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SUMMARY 
 

 

 The present research work has done by collecting the 348 drinking water 

samples twice in a month from 2010 to 2014. This research is focused on the 

different waterborne bacterial and cyanobacterial pathogens and their 

metabolites as toxins that are detected in samples of ground water, storage 

water tanks and canal water, causing the extreme toxicity in humans and 

animals. These samples are taken from village Khan pure from district 

Sheihkupura, Pakistan.  

 

 In the present study, the enumeration of E. Coli, C. Botulinum as 

bacterial and cyanobacteria as algae specious detected on different medias and 

their related metabolites toxins like shiga, botulinum and microcystins were 

tested by ELISA method. It is some new bacterial pathogens that have isolated 

and identified from water samples as C. Botulinum and cyanobacteria in the 

study. C. Botulinum and cyanobacteria are not included in the list of bacterial 

pathogens of water previously. These findings could be valuable or a 

breakthrough in the inclusion of these species as waterborne pathogens. This 

study has been showing that microbial contamination in drinking water 97 % 

in canal water, 47% in water storage tanks and 16% in ground water has 

observed by lab results. The toxins contamination level has high values in 

canal water samples as 22 mg/l of microcystins, 10 mg/l of shiga toxin and 8 

mg/l of botulinum toxin as compare to other drinking water samples values.  

 

 For this purpose, it has been taken the total 232 blood samples 

separately from 116 of human and 116 of animals (cows and buffaloes) that 

have found infected. LFTs and RFTs medical tests are identifying to 

investigate the disorder of liver and the kidneys functions diseases in animals 

and human. Collected 116 blood samples of buffaloes and cows with have 

82.2% and 87.93 % seen as positive in range for detection of toxins. For liver 

and hepatitis tests, animal samples 47 out of 50 (94%) of cows and 63 out of 

66 (95.45%) of buffaloes have been suffering from liver disturbance due to 

high values of LFTs. In case of humans blood sampling, 116 blood samples 

has been taken from infected person and it has been founded that 110 (94.8%) 

in positive range for toxins analysis and also have shown the abnormal positive 

range values of RFTs & LFTs.  

 

 The conventional drinking water treatment methods (coagulation, 

chlorination & boiling) are needed to modify the disinfection of microbes and 

removing their toxins from water sources with very low cost; this is the main 

objective of this present PhD study. For this purpose, Chlorine is used as 

disinfectant but new thing in this study is the specific dose is determined for 



 x 

three different samples of drinking water with no residue of chlorine left in 

treated water because it can cause cancer in humans. Contaminated canal water 

for drinking purpose needs dose 3mg/l of chlorine for complete disinfection 

without residue and 1.5 mg/l dose of chlorine is required for treating the 

drinking water of storage tanks without any toxicity causing by chlorine 

residue.  

 

 Chemical coagulation as treatment of drinking water with Aluminum 

Sulphate and FeCl3 was very effective for removing toxins (shiga toxin, 

Botulinum toxin and Microcystins). Studies show that 90-98% toxins remove 

from drinking water samples by using the coagulant but boiling of drinking 

water treatment method remove 95% only. Remarkable results have given in 

treatment with coagulant aluminum sulphate and ferric chloride for toxins 

removing from samples. In the process of filtration as final treatment was used 

the Granular Activated Carbon material which is proved very useful for 

maintaining the taste and natural smell of drinking water. 

 

 The research has proposed the most economical method in treating the 

drinking water with Aluminum sulphate for humans, the cost is calculated as 

Rs.1.25 per liter in case of open surface water, only Rs. 0.15 for ground and 

water storage tanks. With using the ferric chloride, the treatment cost less as 

Rs. 1.00 per liter for canal water and Rs. 0.10 to 0.04 per liter in ground and 

storage tanks water for animal’s drinking. But boiling treatment of drinking 

water is not economical as compare to coagulation treatment because it covers 

the Rs. 2.5 to Rs. 1.0. After treatment, it is sure to safe water for drinking and 

domestic purpose. The health of cows and buffaloes had important role in 

development of rural area economics. So, they need large volume of water for 

drinking, present cost is very effective for water treatment. 
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CHAPTER 1: 
 

INTRODUCTION 
 
 

1.1 GENERAL 

 

 The people of whole world today are facing three major problems: 

increasing the human population, shortage of food and the environmental 

pollution. Environmental pollution is produced when the relative concentration 

of the extraneous elements such as aerosols, metallic and heavy particulates, 

ash, soot, exhaust and refuse industrials gases etc., that are exceeded the 

normal and permissible percentage. Environmental Pollution is existed in 

various forms and its affects may appear on earth’s environment with different 

aspects. The main effects of environmental pollution are raised immediately 

after the contamination take place, such as the demises of marine plants and 

wildlife after oil leaks over the sea. Minor special effects may be late or may 

carry on the environment in the near future, maybe going ignored for many 

centuries. The environmental pollution is a thoughtful problem in developing 

countries, these developing countries ensure their pollution share in 

environment due to their increasing rate of industrialization and discharge the 

uncontrolled of waste into the environment(CDC-DISSS, 2009).  

 

 Water is an essential part of lifecycle on this planet. The Earth’s ocean's 

surface is approximately 361 million square kilometers. The oceans are the 

primary moisture source, for the precipitation that falls on the land masses. 

The world rain precipitation amounts to about 4.46 x 1014 tons per year. Out 

of this amount the quantity of 0.99 x 10
14

 tons falls on the land surfaces, while 

the remainder of 3.47 x 10
14

 tons falls on the ocean surface. Nearly fresh 3% of 

the Earth's water is found in water reservoirs such as lakes, rivers, streams, 

ponds and in the ground that are used for agriculture and drinking practices. 

Poor quality drinking water contains many constituents that causes harmful 

affect the human health. These constituents or components are included 

minerals, organic substances and pathogens like disease causing 

microorganisms and chemical agents. A huge percentage of this population in 

developing countries are suffering from healthiness problems related with 

good quality deficiency of drinking water and existence of water 

contamination due to microbiological sources (Ahmad and Sattar, 2007). Bad 

drinking water features are the death causes of an expected 5 million of 

children in the under developing countries. These difficulties and problems are 

further serious due to rapidly increasing in population, which outcomes in 

mismanagement of maintain the water quality (EPA, 2010). 
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1.2 IMPORTANCE OF WATER NEEDS 

 

 Water is a very important nutrient and responsible to maintain good 

health as well as proper performing the body functions, however so many 

people are not conscious on importance of water which very necessary for 

their lives. Most of people do not know to drink sufficient water and also 

unable to know the water quantity to they should take drinking the water daily. 

According to the Mayo Clinic (2010), doctors suggested about 

recommendation of drinking water eight to nine cups on daily basis that is 

equal to sixty four to seventy two ounces. It is very important the water 

contribution in the daily-requirement, which about three liters for 

males(thirteen cups) and about two and a half liters for female per day (about 

nine cups).It is the metabolic requirement in human body, usage of 1ml water 

for every calorie metabolized (Ake et al., 2003). A common person consuming 

3000 ml of water daily, this is approximately 3 liters. This analysis do not give 

actual idea for essential variations in intake of drinking water for individuals 

that depend on factors such as body type, age groups and level of physical 

fitness. Moreover, approximately half of the net weight of food is water, so 

this is normal requirement for water need in human body. Finally, the 

necessary amount of water does not fix, it is varied and depends on person to 

person, and each person should receive a desirable amount of drinking water. 

Approximately, drinking water should take 70 ounces per day and this quantity 

may feel like a huge amount, but this quantity is necessary for normal health of 

person because water makes up approximately 60% of a person’s body weight, 

and it is also most large amount compound found in the human body because 

all biochemical reactions take place in water. Finally, water act as an active 

participant in those important chemical reactions which are important for 

metabolic reactions (EPA, 2010). 

 

 Water can remove the harmful toxins from the body, it carries nutrients 

and transfer to important vital organs and it enters to the cells and around 

them, and act as a special solvent for minerals, vitamins, amino acids, glucose 

and other nutrients. Furthermore, water gives an assistance and help in 

absorption, digestion and excretion in both humans and animals. Naturally, 

every system of living organisms depends on water to stand its normal 

functions and performance. In addition, water is existed as essential for normal 

body functioning and clean water is much important for living necessities, and 

other domestic purposes. Water is used for as cleaning the houses and food 

cooking (Ayers, 2008).  

 

 It is in practice to numerous parts of the world, water is also needed for 

agricultural and irrigation purposes. According to the United Nations 
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Environment Programme, more than 80% of world’s water consumption is used 

for cultivation. Moreover, water help to immune system and it aids in the 

disease prevention. Water is very important for personal hygiene and can be 

used for wash hands, shower and bathe, and flush the toilet. In all zones of 

lifetime, human and all animals existence requires water (Antoniou et al., 2005). 

 

 

1.3 WATERBORNE DISEASE 

 

 Infective disease is produced by pathogenic microbes like bacteria, 

parasites and viruses that are the known as most common and common health 

risk which connected with unsafe drinking water. It is expected; around 1.1 

billion people worldwide have to drink contaminated drinking water per day. 

Low quality of water and deficiency in sanitation system and hygiene methods 

are responsible for 1.7 million expiries each year, frequently among children 

under the age of five. More than 99% of these deaths are possible in low-

income countries, where numerous causes like malnutrition, poor hygiene and 

sanitation create the immune deficiencies and specially factor such as unsafe 

drinking of water strongly affected on it. However, waterborne diseases cannot 

be stopped if not be adopted hygienic and sanitation system properly. 

According to literature, it is calculated the yearly waterborne disease problem 

in the US about 7.1 million people per year (WHO, 2009). 

 

 Water is totally vital for the survival, growth and protection for human 

life; these reasons make it a unique commodity in this world. But, 

approximately one billion persons in this world not have easily access with 

potable water, especially those people that are breathing in third world 

countries. Water crisis has obsessed on these regions where threatening the 

quality of life in the developing world. According to statement of the United 

Nations on Human Development Report, approximately in one year, 1.4 

million children expire due to unavailable and unclean drinking water, and 3.6 

million people expire every year due to water-borne diseases, including the 

84% are children and 98% are adults, those who living in the developing 

countries. So, it is a key health issue in this world currently and it must be 

needed some special attention for saving the life of the millions people due to 

failing of survival from preventable diseases (Ethelberg et al., 2004). 

 

 

1.3.1 Types of Diseases 

 

 Waterborne diseases create the mainstream of illnesses that is reason of 

distress and death in under developing countries. In developing states are 

needed to improve the system of water and sanitation that can contribute to 
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make stop of countless diseases that outcome from unsafe drinking. According 

to an article concerning with water, health and hygiene give the information 

2.4 million approximately deaths worldwide could be banned per year if every 

person to start with good practiced on hygiene system and had freshwater for 

drinking. The sicknesses that are outcome from drinking of infected water 

include typhoid, malaria, cholera, Guinea worm, amoebas, Giardia, and other 

pests; but the extreme disease is caused by under standard drinking water by 

quality (Anderson et al., 2003). 

 

 Pathogenic microbes, such as protozoa and bacteria in contaminated 

water may be transmitted to a person by taking the drinking water and other 

uses of drinking water like washing and eating foods that have been cooked 

from the contaminated water. The persons are infected with the pathogenic 

microorganisms present in the water and then it has major causes to grow a 

waterborne disease. Not only waterborne diseases, there are also effected the 

water-washed diseases that can affect the millions of person. Water-washed 

diseases include the illnesses that are removed by simply washing with water. 

In favour to health, water is important for proper hygiene process. Just 

washing the hands with soap, then water can be reduced the threat of common 

diarrhoea by the almost 50% and other respiratory and skin infections. 

Washing hands with soap is an important tool to prevent the spreading of 

diseases that are caused by drinking water with faeces contamination of eggs 

carrying and the resulting situation can see in form of fever, vomiting, and 

nausea, and diarrhoea with their major symptoms. Hand washing can reduce 

level of neonatal deaths if performed at post-delivery (PCRWR, 2010).  

 

 Additionally, face washing can prevent and reduce the eye infections 

known as Tacoma that is the greatest reason of infectious of blindness across the 

world. Trachoma is a bacteriological infection disease of the eye that is 

produced by the bacteria Chlamydia trachomatis. Some of the symptoms related 

with Tacoma contain as cloudy cornea, release from the eye, and swelling of 

lymph nodes just in front of the ears, turned-in eyelashes, and swollen eyelids. 

Tacoma spreads with direct contact of a contaminated object such as touch with 

a towel or makes the direct contact with the secretions of infected parts of body 

such as nose, throat and eyes. Infection Prevention occurs by adopting the facial 

hygiene and then hand washing. Presently, there are about 8 million people 

cases of the blindness due to spreading of trachoma in the world, these 

transpiring mainly occur in Africa and Asia; it is widespread in the estimated 55 

states of the world. Water also is used to wash the toilets, and further refining 

the hygiene system and stopping the infections resulting from contamination of 

faecal matter. In final result, life needs to require the safe water for drinking and 

other use; therefore, countless kinds of diseases result from unsafe and unclean 

drinking water (da Hora VP et al., 2011). 
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1.4 TOXIN 

 

 Toxins are materials produced by plants and animals that are toxic to 

animals and humans. Toxins also contain medicines that are cooperative in 

lesser quantities but they are toxic and poisonous when it used in huge 

amounts. Maximum toxins that reason of problems and disease in human 

beings are released by microbes such as fungus, bacteria, algae and virus. For 

example, cholera is a disease due to inhaling the bacterial toxin. Toxins are 

exact poisons that are produced by microbes and other living organisms. 

Usually they contain the amino acid chain which differs in molecular mass 

among a pair of hundreds like peptides. These may be low-molecular weight 

organic compounds. Compounds of toxins are produced by many organisms, 

e.g., virus, bacteria, algae, fungi, and plants. Most of them are very poisonous 

and toxics with a high toxicity and they are high in magnitude which greater 

than the nerve agents (Dixon et al., 2011). 

 

 

1.4.1 Microcystins Toxin 

 

 The cyanobacteria are named as blue-green algae and its name is due to 

the existence of photosynthetic pigments inside cells of cyanobacteria. A 

cyanobacterium is a main group of bacteria that takes place all over the world. 

Cyanobacteria of freshwater may accumulate on the surface of water supplies 

in form of blooms; it may high concentrate on the surface in form of blue-

green that is known as scums. Cyanobacteria some species produce toxins, 

these toxins are categorized according to their type of action with other such as 

neurotoxins (e.g. anatoxins), hepatotoxins (e.g. microcystins), skin toxin 

produce irritants as feeling on skins and many other types of toxins are 

producing from various other sources. Hepatotoxins and neurotoxins both are 

produced by cyanobacteria as normally and it is found on surface of water, and 

they are related to water supplies as drinking source (Henderson R.K. et al., 

2010). 

 

 The toxin of Microcystins is the most commonly known as hepatotoxin, 

and it is the common dose variant with an LD50 that have value 50.0 µg/kg in 

mice, it is observed by method of intra peritoneal injection. Microcystins is 

200 times more toxic and poison than cyanide metal. This toxin has structural 

variants include amino acid substitutions and alterations such as methylation 

and demethylation. Drinking water supplies contaminated with Cyanobacteria 

toxins is a main cause of a health hazard for human beings, domestic animals 

both large and small, and wildlife animals. Cyanobacteria can be produced 

both toxins microcystins and nodular in which are known as the hepatotoxins 
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that are powerful tumour promoters and can bind to serine and threonine 

protein phosphatase enzymes with slow the protein activity by reaction 

mechanism. The results of this hepatotoxicity from the entering ability of 

microcystins and nodular in to hepatocytes process where they make strong 

cause of hyper phosphorylation of liver proteins and destruction of liver cells 

(CDC-NARMS, 2008). 

 

 

1.4.2 Botulinum Toxin  

 

 Clostridium Botulinum is an anaerobic bacterial specious with spore-

forming and it produces a chemical toxins compound family of botulinum 

neurotoxin that are consisting of seven serotypes, A to G. These toxins are 

mostly known as strong natural food producing poisoning agents. It is a toxin 

related family where neurotoxins are offered resistance against the acidic 

environment and protease-rich environment of the gastric tract and their 

reaction mechanism make the reasons paralysis of the host in humans. Other 

botulinum toxins Serotypes A, B, and E are normally related with disease in 

humans, whereas toxin serotype F is associated less and serotypes C and D are 

not often connected with human botulism and infection (Blazes et al., 2002). 

Botulinum toxin Serotype G has not been associated to human botulism for 

disease infection. C. botulinum is basically pathogen related with low-acid 

canned foods (LACF) and this type of bacteria may be originate in LACF 

medium (CDC, 2010). 

 

 Botulism is a thoughtful and unusual, paralytic disease that is caused by 

neurotoxins and it is produced by the common bacterium specious as name 

Clostridium Botulinum. C. Botulinum is found all over the world in samples of 

soil and ocean sediment. Usually, the bacterium can survive in the special 

environment of a resting spore (Anderson et al. 2003). On the other hand, in 

low oxygen environments (anaerobic) such as in case of canned foods, 

intestinal tract, deep wounds and spores germination convert into active 

bacteria, then it multiply with passage of time and produce neurotoxin.  

C. Botulinum creates 8 types of different toxins (from A to H) which are 

known as the strongest toxins. Botulinum toxin is produced by Clostridium 

Botulinum that is a gram-positive anaerobic bacterium group.
 
 Clinical disease 

related to botulism can take place with ingestion of contaminated food and 

then settlement of bacterial growth inside the gastrointestinal tract. The 

infection due to c. botulinum as wound infection can also cause of spore’s 

transformation from person to person (Brooks et al., 2010). 

 

 Botulinum toxin has 7 neurotoxins types as A, B, C, D, E, F, and G 

which are very different by anti-genically and serologically but have similar 

javascript:showrefcontent('refrenceslayer');
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structure. Disease in Human due to botulism is caused mostly by types A, B, 

E, and F (rarely). C and D Types can cause toxicity and disease only in 

animals. Several botulinum toxins have individual strengths and extra care is 

required to assure right use and need avoid from medication errors(Backer, 

2002).  

 

 

1.4.3 Shiga Toxin Producing E.Coli 

 

 E.Coli is a Gram-negative and rod shaped bacterium and it is used as an 

informatics agent for direct or indirect contamination with faecal in foods or 

any other samples. It also gives the idea about possible presence of pathogenic 

microbes. Testing application of E. Cole is an assessment to inspect the 

complete quality of eating food and it gives the help to determination of 

hygienic conditions that is used during food processing and preparations. E. 

coli lab test of cheese is used for an indicator to assess the post-pasteurization 

process for removing the contamination and presence of E. Coli that is 

indicated insufficient pasteurization and poor hygiene conditions during the 

processing of food, or it may be contamination during the post-processing 

(Black, 2004).  

 

 Shiga toxin producing E. coli has been considered an emerging food 

borne pathogen that causes hemorrhagic colitis, abdominal pain, and 

occasionally fevers; along with haemolytic uremic syndrome that develops in 

5-8% of cases. Food net active surveillance program is indicated that there are 

459 and 264 cases of STEC per million people in 2009, respectively. The main 

natural reservoir of STEC is ruminants such as cattle and; however, faecal 

contamination during manual milking, along with poor hygiene practices 

during cheese preparation, allows for the presence of STEC in raw milk. 

Meanwhile, dairy cattle have a symptom of STEC in milk and milk products 

but all he milk products risky foods basically from the point of contamination 

risk (CDC, 2010).  

 

 Shiga toxin producing E. coli are a type of interior- haemorrhagic E. coli 

bacteria that can cause disease starting minimum from intestinal disease to 

severe kidney complications and infection. Disease symptoms are include feel 

the severe pain in abdominal cramping, unexpected start of watery diarrhoea 

with regularly bloody and feel sometimes vomiting, and feel low grade 

temperature. But, in these cases feel serious complications are occurred such 

as hemorrhagic colitis, Haemolytic Uremic Syndrome (HUS), and post 

diarrhoeal thrombotic thrombocytopenic purpura (TTP), only up to 10% of 

cases are registered (Gerner-Smidt and P. 2008). The Cases of Shiga toxin 

have been connected with the eating of undercooked beef for example, 
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especially ground beef, chicken, raw milk, contaminated water, unpasteurized 

apple juice, red leaf lettuce, venison jerky, and alfalfa sprouts. Germ bacteria 

have been isolated from chicks, pork and mutton but it spreads from Person-to-

person through the faecal and oral transmission. It may happen in the high risk 

areas like feed and food processing and health care centres (Johannes, 2010). 

 

 

1.5 EFFECT OF TOXINS ON LIVER AND KIDNEY FUNCTIONS IN 

HUMANS AND ANIMALS 

 

 Basically, Liver is important one with the largest part of human body 

and works as a central title role in the process of metabolic chemical reactions 

which essential for the life and survival. It controls several important functions 

in the body such as proteins, carbohydrates and fat absorption in human’s body 

and also excrete the substances formed in the duration of body growth.  

 

 The role of liver is very important to detoxifying the hazards chemicals 

and toxin normally that are observed in both humans and animals blood 

system. Various common factors effect on hepatic deficiency includes 

microbial infections, intoxications and blood circulatory as well as metabolic 

disorders. Liver or Hepatic illnesses in humans and animals are important and 

fast meanings about poisoning and toxic organic chemicals accumulation in 

living organism body.  

 

 Liver function medical tests are very important for the identification of 

hepatic illnesses in both animals and humans such as, estimation of serum 

albumin, globulin, ALT, bilirubin, AST and GGT levels along with several 

specific enzymes as well. But, there is lack of information in literature 

regarding work on these tests for hepatic insufficiency in buffaloes and caws. 

Keeping this in view the present study has pictured with the objective of 

assessment of some liver function tests for the diagnosis of hepatic 

insufficiency in clinical cases of infectious and non- infectious diseases in 

buffaloes and cows under over sampling regime (Cobbold et al., 2007). 

 

 Kidney dneys are excreted the waste products and materials from blood 

and work as filtrations machine. Waste materials rejected by liver, only 

kidneys are responsible to release from human and animals body. Urea and 

creatinine tests give the performances of kidneys. Toxins accumulating within 

the blood were responsible for other end-organs being damaged. Some of these 

factors may be due to changes in the cellular component of blood but many of 

these deleterious effects are due to changes in the humeral component of 

circulating blood. These toxins may arise either as a consequence of a failure 

of normal hepatic functions, or elsewhere in the body as an importance of 
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simple liver disease (Blanco et al., 2003). These toxic factors in the blood are 

affected the function of many organ systems, such as the systemic and portal 

vasculature and the brain, as well as the liver itself. The exact nature of these 

toxins is unknown and may be different and multiple for each organ system 

damaged. Ammonia, aromatic amino-acids, tryptophan, indoles, mercaptans 

and endogenous benzodiazepines are implicated in the development of hepatic 

encephalopathy (de la cruz, 2011). 

 

 Whereas, prostanoids, inflammatory cytokines, nitric oxide and 

oxidative stress, are all considered to be important factors in the development 

of the haemodynamic and renal changes seen in liver failure. It is, however, 

the substances that are directly hepatotoxic that are particularly important in 

terms of recovery, as they may perpetuate liver injury invoking a downward 

spiral with further reduction in functional liver mass and increased toxin load. 

It is notable that many of the suggested toxins are insoluble in water and exist 

in the circulation bound to albumin (Frank et al., 2008).  

 

 

1.6 SITUATION IN PAKISTAN 

 

 Approximately one billion people in this world have not access to safe 

drinking water which is basic requirement of living survival. Pakistan is a 

water rich state just a little period’s back but currently World Bank Report is 

stated that Pakistan is stand at the moment among the 17 states where facing 

water shortage. Only in the Pakistan, 38.5 million people feel very problem to 

access the safe water drinking and 50.7 million people need to improved 

sanitation system. According to numerical figures, Pakistanis are facing the 

deficiency of clean safe drinking water due to the lowest values are noted of 

water in the state’s dams. According to the Meteorological Department of 

Pakistan, state should be firstly managed the water quality and water reservoir 

for our next generations. Another report from PCRWR on the water quality 

monitoring from 2001 to 2010 was conducted on rural and urban areas of the 

Pakistan country, open access to safe quality drinking water is about only 15 

percent in urban areas and 18 percent in rustic places (Ahmad, E., and A. 

Sattar, 2007). 

 

 According to a survey directed by the United Nations (2006), 62% of 

Pakistan’s urban living people and 84% of Pakistan’s rural residents does not 

proper treat their drinking water and as a results it is observed the greater than 

100 million of diarrhoea cases are being registered in the hospitals of Pakistan. 

These figures are further lead to about 40% expiries in this country as an 

outcome of contaminated drinking of water. Unsafe and untreated drinking 

water can produce the several illnesses such as diarrhoea, intestinal worms, 
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typhoid and hepatitis. It is an expected the number of 250,000 expiries happen 

within the state of Pakistan as a cause of drinking water-borne diseases. It is 

found about 1.6 million people are died annually as a result of diarrhoea 

disease and nearly 90,000 deaths due to typhoid disease DALYs (Disability 

Adjusted Life Years). Poor quality of drinking water and lack of sanitation 

facilities are related with water linked illness. According to a research directed 

by the UNICEF, hospital beds greater than 20% within Pakistan are engaged 

by such patients with water born disease. The United Nation further calculates 

the approximations that 3.5 million teen-agers are at high threat of toxic 

drinking waterborne diseases in Pakistan (DWI, 2010). 

 

 A report (2013) according to Pakistan Economic Survey, it is also 

estimated the financial loss, this state is bearing Rs. 112 billion loss per every 

year as drinking water, hygiene and sanitation connected diseases, but need the 

budget nearly Rs. 300 million per day for safe drinking and proper sanitation. 

It is calculated in Pakistan that 44 percent of the population have lacked access 

to safe drinking water in urban area, while 90 per cent of the population with 

lacks access to safe drinking water in rural areas (Cobbold et al., 2007).  

 

 According to a report from Pakistan Council of Research in Water 

Resources, One important indication about the problems, it is expected about 

200,000 teen-agers die every year in Pakistan due to diarrhoeal infections 

(EPA, 2009). 

 

 

1.7 SIGNIFICANCE OF RESEARCH WORK 

 

 The toxins presence in water reservoirs uses for the drinking and 

domestic purposes represents a meaningful health hazard for human and 

animal population. Consumption of Drinking water is a possible major way of 

exposure the toxins. This is not acceptable for public requirement of safe 

drinking water and very need of the water treatment methods to remove 

microbes and toxins effectively from drinking water supplies and reservoirs. 

Several studies had been done on water contamination but no one studies and 

researches are conducted on the angle of toxin presence in water bodies in 

reservoirs, overhead tanks of the houses and effects of the microbial toxin on 

health as well as economics on rural area of Sheikhupura district. Therefore, it 

is needed of the time to have the study on economical methods of drinking 

water. The study is very useful assistance to increase the awareness of the 

concerned persons, facilities, water treatment operators and management 

officers, government and other related department to prepare the management 

plans and help them to make right choices, especially in situations of microbial 

contamination of E, coli, C. Botulinum and Cyanobacteria and their related 
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contamination as producing the toxins like Shiga, Botulinum and 

Microcystins. 

 

 

1.8 RESEARCH QUESTION 

 

 Non potable drinking water is a major cause of several diseases with 

diarrhoea, intestinal worms, typhoid and hepatitis. Poor quantity and quality of 

drinking water and incomplete sanitation services are belong to a host of 

diseases and basically, this is one of the key environmental problems in 

country of Pakistan and 23 to 42 percent of beds in the hospital are covered 

with patients due to they have suffered from water borne diseases (Eckburg et 

al., 2005). This problem can be solved in sense of a question as follows: 

 

 How to make the drinking water free from toxins and microbes? 

 

 

1.9 OBJECTIVE OF RESEARCH 

 

 The central issue of the current study is to develop a strategic 

management plan for protection of illness from different diseases that occur 

from portable water. The objectives of study are as: 

 

1. To monitor the chemical (toxins) and microbiological quality of 

drinking water of different areas in Sheikhupura district.  

 

2. To identify the toxins in the reservoir, ground water as well as 

storage overhead tanks on the houses in Sheikhupura district. 

 

3. In the present situation, to make the study for introducing the 

better and economical methods for common people to remove the 

toxins from drinking, i.e., boiling, water filtration and 

chlorination, etc. for humans and animals. 

 

4. To calculate economics of drinking water treatment and total cost 

for removing of microbes and toxin from drinking water sources 

levels to accept limits without toxicity in drinking water for 

humans and animals. 

 

5. Develop a management plan for the control of toxins and 

microbes present in the drinking water.  
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1.10 RESEARCH METHODOLOGY 

 

 This study was conducted in village Khanpue of Sheikhupura district, 

Pakistan. To achieve the core research objectives listed above, the Quantitative 

research methodology was adopted to achieve the target. Quantitative evidence 

was tested for empirical support in real life situation in Sheikhupura city 

environment. Sheikhupura district was selected for present study; the reason is 

that one of the important growing industrial cities in Pakistan and offers both 

sights of the modern and traditional infrastructure of roads, zones, localities 

and beautiful buildings designs etch and no this type of research was 

conducted before on this important issue. The growing health effects due to 

water borne diseases are the cause for concern in the Sheikhupura district. A 

random sample was taken from Sheikhupura city water management Authority 

and Municipal Corporation. According to district senses report the population 

comprises of village Khanpur of Sheikhupura is 10000 houses. First data were 

collected by conducting via semi-structured personal interviews were devised 

to include individual perceptions of illness in relation to different kind of water 

borne diseases. The semi-structured personal interviews cover the whole of the 

district. The sample size was calculated from the standard formula. 

Approximately 1000 people were interviewed residing in different localities of 

the city and of different walks of life out of it 116 persons were found in 

different water borne diseases.  

 

 The samples are symbolized of a dissimilar age groups, gender, 

topography, academic levels including earning levels of participants in this 

study samples. The Chemical And Micro-Biological analysis has started with 

the assistance of statistical analysis e.g., percentages, standard deviation, water 

treatment dose calculation, etc. and detail analysis on reservoirs of water, 

influences of water borne diseases on both humans and animals and suggest 

strategic directions and remedies to control water infections and toxins in 

Sheikhupura district. 

 

 

1.11 VALIDITY AND RELIABILITY 

 

 Dimension of Reliability and Validity, are significant for assessing and 

analyzing the results and for the worth of the research efforts, either the focus 

of study upon qualitative or quantitative styles. Reliability; includes random 

error and it is key to consider the reliability of the research work in direction to 

identify how sound the objectives and sub-variables determine the planned 

major variables. If the strategy and tools of study are reliable that can reduces 

the effects of the random error. Validity, in the absence of systematic errors, 



 13 

these include random and systematic errors can meaningfully effect on the 

outcomes and worth of the study and research. 

 

 Clearly validity includes the how a procedure or tool appears, a sensible 

method to obtain the data to the researcher is trying to obtain? In this research, 

the reliability and content validity which can meaningfully effect on the 

outcomes and worth of the study which controlled by observing at the 

theoretical related background of relevant research. Ii is considering of 

technical and scientific literature features and it is also design for identify the 

problem preparation, taking the sample size properly, using the expert 

validated opinions, approaches and techniques for systematic statistical 

information collection on concern study and correct applicable laboratory 

analysis deliver high degree of level of confidence in the research results that 

will also help to eliminate the effects of unsystematic results from study 

(Brando et al., 2008). 
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1.12 STRUCTURE OF THESIS 

 
Chapter 

No. 

Chapter 

Name 
Description 

1 Introduction Chapter one covers background on specific micro-

organism producing toxins, types of toxins, their mode of 

reaction and how they contaminate drinking water quality 

including their objective and significance of research on 

toxin and treatment methods involved. 

2 Literature 

Review 

Chapter two gives extensive literature on toxins and toxin 

producing micro-organism like Microcystins toxins 

produced by algae and shiga and botulinum toxins 

produced by bacterial specious. This is also collected data 

on survey of Pakistan on drinking water quality in 

different area and this is show we need more effort on 

research to make water quality according to international 

standards. 

3 Methodology Chapter three describes the selected study area, sampling 

collection site and the methods and techniques involved 

for chemical and microbiological analysis of collected 

sample to identifying the microbes and toxins for research 

purposes used in the study. 

 The methodology is also involved to determine the 

toxicological effects of microbes and toxins containing 

drinking water on humans and animals and experiments 

conducted on study how to disinfect microbes and 

chemical treatment to remove the toxins from drinking 

water.  

 With help of statistical to compile the results from labs 

for further discussion. 

4 Result and 

Discussion 

Chapter four presents the collected the data from lab for 

microbiological and biochemical analysis of samples of 

canal water, ground water and water storage tanks, results 

show that quality of drinking water samples is very poor 

and do no match WHO and international water quality 

standards and from results prove that it have bad effects 

on human and animals health. Physical treatment as 

boiling and chemical treatment as Aluminum Sulphate of 

specific dose of water samples give help to disinfect the 

microbes and remove the toxins from drinking water 

samples.  

5 Conclusion and 

Recommendation 

Chapter five presents the conclusions derived from the 

study and a management plan had been devised as 

recommendations. 
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CHAPTER 2: 
 

LITERATURE REVIEW 
 

 

2.1 HISTORY OF TOXIN 

 

 All over history, humans are the targeted by variety of toxins such as 

neurotoxins, hapetoxins and toxin source like drugs of abuse, industrial 

pollution and even in the food as bread and domestic water that sustain the life. 

With this long and festive history, neurotoxic producing materials have been 

still present as average regular frequency in human food chain. Many 

difficulties are existed presently to understand the mystery of neurologic 

disorders due to toxins ingestions in some special cases. the history are 

suggested the important role for neurotoxins in human diseases causes, 

unexplained minor neuropathies, many psychiatric disturbance problems and 

neuro growing disorders diseases. Toxic neuropathy is recognizing as very 

important when treatment start because it helps to remove the toxics source 

from patient that delivers the chance to improve him. According to toxins and 

poisonings history, several cases of neurotoxicity due to alcohol drinking and 

treated with therapeutic drugs have gone on before as stated (Shahbazzadeh  

et al., 2007). 

 

 According to literature, toxins and their related disease identification as 

minor neuropathies are caused of arsenic contaminated alcoholic drinking, 

encephalopathy due to triethylin contaminated antibiotics drugs, and 

myoclonic encephalopathy a disease cause of gastro disorder treatment drugs 

with containing bismuth metal. In these cases, every physicians understand the 

own neurologic findings about each patients with the proper use of medicinal 

products. This is also important that how can understand neurotoxins problems 

in patients for neurologist in the different diagnoses methods especially for 

unexplained and non-understandable neurologic conditions due to toxins 

ingestion (Ahsan and MA Sheikh, 2010). 

 

 In the history, it is repeated many times about intake of drinking water 

from water supplies with containing the pathogenic bacteria that are connected 

to infections in human populations. Illnesses of these types are commonly as 

gastrointestinal connected symptoms, like as nausea and diarrhoea. Diarrhoeal 

sicknesses are major reasons of mortality in the under developing countries 

especially in young teenagers. Numerous bacterial pathogens produce toxins 

naturally that are primary factors for disease causing. Here, high light the 

points that are seven different bacterial toxins produced by powerful or newly 
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born pathogenic microbes. These toxins can be affected as many bacterial 

exotoxins with the plasma membrane of eukaryotic cells. These damages do 

not direct result in the cells analysis but it may help to spread the bacterial 

infection. Toxins can damage the cell by enzymatic hydrolysis due to pore 

formation. With the central role of toxin in diseases has used the application of 

inactive toxins as vaccines and (toxoid) vaccines have an important and 

positive impact on people’s health in disease treatment (Crump et al., 2003). 

 

 

2.2 HISTORY OF WATER TREATMENT  

 

 The importance of safe drinking of water has identified many hundreds 

of years back, as early Egyptian portraits from 13
th

 and 15
th
 centuries B.C. use 

sedimentation device and wick taps for proper use waste water treatment. . 

Hippocrates were developed a cloth bag which used for the filter the rain water 

in the 5th century B.C. Roman engineers were designed a simple plant to 

provide clean water suitable in both quality and quantity for main cities, yet it 

was not until 1721 that the first London Company began pumping water. 

Throughout the 19th century, increased volumes of water were pumped from 

the Thames and Lea rivers, and as London grew, these sources became 

increasingly polluted. Around the same time in the America, a cholera 

epidemic in Philadelphia during 1793 instigated the construction of the first 

major water system. At the beginning of the 1800’s, systems using charcoal 

and sand filtration came into use in Europe and Stein installed one of the first 

slow sand filters in America at Richmond, Virginia, in 1832 (Eisenberg et al., 

2001). The major aim for sand filter was to remove sediment and 

discoloration. But sand filters did not remove all of the pathogenic bacteria, 

whose existence were not known at the time, and by the mid 1800’s Britain 

were affected by main waves of cholera and typhoid (Duffy, 2003). 

 

 J. Snow and W. Bud proved the water role played in the spreading of the 

diseases like cholera and typhoid. Their discoveries were resulted in improved 

water treatment methods, and in 1859 it became a legal requirement for river-

derived water in London to be filtered. This practice then proliferated across 

Europe. The effectiveness of this treatment in reducing deaths from typhoid in 

London can be exemplified by comparing annual mortality rates between 

London and Minneapolis. In USA, the death rate due to typhoid illness are 

twenty or more people per hundred thousand of population was measured 

commonly, the ratio was 58.7 in Minneapolis, in London the rate was only 3.3 

per hundred thousand (Gyles, 2006). 

 

 However, despite advances in water treatment has no reach to 

adequately treat potable water to many people. The World Health Organization 
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assessments on 1 billion people internationally no access to safe drinking 

water sources and 2.6 billion people suffering from poor sanitation. Diseases 

causes due to contaminated water drinking, poor sanitation and hygiene are the 

results of expected 1.7 million deaths annually (UNDP, 2006). 

 

 In developed countries, water treatment and sanitation has removed the 

problem of diseases such as typhoid and cholera. However, these diseases 

among other water related issues are remained a serious problem in developing 

countries. Modern water treatment processes control the spread of water 

related disease; remove numerous contaminants, such as organic chemicals 

and heavy metals, producing safe water. However the presence of 

pharmaceutical residues, disinfection by-products, and the possibility of 

disease causing agents as Cryptosporidium, which are unaffected by common 

water purification processes and so, need of new treatment technologies for 

this purposes. The single largest consumer issue affecting potable water in 

under developing states is off-flavour. Off-flavour is caused by compounds in 

water that are known for their undesirable taste and odour characteristics. A 

survey conducted of more than 800 water usages in the America and Canada 

found the 16% of utilities experience the serious taste and odour problems, 

spending approximately 4.5% of their total budget for taste and odour control 

(WHO, 2009). 

 

 

2.3 E. COLI AND SHIGA TOXIN 

 

 Strains of E. coli, that is capable of causing diarrhoea under certain 

conditions for Example, when the immune system is compromised or due to 

environmental exposure has mentioned as presence of diarrheic genic E. Coli. 

Six groups of E. Couple that could potentially cause diarrhoeal diseases are 

now recognized and they are related with E. Coli specious as enterotoxigenic, 

enteroinvasive, enterohemorrhagic, enteropathogenic, enteroaggregative and 

the E. Coli with diffusely adherent as (daec). Each group has its unique 

virulence factors and are classified. Other diarrhoeagenic E. Coliproto types 

have been proposed, such as cell detaching E. Cole (codec); however, their 

significance remains uncertain (Djordjevic et al., 2004). 

 

 Once having colonized, the strains use very different pathogenic 

strategies to cause changes in the arrangement of the bowel mucosa. The 

variety of pathogenic strategies are exhibited by these E. Cholesterins that is 

attributable to differences in genetic background with each strain carrying 

unique plasmids or pathogenicity (Church et al., 2007).  
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2.3.1 Identification  

 

 E. Coli is commonly identified as a non-sorbitol fermenting and with 

shaped as rod, Gram negative microorganism, its ranging from 0.7 to 1.5 µm 

in body size, and give the chemical tests of oxidase is negative, catalase is 

positive and iodole is positive. Chemical test of E. coli are used for 

confirmation the E. coli growth present in the given samples. Isolation of E. 

coli from the samples of food and animal faeces. Farm animals mostly cattle 

are ill with E. coli and showing with or without signs of the disease. During 

the E. Coli infection in cows and buffaloes change the production of milk and 

meat. E. coli may also present less in numbers in food samples so food is 

contaminated and not fit for human consumption. Nutrient Agar is media 

which is very sensitive for microbiological identification of E. Coli. 

(Tzschoppe et al., 2012). 

 

 

2.3.2 Shiga Toxin Family 

 

 Shiga toxin is the prototype of family and it is a group related to 

exotoxins with specific structure and functions. In 1897, the Japanese 

microbiologist Professor Kiyochi Shiga characterized the bacteriological 

source of infections as being produced by S. dysenteries.  

 

 Konowalchuk, in 1977, identified a group of E. coli that are able to kill 

Vero cells in culture by secreting a factor into the tissue culture medium. 

These bacteria were named Vero toxin creating E. coli represented as (VTEC). 

By the early 1980s, Alison O’Brien and her research group discovered, E. coli 

formed a toxin very similar like Shiga toxin, therefore, named of this 

microorganism is Shiga toxin making E. coli (STEC). Later, it became clear; 

VTEC and STEC are two names describing the same organisms and toxins 

(Johannes and Romer, 2010). Shiga toxin 1 represented as (Stx1) formed by E. 

coli is nearly same as the Shiga toxin prototype, but they only differ by a one 

amino acid in a catalytic (Erickson et al., 2007). STEC produce both Stx1 and 

Stx2 variants. Stx2-producing STEC have been linked epidemiologically to 

more severe disease in infected humans and neurological symptoms due to 

strains producing of Stx1 (Hunt, 2010).  

 

 Shiga toxin family members consist of a single enzymatically active  

A-subunit (molecular mass of 32 kDa) and five identical B-subunits (pentamer 

with each B fragment weighing at 7.7 kDa) allowing the toxin to bind to the 

target cell surface receptors. (Byres, Paton et al. 2008).Toxin-induced lipid 

partition drives nano compartmentalization at the cytoplasmic level to induce 
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the recruitment of an intracellular sorting machinery and toxin translocation 

(Fremaux et al., 2007).  

 

 Many other farm animals such as sheep, goats, pigs, and turkeys can 

also shed STEC in their faces. The most common route of transmission to 

humans is via ingestion of contaminated foods and water (Frank et al., 2008). 

In addition, it can also produce infection from one to another person and 

animals, For example, STEC infections have been noted in people visiting 

petting zoos, dairy farms, and camp sites where cattle used to reside. There 

have also been reports suggesting potential airborne transmission in buildings 

with animal exhibits (Caprioli et al., 2005).  

 

 In the process of grinding beef, pathogens contaminating the surface of 

the meat transfer to the interior; therefore, to ensure complete killing of the 

bacteria, ground beef should be cooked all the way through. Other 

contaminated food source including, unpasteurized milk as fresh produce, and 

drinking water. Epidemiological studies suggest that these food sources were 

contaminated with bovine and feral swine faecal materials (Catarame et al., 

2003). 

 

 

2.4 CYANOBACTERIA AND MICROCYSTINS TOXINS  

 

 Cyanobacteria toxins are a group of natural toxins and they produce 

from aquatic source as origin, Cyanobacteria can make the variety of rare 

metabolites simply known as toxins. This Research has mainly dedicated on 

compounds that impact on humans and livestock as well as toxins. However, 

non-toxic products are also found in cyanobacteria, but pharmacological and 

biochemical characters of these compounds are fully unknown to scientist and 

chemist (Falconer et al., 2005). 

 

 The cyanobacteria are known as blue-green algae, the name of this 

specious is due to the existence of photosynthetic pigments and group of 

Cyanobacteria are a main class of bacteria that found internationally. 

Cyanobacteria of freshwater are accumulated on the surface of water sources. 

Cyanobacteria species is produced some of their metabolise known as toxins 

which can classified on basis of their mode of reaction as hepatotoxins are 

microcystins) and neurotoxins are anatoxins. Hepatotoxins and neurotoxins 

both are made by cyanobacteria and normally found on surface water and on 

water supplies (Codd et al., 2005).Maximum hepatotoxins are microcystins 

with cyclic heptapeptides and different microcystins have with different in 

polarities and lipophilicities which can increase or decrease their toxicity 

values(Lehman, 2007).  
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 Microcystin-LR was discovered first as group member of microcystins 

chemically and to date, maximum work had directed using this microcystin. 

Microcystins is responsible for its toxicity involving in most of the world. 

Microcystin-LR has molecular weight nearly 1000 Daltons and is existed in 

form of cyclic heptapeptide (Falconer and Humpage, 2006). 

 

 Cyanobacteria also creates another toxin as named cytotoxical kaloids 

which are ensured appurtenance in canal, freshwater, rivers, lakes and 

reservoirs of drinking water in hot zones. Its molecular structure is tricyclic 

guanidine connected to a hydroxyl methyl uracil and molecular weight nearly 

415 daltons. All alkaloids have showed a numerous health effects and great 

cause to kidney infections and disease. 

 

 

2.4.1 Occurrence and Growth of Cyanobacteria 

 

 The growth of cyanobacteria across the world is commonly effected by 

change in water chemistry by composition and a climatic condition of weather, 

such as, cylindrospermopsis is created in humid water but it is not founded in 

hot climates. Also, microcystis can occur usually in hot areas of the world. 

Toxic and non-toxic cynobectrial blooms can be found together and with the 

overall toxicity of a bloom may be unclear because variations can take place in 

toxin concentrations during the short period (Hoeger et al., 2002). 

 

 

2.5 CLOSTRIDIUM BOTULINUM 

 

 C. Botulinum was first discovered by E. van Ermengem in 1897 

afterward his study on foodborne microbes and disease in Ellezelles, Belgium. 

Botulism is Foodborne microbe and found rare but contaminated products with 

this may exposed to humans and animals. C. Botulism can produce a neuro 

paralytic illness causing by the contamination with it. Foodborne botulism can 

create an emergency of a medical and a public health and to avoiding this 

problem need effective messaging between clinicians and public health 

departments (Carlin et al., 2004). 

 

 The types of C. Botulinum from A to G are different by only the 

antigenic characteristics found in the neurotoxins which they produced. C. 

Bolulinum with Types A, B, E, and only F in rare cases found which cause 

illness in humans and animals. Especially C. Bolulinum with Types C and D 

cause illness in mammals and birds and type G are identified in 1970 which 

cause of infection in humans or animals (Whitby et al., 2002). 
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 The word of Botulism read from the language Latin as botulus and its 

meanings is a usage. Botulism word was first time familiar in Europe and 

several cases were registered which caused by house fermented sausages. 

Historically importance, four different forms of botulism can observe but 

depending on the mode of reaction of these toxins. Wound infection botulism 

is produce by c. botulinum that multiplies and then produce toxin in a 

contaminated wound of human or animals. Botulism is a process due to the 

harmful production of toxins by spores of C. Botulinum in the intestine, and 

teen-ager or adult infected mostly (Josko, 2004). 

 

 

2.5.1 Food-Borne Botulism  

 

 C. Botulinum growing the spores is found all over the world in the 

samples of soil and marine sediments and a normal healthy person can 

consume the spores. But, when food is contaminated and the spores grow in 

anaerobic conditions then toxin is created with highly poisonous and toxic 

when ingested it. In food-borne botulism cases are linked with home conserved 

meats as fish and vegetables. This infection is exceptional in the UK but 

collective in Eastern and Southern Europe due to more home preservation 

practice. The disease caused by B toxin which produced by bacteria and 

growing in canned food that had ineffectively heat treated, used to flavour to 

yoghurt products (Tsukamoto et al., 2005). 

 

 

2.5.2 Wound Botulism  

 

 The spores due to C. Botulinum are found in soil and then germinate for 

the produce of toxins. It is caused by injecting the drugs that are contaminated 

by these spores. Wound botulism is very common form in the UK and there 

have 100 clinical cases diagnosed of wound botulism from 2002 to 2007, but 

all related cases are illegal injecting drugs(Brooks et al., 2011). 

 

 In adults, small number of cases has reported worldwide, but disease in 

person results from absorption of C. botulinum spores by germination of the 

stomach and then production of toxin c. boulinum. In the UK and USA, 

botulism has related with the ingestion of corn syrup, honey and environmental 

sources as dust or soil of spores (Carlin et al., 2004). 
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2.5.3 Other Routes of Infection 

 

 Infected injection is one cause of accidental botulism in pharmaceutical 

preparations may cause of botulinum neurotoxin, Such as four cases registered 

in December 2004 in state of Florida, cosmetic injection is contaminated with 

botulinum toxin that are not allowed for human purposes. It is not cases 

reported in the UK, but Inhalation of botulism has confirmed as three cases 

reported by veterinary technicians in Germany in 1962. C. boulinum toxin is a 

high possible route for releasing. Botulism due to Water borne may also be 

produced by ingestion of toxin. Accidental inhalation botulism, three cases 

were registered in UK (De Jong et al., 2004). 

 

 

2.6 CHLORINATION AND COAGULATION PROCESSES 

 

 Coagulation and dissolved air flotation process is the other current 

methods used for the toxin removal. Coagulations, the process is useful for 

separation process such as filtration, flotation and sedimentation. The most 

commonly used chemicals in this process are included aluminum or ferric 

chloride. More recently some synthetic organic polymers are gained some 

approval effectively. It is very effective for removing the cyanobacteria cells 

and it is possible to removal soluble microcystins by strong chemical 

coagulants such as poly aluminum chloride, alum and ferric sulphate. The 

effectiveness of chlorination depends on coagulation doses but high dose can 

produce fungus or algae (Westrick et al., 2010). 

 

 Ozonolysis is one of the chemical oxidation methods which are used in 

water treatment. The process has generally two mechanisms of oxidation, 

ozone and hydroxyl radical. Ozone is a strong oxidising agent and it is 

extremely effective in destroying many pollutants including microcystins, 

nodularin and anatoxin-a. Reduce the efficacy by ozone treatment due to 

dissolved organic carbon and it releases toxins from water and make the cause 

of cell lysis, so it is recommended for drinking water treatment. Studies 

revealed that ozone is capable of deactivating microcystins through the 

oxidation of the double bond and amino moieties of its structure. Another 

commonly used alternative oxidant in water treatment process is potassium 

permanganate (KMnO4). Studies revealed that potassium permanganate is not 

very reactive with cylindrospermopsin. In contrast, reports also suggest that 

KMnO4 can inactivate Cylindrospermopsis cells with no release of toxin. It has 

been demonstrated that chlorination removes toxins such as microcystins 

(Windham et al., 2003). 
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 Chlorination method gives the good results as degradation of 

microcystins by using the low doses of chlorine, but it is not effective when 

the dissolved organic content is low in concentration. But, if organic matter is 

present other than microcystins in the water, then effectiveness of chlorine for 

removing the microcystins are slow because other organic matter can 

consumes chlorine chemical. It is suggested from pH studies that microcystins 

is most stable to chlorine at lower in pH value. In normal drinking water 

treatment, this is not related because the pH is consistently increased to 6. 

Application of chlorination is resulted in the inactivation of microcystins 

between pH 6 and 9 (Hörman et al., 2004). The same study is identified two 

chlorinated by-products including chlorouracil, 5-chloro cylindrospermopsin 

and a carboxylic acid derivative (Wu et al., 2001). These chlorinated by-

products are produced fatty vacillations on the liver in mice. A more recent 

revealed study is the maximum rate of inactivation of microcystins have found 

to be at pH 7(Fremaux et al., 2008b). A soluble organic material including 

cyanotoxins is absorbed by activated carbon and it is existed only two forms of 

activated carbon. Direct treatments of drinking water are achieved by using the 

activated carbon process. According to literature, it is proved that activated 

carbon is very operative to remove microcystins and saxitoxins, however 

clearly has shown that chlorine can remove microcystins effectively with using 

activated carbon (Zamyadi et al., 2012). 

 

 Chlorination and filtration processes in drinking water treatment during 

the early twentieth century are a major public health landmark that is resulted 

in a significant reduction in both infant and total mortality rates (Friedrich et 

al., 2002). However, survival and growth of pathogenic and non-pathogenic 

bacteria are still observed during the distribution of treated drinking water and 

it is estimated in the US that approximately 12% of acute gastroenteritis are 

occurring among immune component individuals that is caused by drinking 

water contamination with the protozoan, viral, or bacterial pathogens (Garrido 

et al., 2006). A survey on diseases gives the idea about to find that bacterial 

pathogens are responsible for approximately 47% of outbreaks with a known 

etiology. The mechanisms behind the survival of bacteria during the 

distribution of treated drinking water are not well-understood, though 

hypotheses include: adaptive gene response and induction of a resistant 

phenotype, protection within biofilms, and protection within microbial 

eukaryotes (Gonthier et al., 2001). 

 

 

2.7 DISINFECTION AND OXIDATION 

 

 The next step is disinfection and oxidation. Chlorine both disinfects and 

oxidizes. Under normal conditions, chlorine residual levels of disinfection are 
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set at 0.2 ppm after 20 minutes of contact time. Note that higher chlorine doses 

are required to remove many of the blue-green algae toxins. The recommended 

dose of chlorine in order to remove some of the toxins is 3 mg/l for 30 minutes 

of contact time with the water. Some of the remaining toxins have to be 

removed from the drinking water by adopting the technique of granular 

activated carbon (Nicholson and M.D, 1994). 

 

 

2.8 ULTRAVIOLET LIGHT FOR DISINFECTION 

 

 If you are using ultraviolet light (UV) for disinfection, it is unlikely that 

your UV device can provide the high doses that are required to remove the 

toxins produced by the bacteria and cyanobacteria. If you have a UV unit, you 

have needed to add a chemical oxidizing agent as uses of chlorine, ozone, or 

other strong oxidizer in order to accomplish the removal of the toxins (Alam, 

et al., 2001). 

 

 

2.9 POWDERED ACTIVATED CARBON FILTER UNIT 

 

 For whole house water treatment of the drinking water, it is used PAC 

filters with a bed depth of at least two feet. The three primary types of PAC 

filters are coal-based, coconut hull-based, and wood based. Although all PAC 

filters can remove the dissolved toxins that are from bacteria and 

cyanobacteria specious bioactivities but less in concentration. The PAC filters 

will also remove other chemicals like tannic acids, chlorine and chlorine by-

products. The sizing of the PAC filter is a treatment device for removing 

dissolved contaminants in drinking of water. Remember that carbon filters 

have limited certain period of time and after that PAC has to need to be 

replaced. If they are not replaced on specific time manner, the efficiency of 

PAC is very low for work and toxins could not be removed (Muntisov and 

Trimboli, 1996). 

 

 

2.9.1 Biological Activated Carbon  

 

 A simple treatment process is used as biological activated carbon 

filtration process for the drinking water reservoirs. Filters of BAC are basically 

granular activated carbon in which biodegradation is occurred as oxidation 

process. Adsorption and degradation processes in BAC filters take place on 

same time and filters are effectively used for the removal of toxins and organic 

matter which includes taste and odour, and disinfection by-products. The 

process of biodegradation helps to removes the organic matter and become to 



 25 

reduce adsorption capacity in case of drinking water treatment as similar 

ozonation also reduces adsorption power for organic molecules. But organic 

matter are removing by adsorption capacity of BAC then result in low because 

it depends on solid-phase concentrations of organic matter on activated carbon 

process. The less solid-phase of carbon concentration causes low competition 

of adsorption between organic matter and pesticides as impurity then as result 

make longer filtration times for removing of toxic chemical (Boyer T.H. and 

Singer P.C. 2008). 

 

 

2.10 DRINKING WATER RELATED DISEASES IN PAKISTAN 

 

 In Pakistan, it is assessed that all 30% of sicknesses and all 40% of 

expiries of humans due to weak quality of water. Domestic water supply 

covers with a piped network system and water hand pumps is about 66% in 

Pakistan. Water borne disease and Diarrhoea is reported as the important 

causes of expiries in children and adults in this state whereas every fifth 

resident suffering from diseases which caused by the non-potable water. 

Unluckily, very little attention is paid for the drinking water quality problems 

and quantity of water do not have the priority focus by water supply agencies. 

In Pakistan, it is a poor monitoring of drinking water quality and no one any 

future plan for future and how to correct it in this country. Miss management 

among the institutional and deficiency of well-equipped technical laboratories 

and the lack of a legal framework for drinking water quality problems was led 

to very bad situation. All above issue closely related with the public awareness 

for the drinking quality of water. Irregular drinking water supplies are very 

usual in city areas and water borne diseases as gastroenteritis that are very 

common in people of both urban and rural living. It is estimated that 3 million 

Pakistanis are suffering with waterborne illnesses every year in which 0.1 

million die on annually basis. However, it needs to search out the actual 

problem related with these issues about water reservoir that are contaminated 

(WHO, 2009).  

 

 Importance of water is one of all natural resources identified in nature. 

Water is very important for all the living organisms, animals and human 

health, most ecological systems, economic development and food production. 

The decreasing in availability of water sources is one of the greatest vital 

environmental problems are faced by numerous countries at this time. This is 

assessed, almost two-third of world nations experience about water tensions. 

The drinking water safety is a current concern inside the world. 

Conventionally, the protection of drinkable water source has controlled by 

method involved the disinfection, commonly used the chlorination process to 
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killing the coliform population. But it is reported that coliform free drinking 

water may not be essential for free of pathogenic microbes (CDC, 2006).  

 

 According to data printed by the United Nations with help of national 

organizations as private or official and international organizations are 

estimated the 1.1 million people are living without a right access to drinking 

water and 2.4 million people are living without suitable sanitation system. 

Under present situation, current trends lead to the prediction about 3 billion 

person of population is 8.5 billion that are suffered from water deficiency by 

2025. Water shortage affected 81% people that have been living in under 

developing countries and mostly in rural areas and only 19% of the population 

have good access to an adequate water supply. Everyone have right to access a 

drinking water that is a basic requirement and need for a healthy life. Under 

this condition, if a state has not arranged a basic need of drinking water and 

make sure about the access to clean and safe drinking of water, then the human 

rights must has violated (Asian Development Bank, 2007).  

 

 

2.11 DRINKING WATER QUALITY IN PAKISTAN 

 

 Blessing of clean and safe drinking water is also a fundamental human 

right that is needed to improve the drinking water service technologies. Water 

resources can make better by using the techniques like as, borehole, household 

connection, public standpipe, protected spring, rainwater collection and 

protected dug well. it is an internationally requirement for drinking water as 

water source that has the capacity to deliver minimum 20 liters per capita in 

one day at a distance which is no more than 1000 meters from the consumer’s 

house. The internationally water requirement of safe drinking should establish 

in Pakistan with an expected 44 percent for population are living without 

access to drinking water sources. 90 percent of the population are living in 

rural areas with lacks access to drinking water. According to UNO reports, it is 

one indication of the problem intensity that estimates approximately 200,000 

teen-agersdie every year with diarrhoeal diseases in Pakistan (Jiang et al., 

2003). 

 

 A recent World Bank Report about that Pakistan is currently among the 

17 states that are facing water shortage problems. Statistics Integrated 

Household Survey (2010-2012) tells the major source of potable water in 

Pakistan is underground water sources. Open drinking water without treatment 

is a main cause of the infectious diseases and proper treatment of water which 

may be saved the life of young children in developing countries. Microbial 

Pathogens are presented in drinking water including many bacterial, viral and 
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protozoan agents which is reason of 2.5 million deaths with common 

diarrhoeal disease, annually (UNIDO, 2009). 

 

 One important issue in country of Pakistan is the increasing of 

population pressure that is responsible for big problems in development of 

rural and urban areas. Pakistani population is the world's fastest increasing 

population and it may exceed to 180 million is observed by now; it is still 

growing with an alarming speed about 2.8% yearly. Current century gives a 

revolution for improvement in utilization of water and food. We must need to 

change our cultivation method and life living styles. Concurrently the water 

quality of underground and surface is poor, further it is deteriorating for the 

reason is unchecked disposal of untreated industrial and municipal wastes mix 

in natural sources. As nation needs regular monitoring programs for measuring 

the water quality at the level of water treatment or distribution system that is 

still not in practiced any wherein Pakistan? A few major water treatment plants 

are connected to reduce the health risks that have no system for accessing the 

water quality in water supplies systems. In Pakistan, Most reported of studies 

to indicate contamination with faecal source in drinking water have no 

excessive information on the level of the chlorine dissolving in water that are 

putting presently in the water distribution networks and water supplies. 40 

percent of all reported related to diseases due to water borne illness are data 

from Pakistan Council of Research and Water Resources. It is calculated that 

water related diseases can cause loss of annual national income as USD 380 to 

883 million which nearly 0.6–1.44 percent of country GDP. Disinfection is 

very important for potable water and it is most critical for make sure the public 

health (EPA, 2009).  

 

 Pakistan feeling the problems like economic crisis that are existed as 

risk to the potentially effective on growth and devolvement, where economic 

growth is largely depend on mainly agriculture, and agriculture depends on 

availability of water. Pakistan’s storage capacities, ideally recommended to 

hover around 1,000 days are given by its climate stand at a meager 30-day 

supply (―Water storage capacity just for 30 days‖, 2013). With water 

availability on the decline and high rates of population growth, Pakistan 

appears to be destined to make the transition to a water scarce country 

(Ahmad, 2011). 

 

 Pakistan’s geographical area is 79.61 mha (million hectares) and 22.05 

mha is classified as used for agricultural purpose and cultivations. The 

reported area is a 72% (57.07 mha) of the total 79.61 mha meaning thereby a 

complete picture of Pakistan’s land resources is still not available; out of the 

reporting area, approximately 8.1 mha are available for future agriculture 

depending on availability of water. It can be inferred that the true potential of 
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Pakistan’s land resources has not been fully explored and hence, remains 

unexploited (Ahmad, 2011).  

 

 District Lahore and Sheikhupura are joined cities has been shown an 

very bad situation of drinking water quality as 69% bad of total monitored of 

samples sources due to the occurrence of Bacteriological source of 

contaminations whereas other quality parameters are TDS is 37% and Arsenic 

is 11% with collection of random samples in this area. According to report of 

PCRWR about Sheikhupura drinking water, 716 samples of water randomly 

collected and observed that pathogenic bacterial contamination along with 

high level of TDS and high load of organic pollutants found in drinking water 

and it is cause of different illness in human and animals (Ahmad, 2011). 
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CHAPTER 3: 
 

METHODOLOGY 
 

 

3.1 AREA OF STUDY 

 

 Sheikhupura is a city of Punjab, Pakistan. Sheikhupura is located near 

the Lahore about 36 Km from Lahore Sheikhupura Road, the provincial 

headquarters. Sheikhupura lies 31°42'51.16"N latitude and 73°59'3.49"E 

longitude. The city is well connected with its surrounding big urban centres 

like Faisalabad 94 Km, Sargodha 143 Km and Gujranwala 54 Km. 

Sheikhupura is also a railway junction. Importance of Sheikhupura city is due 

to its commercial zones and large number of industrial units that gives the jobs 

opportunities to a common educated people. Major multinational companies 

such as Honda, Nestlé and ICI etc. are found in this city. 

 

 
 

Figure 3.1: Map Showing Location of Sheikhupura District 

 

 

Summary of Demographic profile of Sheikhupura is shown in the Table 3.1. 
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Table 3.1 

Demographic Profile of Sheikhupura 

Item Unit Value 

Creation of Tehsil  Year 1851 

Creation of City  Year 1619 

Number of Union Councils  Number 14 

Total Area of the City Sq. Km 38 

Total Population of the City (Census 1998 

including current urban growth) 
Number 389,768 

Population – Male  Number 204,021 

Population – Female  Number 185,647 

Literacy rate of the City (Census 1998)  % 60.5 

Average Household Size  Number 7.6 

 

Source: Outline Development Plan Sheikhupura, Tehsil Municipal 

Administration  

 

Sheikhupura records, Urban Unit information July 2010. 

 

 The water supply in Sheikhupura is collected from groundwater through 

a network of 41 tube wells, which covers 33% of the town and 40% of the 

population. The distribution system consists of 4 over head reservoirs with a 

combined capacity of 290000. No plans are currently being developed to 

improve public water supply mechanisms. The sewerage system covers 20% of 

the city and serves 30% of the population. Waste water is generally disposed 

of through open drains to the nearby sewer system, which is noticed to cause 

environmental contamination and water borne diseases. The residential area is 

expanding continuously on all sides of the town without any proper planning, 

which has reduced the coverage of facility. No plans are being developed to 

address these issues. As per overall situation of health in Sheikhupura, the 

Government Health institutions have provided health services to patients. As 

per the type wise diseases Diarrhoea/ Dysenteryin > 5 years, 12333 patient, 

Acute Flaccid Paralysis, 0 patient, Worm Infestations, 5349 patient Peptic 

Ulcer Diseases, 15255 patient, Cirrhosis of Liver 548 patients, 

Nephritis/Nephrosis patient 67 patients visited Government health institutions. 

The situation of patients visits to the government health institution in city 

Sheikhupura are mentioned in Table 3.2. 

 

 



 31 

Table 3.2 

Incidence of Water Borne and Hygiene-Related Disease Jan-Jun 2010 

Facilities 

Diarrhoea/ 
Dysentery 

in 
>5yrs 

Acute 
Flaccid 

Paralysis 

Worm 
Infestations 

Peptic 
Ulcer 

Diseases 
 

Cirrhosis 
of 

Liver 

Nephritis/ 
Nephritis 

DHQ Hospital 

Sheikhupura 
4,586 0 2,353 3,607 525 0 

MCH Centre No-1  

Khali Road Sheikhupura 
51 0 2 0 0 0 

MCHCTR Fish Form 240 0 0 0 0 0 

MCHCTR Housing 

Colony  Sheikhupura 
73 0 0 0 0 0 

MCHCTR No-4 

Muhammad Pura 
173 0 15 99 1 0 

Total 5,123 0 2,370 3,706 526 0 

Source: Health Management Information System Directorate General Health 

Services Punjab 

 

 

3.2 LOCATION OF STUDY  

 

 Rendering to Population analysis, it is expected data about population 

density nearly is 903 persons/ km
2
 that become most of the crowded areas of 

Pakistan. In this city most of the land area is under concentrated cultivation 

and agriculture, and industrial. Wheat and rice are Major crops are grown in 

this area. On the other hand, food crops and vegetables are the mainly 

cultivated to fulfill the demands of local and other cities of provinces. 

However, it is an approximation, there are almost 1,009,000 domestic animals 

including buffaloes, cattle, horses, sheep, goats and donkeys found in the 

almost rural areas of district Sheikhupura. Usage of mineral and general 

fertilizers, soil improving agents and pesticides is a common in practice in the 

catchment area of urban (Population and Censes Organization, 2000).  

 

 Industrial synthetic chemicals are discharged into the streams after 

heavy rainfall or as disposal. Three types of water irrigation sources very 

common in the area are tube well or mechanical irrigation, canal or stream 

water irrigation by pumping machines as hundreds of pumps are established 

with sides of streams or canals and alteration of water into small distributaries. 
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 This part of Punjab basically is created during late Pleistocene 

sedimentary deposition from Smaller Himalayas and which is about 200 meter 

dense. The soil of urban and rural area is mostly muddy with variable textural 

type like as clay and silt earth while sandy soil and sandy earth loam also 

found in this area.  

 

 Throughout monsoon season, heavy rains happen and this rainwater 

sanitizes into village Khanpur canal and it is possible sometimes these streams 

can overflow that ultimately spread over the vast area of city. Floodwater gives 

large quantity of silt and deposits change into new layers of soil annually.  

 

 The area around the streams is tightly populated with many house and 

found the industrial units in urban and rural areas, whereas rural areas are used 

for agricultural and animals farming. Main industrial activities are focused 

around the Sheikhupura city with the roads. The industrial area in the 

Sheikhupura contains of small, medium and large units which are spread all 

over the city. The main industries are involved the chemicals, food, leather, 

animals feed and pharmaceuticals manufacturing.  

 

 In these industrial units, leather tanneries are the main providers in the 

production of sludge and effluents as waste water. Wastewater from tanneries 

are also full of different types of salts having metals like as chromium, calcium 

and sodium, organic solvents and suspended solid matter. Mostly industries are 

released their wastes without any proper treatment into drainage system that 

openly fall into Khanpur Canal (Greenman et al., 1967). 

 

 According to a survey about Sheikhupura, industrial waste production is 

about 216 tons/ day with daily production of the average effluents produce 

547- 814 m
3
/day from each of industrial unit, and then total volume of 

effluents is nearly 11000 m
3
.  

 

 Another source of pollution is the Municipal sewage, and unfortunately 

here is no municipal waste treatment plant in Sheikhupura city, so untreated 

organic, inorganic and sewage pollutants with high sizes of suspended organic 

substance as well as animal and human excreta are discharged with both of 

way directly or indirectly into steam canal water (ETPI, 2007). 

 

 

3.2.1 Research Design and Experiential Techniques 

 

 The present study and research are focused on identification and 

estimation of toxins selected as Microcystins, Shiga and Botulinum toxins in 

different type of drinking water sample and then conducts the experiments to 
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remove them from end source of drinking water for developing the plant at 

domestic level. Estimate the toxic effect of above toxins on humans and 

animals are produced by cyanobacteria and bacterial species, collecting the 

surface, ground and storage tank water samples as a drinking source for 

humans and animals to finding the toxic level and the effect of these toxins on 

health. In this study, we will observe the toxins in different level of ecosystem 

in the food chain between humans and animals. The methodology of this field 

study is completed under following headings. 

 

 

3.3 SAMPLING SITES AND SAMPLE COLLECTION 

 

 The present study was to investigate the microbial and toxin 

contamination in potable water of rural area of district Sheikhupura as 

important city of Punjab, Pakistan. In these areas, there was no such type of 

research carried out before.  

 

 In rural areas, the water sources are canal water, ground water and water 

storage tanks is used by the population. Health risk of people from 

contaminated drinking water in rural areas i.e. villages of district Sheikhupura 

were selected to investigate the quality of drinking water. The source of 

drinking water in these rural areas is a canal and surface water and ground for 

drinking and other domestic uses. Canal and surface water is not a good 

quality because rural area is surrounded by the industrial area and all industrial 

discharges into the water stream channel to make it pollute. The canal was 10 

km long and covers 10 villages and also polluted with villages domestic 

pollutions. So we are focusing on the total population of the khan pure village 

is consisted of 10,000 houses where people are living 27,000, they are used 

ground water and canal water for domestic purposes and stored in water tanks 

for daily retain activities.  

 

 

3.4 CONDUCING THE SEMI STRUCTURE INTERVIEWS  

 

 The conducing of questionnaires and semi structure interviews 

represents the first phase of collection of primary data. The first sets of 

questionnaires (see Appendix 1) for this study are those administered to the 

general public, the main respondents here where local fishermen, hunters, and 

rice farmers and teachers as. Afar conducting the interviews, it were 

distributed the one hundred and sixteen copies to the khan pure village 

residence people. The selection of these settlements to be part of the sampling 

frame was based on the following. The systematic random sampling method 

was used to select those to whom the questionnaires were administered. In this 
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case, a house was selected after every 5 houses until the required number of 

respondents was obtained. The respondents were interviewed in their houses to 

establish accuracy and determine the exact origin of the data and information 

(Bryman, 2004).  

 

 

3.4.1 Questionnaire Design  

 

 A questionnaire was designed for blood sampling of human and animals 

(cows and buffaloes), the purposes of this questionnaire form were conducted 

a survey to identify toxins (shiga, botulinum and microcystins) infected 

persons and animals that were exposed to related toxicity on health problems 

due to inhaling the toxins in any form of food or drinking. Signs and 

symptoms of diseases related toxins were mentioned in questionnaire form. 

The questionnaire form is attached as Appendix I. 

 

 

3.5 SAMPLE SIZE DETERMINATION 

 

 There are numerous methods to decide about the actual size of sample. 

The methods are involved using a survey for small populations, reproducing a 

sample size taking in similar research and also applying the formulas for 

calculating the sample size actual (WQRA, 2010). 

 

 Total population was under the sampling, including 10,000 houses. The 

sample size was calculated by applying the formula for random sampling. It 

was select the random samples of the people that comprised of government 

servants that include (male-8, female-01), clerks, peon, and class four servant 

(6 numbers), policemen (04 numbers), bankers (male-02, female-01), college 

professors/school teachers (male-12, female-12 numbers), house wives  

(14 number), farmers 20 numbers), students (male-10, female-08), shop 

keepers (10 numbers) and paddlers/ cart men (8 numbers) that include hand 

cart men carrying load, donkey cart men, fruit and vegetable sellers etc. 

Therefore the sample comprises of 80 males and 63 women.  

 

 

3.6 TEMPERATURE AND HUMIDITY VARIATION DURING ALL 

SAMPLES COLLECTION  

 

 During the all types of samples collection, it was observed the variation 

in temperature and humidity in period of our study throughout the 3-years as 

given below in table 3.3. 
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Table 3.3 

Environmental Parameters (Temperature & Humidity) 

Variation during Sampling Periods in Different Seasons 

Environmental 

Parameters 
Winter Spring Summer Autumn 

Temperature (
o
C) 2.0 ±0.3 27.0±0.9 47.0±1.4 29.0±2 

Relative Humidity (%) 82.00±2.7 47.0±1.4 30.70±1.9 87.0±0.9 

Temperature Humidity 

Index (THI) 
55.5±0.4 63.9±1.6 81.0.±2.9 83.9±2.2 

 

 

3.6.1 Quality Assurance Method in Sampling  

 

 Different types of sampling we need for present research work, but all 

types of sampling obey standard process of sampling with sure the quality and 

these are stored at 10 
o
C. This is also sure that the container is sterilized and 

samples were labelled properly with following information steps. 

 

1. Date and Time of sampling 

2. Sample Number 

3. Source of sampling 

4. Point of Sampling ( to collect a second sample from the identical 

spot from which first sample was taken) 

5. Temperature of sample  

6. Signature on each sample  

 

 Above steps apply on every types of water and blood sampling, detail of 

each as follows. 

 

 

3.7 COLLECTION OF WATER SAMPLES 

 

 In selected area under study and research, it collected random samples 

of the following types but all the samples were taken in sterilized container for 

detecting microbe’s presence as E. Coli, C. Boulinum and Cyanobacteria and 

their related toxins such as Shiga, Botulinum and Microcystins toxins under 

strike slanders of quality. All the samples were shifted to chemical Biotech 

Labs. Sheikhupura, where perform chemical analysis and other tests. 

Environmental parameters of lab were as given in Table as below. 
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Table 3.4 

Environmental Parameters (Temperature & Humidity) Variation 

During Chemical Analysis and Experiments Performed in Lab. 

Environmental Parameters Values 

Temperature (
o
C ) 25.0 ±2 

Relative Humidity (%) 35.00±2.7 

Temperature Humidity Index(THI) 45.5±1.4 

 

 

3.7.1  Ground Water Sampling  

 

 Collect random ground water samples from different houses by red 

motor water pump with power capacity 1 horse power and the frequency of 

samples (n= 116). In this area ground water 70 feet below from earth surface. 

All sample collect in sterilized PVC bottles as the container and water sample 

container were filled 100% of the volume capacity and actual capacity of the 

container is I litre or 1000 ml the temperature of the day when sample 

collection was 20 
o
C.  

 

 

3.7.2 Sampling from Water Storage Tank 

 

 Collect random water sampling from different water storages tanks of 

houses with the depth of 0.5m and frequency of samples (n= 116). The average 

height of storage tanks are 7±0.9 feet and width 3±0.4 feet and the temperature 

of the day when collect the samples was 27 
o
C. All sample collect in sterilized 

PVC bottles as the container and water sample container were filled 100% of 

the volume capacity and actual capacity of the container was I litre or 1000 ml.  

 

 

3.7.3 Canal Water Sampling 

 

 Collect random canal water samples from different source point and the 

frequency of samples (n= 10). All sample collect in sterilized PVC bottles as 

the container and water sample container were filled 100% of the volume 

capacity and actual capacity of the container is I litre or 1000 ml the 

temperature of day when sample collection was 16 
o
C. Detail of locations and 

distance about collection of water sampling from canal given as below. 
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Table 3.5 

Geographical Position, Distance and Maximum Depth  

of the Canal for Sampling 

Sample 

No. 

Depth 

(m) 

Distance from Bridge 

near the Population Area 

Geographical 

Position 

1
st
 1.5 0 

31°42'41.10"N, 

73°59'1.16"E 

2
nd

 4.5 1.6 
31°42'41.06"N, 

73°59'1.10"E 

3
rd

 7.5 2.9 
31°42'30.75"N, 

73°58'9.45"E 

4
th
 8 3.7 

31°42'21.62"N, 

73°58'9.39"E 

5
th
 9 4.9 

31°42'11.55"N, 

73°58'7.79"E 

6
th
 10 6.1 

31°42'10.76"N, 

73°58'2.59"E 

7
th
 11 7.4 

31°41'97.74"N, 

73°57'3.49"E 

8
th
 12 8.9 

31°41'91.96"N, 

73°55'1.86"E 

9
th
 13 9.7 

31°41'71.16"N, 

73°55'0.49"E 

10
th
 15 10.5 

31°41'21.16"N, 

73°55'0.10"E 

 

 

3.7.3.1 Stream Width  

 

 Stream width was properly calculated at five dissimilar points within the 

sampling place and normal space between two points was 27 m from end to 

end at the longitudinal direction of canal water. Calculate the mean stream 

width by taking the averaging readings of four points which expressed in the 

meter device (Arunachalam, 2000 and Bhat, 2004). 

 

 

3.7.3.2 Stream Depth  

 

 Depth was determined at four different points, two points were taken at 

middle of stream and two measures were taken at 1/4 distance from every bank 

of the stream. Four measurements were used in same division for water 

sampling from the stream (Arunachalam, 2000; Bhat, 2004). 
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3.7.3.3 Stream Velocity  

 

 Velocity was calculated at the point where water stream flow was fastest 

maximum and stream velocity determined with help of two wood poles were 

fixed at stream bed with the distance of 10 meter away from each other. A 

solid paper weight was dropped at the point towards upstream and collected 

after passing to the second point in canal. Then calculate the time taken by 

stop watch to putting the solid paper cork for the travelling between the poles. 

The velocity of Stream water was calculated in unit of meter per second (m/ 

sec) (Bhat, 2004). 

 

 

3.8 COLLECTION OF BLOOD SAMPLES 

 

 In humans blood samples collections for this study, after conducting 

surveys and interviews we collect the samples of diseases infective persons 

(give in appendix 1), so we select 50 women, 47 men and 19 children 

included. Blood sampling has been taking day time at 11:00 am after breakfast 

at their normal body temperature and blood pressure.  

 

 Animal’s blood samples collection after surveys and interviews we 

selected animals (60 cows and 56 Buffaloes) from houses where the diseased 

infected persons lived.  

 

 Selected both humans and animals blood samples was testing for toxins 

analysis and to estimate the live functions strength due to bioaccumulation of 

toxins. All the samples shifted to Microbiological Division of Chemical 

Biotech Lab for Biochemical and Microbiological analysis. Details of testing 

chemical lab’s parameters were given in Table 3.5 as the condition of 

temperature and humidity. 

 

Table 3.6 

Environmental Parameters (Temperature & Humidity) of Lab.  

during Bio-Chemical and Microbiological Analysis Perform 

Environmental Parameters Values 

Temperature (
o
C) 30.0 ±1 

Relative Humidity (%) 32.00±2.7 

Temperature Humidity Index (THI) 40.5±1.4 
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3.8.1 Human Blood Sampling 

 

 Collect the random human blood sampling from different houses with 

the frequency of samples (n= 116). All samples were collected by syringe in 

sterilized blood vessel used as container and blood sample was draw 4 ml by 

volume and actual capacity of container was 5 ml. The temperature of the day 

when collect the samples was 16 
o
C.  

 

 

3.8.2 Animal Blood Sampling  

 

 Collect the random animal blood sampling from different places 

(animals use for meat and milk) was with the frequency of samples (n= 116). 

All samples were collected by syringe in sterilized blood vessel used as 

container and blood sample 5 ml collected by volume and actual capacity of 

container was 5 ml. The temperature of the day when collect the samples was 

16 
o
C.  

 

 

3.9 MICROBIOLOGICAL AND BIOCHEMICAL METHODS 

 

 Standards analytical and microbiological methods was used for isolation 

of C. Botulinum, E. Coli, Cyanobacteria and algae as well as estimating their 

metabolites of microorganism as Microcystin Toxin, Shiga Toxin and 

Botulinum Toxin as given below one by one as, 

 

 

3.9.1  Microbiological Analysis 

 

 Material and method is used for isolation of micro-organism for this 

study is given as bellow, 

 

 

3.9.1.1 Isolation and Identification of Escherichia coli  

 

 Media composition was given in appendix 2, dissolve the dehydrated 

medium in the water and transfer this in a flask, and then fixed the temperature 

at 121
o

C on autoclave for 16 min. next step is allow cool the media to normal 

situation from 44 to47 °C before adding the supplement as potassium tellurite 

and cefixime in low concentration. pH adjustment is very important from 7 to 

8 at 27°C after sterilization process. Prepared final plates that were preserved 

at 5°C for 11 days period. According to method Petri plates were on incubation 
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at temperature 37 
o
C for 24 hours duration, process was repeated for water 

samples testing. If growth of microbes can be seen then result of sample is 

positive otherwise negative. Microbiological final confirmation was possible 

by biochemical reaction (APHA, 2005). 

 

 

3.9.1.2 Confirmatory Biochemical Tests For E. Coli growth  

 

 Further confirm the E. Coli growth in avoiding the any error found in 

the research, conduct the biochemical and physical tests as below.  

 

 

3.9.1.2.1 Catalase and indole Tests 

 

 This is E. Coli confirmatory test, test method is given in appendix 4 with 

chemical reagent details. When bacterial growth mixed with reagent, if 

reaction give colour red to yellow, test will be positive and indicate presence 

of microbial growth. 

 

 

3.9.1.2.2 Gram Staining 

 

 The microbial growth from media was spread and fixed on a clean glass 

slide and stained by putting the colour dye named as crystal violet on slid for 

30 seconds and then washed it with distilled water. Then Gram’s iodine was 

added on it for 10 seconds, after this, washed with tap water and uses 

decolourized as 95% Acetone alcohol solution and added finally safranin as 

secondary dye for 30 seconds. Final step was washed with tap water and dried 

in normal air. It was observed the slide under microscope with oil immersion 

objective of power 100X. 

 

 

3.9.2 Isolation and Identification of C. Botulinum 

 

 Media composition used from appendix 2, a Suspension is prepared by 

dissolving 37 grams media components in 500 ml ionized water and then heat 

it to its boiling state for complete mixed medium. Sterilize at 121°C by 

autoclaving at pressure 16 lbs at time 15 minutes and then keep the 

temperature from 50-55°C to avoid microbes contamination, aseptically add 

sterile 50 ml of Egg Yolk as Emulsion. Allow to mix well and transfer into 

sterile Petri plates for microbial growth (Hauschild, 1988). 
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 Incubated the Petri plates at 37 
o
C for the period of 24 hours. This 

process was repeated to other water samples for this test. Appears the colonies 

after incubation on the nutrient agar and number of positive (NP) samples 

recoded for this research. Final confirmation was made by biochemical 

reaction. 

 

 

3.9.2.1 Confirmatory Biochemical Tests For C. Botulinum growth 

 

 Further confirm C. Botulinum growth in avoiding the any error in this 

research, conduct the biochemical and physical tests as below.  

 

 

3.9.2.1.1 Catalase and in dole Tests 

 

 This is C. Boulinum confirmatory test, test method is given in appendix 

4 with chemical reagent details. When bacterial growth mixed with reagent, if 

reaction give colour red to yellow, test will be positive and indicate presence 

of microbial growth. 

 

 

3.9.2.1.2 Gram Staining 

 

 The microbial growth from media was spread and fixed on a clean glass 

slide and stained by putting the colour dye named as crystal violet on slid for 

30 seconds and then washed it with distilled water. Then Gram’s iodine was 

added on it for 10 seconds, after this, washed with tap water and uses 

decolourized as 95% Acetone alcohol solution and added finally safranin as 

secondary dye for 30 seconds. Final step was washed with tap water and dried 

in normal air. It is observed the slide under microscope with oil immersion 

objective of power 100X. 

 

 

3.9.3 Isolation and Identification of Cyanobacteria 

 

 Medium (given in appendix 2) dissolved in 1000 ml of deionized water, 

and then it need autoclave for 15 min at 121 °C. Incubated the Petri plates for 

24 hours at 37 
o
C, and then process repeated for other water samples used in 

this research. It was Appeared the colonies after incubation on the growth 

medium and number of positive (NP) samples recoded for this research. Final 

confirmation was made by biochemical reaction (APHA, 2005). 
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 The medium is made up in 2 parts as given in appendix 2 dissolved in 

Distilled water 100 ml, Adjust to pH 7.6-7.8 with 1M NaOH or HCl put in 

deionized water and maintain the pH at 7.5 for medium 1&2.  

 

 Autoclave parts 1 and 2 separately at 121 °C, cool and mix aseptically. 

Add 15g non-nutrient agar per liter of medium into deionized water and 

maintain the pH at 7.5. 

 

 The Petri plates were incubated at 37 
o
C for 24 hours and the process 

was repeated to other replicates of water samples. Appears the colonies after 

incubation on the growth medium and number of positive (NP) samples 

recoded for this research. Final confirmation was made by biochemical 

reaction. 

 

 

3.9.3.1 Confirmatory Tests for Cyanobacteria and Algae growth 

 

 Microscopic observation was performed to verify a normal and healthy 

appearance of the inoculums culture of both Cyanobacteria and Algae and to 

observe any abnormal appearance of the algae and Cyanobacteria at the end of 

the test for taking the best quality in research. 

 

 

3.10 TOXINS DETECTION AND ANALYSIS METHODS 

 

 Only ELISA method is used for toxins analysis which still very useful 

and reliable in analytical lab testing field. The samples were analysed inside 

Chemical Bio-Tech laboratories, staffed with technicians and they skilled to 

handle the safely about microcystins toxin, botulinum toxin and Shiga toxins. 

Every day, fresh reagents were prepared from standards solutions in DW. 

Prepared the each sample was in its own container and labelled with 

identification number of sample that also noted in a laboratory record book 

with particulars of the sample preparation. Before analysis of each sample, the 

verification of staff recorded about the sample identification with number on a 

sample data sheet. After complete the analysis, sample results recorded on the 

sample data record book. All test samples were three times repeated for 

analysis (Lequin and R. M. 2005).  

 

 

3.10.1  Microcystins Toxin Testing Method 

 

 ELISA is the most reliable method for rapid screening of samples for 

detection of microcystins because its sensitivity and specificity very clear with 
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ease operation in devices. ELISA assay provide the information about the total 

toxin concentration in the sample.If the water samples very clear or filtered, 

then the testing were started with following assay protocol with better 

sensitivity, where the analysis of the three microcystins calibrators are 0.16, 

1.5 and 2.5 ppb performed, were diluted as 1:3 by adding 100 μL of each to 

200 μL of kit water and then give the concentrations of calibrators as 0.05, 0.2 

and 0.83 ppb respectively. The technique is involved by the adding of 50 μL of 

negative control, each calibrator with each sample put in the wells and get 50 

μL of microcystin with added assay diluent and was incubated for 30 minutes 

on a shaker (Lequin and R. M. 2005).  

 

 Next, added 100 μL of microcystins enzyme conjugate to each well and 

once again wells for 30 minutes were incubated, after then the wells four times 

with wash solution.  

 

 The step solution was added of substrate to each well and further for 30 

minutes incubated. 100 μL of the stop solution was added to each well after 

incubation, the contents of the wells change into yellow and measured their 

optical density with Micro plate Reader at 450 nm. The optical density values 

given by the reader and toxin concentration in the samples were calculated 

from the standard curve from the 3 Calibrators (Ahsan and MA Sheikh, 2010).  

 

 

3.10.2 Laboratory Testing Method of Botulinum Toxin 

 

 The procedure of testing is involved the following steps for investigating 

liquid samples for the identification of botulinum toxin (Brooks et al., 2011),  

a) Dilution buffer of 50: 1L was added to all wells that hold a 

sample. 

b) Test sample of 50: L was added to the dilution buffer and 

incubated the plates for one hour at 25 
o
C temperature. 

c) Washed three times Plates with 200: 1L of ELISA washes buffer 

per Well. 

d) Detect antibody, was added of 100: L to each sample well and 

incubated the plates for one hour at 25 
o
C temperature.  

e) Washed Plates three times with 200: 1L of ELISA washes buffer 

per well. 
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f) Added conjugate of 100: 1L to each sample well, the plates 

incubated the plates for one hour at 25 
o
C temperatures. 

g) Washed three times the plates with 200: 1L of ELISA washes 

buffer per well. 

h) Added 100: 1L of substrate solution to each sample well, the 

plates incubated the plates for one hour at 25 
o
C temperature.  

i) Read the results visually. Colour changed of Different Wells that 

one differences in the negative and positive control as having 

given in results of liquid samples. The procedure took 

approximately 5 hours. 

 

 

3.10.3 Laboratory Testing Method of Shiga Toxins 

 

 The concentration of residual Shiga toxins after heat treatment was 

determined by using ELISA, the Premier TM EHEC ELISA kit (Meridian 

Bioscience, Cincinnati, OH). Multi-point standard curves as well as positive 

and negative controls were performed to reduce variations among ELISA 

testing. The cut-off concentration according to the manufacturer’s instructions 

was OD=0.18.  

 

 The Premier EHEC test kit utilizes monoclonal anti-Shiga toxin capture 

antibodies absorbed onto the bottom of microwells. When testing, 100 μL 

samples were added to each well mixed thoroughly with the pipette and 

incubated at room temperature (RT) for 1 hour of the 96-well plates. Then 

Wells were washed according to manufacturer’s instructions. Volumes of 100 

μL of polyclonal anti-Shiga toxin antibodies provided by the kit were added 

into each well, mixed well as before, and incubated at RT for 30 min. Wells 

were washed again to remove unbound antibody. Aliquots of 100 μL of 

enzyme-conjugated anti-IgG polyclonal antibody was added into each well, 

mixed and incubated at RT for 30 min. After washing to remove unbound 

conjugate, 100 μL of substrate were added to each well and incubated for 10 

min at RT of plates, added of 100 μL as stop solution into wells (Gerner-Smidt 

et al., 2008). And then measured absorbance at 450 nm by using a Bio-Tek 

Kinetics Reader (Lequin and R. M. 2005).The steps of this ELISA method are 

shown as, 

a) each of 96-well was add bi 100 μL sample to plate of ELISA  

b) 100 μL of enzyme conjugated anti-IgG polyclonal antibody was 

add to each well 
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c) Add 100 μL of polyclonal anti-Shiga toxin antibodies to each well 

d) wash buffer 4 times with Wash plate  

e) At room temperature for 30 min to Incubate plate  

f) wash buffer Wash the plate 4 times  

g) at room temperature for 30 min to incubate plate  

h) 4 times Wash plate with wash buffer 

i) Add 100 μL of stop solution into each well 

j) At room temperature for 10 min to Incubate the plate  

k) Reading 

 

 

3.11 LIVER FUNCTION TESTS  

 

 Biochemical Testing methods are available for liver function Tests of 

humans and animals to know how liver damage due to excess inhaling the 

toxins (Singh et al., 2007). 

 

 Collection of blood samples were done by injecting the siring into the 

large vein of elbow used anticoagulant EDTA vial. Blood samples is used for 

complete count with regard to the liver enzymes, was investigated in a whole 

blood.  

 

 Serums of samples were collected after mechanical centrifugation of the 

samples blood, and start the analysis of clinical chemistries of blood samples. 

Used the Chemical reagent (in form kits) to determine concentrations of 

following parameters in the serum as, 

 

1. Protein  

2. Aspartate amino- transferase (AST),  

3. Alanine amino transferase (ALT),  

4. G-glutamyl transferase (GGT),  

5. Alkaline phosphatase(ALP)  

6. Total Bilirubin 

7. Direct bilirubin 
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3.11.1 Alkaline Phosphate (ALP) 

 

Reagent  

i. Reagent 1 have chemical composition as, 

 HCl Diethanolamine buffer, 9.8 pH, in 1.0 mol/l 

ii. Reagent 2 contain 

 Magnesium chloride.0.5 mmol/l 

 4-nitrophenyl phosphate, 10 mmol/l 

 

 Reagent 1 and reagent 2 was mixed at 4:1, respectively. The reagent 

solution is functional for 24 hours when it stored at +15 
o
C to +25 

o
C or 5 days 

at +2 
o
C to +8 

o
C. 

 

Method: 

 Prepared the micro test tubes in the following order as, 

 

     Sample  

 Working reagent   1000 ul 

 Sample serum   20 ul 

 

 Mixed well them and detect the absorbance at 405mm three times on lab 

analyser machine, which give reading directly and then calculate by using 

following formula of alkaline phosphatase in u/l: 

 

 Alkaline Phosphate (U/l) = (ΔA/min)x2754 

 where, ΔA is the value of observance 

 

 

3.11.2 Alanine Amino Transferase (ALT) 

 

Reagent  

i. Tris buffer with pH 7.5, 100 mmol/l 

ii. L-alanine 500 mmol/l 

iii. 2-oxoglutarate 15 mmol/l 

iv. Nicotine adenine dinucleotide hydrogenase (NADH), 0.18 mmol /l 

v. Lactate dehydrogenase > 1.2 KU/l 

 

 Prepared the Working reagent by dissolving the above composition in a 

vessel of 3 ml for preparation of the Tris buffer solution. Used Within 3 days if 

preserved at 2
o
C to 8 

o
C. 

 

Method 

 Prepared the micro test tubes in the following order as, 
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     Sample 

 Working reagent   500 ul 

 Sample serum   50 ul 

 

 Mixed them well and detect the absorbance at 405mm three times on lab 

analyser machine, which give reading directly and then calculate by using 

following formula of the enzyme ALT in the µ/l. 

 

 Enzyme activity (µ/l) = ΔA/min x 1746  

 

 

3.11.3 Gamma Glutamyl Transferase (GGT) 

 

Reagents: 

i. 100 mmol/l by Tris buffer with 8.25 pH,  

ii. 100Glycylglycine, mmol/l 

iii. L-r-rglutamyl-3-carboxy-4-nitroanalide, 4 mmol/l 

 

 Prepared Reagent solution by adding the above three reagents in a bottle 

with volume of 25 ml. shake them well. the solution reagents usable within 

two weeks at temperature +2 
o
C to +8 

o
C  

 

Method 

 Prepared the micro test tubes in the following order as, 

 

     Sample 

 Working reagent   500 µl 

 Sample serum   50 µl 

 

 Mixed well them and detect the absorbance at 405mm three times on lab 

analyser machine, which give reading directly and then calculate by using 

following formula of GGT in u/l: 

 

 Enzyme activity (µ/l)= ΔA/min x 1158 

 

 

3.11.4 Total Bilirubin 

 

Regents: 

i. 29 mmol/l of Sulfanilic acid and HCI 170mmol/l  

ii. 29 mmol/l of Sodium nitrite  
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iii. Accelerator composition is 460 mmol/l sodium citrate, 130 

mmol/caffeine, 156 mmol/l sodium benzoate  

iv. Fehling solution II with composition as sodium hydroxide solution, 

930 mmol/l potassium sodium tartrate, 1.9 mmol/l 

 

Method: 

 

 Prepared the micro test tubes in the following order as, 

 

     Sample  Blank Tube 

 Reaction Solution   1000 µl  ------------ 

 Sample Serum   100 µl  100 µl  

 Solvent    --------  1000 µl 

 

 Diverse well, allow at room temperature to stand for 10 minutes. 

Fehling’s solution II with molarity 250 µ/l added in test tubes. Again well 

mixed, after 5 minutes the absorbance measured at 578 nm on lab analyser 

machine as total bilirubin concentration in sample of serum in unit of mg/dl 

using formula as given: 

 

 Total Bilirubin Concentration = Absorbance x 10.5 mg/dl 

 

 

3.11.5 Direct Bilirubin 

 

 Total bilirubin reagents as same were used measure the direct bilirubin. 

 

Method: 

 

 Two test tubes were prepared as follows: 

 

    Sample  Blank 

 Sodium   1 drop  ------- 

 Sulfanilic acid 200 µl  200 µl 

 Isotonic   2.0 ml  2.0 ml 

 Sample serum  200 µl  200 µl 

 

 Exactly 5 minutes Shakes immediately at room temperature, after 

addition of serum then measure the absorbance was taken at 546 nm on lab 

analyser machine for direct bilirubin analysis of serum of sample in unit mg/dl 

by using given formula as following:  

 

 Concentration of Direct Bilirubin = Absorbance x 14.0 
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3.11.6 Total protein 

 

Reagents  

 

 The concentration of Biuret reagents were taken as 18 mmole/l 

potassium iodide, 32 mmole/l potassium sodium tartarate, 200 mmole/l sodium 

hydroxide and 12 mmole/l copper sulphate. The regents and water were mixed 

in ratio of 1:10 ml with ionized water and was stable for one month at 27 
o
C 

temperature.  

 

Method: 

 

 Prepared the micro test tubes in the following order as, 

 Biuret reagent  5 ml 

 Sample serum  100 µl 

 

 Mixed well them and after 15 mins to detected the absorbance at 405mm 

three times on lab analyser machine, which give reading directly and then 

calculate by using following formula of alkaline phosphatase in µ/l: 

 

 Total protein (gm/dl)  

  = (ΔA of sample / ΔA of standard) x Standard protein  

 

 where, ΔA is the value of observance  

 

 

3.12 RENAL FUNCTION TESTS  

 

 Kidney function tests parameters are blood glucose, urea, creatinine and 

some electrolytes as sodium, potassium and calcium. Following methods are 

adopted for testing in lab. 

 

 Blood sugar digital meter was calibrated first and then blood samples 

analyzed by taking a drop of blood was put on strip from human and animals 

blood samples, only ten second waited for final quantitative results. Same 

process was reported three times to avoiding the errors in research.  

 

 Creatinine and urea were analyzed on Japan automatic biochemistry 

analyser, regents and chemical already stored and fixed inside machine, self-

taking two drops of blood from sampling sources by analyser was performed 

to complete testing operating. 
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 Serum electrolytes as sodium, potassium and calcium were analyzed 

using the digital automatic biochemistry analyser, no need to use the chemical 

and regents inside this machine. Analyser was took the 10 µl blood sample 

from sampling source and then displayed the final results on screen of analyser 

(Wieler, 2003).  

 

 

3.13 EXPERIMENTS 

 

 Above methods related to testing in the lab, but the following methods 

are applied to samples of drinking water for disinfection and to remove the 

toxins from drinking water by developing the water treatment plan with fixed 

chemical compositions describe one by one under headlines (APHA, 2005) as, 

 

 

3.13.1 Chlorine Use for Disinfection Process 

 

 The 35 percent chlorine best source is bleaching powder, that existing as 

in form of white powder, but Bleaching powder as used for treatment of 

drinking water source is not suggested by WHO and it can apply on only is 

suitable for swimming water disinfections.  

 

 However, it was used mono chloramine (NH2Cl) as chlorine source by 

chemical reaction between (NH3 + HOCl) to produce the recommended 

chlorine with the ammonia ratio of 4.5:1, which used in water treatment 

(Bassak, 2003).  

 

 NH3 + HOCl → NH2Cl + H2O 

 

 

3.13.1.1 Chlorine Analysis 

 

 116 drinking water samples were analyzed and estimated the chlorine 

values. Chlorine was analyzed by consuming Free Chlorine Test Kit (HI 3831 

F) manufactured by HANNA chemical test kit Italy with cubes of colour and 

using mechanism written on control paper. 

 

 In this process, the disinfectant and bleaching agent was known as 

hypochlorus acid and this chlorine known as free chlorine that was estimated 

by using the colorimetric techniques. Reaction of DPD as N,N-diethyl1, 4-p-

phenylenediamine at buffered 6.3 pH condition was directly reacted with 

chlorine and appeared rose-coloured. Solution intensity of the colour was 

measured the free chlorine concentration (APHA, 2005). 



 51 

 

 

3.14 BOTTLES PREPARATION USED IN BATCH EXPERIMENTS 

 

 1000 ml of glass bottles was used in different extraction process. 

Washed the bottles three times with acetone and then dipped three times in 

petroleum ether, dried in light finally. Sterilized the bottles in an oven at 

250°C for 1.5 hours. Aluminum sheets used as for its covered and covers also 

dried at 105°C for 2 hours in an oven. 

 

 

3.15 COMPOSITION OF ACTIVATED CARBON FOR 

EXPERIMENTS  

 

 The sieved activated carbon was used with the average fraction of 0.5& 

05.7 mm for these experiments. The stored the activated carbon in glass and 

enclosed with an aluminum sheet. Drinking water passed through the activated 

carbon, it settled and removed particles including floating partials and other 

dissolved toxin chemical. Experimental this procedure repeated again and 

again up to the drinking water was clear and chemical removed. After 

experiment, stored the activated carbon was in an airtight dark device. The 

activated carbon was again dried at 105°C before starting the experiment 

(Boyer T.H. and Singer P.C. 2008). 

 

 

3.15.1 Addition of Activated Carbon to different Samples of Water 

 

 To measure the mass of activated carbon first and then put it into a 

prepared bottle, used as vessel. A thrilling bar put inside the bottle then it was 

sealed with cover of aluminum. On weighing machine, it was calculated the 

mass of activated carbon, bottle and stirring bar. Then 27 ml of ultra-pure 

water was added to each of bottle and boiled them for 3 minutes for remove air 

from the activated carbon bottle. After some time, cooling down the bottle to 

normal temperature and then it was measured total weigh difference after and 

before boiling process. To added the one liter of samples of different water and 

Then mass of the bottle calculated and recorded on data book, finally. 
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3.16 PREPARATION OF COAGULANTS SOLUTIONS 

 

3.16.1 Aluminum Sulphate (AS)  

 

 In the experiments, it was used Aluminum sulphate as chemical formula 

Al2(SO4)3·14H2O. Different composition of solutions prepared using 

calculated amount of aluminum sulphate salt dissolved in deionized water. 

Solution of different concentration used in this study as given in below, 

 

Table 3.7 

Different Composition of Aluminum Sulphate Solution Used in Study 

 

AS Concentration (mg/l) 5 10 15 20 25 30 

 

 

3.16.2 Ferric Chloride (FC)  

 

 In the experiments, it was used the coagulant Ferric chloride as chemical 

formula (FeCl3.6H2O). Different composition of solutions was prepared using 

calculated amount of Ferric chloride salt dissolved in deionized water. 

Solution of different concentration used in this study as given (3, 6, 9, 11, 16). 

 

  

3.17 COAGULATION EXPERIMENTS 

 

 At room temperature (27
o
C), Coagulation experiments were performed 

using two jar test equipment. In his process taken the untreated water from 

different three drinking water samples from different sources mentioned 

previously. The in each jar, sample volume of untreated water was taken 2L, 

but actual capacity of jar was 5 litter. To calculated the performances 

efficiency of aluminum sulphate in different concentration (mentioned in 

table) as coagulation process for removing the toxins from drinking samples of 

water.  
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CHAPTER 4: 
 

RESULTS AND DISCUSSIONS 
 

 

4.1 RESULTS OF TOXINS AND MICROBIOLOGICAL ANALYSIS 

OF WATER AND BLOOD SAMPLES 

 

4.1.1 Toxins Analysis 

 

 Toxins concentrations in the canal Water samples, water storage tanks 

samples and ground water samples were monitored using ELISA method 

because that was a very reliable method for a detection of toxins from 

microbes. It was found the different concentrations of toxin level in different 

samples and there was seen in canal water samples the Shiga toxins with very 

high values as (16.5±0.9) mg/l with range of 10-19, botulinum toxin 

(10.5±0.7) mg/l with range of 9-11.5 and microcystins (22±2) mg/l with range 

of 18-23 as shown in Table 4.1. The toxins with very low values was observed 

in ground water samples as Shiga toxin (0.7±0.02) mg/land in range 0.5-1.2, 

microcystins (2.3±0.2)mg/l and in range 1-2.9 detected and botulinum toxin 

(1.2±0.1)mg/l and in range 0.5-1.4, respectively as shown in Table 4.1. 

 

 Microcystins are 200 times more toxic and poison than cyanide metal. 

This toxin has structural variants include amino acid substitutions and 

alterations such as methylation and demethylation. Drinking water supplies 

contaminated with Cyanobacteria toxins is a main cause of a health hazard for 

human beings, domestic animals both large and small, and wildlife animals. 

 

 Several factors contribute to the production the toxins like 

environmental condition and nutritional requirement, so algae and 

Cyanobacteria microbes can grow in surface water as faster with toxin 

microcystins are produced quickly. Similarly, microbes C. Botulinum and E. 

Coli were produced their metabolites as botulinum and shiga toxins, it was 

shown relative growth quantity of toxins and microbes in tables (4.1 & 4.2).  

 

 The ELISA test kit had 98 test facilities for each toxin like shiga, 

botulinum and microcystins. Toxins are basically pure organic compound with 

covalent bond and Elisa method is developed on base to detection of single 

Covent bond presence. Water temperature was varied from 11 to 20
o
C during 

sampling for our study, such changes temperature are characteristic for this 

area.  
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 The isolation of waterborne bacterial pathogens at such a high 

percentage is a meaningful concern because contaminated water plays crucial 

role in the prevalence of waterborne and water related bacterial diseases 

outbreaks in the rural population of city Sheikhupura.  

  

 

4.1.1.1 Microcystins 

 

 Human and animals blood analysis showed that toxin values had a 

correlation between them and both of their food chain was suffering from 

hazardous toxins shown in Table 4.1. 

 

 Sampling area includes human or animals suffering from a disease or a 

type of illness related with gusto or liver functions because Gastro and liver 

function is disturbed, this is cited in literature. 

 

 Microcystins toxin limit is only 1 mg/l under the WHO in drinking 

water but other toxins like botulinum and shiga have no standard given by 

WHO. 

 

Table 4.1 

Data of Water & Blood (Human & Animals) Samples Analysis 

Sampling Type 

(mg/l) 

Shiga Toxin Botulinum Toxin Microcystin (Toxin) 

Mean±S.D Range Mean±S.D Range Mean±S.D Range 

Canal Water  

Samples 
16.5±0.9 10-19 10.5±0.7 9-11.5 22±2 18-23 

Storage Tanks  

Water Samples 
1.8±0.1 0.5-3 1.2±0.1 0.3-1.9 5.5±0.3 4.5-6.8 

Ground Water  

Samples 
0.7±0.02 0.5-1.2 1.2±0.1 0.5-1.4 2.3±0.2 1-2.9 

Animal Blood  

Samples 
1.56±0.05 0.2-2.2 1.9±0.4 0.5-2.3 5.7±0.5 1-7.9 

Human Blood  

Samples 
0.16±0.01 0.2-2.7 0.9±0.2 0.1-1.5 2.7±0.4 0.5-4.5 

 

 

4.1.2 Microbiological Analysis (Microbes Detection) 

 

 Microbiological detection techniques were used for identification of 

microbe growth that observed on Petridish using by different media culture 

details given in appendix 3 and this method applied to microbes (E. coli, C. 

Botulinum and Cyanobacteria as algae)on different culture media, practically 
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performance detail given in the methodology section. So, detection of 

microbes in each samples types like drinking canal water, water storage tanks 

and ground water, then calculate the percentage of samples in which microbes 

detected given in Table 4.2.  

 

 Ground water sample contamination was (45±1.3)% of bacterial E. Coli 

and Cyanobacteria as algae was (42±1.9)% contaminated, and canal water was 

highly polluted as concentrations with E. coli (98±2.1)%, C. Botulinum 

(92±2)% and Cyanobacteria (97±2.7)% , this was a strong alarm to protect the 

water sources and must use drinking water with extra treatment. Due to ground 

water contamination, most population uses ground water in their usual 

activities, even in storage tanks, results showed water contamination in 

domestic storage tanks 53% of bacteria, and 63% of Cyanobacteria as algae 

observed in Table 4.2. 

 

 Results given in Table 4.2, this was an over limits of water which was 

hazards and toxic for both human and animals health and these were major 

sources of haptic and gastro disease spreading in that area where taken the 

sampling for this studies.  

 

Table 4.2 

Detection of Microbes in Different Water Samples Analysis 

 

 

Microbes 

water Storage Tanks 

Samples Detection 

in percentage (%) 

per samples 

Ground Water 

samples Detection in 

percentage (%) per 

samples 

Canal water samples 

Detectionin 

percentage (%) per 

samples 

Mean±S.D Rang Mean±S.D Rang Mean±S.D Rang 

E. Coli 53±1.5 45-55 45±1.3 40-50 98±2.1 97-99 

C. Botulinum 49±1.2 47-52 40±1.2 38-43 92±2 90-95 

Cyanobacteria 63±2.5 60-66 42±1.9 40-44 97±2.7 95-99 

 

 

4.2 EFFECT OF TOXINS ACCUMULATION IN BODY ON LIVER 

FUNCTIONS PERFORMANCE  

 

 According to literature it is confirmed that liver function, performance is 

disturbed due to accumulation of toxins in the body because the work function 

of the liver is to detoxify the toxins and other harmful substances but if the 

toxin load increased liver function values changed and disrobed. 

 

 Liver function medical tests are very important for the identification of 

hepatic illnesses in both animals and humans such as, estimation of serum 
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albumin, globulin, ALT, bilirubin, AST and GGT levels along with several 

specific enzymes as well. But, there is lack of information in literature 

regarding work on these tests for hepatic insufficiency in buffaloes and caws. 

Keeping this in view the present study has pictured with the objective of 

assessment of some liver function tests for the diagnosis of hepatic 

insufficiency in clinical cases of infectious and non- infectious diseases in 

buffaloes and cows under over sampling regime. 

 

 Especially ALT liver function tests depend on liver hotness and blood 

purifications, its value increase showed that blood has high level toxin 

concentrations. Animals were also infected because their SGPT values in the 

range of 78-82 which is no good sign for milk producing animals, similarly 

SGOT was high, which was showed, that liver status was not good and these 

effects may appear in their meat and milk production. Identification of toxins 

in blood samples showed that toxins present in food chain and this was a 

serious threat to all living things. 

 

 The results of complete LFTs blood tests revealed that all animals had 

the liver enzymes, there were mild elevation of ALT (80.50 ± 3.90; reference 

range 5-40 units/L) and GGT(24.80 ± 4.30; reference range 12-64 units/L) in 

buffalo animals given in Table 4.3 and, while AST and ALP were also not 

within reference range in all examined animals (AST: 84 ± 4.1; reference 

range 5-42 units/L; ALP: 416±10; reference range 410-420 units/L;. all the 

units values given from kit bio-check company. 

 

 Similarly In Table 4.3, it was clearly showed that cattle’s liver enzymes 

in abnormal form as given values in ascending order because castles had to 

used canal water for drinking purposes due to some economic reasons under 

our surveys. We had already discussed the quality results of canal water as 

previous given in Table 4.2.  

 

 Liver damage situation is a very serious health issue across world due to 

drinking of bad quality water.  
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Table 4.3a 

Live Function Clinical Test of Humans and Animals 

Blood 

Parameters 

Unit 

Human Blood Samples Buffaloes Blood Samples Cattle Blood Samples 
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SGPT 

(ALT) U/L 
53±1.6 50-56 5.0-40 80±3.9 78-82 5.0-40 50±2.9 47-53 5.0-40 

SGOT 

(AST) U/L 
50±1.1 48-53 5.0-42 84±4.1 80-87 5.0-42 72±3.1 68-74 5.0-42 

Alkaline 

Phosphatas

e (ALP) 

U/L 

253±4.3 245-263 98-279 416±10 410-420 98-279 299±7.8 290-310 98-279 

Total 

Proteinsg/

dl 

7.7±0.7 6.5-8.7 6.0-8.5 16.7±1.6 15-18 6.0-8.5 4.2±1 15-18 6.0-8.5 

GGTU/L 4.5±0.3 4-5 12-64 20±2.2 18-22 12-64 7±1.2 12-64 3.5-5.0 

Globulin 

g/dl 
4±0.2 3.5-4.5 1.2-3.2 11±0.9 10-12 1.2-3.2 7±0.7 6-12 1.2-3.2 

Bilirubin 

Total 

mg/dl 

2.2±0.1 1.9-2.7 0.2-1.2 10±0.7 8-12 0.2-1.2 3±0.4 1-5 0.2-1.2 

 

 Liver function tests are usually represent and recognized as the reliable 

indicator of liver performance of detoxification function. Inside the liver, 

enzymatic activity have been raised up, this is may be due to synthesis of 

enzymes, their low levels indicate that the enzymatic inhibition due to liver 

injury without specific regeneration. Among liver enzymes, amylase GOT, 

GPT and ALT were elevated in the samples of human blood, it was showing 

acute liver damage (hepatitis), while in samples of animal’s blood, all these 

enzymes were inhibited showing hypo condition or dysenzymia.  

 

 The raised values of LFTs showed the enzymatic activity in the blood 

that attributed to liver damage, while their low values of LFTs showed in 

Table 4.2, the regenerative power of liver to minimize and cell membrane may 

injury.  

 

 The increased enzymatic activities in the liver might be due to increased 

enzyme synthesis to the damage the liver in the collected samples of humans 

and animals. The decreased activities of enzymes in liver may be attributed to 

decreased enzyme synthesis and it may also be due to changes in absorptivity 

of hepatic cells.  
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 Results clear about amylase activity in the present investigation 

increased in both of samples of humans and animals. Amylase is secreted by 

the exocrine region of pancreas in mammalians system. The increased activity 

may be due to pancreatitis or due to the damage of the amylase secretary cells 

inside body. There is also the possibility that greater amounts of amylase were 

secreted into the intestine, which causes the consequently enhanced starch 

digestion, and transferred itself to the degradation products into portal blood, 

and then into liver and hepatic cells through assimilation, which may also be 

caused for hyperglycemic response in humans. 

 

 

4.3 EFFECTS OF TOXINS ON RENAL FUNCTION OF KIDNEYS 

 

 Liver and kidneys are worked together because if one of them does not 

give properly routine function its means one of organ in process of damaging. 

According to the literature, it is sure abnormal values of liver enzyme due to 

microcystins toxicity may cause of kidneys problems such as metabolic protein 

convert into ammonia and then urea by liver break down reaction but only 

kidneys cannot excrete without breaking down. If kidneys work as it is, they 

must damage because such big molecule can damage the sensitive filtering 

tissues of kidneys.  

 

 Previous studies had shown that liver problems affect the kidneys 

functions that may lead different bundle of diseases as similar observed in this 

research. Both human and animals liver and kidneys functions are distributed 

as shown in Tables 4.3a & 4.3b for liver and renal or kidneys functions tests.  

 

 A change in the amount of urine produced or blood in the urine may 

indicate kidney toxicity. Sodium, potassium and calcium are the minerals that 

show the kidneys performance. 

 

Table 4.3b 

Renal Function Clinical Test of Humans and Animals 

Parameters Units 
Humans Buffaloes Cows Reference 

Range Mean±SD Range Mean±SD Range Mean±SD Range 

Urea mg/dl 2.2±0.5 2-3 4.1±1.1 4-5 3.2±0.6 2.5-4 0.9-1.1 

Creatinine mg/dl 2.7±0.7 1.9-3 4.7±0.5 4-5.3 3.7±0.4 3-4.3 1.2-1.9 

Ammonia µg/dl 109±0.49 100-116 127±10 120-140 116±10.4 110-127 13.0-108.0 

Glucose mg/dl 53±4 47-57 47±3 45-52 60.7±4 55-63 75-115 

Calcium mg/dl 6.2±0.7 5-7 9.3±0.9 7-11 7±0.9 6-10 1.3-4.6 

Potassium mg/dl 7±0.49 6-8 9±3 10-11 7.2±0.5 6-9 1.5-5.4 

Sodium mg/dl 1.2±0.2 0.7-2 1.4±0.3 0.9-2 0.97±0.3 0.7-1 0.9-3 
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4.4 EFFECT OF CHLORINE DOSE ON DISINFECTION OF 

MICROBES  

 

 The detection of E. Cole was seen in three samples of water storage 

tanks, canal water and ground water as in Tables (4.4, 4.5, and 4.6), so all 

samples of water are treated with dose of chlorine for disinfection. Effective 

dose for disinfection with chlorine is 1.9 mg/l when treated the samples of 

water storage tanks with no residue, 1.5 mg/l effective dose for ground water 

and 2.2 mg/l is an effective dose for canal water with no residues left behind 

after treatment. However, According to literature effective dose is depending 

on microbes and organic matter in specific samples of water. 

 

Table 4.4 

Data about Disinfection dose of Chlorine to  

Kill the Microbes in Ground Water Samples 

Chlorine 
Dose 
(mg/l) 

E.Coli 
(Growth 

Indication) 

Chlorine 
Residue mg/l 

C.Botulinum 
(Growth 

Indication) 

Chlorine 
Residue mg/l 

Cyanobacteria 
(Growth 

Indication) 

Chlorine 
residue mg/l 

Growth on 
Microbial 

Media 
Mean Range 

Growth on 
Microbial 

Media 
Mean Range 

Growth on 
Microbial 

Media 
Mean Range 

1 YES 0 0-0 YES 0 0-0 YES 0 0-0 

1.5 NO 0.1 0-0.2 NO 0.2 0.1-0.5 NO 0.3 0.1-0.4 

2 NO 0.6 0.2-0.7 NO 0.7 0.2-0.9 NO 0.5 0.2-0.7 

2.5 NO 1.2 0.5-1.4 NO 1.2 0.5-1.4 NO 1.5 0.5-1.7 

3 NO 1.9 0.7-2.2 NO 1.7 0.7-1.9 NO 1.9 0.7-2.2 

3.5 NO 2.4 1-2.5 NO 2.1 1.2-2.4 NO 2.4 2.2-2.7 

4 NO 2.9 1.7-3.2 NO 2.7 1.5-2.9 NO 2.9 2.7-3 

4.5 NO 2.2 1.1-2.9 NO 3.1 1.9-3.2 NO 2.4 1.1-2.9 

 

 The microorganism C. Botulinum was isolated in three samples of water 

as storage tanks, and canal water and ground water, but contamination of  

C. Botulinum is maximum noted in canal water samples and water storage 

tanks because often people preserve canal water as stored for domestic use, so 

all samples of water is treated with chlorine for disinfection by using different 

composition of doses. Effective dose for disinfection of chlorine is 0.9 mg/l in 

of storage tank with no residue, 0.5 mg/l effective dose for ground water and 

0.9 mg/l is an effective dose for canal water given in Tables 4.5, 4.6 and 4.7.  
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Figure 4.1: Graph Showing the Difference Chlorination Dose with Killing 

Microbes in Treatment Drinking Samples of Ground Water 

 

 In Figure 4.1, the species of algae as Cyanobacteria was seen in three 

samples as water storage tanks, canal water and ground water, then chlorine 

treatment of water was not a single and easy work. It must be needed a series 

of batch experiments for confirmation the chlorine dose. All samples of water 

are collected from different sites as mentioned above and must be need 

different dose requirement of disinfection process. 

 

 Effective dose for disinfection of chlorine is seen at 1 mg/l for killing of 

the Cyanobacteria in sample of storage tank with no residue, 0.5 mg/l effective 

dose for ground water and 1.3 mg/l is an effective dose for lake water because 

of the high level of Cyanobacteria in lake water. 
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Table 4.5 

Data about Disinfection Dose of Chlorine to Kill the Microbes in 

Treatment of Canal Water Samples 

Chlorine 
Dose 
(mg/l) 

E.Coli 
(Growth 

Indication) 

Chlorine 
Residue mg/l 

C.Botulinum 
(Growth 

Indication) 

Chlorine 
Residue mg/l 

Cyanobacteria 
(Growth 

Indication) 

Chlorine 
residue mg/l 

Growth on 
Microbial 

Media 
Mean Range 

Growth on 
Microbial 

Media 
Mean Range 

Growth on 
Microbial 

Media 
Mean Range 

1 Yes 0 0-0 Yes 0 0-0 Yes 0 0-0 

1.5 Yes 0 0-0 Yes 0 0-0 Yes 0 0-0 

2 Yes 0 0-0 Yes 0.1 0-0.3 Yes 0 0-0 

2.5 Yes 0 0-0 Yes 0.2 0.1-0.4 Yes 0 0-0 

3 No 0.1 0.2-0.4 No 0.3 0.2-0.4 No 0 0-0.1 

3.5 No 0.2 0.4-0.5 No 0.4 0.2-0.6 No 0.5 0.2-0.7 

4 No 1.2 0.7-1.5 No 0.5 0.3-0.7 No 1 0.5-1.4 

4.5 No 1.6 1.1-1.9 No 0.6 0.4-0.9 No 1.5 0.9-2 

 

 In Figure 4.2 observed samples of canal water need more dose of 

chlorine as compared to other samples such as ground water and storage water 

tanks because canal water had high load of microbes due to numerous sources 

of pollution like as organic matter and industrial effluent. 

 

 

 
 

Figure 4.2: Graph Showing the Difference Chlorination Dose with Killing 

Microbes in Treatment of Dinking Samples of Canal Water 
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 Industrial waste includes paper and pulp waste water and leather tannery 

waste water had both common of composition like microbes and their related 

toxins. As water has unique property of dissolving everything in it and this 

trend to increase the pollution of water. Inorganic salts have ability to ionise 

sudden in water due to high charge density on it. Dissolving process of salts in 

water is combination process of oxidation and reduction which help inorganic 

molecules completely disappear in water and one cause of water pollution.  

 

Table 4.6 

Data about Disinfection Dose of Chlorine to Kill the Microbes  

in Treatment of Water Storage Tanks Samples 

Chlorine 
Dose 
(mg/l) 

E.Coli 
(Growth 

Indication) 

Chlorine 
Residue mg/l 

C.Botulinum 
(Growth 

Indication) 

Chlorine 
Residue mg/l 

Cyanobacteria 
(Growth 

Indication) 

Chlorine 
residue mg/l 

Growth on 
Microbial 

Media 
Mean Range 

Growth on 
Microbial 

Media 
Mean Range 

Growth on 
Microbial 

Media 
Mean Range 

1 YES 0 0-0 YES 0 0-0 YES 0 0-0 

1.5 NO 0 0-0 NO 0.1 0-0.5 NO 0 0-0 

2 NO 0.1 0.0-0.4 NO 0.6 0.2-0.9 NO 0.2 0-0.4 

2.5 NO 0.2 0.1-0.4 NO 1.1 0.5-1.4 NO 0.3 0.1-0.5 

3 NO 1.2 0.5-1.4 NO 1.6 0.7-1.9 NO 1.4 0.5-1.5 

3.5 NO 1.6 0.7-2 NO 2.1 1.2-2.4 NO 1.7 0.7-2 

4 NO 1.9 0.7-2 NO 2.6 1.5-2.7 NO 2.0 0.7-2.1 

4.5 NO 2.2 1.1-2.9 NO 3.1 1.9-3.2 NO 2.4 1.1-2.9 

 

 In Figure 4.3 showed the low dose and high dose effect to inactive of 

different selected micro-organism but one matter is important in this figure 

that effective chlorine dose mean no residues formed in bottom of treatment 

vessel, it is if access chorine can cause cancer in human beings. Therefore, as 

results high dose of chlorine in form of residue is dangerous. 

 

 In this study, effective dose fixed in which no residues formed and 

microbes also killed, this was basically research objective achievement in form 

of one important goal.  
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Figure 4.3: Graph Showing the Difference Chlorination Dose with Killing 

Microbes in Drinking Samples of Water Storage Tanks 

 

 

4.5 EFFECT OF COAGULANT ALUMINUM SULPHATE ON 

REMOVING OF TOXINS DISSOLVED IN DRINKING WATER 

 

 In Table 4.7, it can be seen that different doses as different 

concentrations of coagulant Aluminum Sulphate was used as (2,4,6,8,10) mg/l 

that showed good result seven no need of high dose or concentration of 

coagulant Aluminum sulphate because water samples from water storage tanks 

had very low values of toxins in it. It is mentioned in literature about 

calculation of coagulant dose that if pollutants are in high concentration, then 

it is needed more dose of coagulant for proper removal of organic molecules 

dissolved in it. In addition to this, aluminum sulphate consists of aluminum as 

metal which is most reactive and ability to losing of electron and form 

chemical bond to another non-metal strongly.  

 

 In case of water storage tanks, at first dose of coagulant 2 mg/l was 

existed the shiga toxin 80% in range of 78-82 that was possible by presence of 

organic matter dissolved inside water sample in form of toxins and attracted 

with electropositive ions Al
+ 

due to dissociation of coagulant Aluminum 

Sulphate.  

 

 In similar way that Microcystins was existed 84% in range of 82-84 and 

91.66% of botulinum in range of 89-93 with dose of 2 mg/l (aluminum 

sulphate) that was needed to increase the efficacy of coagulant dose.  
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 In Table 4.7, using coagulant 10 mg/l and was removed shiga toxin 

0.066% with range (001-0.1), removed Microcystin 2% with range (2-3) and 

botulinum toxin 2.5% with range (0.09-3). 

 

 Next using the high dose of coagulation but many steps were involved 

to making more efficient of coagulant because in chemical reactions relative 

amount of reactants and products combined and effective yield was produced 

as removing of toxins, so in these chemical reactions was needed more amount 

of Aluminum Sulphate for removing the different toxins and dissolved 

materials from samples of drinking water.  

 

 In these studies, we observed to increasing amount of coagulant could 

increase the toxins removal rates, but condition of temperature and pressure 

must be under controlled.  
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Table 4.7 

Data of Aluminum Sulphate as Coagulant Doses for Removing Toxins from Drinking Storage Tank Water Samples 

Coagulant 
Dose (AS) 

(mg/l) 

Shiga Toxin 
(mg/l) 

(Actual 
value) 

Shiga 
Toxin(mg/l) 
Value after 
treatment 

Shiga Toxin 
Values after 

treatment (%) 

Microcystin 
(mg/l) 

(Actual 
value) 

Microcystin 
(mg/l) Value 

after 
treatment 

Microcystin 
Values after 
treatment 

(%) 

Botulinum 
toxin(mg/l) 

(Actual value) 

Botulinum 
toxin (mg/l) 
Value after 
treatment 

Botulinum 
toxin 

Values after 
treatment (%) 

Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 

2 1.5 0.5-2 1.2 0.3-1.9 80 78-82 5 5-6 4.2 3- 4.5 84 82-84 1.2 0.3-1.9 1.1 0.8-1.5 91.66 89-93 

4 1.5 0.5-2 0.9 0.2-1.5 60 58-62 5 5-6 3 2-4 60 58-62 1.2 0.3-1.9 0.9 0.6-1.2 75 74-76 

6 1.5 0.5-2 0.7 0.1-0.9 46.66 44-47 5 5-6 2 1.5-2.8 40 38-42 1.2 0.3-1.9 0.7 0.5-0.9 58.33 56-60 

8 1.5 0.5-2 0.5 0.1-0.5 33.33 32-35 5 5-6 1 0.5-1.9 20 19-21 1.2 0.3-1.9 0.2 0.3-0.5 16.66 14-18 

10 1.5 0.5-2 0.0 0.0-0.1 0.066 .001-.1 5 5-6 0.1 0.1-0.5 2 .09-3 1.2 0.3-1.9 0.1 0.1-0.2 2.5 2-3 
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 In Table 4.8, could be seen that Aluminum sulphate creates good results 

to remove the toxins from canal water samples by using high dose of coagulant 

because canal water is observed often time highly contaminated with carbon 

based dissolved solid like as microbe’s biomass and their metabolites as 

toxins. However, these organic materials have great capacity to be dissolved in 

water and make the source of contamination commonly in canal water  

 

 It is clearly seen in Table 4.8 that 10.90% value of shiga toxin in range 

9-11 remain only in canal water samples at dose 25 mg/l and also other toxins 

like as Microcystins and Botulinum had 18.18% values with range 16-22 and 

9.52% values with range 7-11 respectively found at same coagulation dose 25 

mg/l. it means that percentage of above given values show removal efficiency 

of different  toxins by using the Aluminum Sulphate coagulation and further 

idea is created that need of high dose for proper coagulation process. 

 

 During our sampling, It was came into our notice that all the animals 

and some human use canal water as direct source of drinking and domestic 

purpose. The high level of confederation of toxin in canal water is the basically 

source of disease of liver, skin and disorder stomach function for equally both 

animals and humans as well.   

 

 Gradually used the Aluminum sulphate in different dose was removing 

of toxins because here objective was to find optimum dose value for treatment 

of water for drinking purpose. Increase the dose of Aluminum sulphate step 

wise is the chance to minimize error in the batch experiments. Actually, in 

developing countries the water treatment related problems is badly affected 

due to mismanagement of handling the chemical dose in coagulation process 

that may show un-affected on water treatment process. Finally, these types of 

practice appear the toxic effects on public health by drinking.  
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Table 4.8 

Data of Aluminum Sulphate as Coagulant Doses for Removing Toxins from Drinking Canal Water Samples 

Coagulant 
Dose (AS) 

(mg/l) 

Shiga Toxin 
(mg/l) 

(Actual value) 

Shiga 
Toxin(mg/l) 
Value after 
treatment 

Shiga Toxin 
Values after 

treatment (%) 

Microcystin 
(mg/l) 

(Actual 
value) 

Microcystin 
(mg/l) Value 

after treatment 

Microcystin 
Values after 

treatment (%) 

Botulinum 
toxin(mg/l) 

(Actual value) 

Botulinum 
toxin (mg/l) 
Value after 
treatment 

Botulinum 
toxin 

Values after 
treatment (%) 

Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 

5 16.5 9.5-20 13.3 9.5-16 80.60 78-82 22 16-23 19 16-20.5 86.36 83-85 10.5 9-11.5 9 5-10 85.71 83-86 

10 16.5 9.5-20 10.2 6-14 61.81 59-63 22 16-23 16.5 10-17.7 75 74-78 10.5 9-11.5 7 3-8.5 66.66 63-68 

15 16.5 9.5-20 7 3-11 42.42 40-44 22 16-23 12.7 6.4-13.9 57.72 55-60 10.5 9-11.5 5 1-7 47.61 45-49 

20 16.5 9.5-20 4 1-8 24.24 23-27 22 16-23 9 7-10.5 40.90 38-42 10.5 9-11.5 3 0.5-5 28.57 26-29 

25 16.5 9.5-20 1.8 0.7-5 10.90 9-11 22 16-23 4 2.5-5 18.18 16-22 10.5 9-11.5 1 0.5-2 9.52 7-11 
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 In general, organic molecules as toxins in drinking water were removed 

95-97% by results with treatment of coagulant Aluminum sulphate using the 

different dose that depend on concentration of toxins in drinking water as seen 

in Table 4.7, 4.8 and 4.9. The greatest toxins reduction was observed in the 

water storage tanks samples and ground water samples, where 95.0% and 

97.0% toxins removal were found with Aluminum sulphate (40 mg/L) by 

concentration. Even use of Aluminum sulphate with Lower dosages was 

effective for the destabilization of toxins and other organic materials because 

of amino groups in the toxins had high charge density.  

 

 The removal of dissolved organic carbon as toxin and other organic 

matter was increased with the removal of turbidity and colour and it is reported 

the presence of toxins and dissolved organic carbon can be removed 

effectively with chemical treatment of Aluminum sulphate as a coagulant in 

high concentration. Given the results in Table 4.7 indicate that remove of 

toxins with organic matter of low molecular weight depends on the coagulant 

concentration and need to use this strong coagulant for canal water treatment 

for drinking purposes. The organic compound maximum removals have 

observed in the samples of canal waters with values as 22 mg/l in Table 4.10 

and it is also reported that the removal efficiency of coagulant depend on its 

molecular weight of pollutants. 

 

 
 

Figure 4.4: The Graph Shows the Different Dose Effect on Removing 

Toxins in Samples of Canal Water 
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Table 4.9 

Data of Aluminum Sulphate as Coagulant Doses for Removing Toxins from Drinking Groundwater samples 

Coagulant 
Dose (AS) 

(mg/l) 

Shiga Toxin 
(mg/l) 

(Actual 
value) 

Shiga 
Toxin(mg/l) 
Value after 
treatment 

Shiga Toxin 
Values after 

treatment (%) 

Microcystin 
(mg/l) 

(Actual 
value) 

Microcystin 
(mg/l) Value 

after 
treatment 

Microcystin 
Values after 
treatment 

(%) 

Botulinum 
toxin(mg/l) 

(Actual value) 

Botulinum 
toxin (mg/l) 
Value after 
treatment 

Botulinum 
toxin 

Values after 
treatment (%) 

Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 

1 0.7 0.5-1 0.6 0.5-1 85.71 83-87 1.2 0.9-2 1 0.8-1.6 83.33 80-85 1 0.5-1.2 0.9 0.5-1.1 90 89-92 

1.5 0.7 0.5-1 0.6 0.3-1 85.71 84-86 1.2 0.9-2 0.7 0.5-1 58.33 55-63 1 0.5-1.2 0.7 0.4-0.9 70 68-72 

2 0.7 0.5-1 0.5 0.3-0.9 71.42 69-74 1.2 0.9-2 0.5 0.3-0.9 41.66 39-43 1 0.5-1.2 0.5 0.3-0.7 50 47-53 

2.5 0.7 0.5-1 0.2 0.3-0.5 28.57 26-29 1.2 0.9-2 0.3 0.1-0.5 25 23-27 1 0.5-1.2 0.2 0.1-0.4 20 18-22 

3 0.7 0.5-1 0.01 0.1-0.2 1.428 .5-2 1.2 0.9-2 0.1 0- 0.1 8.333 7-10 1 0.5-1.2 0.0 0-0.2 1 0.5-1.7 
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 After the coagulation treatment with Aluminum sulphate with high dose, 

the toxin decreased about 0.8 mg/l in most all samples of the treated water. 

Table 4.8 showed that the drinking water is fusible is useful for drinking and 

other domestic uses.  

 

 This is also information in literature that by-products chlorinated water 

like as trihalomethanes will be found less but organic matter mostly found in 

non-humic form with low weight. The treated water was observed as lowest 

values in the canal water as (0.7-0.8 mg/l), water storage tanks as (0.5-

0.21)mg/l, ground water as 90.31-0.1) mg/l as shown in Figure 4.5. 

 

 
 

Figure 4.5: The Graph Shows the Different Dose Effect on Removing 

Toxins in the Samples of Ground Water 
 

 

4.6 EFFECT OF COAGULANT FERRIC CHLORIDE ON 

REMOVING OF TOXINS DISSOLVED IN DRINKING WATER 

 

 FeCl3 is a ionic molecules that have a great charge density due to 

attachment of ferrous metals known as heavy metal. When FeCl3 is hydrolyzed 

in water it decomposes into positive and negative ions. Fe metal is 

electropositive and very soon attached with organic molecules as waste 

product in waste water and cause of toxicity. Reaction mechanism of FeCl3 

coagulation is explained in literature with good manners as can applicable on 

this research. 
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 If we are compared toxins removing values after FeCl3 coagulation 

treatment it is clearly proved working efficiency of FeCl3 much times better 

than alum coagulation as shown in Table 4.10. 

 

 Toxins basically have weak electrical change when it comes with high 

polar atom then it attracts automatically and this reason is enough for 

removing the toxins from drinking water samples. 

 

 One is most important use FeCl3 coagulation process, its chemical 

reaction is going to very sudden because FeCl3 molecule has maximum change 

density and able to donate the electrons in this chemical reactions. Low 

concentration of FeCl3 is used as compare to Aluminum salt in this research, 

this situation is very favourable toward where residues of FeCl3 is less in 

quantity, this is stopped for further microbes growths as shown in Figure 4.6.  

 

 
 

Figure 4.6: The Graph Shows the Different Dose Effect on Removing 

Toxins in the Samples of Canal Water 
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Table 4.10 

Data of Ferric Chloride as Coagulant Doses for Removing Toxins from Drinking Canal Water Samples 

Coagulant 
Dose (AS) 

(mg/l) 

Shiga Toxin 
(mg/l) 

(Actual 
value) 

Shiga 
Toxin(mg/l) 
Value after 
treatment 

Shiga Toxin 
Values after 

treatment (%) 

Microcystin 
(mg/l) 

(Actual 
value) 

Microcystin 
(mg/l) Value 

after 
treatment 

Microcystin 
Values after 
treatment 

(%) 

Botulinum 
toxin(mg/l) 

(Actual value) 

Botulinum 
toxin (mg/l) 
Value after 
treatment 

Botulinum 
toxin 

Values after 
treatment (%) 

Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 

3 16.5 9.5-20 11.9 10-12 72.12 70-74 22 16-23 18.2 16-19 82.72 80-84 10.5 9-11.5 7.7 5-9 73.33 72-74 

6 16.5 9.5-20 9.5 7-11 57.57 55-60 22 16-23 17 16-18 77.27 76-78 10.5 9-11.5 5.5 3-5 52.38 51-53 

9 16.5 9.5-20 6 6-9 36.36 34-39 22 16-23 10.2 9-12 46.36 42-48 10.5 9-11.5 4.3 3-7 40.95 38-42 

11 16.5 9.5-20 3.7 1-5 22.42 21-23 22 16-23 7 8-9 31.81 30-34 10.5 9-11.5 2.3 1.5-4 21.90 20-23 

16 16.5 9.5-20 1.1 0.7-2 6.66 5-9 22 16-23 1.01 0.7-2 4.59 3-6 10.5 9-11.5 0.9 0.5-2 8.57 7-10 
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4.4 EFFECT OF POWDERED ACTIVATED CARBON ON 

REMOVAL OF MATERIAL DISSOLVED IN DRINKING 

WATER  

 

4.4.1 Toxin Remove  

 

 High removal efficiencies were achieved of activated carbon by 

removing the toxins from three types of samples (ground water, water storage 

tank and canal water), clearly it was observed in Table 4.10. But it depends on 

contact time that is very important for taking the good results on toxins 

removing. In Figure 4.7, microcystins was removed completely and get final 

value as 0.2 mg/land removed 99.1% that was acceptable limits of all 

advanced countries, including WHO drinking water standards  

 

 Another application was the removed toxins with treatment of PAC 

depend on a dose and retention time of untreated water inside PAC plant and it 

was showed that removal of dissolved microcystins from canal water were 

achieved 95% as shown in figure 4.6. Combine treatment of Alum coagulation 

with PAC was found maximum toxin removal; in case of rapid sand filtration 

was achieved 80-90% removal of Microcysts, Shiga and Botulinum toxins. 

 

 
 

Figure 4.7: Graph Show the Effect of Filtration on Removing he Toxins 

and Trace Residues in Treated Water Samples 
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4.4.2 Remove of Chlorine Residue 

 

 This study was demonstrated 99.4% removal of Cl2 residue from canal 

water, ground water and water storage tanks and it was showed the value only 

0.2 mg/l remain only in drinking water samples after passing through PAS as 

seen in Table 4.11.  

 

 When compare slow Sand Filtration, One evaluation was demonstrated 

99% removal of algal cells by slow sand filtration process and other studies of 

slow sand filtration reported over 80% removal of toxins from bacteria and 

algae, 90-95% removal of toxins from lake water and approximately 90% 

removal of water storage tanks.  

 

 

4.4.3 Remove of Aluminum Sulphate Residue 

 

 Selected filter had a good process of working; it had reduced the value 

of Aluminum sulphate residue and the given value in ranges 0.1-0.2 mg/l for 

all samples from canal water samples was seen in Table 4.10. After removing 

the Aluminum sulphate residue drinking water free from all impurities that 

was to make sure water with good taste and natural small.  

 

 Effective removal of toxins was the used the process of Granular 

activated carbon which had great capacity of adsorption. Pilot plant scale study 

provide the help for treating microcystins containing drinking water as 

maximum value 30-50 mg/L and after treatment value was 5-6.5 mg/L. given 

results were proved 95% toxin removal from water samples with coagulation 

process as shown in Table 4.10. The excess volume of water can be treated with 

coagulation process and get the same efficiency according to the literature. 

 

Table 4.11 

Filter Process Remove Chemicals from All Drinking Water Samples 

Filter Process 
on different 

samples 

Shiga Toxin  
(mg/l) 

Microcystins  
(mg/l) 

Botulinum toxin  
(mg/l) 

Coagulant  
(mg/l) 

Chlorine  
(mg/l) 

Mean  
± S.D 

Range 
Mean  
± S.D 

Range 
Mean  
± S.D 

Range 
Mean  
± S.D 

Range 
Mean  
± S.D 

Range 

Canal Water 

Samples 
0.2±0.01 0-0.3 0.3±0.01 0-0.5 0.2±0.01 0.1-0.4 0.3±0.1 

0.1-

0.4 
0.1±0.01 0-0.2 

Water 

Storage tank 

Samples 

0.1±0.01 0-0.2 0.1±0.01 0-0.2 0.1±0.01 0-0.2 0.1±0.01 0-0.2 0.1±0.01 0-0.2 

Ground 

Water 

Samples 

0.1±0.01 0-0.2 0.1±0.01 0-0.3 0.1±0.01 0-0.2 0.1±0.01 0-0.2 0.1±0.01 0-0.2 
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 The parameters like light, temperature and humidity are responsible for 

water quality as taste, natural and colour and their effects are showed the 

presence of organic matter in water reservoirs because these parameters 

increase with the dissociation and degradation characters of dissolved organic 

compound in drinking water such as toxins and other nitrogen based 

compounds. 

 

 

4.5 EFFECT OF POWDER ACTIVATED CARBON FILTER ON 

WATER TASTE AND SMELL  

 

 Powder of activated carbon was used for control and removal of taste & 

small that was producing from compound like organic compounds as toxin. 

Toxins have specific taste and Oder that was absorbed by filter and its 

efficiency was shown by reducing toxins values in Table 4.11 and other 

remaining values of different toxins after absorption by PAC was determined.  

 

 According to literature, it is sure that increasing of dissolving organic 

compounds that are caused to increase the change of colour and small in 

drinking water. In above case, organic compound as toxins are removed as a 

result of working of carbon filter are shown as below.  

 

 
Figure 4.8: The Graph Shows the Different Residues Removing form 

Treated Water (Toxins and Other) in Samples of Water 

Storage Tanks 

 

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6

Coagulant Dose

Shiga Toxin
Removing  %

Microcystin Removing %

Botulinum toxin  Removing %



 77 

 

 As shown in Figure 4.8, Using of filter for normalizing of the small and 

taste of treating drinking water was fulfilled effectively due to fact that organic 

complex molecules with multiple bonds and react with carbons atoms to form 

other big molecules of higher molecular weight, then separate from water 

molecules by earth gravity. 

 

 The parameter like taste, small and colour was used as needle of the 

organic substances that in relative with coagulation and reactivity with 

chlorine process. Toxins values reduced as 0.1 mg/l in above figure to present 

the organic molecules of low molecular weight.  

 

 

4.6 EFFECT OF BOILING ON TOXINS REMOVING FROM 

WATER SAMPLES  

 

 In Tables (4.12, 4.13 and 4.14), it was observed the boiling time very 

effective with regard the removing of toxins. From time 1 to 5 mins, it was 

seen the time in which maximum value of toxins decreased because organic 

compounds by nature volatile and they can evaporate on heating or boiling. 

Boiling effect equally was appeared on canal Water, water storage tanks and 

ground water samples because boiling time increasing was reduced the values 

of toxins respectively as given in the below tables as (4.12, 4.13 and 4.14). 

 

 
 

Figure 4.9: Graph Showing the Effects of Boiling on Removing of Toxins 

in Samples of Canal Water 
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 In Figure 4.9, it was shown that toxicity reduced of drinking water 

samples due to removing the toxins and removal rates that dependent on time 

durations. It is sure from published literature that water boiling point is 100 
o
C 

and need constant supply of heat for this process but it depends on this how 

much dissolved and suspended solids are remained in water. Because if more 

suspended and dissolved organic solids in water samples then it must need 

more heat supply as compare to normal water drinking samples.  

 

 In case of low concentration dissolved the toxins in ground water 

samples as shown in Table 4.12, it need less amount of heat and less time 

because toxins easily volatile and removed. Boiling process has both of 

advantages as disinfection and toxins removing from the water supplies system 

because at hundred degree centigrade temperature kills the almost microbes 

according to literature. 

 

 It has shown from results of present research that the drinking water 

quality standards of toxins and bacteriological contamination are not fulfilled 

the normal values limits given by World Health Organization. The disinfection 

process for treatment of drinking water has important role in reducing the 

waterborne diseases. Government departments and health authorities must take 

the serious notice on condition of contaminated drinking water and try to 

correct it for saving the public health which is suffering from drinking water 

contamination with pathogens and chemical toxins. 

 

 



 79 

 

 

Table 4.12 

Data in Different Time interval of Boiling for removing the Toxins Levels in Samples of Drinking Canal Water 

Boiling 
Time 

(Mints) 

Shiga Toxin Botulinum Toxin Microcystins 

Actual Value 
mg/l 

Reduced value  
after treatment  

mg/l 

Values after 
treatment  

(%) 

Actual Value  
mg/l 

Reduced value  
after treatment  

mg/l 

Values after  
treatment  

(%) 

Actual Value  
mg/l 

Reduced value  
after treatment  

mg/l 

Values after  
treatment  

(%) 

Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 

1 
16.5 

±1.2 
9.5-20 

10.9 

±0.4 
9.5-11 

66.0 

±3.9 
63-69 

10.5 

±0.9 
9-11.5 

7.9 

±0.5 
7-8.4 

75.23 

±4.9 
72-78 

22 

±2.4 
16-23 

16 

±2 
15.2-17 

72.72 

±5 
70-74 

2 
16.5 

±1.2 
9.5-20 

8.5 

±0.3 
8-9.2 

51.51 

±3 
49-53 

10.5 

±0.9 
9-11.5 

5.5 

±0.4 
4.9-6.7 

52.38 

±3.8 
49-55 

22 

±2.4 
16-23 

10.6 

±1.5 
9-11 

48.18 

±4.3 
45-51 

3 
16.5 

±1.2 
9.5-20 

4.7 

±0.2 
4-5.2 

28.48 

±2.6 
26-30 

10.5 

±0.9 
9-11.5 

3.2 

±0.3 
2.9-4 

30.47 

±2.9 
27-33 

22 

±2.4 
16-23 

7.9 

±0.9 
7-8.5 

35.90 

±3.6 
33-38 

4 
16.5 

±1.2 
9.5-20 

2.2 

±0.1 
1.9-2.9 

13.33 

±1.2 
11-15 

10.5 

±0.9 
9-11.5 

1.1 

±0.1 
0.7-1.5 

10.47 

±1.9 
8-12 

22 

±2.4 
16-23 3±0.5 2.7-3.9 

13.63 

±2 
11-15 

5 
16.5 

±1.2 
9.5-20 

0.4 

±.01 
0.16-1 

0.90 

±0.1 
0.7-1.3 

10.5 

±0.9 
9-11.5 

0.3 

±.09 
0.5-1 

0.85 

±0.07 
0.6-1 

22 

±2.4 
16-23 

0.17 

±0.3 
0.5-1 

0.77 

±0.1 
0.5-0.9 
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 Hundred percent (100%) microbes were killed with 2-min boil and 

ninety seven percent (97%) of toxins was removed on 5 min. boiling due to 

large volatizing process of toxins during water boiling as shown in Table 4.11 

as water samples from canal source. Basically canal water samples was most 

polluted water samples and even no capable and fit for animals drinking as 

compare to water storage tanks and ground water samples.  

 

 On large or small doses of Chlorine on toxins removing had not effected 

on all samples includes in this study. But one problem is connected to this 

techniques, boiling can apply on domestic level it cannot be practiced on large 

scale such as municipal water or any network related big distribution for water 

supply system.  

 

 
 

Figure 4.10: Graph Showing the Effects of Boiling on Removing of 

Toxins in Samples of Drinking Water Storage Tanks 

 

 In Figure 4.10, it was observed that toxins concentrations reduced 

mostly in experiments of water boiling. Toxins removal rates were same as 

noticed in experiments related as in boiling studies. After treatment of potable 

water with chlorine, very little residues of chlorine were detected because 

series of experiments conducted and know the actual dose of Chlorine.  

 

 This is issue that how simultaneous volatilization possible within the 

first three minute but solve the issue that volatilization is stared in water to no 

need specific heat or temperature. But some time, volatilization depends on 

nature of organic compound present in water and can also increase the toxicity 

of treated water. According to literature heat can be conserved if use the 

special design vessel with controlled pressure for boiling process. 
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Table 4.13 

Data in Different Time interval of Boiling for removing the Toxins Levels  

in samples of Drinking Water Storage Tanks 

Boiling 
Time 

(Mints) 

Shiga Toxin Botulinum Toxin Microcystins 

Actual Value 
mg/l 

Reduced value  
after treatment  

mg/l 

Values after 
treatment  

(%) 

Actual Value  
mg/l 

Reduced value  
after treatment  

mg/l 

Values after  
treatment  

(%) 

Actual Value  
mg/l 

Reduced value  
after treatment  

mg/l 

Values after  
treatment  

(%) 

Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 

1 
1.5 

±0.3 
0.5-2 

1 

±0.03 
0.7-1.5 

66.66 

±4 
63-68 

1.2 

±0.2 
0.3-1.9 

0.9 

±0.1 
0.7-2 

75 

±5 
72-77 

5 

±1.2 
5-6 

3.5 

±0.7 
2.7-4.5 

70 

±6.8 
67-73 

2 
1.5 

±0.3 
0.5-2 

0.7 

±0.02 
0.5-1 

46.6 

±3.7 
44-49 

1.2 

±0.2 
0.3-1.9 

0.5 

±.01 
0.4-0.7 

41.66 

±3.7 
38-45 

5 

±1.2 
5-6 

2.7 

±0.4 
1.9-3.5 54±4 52-56 

3 
1.5 

±0.3 
0.5-2 

0.3 

±0.01 
0.1-0.5 

20 

±1.7 
17-22 

1.2 

±0.2 
0.3-1.9 

0.3 

±.01 
0.2-0.5 

25 

±2.9 
23-27 

5 

±1.2 
5-6 

1.5 

±0.2 
0.5-2 

30 

±2.7 
27-33 

4 
1.5 

±0.3 
0.5-2 

0.21 

±0.01 
0.0-0.3 

14 

±0.9 
11-17 

1.2 

±0.2 
0.3-1.9 

0.1 

±0.01 
0.0-0.1 

8.33 

±1.8 
5-10 

5 

±1.2 
5-6 

0.5 

±0.1 
0.2-0.9 

10 

±1.2 
7-13 

5 
1.5 

±0.3 
0.5-2 

0.01 

±0.001 
0.0-0.1 

0.66 

±0.1 
0.4-0.9 

1.2 

±0.2 
0.3-1.9 

0.01 

±0.02 
0.0-0.1 

0.83 

±0.1 
0.6-1 

5 

±1.2 
5-6 

0.01 

±0.01 
0-0.3 

0.2 

±0.001 
0.1-0.4 
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 Consequently, the organic compounds are degraded; it is possible due to 

hydrolysis as excess water with heating effect and then volatilizing is occurred 

during the pasteurization. This does not undergo base-catalyzed hydrolysis and 

do not increase their toxicity to that of the degradation of natural compounds, 

so reducing concentrations of toxic organic compound may be due to 

volatilization, possibly. 

 

 Based on study results, preceding research was cited on the effects of 

boiling and heating on removing of toxins were hooked on organics nature of 

compound as stability, volatility and water temperature. Boiling or heating also 

had deep effects on drinking water quality and residues dissolving in it. If the 

chlorine residual is increased in considerably amount in any a drinking water 

supply system then increase the cancer risk. 

 

 
 

Figure 4.11: Graph Showing the Effects of Boiling on Removing of 

Toxins in Samples of Drinking Ground Water 

 

 In Figure 4.11, it was showed that increasing the boiling time from 1 

mins to 5mins was reduced the toxins values that dissolved in the ground water 

samples. The ground water samples are already low in toxins values but high 

in the Microcystins toxins values due to maximum expose time with high 

contamination source as microbial growth of cynobectira and Microcystins 

that are more stable toxin as compare to other like shiga and botulinum toxins. 

Low values of toxin in any type of sample can remove the toxins easily as 

compare to high values as understand from Figure 4.11. 
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Table 4.14 

Data in Different Time interval of Boiling for removing the Toxins Levels  

in samples of Drinking Ground Water 

Boiling 
Time 

(Mints) 

Shiga Toxin Botulinum Toxin Microcystins 

Actual Value 
mg/l 

Reduced value  
after treatment  

mg/l 

Values after 
treatment  

(%) 

Actual Value  
mg/l 

Reduced value  
after treatment  

mg/l 

Values after  
treatment  

(%) 

Actual Value  
mg/l 

Reduced value  
after treatment  

mg/l 

Values after  
treatment  

(%) 

Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 
Mean 
±S.D 

Range 

1 
0.7 

±0.1 
0.5-1 

0.5 

±0.04 
0.4-0.9 

71.42 

±3 
69-73 

1 

±0.2 
0.5-1.2 

0.7 

±0.2 
0.5-1 

70 

±4 
67-72 

1.7 

±0.3 
0.9-2 

1 

±0.2 
0.5-1.5 

58.82 

±3.1 
56-60 

2 
0.7 

±0.1 
0.5-1 

0.2 

±0.02 
0-0.1 

28.57 

±2 
26-30 

1 

±0.2 
0.5-1.2 

0.2 

±.01 
0.1-.4 

20 

±3 
18-22 

1.7 

±0.3 
0.9-2 

0.7 

±0.1 
0.4-1 

41.17 

±2.9 
38-43 

3 
0.7 

±0.1 
0.5-1 

0.15 

±0.01 
0-0.1 

21.42 

±1.9 
19-22 

1 

±0.2 
0.5-1.2 

0.1 

±.01 
0-0.1 

10 

±1.8 
8-12 

1.7 

±0.3 
0.9-2 

0.4 

±.01 
0.1-0.7 

23.52 

±1.7 
21-25 

4 
0.7 

±0.1 
0.5-1 

0.1 

±0.01 
.01-0.1 

14.28 

±1 
12-16 

1 

±0.2 
0.5-1.2 

0.1 

±.001 
0-0.1 

10 

±1.5 
8-11 

1.7 

±0.3 
0.9-2 

0.1 

±0 
0-.01 

5.88 

±1.2 
3-7 

5 
0.7 

±0.1 
0.5-1 

0.01 

±0.0002 
0-0.1 

1.4 

±0.02 
0.9-2 

1 

±0.2 
0.5-1.2 

0.01 

±0 
0-0 

1 

±0.1 
0.7-1.4 

1.7 

±0.3 
0.9-2 

0.01 

±0.1 
0-0.1 

0.58 

±0.1 
0.3-1.7 
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4.7 COST-BENEFIT ANALYSIS 

 

 Drive the results from research, the treatment of drinking water by 

coagulants like Aluminum sulphate gives the method of toxin reduction in 

samples of drinking water but if try to make it most economical way as adopt 

boiling process for removing toxins, it gives help to reduce the concentration 

of toxins with low level along with microbes disinfections.  

 

 By applying the billing method on treatment of drinking water has not 

low expense by cost as compare to coagulation process as see in Table 4.15. 

But it is exposed to the toxicity level by drinking the contaminated water, after 

some years passed high level of concentration of toxins must be present in our 

body or in our blood stream. As a result, it possible we are suffering from a 

serious liver problem due to toxicity of liver, so it has a high cost for medical 

treatment with facing the extra tension.  

 

Table 4.15 

Cost Analysis of Two Different Methods of Treatment for Removing  

the Toxins and Disinfection of Drinking Water Samples 

Water samples 

Water treatment Cost per liter (in Pak Rupees)  

of drinking water for toxins removing  

& disinfection purposes 

Al2(SO4)3·14H2O FeCl3.6H2O Boiling 

Canal Drinking  

Water Treatment 

25 mg 

(.05x25= 1.25 Rs.) 

16mg 

(.07x16=1.1 Rs.) 

5 min. 

(.50x5= 2.5Rs.) 

Storage Tanks  

Water Treatment 

10 mg 

(.05x10= 0.5 Rs.) 

10mg 

(.07x10=0.7 Rs.) 

3 min. 

(.50x3= 1.5Rs.) 

Ground  

Water Treatment 

3 mg 

(.05x3= 0.15 Rs.) 

3mg 

(.07x3= 0.21 Rs.) 

2 min. 

(.50x2= 1Rs.) 

 

 In Table 4.16, it shows the comparative cost values of water treatment 

with ferric chloride and Aluminum sulphate, the ferric chloride coagulation is 

cheaper than other two methods for drinking water treatments. Ferric chloride 

treatment of canal water gives one more advantage that it has less residues as 

compare to other treatments. Optimum treatment for removing the toxins from 

different samples highly polluted, the cost is Rs. 1.25 per liter with Aluminum 

sulphate and cost Rs. 1.1 consumes per liter with ferric chloride and other 

treatment needs Rs.2.5 per liter drinking water.  

 

 Microbial contamination in water is a serious threat to all living 

organisms, including animals and human beings; it must needs to take 

disinfection process properly. We are needed to test here two different 

economical methods for drinking water treatments. First use the chlorination 
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process and second use boiling process for drinking water treatment, both are 

reliable but make sure what is more economical that depends on situation of 

water to be treated. But boiling or coagulation process must be needed to 

follow up the complete process for complete treatment of drinking water.  

 

 In case of cows and buffaloes, animals need drinking water with large 

volume, so how treat a huge volume of drinking water. This study only gives 

the idea about open surface water can treat with chlorine, it is important for 

their normal health and better economic growth for meat and milk production 

Drinking water for animals should be free from microbial contamination by 

using the low cost of treatment of drinking water. Low cast idea given in Table 

4.16 for treatment of drinking water of large volume for animals.  

 

Table 4.16 

Cost analysis of Cl2 method of microbe’s disinfection  

for treatment of drinking water samples 

Water samples 

Water treatment Cost per liter  

(in Pak Rupees) of drinking water  

for microbes disinfections purposes 

Cl2 

Canal Drinking  

Water Treatment 
3 mg (.05x3= 0.15 Rs.) 

Storage Tanks  

Water Treatment 
1 mg (.05x1= 0.05 Rs.) 

Ground  

Water Treatment 
0.8 mg (.05x0.8= 0.04 Rs.) 

 

 Aluminum sulphate is coagulated the drinking water with economical 

way with low price available and this method is use for canal water treatment 

because 5 to 10 percent toxins are present. But in case of ground water and 

storage water tanks, water treatment we no need coagulant because microbes 

and toxins are seen very low in concentrations, now we just need boiling of 

drinking water on this situation, It is sure that toxins and other organic material 

vaporized and drinking water free of low toxicity and safe to health. 

 

 Boiling process needs at least five minus for effecting microbe’s 

disinfection and chlorine needs the specific dose with no residue left because 

high dose of chlorine cause toxicity in humans and animals. 

 

 



86 

 

 

4.8 MANAGEMENT PLANE FOR IMPLEMENTATION ON 

DRINKING WATER SAMPLES 

 

 In our present study we had taken three types of water samples from 

Canal, water storage tanks and ground water. This management plane is 

discussed under different steps and applicable for safe drinking if water was 

taken from any three sources as canal water, ground water and water storages 

tanks. Water management plane comes from real observations from our results 

of this study which give us line of action for the necessary treatment of 

drinking water for domestic purposes. The Study on the canal water was 

different from study of ground water and water storages tanks, so it observed 

that during the midwinter the uniform temperature of the canal water is noted. 

This temperature of canal water will helps to control the algae and 

cyanobacteria growth. It is observed that during summer month’s temperature 

of algae and cyanobacteria also increased the water contamination. 

 

 

4.8.1 Management Stage 1. Water Coagulation with Aluminum Sulphate  

 

 Aluminum sulphate have the general formula as Al2(SO4)3. 18H2O that 

is commonly known as alum and commonly used as coagulant in the treatment 

of water in developed countries. The reaction between sulphuric acid and 

Aluminum trihydrate is formed the Aluminum sulphate and its work to 

destabilize the particles suspended in the drinking water as the basic aim of 

coagulation. So the particles are package together and settle out due to greater 

particle weight and coagulation reaction between contaminated water and 

Aluminum sulphate. The particles are generally toxins as organic in nature and 

predominantly negatively charged.  

 

 To manage coagulation, where the water is turbulent then adding alum 

for treatment of drinking water. Alum Coagulation is basically pH dependent 

process and most important to manage the pH in the range 6.0 to 7.0 for 

getting the best results. If sufficient alkalinity is present in the water that to 

ensure the pH do not fall out then the alum is added for water treatment. If 

natural alkalinity in water does not have, then lime is added before the alum 

coagulation. 

 

 Alum is categorized into as acid salt due to it has sulphate group and 

then change into sulphuric acid, then this acid reacts with the alkalinity present 

in the water. Last management step in coagulation is adding from 5 to 30 mg/l 

as the differing quantities of Aluminum Sulphate in the drinking water 

samples. Manage the mixing for a set time the solutions are allowed to settle 
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and then correct dose put inside because dose of coagulation depend on how 

water is polluted. 

 

 

4.8.2 Management Stage 2. Flocculation with Electrolytes 

 

 After coagulation, flocculation process occurs and it is helped by the 

addition of a polyelectrolyte after the adding Aluminum sulphate coagulation 

for its speedy process. Basically, Polyelectrolytes are organic molecules with 

long chain high molecular weight. Effective dose of Polyelectrolyte is about 

0.1 to 0.2 mg/l with adding the alum dose in water. 

 

 

4.8.3 Management Stage 3. Sedimentation 

 

 The management concept of this step is the larger particles of greater 

settling velocities that are in position of suspension in the bottom of the vessel 

whereas less settling velocities of smaller particles are suspended to the top 

position. Suspended particles is produced a sludge that can be remove 

mechanically.  

 

 

4.8.4 Management Stage 4. Filtration 

 

 Manage the filtering material correctly from filtration process as 2 cm 

sand and 3cm granular carbon layers is used then water should be passing 

through filtration process. Water from the clarifiers is channeled through the 

filters for additional suspended solids removal and the water percolates down 

through graded sand that traps any flocculation.  

 

 Good quality and low turbidity drinking water are produced by filtration 

process with free from contamination. 

 

 

4.8.5 Management Stage 5. Final Water Treatment 

 

 This management step is involves the disinfection of drinking water 

with controlling the pH values. The drinking water is making the disinfection, 

it means to destroy disease causing micro-organisms, and makes it safe to 

drink. 

 

 In this study, use sodium hypochlorite as active agent for this process 

and it is also used for filtrations on commercial level. It is estimated that nearly 
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3.5 kg of NaCl salt can produce chlorine with 1 kg quantity in the process of 

chlorination. 

 

 During this study, it is observed some factors that affect chlorination and 

microbial disinfection as given below, 

o Contaminated canal water for drinking purpose needs dose 3mg/l 

of chlorine for complete disinfection without residues and 1.5 

mg/l dose of chlorine is required for treating the drinking water of 

storage tanks without any toxicity causing by chlorine residues. 

o Remove Suspended solids from the water because they absorb 

chlorine more which may unaffected on micro-organisms killing. 

After maximize removal of solids may create good results in 

disinfection of drinking water. 

o Trihalomethanes is formed when organic matter reacts with 

chlorine in the water, which is a carcinogen and need to treatment 

process is proceeded again for the maximum removal of organic 

matter to minimize the carcinogen effects on health. 

o Reaction of chlorine with organic nitrogen based compound, like 

as proteins and amino acids that is produced organic chloramine 

compounds.  

o After adding the Chlorine, it observes the pH value is low on 

initial basis its means chlorine is mainly present in molecular 

form. When observed the pH is approximately 5.0 the chlorine 

mainly as hypochlorous acid in form. 

o This is also conclusion from study a little concentration of 

chlorine residues that are important for bacterial re-growth and 

causing of contamination during the water supply. 

o The reactivity of Chlorine is produced oxidant reaction that makes 

soon precipitation of iron and manganese metals present in water 

source. 

o Disinfection with chlorine is active at specific temperatures but at 

very low temperature it is not active properly.  

o Different microbes have different of chlorine dose for killing such 

as bacteria and viruses need different dose in different periods, so 

high dose of chlorine is needed by drinking water supply system. 
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4.8.6 Management Stage 6. Addition of Fluoride 

 

 Hydrofluosilicic acid is source of fluoride which can dissolve in 

drinking water source after chlorination that helps to reduce the possibility of 

dental decay. According to New Zealand water quality standards, a specific 

amount of fluoride is important for public health and for healthy of their teeth.  
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CHAPTER 5: 
 

DISCUSSION 
 

 

5.1 MICROBES AND TOXINS 

 

 The first aim of study is to detect the toxins and their producing 

microbes in different water samples. All the nations of world are very 

conscious on drinking water quality, so effective efforts in form of research 

and study make on this issue. E. coli related with Coliform family which is 

basic indicator of faecal contamination which is also known as disease causing 

pathogen. Microbial quality is totally depending on presence of coliform group 

E. Coli. recognized as pathogenic microbes and their metabolise chemical 

known as toxins (Hunter et al., 2005). 

 

 Qualitative and quantitative composition within bacterial pathogens and 

their metabolites toxins in samples of drinking water of canal, ground and 

water storage tanks were probably due to contamination of sources of drinking 

water by human or animal excreta. The major problem in the country in rural 

as well as urban areas is bacteriological contamination in drinking water due to 

lack of management (Hussein, 2005a). 

 

 Pipes leakage near water supply system is also source of contamination 

in the drinking water. Human activities also the cause of chemical and 

biological contamination such as hazard waste disposal on land or discharge 

into water streams. The extremely hazardous sources of contamination are 

floods, excessive monsoon rains, fungicides, herbicides, pesticides and 

untreated municipal and hospital waste (Hussein, 2003). 

 

 Public health is only protected by launching drinking water quality 

criteria and standards that are safe medically and chemically balanced. The 

objectionable quality is seen for water as bad tasting, brackish, colour, foul 

smelling and turbid in different cities of Pakistan in previous studies. The 

concern authorities are answerable for water quality checks quality with basic 

parameters like as bacterial contaminations and toxicity according to given 

standards by government (Islam et al., 2008).  

 

 This study was limited to the rural areas of district Sheikhupura not 

urban area that the enumeration of faecal coliform (E. coli) bacteria and their 

toxin from drinking water of rural area of city Sheikhupura water in higher 
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concentration, since the presence of toxins and other microbe’s identification 

is actual mirror about contaminated drinking water quality.  

 

 The results in Tables 4.1 & 4.2, showed the presence of toxins and 

bacterial faecal coliform group was noted higher in canal water as compare to 

water storage tank and ground water samples, but this important bacterial 

group found in large numbers as per 100 ml water samples. Microbes found in 

hot season than in winter months results as given in Table 4.2. The 

temperature of increases in summer season as (27 to 35) 
o
C, then this increased 

the microbial growth as cfu/100. Diarrhoea incidences cases were reported 

higher in these warmer months however, data of diarrhoeal cases were 

obtained from district hospitals and may not present the true picture, because 

many cases of diarrhoea go unreported, but occurrence of waterborne 

pathogens also is seasonal. Present study in duration 2010-2014, observed in 

Sheikhupura city that faecal coliform (E. coli) per 100 ml was seen thousand 

times more as compare to given standard of World Health Organization 

guideline for potable water quality (Karmali et al., 2003).  

 

 The results are consistent with study of Leony et al. 2005, who reported 

high prevalence of coliform (total and faecal) in warmer months. The main 

supplies of potable water of rustic area are superficial water from the canal 

water samples which are a tributary and it is unprotected from the all kinds of 

contamination. This is pooled in a main reservoir before distribution (CDC, 

2008).  

 

 All 116 samples (100%) were found contaminated with total coliform 

and faecal coliform (E. coli) in (Table 4.2) which indicates possible faecal 

contamination from human and animal sources. The present study also 

supports the above reports in regards that potable water quality inside many 

parts of Pakistan is not up to WHO standard. The detection of total coliform 

and Escherichia coli in a large number implies that the contaminated drinking 

water may be responsible for increasing number of water borne diseases in the 

country. The moderate correlation was observed between the diarrhoea cases 

reported in district hospitals and total and faecal coliform present in the 

drinking water of study area. (Jiang et al., 2002)  

 

 According to WHO drinking water quality standards there should be no 

coliform as well as faecal coliform present in 100 ml or 0 colony forming units 

(cfu) per 100 ml (WHO, 2009). However, the result of our study is far from 

WHO standards for bacteria and coliform as microbiological quality and 

therefore, water under study was not suitable for drinking purpose. The level 

of pollution in drinking water is due to indication of toxins and bacterial 

specious was also assessed at the point of consumers. Different sampling point 
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sources i.e. household water, surface water and ground water were included in 

this study. It is evident from the study that water quality further deteriorated at 

the consumer level(Johnson et al., 2008).  

 

 The rural area of Sheikhupura city the thickly populated with consist of 

10,00 people houses has the drinking water source from canal which is totally 

unprotected from traditional sources of contamination i.e. sewage water 

disposal, garbage, animal carcass dumping , industrial pollution and entrance 

of human and animal excrements in the source water. All 116 samples (100%) 

and 98 (81.66%) were found contaminated with microbial contamination and 

toxins level high respectively, which shows possible faecal contamination 

from human and animal sources. The supply of contaminated water to the 

people in his area is not a single example but the results from various studies 

prove that mostly supplies of drinking water in Pakistan contaminated with 

faecal. The potable water quality of drinking in most other cities such as 

Karachi and Lahore has been reported contaminated and not fit for human 

consumption (Kaper et al., 2004). 

 

 It is evident from the present study, results showed the similarities 

occurred as other under developing countries, many ways did not used in rural 

area of Pakistan to correct quality wise of drinking sources of water in public 

insert for domestic purposes. Same results derived as given by the study’s 

results from Tambe et al. (2008),it reported that in most of the developing 

countries, the quality of drinking water very under privileged as 1000 faecal 

coliform bacterial specious as per 100 ml of potable water used in domestic 

purpose. The recommend drinking water values of all limits under WHO 

guidelines is 100 ml per sample for detecting the total coliform group (WHO, 

2009). 

 

 South Asia including Pakistan and India, findings related both rural and 

urban water reservoirs is almost same as repeatedly polluted with human 

coliform group. South Asia have 85% of potable water sources coming from 

an human faecal contaminated sources which often cause disease and illness in 

common people(Khan et al., 2001). Certainly, contamination with human 

faeces in water is almost usual, approximately found in South Asia and it is 

understand as the normal water quality (Karmali et al., 2003).  

 

 The areas under study, contamination of potable drinking water from 

metropolitan supplies have the similar arrangement such as other cities 

municipalities of Pakistan country. The drinking water pollution in level of 

basic water source is very common in almost large cities due to the water 

storage reservoirs have opened and exposed to human and animal actions 

(Fratamico et al., 2011). 
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5.1.1 Identification of Pathogenic Microbes Waterborne in Drinking 

Water 

 

 Qualitative determination of E. Coli, C. boulinum cyanobacteria and 

Algae in different water samples from rural area of city of Sheikhupura was 

possible because due to inadequate way to control the quality of potable water. 

Physical condition is very effective on producing water borne pathogens and 

their metabolites toxins such as temperature, light and humidity (HDR, 2006).  

 

 In this study, the pathogenic occurrence of Microbes (E. coli, C 

Boulinum, cyanobacteria and algae) in samples of potable water is relative to 

increase sources contamination. Microbiological analysis of water samples 

taken by different sources like ground, canal and water storages tanks of area 

under study, presence of these microbes is the position may show public health 

threat with facing bacterial pathogens from waterborne disease, similar results 

are as reported (Hayashi et al., 2001).  

 

 

5.1.2 E. Coli and Shiga Toxins  

 

 The E. coli was isolated more than 95% (total 116), in drinking water 

samples from canal and 80% (116) detect in drinking water samples from 

water storage tanks and 60% detect in ground water. This was also reported 

that total coliform and thermo-tolerant coliform have grown capacity in non-

polluted waters such as ground water and water supplies system. 

Environmental stress and its survival time in the environment of E. coli are 

dependent on numerous factors such as exposure to sunlight, temperature and 

types of micro flora. In addition to this, pathogenic bacterial depend on water 

system such as surface water, groundwater, or treated water supplies system 

(Brooks, et al., 2005). Nearly 5-11 weeks period with temperature limits from 

16-20 
o
C are reasonable for produce the micro flora E. coli. E. coli isolation 

rate was rapid increased in summer and winter seasons in rural area where take 

sampling for this study (Edberg et al. 2010).  

 

 The results of study show constant indication of E. coli in drinking 

water showing the constant cause of faecal contamination in the waters 

samples from canal sources and find the unhygienic conditions nearby the 

sampling locations; the canal water sampling area has open access for both the 

human and animal.  
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 Here detail discussion about the direct source of E. coli and entering 

possibilities waterborne bacterial pathogens into water distribution system. 

 

 Shiga toxins observed in this study in samples of canal, ground and 

storage tanks water as shown in Tables 4.1 and 4.2, but it was observed high of 

this toxin in canal water. 

 

 

5.1.3 C. Botulinum and Toxins  

 

 This group is belong to bedrail specious and produce the Botulinum 

toxins, Our findings reveal the presence of C. Botulinumin 67% in drinking 

water samples collected from water storage tanks and 45% detect in ground 

water in this study as given in Table 4.1. 

 

 The C. Botulinum and its toxins represented as faecal pollution of 

potable water and this is also an indicator organism as pathogenic if detected 

in raw sea foodstuff and any other foods. C. Botulinum denotes as risk alarm 

of public health and C. Botulinum knows as pathogenic bacterium (Fernandez-

Delagado et al. 2007). 

 

 In case when the long-time abdominal infection and catheterization of 

bladder toxicities feeling is already reported due to producing C. Botulinum 

and their toxin (Nkurunziza et al., 2009). The isolation rate of C. Botulinums 

was significantly greater in summer months than in winter months in drinking 

water all samples from khanpur rural area in city Sheikhupura, respectively 

(Nwaiwu et al., 2011).  

 

 Samples of the study area were contaminated with C. Botulinum during 

three successive study years and displayed some toxicity level in blood 

samples as given in Table 4.1. The always occurrence of organism and their 

toxins show the unhygienic condition of quality of drinking water in specific 

region. Both anthropogenic and from animals are the main source of 

contamination of this microorganisms due to the drinking water reservoirs was 

remained unprotect and open and facing activities of animals and human. 

Moreover, the chlorine treatment of potable water for domestic purposes was 

insufficient before the proper chlorine treatment (Arnon et al., 2001). 

Botulinum toxins producing rate depend on C. Botulinum bacteria, high 

concentration of botulinum toxins seen in canal water as see Table 4.2. 

Botulinum toxins effected on paralysis disease directly both male and female, 

and this was seen during our interviews as appendix 1 for sampling.  
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 C. Botulinum is found all over the world in samples of soil and ocean 

sediment. Usually, the bacterium can survive in the special environment of a 

resting spore. On the other hand, in low oxygen environments (anaerobic) such 

as in case of canned foods, intestinal tract, deep wounds and spores 

germination convert into active bacteria, then it multiply with passage of time 

and produce neurotoxin (Dunn et al., 2004). 

 

 

5.1.4 Algae and Cyanobacterial Toxin 

 

 Cyanobacteria and Microcystins Toxinswere in current work as isolated 

quantitatively 92% of samples of water as described in Table 4.1. The 

occurrence of microbes in water samples possibly will be due to unhygienic 

situation of water sources with some nutrition. If microbes are the associate 

with the algae family, however it is possible existing with the faecal matter of 

human and animal.  

 

 Microcystins is 200 times more toxic and poison than cyanide metal. 

This toxin has structural variants include amino acid substitutions and 

alterations such as methylation and demethylation. Drinking water supplies 

contaminated with Cyanobacteria toxins is a main cause of a health hazard for 

human beings, domestic animals both large and small, and wildlife animals 

(Paller MH, 2006). 

 

 Conversely, observations due to microcystins toxins from laboratory 

results presented the toxins which are created by the cyanobacteria specious as 

found slow growing. The major aspects in measuring for the removal of 

cyanobacteria toxin from water treatment which includes removing the soluble 

and suspended substance removes. All The toxins that under studied are 

microcystins, shiga toxin and botulinum toxins resolvable in water. 

 

 In present study, some physical and chemical factors play an important 

role in microbes growth increasing with heir metabolise like toxins, these 

factors discussed one by one as flowing.  

 

 

5.2 PHYSICO-CHEMICAL FACTORS 

 

5.2.1 Temperatures 

 

 It is reported in this study the samples of water is effected increasing by 

increasing the strength of sunlight as temperature average raises from 16
o
C to 

50 
o
C during study in sampling area. The environments form icrobe’s growth, 
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incubation temperature particularly have effect on their existence with 

metabolites as toxins. During summer season, microbes were isolated in high 

numbers at temperature 22 to 27
o
C and very small in number identified in 

winter season (De Jong et al., 2004).  

 

 High temperature is commonly documented as a vital adjusting feature 

of microbial progress like bacterial, algal evolution. Environments under water 

high temperatures can increase microbial growth and but, at the minimum 

temperature where microbial movement seen is observed varies in the different 

co-ordination. It is reported that increases in bacterial activity occurred in the 

day during algal blooms in White Clay Creek. The microbes react speedily to 

indicate at higher temperatures with dissolved organic matter are helped to 

increase growth. The quality of natural organic matter as well organic 

pollutants in surface water is degrades by solar radiation. In summer seasons, 

waterborne bacterial pathogens growth was achieved but not as same in mid-

winter that is indicated the potential influence of temperature on waterborne 

microbial pathogens occurrence (Ode PR et al., 2005). 

 

 

5.2.2 pH 

 

 The 6.5-8.5 pH of most drinking water ranges, if some changes occur 

within this value as result of carbonate, bicarbonate or carbon dioxide 

dissolving in system of water supplies because of increased carbon dioxide 

concentration in water shows lower pH and as a decrease values reason high. 

Basically, the pH is the corrosively of the water, so small changes in pH has no 

non-stop influence on consumers health. At below pH 8.0, it is ensure about 

water clarification and chlorine disinfection occurs (Ozmen M, et al., 2006).  

 

 The normal of pH is very important because of water flow in pipes 

system may affect quality of pipes which used in water supplies, so it must 

need proper pH monitoring system for maintaining the pH of water. pH of 

water may change its taste, Oder and appearance (WHO, 2009).  

 

 

5.3 EFFECT OF TOXINS ON LIVER AND KIDNEY FUNCTION 

PERFORMANCE (HEALTH PROBLEMS) 

 

 Dull demeanour, altered appetite and weight loss were recorded in some 

examined animals and humans. It was measured 55 to 100 beats/minute as 

heart rate and 15 to 50 breaths/ minute as respiratory rate occurred. Grunting, 

arched back and other tucked up abdomen were observed in both cows and 

buffaloes. Thirty Two cows and fifty two buffaloes had scant hard faeces, 
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while one cow and three buffaloes had diarrhoea. 

 

 The results of complete blood count revealed that all animals had the 

liver enzymes, there were mild elevation of ALT (60.50 ± 11.90; reference 

range 11-40 units/L) and GGT(24.80 ± 4.30; reference range 6.117.40 units/L) 

in four animals (3 cattle, one buffalo), while AST and ALP were within 

reference range in all examined animals (AST: 80.64 ± 20.20; reference range 

78-132 units/L; ALP: 140 ± 5.50; reference range 0-500 units/L; CK: 85.40 ± 

10.20; reference range 35-280 units/L).  

 

 Liver and kidney are highly susceptible for parenchymal, vascular and 

biliary system lesions. Bacterial, chemical, viral, toxic or immune-mediated 

insults may cause focal or diffuse hepatic abnormalities or lesions. These signs 

are not specific signs and considered as general signs for many diseases. These 

results are partially similar to those described previously in cattle. Other report 

stated that cattle with liver abscesses seldom exhibit any clinical signs and 

abscesses can be detected only at the time of slaughter (Lahti et al., 2001). 

 

 Moreover, Hypoalbuminaemia with hyperglobulinaemia were reported 

in all diseased animals under investigation. These results are in accordance 

with those obtained previously in cattle and in camel. With regard to the liver 

enzymes (AST, ALT, ALP and GGT) and renal function parameters, blood 

urea and creatinine were within normal range in our study, only mild elevation 

in ALT and GGT were detected in cows and buffaloes. Generally, hematology 

and liver function tests are reliable indicators of liver abscesses. The 

usefulness of the technique for diagnosis of various liver abnormalities 

including abscesses in animals has been well documented (Bakoyiannis et al, 

2013). 

 

 The results of this hepatotoxicity from the entering ability of 

microcystins and nodularin to hepatocytes process where they make strong 

cause hyper phosphorylation of liver proteins and destruction of liver cells. 

 

 

5.4 EFFECTS OF CHLORINATION PROCESS ON DRINKING 

WATER TREATMENT  

 

 In present study it was observed that the residual chlorine was rarely 

found or found in very low concentration below the WHO and Pakistan 

guideline values for drinking water. The untreated or inadequately treated 

water deliver to the population has given the bad results in form of the 

waterborne diseases in this area. The health effects due to unsafe water 



98 

 

 

drinking were clear from data presented in this study after lab analysis results. 

These are high number of diarrhoea cases in the area during the study period.  

 

 Siddiqui et al. (2010) reported that the microbiological quality of water 

was not be satisfactory, 56% samples were found to be contaminated with 

waterborne pathogens during a microbiological study of drinking water 

supplied to the schools in rural area of Karachi. Another study on ground water 

quality conducted by Habib et al. (2009), the faecal coliform as isolated in 

most of the sample of groundwater in Kasur Pakistan (Henderson R. K et al., 

2010).  

 

 In general, a higher isolation rate of microbes was obtained because the 

water borne pathogens can best grow at the temperature ranges from 25 to 32 
o
C in the drinking water of area under study. However, other factors such as 

organic matter, water level and drought may influence the bacteriological 

quality of water. It will be interesting to evaluate and determine these 

parameters for proper understanding of microbial pathogens in drinking water 

(Fratamico et al., 2011). 

 

 This is also sure that before and after all sampling no chlorination 

process was adopted for disinfection of drinking water and that is why high 

microbial growth observed to find in all drinking water samples. This manner 

is against WHO recommendations and safe drinking water quality. It is 

therefore, recommended that some steps may be taken by the relevant 

authorities to curtail the bacterial contamination of water supplied to municipal 

cities for drinking purpose. Furthermost, water stream schemes in state of 

Pakistan and in under developing states has not in proper working as need 

management and policy. The situation in this area under the study was also 

observed same, and need to develop towards betterment (Evans et al., 2008).  

 

 The absence of residual chlorine in any of drinking water samples which 

indicates faulty chlorination process or chlorination was not doing well-

ordered and it is evident from the consequences. The drinking quality of water 

is further deteriorated in the supply scheme may be because of leakage of 

pipes, where sewage water enters into the municipal water. Drinking water is 

getting more contaminated at the using level is a cause of the unhygienic 

handling of water sources (Zamyadi et al., 2012).  
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5.5 EFFECTS OF BOILING PROCESS ON DRINKING WATER 

TREATMENT 

 

 It was also observed in this study that when values of toxin with low 

concentration then colour also seen little removed with using of coagulant 

Aluminum sulphate. Specific colour and toxins removes showed the same 

trend in same way as if a toxin concentration is low then colour of treated 

water was also clear.  

 

 Nitrogen based biological compound inside samples of canal water can 

be detached by Aluminum sulphate setting if the matter is based on organic 

compound a minor in quantity, Pietsch et al. (2001) initiate that the removal of 

nitrogenous matter is problematic to attain with simple coagulation in some 

cases and the nitrogen based compound are detached by microbial degradation 

and zonation processes (Berry et al., 2003). 

 

 Moreover, Vilge-Ritter et al. (1999) reported that bio-organic based 

compounds resemble to if a minor in percentage in the any kind of samples of 

water; their elimination is so much poor because Aluminum and ferric salts not 

able to coagulate them. Removal of cyanobacteria and algae in coagulation and 

clarification process is dependent on optimization of chemical doses of 

coagulation with Aluminum coagulants (Evans et al., 2008). 

 

 Specific dose of Coagulant is essential to removal cyanobacteria and 

algal cell which is relative to the cell number of logarithm (Perelle et al., 

2005). Minimizing turbidity in jar test is not sufficient to remove algae and 

cyanobacteria toxin. Cyanobacteria will not be removed on insufficient 

coagulant dose of Aluminum sulphate (Prager et al., 2005).  

 

 Aluminum sulphate dosed at 20 mg/l (in Table 4.7) without polymer 

addition removed about 80 percent of the toxicity from neurotoxic bloom of 

microcystins, Coagulation had an ability to eliminate the toxins in water 

samples in several studies (Cobbold et al., 2004). These studies tested the 

coagulant as Aluminum sulphate in different concentrations. Coagulation and 

clarification studies have had mixed results on cell lysis and the subsequent 

release of cyanobacterialalgal toxins (Bulte, et al., 2003). 

 

 Results of this study shows that microcystin toxins are produced by 

cyanobacteria that is commonly called blue-green algae although it is really an 

algae and algal toxins are released from cyanobacteria as a bloom nears the 

end of its lifecycle, or the cells are lysed (split apart) and the toxins are 

released. 
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 As studies on treatment of potable water using with chlorine have shown 

in table 4.4 to 4.6, results showed that different optimum dose of chlorine can 

disinfect the microbes in different types of samples effectively. 

 

 Some studies showed a 5 mg/l was ineffective for destroying algal toxin 

extracts but it is demonstrated that joint flocculation management procedures 

which involved chlorination 0.7 mg/l dose also successful for killing of 

microbes (Rangel et al., 2005).  

 

 A third study showed chlorination attained insignificant decrease of 

microcystins from 0.4-0.6 mg/l of levels in canned water samples. Two studies 

indicated the no visible elimination of anatoxin-a from chlorination process. 

Rositano and Nicholson (1994) also showed with a dose of 15 mg/L at pH 7 

with chlorination of anatoxin-a ineffective for contact time 30 minutes, 16 per 

cent removal providing only was occurred(Wright et al., 2001).However, 

chlorination was very effective to destroying microcystins and shiga toxin after 

30 minutes interaction time at 8≥pH (Hart et al., 2001).  

 

 Dissolved microcystins, Botulinum toxin and shiga toxin in the range 5-

10 mg/l, showed at pH 5, removal was more than 93% within 30 minutes but 

at elimination touched only 85 percent 22 hours after (Andersen et al., 2004). 

 

 Cylindrospermopsin can be effectively degraded by chlorination. With 

cylindrospermopsin concentrations of 17-185 mg/l, the concentration of 

residues of chlorine was 0.5 mg/l as sufficient to disinfect more than 99.5% of 

microbes (WPD, 2006). At pH range 6 to 9, a great cause of microbe’s deaths 

occurred rapidly within very short of time(Nicholson et al., 1994). 

 

 The presence of other organic substances consumed chlorine, requiring 

higher chlorine doses for degradation of cylindrospermopsin. 

Acylindrospermopsin concentration of 20-24 mg/l was effectively destroyed 

by a chlorine dose of 4 mg/l at pH 7.2-7.4. A concentration of 100 mg/l was 

reduced to <0.2 mgl
-1

 after 27 minutes contact and chlorine residues are with 

0.53 mg/l concentration (Woo et al., 2002). 

 

 

5.6 POWDERED ACTIVATED CARBON FILTER (PACF) 

 

 During our studies, this was observed as filtration area and contact time 

increased concerning with toxins and PACF material which rises the 

opportunity to remove organic matter. However, according to literature, 

expanding the filter that does not double the treatment volume of water. It can 

also be noticed that there is moral relation between model prediction and 
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experimental results. Volume of filter have a vital part to removal of the toxins 

with interacting activated carbon, reduce residual quantity of different 

chemical present in samples(WHO, 2009).  

 

 It is proved from study, the diffusion between activated carbon and 

toxins improve the taste and ordure. In order to test the effect of reducing raw 

water pH on the nature of the adsorption process value decreases. This 

increase in the adsorption capacity can be explained as toxins are 

predominately negatively charged; therefore, decreasing the pH values the 

negatively charged organic molecules more neutral (Ribau Teixeira et al., 

2006).  

 

 According to mechanism of reaction, it is less soluble the neutral 

molecule in water due to no charged on atoms or molecule, so increasing in pH 

values is very helpful to remove organic molecules from sample of drinking 

water (Clark and Boutin, 2001).  

 

 

5.7 BOILING AND ALUMINUM EFFECT ON REMOVAL OF 

TOXINS AND ORGANIC MATTER  

 

 The aim of this thesis was to identify the treatment characteristics of 

toxins and organic matter preferentially removed by boiling and coagulant 

method to help assessing its effectiveness to treatment of waters from 

dissimilar source. Impact on process of this method on downstream 

coagulation and chlorination was investigated as well to assess any potential 

impact on water quality. The work undertaken during this thesis allowed to 

achieve all these objectives and to obtain a cheaper method for removing 

toxins and organic matter into the mechanisms involved from polluted 

water.(Singh KP et al., 2004).Continuous bench-scale tests on sources of water 

as well as the investigation of regenerate solutions are abstracted from full-

scale and pilot-scale plants identified toxins and organic matter preferentially 

removed (Schmidt et al., 2002). 

 

 It was observed high removal of toxins achieved by Aluminum sulphate 

coagulant as compare to boiling method. Increasing the time from 1 to 5 

minutes, which was within the parameters indicated removing of toxins, is part 

of this study to enhance organics removal in Figures (4.8, 4.9 and 4.10) and 

Tables (4.11, 4.12 and 4.13 ).  

 

 A combination of boiling and coagulant dose may effects the good 

impact on removal efficiently by 85 to 90% of toxins is cited in literature but 

depend on water treated coagulation dose as 20 mg/l to 30 mg/l, it is showed as 
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results in Table 4.12 of bench and pilot-scale study. Furthermore it was 

observed in this thesis that chemical treatment is useful for suspended material 

such as macroscopic algae during solid-liquid separation by settling. 

 

 Impact on the treatment efficiency by Aluminum sulphate on other 

suspended material such as silt has been reported in any previous study on full-

scale or pilot-scale. However it could be questioned whether a continuous solid 

build-up could affect the process; such as by interfering with the coagulant 

dosing, releasing turbidity into the treated water or potentially becoming a 

nutrient source for bacteria, leading to a bio film formation on the resin beads, 

previously seen to affect organic matter adsorption on other exchange resins 

(Gould et al., 2009).  

 

 

5.8 CHLORINE AND BOILING EFFECT ON MICROBES 

DISINFECTIONS  

 

 Long history of disinfection with Chlorine, it isused bleach as a 

chemical agent in the disinfection of drinking water in 1897 in UK. Biggest 

successes in health sector are modification of harmless potable water supplies. 

Chlorine water treatment has been starting with Chicago and Jersey City of 

America in 1908 is banned the disease like typhoid, fever cholera and hepatitis 

(Westrick et al., 2010). 

 

 Drinking water treatment with filtration and chlorination has assisted to 

reduce the illnesses in under developing states like Pakistan. Use of chlorine 

generally used in drinking water management for last decontamination 

process. However, source of surface water used for domestic purposes and 

then it need some special treatment as filtration, sedimentation and coagulation 

formerly decontamination. Another method for disinfection process includes 

ozone, chlorine and chloramines are used as the last block against microbes 

(Singh KP et al., 2005). 

 

 Chlorine Practice in case of water management is effective as use of 

lethal hypochlorite for microbes disinfection as they are the most commonly 

used as disinfectant process in drinking waters (Schechter and Arnon, 2000, 

Rapala et al., 2002). It is reported the H. pylori may enter into water supplies 

by only possible way from human urine contamination into the water system; 

H. pylori stay alive inside water supply arrangements due to less level of 

disinfectant of chlorine in water distribution system. Absence of residual 

chlorine in any of drinking water samples which indicates faulty chlorination 

process or chlorination was not do neat all. It is evident from the results (high 

coliform and faecal coliform count at all 3 sampling levels) and potable water 
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standards are further deteriorated of the water supply scheme may be due to 

the leakage of pipes, where sewage water enters into the municipal water. At 

the level of customer the potable water is getting further contaminated because 

of the non-properly managed and uncovered storage tanks (Whitaker et al., 

2003).  

 

 The results in this study leads to conclusion that the chlorination process 

at main reservoir is not working efficiently thereby giving high coliform count 

even at consumer level. It is therefore, recommended that following steps may 

be taken by the relevant authorities to curtail the bacterial contamination of 

water supplied to Sheikhupura city for drinking purpose: commonly, the water 

distribution systems of Pakistan in small cities and rural areas not proper 

design according to working as under developing countries(Schechter et al., 

2001). The situation in the area under study was also observed same. Chlorine 

was not used adequately; that is why it was present in meager amount or 

completely absent in water samples tested in this study (Figure 10).  

 

 In present study it was observed that the residual chlorine was rarely 

found or when found was in very low concentration under given by the WHO 

and Pakistani standards values of potable water quality. The untreated or 

inadequately treated water to the population, results in the waterborne diseases 

in that area. The health effects of that unsafe water are clear from data 

presented in this study(Singh A et al., 2007).  

 

 Siddiqui et al (2010) reported that the microbiological quality of water 

was not be satisfactory 36% samples were found to be contaminated with 

waterborne pathogens during microbiological study of drinking water supplied 

to the schools in Karachi. Another study on ground water quality conducted by 

Habib et al. (2009), the faecal coliform as isolated in most of the sample of 

groundwater in Kasur Pakistan (WQRA, 2010).  

 

 In general a higher isolation rate was obtained because the water borne 

pathogens are mesophilic, can best grow at the temperature ranges of the 

drinking water of area under study. However, other factors such as organic 

matter, water level and drought may influence the bacteriological quality of 

water. It will be interesting to evaluate and determine these parameters for 

proper understanding of microbial pathogens in drinking water (Simeonov V et 

al., 2003). 
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CHAPTER 6: 
 

CONCLUSIONS AND RECOMMENDATIONS 
 

 

6.1 CONCLUSIONS 

 

 Increased efforts to adopt the advanced technology and methods for 

making potable water as free from microbes and their released toxins 

chemicals for all domestic purposes including the storing in house or in farms 

for animals drinking and also can also be national and international level used 

the water treatment methods in this research as removing the organic material 

in forms of toxins with coagulation process with Aluminum sulphate, ferric 

chloride and boiling (dosing and time details is mentioned in previous section 

), disinfection method involves chlorination with specific dose as described 

different in the section of management plane. 

 

 Contaminated canal water for drinking purpose needs dose 3mg/l of 

chlorine for complete disinfection without residues and 1.5 mg/l dose of 

chlorine is required for treating the drinking water of storage tanks without any 

toxicity causing by chlorine residues. 

 

 Almost the world’s population now presently facing the deficiencies of 

potable water with better quality, with using of correct and applicable 

technology or water purifications above methods for domestic water are a 

wonder full solution of these problems with very low prices. 

 

 The removal of toxins inform of organic matter was manage to 

minimize the toxicity in the experimental steps from drinking water samples. 

Coagulation experiments conducted to know actual effective and improved 

dose used to optimize for coagulation process for maximum removal of toxins 

in form of organic matter from drinking water. Selected Aluminum sulphate 

coagulation dosing (10mg-27mg) for treating the contaminated drinking water, 

this dose does not causes of toxicity to human and animal health as the 

Aluminum residues present in drinking water supplies.  

 

 Toxic effects are also appeared on animals and human population by 

taking the medical lab tests of blood samples for knowing the performance of 

liver and kidneys. From tests values, it is clearly observed that liver and 

kidneys have effected in same ways of both infected human and animals due to 

contaminated water and food taking.  
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 Small and taste of Water is normalized by using adsorption process with 

granular activated carbon and achieved effective 98.6% removes the organic 

carbon in form of toxins. The results show that coagulation techniques is very 

useful and cheaper for removing organic matter as compare to other techniques 

like as filtrations or electrolysis. Overall quality of drinking water can be 

maintained by monitoring microbes and their toxins and possible their 

reductions by adopting the methods like boiling, coagulation and chlorination. 

 

 Cost effective drinking water treatment methods (coagulation, boiling 

and Chlorination) developed for humans and animals (cows and buffaloes) was 

given in very low cost as from Rs.0.15 to Rs. 0.75 in this study for better 

health and safe drinking which is affordable for common people.  

 

 Hygiene information is very important for better utilization of safe water 

drinking. Moreover, the procedure involved for drinking water management 

system and how to store at the domestic level, it is need to increase knowledge 

of individual and community about the awareness of water hygiene and public 

health. The awareness of this type is very useful to achieve and support to the 

final objective of research about covered and piped potable water for the 

World’s population, then it will help to reduce water borne disease like 

diarrhoea and cholera in the our community. 

 

 This study further highlights the actual causes of water pollution in rural 

areas of Sheikhupura district: 

 

 Lack of complete data on water and environment. 

 Absence of civic control measures. 

 No National water Quality Standards. 

 Unawareness to the general public regarding environmental 

impact. 

 Role of Government monitoring agencies not at the required pace. 

 Role of city policy makers/managements has not taken up this 

issue as future health hazards of the habitants of the Sheikhupura 

District. 

 Analysis of water quality trend indicates escalation of the 

pollution over the years because of population growth and 

increased Agriculture use. 

 The results of the study provide significant value bases for 

decision makers to carry out effective air pollution control and 

environmental management plans. 
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6.2 RECOMMENDATIONS 

 

 Keeping in view the quality of drinking water of rural area under study 

following recommendations has been made. The drinking water of rural area 

under study should be boiled before drinking it 

o This reported case of waterborne pathogens and their toxins in 

drinking water is alarming. Government should fulfil its basic 

complacence of providing safe drinking water and awareness to 

community. 

o Contaminated canal water for drinking purpose needs dose 3mg/l 

of chlorine for complete disinfection without residues. 

o 1.5 mg/l dose of chlorine is required for treating the drinking 

water of storage tanks without any toxicity causing by chlorine 

residues. 

o Florid element should be added 5 ppm in drinking water quality 

standards by WHO and drinking water authority of countries 

because it is necessary for dental normal growth. 

o The quality of drinking water related to pathogenic microbes and 

their toxins should be listed in the drinking water guideline 

established by WHO and Pakistan 

o Toxins limits that should be included in WHO and Pakistan’s 

standards of drinking water quality and it must be applied these 

standards all over world including Pakistan. 

o The general cleanliness and hygiene of water at main storage 

reservoirs may be maintained at regular basis and must be 

established rules by the district and federal governments. 

o Canal water should be treated and disinfected by adding the 

chlorine dose (3 mg/l) before using for drinking and domestic 

purposes for the general public. 

o When decisions are made on water-use, the local municipality 

should involve suitable professional disciplines, especially 

environmentalists, doctors and town planners for the health 

protection of general public. 
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6.3 FUTURE WORK 

 

 Presently, very less people have known almost existence of other 

bacteria like C. Botulinum, algae like cyanobacteria pathogens in water body 

and their metabolites mean toxins under different environmental conditions 

that are most important understandings for active control on water borne 

diseases. The microbial contamination sources from human and animals is 

better understandings to control water borne diseases which is still a great risk 

for public health. 

 

 In addition to establish the link between waterborne pathogens and 

toxins that is an important task for chemists and microbiologist, deliver further 

advanced visualization about drinking water quality checks. 

 

 Further introduce new and cost effective chemical compounds are 

needed for water treatment and make it mineralized water quality. A company 

or organization should be lunched for public awareness on waterborne diseases 

effects on general public health and its treatments. Besides that studies should 

also be done from mathematical and Statistical modeling angles. The areas of 

environmental degradation in Sheikhupura district that have needed more on 

following next issues as include: 

 

 Medical treatment of water born toxins diseases  

 Effects on Soil & Agriculture Pollution due to contaminated water 

 Cumulative water quality Pollution Model 

 Impact, assessment, evaluation and modeling of Traffic Pollution 

 Model for Water Quality 

 Model for Sewage, Sludge Treatment. 
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APPENDICES 
 

 

PRE-INTERVIEW STATEMENT 

 

 

 First of all I greet the respondent and introduce my name and occupation 

to them. Like my name is Moghira Badar and I am a university Ph.D. student. 

Now I’m working on the way to my doctor’s degree thesis. I am interested to 

know the people’s water usage practices and perceptions about your water 

source quality in your village and I have prepared a small survey. As I told you 

and aware of my objective, I am not associated with any governmental or  

non-governmental bodies rather my interest is purely academic, but they are 

cooperating me by ideas how to work with you. Having this introduction this 

short interview will take up about 25 minutes of your time. Would you like to 

go ahead with the interview?‖ If the answer was yes, then I go ahead with the 

interview and subsequently I thanks and ask a few questions regarding your 

household e.g. you name, age, educational status and number of family 

members? Etc. then, I proceed to ask the rest questions based on my questioner 

outline. Finally I thank greatly for your help.  
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APPENDIX-1: 
 

QUESTIONNAIRE FOR WATER USERS GROUP 
 

  

Part 1 (Personal Information) 

 

1. Name and Father Name          

2. NIC #            

3. House Address           

4. Cell No.            

5. Date             

 

 

Part 2 Personal Characters of Common People from Rural Area  

 

1. How old are you?  Years,      Age             Sex:   M    F 

 

2. What is the highest level of education you have attained?  

i)   No education   

ii)   Primary    

iii)   Secondary   

iv)   Higher 

 

3. What is your occupation          

 

4. What is your income per month        

 

5. What is your marital status?     Yes   

      No. 

 

6. Do you have the following items in your home?  

i)   Radio 

ii)   Oxcart 

iii)   Bicycle 

iv)   Any other 

 

7. Livestock:  Size of cattle     

  Baffles     

 

8. Cattle and Baffle illness (sign & symptom) 

i)   Laziness   

ii)   Constipation during faecal process 

iii)  Urine colour  

iv)   Milk Production Rate 

v)   Fever   

vi)   Any other………… 
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Part 3 Microbes and Their related Toxins Diseases occurrence 

 

1. Do you know about water microbial contamination?  

   Yes   

   No 

 

2. If yes, what are E. Coli and Shiga toxins with the main signs/symptoms?  

i)   3-4 unformed stools in 24 hours  

ii)   Abdominal pain 

iii)   Faecal agency    

iv)   Cramps 

v)   Nausea     

vi)   Vomiting 

vii)   Fever     

viii)   Blood/mucus in stools 

 

3. Do you know some of the ways for preventing diarrhoea?   Yes  

          No 

 

4. If yes, mention some of them          

 

5. How did you happen to know about diarrhoea, signs, mode of spread and 

prevention?  

i)   School    

ii)   Ratio 

iii)   Hospital Worker   

iv)   Friends 

v)   Reading    

vi)   Village Health 

vii)   other  

 

6. Symptoms of botulism include  

 i)   Gastrointestinal problems  

 ii)   Fatigue  

 iii)   Muscular illness   

 iv)   Ocular effects such as droopy eyelids  

 v)  Sluggish response of pupils to light  

 vi)  Blurred and double vision 

 

7. Microcystins toxins human illnesses have been with symptoms including  

 i)   Stomachcramps 

 ii)   Vomiting 

 iii)   Diarrhoea  

 iv)   Fever 

 v)  Headache 

 vi)  Pains in muscles and joints 

 vii)  Weakness 
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APPENDIX-2:  
 

MATERIAL AND EQUIPMENT REQUIRED  

FOR MICROBIOLOGICAL CULTURE MEDIA  

AND BIOCHEMICAL TESTS 
 

 

Equipment 
 

 Erlenmeyer flasks (500 ml) etc. sterile (for enrichment)  

 Disposable inoculation loops (1 µl )  

 Graduated pipettes. 1000µl:  

 Balance 

 Incubators at 37
o

C and 41.5
o

C  

 Bunsen burner  

 Pipette tips for Graduated pipettes 1000ul  

 Wood spatulas.  

 Cotton swabs.  

 Eppendorf tubes. 1.8 ml  

 Magnet holder.  

 Sample mixer for magnet holder.  

 Racks for tubes  

 Laboratory coats:  

 Waste containers:  

 Bottle of 70% ethanol  
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APPENDIX-3:  
 

MEDIA USED FOR MICROBIOLOGICAL CULTURE 
 

 

Isolation of Escherichia coli MacConkey agar 
 

Peptone      20.0 g  

Agar       15.0 g  

Sorbitol      10.0 g  

Bile salts No.:      3 1.5 g  

Sodium chloride     5.0 g  

Neutral red      0.03 g  

Crystal violet      0.001 g  

Rhamnose      5.0 g  

Cefixime solution     1.0 ml  

Water       1000 ml  

 

Preparation:  

Dissolve the dehydrated medium in the water by heating if necessary. Transfer into a 

bottle and autoclave at 121
o

C for 15 min. Allow the media to cool to 44-47°C before 

adding the potassium tellurite and cefixime supplement as appropriate. Adjust pH to 

~7.1 -/+ 0.2 at 25°C after sterilisation. The final plates could be stored at 1-5°C for 

14 days. 

 

2. C. Botulinum Isolation Agar Base 

C. Botulinum Isolation Agar is recommended for selective isolation of Clostridium 

botulinum from food samples. 

Composition** 

 

Ingredients Gms / Liter 

Casein enzymic hydrolysate   40.000 

Yeast extract      5.000 

Dextrose      2.000 

Disodium phosphate     5.000 

Sodium chloride     2.000 

Magnesium sulphate     0.010 

Agar       20.000 

Final pH (at 25°C)     7.4±0.2 

 

**Formula adjusted, standardized to suit performance parameters 

 

Preparations 

Suspend 37 grams in 450 ml distilled water. Heat to boiling to dissolve the medium 

completely. Sterilize by autoclaving at 15 lbs pressure (121°C) for 15 minutes. Cool 

to 50-55°C and aseptically add sterile 50 ml Egg Yolk Emulsion (FD045) and 

reconstituted contents of 1 vial of CBI Supplement (FD049). Mix well and pour into 

sterile Petri plates. 
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3. Isolation of cyanobacteria 

  (EMB, OXOID England) 

 

Stocks 

 

1.  Extra nutrient salts 

NaNO3     3.0g 

K2HPO4     10.12g 

Na2HPO4     0.10g 

Distilled water    100ml 

 

2.  Trace metal solution 

ZnSO4.7H2O     0.022g 

MnCl2.4H2O     0.181g 

H3BO3     0.286g 

CuSO4.5H2O     0.008g 

Co(NO3)2.6H2O    0.005g 

Na2MoO4.2H2O    0.039g 

 

Cyanobacteria 
 Distilled water 100ml 

 Medium (The medium is made up in 2 parts) 

 

Part 1 

 Tricine     0.50g 

 Soil extract (SE1-see recipe)   25ml 

 Extra nutrient salts (1)   3.75ml 

 Filtered natural seawater to   1 litre 

 Adjust to pH 7.6-7.8 with   1m NaOH or HCl 

 

Part 2 

NaNO3     1.5g 

K2HPO4.3 H2O    0.040g 

MnSO4.7H2O    0.075g 

CaCl2.2H2O     0.036g 

Citric acid     0.006g 

Ammonium ferric citrate green  0.006g 

EDTA Na2     0.001g 

Na2CO3     0.020g 

Trace metal; solution (2)   1.0ml 

Distilled water to 1 litre Adjust to  pH7.4 

 

Final 

 Autoclave parts 1 and 2 separately at 121°C, cool and mix aseptically 

 

For Solid Medium 

 Add 15g non-nutrient agar per litre of medium 
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4. Isolation of algae 

 

Stocks 

Each in 200ml distilled water 

1. NaNO3     5.0g 

2. MgSO4 7H2O     1.5g 

3. NaCl      0.5g 

4. K2HPO4     1.5g 

5. KH2PO4     3.5g 

6. CaCl22H2     0 0.5g 

7. Trace elements solution 

ZnSO4.7H2O     8.82g 

MnCl2.4H2O     1.44g 

MoO3     0.71g 

CuSO4.5H2O     1.57g 

Co(NO3)2.6H2O    0.49g 

Distilled water    1 litre 

May need autoclaving to dissolve 

Each in 100ml distilled water 

8. H3BO3     1.14g 

9. EDTA-KOH Solution 

 EDTANa    2 5.0g 

 KOH      3.1g 

10 FeS047H2O     4.98g 

conc. H2SO4     1.0ml 

 

Algae Distilled water  1 litre 

 

 Medium 

 Stock solutions 1-6 10.0ml Each Stock solutions 7-10 1.0ml 

 Each Distilled water to 1 litre Autoclave at 121C for 15min 

 

For Solid Medium 

 Add 15.0g per litre of bacteriological agar (Oxoid L11) 

 

 



131 

 

 

APPENDIX-4:  
 

MEDIA AND BIOCHEMICAL REAGENTS USED  

FOR MICROBIOLOGICAL TESTS 
 

Gram stain reagents 

Crystal violet      Grm/Ltr 

 Crystal violet      20 

 Ammonium oxalate     9 

 Methanol absolute     95 ml 

 Distilled water to    1 liter 

Crystal violet was dissolved in 95 ml methanol absolute in 1 liter bottle; the 

ammonium oxalate was dissolved in 200 ml of distilled water and made up to 1 liter 

mark with distilled water 
 

Gram’s iodine      Grm/Ltr 

 Potassium iodide     20 

 Iodine       10 

 Distilled water to     1 liter 

Potassium iodide was dissolved in 250 ml of distilled water and then iodine was 

added to the potassium iodide solution and mixed to dissolution and was made to 1 

liter by adding distilled water. 
 

Decolorizer (95% ethyl alcohol) 

 Acetone      500 ml 

 Ethanol absolute    475 ml 

 Distilled water     25 ml 

Distilled water was mixed with absolute ethanol and then required volume of 

acetone was added to the ethanol solution and mixed well. 
 

Neutral red       Grm/Ltr 

 Neutral red      1 

 Distilled water     1 liter 

Neutral red was dissolved in 250 ml of distilled water and then the solution was 

made to 1 liter by adding distilled water. 
 

Sodium chloride, 0.85% (Physiological saline)  Grm/Ltr 

 Sodium chloride     8.5 

 Distilled water     1 liters 

Ingredient was dissolved in distilled water to 1 liter mixed well until salt was fully 

dissolved. 
 

Oxidase reagent (Sigma chemical company)  Grm/Ltr 

 To make      10 ml 

 Tetramethyl-p-phenylenediamine  0.1 

 Dihydrochloride     0.1 

 Distilled water     10 ml 

To prepare 10 ml 0.1 g of tetramethyl-p-phenylenediamine dihydrochloride was 

dissolved in distilled water the reagent was made freshly when required. 


