Chapter 7: Drinking Water

Objectives:

Discuss the pros and cons of obtaining drinking water from groundwater and surface water sources

Discuss the four avenues of human health risk and water diseases

Discuss the differences between primary and secondary drinking water standards.

Discuss the reason why coliform analysis is used for determining the efficacy of disinfection.

Describe the treatment processes in a typical water treatment plant.

Discuss the public health concerns with using chlorine as a disinfectant for potable water.

Discuss the pros and cons of using alternative disinfectants for drinking water.

Describe the different point of use water treatment devices and what they are used for removing.

Discuss the public health aspects of distribution system flushing.

Discuss the importance of backflow prevention.

1. Human Uses of Water

Personal: 50 gpcd (gallon per capita per day) in US, however only 2 quarts are consumed dual distribution systems potable and non-potable Industrial, waste disposal, recreational, irrigation, other

2. Health Risks
One million people per year in the US become sick from drinking contaminated water.

Four avenues: water borne diseases, water contact diseases, water insect related diseases, water wash disease

Toxic chemicals, latency in appearance of effects, lack of dose-response data

Soft water and heart disease

3. Sources of Drinking Water

Groundwater - serves as a source for over half of the US population, close to point of need, relatively clean, requires less treatment than surface water prior to consumption. Dug, driven or drilled.

Springs - groundwater flow at the surface.

Agricultural contamination - nitrates, pesticides. Excessive withdrawals can lead to land subsidence, salt water intrusion.

Rainfall diverted to holding ponds to encourage recharge.

More difficult to contaminate than surface waters, but once contaminated, aquifers take more time to become decontaminated.

Protected runoff - roof collection of rain to a cisterns. Valves used to divert initial cleansing water to waste. Larger collection systems for cities involve collection of rainwater to lakes.

Problems with Cryptosporidium and Giardia corrected by filtration. EPA requires all large drinking water systems to monitor for Crypto, and that all systems supplied by surface water use filtration.

Surface Supplies - Lakes, streams, rivers, requires extensive treatment before consumption.

Industrial contamination has increased cost of treatment.  Contamination can occur quickly, but streams/rivers can become clean through natural processes or dilution. Debates over human, industrial, agricultural, recreational and ecological uses.

4. Drinking Water Standards

1974 Safe Drinking Water Act - amended 1977, 1986, and 1996. EPA developed primary standards for health protection and secondary standards for aesthetics.

Maximum Contaminant Levels (MCLs) - set for inorganics, volatile organic chemicals (VOCs), radioactivity, turbidity and coliforms.

econdary standards for iron, total dissolved solids and minerals. Standards for turbidity (suspended solids) related to health and aesthetics.

EPA identifies best available technology for removal of contaminants.

Activated carbon beds adsorb many organic, inorganic and pesticide contaminants.

Variety of disease causing organisms may exist in water supplies. Coliform used as an indicator of possible fecal contamination.

Cysts are resistant to disinfection.

5. Water Purification

More than half of the 60,000 municipal water purification systems in the US provide water to towns with fewer than 500 people, 5% of the population gets water from private wells, 95% of rural households depend on groundwater.

165,000 non-community systems serve the traveling public.

160-200 gallons per capita per day (gpcd) -57% domestic use, 32% commercial/industrial, 9% public services, 2% lost to leaks. 

Currently inexpensive, 1 cent for more than 150 eight ounce glasses of water, but current and future contamination will drive up costs.

Slow sand filtration – 2-3 feet of sand, bio growth forms on top, removes suspended particles and most bacteria and disease organisms. Easy to use, but require large area, need to be scraped or cleaned.

Rapid sand filtration

Storage - provides a reserve, removes some color, turbidity and bacteria

Rapid mix - ferric chloride or alum added for coagulation (highly positive charged coagulant attracts negatively charged colloid to form a gelatinous mass called floc) under highly turbulent conditions to ensure maximum interaction.

Flocculation (slow stirring to maximize agglomeration of small floc into larger floc mass) using large paddles. Sedimentation of large masses in a settling tank. Retrofitting of settling tank can improve settling, reduce settling time, and the required tank volume for a given water demand.

Rapid sand filters are a combination of different gradations of sand, gravel, and granular activated carbon which remove any remaining floc. Requires backwashing.

Disinfection with chlorine gas or granules provides protection from any subsequent bacterial contamination in the distribution system.

Problems with chlorinated hydrocarbons, trihalogenated methane (THMs) are carcinogenic, can be released into the air during shower.

Chlorine dioxide and ozone are alternative disinfectants; chlorine dioxide cannot be transported easily because it is explosive. Must be generated on site and may also produce by-products of concern.

Ozone must also be generated on site because it is very reactive, expensive compared to chlorine.

Does not leave a protective residual. Used regularly in Europe, may increase in US.  Fluoride for prevention of cavities.

Areas of concern:

Hardness - calcium and magnesium, frequently a problem with groundwater, aesthetics. Ion exchange for home treatment, lime softening for large quantities

Iron and manganese - removed by oxidation, aesthetic

Organic compounds, tastes and odors - hydrogen sulfides, algae, chlorine by products

Additional treatment/Alternate water sources:

Point of use treatment devices - particulate filters, chemical adsorbers (activated carbon), reverse osmosis (RO), water softener, distillation.

Bottled water - one thousand times more expensive, 1/3 of Californians purchase it.

6. General Outlook

Drinking water quality has promoted an ever higher level of public health, enhanced industrial growth.

Problems: low levels of toxic chemicals, disposal of sludges, depletion of groundwater sources, contamination of water sources.

Estimated 80% of all illnesses in the developing world are due to waterborne diseases.

Water shortages may lead to armed conflict (Africa, Eastern Europe).

Contamination of raw water and misuse of treated water (Table 7.2 for water efficiency savings).

Sewage effluent for golf course irrigation, internal reuse of industrial water.

7. Distribution System

Constructed of concrete, ductile iron, PVC, combinations

Problems: leaks, slime/sediment build-up, decay or deposition, breaks, freezing

Annual flushing - removes sediment buildup and slime, which may be causing an increase demand in the chlorine content of the water. May temporarily cause brown water in the system.

Backflow prevention - backflow devices within buildings and between building and the distribution system. Designed to protect the system from backflows.  Must be tested on a periodic basis.
