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Abstract

An unpolluted environment is essential for optimum human health. Water polluted with microbes causes noticeable
diarrheal diseases, whereas chemical and toxic contaminations make people acutely or chronically sick and kill insidiously.
Contamination of soil and water through human and industrial waste and agrochemicals is a universal problem and a major
issue in developing countries, where the difficulties are attributable in part to lax environmental laws. Unrestrained
industrial and domestic waste in urban and rural situations and pollution of reservoirs caused by agrochemical runoff are an
increasing concern. Deforestation and consequent soil erosion further aggravate these issues. Massive contaminations
such as oil spills are visible, and the deleterious effects are immediate, but microbial and chemical contamination of water
in most circumstances is subtle, and it may be years before people realise their water supplies are contaminated and are
adversely affecting human health. Misuse of agrochemicals is a key cause of pollution of potable water, reservoirs, and
watersheds. The misuse is mostly attributable to irresponsible behaviour of farmers and agrochemical sellers, and large
government fertiliser subsidies that incentivise fertiliser overuse; these are fully preventable. To prevent environmental
pollution and occupational diseases, proactive preventative actions are needed, including preserving the environment and
enforcing appropriate laws.
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1. Introduction

Water pollution creates a vicious cycle of contamination of the human food chain. Water and food are interlinked and
difficult to separate. Many communicable and non-communicable human diseases are related to water, soil-geochemistry,
and environmental pollution. There are a numerous examples of environmental pollution leading to epidemics of serious
human disease (1-5).

Excessive use of agrochemicals is a major source of water contamination, especially in agricultural regions in
developing countries where environmental laws are lax. When any one of the three main plant macronutrients (nitrogen,
phosphorus, and potassium) is lacking in the soil, crop productivity is limited. As a result, these three ingredients in the
requisite proportions are frequently added into commercial fertilisers.

However, plants can absorb only limited amounts of these macronutrients from the added chemical or composed
fertiliser. With rain, the excess fertiliser in the soil leaches into streams and ends up in distant locations, including
reservoirs. Therefore, the recommendations for fertiliser applications and their use should be based on actual crop-soil
requirements. However, such soil testing or information is not readily available in farming areas in most developing
countries. Consequently, farmers are using quantities of fertiliser blindly and excessively, wasting resources and polluting
the environment, with the expectation that more is better, which is not the case (6). This leads to under- and over-
fertilisation of agricultural fields. For example, phosphate is one of the most commonly used components in chemical
fertiliser mixtures (7) and the one most abused by farmer in some regions. Excessive use of phosphates has led to hyper-
eutrophication of phosphate (and in certain instances nitrates as well) in canals and reservoirs (8-11).

1.1 Water cycle:

The provision of and access to water depend on multiple factors, including locality, geographical distribution and
terrain, water quality, method of distribution, cost, affordability, and policies and politics. The distribution of water also
has to be tied to an understanding of groundwater and surface water management, as well as drainage systems.

The groundwater table fluctuates and is dependent on the pattern of rain, regolith and ground cover. For example,
large storms result in an increase, although temporarily, of groundwater in the upland and wells, whereas drought does the
opposite. In addition to rain, water supplies are based on the availability of an adequate amount of forest (particularly in
the highland), ground cover, and ground conditions to retain rainfall waters, as well as the rate and frequency of the
rainfall. Forest, ground cover, and evaporation rates affect the absorption of water into the ground and thus the retention of
water after precipitation; an alteration of any of these could negatively affect the entire water cycle.

Ongoing climatic changes and alterations to any of the above-mentioned items will continue to have adverse effects
on the water cycle (12). Because water quality changes within a short distance even within a local area, conclusions based
on inadequate sampling or sporadic analysis of water samples (13-15) can be misleading. Thus, it is risky to draw
conclusions and make extrapolations based on such analytical data from random water samples (irrespective of how good
the analysis is) and apply such conclusions to an entire region or correlate them with a particular illness or disease.

2. Water Pollution Due to Agrochemical
2.1 Large governmental subsidies encourage irrational use of phosphate fertiliser:
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Chemical fertilisers increase crop yields up to a threshold. Over-fertilisation beyond this will not further increase
agro output (6). Because of the initial increase in agro output, farmers get hooked into using chemical fertilisers and other
toxic agrochemicals. This is in part attributable to the false expectation of “more is better” (6). As an incentive to use
more to increase agricultural output and as a political manoeuvre, most governments have introduced large-scale fertiliser
subsidies for farmers at the expense of taxpayers. “Most farmers who do not pay taxes exploit this situation” by using
more than the recommended amounts of fertiliser (6) and vehemently object to losing government subsidies.

On one hand, subsidies assist and encourage farmers, but on the other hand, the resultant over-use of fertiliser burdens
the taxpayers, drains the foreign exchange and national budget, and causes environmental pollution. A healthy balance is
necessary between these two extremes. The choice for governments is to continue the status quo, getting into greater debt
and increasing the environmental harm, or change policies for the good of the country and the well-being of its citizens.
However, the political consequence of decreasing agro subsidies often prevents politicians from making the right decision.

Farmer education and training via an extension service is the most effective means of creating the awareness and
understanding of right and responsible fertiliser use. With proper education, farmers are likely to accept a reduction in
subsidies for their own good. One of the easiest and most productive ways to decrease the over-use of fertilisers by
farmers is to issue fertiliser based on soil analysis and estimated crop output data (16, 17). By doing so, farmers will be
benefited by (A) the need for less fertiliser and thus decreased cultivation costs, and (B) the decrease in environmental
damage and the associated potential health hazards to the entire community. The use of the correct quantity of nutrient-
balanced fertiliser should enhance crop output. Crop output could further increase with the use of new, hybrid, naturally
pest-resistant crop varieties (18). Most importantly, decreasing chemical fertiliser use will reduce fertiliser costs to
farmers, reduce public health risks, and morbidity and premature mortality, thereby decreasing health care costs and
increasing savings for the government and improving the country’s foreign exchange reserves.

2.2 Excess use of phosphate fertilisers:

Phosphate fertilisers are either water-soluble or relatively water insoluble. An example of water-soluble phosphate
fertiliser is triple superphosphate (mono calcium phosphate, commonly referred to as TSP). Relatively insoluble
phosphates are rock phosphates (calcium fluorapatite and calcium hydroxyapatite) (18, 19), which require solubilisation of
phosphates through chemical reaction before its use (6).

In each country, the relevant agricultural institutions provide recommendations for the correct amounts of fertiliser to
be used, based on field experiment data, costs, and returns. However, because of high subsidies (in some countries,
fertiliser is subsidised as much as 90%) and the consequently cheap price, many farmers are tempted to use higher-than-
recommended amounts of fertiliser, particularly phosphates (and in some instances, nitrates) for certain crops (6). Most
farmers believe that the higher use of fertiliser will generate more crop output but are unaware or neglect that their actions
damage the environment and potentially cause human ill health. Such ignorance and neglect lead to serious pollution
problems and manifestation of human and animal diseases.

2.3 Potato cultivations and the excessive use of phosphate fertiliser in Sri Lanka:

Potatoes are grown successfully year-round at high elevations. In most developing countries, potatoes are grown in
the mountainous areas in temperate climates. In Sri Lanka, potatoes are grown in the central region of the hill country,
around Nuwara Eliya. Despite the fertiliser subsidy, import restrictions and governmental taxes keep the prices of locally
grown potatoes artificially high. However, recently a project was launched to grow seed potatoes in dryer areas in the low
country, such as in Jaffna and Puttalam, during the cooler months, which should decrease the cost of seed potatoes.

These favourable conditions encourage potato cultivators to overuse fertiliser in the hill country, using as much as 10
times the recommended quantity of phosphate fertiliser (6). Recent Department of Agriculture (DoA) soil analyses in the
hill country revealed that in more than 70% of farms, soil phosphorus levels are in excess of the agronomic critical level,
and more than 50% had soil phosphorus levels exceeding the environmental critical level (DoA data).

Adding phosphate beyond the agronomic critical level is economically wasteful and environmentally harmful.
Because the hill country is subjected to frequent rain, excess phosphates and other agrochemicals continually leach into the
waterways and end up in water bodies. Consequently, many of the reservoirs at lower elevations, particularly in the rice-
growing regions in the North Central Province (NCP), experience eutrophication (8, 20) and frequent algal blooms (21).

Despite the high cost of good quality seed potatoes, which currently cost more than Rs. 300,000 per hectare, the crop
remains a highly profitable investment in Sri Lanka. With such high initial investment, understandably, potato farmers
want to maximise their profits and crop yields. Thus, farmers use excessive amounts of fertiliser indiscriminately because
the fertiliser is inexpensive to them because of the government subsidy (20). The excessive use of phosphates is a futile
attempt to increase output because all plants, including potatoes, have a limited capacity to absorb the nutrient phosphorus.
Such excess only increases costs, wastes taxpayers” money, and pollutes the environment (6).

2.4 Consequence of discharging excessive amounts of plant nutrients into water:

Some of the issues related to ongoing over-usage of agrochemicals in the hill country have been discussed previously
(22, 23). In addition to phosphate, nitrate fertilisers (including organic material) are discharged from these farm soils into
water bodies but in lesser quantities (7, 10). Excess phosphorus and nitrates leach from farm soil into streams and end up
in the lower regions, including the NCP via the diversion of water from the River Mahaweli, causing algal blooms in
reservoirs in the region that are most affected by chronic kidney disease of multi-factorial origin (CKD-mfo) in Sri Lanka.

These excess nutrient loads (eutrophication) in the water alter the natural vegetation (20), fauna and flora (24, 25),
and lead to surfeit of algal growth (26-28). At times, such algal bloom not only discolours reservoir waters but also makes
water relatively unsafe for human consumption (10, 16, 21). With reference to CKD-mfo, researchers have looked at
several algal, bacterial, and fungi toxins in the region (29, 30). Compared with the phosphates in fertiliser, the amounts of
pesticides and herbicides in the region’s water are miniscule and mostly unmeasurable. Unlike plant macronutrients, these
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chemicals are unstable and degradable, and unlike fertiliser, they are used in relatively small quantities. Considering these
facts, unlike phosphates, very little pesticide or herbicide (in fact, the quantities are unmeasurable in water) ends up in
downstream water and reservoirs in the NCP.

3. Commonalities of the CKD Problem in Other Agricultural Societies

A similar phenomenon seems to be happening in other equatorial countries where the CKD of unknown aetiology
(CKDue/CKDu) is prevailing. These episodes of unusual chronic kidney diseases have been reported in a number of
Central American countries, including Nicaragua (31) and El Salvador (32, 33), and other parts of Mesoamerica (34), as well
as in China (35, 36), southern Europe (37, 38), and India (39). Although there are differences in crops and the quantities of
agrochemical use in these regions affected by CKDu, some commonalities exist, including dryer climate, prolonged
droughts, lower socio-economic status, poverty, insufficient access to health care, harsh working and living conditions,
lower levels of education, and poor quality drinking water.

It is not necessarily the farmers who pollute the water bodies with phosphates (potato and vegetable farmers who are
the primary polluters of phosphate in the hill country) who are affected with this deadly disease, but those who live
hundreds of miles downstream in the NCP in Sri Lanka. Paradoxically, the true victims are the innocent residents—mostly
the farmers living in the NCP. In fact, despite gross over-usage of agrochemicals, no case of CKD-mfo has been reported
among the residents in the hill country, where most of these fertilisers are used.

Unfortunately, because of the lack of awareness, the desire to generate higher yields, and the highly subsidised
fertilisers, farmers continue to overuse these chemical agents, particularly in the hill country. These activities may bring
health hazards to the residents in the dryer and relatively flat regions in the country, the NCP. It would not be surprising if
such a scenario eventually led to social unrest on a large scale.

4. Water Pollution Due to Non-Fertiliser Components

Broadleaf herbicides 3,4 DPA and 2,4 D, both of which are phenoxy herbicides with hormonal properties, are known
to have some properties that are toxic to humans (40-42). Glyphosate [N-(phosphonomethyl)glycine is one of the most
commonly used herbicides worldwide and is sold under a variety of trade names. The maximum permissible levels of
glyphosate in water within the European Union and United States are 0.2 and 0.7 ppm, respectively. Small quantities of
glyphosate have been detected in some water sources and soil samples in Sri Lanka (43), but the levels are well below the
Environmental Protection Agency (EPA)-stipulated standards.

There are no scientific data to confirm measurable levels of glyphosate or any other herbicide or pesticide in water
bodies, including reservoirs in the NCP, nor do scientific data support glyphosate causing kidney failure in humans (43-
49). However, there are data on harmful effects of ingestion or exposure to large amounts of concentrated glyphosate, as in
suicide attempts (48, 50, 51). These harmful effects include death, potential carcinogenicity, and endocrine disruption (49,
52-54); however, the levels causing these effects are several times greater than those to which paddy and vegetable farmers
are exposed during their routine cultivation practices.

Within the first few inches of the soil, glyphosate binds tightly to soil and clay making insoluble complexes, which
prevents its leaching into the water table. Glyphosate avidly binds to cations and clay particles, inactivating and making
glyphosate insoluble, and it is degraded gradually by soil microbes; thus, in comparison to most other pesticides and
herbicide, glyphosate is safer for the environment (48, 55). Moreover, glyphosate interferes with the synthesis of the
aromatic amino acids phenylalanine, tyrosine, and tryptophan (working as an anti-metabolite), starving plants to death. It
does so by inhibiting the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS), which catalyzes the reaction of
shikimate-3-phosphate (S3P) and phosphoenolpyruvate to form 5-enolpyruvyl-shikimate-3-phosphate (ESP). This enzyme
system is not present in other living beings; thus, glyphosate action is highly specific to plants (56), and as a herbicide used
at the recommended doses glyphosate does not kill animals or humans.

Like other agrochemicals, glyphosate has some toxic effects, but compared with other commonly used pesticides and
herbicides, it is a relatively safe compound. Nevertheless, no agrochemical is totally safe. In this regard, we need to recall
the wise words of the father of pharmacology, Professor Bombastus Paracelsus: “all substances are poisons, there is none
which is not a poison; it is the dosage and the exposure that differentiates a remedy from a poison.”

Organochlorine compounds that are found in pesticides include dichloro-diphenyl-trichloroethanes (DDTS),
hexachlorobenzene (HCB), hexachlorocyclohexanes (HCHSs), and polychlorinated biphenyls (PCBs) (57-59). Repeated
exposure to excessive quantities of any of these agents without protective gear can lead to bio-accumulation of the
compounds in muscle and fat tissues; in addition, the chemicals are difficult to rid from the body (60). As with chemical
fertiliser, some farmers use higher-than-the-recommended amounts of pesticides and herbicides. Because these are not
subsidised (or at least not to the same extent as fertiliser), there compounds are abused less. However, when these
agrochemicals are used at the recommended quantities with protective gear, there is no evidence of toxicity to humans (18).

4.1 Water pollution from sewers and livestock:

Untreated sewage, industrial effluents, and agricultural wastes discharged into rivers, canals, and other water bodies
endanger the health of those who consume such water. Some of these contaminants include microbial agents, such as
bacteria and viruses that originate from sewage and treatment plants, septic systems, livestock operations, and wildlife, and
may cause dangerous health conditions to humans (19, 61).

Exposure to microbe-polluted waters causes acute and chronic disease, including diarrhoea, respiratory infections,
skin irritation, and several other diseases, depending on the type of pollutants involved. Meanwhile, whether the reported
increasing incidences of CKD-mfo in Sri Lanka and other countries is caused by escalating environmental pollutants (19,
62), increased awareness, or a true increase in the incidence is difficult to recognise (63). Although no direct links have
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been established between these pollutants and chronic kidney disease, many scientists speculate that one exists (13, 14, 64-
67). Figure 1 illustrates a number of causes and their interactions leading to contamination of the environment.
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Figure 1: Environmental pollution is a complex problem. Contamination of air, soil, and water results in pollution, which
causes numerous human and animal diseases and leads to premature deaths.

4.2 Population growth and environmental pollution:

The world population is more than 7.0 billion; if the current growth rate continues, world population could reach 10
billion in 2050. Thus, discussions about and actions concerning protecting the environment, sanitation, potable water, and
food security must include strategies on how to accommodate or control population growth. In addition, it is necessary to
consider continuingly shifting demographics and climatic changes in all new human settlement during the planning stages.
This should encompass not only food and water security, but also cost-effective ways to supply clean water and safe
sanitary facilities to increasing numbers of households while keeping the environment clean.

The United Nations Conference on Environment and Development at Rio de Janeiro in 1992 declared that countries
should promote appropriate demographic policies to assure a higher quality of life for all people (68). A national
consensus on policies regarding this issue in many developing countries and emerging economies, including Sri Lanka, is
long overdue (6).

What usually is ignored are the consequential quantities of waste and toxic products and chemicals generated in
households and from industry, both of which continue to increase with the population explosion (69). As the population
increases, the quantities of waste products also increase. Unless countries have the built-in capacity and effective methods
to handle the waste products, they inevitably will harm the environment.

4.3 Rapid economic development, changing lifestyles, and the environmental stresses:

Opening new lands for agriculture, coal-powered electricity plants, irresponsible disposal of mercury-carrying
fluorescence (CFL) bulbs, batteries containing heavy metals, the use of gasoline-guzzling automobiles, and various types
of mining all systematically contribute to environmental contamination. According to the 2001 Blacksmith Institute of
New York City Report, lead poisoning from mines is one of the biggest polluting events in the world (70, 71). Recycling
is in its infancy in most emerging economies, so governments need to invest in recycling, encourage recycling, and develop
relevant legislation to incentivise, support, and sustain it.

In addition, de-sedimentation or dredging of reservoirs and canals re-exposes centuries of deeply deposited toxic
products and heavy metals and returns them to the water system (19). The sediments have settled for thousands of years
without disturbance, and dredging brings them back to the water bodies and the food chain (6). Considering these factors
and the over-exploitation of natural resources, the ethics and human values associated with these issues need to be
examined to protect the next generation.

4.4 Climate change, deforestation, cultivation on sloping terrains, and soil erosion:

Nowadays, a cloudy or muddy river is a common sight, which reflects the degree of deforestation and forest
degradation, mining, and environmentally harmful farming activities occurring upstream (72). When the tropical forests
are replaced by cash crops or degraded pasture, there is an increase in surface temperature and a decrease in evapo-
transpiration and precipitation, leading to local climatic changes, including the length of the dry seasons (73). Moreover,
these tropical deforestations play a key role in the build-up of greenhouse gases, adding to climate change and associated
problems (74). Forests are environmentally valuable assets and remain critical for climate change mitigation (75).

High-intensity, sporadic rains leading to floods and droughts, in part because of climate change, increase soil erosion,
especially from sloping lands and those without adequate vegetative cover. In addition to the erosion of highly fertile
topsoil, such water prevents penetration of light to billions of aquatic organisms and causes injury to fish and other aquatic
living beings. Lost topsoil may take hundreds of years to re-form. Major climate changes and the unpredictable weather
patterns of recent years have made these problems worse (Figure 2).
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Figure 2: Climate change, deforestation, excessive use of agrochemicals, and other manmade contaminations are
responsible for the vast majority of environmental pollutions.

5. Socio-Economic Impact of Water and Soil Pollution

Soil erosion and runoff from exposed sloping lands continue to pollute rivers, reservoirs, and groundwater, and bring
sickness, premature deaths, economic calamity, and grief to communities through no fault of their own. Most of the time,
people affected are those who live hundreds of miles away from the sites of pollution and polluting acts. Overall, the
damage done via pollution to socio-economic situations and health is enormous and cannot be measured merely in
financial terms.

In addition to enforcing environmental protection laws, proactive actions are needed to preserve the vegetative cover
in all sloping lands. Shortcuts taken by farmers and governments alike, including illegal construction, deforestation,
planting, and constructing in protected nature reserves (all of which are done for short-term financial gain), will cause harm
for generations to come. Protection of the environment is the right of those living today and those yet to be born.
Therefore, those who continue to harm the environment, even those who happen to be governmental authorities or
politicians, must be exposed and brought to justice to protect future generations. Governments must get their policies and
fundamental action plans right with regard to these issues and ensure strict enforcement of the laws, without any
exceptions, related to the prevention of environmental pollution.

6. Modes and Issues Related to Water Contamination

Many people judge the quality of water by how it is supplied (by public or private water systems; tap water or bottled
water, etc.), its taste, odour, and appearance. However, the risk to one's health cannot be judged by any of these factors.
Most toxic chemicals or biological organisms that affect human health cannot be seen, tasted, or smelled; these
assessments require specialised testing.

The groundwater table fluctuates depending on the farming season, water utilization, rains/flooding/droughts, and
agricultural practices; in addition, the timing of water sampling for analysis may lead to seeming fluctuations. The soil
water content also is affected by groundwater extractions, including the use of tube wells for domestic and agricultural
purposes. Monsoon rain and intermittent storms could result in temporary replenishment of the groundwater table and
wells, whereas flooding causes contamination of many water sources, including dug wells.

In agricultural areas, water can be contaminated with microbes (such as Escherichia coli, salmonella, parasites, or
toxic algae); toxic heavy metals, such as lead, cadmium, or arsenic; fluoride; or various toxic agrochemicals (the herbicide
propanil or the insecticide chlorpyrifos), and so forth (57-59, 76). Most of these are anthropogenic, man-made
contaminants. This is in part due to (A) lack of understanding, education, greed, and lack of concern about others and the
environment; (B) importation of cheap, contaminated fertilisers (i.e., the dumping of toxic material into developing
economies); (C) inducement by importers, middlemen, and profit makers for their own personal gain and commissions, and
(D) encouragement of excessive use of fertilisers because of the high fertiliser subsidy. Nevertheless, in some situations
the groundwater is naturally contaminated, as in the case of fluoride and arsenic pollution, as in some deep tube wells.

Mechanical drilling and hydraulic fracturing (fracking) and the use of coal-powered power plants add to the misery of
air, water, and soil contamination (Figure 2). The cumulating pollutants continue to aggravate acute and chronic human
diseases, particularly non-communicable chronic health problems, including CKD-mfo (77, 78). The latter mostly affects
people in the dry zonal agricultural regions in economically poor, equatorial countries. The NCP region in Sri Lanka fits
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into this category. For the past two decades, this disease was limited to the NCP, but it has begun to spread to other areas
in the country (13, 14, 19). The prevalence is doubling every three to four years (19).

6.1 Critical issues related to the pollution:

Most larger organizations concerned with clean water worldwide focus on water sterilization methods to remove or
destroy microorganisms, which is relatively easy. However, globally a third of the water-related deaths and approximately
half of the disease burden can be attributed to poisoning from chemicals and toxins—i.e., non-microbial contaminants.
These organic and inorganic pollutants cannot be filtered or removed by boiling, traditional filtering, or sedimentation.
Therefore, heavy metals, toxins, and agrochemicals are not only difficult to detect in water, but also hard to remove
without using sophisticated methods.

In the absence of the provision of safe potable water to communities, inhabitants have to rely on contaminated water,
which at times may cause serious illness and premature death. In addition, the incidence and the prevalence of CKD-mfo
are under-estimated. Moreover, many CKD-mfo-related deaths are mistakenly attributed to other disorders. This
mislabelling of the cause of deaths is in part attributable to the lack of facilities and medical expertise necessary to make
the correct diagnosis, and in part to avoiding the societal stigma (79) (usually at the request of relatives) that is increasingly
attached to CKD-mfo. Therefore, death registries have become unreliable in identifying the true cause of deaths caused by
water pollution or CKD-mfo, so mortality associated with CKD-mfo is further underestimated.

People in affected areas suffer not only from chronic diseases such as CKD-mfo but also from other undiagnosed,
non-communicable chronic disorders that affect the heart, liver, and brain. The latter includes behavioural and mental
health problems and lower intelligence quotient caused by heavy metals such as lead (80) and possibly fat-soluble toxic
agrochemicals. Children and pregnant women are the most vulnerable. Therefore, provision of cost-effective and efficient
water purification methods and point-of-testing methods for drinking water are paramount for reducing morbidity and
mortality in these vulnerable populations.

6.2 Safe water required for all living beings, not only for humans:

Providing clean water for areas affected by CKD-mfo remains a priority. However, clean water also is needed for
animals and plants, and this need must be met. In the areas affected by CKD-mfo, as a stopgap measure, adequate numbers
of reverse osmosis (RO) plants (81) could be installed to provide safe drinking water to humans, but irrigation and well
water may continue to contain higher concentrations of potentially harmful substances that eventually enter the human food
chain via plants, meat, and fish. Unless attitudinal and behavioural changes occur, people will continue to pollute the
environment, which emphasises the importance of education.

In some areas, many marine animals including fish have high concentrations of mercury and cadmium, which
contaminate the human food chain. One well-studied example of the poisoning of people by the consumption of mercury-
contaminated fish occurred in and around Japan’s Minamata Bay in the 1960s. Water that was contaminated with mercuric
oxide was discharged from a plastic and chemical plant to the restricted ocean bay; the contamination led to a large number
of deaths associated with mercury poisoning (82, 83). Therefore, vigilance and proactive preventative steps are essential
prerequisites to maintaining a safe environment and human health. The solution lies in keeping watersheds and water
bodies free from harmful contamination with pollutants. Doing so is the responsibility of everyone and costs much less
than cleaning the mess and treating affected people after the fact.

7. The Way Forward

7.1 Current realities and strategies to purify water and protect the environment:

Most of the water filtration systems remove particulate matter by a mechanical process, sequestering dirt. Some other
methodologies, such as nano- and ultra-filtration, remove bacteria, viruses, and particulate forms but not the inorganic
molecules, heavy metals, fluoride, and other smaller dissolved molecules and toxins. Home water filters sold in areas
affected by CKD do not have the capability to remove potential toxins and chemicals effectively. Because contaminants
that cause CKD-mfo potentially include agrochemicals, heavy metals, and fluoride in dissolved forms, filtration devices,
including low-capacity activated carbon-based filters (with a limited capacity to adsorb chemicals), are ineffective in
removing contaminants (62), and thus no better than a placebo. Using other traditional methods, such as rice husks,
moringa powder, broken pieces of bricks, or clay, has some potential to “adsorb” some contaminants, but the capacity is
too small to be used effectively. Thus, most home water filters are inefficient, and few families actually use them even
when they are provided free of charge (personal observation). Thus, none of the home water filters available can be
recommended to generate clean water to alleviate CKD-mfo in this region. Such filters provide a false sense of security to
the consumers without decreasing the risks or incidence of CKD-mfo.

Boiling water or the use of hypochlorite or ultraviolet light can effectively eliminate microorganisms, but no such
economical method is available to remove dissolved inorganic and organic contaminants. To overcome this issue, a novel
“out of the box,” cost-effective method of water purification and point-of-care testing is needed. The reverse osmosis
method, commonly used in the West, is one such highly effective, but relatively expensive, way to purify and generate
safe, potable water (81).

Alternative options include provision of clean water using routine transportation of clean water to villagers for
domestic consumption, rainwater harvesting, and identification of safe sources of water, such as natural springs within the
local areas, supplying bottled water, and desalination. The provision of sterilisation tablets and chemicals, using water
pots, the use of domestic water filters, the use of ultraviolet and solar power for elimination of microorganisms, and
digging wells and deep tube wells will not remove the potential contaminants that may cause the CKD-mfo. Except for
tapping water upstream, rainwater harvesting, the use of locally available natural spring water, and the use of reverse
osmosis to generate clean water locally, other methods mention above are either too expensive, unsustainable, or add to the
environmental damage.
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To prevent water pollution, many countries have introduced various legal instruments, including (A) mandatory soil
testing of farmlands once every five years; (B) a period of mandatory fertiliser use embargo (i.e., prior to rain), (C) annual
mandatory filing of plant nutrient management by farms; (D) prohibition of growing annual crops in lands with high slopes
(soil conservation); (E) monitoring and reporting of water quality by the water authorities to the parliaments at specified
intervals; and (F) elimination of phosphates in laundry detergents, etc. Figure 3 illustrates the complex interactions
between the environment, social needs, the economy, and public policies.
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Figure 3: The synergy between public demand and key interactions among various components that influence public
health and affect human diseases. Correct public policies and law enforcement (e.g., environmental protection) necessary
to keep a positive cycle of healthy environment, clean water, and optimal health of the population are important.
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7.2 The past and the future; health of the nation:

Comparisons have made between new large-scale irrigation engineering projects and the ancient irrigation systems
that have been described as “water and soil conservation hydraulic-ecosystems” (84). The ancient irrigation and the
ecosystems based on thousands of networks of gravity-driven canals and small tanks were the heart of village-based human
settlements for thousands of years (85). It is essential to revitalise the neglected network of small tanks scattered
throughout the NCP; doing so would lead to social and economic empowerment of villagers in a sustainable manner. In
addition, enforcing environmental laws is critical to the prevention of the current exacerbation of pollution and associated
health problems.

If the people in the NCP (also known as Rajarata—Kingsland) opted to move elsewhere due to the panic of deaths
caused by CKD-mfo, it would markedly affect not only rice production but also the economy of the entire country. This
was what happened hundreds of years ago, when South Indian invaders destroyed large reservoirs in the region; rulers then
were unable to get the reservoirs repaired promptly because of a lack of cooperation from the public (85). This led to
abandoning the region (i.e., Rajarata) because of rampant epidemic malaria. A voluntary trend has already begun in
relocating some affected families out of the NCP. Unless the government takes prompt, fair, and effective actions to
control the environmentally induced, occupational disease of CKD-mfo, the history is likely to repeat. The government has
the fiduciary responsibility to prevent such a disaster.

7.3 Lack of Consistent National Water Policy:

Sustainable water policy in a country must include prevention of water pollution and waste, the ability to recycle
water, and ways of working and living that balance the immediate needs for commerce, living, habitation, food,
transportation, energy, and entertainment. The lack of such a comprehensive policy would have profound negative impacts
on the ecosystem and humans (22). Nevertheless, planning must also account for the future needs of resources, as well as a
sustainable livelihood of the current and future generations (86, 87). However, the policy must encompass environmental
conservation and preservation of all natural resources (88-90).

Provision of clean water and a national water policy should be at the heart of reconciliation and ethnic harmony (90).
A country must have a master plan for water; the lack of such in the longer-term is suicidal for the country. This global
plan must incorporate water and food security; equitable distribution of freshwater for domestic, industrial, and commercial
uses; irrigated water; prevention of contamination; and environmental protection (91). However, the plan must be fair and
just, and attention and priority must be given to optimising human health (12).

For long-term success and sustainability, it is important that the central government maintain the control of managing
water bodies, with operations delegated to municipalities but with full accountability. Deviation from the master plan with
regard to water distribution should not be allowed, and steps must be taken to avoid harmful water management practices.
The provision of safe, clean water and sanitation will not only benefit human health and humanity but also increase ethnic
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and regional harmony, and the prosperity and survival of life on earth. A government cannot abandon its responsibility and
accountability with reference to water, sanitation, and food security.

8. Conclusions

The water retention in catchments depends on the availability of forest and the ground cover, soil conditions, erosion,
and the intensity of rainfall. Thus, proactively preserving these is important. Climatic changes are affecting the pattern of
rain and drought. However, the global effects of the climate change are seen not only in rising sea levels and temperatures,
but also in unusually high levels of ultraviolet radiation in certain parts of the world, which may cause cancers, cataracts,
and immune system damage and increase incidences of infectious diseases (92, 93). All of these can interact with the
environment and aggravate human and animal health conditions.

Achieving the provision of clean water to households within and between villages in the CKD-mfo—affected region
requires collaborative efforts among the government, private sector, and nongovernmental organisations. For such efforts
to be successful, the provision of accurate and honest information and the development of confidence to acquire and use
clean water by the villagers are required. To date, there is no trend of or encouragement seen with reference to active
collaborations and partnerships between the public and private entities or with the philanthropic sector in preserving the
environment, education, provision of clean water and sanitation, or controlling agrochemical-induced water contamination.
Governments must take the leadership in this regard and proactive steps to preserve the environment as a key means to
preventing escalating non-communicable diseases.

All countries need to adopt, introduce, and enforce environmental protection legislation. Successful implementation
of these proactive, effective preventive methods is a major step toward the maintenance of a healthy environment, national
reconciliation, and sustaining ethnic harmony and optimising human health in a given country, including Sri Lanka.
Nevertheless, provision of basic human needs, such as water, sanitation, food, and education, must be devoid of conflict of
interests and political interference (which are major obstacles in most emerging economies); these basic human needs must
be made available equitably to all in an affordable manner.

Making politically motivated decisions without considering scientific data, long-term consequences, or common
sense would not only lead to further environmental instability, but also would expose the country to unwanted intrinsic
unrest and open to new security threats. Environmental protection agencies should provide guidance and standards, while
making all governmental officials and politicians accountable for their actions or inactions. The environmental protection
agency, in collaboration with other entities, must regulate the amounts of contaminants in water provided by both the
public and private sector and make clean water available at an affordable cost for all citizens. However, whether these
standards are actually enforced depends on the administrators, politics, and policies of an individual country.
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