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Water and Wastewater

All rivers run into the sea, yet the sea is not full; to the place from whence the rivers come, thither they return again.  Ecclesiastes 1:7

Water and Wastewater Introduction

· Water is critical to life

· cheap, accessible, plentiful, and relatively safe

· Renewable but Finite

· Importance of water quality, water scarcity, and water use are impacted by differences in beliefs

· Causing conflict

· Hindering joint efforts to protect the world’s water supplies

Fig. 9-1, Water is a unique compound

Water Properties 

· Water exerts a major influence on the earth’s ecosystems and climate

· Water is essential in maintaining temperature of planet

· Water exists as a solid, a liquid, and a vapor

· Water carries a partial negative charge and partial positive charge, and easily dissolves most polar molecules

H+- O- - H+
Fig. 9-2, Hydrologic Cycle, Sun, Earth, Atmosphere, Water & 5 Processes

Water Resources and Health

· Water covers 71% of the earth’s surface

· ~ 1.3 billion cubic kilometers on earth

· ~ 3% of the earth’s water is freshwater

· < 1% of the earth’s water is available freshwater

· 1995 World Bank reported

· ~ 40% of the world’s population live in countries facing water shortages

· It is costly

· in Haiti, 20% of household budget is for water

Water Resources and Health

· Humans and animals require freshwater

· 67% of the human body is water

· Blood is 83% water

· essential for digestion, transport, waste removal

· We require min. 25 gal/day, U.S. Standard of Living

· urban sewer systems cannot transport on less

· affluent societies use 50 to 200 or more gal/day 

Water Shortage and Scarcity is Real

· Globally:

· demand has been increasing at about 2.3%/yr. 

· yet, 95% of sewage is discharged untreated 

· at some point water use will be limited by physical, economic, and environmental factors

· Access to clean water is critical to human well-being and survival

· > 1.7 billion people lack access to clean drinking water

Water Rights and Conflicts are Real

· Water sources cross political boundaries

· ensuring disputes between countries staking their claim to this valuable resource

· Bangladesh & India over the Ganges River

· Pakistan & India in 1950

· Syrian and Iraqi opposition over Turkey’s plans

· Israel and Palestine over the Jordan River

· “The only matter that could take Egypt to war again is Water”  Anwar Sadat (1979)

· 1991 Gulf War, Iraqi’s targeted the Kuwaiti desalination plants

Water Rights and Conflicts are Real

· Water sources cross political boundaries even in the U.S.

· NYC attempts to control upstate watersheds eliminated whole towns, now under water

· NJ and reservoirs such as Round Valley

· San Francisco and Hetch Hetchy

· Colorado River 

Water Consumption & Management affected by many factors

· Economy

· higher standard of living increases use

· technology can increase and modulate use

· Level of industry and agriculture

· generally increases  use

· Climate

· Culture

· Ganges River in India a water source for drinking, bathing, religious rituals, sewage discharge = to waterborne disease

· Excess use if not properly valued

· impact on the poor may be disproportionate

Sustainable Water Management Could Help

· Implies that current needs are met without diminishing the resource for future generations use and at no expense to environmental need

· To improve water efficiency, decrease consumption, and help preserve remaining resources

· N.Y.C. “Save Water: Shower with a Friend”

Important to Understand How Water Is Used

· The three major water consumers are

· agriculture

· industry

· households or individual use

· In the United States, the average daily per capita water use from public supplies is approximately 180 gallons per day

Water Use

· Agriculture

· consumes the largest portion of the  freshwater supply

· > 67% used for irrigation

· 60% of this water is lost to evaporation or runoff

Water Use

· Industry

· uses large quantities for

· manufacturing

· cooling and condensation by power plants

· waste disposal

· in the U.S. > 200 billion gallons per day

Fig. 9-3, U.S. Domestic Water Use

~ 75-135 gallons per capita per day (gpcd)

U.S. Sources of Drinking Water

· Surface Water

· 3.5 million miles of rivers and streams

· 41 million acres of lakes

· Due to its exposed or unprotected state, surface water is prone to contamination

· diffuse pollution such as runoff from agricultural, street, neglectful recreational activity 

· natural polluters - bird migration

Surface Water needs protection

· Watershed fencing, limited recreational access, and public education can help protect surface waters against pollution

Groundwater

· Volume worldwide is ~ 8.5 million km3 or 0.62% of the total water 

· Supplies drinking water to

· 50% of the people living in the U.S.

· 90% of people living in U.S. rural areas

· It is rain, some of which percolates through the spaces in the soil

· moving until it reaches an impermeable layer of rock 

Fig 9-4 

Wells Remove Groundwater

U.S. Groundwater Contamination

· Potential U.S. pollution sources include:

· > 23 million septic systems (30% of households)

· Salmonellosis, Hep.A, Typhoid traced to septage in GW

· ~ 5 - 6 million underground storage tanks 

· millions of tons of pesticides and fertilizers 

· municipal landfills

· abandoned hazardous waste sites

· > 225 Chemical, Biological, and Radiological pollutants have been identified in GW

· from point and non-point sources

Groundwater Contamination

· Point Source

· pollutants entering the environment from a specific point

· a pipe from a factory or treatment plant

· Non-point source

· pollutants entering the environment from a broad area

· may include scattered sources (Table 9-1)

· From Planned and Unplanned Activities

Table 9-1

Recharge and Water Mining

· Recharge is the replacement of groundwater by natural processes

Recharge and Water Mining

· Water stress

· defined as the ratio of water withdrawal to water availability

· >10% of available freshwater is being used

· the Ogallala aquifer is stressed from the large quantities of water being withdrawn, Fig. 9-7

· water pumped out of these fossil underground sources is called water mining 

· leading to permanent depletion - not enough recharge to renew the supply

Fig. 9-7, Ogallala Aquifer

Subsidence and Salination

· Subsidence

· when soils settle as water is pumped out

· Salination (salt water intrusion)

· As water is pumped out of the aquifer, the zone of saturation decreases at both the upper and lower levels

· Saltwater can seep into the aquifer at the lower level, polluting the freshwater

Water Pollution

· Before sewerage wastes were collected and thrown into the street or collected in cesspools allowing pathogens to seep to GW

· 19th century brought flushing toilets

· increasing water use and overflowing 

· increasing waterborne disease - cholera, typhoid

· 1854 London - severe Asian cholera epidemic

· Dr. John Snow investigated to determine it was sewage contaminated water at the Broad St. pump

· He removed the handle 

Water Pollution

· Much of the pollution that threatens our water supply today is anthropogenic

· generated by humans, not natural processes

· Industry, agriculture, and overpopulation have all contributed to pollution

· Some protective strategies include

· protecting areas near drinking water sources

· pollutant discharge limitations

· chlorination and filtration processes

Water Pollution Laws

· 1940’s - 1960’s focused on treatment plants

· 1972 Federal Water Pollution Control Act

· focused on both treatment and water quality 

· 1977 Clean Water Act 

· return “navigable” waters to fishable and swimmable condition by 1983

· zero discharge by 1985

· we did not achieve this one

Water Quality

· Various characteristics ranging from

· taste and color to temperature and purity

· Acceptable Quality can vary depending on its intended use:  

· high quality is needed for drinking water

· lower quality is sometimes acceptable for irrigation purposes as in wastewater reuse

National Watershed Characterization, EPA, 1999

Water Quality

· Different types of pollutants may contaminate a water supply, categorized as:

· biological

· Cryptosporidium, fecal coliform (pathogen indicator)

· physical

· odor, taste, color, turbidity, solids, hardness (minerals) 

· chemical

· Synthetic Organic Compounds (PCB), pesticides, 

· inorganics and metals (Pb, Hg, As, Cu, Cd)

· radioactive contaminants

Some Pharmaceuticals Found in the Environment, Halling-Sorensen, et al, 1998

· Aspirin

· Bleomycin

· Caffeine

· Clofibrate

· Diazepam

· Erythromycin

· Estrogen

· Estradiol

· Estrone

· Ibuprofen

· Indometacin

· Methaqualone

· Methotrexate

· Norethisterone

· Sulphamethoxazote

· Tetracycline

· Testosterone

Types of Pollution

· Radioactive Contaminants
· The most common radioactive substances in water are radium, uranium, radon and certain man-made radionuclides

· naturally occurring radionuclides appear mainly in groundwater

· artificial radionuclides from atmospheric fallout more likely to appear in surface waters

Sources of Pollution

· Point Source

· Underground Injection Wells

· Industrial Discharges

· National Pollution Discharge Elimination System (NPDES)

· Nonpoint Source from Agriculture

· Pesticides

· Fertilizer

· common cause of Eutrophication

Nutrient induced Algae

Sources of Pollution

· Additonal Nonpoint Sources

· Stormwater Runoff

· anything on the street flows into the water

· Acid Mine Drainage

· leaching heavy metals

· Waterborne Disease

· > 900 million diarrhea cases & 12 million deaths global

· > 900 deaths each year in the U.S. & 1 million GI cases

Water Treatment

· Municipal Water Treatment in the U.S.

· most of the drinking water comes from 200,000 community water supply systems  

· include ~ 140,000 small scale suppliers and ~ 60,000 municipal supply systems

· supply water to 241 million Americans

· most of the water requires some form of treatment

Water Treatment

· The main steps are:

· sedimentation

· to remove large Suspended Solids

· coagulation - flocculation

· e.g, alum to create large particles that will settle

· filtration (sand filter)

· to remove remaining suspended materials

· aeration to remove VOC

· disinfection (Cl, Ozone), fluoridation (+-)

Disinfection, the most critical step

· Should destroy all organisms in the water supply and maintain a residual

· to allow the water to reach the consumer

· Chlorine is the major disinfectant used in United States’ water systems today

· residuals may form Trihalomethanes

· Ozone is faster but leaves no residual

Examples of Important Waterborne Pathogens, Mahin & Pancorbo, 1999

Pathogen
Cryptosporidium

Giardia lamblia

Hepatitis A, E

Rotaviruses

Enteroviruses

Norwalk virus

Adenoviruses

Reovirus

Vibrio cholerae

Shigella spp.

E. Coli 07157:H7

Regulations

· Safe Water Drinking Act

· Requires the US EPA to set Maximum Contaminant Levels (MCLs) for water pollutants to protect the public health

· Enforcement of the SDWA is left to the individual states, with oversight provided by the Office of Groundwater and Drinking Water, a division of the USEPA

· EPA est. $134 billion (20 yrs) will be needed to overhaul the community water systems

Wastewater Disposal and Treatment

· Sewage

· In many developing countries human waste pollutes the land and the water

· This organic material can serve as food for organisms living in the water

· The amount of sewage can be measured as BOD

· High BOD = polluted

· Low BOD = good quality

Biological Oxygen Demand (BOD)

· As microorganisms decompose organic material they use dissolved O2 in the water

· If a waterway is overloaded with biodegradable organic pollutants this decomposition process can deplete the supply of dissolved oxygen

· The deoxygenation and reaeration of water can be presented graphically as a Sag Curve

· A Sag Curve demonstrates the level of dissolved oxygen over time, showing the critical level where aquatic life dies (Fig. 9-8)

Fig. 9-8, Sag Curve

Fig. 9-9, Type of Disposal - Pit Privies 

Fig. 9-10, Septic System

Fig 9-11 Failed septic system

Fig 9-12a

Fig 9-12b

Municipal Sewage Treatment (POTW) Fig. 9-13a

· Sewage treatment speeds up water’s natural process of purification

· through biooxidation, filtration and settling

· Several stages of treatment include:

· primary - mechanical removal of solids

· baseballs, leaves, dead rats, etc.

· secondary - degrade organics

· tertiary treatments  

· sludge disposal

Fig. 9-13a

Fig. 9-13b

Fig. 9-14a, Primary Treatment, Bar Screens

Fig 9-14b, Primary Treatment, Comminuter (a grinder)

Fig. 9-15a, Primary Treatment, Clarifier (solids settling)

Fig 9-15b, Primary Treatment, Clarifier

Municipal Sewage Treatment

· Secondary Treatment

· Trickling filters and activated sludge treatment employ bacteria to breakdown and digest organic material in the sewage (Figs. 9-16a & 9-16b)

· Sludge form primary or secondary treatment is dried (Fig 9-17a) and then disposed of in landfill or composted (Fig 9-17b)

Fig. 9-16a, Secondary Treatment, Activated Sludge

Fig 9-16b, Secondary Treatment, Activated Sludge

Municipal Sewage Treatment

· Tertiary Treatment

· tertiary treatments or advanced wastewater treatment methods are sometimes used

· air stripping by ammonia

· rapid granular filtration

Municipal Sewage Treatment

· Sludge Treatment and Disposal

· Sludge refers to the solids and liquids separated out of wastewater during sewage treatment

· Sludge disinfection is a crucial step, as it destroys pathogens in the sludge to prevent the spread of disease

· Digested sludge may be air dried

Fig. 9-17a, Activated Sludge Solids Handling

Fig. 9-17b, Activated Sludge Solids

Water Pollution and Health

· Consumer concerns

· increased risks of cancer

· uncertainty about the supply

· Consumers armed with information about their water sources can protect themselves from exposure to polluted water

The Following Laws Also Protect the Waters of the U.S.

· RCRA - Hazardous and Solid Wastes

· CERCLA - Abandoned Hazardous Waste Sites

· FIFRA - Pesticides

· TSCA - Toxic Substances

Future Outlook

· A planet covered with water

· yet plagued by waterborne disease, drought, and water mismanagement

· we must promote conservation, efficiency, and frugality 

· Every drop counts

· After all, that drop has been used before

