typically promote excessive growth of algae. As the 

algae die and decompose, high levels of organic matter and the decomposing 

organisms deplete the water of available oxygen, causing the death of other 

organisms, such as fish (Smolders et al., 2010). 
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Another environmental effect is anoxia. Anoxia is a lack of oxygen caused by 

excessive nutrients in waterways which triggers algae growth. When the plants die 

and decay, oxygen is stripped from the water, which then turns green or milky white 

and gives off a strong rotten egg odour.  The lack of oxygen is often deadly for 

invertebrates, fish and shellfish (Jenkyns, 2010). 

Due to these health risks, a great deal of emphasis has been placed on finding 

effective treatment processes to reduce nitrate concentrations to safe levels (Hwang et 

al., 2010; Bhatnagar & Sillanpää, 2011). An even more important facet to reduce the 

problem is prevention measures to stop the leaching of nitrate from the soil. Some 

suggest that reducing the amount of fertilizers used in agriculture will help alleviate 

the problem, and may not hurt crop yields (Masclaux-Daubresse et al., 2010). Other 

new developments in leach pits and slurry stores help to control the nitrate that comes 

from stored manure (Jadhao, 2013). By installing these prevention methods and 

reducing the amount of fertilizer used, the concentration of nitrate in the groundwater 

can be reduced over time. Treatment processes, such as ion exchange can have an 

immediate effect on reducing levels in drinking water. These processes do not remove 

the entire nitrate, but can help to bring the concentration down to the suggested level 

of 10mg/L (Chand et al., 2011). 

2.2.3 Putative Relationship between Nitrate Intake and the Endocrine System 

It has been suggested that increased nitrate intake affects the function of the thyroid 

gland in humans by competitive inhibition of iodide transport leading to decreased 

thyroid hormone secretion, followed by an increase in thyroid-stimulating hormone. 

Research (Ward et al., 2010; Kilfoy et al., 2011; Aschebrook‐Kilfoy et al., 2013; 

Speijers & Van den Brandt, 2003; Pearce & Braverman, 2009), has shown that 
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ingested nitrate inhibits thyroid uptake of iodide by binding to the sodium-iodide 

symporter on the surface of thyroid follicles. In turn the levels of the thyroid 

hormones triiodothyronine (T3) and thyroxin (T4), reduces significantly leading to an 

increase in thyroid stimulating hormone (TSH). TSH controls thyroid hormone 

production through a negative feedback loop. Chronic stimulation of the thyroid gland 

by TSH can lead to proliferative changes in follicular cells, including hypertrophy and 

hyperplasia as well as neoplasia. There is no evidence from human studies that 

exposure to elevated nitrate levels in drinking water is associated with increased 

thyroid volume and increased frequency of subclinical thyroid disorders. Nitrate and 

nitrite are also precursors in the endogenous formation of N-nitroso compounds, 

which are potent animal carcinogens that cause thyroid and many other tumors in 

animal models (Ward et al., 2010). 

2.3 Phosphates 

A phosphate (PO4
3−) as an inorganic chemical is a salt of phosphoric acid (Skoog et 

al., 2013). In organic chemistry, a phosphate, or organophosphate, is an ester of 

phosphoric acid (Carey & Sundberg, 2007). Phosphates is the naturally occurring 

form of the element phosphorus, found in many phosphate minerals. In mineralogy 

and geology, phosphate refers to a rock or ore containing phosphate ions (Corbridge, 

2013). Inorganic phosphates are mined to obtain phosphorus for use in agriculture and 

industry. Phosphates exist in three forms: orthophosphate, metaphosphate (or 

polyphosphate) and organically bound phosphate each compound contains 

phosphorous in a different chemical arrangement.  These forms of phosphate occur in 

living and decaying plant and animal remains, as free ions or weakly chemically 
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bound in aqueous systems, chemically bonded to sediments and soils, or as 

mineralized compounds in soil, rocks, and sediments (Durif, 2013). 

2.3.1 Phosphates Pollution 

Phosphates have caused increasing attention recently. There are several sources of 

phosphate pollution. Lawn and garden fertilizers especially TSP and DAP are often 

implicated as the major source of phosphate pollution. Wastewater, from laundering 

agents also contains phosphates, which are a water pollutant ( Förstner & Wittmann, 

2012). The non-point sources of phosphates include: natural decomposition of rocks 

and minerals, storm water runoff, agricultural runoff, erosion and sedimentation, 

atmospheric deposition, and direct input by animals/wildlife. 

Once in the water bodies, phosphates stimulate the growth of plankton and aquatic 

plants which provide food for larger organisms, including zooplankton, fish, humans, 

and other mammals. This process leads to eutrophication. Eutrophication is the 

progressive over-fertilization of water, in which festering masses of algae's blooms, 

choking rivers and lakes. Phosphorus compounds act as a fertilizer for all plant life 

and are implicated in eutrophication (Smolders et al., 2010). Many countries control 

phosphate levels and some such as Switzerland has banned the use of phosphates.  

2.3.2 Putative Relationship between Phosphates Intake and the Endocrine 

System 

There are variable reports linking high serum phosphorous levels to hyperthyroidism. 

Most of the studies indicate hyperphosphatemic state (Dhanwal, 2011). 

Hyperphosphatemia in hyperthyroidism has been explained on the basis of an 

enhanced tissue catabolism emanating from an excess input of phosphorous to the 
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plasma pool from bone and tissues and lower fractional clearance of phosphorous and 

increased renal tubular re-absorption of phosphorous (Martin& González, 2011). The 

changes in serum phosphorous are due to suppressed Parathyroid hormone (PTH) 

levels as well as direct effects of thyroid hormones on tissue phosphate metabolism 

and renal phosphate handling. These effects lead to increased filtered load of 

phosphorous causing hyperthyroidism (Dhanwal, 2011).  

2.4 Related Studies 

Reviewed literature reveals that very few studies have been done linking goiter and 

intake of excessive nitrates and/or phosphates. Kilfoy et al. (2011) evaluated dietary 

nitrate and nitrite intake and thyroid cancer risk overall and for subtypes in a large 

prospective cohort of 490,194 men and women, ages 50–71 years. Their findings 

showed that among men, increasing nitrate intake was positively associated with 

thyroid cancer risk (relative risk [RR] for the highest quintile versus lowest quintile 

RR = 2.28, 95%). However, no trend was observed with intake among women (p-

trend = 0.61). From their findings, they concluded that nitrite intake was not 

associated with risk of thyroid cancer for either men or women. However, an 

evaluation of risk for the two main types of thyroid cancer revealed a positive  

associations for nitrate intake and both papillary (RR = 2.10; 95% CI: 1.09–4.05; p-

trend = 0.05) and follicular thyroid cancer (RR = 3.42; 95% CI: 1.03–11.4; p-trend = 

0.01) among men.  

Gatseva & Argirova (2005) studied the iodine status of school children between the 

ages of 11 and 14 years from 2 villages in Bulgaria living in areas with high nitrate 

levels in water. Their results showed statistically significant differences between the 

median urinary iodine levels of the total number of exposed (179.0 microg/l) and non-
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exposed (202.50 microg/l) children. The relative risk for the children exposed to high 

nitrate levels in drinking water, expressed as the odds ratio, was 8.145. They found a 

statistically significant difference for the prevalence of goiter among the exposed and 

non-exposed children. The results of the study confirmed the role of high nitrate 

levels in drinking water as a health risk factor for thyroid dysfunction. 

Morris (2010) investigated the relationship between water chemistry and goiter 

development in two species of bamboo shark, Chiloscylliumspp. The results indicated 

that nitrate exposure did not affect growth rates (e.g., weight, length, and condition 

factor), nor did it decrease circulating plasma T4 concentrations during the 29 day 

experimental period. However, histological analysis of the thyroid glands in nitrate-

exposed sharks did demonstrate the development of diffuse hyperplastic goiter. The 

results of his study support concerns that environmental nitrate exposure, in the 

absence of other factors, may be goitrogenic. 

Eskiocak et al. (2005) investigated the chronic effects and the dose-response 

relationship of nitrate intake on thyroid functions in rats. According to their findings, 

histomorphological changes were observed in the 250 and 500 mg/l nitrate intake 

groups. These findings suggested that nitrate impairs thyroid function involving the 

hypothalamo-hypophysio-thyroidaxis.  

Another study by Dhanwal (2011) reported a significant effect of increased 

phosphorous on thyroid hormones on tissue phosphate metabolism and renal 

phosphate handling. The effect led to increased filtered load of phosphorous causing 

hyperthyroidism. Generally, the positive relationship between inorganic ions in 

drinking water and goiter incidence is explained by Zoeller (2007). The researcher 
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attributed it to competitive inhibition of iodide transport leading to decreased thyroid 

hormone secretion, followed by an increase in thyroid-stimulating hormone. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study Area 

The research was conducted in Nandi Hills ward, Nandi County. The area is an urban 

settlement in Nandi County, Kenya. It is located in a highland area of lush green 

rolling hills at the edge of the Great Rift Valley in the southwestern part of Kenya, 

approximately 303 kilometres, by road, northwest of Nairobi. The coordinates of 

Nandi Hills, are: 0°06'01.0"N, 35°10'35.0"E (Latitude: 0.100278; Longitude: 

35.176389). Nandi Hills lies at an elevation of approximately 2,047 metres (6,716 ft), 

above sea level (Globalfeed, 2015) and has a cool and wet climate with two rain 

seasons during the equinoxes. Temperatures vary between 18°C and 24°C which 

coupled with the rich volcanic soils make the area ideal for growing tea (KIG, 2014). 

Tea production in the Nandi Hills area uses high concentration of nitrogenous 

fertilizer. Nitrates can be discharged to water bodies through leaching and surface 

run-off and ends up in surface and ground water sources causing pollution (Maghanga 

et al., 2012).  

3.2: Population and Sample size 

According to census 2009, the study area has a population size of 33, 545 people. The 

target population of the study comprised of only people who use borehole and stream 

water as sources of drinking water in Nandi Hills. From the target population, a total 

of 50 households were randomly sampled to obtain water, urine and table salts 

samples. 
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3.3 Sampling and Sample Collection 

From the 50 households sampled in section 3.2, sampling was done by dividing the 

area into five points (four extreme ends and the centre). Fifty questionnaires were 

self-administered to the respondents. The urine and water samples were analyzed to 

determine the concentration of nitrates and phosphates while the table salt samples 

were analyzed to determine the content of iodine. 

3.3.1 Collection of Water Samples 

A total of 50 water samples were collected from both surface water (stream) and 

ground water (boreholes) sources using plastic bottles. Out of the 50 samples 

collected, 40 of them were from boreholes while 10 were from streams. The samples 

collected were kept in a cooler containing ice and transported to the laboratory within 

a period of 24 hours. This was done to inhibit metabolic processes of microbes and 

biodegradation reactions that could significantly change the levels of nitrates and 

phosphates.  

3.3.2 Collection of Urine Samples 

From the 50 households, 50 samples of first morning urine were obtained in labelled 

sample cups. This was achieved by first explaining to the respondents the purpose of 

the study. Also, the researcher was accompanied by public health officer who assisted 

in urine sample collection. The sample cups were kept in cooler containing ice at 40 C 

and transported to the laboratory within a period of 24 hours. 

3.3.3 Collection of Table Salt Samples 

From the 50 households identified, 50g of table salt were collected from each 

household alongside urine samples. Collection was biased to the salt stored in the 
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household containers. The table salt samples were stored in transparent labeled zipped 

lock bags. The samples were transported to the laboratory within a period of 24 hours 

and analyzed. 

3.4 Laboratory Analysis of the Samples 

3.4.1 Analysis of Nitrate concentration in water and urine 

Analysis of nitrates was done using cadmium reduction method according to Doane & 

Horwath (2003). In this case, the sample was filtered using a filter paper, and passed 

through a column containing granulated copper-cadmium to reduce nitrate to nitrite. 

The nitrite (that originally present plus reduced nitrate) was determined by diazotizing 

with sulfanilamide and coupling with N-(1-naphthyl)-ethylenediaminedihydrochloride 

to form a highly colored azo dye which is measured colorimetrically using UV-Vis 

spectrometer. An absorbance measurement was made at 220 nm and corrected by 

subtracting a second measurement at 275 nm. This was done to compensate for the 

presence of organics.  

3.4.2 Analysis of Phosphates Concentration in water and urine 

Spectrophotometric method as described by Doane & Horwath (2003) was employed 

in the analysis. The method involves the formation of molybdophosphoric acid, which 

is reduced to the intensely colored complex, molybdenum blue.  This analytical 

method is usually extremely sensitive and is reliable down to concentration of 0.1mg 

of phosphorus per liter of water (Aspila et al., 1976). 

Preparation of Standard Solutions:  A 5point calibration curve was prepared with 

concentrations ranging from 0 – 5mg/L Phosphate from the stock standard solution. 

The standard solutions and the blank was treated according to the following “color 
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development” procedure of Gale (2012).  After measuring the absorbance of these 

solutions, a plot of absorbance versus concentration was generated. 

Color Development in Sample:  A 25 mL water sample to be analyzed was placed in 

an Erlenmeyer flask (measured with a volumetric pipet). Approximately 1.0 mL of 

ammonium molybdate solution was added and the mixture swirled for 10 minutes to 

mix properly.  To the flask, two drops of stannous chloride solution was added and 

mixed by swirling. Development of a blue color within five minutes denoted the 

presence of phosphate ions. The measurements were recorded appropriately for each 

sample at 650 nm.  

3.4.3 Analysis of Iodine Concentration 

The concentration of Iodine in the table salt samples was determined using both 

titration and salt-pad methods.  

3.4.3.1 Titration method  

Ten grams of iodated salt was dissolved in 50 ml distilled water. Addition of sulfuric 

acid (1–2 ml) and potassium iodide (5 ml) was done, which in the presence of iodine a 

yellow color was obtained. The reaction mixture was then kept in a dark place for 10 

minutes to reach the optimal reaction time, prior to titration with sodium thiosulfate 

using 2ml of starch as the indirect indicator. The concentration of iodine in salt was 

calculated based on the titrated volume (burette reading) of sodium thiosulfate 

according to the formula below as described by Jooste & Strydom (2010).  

mg/kg (ppm) iodine = titration volume in ml x 21.15 x normality of sodium 

thiosulfate x 1000 / salt sample weight in g 

3.4.3.2 Salt PAD Method 
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The salt PADs for analysis were obtained from the University of Notre Dame, 

Department of Chemistry and Biochemistry, Notre Dame, USA. The salt PAD is a 

paper card printed with hydrophobic wax barriers that define 12 reaction areas. All of 

the reagents needed to perform a single point of an iodometric titration are stored in 

the reaction area. A test solution was made by mixing the 3.25g salt sample with 15ml 

of distilled water. Shaking was done until the salt completely dissolved in the water. 

Three drops of the solution were applied to each of 12 reaction areas on the test card. 

A photograph of the test card was finally taken. An automated image analysis 

program was used to interpret the colour response by comparing the card to the test 

card visually stored images of test cards run with standard samples. 

3.5 Ethical Considerations 

Prior to urine sample collection, the participants were asked not to give their names 

thus maintaining their privacy and anonymity. The researcher also obtained all the 

required permits from Ministry of Education, National Commission for Science, 

Technology and Innovation (NACOSTI) and Ministry of Public Health and Sanitation 

before commencing the research. In the field, the researcher was accompanied by 

public health officers who explained the purpose of the research to the respondents 

before they gave out urine samples. No samples were collected from unwilling 

respondents. 

3.6 Data Analysis 

Data was analyzed descriptively using Statistical Package for Social Science (SPSS), 

version 20. The differences among mean concentrations of phosphates and nitrates in 

urine and water samples was determined using Analysis of variance (ANOVA). 

Difference between mean concentrations of iodine in table salt and WHO guidelines 
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established using t-test analysis. In addition, Pearson correlation test was carried out 

to determine the association between the concentration of phosphate ions, nitrate ions, 

iodine ions and prevalence of goiter. Findings were presented using graphs, tables and 

charts. 
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CHAPTER FOUR 

RESULTS 

 

4.1 Concentrations of nitrate ions and phosphate ions in drinking water samples 

collected from   streams and wells 

 

4.4.1 Concentration of nitrate ions in streams water 

 

Analysis of variance (ANOVA) results on differences in mean concentration of nitrate 

ions among streams and sampling points are summarized in Table 4.1 below. Mean 

concentration of nitrate ions among the three sampling points differed significantly 

(p<0.05). However, there was no significant difference (p>0.05) in nitrate ions 

concentration among the three streams. In addition, the interaction between stream 

and sampling point was insignificant (p>0.05). 

Table 4.1: Effect of stream, sampling point and their interaction on Nitrate ions 

concentration 

Source of variation F-Value  P- Value  

Stream (S) 
 14.671 0.542 

   

Sampling point (SP)  
   8.966 0.031** 

   

Stream× Sampling point (S×SP) 
 37.421. 0.067 

   

** Denotes significance at P<0.05 

  

From Table 4.2 below, the mean concentration for nitrate ions increased downstream 

in all the three streams. In the first stream, concentration of nitrate ions increased 

significantly (p<005) from 2.47 upstream to 3.35mg/l downstrem. Similarly, the 
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concentration of nitrate ions increased significantly from 2. and  2.97 mg/l upstream 

to 3.17 and 3.46mg/l downstream in the second and third stream respectively. 

 

 

Table 4. 2: Mean concentration of nitrate ions (mg/l) in Stream water  

 

Stream  Sampling point 

Nitrate Mean± SE 

(mg/L) 

   Stream 1 Upstream 2.47a±0.044 

 

Midstream 2.53a±0.031 

 

Downstream 3.35b±0.012 

 

Stream 2 Upstream 2.59a± 0.041 

 

Mid-stream 2.64a±0.076 

 

Downstream 3.17b±0.092 

 

Stream 3 Upstream 2.97a±0.051 

 

Midstream 3.05a±0.046 

 

Downstream 3.46b±0.089 

Mean values with different letters in a column are significantly different at p<0.05 

 

4.1.2 Concentration of phosphate ions in stream water 

Like nitrate ions concentration, the mean concentration of phosphate ions among the 

three sampling points differed significantly (p<0.05). However, there was no 

significant difference (p>0.05) in the concentration of phosphate ions among the three 

streams. Furthermore, there was insignificant (p>0.05) interaction between stream and 

sampling point as shown in Table 4.3 below. 

Table 4.3: Effect of stream, sampling point and their interaction on the 

concentration of phosphate ions 

Source of variation F-Value  P- Value  

Stream (S) 
 2.416 0.236 

   

Sampling point (SP) 
 1.730 0.015** 

   

Stream× Sampling point (S×SP)  14.120. 0.214 

   ** denotes significance at p<0.05 
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Generally, results in Table 4.4 recorded an increase in the concentration of phosphate 

ions downstream among the three streams. Basically in stream 1, 2 and 3, phosphates 

ions ranged between 0.19-0.37, 0.2-0.39 and 0.27-0.40 mg/L respectively. 

Table 4.4: Mean concentration (mg/l) of phosphate ions in the Stream water  

 

Stream  Sampling point 

Phosphate ions Mean± SE 

(mg/L) 

   Stream 1 Upstream 0.19a±0.01 

 

Midstream 0.31b±0.08 

 

Downstream 0.37b±0.12 

 

Stream 2 Upstream 0.20a± 0.01 

 

Mid-stream 0.34b±0.06 

 

Downstream 0.39b±0.09 

 

Stream 3 Upstream 0.27a±0.03 

 

Midstream 0.29a±0.04 

 

Downstream 0.40b±0.08 

Mean values with different letters in a column are significantly different at p<0.05 

 

 

4.1.3: Nitrate and phosphate concentrations in well water 

 

The mean phosphate and nitrate concentrations in borehole water were 0.298 and 

1.697 mg/L respectively (Table 4.5). Generally, nitrate levels were higher than 

phosphate levels in borehole water. 

 

Table 4. 5: Means of concentrations of nitrate ions and phosphate ions in 

borehole water 

Concentration of inorganic in water (mg/L) 

Phosphate ions Nitrate ions  

 0.29±0.07 1.69±0.79 

  

Figure 4.1 below clearly indicates that concentrations of phosphate ions in both 

borehole and stream water were within WHO acceptable limits (0.3 mg/L). Borehole 

water recorded phosphate ions that was slightly below the WHO acceptable limits 
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(0.29 mg/L). On the other hand, stream water recorded a mean value of 0.302 mg/l 

which was found to be just within the WHO guidelines. 

 
  

Figure 4. 1: Concentration of Phosphate ions in drinking and WHO acceptable 

limits 

Figure 4.2 indicates that the concentrations of nitrate ions in both borehole and stream 

were within WHO acceptable limits (10 mg/L). About 1.69 and 2.91 mg/L of nitrate 

levels in borehole and stream water were recorded respectively.  

 

Figure 4. 2: Concentration of nitrate in drinking and WHO acceptable limits 
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4.2: Concentration of nitrates ions and phosphates ions in urine samples from 

selected inhabitants of the study area 

For urine samples, mean concentrations for phosphates and nitrates are summarized in 

Table 4.6. Phosphate concentration was 0.539 mg/L while nitrate level was 709.59 

mg/L. 

Table 4.6: Means for nitrate and phosphate concentrations urine sample  

Concentration of inorganic in urine (mg/L) 

Phosphate ions Nitrates ions 

 0.539±0.30 709.59±5.57 

  

 

4.3: Concentration of iodine ions in table salt from the inhabitants of the study 

area 

From Table 4.7 below, titration method of iodine analysis recorded a lower mean 

concentration of 43.78 mg/L of iodine ions than salt PAD method which showed a 

mean concentration of 69.21 mg/L of iodine ions. Both levels of iodine ions were 

found to be WHO acceptable limit of 20-50mg/L.  

Table 4.7: Mean concentration of Iodine  

Iodine determination methods    Mean± 

Titration 43.78±9.47a 

Salt-pads 69.21±5.08b 

  

Means with different letters are significantly different at p<0.05  

 

Iodine determination with titration and salt PAD methods showed significant different 

results (P<0.05) as shown in Table 4.8.  
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Table 4.8: ANOVA on Effect of iodine determination methods 

Source of Variation Type III Sum 

of Squares 

Df Mean 

Square 

F Sig. 

Iodine determination 

method 
4654.518 2 623.259 41.648 0.03** 

** denotes significance at p<0.05 

 

4.4: Relationship between the concentration of nitrates-phosphates-iodine ions 

iodine in the samples and the prevalence of goiter in the study area 

 

4.4.1: Demographic information 

 Gender and age formed the demographic variables in the present study. From 50 

respondents in the study, majority of them were female (64%), while males were 36% 

as shown in Figure 4.3 below. 

 

 
Figure 4. 3: Gender of the respondents  

Results in figure 4.4 also revealed that majority of the respondents (38%) were 

between 31-40 years. Respondents between the age of 41-50, 18-30 and 51-60yrs 

were 34, 20 and 8% respectively. 
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Figure 4. 4: Age of the Respondents 

4.4.2 Utilization of cooking salt by respondents  

Results on how respondents in the study area used cooking salt are summarized in 

Table 4.9 below. Majority of the respondents (98%) agreed that they add salt into 

food while only 2% disagreed as shown in Table 4.9. Based on the type of salt used, 

most of the respondents (80%) used Kensalt, 16% used kaysalt while only 4% used 

others. Established on the stage at which salt was added, 40% of the respondents 

added at the final stage of cooking, 30% at the middle of cooking and 24% at early 

stages of cooking. Only 6% of the respondents added salt to food at the table. About 

86% of the respondents kept salt in sealed containers while only 14% of them kept 

salt in open containers. Majority of the respondents (92%) had no substitution for 

table salt. However, 8% of them substituted the table salt with livestock salt. 
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Table 4.9: Table salt utilization among respondents 

                 Addition of salt to food        

   Yes                No      

  49(98%)  1(2%)      

 Type of salt used       

 Kensalt Kaysalt Bahari                 Others   

 40(80%) 8(16%)  0(0%)                  2(4%)    

 Stage that salt was added     

 Early               Mid                Final           On the table    

 12(24%) 15(30%) 20(40%) 3(6%)    

 If salt was kept in sealed containers     

  

 Yes                   No      

 43(86%) 7(14%)     

 Substitution of table salt       

 Yes                 No      

 4(8%)            46(92%)      

 Alternative sources of salt      

 Livestock salt       

 4(100%)       

  

From figure 4.5 below, 42%, 34%, 14% and 10% of the respondents used borehole, 

stream, rain and piped water for their general purposes respectively. 

 
Figure 4. 5: Source of water for general purposes in the study area 

Majority of the respondents (82%) used borehole water for drinking while only 18% 

of them used stream water as shown in Fig. 4.6.  



36 

 

 

 

 
Figure 4. 6: Source of drinking water in the study area 

As shown in Fig. 4.7 below, 54% of the respondents reported that at least one of their 

family members had suffered goiter while the remaining 46% had not suffered. 

 

 
 

Figure 4. 7: Occurrence of goiter among respondents in the study area 

From Table 4.10, the concentration of nitrate ions and phosphate ions in drinking 

water recorded an insignificant negative relationship (p=0.936; r=-0.012). On the 

other hand, the concentration of nitrate ions and phosphate ions in drinking water 

showed positive associations with prevalence of goiter. However, the associations 

were found to be insignificant (p>0.05). 
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Table 4.10:Relationship between nitrate- phosphate ions and prevalence of 

goiter in drinking water  

 NO3
- PO4

3- Prevalence 

of Goiter 

NO3
- 

Pearson Corr (r) 1 -.012 0.179 

Sig. (2-tailed) 

(P) 

 
.936 0.218 

 

 PO4
3- 

 

Pearson Corr. (r) 

 

-.012 

 

1 

 

0.201 

Sig. (2-tailed) 

(P) 
.936 

 
0.166 

 

 

Correlation results in Table 4.11 showed that nitrate concentration had a significant 

positive association with prevalence of goiter (r=0.734; P<0.05). However, the 

concentration of phosphate ions in urine recorded an insignificant positive 

relationship with occurrence of goiter (r=0.227; P>0.05). 

Table 4.11:Relationship between nitrate- phosphate ions and prevalence of 

goiter in urine samples 

 

Variables  

 

PO4
3-  

 

NO3
-  

Prevalence 

of goiter 

PO4
3- 

Pearson Corr. (r) 1 0.240 0.227 

Sig. (2-tailed) (P)  0.136 0.159 

NO3 
- 

Pearson Corr.(r) 

Sig. (2-tailed) (P) 

0.240 

0.136 

1 

 

 

0.734 

.000** 

 

** denotes significance at P<0.05 

 

 

Correlation results in Table 4.12 clearly indicated that iodine concentration in table 

salt used in households within the study area recorded a positive relationship 

(r=0.275) with goiter occurrence. However, the relationship was shown to be 

insignificant (p>0.05). 
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4.12: Relationship between iodine ions and prevalence of goiter in table salt 

 

 Iodine ions Prevalence of 

goiter 

Iodine ions 

 

Pearson Correlation (r) 1 0.275 

Sig. (2-tailed) (P)  0.071 

Prevalence of goiter 
Pearson Correlation (r) 0.275  

Sig. (2-tailed) (P) 0.071 1 
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CHAPTER FIVE 

DISCUSSION 

5.1 Concentrations of nitrate ions and phosphate ions in stream and borehole 

water  

5.1.1 Nitrate ions concentrations in borehole water 

Water collected from boreholes in the study area recorded traces of nitrate ions that 

were found to be below the WHO acceptable limits. The traces of nitrate ions are 

borehole water is attributed to the fact that soil contains nitrate-rich rock minerals, 

which can dissolve gradually (Conway& Pretty, 2013). Another possible source of 

nitrate ions in borehole water in the region could be due to excessive use of chemical 

fertilizers by farmers given that tea farming is one of the main economic activities in 

the area. Furthermore, the depth of the boreholes in the study area could have 

contributed to the presence of nitrate ions in the water. According to Pulido-Bosch et 

al. (2000), shallow boreholes which draw water from intensively cultivated superficial 

formations, yield waters with high nitrate ions. The study further showed that when 

the boreholes are deeper and penetrate low-permeability cations in the superficial 

layers, the waters contain little nitrate ions. Similar results were also found in a study 

of groundwater quality by Munoz-Carpena et al. (2005) in South Florida agricultural 

area U.S.A. who showed that some nitrate concentrations were below the WHO 

acceptable limits of 10mg/L while others were above the limit. A study by Tay (2004) 

recorded NO3-concentration ranging from 0.01 to 0.324 mg/L in ground water studied 

in the Ketu District. A study by Adekunle et al., (2007) of groundwater quality in a 
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typical rural settlement in Southwest Nigeria showed that Nitrate levels in some 

borehole water were within the WHO acceptable limits. Karikari & Ansa-Asare 

(2006) also recorded concentration ranging from <0.001 to 0.921mg/L in surface 

water in South Western Ghana.  

5.1.2 Nitrate ions concentrations in stream water 

The mean Nitrate values at all the sampling sites ranged between 0.19 mg/L and 0.40 

mg/L. These levels were below the drinking water Nitrate guideline value set by 

WHO (2003), hence the streams in the study area were not nitrate polluted. However, 

the levels of nitrate recorded at the study area could be as a result of certain natural 

processes like decomposition of vegetation and activities of nitrogen fixing bacteria 

and precipitation (Conway& Pretty, 2013). Most importantly, the major causes of 

high nitrate concentration could be due to the farming activities that go on around the 

catchment of the study area. This is in line with the findings of Tomer et al. (2003), 

that elevated levels of nitrate is often noted in streams draining watersheds with high 

levels of corn production, nitrogen fertilizer application as well as runoffs from 

uncontained livestock operations. Furthermore, Bittner (2000) reported that after 

fertilizers are applied to fields, nitrogen not absorbed by crops nitrifies flows over the 

ground surface into the nearest stream. A study carried out by Biggs et al. (2004) 

reported levels of nitrate ions that were within WHO acceptable standards in the 

Piracicaba stream in Brazil. 

The findings from the study also reported an increase in concentration of nitrate ions 

downstream among the three streams used in the study. This is attributed to increase 

in human pollution downstream.  These results are in harmony with others studies. 

Takem et al. ( 2010) reported that the levels of nitrate ions in the downstream and 
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upstream ranged between 24  and 21 mg/L respectively. Furthermore, Mladenov et al. 

(2005) reported average NO3- being more than two times higher in the downstream 

than upstream of Notwane stream in south- eastern Botswana. Earlier on, Olajire and 

Imeokparia (2001) reported NO3 levels in the Osun stream in Nigeria to range 

between 20 and 14 mg/L downstream and upstream respectively. 

5.1.3 Concentration of Phosphate ions in Borehole water 

Phosphate concentrations in drinking water from borehole recorded a mean of 0.298 

mg/L.  The low levels of phosphates ions in borehole water could be due to the fact 

that phosphate tends to sorb to soil and aquifer sediments and is not readily 

transported in groundwater (Holman et al., 2008). However, the presences of 

phosphate ion traces in borehole water within the study area could be attributed to 

what Salvato et al. (2003) explained as excessive use of chemical fertilizers in 

agriculture. In addition, Tjandraatmadja et al. (2010) proposed; cleaning products, 

cosmetics, medicated shampoos, food products, faeces and urine as sources of 

phosphate in groundwater. The principal source of phosphate ions in borehole water is 

established during natural process of weathering, rocks gradually release phosphorus 

as phosphate ions which are soluble in water and gradually mineralize phosphate 

compounds breakdown. Findings from the study are in agreement with those recorded 

by Tay (2004) where the concentrations in ground water ranged from 0.01 to 0.3mg/l 

with a mean value of 0.11mg/L.  Another study by Dubrovsky et al. (2010) reported 

that the estimated background concentration of orthophosphate for more than 400 

shallow wells was 0.03 mg/L. 
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5.1.4 Concentration of phosphate ions in stream water in the study area 

Concentration of phosphate ions in stream water was 0.302 mg/L. These traces of 

phosphates ions could have been brought about by excessive use of readily available 

conventional chemical fertilizers on tea farms in the study area. Levallois et al. (1998) 

recorded that use of chemical fertilizers is the major source of surface waters 

contamination. Apart from the use of chemical fertilizers, the use of detergents in car 

or cloth washing at the banks could be the possible source of high phosphate 

concentration in the stream. Furthermore, Brain (2011) established that during natural 

process of weathering, rocks gradually release phosphorus as phosphate ions which 

are soluble in water and gradually mineralize phosphate compounds breakdown. 

 Similar findings were reported by Ansa-Asare et al. (2006) where phosphate 

concentration ranged from <0.001 to 0.321mg/L in surface water in South Western 

Ghana. 

5.2 Concentration of nitrate ions and phosphate ions on urine samples 

Findings from the present study showed high concentrations of phosphate and nitrate 

ions urine samples (0.53 and 709.5 mg/L) respectively even after their levels in water 

were reported to be within acceptable limits. This suggested that either there could be 

other sources of these ions in the study area other than drinking water or the 

absorption of these ions is inhibited. WHO (2011) reported that the contribution of 

drinking-water to nitrate intake in human beings is usually less than 14%. Therefore, 

the levels could be attributed to nutritional sources of nitrate and phosphate ions.  A 

study by Ohshima et al. (1994) vegetables and cured meat are in general the main 

sources of nitrate in the diet, but small amounts may be present in fish and dairy 

products.  Another study further explained that several vegetables and fruits contain 
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200–2500 mg of nitrate per kilogram (van Duijvenboden & Matthijsen, 1989). The 

nitrate content of vegetables can be affected by processing of the food, the use of 

fertilizers and growing conditions, especially the soil temperature and (day) light 

intensity (WHO, 1995). Vegetables such as beetroot, lettuce, radish and spinach often 

contain nitrate concentrations above 2500 mg/kg, especially when they are cultivated 

in greenhouses (WHO, 2011).  

The excess nitrate excretion (709.59mg/l) that was observed could have originated 

from endogenous synthesis which amounts in normal healthy humans to 1 mmol/day 

on average, corresponding to 62 mg of nitrate per day (WHO, 2011).  Studies have 

further revealed that increased endogenous synthesis of nitrate in humans with 

induced infections and inflammatory reactions (Ohshima et al., 1994). A major 

pathway for endogenous nitrate production is conversion of arginine by macrophages 

to nitric oxide and citrulline, followed by oxidation of the nitric oxide to nitrous 

anhydride and then reaction of nitrous anhydride with water to yield nitrite. Nitrite is 

rapidly oxidized to nitrate through reaction with Hb (WHO, 2011). 

5.3 Iodine concentration in table salt 

Findings from the study recorded mean concentrations of 43.78-69.21mg/L when 

titration and salt PADs methods were used respectively. The difference in iodine 

concentration between the two methods could be to the inaccuracy of titration 

method. Jooste & Strydom (2010) reported th-at titration method is not efficient when 

a salt sample is fortified with potassium iodide, since the method will not detect 

iodine contents. Jooste & Strydom (2010) further recorded that although titration is 

the gold standard analytical method recommended for factory quality assurance and 

research studies, it is not practical for many small fortification facilities nor for field 
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use in salt surveys. On the other hand, saltPAD method has been reported to be easy 

to use and accurate (Myers et al., 2016).  

The high concentration of iodine in table salt in the study area could be attributed salt 

handling practices in the area. For example, 66% of the respondents store salt in 

sealed containers. Zimmermann et al. (2008) reported that the factors which influence 

the stability of iodine in the household salts include the duration of the storage, the 

size of the crystals, impurities and moisture, the ambient temperature of the storage 

and the humidity and the sunlight exposure. Similar findings were reported by 

Ranganathan & Karmarkar (2006) where iodine levels of 30-50 ppm were found in 

649 (36.0%) samples and 228 (12.6%) salt samples had iodine levels which were 

greater than 50ppm.  

5.4 Relation between Nitrate ions, Phosphate ions, Iodine ions and Goiter 

occurrence in the study area 

5.4.1 Relation between Nitrate-Phosphate ions in drinking water and Goiter 

occurrence in the study area 

Findings in Table 4.10 recorded an insignificant positive relationship between nitrate-

phosphate- iodine ions and goiter occurrence. Several studies on the association 

between inorganic components in drinking and goiter occurrence have focused on 

nitrate, fluoride, iodine and manganese ions ( Fernando et al., 2009). However, less 

has been done on phosphate ions. The results obtained in the present study are in 

contrast with several studies that have been carried out.  Ward et al. (2010) recorded a 

significant association between nitrate intake from public drinking water supplies and 

incidence of thyroid cancer. Furthermore, studies by Van Maanen et al. (1994) 

;Tajtakova et al. (2006) reported that populations with sufficient iodine intake 

provided some evidence that nitrate ingestion via drinking water was associated with 
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subclinical hypothyroidism and hypertrophy of the thyroid. Earlier on, van Maanen et 

al (1994) described an association between high nitrate concentrations in drinking-

water and goitre incidence. A dose–response relationship between inorganic ions in 

drinking water and goiter occurrence was demonstrated by Höring et al. (1991). 

Morris (2010) investigating on the relationship between water chemistry and goiter 

development in two species of bamboo shark, Chiloscylliumspp, reported a positive 

associated between the two variables. 

A number of subsequent studies in Slovakia, Bulgaria, Germany and the USA have 

reported a correlation between various measures of nitrate intake and effects on 

thyroid function, but all suffer from methodological and data problems that preclude 

definitive conclusions (Tajtakova et al., 2006; Radikova et al., 2008; Ward et al., 

2010). Dhanwal (2011) reported a significant effect of increased phosphorous on 

thyroid hormones on tissue phosphate metabolism and renal phosphate handling. The 

effect led to increased filtered load of phosphorous causing hyperthyroidism. The 

positive relationship between inorganic ions in drinking water and goiter incidence is 

explained by Zoeller (2007). The researcher attributed it to competitive inhibition of 

iodide transport leading to decreased thyroid hormone secretion, followed by an 

increase in thyroid-stimulating hormone.  

On the other hand, insignificant relationship between inorganic ions in water and 

goiter occurrence in the present study could be attributed to some reasons. Firstly, the 

concentrations of both phosphate and nitrate in borehole and stream water were within 

the recommended limits by WHO. Secondly, it could be due to the season in which 

the water samples were collected. Finally, most of the studies that have reported 

positive association were done on laboratory animals while the present study used 
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humans, hence the difference. Even though, results of the present study are in 

agreement with other studies.  A clinical study in the Netherlands, did not find any 

relationship between nitrate intake and thyroid structure or function (Blount et al., 

2009). Furthermore, Fernando et al. (2009) reported an insignificant positive 

relationship between inorganic ions in drinking water and goiter occurrence in Sri 

Lanka. In addition, other studies (Crow et al., 1998; Zaki et al., 2004; Eskiocak et al., 

2005) have demonstrated insignificant relationship between inorganic components of 

water and goiter occurrence. However, these studies reported that chronic exposure (≥ 

5 years) to nitrate ions and phosphate ions could result in the development of diffuse 

colloid goiter  

5.4. Relation between Iodine in table salt and Goiter occurrence in the study area 

Findings from the study recorded an insignificant positive relationship between iodine 

concentration in table salt and goiter occurrence in the study area. This could be 

attributed to the fact that the concentration of iodine in salt was found to be within the 

acceptable range of 20-50 mg/L. In populations with sufficient iodine intake, the 

prevalence of goiter in is usually less than 5% (WHO, 2011). However, the 

occurrence of goiter in the area could be attributed to post production factors like 

handling of salt during cooking and storage that could alter iodine level in the long 

run. For example, 14% of the respondents do not store salt in sealed containers. This 

could have led to iodine loss due to alteration of the moisture content, 

acidity/alkalinity of salts. Also the stage in which salt was added into the food could 

have contributed to iodine loss. In the present study 24% of the respondents added salt 

at the early stage of cooking. This could lead to overcooking of iodine hence loss of it. 

These findings are in agreement with those for Shawel et al. (2010). The researchers 
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reported that iodine content was significantly lost through post production factors. 

Among the factors, handling of salt during and after cooking was reported to be a 

significant factor. 

Furthermore, a study conducted by Kapil (1998) in Delhi documented that there was 

about 31% iodine loss from iodized salt when exposed to heat for long. A study done 

in Ethiopia also indicated that exposure to sunlight was associated with loss of iodine 

level in salt (Gebremariam et al., 2013). This might be due to the effect of heat on the 

iodine content since the halogen iodide over time and exposure to excess oxygen and 

carbon dioxide slowly oxidizes to metal carbonate and elemental iodine which then 

evaporates (Waszkowiak & Szymandera, 2008). 

Salt storage at home was significantly associated with availability of adequately 

iodized salt. A study conducted in London showed that duration and mode of salt 

storage had significant impact on the level of iodine (Oshinowo et al., 2004; 

Waszkowiak & Szymandera, 2008). This might be due to the effect of physical or 

environmental factors like moisture content of the salt, humidity of the atmosphere, 

light and weather condition. 
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATION 

6.1 Conclusion  

Both the concentration of nitrate ions and phosphate ions in borehole and stream 

water were within WHO acceptable limits, suggesting that the water sources in the 

study area are less polluted.  There was significant difference in concentration of 

nitrate ions and phosphate ions among different sampling points in the three streams 

used in the study, suggesting that pollution of stream water in the study area increases 

downwards. 

The levels of nitrate ions in urine samples were higher than the acceptable limits (100-

200 mg/L). This suggests that either there could be other sources of nitrate ions or the 

absorption of the same is inhibited. However, the concentration of phosphate ions was 

below the acceptable limits (25-45 mg/L). 

The level of iodine in table salt was found to be within WHO acceptable limit of 20-

50 mg/L. Therefore, the study concludes that table salt used in the study area is 

iodized and the post production loss of iodine is minimal.  

The relationship between nitrate, phosphate and iodine ions and goiter occurrence in 

water was insignificant, concluding that the occurrence of goiter in the study area is 

not dependent on the ions tested in the study. Hence, there could be other factors that 

contribute to the prevalence of goiter in the study. 

6.2 Recommendations  

Based on the result obtained from the present study, the following recommendations 

are made: 
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 Use of both borehole and stream water for drinking in the study area should continue. 

Also for stream water, upstream water should be used for drinking since the level of 

inorganic ions is low. 

The present study was limited to the association between nitrate-phosphate-iodine 

ions and goiter. Therefore, it is recommended that further studies to be done so as to 

relate other inorganic ions like fluoride ions, magnesium ions or calcium ions in 

drinking water with goiter occurrence in the study area. 

 Since the present study did not examine the influence of seasonal variation on nitrate-

phosphate levels, the results obtained may not reflect full information on the extent of 

nitrate and phosphate ions in boreholes and streams water in the study area.  

Therefore, there is need for detailed studies based on seasonal variation and complete 

analysis. 
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APPENDICES 

Appendix I: Standard curve for phosphate ions in drinking water 

 
 

    

Appendix  II: Standard curve for nitrate ions in drinking water 
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Appendix  III: ANOVA table for phosphates ions 

 

Source Type III Sum 

of Squares 

df Mean 

Square 

F Sig. 

Corrected 

Model 
52.156a 1 52.156 25.356 .000 

Intercept 153.316 1 153.316 74.535 .000 

Source 52.156 1 52.156 25.356 .000 

Error 181.014 88 2.057   

Total 368.934 90    

Corrected 

Total 
233.170 89 

   

a. R Squared = .224 (Adjusted R Squared = .215) 

 

 

Appendix IV: ANOVA table for nitrates ions 

 

 Type III Sum 

of Squares 

df Mean Square F Sig. 

Corrected 

Model 

11038272.09

5a 
1 

11038272.09

5 
329.020 .000 

Intercept 
11139378.56

7 
1 

11139378.56

7 
332.033 .000 

Source 
11038272.09

5 
1 

11038272.09

5 
329.020 .000 

Error 2918759.858 87 33548.964   

Total 
27591372.67

4 
89 

   

Corrected 

Total 

13957031.95

4 
88 

   

a. R Squared = .791 (Adjusted R Squared = .788) 
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Appendix V: ANOVA table for iodine ions 

Source Type III Sum 

of Squares 

df Mean 

Square 

F Sig. 

Intercept 
Hypothesis 217452.092 1 217452.092 3.489 .203 

Error 124654.518 2 62327.259a   

Method 
Hypothesis 124654.518 2 62327.259 141.648 .000 

Error 66002.173 150 440.014b   

a.  MS(method) 

b.  MS(Error) 
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Appendix VI: Questionnaire  

Dear Respondent,  

 

 

My name is Sharon Tarus, a student at University of Eldoret. I am carrying out a 

study titled “Relationship between inorganic components of environment, iodine 

levels in table salt and prevalence of goiter: A case study of Nandi Hills, Kenya”. 

The findings from this research will purely be used for academic purposes. Please fill 

in parts 1 and 2. 

 

How old are you……………………………….. 

 

Gender of respondent: □ Male  □ Female 

PART ONE 

1. Do you add table salt to your food? 

□ Yes                         □ No 

2.  If yes, which type of table salt do you use? 

□ Kensalt  □   Kaysalt             □  Bahari     □  Others  

3. At what stage of cooking do you add salt to food? 

□ Early stage □   Mid stage   □   Final stage □   on the table 

4. Do you store salt in sealed containers? 

     □ Yes □   No 

5. If no, please explain how you store your table salt-----------------------------------------

------------------------------------------------------------------------------------------------------ 

6.  Is there any circumstance that you substitute salt? 

                □ Yes        □   No 

7. If yes please indicate the source --------------------------------------- 
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PART TWO 

1. Village name: _________________________________ 

2. What is the main source of water for general purposes at your home? 

a. River 

b. Stream 

c. Borehole 

d. Piped 

e. Rain 

3. Which one of the two is the main source of drinking water? 

            Borehole  Stream  

4. Has any member of the household suffered goiter?  

     Yes   No     

5. How often do members of household suffer from goiter disorders ? 

             Never          Rarely        Often       Always   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



71 

 

 

 

 

 

 

 

Appendix VII: Map of the Study Area 

 

(Source: Google maps) 

 


