Pathogenic Microorganisms in Water
Introduction:

	In the United States, groundwater is the principle source of drinking water for 50% of the population; in rural areas, the percentage is as high as 90-95% (Gerba, 1987).  Traditionally, groundwater has been used without treatment because the soil acts as a filter, removing pathogenic microorganisms.  The potential sources of microorganisms in groundwater include septic tanks, leaking sewer lines, sewage sludge, intentional groundwater recharge with sewage, irrigation with sewage, direct injection of sewage, domestic solid waste disposal (landfills) and sewage oxidation ponds (Gerba, 1987).  The types of pathogenic microorganisms that are generally found in groundwater are referred to as enteric pathogens.  Enteric pathogens are excreted in large numbers from infected persons and are transmitted by the fecal-oral route.  Table 1 lists some potential waterborne disease causing organisms that can be transmitted by groundwater (Maier et al., 2000).  

Table 1.  Waterborne and water-based human pathogens
	Group
	Pathogen
	Disease or Condition

	Viruses
	Enteroviruses (polio, echo, coxsackie)
Hepatitis A & E
Norwalk virus
	Meningitis, paralysis, fever, diarrhea
Hepatitis
Diarrhea

	Bacteria
	Salmonella
Shigella
Campylobacter
Vibrio cholerae
Escherichia coli
Legionella
	Typoid, diarrhea
Diarrhea
Diarrhea
Diarrhea
Diarrhea
Pneumonia

	Protozoa
	Giardia lamblia
Cryptosporidium
	Diarrhea
Diarrhea

	Blue-green algae
	Anabaena
Microcystis
	Diarrhea, possible production of carcinogens

	Helminths
	Necuter americanus
Taenia saginata
	Hookworm
Tapeworm



	Enteric pathogens are generally found in groundwater in very low numbers due to dilution by moving groundwater, thus these contaminate is hard to detect.  Indicator organisms are used to determine if a groundwater supply is contaminated because they are easier to detect, occur at higher numbers, and are ordinarily associated with fecal contamination of water supplies.  Potential indicators of groundwater contamination are coliform bacteria and hetrotrophic plate count (HPC) bacteria.  All of these organisms indicate of the presence of fecal contamination but may or may not be pathogens themselves.  Coliforms are members of the family Enterobacteracia that are facultative anaerobic, Gram negative, non-sporeforming rod that ferment lactose at 35°C in 48 hours.  This includes organisms like E. coli, Legionella, Campylobacter, Yersinia, Enterobacter, Citrobacter, Klebsiella, and Salmonella.  In a survey of active drinking water wells, 10% contained coliform bacteria (Abbaszadegan, 1997).  The current Safe Drinking Water Act (USEPA, 1996) states in the total coliform rule that if less than 40 samples are taken per month then there should be no more than 1 positive sample; but if more than 40 samples are taken, then no more than 5% should be positive.  Heterotrophic plate count (HPC) is an indicator of the general quality of the water.  HPC indicated are general bacteria that grow on non-selective media at 35°C in 24-48 hrs and can be detected through MPN or membrane filtration methods.  The SDWA has set a guideline of <500 HPC/mL for drinking water.  Historically, HPC bacteria were considered harmless, but recent studies have looked at identifying these organisms and found that many of them are opportunist pathogens (Rusin, 1996).
	The United States Environmental Protection Agency (USEPA) has evaluated the importance of bacteria, parasites and viruses to potentially contaminant groundwater drinking water supplies.  The Groundwater Disinfection Rule (GWDR) is being developed to insure groundwater is safe to drink.  The GWDR basically states that groundwater must be disinfected unless it meets "natural disinfection".  Natural disinfection has not been defined as of yet, but will consist of a set of regulation that will indicate that the groundwater is free of pathogens.  The GWDR also states that when disinfections are used, a residual must be maintained in the distribution systems to keep the HPC at a level of <500/mL.  Organisms that will be tested for and regulated will include all in the SDWA plus viruses and Legionella.  
	Analytical methods for the detection of microorganisms vary with each general group of organisms.  Most methods involve growth and detection of at least one living organism per sample.  These methods are generally consisted more sensitive than chemical analysis because they can test for just a single organism, whereas chemical analysis looks for a minimum number of atoms (usually around ppm or ppb level).  Table 2 shows a comparison of sample size, holding time, time for assay and cost for microbial assays of groundwater.  An excellent resource for methodologies related to water is Standard Methods for the Examination of Water and Wastewater.  This volume includes all the methods for biological and chemical analysis of water and wastewater.  New rapid techniques are being quickly developing every day to help automate and increase sensitivity over the current methods. 


Table 2. Comparisons of Different Microbial Assays
	Organism
	Sample Size
	Holding Time
	Time for Assay
	Cost ($)

	Coliform or Fecal Coliform Bacteria
	100 mL
	0-8 hr
	18-24 hr
	15-25

	Giardia or Cryptosporidium
	1000 L
	72 hr
	6-8 hr
	250-300

	Enteroviruses
	1000 L
	72 hr
	2 wks
	600-1000

	Coliphage
	1 mL to 1000 L
	72 hr
	8 hrs
	12-25





Objectives:
The objectives of this exercise are:
1. Determine if there are coliforms in tap water, groundwater, and surface water
1. Determine if commercial purchased iodine tablets used to disinfect drinking water work on all types of water
Material Needed:
1. [bookmark: _GoBack]Commercial iodine tablets purchased at local sporting goods store
1. Sharpie
1. Hand sanitizer (for cleaning hands)
1. Ethanol for disinfecting countertops
1. HACH Presence-absence test, Disposable Cat. 23232 (6/group)
1. Sterile whirl-pak bags (100 mL) (3/group)
1. Sterile 1 L bottles (3/group)
1. Cooler with ice packs
1. Incubator at 350.5°C
Protocol:
Collection of Water:
1. Wash hands or disinfect with hand sanitizer.  
1. Collect one 100 mL whirl-pak bags from a tap water, groundwater, and surface water source for each group.  Use aseptic techniques to avoid contaminating the sample and sample container
1. Collect one 1L bottle from each of the sources for each group
1. Label all samples with sample location, time, date, and sample handlers.
1. Place all water samples in a cooler with an ice packs
1. Return water samples to laboratory.  Samples can be stored for up to 24 hours if kept at 5°C
Coliform Testing:
1. Disinfect countertops with ethanol and wash hands
1. Pour each sample to the fill-to line of a P/A broth disposable bottle.  Repeat for each of the water sample types
1. Incubate the sample at 35 0.5°C for 24 to 48 hours
1. Note the reaction after 24 hours of incubation
3. Color change from reddish purple to yellow or yellow brown
3. No color change: incubate for an additional 24 hours and recheck the sample color.
3. If after 48  3 hours of incubation the sample still appears reddish purple, sample is negative
Iodine Testing:
1. Follow manufactures recommendation on the 1 L water samples
1. Follow Coliform testing for each water type

Questions:
1. Record all results for all water and using all methods.  Get results from all other groups.
1. Compare the results for the different water types. What is the cleanest water?  What is the worst?  How would you clean up the water that was dirty?
1. Does the iodine taps work to kill bacteria found in surface water?  Why or why not?
1. Coliphage are viruses that infect coliforms bacteria only.  Do you think that these would be a good indicator of water quality?
1. Why is waterborne disease still a problem in the United States?
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