Water POLLUTION  
OBJECTIVES

By the end of this module, you should be informed about: 

1. The causes and sources of water pollution

2. Transport and environmental impacts due to water pollutants.
3. Groundwater

4. Factors affecting the chemical contamination of water and important chemical water pollutants and their health effects.

5. International water standards

6. Bio-contamination of water.

7. Important occupational health effects due to water pollution.
8. Important legislation pertaining to water pollution in SA. 

Introduction
Water pollution is a term that describes any adverse effect upon water bodies (lakes, rivers, the sea, groundwater etc.) caused by man and his activities and therefore excludes impacts caused by natural phenomena such as volcanoes, storms, earthquakes. Water pollution has many causes and characteristics. Humans and other organisms produce bodily wastes which enter water sources such rivers, lakes and oceans (Figure 1). These wastes increase the solids suspended in the water (turbidity) or they can increase the concentration of bacteria and viruses leading to potential health impacts. Sewage and farm waste (eg animal waste, dairy production waste) impose high oxygen demands on water leading to oxygen depletion with potentially severe impacts on the whole eco-system. Industries discharge a variety of pollutants in their wastewater including heavy metals, organic toxins, oils, nutrients, and solids. Discharges can also have thermal effects, especially those form power stations, and these too reduce the available oxygen.

Water pollutants consists of a wide spectrum of chemicals and pathogens. Many of the chemical substances are toxic or even carcinogenic. Pathogens can obviously induce disease in either human or animal hosts. Alteration of water's physical chemistry include acidity, conductivity and temperature. Even many of the municipal water supplies in developed countries can present health risks. In the U.S. beginning in 1972 stringent federal laws were enacted setting specific discharge limitations.





Sources of water pollution
Sources of water pollution include:

· Industrial discharge of chemical wastes and byproducts 

· Discharge of poorly-treated or untreated sewage (Figure 1)
· Runoff containing pesticides and herbicides
· Runoff containing spilled petroleum products 

· Runoff from construction sites, farms, or paved and other impervious surfaces e.g. silt 

· Discharge of contaminated and/or heated water used for industrial processes 

· Acid rain caused by industrial discharge of sulfur dioxide (by burning high-sulfur fossil fuels) 

· Runoff containing detergents or fertilizers.
· Contamination of open water bodies by rubbish.
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Figure 2: The Lachine Canal, in Montreal, is badly polluted.

Contaminants may include organic and inorganic substances.

Organic water pollutants include:

· Pesticides and herbicides, a large range of organohalides (fluorine, chlorine, bromine or iodine containing compounds)
· Bacteria, from sewage or livestock operations 

· Food processing waste, including pathogens 

· Tree and brush debris from logging operations 

Some inorganic water pollutants include:

· Heavy metals 

· Acidity caused by industrial discharges (especially sulfur dioxide from power plants) 

· Industrial byproducts 

· Fertilizers, in runoff from agriculture including nitrates and phosphates 

· Silt in stormwater runoff from construction sites or cleared land 
Transport and environmental impacts of water pollutants

Most water pollutants in rivers are eventually carried into the oceans. In some areas of the world the influence can be traced hundred miles from the mouth of the river. Pollutant discharge in the Hudson River, USA is an example. Indicator filter feeding species such as copepods are used to study pollutant fates here. The highest toxin loads are not directly at the mouth of the Hudson River, but 100 kilometers south, since several days are required for incorporation into planktonic tissue. The Hudson discharge flows south along the coast where one will find areas of oxygen depletion, caused by chemicals using up oxygen and by algae blooms, caused by excess nutrients from algal cell death and decomposotion. Fish and shellfish kills have been reported, because toxins climb the foodchain afer small fish consume copepods (group of small crustaceans), then large fish eat smaller fish, etc. Each step up the food chain concentrates certain toxins like heavy metals and DDT by approximately a factor of ten.

Groundwater pollution is much more difficult to abate than surface water pollution because groundwater can move great distances through unseen aquifers. Non-porous aquifers such as clays partially purify water of bacteria by simple filtration (adsorption and absorption), dilution, and, in some cases, chemical reactions and biological activity. However, in some cases, the pollutants merely become soil contaminants. Water can move through cracks and caverns in the aquifer, which means that this water is not filtered and transported pollutants easily into groundwater.
Secondary effects can stem from the original pollutant. Some examples of secondary impacts are:

· Silt bearing runoff from can inhibit the penetration of sunlight through the water column, hampering Photosynthesis in aquatic plants. 

· Thermal pollution can induce fish kills and invasion by new thermophyllic species 

Groundwater

Groundwater is water located beneath the ground surface in soil spaces and in the fractures of geologic formations. A formation of rock/soil is called an aquifer when it can yield a useable quantity of water. The depth at which soil spaces become saturated with water is called the water table. Groundwater is recharged from, and eventually flows to, the surface naturally; natural discharge often occurs at springs and seeps and can form oases or wetlands. Groundwater is also often withdrawn for agricultural, municipal and industrial use by constructing and operating extraction wells. 




Figure 3: Relative groundwater travel times

Groundwater can be a long-term 'reservoir' of the natural water cycle (with residence times from days to millennia), as opposed to short-term water reservoirs like the atmosphere and fresh surface water (which have residence times from minutes to years). The figure shows how deep groundwater (which is quite distant from the surface recharge) can take a very long time to complete its natural cycle. Groundwater is naturally replenished by surface water from precipitation, streams, and rivers when this recharge reaches the water table. It is estimated that the volume of groundwater is fifty times that of surface freshwater; the icecaps and glaciers are the only reservoirs of fresh water on earth which are larger.

Usable groundwater is contained in aquifers, which are subterranean areas (or layers) of permeable material (like sand and gravel) that channel the groundwater's flow. Aquifers can be confined or unconfined. If a confined aquifer follows a downward grade from a recharge zone, groundwater can become pressurized as it flows. This can create wells that flow freely without the need of a pump. The top of the upper unconfined aquifer is called the water table or phreatic surface, where water pressure is equal to atmospheric pressure.

Typically groundwater is thought of as liquid water flowing through shallow aquifers, but technically it can also include soil moisture, permafrost (frozen soil), immobile water in very low permeability bedrock, and deep geothermal water (water heated by the earth’s internal heat) and oil formation water. Nearly any point in the Earth's subsurface has water in it, to some degree (it may be very dry or mixed with other fluids). 
Groundwater makes up about twenty percent of the world's fresh water supply (about .61 percent of the entire world's water including oceans and ice) and 30% of all freshwater resources (icecaps and glaciers forms about 69%). 
Water pollution by chemicals in the environment

Chemical water pollution is a world-wide problem. Remediation of existing water pollution problems is a major challenge. Primary prevention of further contamination   by intervention in agricultural and industrial activities is important.

Both surface (eg. rivers, dams) and groundwater (e.g. borehole, spring) can be contaminated by anthropogenic chemical wastes from agriculture, the chemical industry, mining, septic tank and landfill leakage and direct sewage discharge.

Factors that enhance chemical water pollution include the physio-chemcal properties of the chemical (e.g. water solubility of the formulation), the site of application, the soil type, the climate, irrigation and the quantities applied. Surface water is usually contaminated by “runoff ” (lateral movement) while groundwater is contaminated by leaching (downward movement) of water into soil. 

Workers potentially exposed to chemical water pollutants include remediation, construction, maintenance and waste workers who may come into contact with polluted water when cleaning surfaces and containers contaminated or containing polluted waters or during underground installations. Dermal exposure is therefore important for these workers.  
International water standards
Agencies such as the World Health Organisation (WHO) and the US Environmental Protection Agency (EPA) adopt a health-risk based approach whereby safe levels for humans are inferred using various extrapolations, assumptions and safety factors from toxicological data obtained on laboratory animals. In contrast, the European Economic Community has taken a more stringent approach by setting permissible levels at the lowest limit of analytical capability as a means to drive down exposures to pollutants.

The EPA approach to non-carcinogens is to establish enforceable minimum contaminant levels (MCLs) and non-enforceable minimum contaminant level goals (MCLGs) which are based on an acceptable daily intake (ADI), the ingested amount of the contaminant allowed for humans extrapolated from toxicological data.  MCLGs differ from MCLs by taking account of the practical feasibility of implementing a standard but are set as close as possible to MCLs for e.g. the MGGL for lead is zero µg/L but the MCL is 15 µg/L.
For carcinogens, the EPA models the amount of pollutant intake associated with an "acceptable" risk (a lifetime increased risk of 1 in 106) assuming linear extrapolation to low-dose exposures typical of environmental pollution scenarios.  Additionally, health advisories (HAs) are non-enforceable guidelines for emergency spills and treatment techniques (TTs) are applied where no adequate data exist to inform standards. 

Similarly, the WHO (WHO, 1993) bases its guideline values (GVs) for non-carcinogens on a percentage of a tolerable daily intake (TDI). Adjustments are made to take into account vulnerability of children (greater fluid intake per body mass) and for environmentally persistent chemicals. For carcinogens, the WHO's GVs are based on an "acceptable" increased risk of 1 in 105 risk, also extrapolated linearly to low doses. Many countries adopt the WHO standards because it is too costly and complex to conduct their own risk assessment.

The EEC directives set maximum admissible concentrations (MACs) for most contaminants in drinking water at the analytical detection limit for the contaminant, as a surrogate for a zero standard.  

Important Chemical Water Pollutants

Table 1 Important chemical water pollutants
	Pollutant
	Source
	Health effects

	Metals

	Lead
	Occurs naturally and used in variety of industrial applications (petrol, smelting, batteries, solder, plastic, ammunition). Older water supply pipes as well as “lead free” pipes (may contain 8% lead), especially water below pH6. Persistant in the environment. Even “lead free” metal pipes contain lead. EPA MCL = 15µg/L, SA standard = 10 µg/L.

	CNS, kidneys, GI, reproduction (fertility, pregnancy), children NB (IQ and behavioural effects

	Arsenic
	Released naturally and from anthropogenic sources (for eg ore smelting operations) via leaching to groundwater.  The average concentration of arsenic in surface and drinking water = 1 ppb.

SA drinking water standard = 10 µg/L
	Lethal at 50-60 ppm and cause nausea, vomiting and diarrhea at 300 ppb. Chronic exposure can cause skin changes, cancer (known carcinogen). EPA and 

	Atrazine
	Herbicide used for > 35 years in USA. Atrazine use results in run-off, leaching and release from soils. Detected widely in water sources in the USA and Europe. Its use is restricted.

SA drinking water standard = 2 µg/L.
	Low acute toxicity but possible carcinogen and may cause reproductive and developmental effects via endocrine disruption.



	Mercury
	Hg is naturally occurring. It can be in metallic (Hg0), inorganic (e.g. mercurous chloride) or organic forms (e.g. methyl mercury).  Methyl Hg accumulates in aquatic organism. Fish most NB source of non-occupational exposure to Hg. Sources include industry (chlor-alkali plants, leaking landfills, combustion of Hg containing products and fossil fuel. Hg present in many commercial products in the past but most have now been replaced by non-Hg products.

SA drinking water standard = 2 µg/L.
	High concentrations of methyl Hg can damage brain, kidney and other organs. Long-term low-level exposure is associated with impairment of CNS, reproductive, developmental effects and immune effects. 

	Polychlorinated Biphenyls (PCBs)
	PCB’s are chlorinated organic compounds (include DDT, dioxins). First produced in USA in 1929 and banned in 1977. Continue to be present in many commercial products.

Highly persistent in sediments, animal and plants. Fish most NB exposure to humans.  
	Long-term exposure include cancer (probable carcinogen), adverse effects on the liver, skin, immune system, reproduction and development.

	Polybrominated Diphenyl Esters
	Relatively new class of compounds used as flame retardants in many commercial and household products. Presence in environment is increasing. Fish most NB exposure to humans. Now banned in Europe.
	Chronic exposure may cause adverse effects on CNS and liver and endocrine disrupting effects on the thyroid organ.


Biocontamination of water supplies

Biocontamination of water supplies used for human consumption, is the most important water-borne threat to human health.  Serious water borne epidemics resulting from known and new pathogens still occur in both developing and developed countries  
Agents are bacteria, viruses, parasites. Faecal contamination is the most important cause.  

Occupational risks of bio-contaminants

The wastewater treatment process brings the worker in contact with multiple pathogens. Health effects to some exposures, such as gram-negative bacteria and endotoxins, have been well studied among other workers, and preventive measures, such as permissible endotoxin levels, that have been established for these workers should be adopted for the wastewater treatment environment. The most frequent disorders reported by the wastewater-treatment workers comprise respiratory and gastrointestinal infections, ocular and dermal irritations.
Issues such as the prevalence of hepatitis A among wastewater treatment workers have not been well studied. There remains a controversy on the need to offer hepatitis A pre-exposure immunization. 

The assessment of hygienic conditions at individual workplaces is difficult because of lack of hygiene standards for airborne microorganisms and endotoxins. 

Water Legislation in SA (Table 2)
	Legislation
	Co-ordinating body
	Purpose

	South Africa’s Constitution (Act 108 of 1996). Link: http://llnw.creamermedia.co.za/articles/attachments/12629_constitutionenglish.pdf
	
	Gives everyone the right to an environment that is not harmful to health.



	Environmental Conservation Act (Act 73 of 1989) 

Link:

http://web.capetown.gov.za/eDocuments/Act_-_Environmental_Conservation_-_73_of_1989__75200519579_257.pdf
	DEAT
	To provide for the effective protection and controlled utilization of the environment

	National Chemicals Profile, 2006

Link:

http://www.unitar.org/cwm/publications/cw/np/np_pdf/South_Africa_National_Profile.pdf


	DEAT
	A comprehensive assessment of the national infrastructure relating to the legal, administrative and technical aspects of chemicals management

in South Africa. A basis for re-evaluating South Africa's capacity for safe management of chemicals. By improving chemicals management, it may be possible to address the problem of water pollution by chemicals.



	National Environmental Management Act (DEAT, 1999). Link: http://www.info.gov.za/gazette/acts/1998/a107-98.pdf
	DEAT
	The overall framework for national environmental management. Amongst the policy principles contained in the Act are an emphasis on prevention, the need to minimise negative environmental impacts if pollution cannot be avoided and environmental justice.



	The National Water Act, No 36 of 1998. Link:

http://www.info.gov.za/gazette/acts/1998/a36-98.pdf
	DWAF
	The nature of water management and related environmental practices in South Africa. The Act emphasises public participation and provides for greater community involvement in water management structures.

	The National Sanitation Policy (DWAF, 1996). Link: http://www.dwaf.gov.za/Documents/Policies/National%20Sanitation%20Policy.pdf


	DWAF
	Aimed at the safe disposal of human wastes, provision of safe water and appropriate health and hygiene practices.



	SA Water Guidelines (DWAF, 1996)
	DWAF
	Detailed standards for inorganics (typically metals) and coliform content but few standards for organic contaminants. This means that there is very little monitoring of water for, e.g. pesticide content. Given that South Africa is the main market for pesticides in sub-Saharan Africa, this is an important gap. 
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