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These are the raw research notes for Water Storage by Oasis Design. 

There is no analysis or synthesis here. The health effects depend on the:

· Material

· Additives, mold-release agents, coatings, etc.

· Contact time

· Contact area

· Temperature

· Age of the material (some become less noxious with time, some more)

· Exposure to sunlight

· Susceptibility of the individual

To the extent we were able to make any sense of the information below, our analysis can be found in our water storage book:

http://www.oasisdesign.net/water/storage/
Much of this material is copyrighted by others and is reproduced here under the “fair use” doctrine. The source for the material is given at the start of each section.

Water Quality Standards

National Primary and Secondary Drinking Water Regulations

http://www.epa.gov/safewater/mcl.html


http://www.ehso.com/ehshome/DrWater/drinkingwaterstds.htm
National Primary Drinking Water Regulations (NPDWRs or primary standards) are legally enforceable standards that apply to public water systems. Primary standards protect drinking water quality by limiting the levels of specific contaminants that can adversely affect public health and are known or anticipated to occur in public water systems. Table 1 divides these contaminants into Inorganic Chemicals, Organic Chemicals, Radionuclides, and Microorganisms. See Setting Standards for Safe Drinking Water to learn about EPA's standard-setting process. Follow these links to download copies of National Primary Drinking Water Regulations and National Secondary Drinking Water Regulations. 

National Sanitation Foundation. 2001. NSF Standard 61 Drinking Water System Components—

http://www.nsf.org/Certified/PwsComponents/
Searchable database of certified components

Leaching from metals

Lead

http://www.denverwater.org/waterquality/pbwater.html - Where
Brass faucets can legally contain as much as eight percent lead by weight. Solders and flux are considered lead free when they contain not more than .2 percent lead. Before 1987, solder normally contained about 50 percent lead.

Always use cold water for food and beverage preparation. Hot tap water can leach higher amounts of lead or other metals from plumbing or the hot water tank. If you're concerned about elevated lead levels in your water, run the tap until the water becomes colder before using it. Remember to catch the flushed water for plants or other household use.

Aluminum

Aluminum Toxicity:  Issues and Insights

http://www.bayeralbumin.com/web_docs/WP_Aluminum Toxicity.pdf
“People are continuously exposed to Al by ingesting water, food, and dust particles. 2 Estimates suggest that adults consume approximately 3 to 5 mg of Al in their daily diet. Healthy individuals can easily handle normal Al intake, since absorption in the gastrointestinal (GI) tract is low. 4 The GI tract provides efficient protection against Al absorption, and it is estimated that less than 1% of ingested Al is absorbed by the body. 5 In fact, healthy individuals have very low levels of Al because the GI tract, skin, and lungs are effective barriers to Al absorption, and the kidneys efficiently eliminate absorbed Al by excretion.“

People who are at risk from aluminum poisoning:

Dialysis patients and others with impaired renal function

Newborns and premature infants

The elderly

Patients receiving TPN

Burn patients 

​

Effects of aluminum toxicity:

Associated:

Dementia

Encephalopathy

Learning deficits

Possibly associated:

ALS

Parkinson’s disease

Alzheimer’s disease

Report of the New South Wales Chief Health Officer, 1997

http://www.health.nsw.gov.au/public-health/chorep97/env_watalum.htm
Drinking water probably contributes less than 5 per cent of the total human intake of aluminium.  Although some studies have suggested a tentative link between aluminium and Alzheimer’s disease and  dementia, the evidence as a whole does not support a causal association. Accordingly, there is no  health-based guideline for aluminium in water.

Copper

acidic water can deteriorate copper pipes.

http://www.boston.com/globe/search/stories/health/how_and_why/041596.htm
A Comparison of Metal Leachate Rate and Zebra Mussel Control Efficacy for Coatings and Materials Timothy D. Race and Mark A. Kelly 

sgnis.org/publicat/proceed/1994/319.pdf

ABSTRACT: Laboratory immersed test coupons of conventional antifouling coatings, metal pigmented coatings, thermal-sprayed metallic coatings, and metal substrates were evaluated for metal ion release rates over a 2-year period. Identical test coupons were evaluated for fouling over a 15-month period at Black Rock Lock,Buffalo, NewYork. This paper compares the efficacy of these materials and their release rates as a function of time. Other antifouling products,  including capsaicin-based coatings and a biocide impregnated plastic,were evaluated at the field site. Control panels are heavily infested after 15-months while the majority of test materials continue to prevent zebra mussel  attachment.  Estimated minimum  effective  release  rates  for copper and zinc are determined. 

Metal Substrates. Copper and brass sheet materials were completely effective against the zebra mussel over the 15-month test period. Aluminum-bronze had a low colonization rate. From Figure 6 the downward trend in copper leach rate is fairly evident for each of these materials. The final data point for brass is probably aberrant and thus copper leach rates for the 3 materials follow the trend; copper> aluminum-bronze > brass. Brass also has a fairly steady zinc release of about 2 ug/cm 2 /day, which probably reinforces the materials’ efficacy. The copper leach rate for these materials progressively decreases with time. A direct time dependent relationship between field and laboratory exposed materials may not exist. In other words, the leach rates after 15-months of field and laboratory exposure are probably not the same. However, the trends and relative leach rates are probably reliable. The leaching data would seem to suggest that aluminum-bronze and copper sheet materials will eventually have copper leach rates too low to be effective. The decrease in leach rates are probably caused by the accumulation of insoluble corrosion products on the surface of the test materials. If this is the case, then periodic rejuvenation of these surfaces by means of light abrasion would be possible. 

Zinc Containing Coatings. The thermal-sprayed zinc coating, the wafer-borne inorganic zinc coating, and galvanizing all exhibited relatively low levels of mussel attachment at 15-months. Zinc leach rates were approximately 6,3, and 5 ug/cm 2 /day, respectively, at 600 days of laboratory exposure. The zinc materials serve a secondary function as corrosion protection on steel substrates. Even at modest levels of colonization, zinc coatings would offer a significant advantage in terms of cost and simplicity over the other antifoulants. Zinc coatings marketed for corrosion protection do not require registration under the Federal Insecticide, Fungicide, and Rodenticide Act. 

Fish tank zinc

http://www.zetatalk.com/nonproft/99001991.htm
The fish tanks were closed down in mid-January, as a yellow dye in the fish food had cumulated to the point of poisoning the catfish. This was the only additive, and turned the clear water a mustard yellow and create a yellow foam. This was one of the lessons learned - in a closed cycle, one must take great care what is added to the system. (2002 Note: it has been learned that the galvanized tanks, which leach zinc, highly toxic to fish, were probably the culprit. An epoxy paint is recommended to prevent this in the future.)

Coatings

http://www.epa.gov/safewater/tcr/pdf/storage.pdf


tank Turnover –no stagnant water

2.1.4 Chemical Contaminants

Coating materials are used to prevent corrosion of steel storage tanks and to prevent moisture migration in concrete tanks. Through the 1970's, coatings used in finished water storage facilities were primarily selected because of their corrosion resistance and ease of application. This led to the use of industrial products like coal tars, greases, waxes and lead paints as interior tank coatings. These products offered exceptional corrosion performance but unknowingly contributed significant toxic chemicals to the drinking water. Grease coatings can differ greatly in their composition from vegetable to petroleum based substances and can provide a good food source for bacteria, resulting in reduced chlorine residuals and objectionable tastes and odors in the finished water (Kirmeyer et al. 1999).

An old grease coating on a storage tank interior in the state of Florida was suspected of causing water quality problems in the distribution system such as taste and odor, high chlorine requirements and a black slime at the customers tap. The Wisconsin Avenue 500,000 gallon elevated tank was originally coated with a petroleum grease coating when it was built in 1925.

In 1988, the storage facility was cleaned and the grease coating was reapplied. In 1993, a tank inspection revealed that the grease had sagged off the tank walls and deposited a thick accumulation of black loose ooze in the bottom bowl of the tank (6-8 inches deep). A thin film of grease continued to coat the upper shell surfaces. Although this material had performed well as a corrosion inhibitor, it was introducing debris into the distribution system as well as creating a possible food source and environment for bacteria. The City decided to completely remove the grease and reapply a polyamide epoxy system. This work was completed in 1996 (Kirmeyer et al. 1999). Since the tank was returned to service, water quality has markedly improved. The required chlorine dosage rate has decreased from 4.0-5.0 mg/L to 3.5 mg/L. The chlorine residual at the tank outlet has improved from <1.0 mg/L to 1.4 mg/L. No more “black slime” complaints have been received.

Epoxy
There is evidence that epoxy coatings leach various organic additives into water.
“Permeation and leaching”

http://www.epa.gov/safewater/tcr/pdf/permleach.pdf

The rate of leaching of organic additives was found to decrease exponentially with time. Therefore, it is recommended that newly lined pipes be pre-soaked prior to release to service. Normal hydrostatic testing and disinfection activities will help remediate leaching.  Extending the curing process will also help improve the stability of epoxy linings
Leaching from plastics

Potential water quality deterioration of drinking water  caused by leakage of organic compounds from  materials in contact with the water 

Plastics keyProceedings, 20 th NoDig conference, Copenhagen May 28-31 2002.      

   Lars J. Hem, Aquateam AS, P O Box 6875 Rodeløkka, 0504 Oslo, Norway, E-mail lars.hem@aquateam.no  and Ingun Skjevrak,  Regional Food Control Authority, Stavanger, Norway   E-mail: skjevrak@nmt-mrog.rl.no      ABSTRACT    Organic materials have been used in drinking water pipes and storage tanks for several years. During the  last decade plastic materials are used for bottles and containers for water. Leaching of organic matter from  the materials to the drinking water is proven. Water in contact with plastic pipes, surface coatings or other  materials can be affected by migration of components that make the water quality unacceptable with respect  to aesthetic effects or health.      Leaching of - volatile organic compounds may cause unwanted taste and odour in - water, and possible  health risk. Organic compounds such as xylene, styrene, phenols and ethyl benzene have been identified.  Compounds leaching from epoxy and polyethylene appear to give unwanted taste and smell to the water.    Microbiological growth in the drinking water distribution system may cause deterioration of the water quality,  due to increased turbidity, heterotrophic bacteria, and even pathogens. Leakage of biodegradable organic  matter from materials used in the distribution system may promote microbiological growth. There are  variations in microbiological growth between various materials. In particular, the change from copper to  synthetic materials for in-house installations may be a reason for increased microbiological growth.  

RELEVANT PIPE MATERIALS    Plastic materials used for service pipes may be made from PVC (polyvinyl chloride), HDPE (high density  polyethylene) or GRP (glass fibre reinforced polyester). In-house plastic plumbing materials will consist of  PVC or PEX (cross-bound PE).    Epoxy lining can be used on concrete and on stainless steel in pipes and basins.    Additionally, lubricants may be used for fitting pipes together, as well as in the production of, for instance,  stainless steel pipes.  

Several complaints on drinking water quality in Norway or on offshore installations are related to volatile organic matter (VOC) leaching from epoxy lining or paint. Typical VOCs from epoxy are alkyl benzenes and alkoxy compounds -. In particular leaching of hydrocarbons from in-situ epoxy coated storage tanks offshore and on ships seems to be a problem, with a solvent (xylene/ethylbenzene) content of up to 60-70 µg/l being measured. C3- and C4 cyclohexanes and other alicyclic hydrocarbons have also been identified as taste and odour compounds leaching from surface coatings. In a treated water basin for municipal water supply, organosulphide compounds were identified as the source for taste and odour, and the most likely source of the sulphides produced was microbiological activity due to degradation of organic compounds leaching from the epoxy lining (Skjevrak, 1999; Skjevrak, 2000). 

Organic compounds leaching from PE bottles and tanks have been the source of taste and odour in water and even a week colour has been experienced because of this migration. Analysis of the water has identified low concentrations of several VOCs, such as ketones (Skjevrak, 1999). 

Migration of VOC from water pipes manufactured of HDPE, PVC and PEX has been investigated using static contact with water for three successive test periods each of 72 hours duration according to EN-1420-1 (Skjevrak, 2000; Skjevrak, 2002a and b). The leaching of organic compounds from HDPE pipes showed a considerable variation both in type and amount. Five out of seven tested brands of HDPE pipes showed unacceptable TON values (TON > 3) of test water. Degradation products from phenol-based antioxidants were major migrants from HDPE pipes. VOCs leaching from PEX pipes gave an intense odour of test water. Several of the migrated VOCs were not identified. Oxygenates predominated within the identified VOC with methyl tert-butyl ether (MTBE) as a major component Migration tests of PVC pipes revealed few volatile migrants in low concentrations, and TON assessments did not show significant odour in any of the tests. VOCs leaching from lubricants used for joining of pipes included components such as C6-C11 aliphatic aldehydes, ketones, siloxanes and phenol based anti oxidants. Migration of VOC from HDPE into natural biofilm established in HDPE pipes at turbulent flow conditions is also looked into (Skjevrak, 2002c). 

ABS

http://www.healthybuilding.net/pvc/pipes_report.html

Acrylonitrile butadiene styrene (ABS) is not chlorinated, but like PVC has highly hazardous manufacturing intermediates, including carcinogens and is difficult to recycle. It is considered only marginally better than PVC environmentally.

Recycling guide

Acrylonitrile butiadene styrene

http://www.grassrootsinfo.org/index.html?ce/plastics.html


The following recycling code guide is printed with permission from The Green Guide #88 and #89

#1 PETE or PET (polyethylene terephthalate): used for most clear beverage bottles. 

#2 HDPE (high density polyethylene): used for "cloudy" milk and water jugs, opaque food bottles. 

#3 PVC or V (polyvinyl chloride): used in some cling wraps (especially commercial brands), some "soft" bottles. 

#4 LDPE (low density polyethylene): used in food storage bags and some "soft" bottles. 

#5 PP (polypropylene): used in rigid containers, including some baby bottles, and some cups and bowls. 

 #6 PS (polystyrene): used in foam "clam-shell"-type containers, meat and bakery trays, and in its rigid form, clear take-out containers, some plastic cutlery and cups. Polystyrene may leach styrene into food it comes into contact with. A recent study in Environmental Health Perspectives concluded that some styrene compounds leaching from food containers are estrogenic (meaning they can disrupt normal hormonal functioning.) Styrene is also considered a possible human carcinogen by the World Health Organization's International Agency for Research on Cancer (IARC). 

 #7 Other (usually polycarbonate): used in 5-gallon water bottles, some baby bottles, some metal can linings. Polycarbonate can release its primary building block, bisphenol- A, another suspected hormone disrupter, into liquids and foods. In 1998, the Japanese government ordered manufacturers there to recall and destroy polycarbonate tableware meant for use by children because it contained excessive amounts of bisphenol- A. Other sources of potential bisphenol- A exposure include food can linings and dental sealants. 

#1 pete

http://www.bellaonline.com/articles/art23142.asp
The EPA classifies plastic type #1 PETE as containing a leachable form of DEHA, classified as a "possible human carcinogen"

Consumer reports bottled water

Source: Consumer Reports, Aug2000, Vol. 65 Issue 8, p17, 5p, 1 chart, 3c.

http://www.angelfire.com/nm/redcollarcrime/tbw.html
Waters bottled in PET plastic generally tasted better than those bottled in HDPE. That was true even within the same brand. Arrowhead Mountain Spring Water, for example, was very good when bottled in PET, which imparted a hint of sweet, fruity plastic flavor (imagine the scent when you blow up a beachball). But Arrowhead was only fair when bottled in HDPE, which made it taste a bit like melted plastic (imagine the smell when you get a plastic container too close to a flame). For waters that come in both kinds of bottle, the Ratings list two scores (and two prices---water is apt to cost more in PET). The only water bottled in PVC plastic, Winn-Dixie's Prestige Premium 100% Spring Water, rated good overall.

BOTTLE BASICS 

 

 Bottles can actually affect a water's taste and chemical content. Here are advantages and disadvantages of common bottle materials.

 

 PET (ALSO CALLED PETE)

 

 Short for polyethylene terephthalate, PET is a clear, strong plastic that leaves nothing more than a faint sweet or fruity plastic flavor, if that. Labels for some brands packed in PET play up the "clear" taste of the water inside.

 

 HDPE

 

 High-density polyethylene is the opaque, flexible material of milk containers. It's less expensive than PET but often imparts a slight melted-plastic taste to water. Taste may also be affected by excessive heat or flavors from foods stored nearby.

 

 GLASS

 

 Chemically, glass is inert and imparts no taste whatsoever. But it's heavy and breakable and is seldom used nowadays except for pricey mineral waters and water bottled for bars, restaurants, and hotels.

 

 POLYCARBONATE

 

 Strong and rigid, it's used for compact discs as well as 5-gallon water-cooler jugs. The three water-cooler waters we sampled -Great Bear, Deer Park, and Poland Springs - had no funny flavors. In fact, those waters tasted better than the same products in PET or HDPE bottles. But our analyses showed that polycarbonate sometimes leaves residues of a worrisome chemical, bisphenol-A.

 

Consumer confidence report

http://www.rules.utah.gov/publicat/code/r309/r309-225.htm


(30) Benzo(a)pyrene (PAH) (nanograms/l) -Leaching from linings of water storage tanks and distribution lines.

Building Green on PVC

http://www.buildinggreen.com/features/pvc/pvc.cfm


Greenpeace PVC ban program

http://archive.greenpeace.org/toxics/html/content/pvc5.html
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Enfvironmental and health effects of PVC

http://archive.greenpeace.org/toxics/reports/cfap/cfapm3.html - 4.0
The most neglected area of emergency food storage is water

http://www.bagelhole.org/article.php/Water/104/


One of the simplest, but most neglected area of emergency food storage is water. This problem is compounded when home food storage programs rely heavily on dried foods such as beans, wheat and powdered milk. You may have enough calories stored to last six months, but do you have enough water?

One gallon per day per person is the recommended minimum. More realistic though is about two quarts for drinking plus a gallon for washing plus whatever water you might need for cooking. This is the bare minimum.

You don't need to go out and buy specific storage bottles, but not all food household containers are fit for water storage. Plastic gallon milk bottles are safe, but not durable and may start leaking if stored for long periods. Glass gallon bottles like those used for apple cider are also safe, but be careful where you store them. Probably the perfect water storage bottles are the two-liter type soda bottles. If plastic containers are used, care should be taken to assure that they are made of plastic approved for food contact by the Federal Food and Drug Administration. Polyethylene plastic is approved for food contact and is commonly used for containers of various sizes, including 55-gallon drums. Certain types of plastic containers are not intended for food contact (such as vinyl plastic waterbeds, or trash containers) and may leach undesirable chemicals into stored water. Leaching of chemicals from approved plastics is negligible. Water stored in plastic containers should not be stored near gasoline, kerosene, pesticides or similar substances. Vapors from these substances could permeate the plastic and affect the water. Thick-walled polyethylene containers are significantly less permeable to vapors than are thin walled containers, Be certain, when selecting a storage container for water, that it has a tight fitting cap or lid to prevent entrance of contaminants and evaporation of water. Because sunlight has an adverse affect on plastic, water should be stored away from direct exposure to sunlight.

Shelf Life of Water

The shelf life of water depends on the original quality of the water, the temperature at which it is stored, how much light it is exposed to just to name a few. Many manufacturers of bottled water will include a shelf life on their product.

Treated water out of the tap needs nothing added and should have a shelf life of about 10 years. Untreated water, from a well for instance, should be stored with about 16 drops of chlorine bleach per gallon. Sterilized or disinfected water, stored in clean, food-approved containers with secure lids or caps, should be safe for use even after many years of storage. Replacement of stored water with fresh water should be necessary only if the stored water becomes contaminated in some way or if the container should begin to leak. Be certain to label each container so there will be no question about its contents. Include the date and information on the method of disinfection used.

Stored water may eventually develop a disagreeable appearance, taste, or odor. Under emergency conditions, water that tastes flat can be aerated by pouring the water from one container to another to another about three or four times. Be Careful About Rain Water - Rain water that has been collected should be treated the same as any other unknown water source. Rain water contains small particulates and acid. 

Leaching from Lexan Polycarbonate nalgenes

http://www.sierraclub.org/sierra/200311/lol5.asp


Clear, lightweight, and sturdy polycarbonate plastic bottles are standard equipment for millions of hikers and babies. (They are usually labeled #7 on the bottom; Nalgene is the best-known producer.) Since polycarbonate bottles don’t impart a taste to fluids, many users assume they are safer than bottles made out of other kinds of plastic. But now an accidental discovery has cast doubt on their safety.
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Normal wear-and-tear and cleaning of polycarbonate plastic bottles in a dishwasher, Hunt says, could cause the chemical to leach, and the amount of leaching increases as the plastic ages and is degraded by use. A separate study published in July in Environmental Health Perspectives confirmed this finding, and also detected leaching from new polycarbonate plastic.

Theo Colborn, author of the groundbreaking book about endocrine disrupters, Our Stolen Future, calls BPA a "very, very sticky problem. This is a product that’s everywhere, and in everything." (In addition to bottles, BPA turns up in dental sealants and the resin linings of many food and beverage cans.) She recommends washing polycarbonate bottles with mild detergent only, and rinsing well. (Thorough washing is crucial for any reused bottle, because of the danger of bacterial contamination.)

Most at risk, says Colborn, are people with developing endocrine systems: pregnant women and newborns, followed by young children, and women who might get pregnant. Hunt says that if she had an infant, she would switch to polypropylene (#5 PP), which is not known to leach harmful substances. (Other plastics that are not known to leach are #2 HDPE and #4 LDPE. "Single use" plastic bottles made of polyethylene terephthalate [#1 PET or PETE] are not recommended for repeat use because of the risk of bacterial contamination from infrequent and insufficient washing. 

Or you could avoid plastic altogether and switch to glass or lightweight stainless steel containers.

—Frances Cerra Whittelsey

November/December 2003

In "Hazards of Hydration," we cited a study about single-use water bottles that appears to have been flawed. While reusing these #1 PET bottles is not a good idea because of risk of bacterial contamination, you probably don't need to worry about them releasing the chemical DEHA. The article has been corrected.

Safer Plastics for Storing Foods

Green Guide | The Green Guide

by Andreea Matei

http://www.thegreenguide.com/doc.mhtml?i=BGG2&s=saferplastics


Web only | posted February 28, 2003 

Safer Containers: The List

by Andreea Matei

When plastics are the only choice for food storage, look for options with recycling codes #1 PETE, #2 HDPE, #4 LDPE and #5 PP (on the bottom of containers).These are frequently recycled plastics which have not been found to leach toxins into your food. 

On plastic water bottles

By Umbra Fisk 

02 Aug 2004

http://www.grist.org/advice/ask/2004/08/02/umbra-bottles/


Let's talk specifics, though, because you point out an apparent conundrum in your question. The contradictions you see in the press are a mix of confusion about types of plastic, misinformation, and bona fide scientific uncertainty about the effects of an entirely new group of substances. Snopes.com addresses purported links between PET (#1) and DEHA (di-2-ethylhexyl-adipate), a potential carcinogen, links which are apparently based on a study later shown to be bogus. PET evidently does not contain DEHA, and the carcinogenic properties of DEHA itself are hotly debated.

Moving on, I would categorically avoid PVC (#3), aka vinyl, for food containers or anything else. It truly is an evil plastic, practically a fount of dioxin. PVC containers and PVC film can contain oft-debated ickies DEHP and DEHA, and some contain softening phthalates linked to liver and kidney damage and testicular problems. Also, polystyrene (#6) is yucky -- it's made of styrene, and you don't want any styrene in your precious bod, trust me.

That leaves us with the winners of this dubious contest: HDPE, LDPE, 

[image: image3.png]



OC&PA: What about cooking with plastics? 

http://www.jhsph.edu/Press_Room/articles/Halden_dioxins.html


RH: In general, whenever you heat something you increase the likelihood of pulling chemicals out. Chemicals can be released from plastic packaging materials like the kinds used in some microwave meals. Some drinking straws say on the label “not for hot beverages.” Most people think the warning is because someone might be burned. If you put that straw into a boiling cup of hot coffee, you basically have a hot water extraction going on, where the chemicals in the straw are being extracted into your nice cup of coffee. We use the same process in the lab to extract chemicals from materials we want to analyze.

PR its cool article

http://www.nalgene-outdoor.com/technical/bpaInfo.html


EPA’s Endocrine Disruptors Research 

For further information on EPA’s Endocrine Disruptors Research Program, please contact the National Program Director for EPA’s Endocrine Disruptors Research Program, Elaine Z. Francis, Ph.D., by telephone at (202) 564-6789, or by e-mail at francis.elaine@epa.gov. 

Sent e mail 10/18/04

Distilled water and methyl chloride

http://www.naturalms.com/newwater.htm


We wouldn't recommend purchasing distilled water from a supermarket that are stored in a plastic container. Many plastics give off toxins such as methyl chloride, a carcinogen which can leach into the water. Glass bottles or stainless steel containers are recommended for storing distilled water. "

Bisphenol A Is Released from Used Polycarbonate Animal Cages into Water at Room Temperature

http://ehp.niehs.nih.gov/docs/2003/5993/abstract.html


Bisphenol A (BPA) is a monomer with estrogenic activity that is used in the production of food packaging, dental sealants, polycarbonate plastic, and many other products. The monomer has previously been reported to hydrolyze and leach from these products under high heat and alkaline conditions, and the amount of leaching increases as a function of use. We examined whether new and used polycarbonate animal cages passively release bioactive levels of BPA into water at room temperature and neutral pH. Purified water was incubated at room temperature in new polycarbonate and polysulfone cages and used (discolored) polycarbonate cages, as well as control (glass and used polypropylene) containers. The resulting water samples were characterized with gas chromatography/mass spectrometry (GC/MS) and tested for estrogenic activity using an MCF-7 human breast cancer cell proliferation assay. Significant estrogenic activity, identifiable as BPA by GC/MS (up to 310 µg/L), was released from used polycarbonate animal cages. Detectable levels of BPA were released from new polycarbonate cages (up to 0.3 µg/L) as well as new polysulfone cages (1.5 µg/L), whereas no BPA was detected in water incubated in glass and used polypropylene cages. Finally, BPA exposure as a result of being housed in used polycarbonate cages produced a 16% increase in uterine weight in prepubertal female mice relative to females housed in used polypropylene cages, although the difference was not statistically significant. Our findings suggest that laboratory animals maintained in polycarbonate and polysulfone cages are exposed to BPA via leaching, with exposure reaching the highest levels in old cages. Key words: animal caging, bisphenol A, endocrine disruptor, estrogen, leaching, polycarbonate, polysulfone. Environ 

Leaching of mutagens into mineral water from polyethyleneterephthalate bottles.

De Fusco R, Monarca S, Biscardi D, Pasquini R, Fatigoni C.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2137646&dopt=Abstract
Department of Experimental Pharmacology, University of Naples, Italy.

Polyethyleneterephthalate (PET) was tested as a source of mutagen contamination from bottles used for beverage packaging. PET bottles were filled with mineral water and stored in daylight and in the dark for different periods of time. The water samples were concentrated and the concentrates (non-volatile compounds) tested for mutagenicity with the Ames test (static tests). Total organic carbon (TOC) leaching was determined concurrently. Leaching of mutagens was also studied using dynamic tests; shaking distilled water in PET bottles. New methods were also used to test the leaching potential of both volatile and non-volatile compounds: directly testing the mutagenicity in unconcentrated water stored in PET bottles and growing Salmonella strains directly in the plastic bottles. The results were positive only for the static test, which identified leaching of mutagens after 1 month of storage in PET bottles. This activity was higher after storage in daylight.

Studies of migration of potentially genotoxic compounds into water stored in pet bottles.

Monarca S, De Fusco R, Biscardi D, De Feo V, Pasquini R, Fatigoni C, Moretti M, Zanardini A.

School of Medicine, University of Brescia, Italy.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7927074
Coloured polyethylene terephthalate (PET) bottles for carbonated beverages were studied for potential migration of genotoxic compounds. A combined approach, using physicochemical methods and a bacterial short-term mutagenicity test (Ames test) was followed. Standard EEC and US FDA tests for total migration of non-volatile migrant compounds into distilled water were performed, together with modified tests, where freeze-drying instead of evaporation of water was used, in order to measure both volatile and non-volatile chemicals. Gas chromatography-mass spectrometry (GC-MS) analysis was performed on these residues. PET bottles filled with naturally carbonated mineral water were also used for long-term total organic carbon (TOC) and mutagenicity migration studies (up to 6 months' storage). Total migration results for PET bottles were within the EEC and US FDA limits. The use of freeze-drying for the elimination of water enabled much higher total migration data (higher than the limits) to be revealed. Some potentially genotoxic compounds (acetaldehyde, dimethyl terephthalate, terephthalic acid) were identified in these migrant compounds by GC-MS analysis. The tests for TOC migration gave a maximum value after 2 wk storage and the mutagenicity tests on non-volatile migrant compounds gave always negative results

Aldehyde contamination of mineral water stored in PET bottles.

Darowska A, Borcz A, Nawrocki J.

Department of Water Treatment Technology, Faculty of Chemistry, A. Mickiewicz University, Poznan, Poland.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14726281Aldehyde contaminations that might accompany production of mineral water stored in PET bottles were investigated. One of the production lines of carbonated mineral water in Poland was monitored and PET bottles commonly used for mineral water storage were evaluated. Formaldehyde and acetaldehyde were the most important carbonyls identified in series of bottled water samples, but also propanal, nonanal and glyoxal were found in water samples from the production line. Aldehydes are present everywhere in the environment and can be determined even in pure water at low microg l(-1) levels. It was observed that the concentration of acetaldehyde in water stored in PET bottles depended mainly on the concentration of acetaldehyde in PET material and could reach more than 200 microg l(-1). The temperature, time of storage and concentration of carbon dioxide gas contribute to the migration of aldehydes from bottle walls to mineral water. Higher pressure of the carbonated waters and not CO(2) itself or lower pH of waters seems responsible for higher concentration of acetaldehyde.

Evaluation of the migration of mutagens/carcinogens from PET bottles into mineral water by Tradescantia/micronuclei test, Comet assay on leukocytes and GC/MS.

Biscardi D, Monarca S, De Fusco R, Senatore F, Poli P, Buschini A, Rossi C, Zani C.

Department of Life Science, II University of Naples, Naples, Italy.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12526902
This study monitored the release of mutagenic/carcinogenic compounds into mineral water (natural and carbonated) from polyethylene terephthalate (PET) bottles, using a plant mutagenicity test which reveals micronuclei formation in Tradescantia pollen cells (Trad/MCN test), a DNA damage assay (Comet assay) on human leukocytes and gas chromatography/mass spectrometry (GC/MS) for the characterisation of migrants. The water samples were collected at a bottling plant and stored in PET bottles for a period ranging from 1 to 12 months. Every month some samples were randomly collected and lyophilised, the residual powders were extracted with organic solvents and then analysed by GC/MS and tested for DNA damage in human leukocytes, or reconstituted with distilled water to obtain concentrates for the exposure of Tradescantia inflorescences. Micronuclei increase in pollen was found only in natural mineral water stored for 2 months. DNA-damaging activity was found in many of the natural and carbonated water samples. Spring water was negative in the plant micronuclei test and the Comet assay, whereas distributed spring water showed DNA-damaging effects, suggesting a possible introduction of genotoxins through the distribution pipelines. GC/MS analysis showed the presence in mineral water of di(2-ethylhexyl)phthalate, a nongenotoxic hepatocarcinogenic plasticizer, after 9 months of storage in PET bottles. Copyright 2002 Elsevier Science B.V.

[Studies on the bottles of mineral water and the foreign plastic like substances]

[Article in Japanese]

Kawamura Y, Sugita T, Watanabe Y, Takano T, Itakura T, Ikegawa T, Yamada T.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9641831
The containers of mineral water and the foreign plastic substances which were found in the mineral water were investigated. Most of plastic bottles were made of polyethylene terephthalate (PET) and the caps were made of polypropylene (PP), polyethylene (PE) or aluminum. PE liners were attached to some caps. Most of the foreign plastic substances were PET while others were PE, PP, Teflon and rubber. Some bottles had a scratch on the top inside. The origin of most PET fragments was presumed to be scraped off the bottles by the lowering of the injection nozzle during the water filling process. The sources of the other substances were also determined.

Chemical and in vitro toxicological evaluations of water packaged in polyvinyl chloride and polyethylene terephthalate bottles.

Sauvant MP, Pepin D, Bohatier J.

Faculte de Pharmacie, Laboratoire d'Hydrologie et Hygiene, Clermont-Ferrand, France.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7589720
This study proposed a new strategy assessing the health risks of mineral water packaging and compared the chemical analytical techniques and some in vitro cytotoxicological assays for the study of PVC and PET materials at the main stages of the manufacturing process of bottles. These evaluations were carried out with food simulant (deionized-endotoxin-tested water) and with natural mineral water in real conditions of packaging and storage (from 0 to 24 months). The complementarity of these two approaches is discussed. Some analytical and cytotoxic abnormalities were detected in the food simulant after contact with the batches of powdered PVC compound, PET resin and their intermediate steps of transformation (PVC-'paraison', PET-'perform'). But these results did not reflect the actual behaviour of the finished PVC and PET bottles, for which no major abnormality was detected in the natural mineral water.

The bacterial flora of non-carbonated, natural mineral water from the springs to reservoir and glass and plastic bottles.

Bischofberger T, Cha SK, Schmitt R, Konig B, Schmidt-Lorenz W.

Institute of Food Science, Swiss Federal Institute of Technology, Zurich.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2223521
Quantitative and qualitative determinations of the bacterial flora of non-carbonated natural mineral water at the most important steps during bottling at a large water source yielded the following results: (i) Colony counts (on 1:10 diluted plate count agar, incubated at 20 degrees C for 14 days) for water of the five springs and the mixed water were less than 1 to 4 cfu ml-1. The Gram-negative bacterial flora (n = 50 isolates) showed a very different but constant spring specific species distributions with predominance of either eutrophic fluorescent pseudomonads, oligotrophic non-fluorescent pseudomonads or oligotrophic yellow bacteria. (ii) In the reservoir and immediately after bottling the counts were in the range of 10 cfu ml-1. But nearly 30% of the species of the spring water were no longer detectable and there was a significant increase of Gram-positive bacteria. (iii) After 1 week of storage at 20 degrees C colony counts of more than 10(5) cfu ml-1 were found in plastic bottles, but only about 10(4) cfu ml-1 in glass bottles. Besides, a very distinct change of the composition of the microflora occurred. In glass bottles slow-growing oligotrophic non-fluorescent pseudomonads, yellow bacteria and Acinetobacter predominated. In plastic bottles fast-growing eutrophic and mesotrophic fluorescent pseudomonads, Flexibacter and Acinetobacter were dominating. In mineral water, bottled into thoroughly cleaned glass bottles, colony counts of more than 10(5) cfu ml-1 were found within 4 days. In bottles, cleaned mechanically as usual, the increase was significantly slower with a maximum of only 5 x 10(3) cfu ml-1 after 8 days. The results of inoculation experiments in sterile filtered mineral and distilled water led to the suggestion that the difference between the two types of bottles is caused firstly by an inhibition of growth due to residues of cleaning detergents in the glass bottles. Growth promotion by dissolved organic substances in the plastic bottles only played a minor role. After repairing of the pump at a depth of 300 m in a warm mineral water spring, the colony counts at 20, 37 and 42 degrees C on 1:10 diluted and normal plate count agar increased beyond the limits required by the EC directive for mineral water stored a month. Then colony counts decreased slowly and reached the initial level after 1 year, except for the colony counts 1:10 diluted agar at 20 degrees C which stabilized at a relatively high number and a significant alteration of the microflora.(ABSTRACT TRUNCATED AT 400 WORDS)

Don’t worry about it-Plastics Council

http://www.newton.dep.anl.gov/askasci/chem00/chem00959.htm
All the plastics coded 1 through 7 can be made in grades that are approved

for use as food containers.  You do not really need to worry about the

leaching of chemicals from the plastics.  Even the plastics that can exude

some components upon prolonged content do so in such low amounts that it is

not a health issue.  The chance of being injured by a car as you are on your

way to the store to buy bottled water is much, much greater than the chance

that your health will be impaired by drinking water from a plastic

container.

Richard E. Barrans Jr., Ph.D.

PG Research Foundation, Darien, Illinoi

Leaching from fiberglass

Leaching of organic contaminants from GRP pipe

http://www.fwr.org/waterq/dwi0032.htm

A wide range of contaminants were found to leach into drinking water  from GRP pipe including a range of phthalates and styrene. The leaching rates were appreciable although depletion with time would be expected.

Leaching off substances from products used in contact with water intended for human consumption

www.dwi.gov.uk/cpp/pdf/protocol1.pdf
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polyurethane
Leaching from rubber

EPDM (Ethylene Propylene Diene Monomer)

EPDM is a synthetic rubber with good resistance to heat, ozone, and UV light.  Also able to stretch without tearing.  It is commonly used for pond liners, and as a roofing material.   EPDM is commonly used for pond liners and as a roofing material.  Pond liner resellers claim that there product is "fish safe", and that EPDM for roofing is not.  There is much controversy surrounding this point.  Many pond owners say that roofing EPDM is just as good, if you wash it thoroughly.

There is little data on EPDM leaching.  It is generally considered to be pretty inert stuff.  EPDM is considered a more environmentally friendly building material than PVC. (http://archive.greenpeace.org/toxics/reports/gopher-reports/altern.txt)

There are EPDM products that meet NSF Standard 61 for storing potable water (for example, Firestone PondGuard).

Generally summary: there doesn't seem to be much concern over EPDM being inappropriate for storing potable water or for fish ponds.  Whatever liner you use, wash and rinse it before installing (even "fish safe" rubber comes coated with talcum powder to keep it from sticking to itself).  If storing potable water, make sure that the product meets NSF Standard 61.

Recycling

In theory EPDM can be recycled, but it's not as easy as dropping it off at the recycling center.  It is a thermoset material and cannot be re-melted.  It can be ground up and used for something else.  For example, several companies recycle EPDM roofing material into rubber roofing shingles.  However, such companies are few and far between, so you may be hard pressed to find someone to take an old pond liner off your hands.

Leaching from cement

NSF Certification Suggested

Check here: http://www.nsf.org/Certified/PwsComponents/

According to the NSF, non-certified portland cement which has been cooked with burning toxic goo is frequently, improperly used in water systems by designers who blithely assume that cement is used in contact with water so it must be OK:

http://www.nsf.org/business/newsroom/waterworks99-1/portland.html

"NSF Certified tank coatings are almost always required in bid specifications, but it is much less common for Portland cements to be specified in bids as NSF Certified. Yet concrete is commonly used in distribution piping and water storage tanks."

"The disclosure specifies whether hazardous waste fuels are burned in cement kilns during the manufacturing process.

 NSF toxicology staff reviews the formulation of the cement and develops an analytical test plan to detect potential contaminants of concern. This includes regulated metals analysis by ICP/MS, organic chemical analysis by GC/MS, radionuclide, dioxin, furan, and formulation-specific analyses for compounds such as glycols and ethanoloamines."

Heavy metals from cement

www.epa.gov/safewater/tcr/pdf/permleach.pdf
Cement materials contain a variety of regulated inorganic chemicals, many of which are prone to

leaching. Guo et al. (1998) conducted laboratory tests to determine the extent of leaching from

ductile iron pipes lined in situ with portland cement (type I) mortar. The pipes were lined and

cured in accordance with ANSI/AWWA Standard C602-89, and subsequently disinfected

according to ANSI/AWWA C651-92. The test water was standard faucet water from a New

Jersey utility. Under static conditions, arsenic, barium, cadmium, and chromium leached from

the lining to maximum values roughly 10-20% of their respective drinking water MCLs.

Further, the acid-soluble contents of arsenic, barium, cadmium, and chromium in the cement

coating applied were only 3, 1.9, 13, and 6.6 percent of the cement industry maximum,

respectively. Therefore, the extent of leaching could have been higher if an alternate cement

lining had been applied. Additional research is necessary to understand the fate of heavy metals

associated with cement leaching, and the degree of accumulation within distribution systems.

According to Berend and Trouwborst (1999), the application of cement-mortar lining can also

lead to aluminum leaching. The aluminum content in cement-mortar linings varies, as shown in

Table 9. One of the predominant crystalline phases in cement is tricalcium aluminate, which is

believed to dissolve according to the following reaction:

(3) Ca3Al2O6 + 6H2O à 3Ca2+ + 2Al3+ + 12OH

Optimisation of industrial wastes reuse as construction materials.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12201684
This study concerns the reuse of two inorganic wastes, foundry residues and fly ashes from municipal solid waste incineration, as "recycled aggregate" in concrete production. 

Leaching and primary biodegradation of sulfonated naphthalenes and their formaldehyde condensates from concrete superplasticizers in groundwater affected by tunnel construction.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12188355
Sulfonated naphthalenes and their formaldehyde condensates (SNFC) are used as concrete superplasticizers fortunnel construction through aquifers.This paperdiscusses their primary biodegradation in groundwater affected by construction activities. The analyses of groundwater samples collected 5 m away from a construction site clearly indicated that components of the applied SNFC product leached into the groundwater. A maximum total concentration of these compounds of 233 microg/L was found, and it was shown that only the monomeric sulfonated naphthalenes andthe condensates uptothetetramerleached in substantial amounts. The decrease in concentration of several monomeric components could not be explained by mere dispersion but rather indicates a biological transformation in the aquifer. This was confirmed at a second field site and by laboratory degradation experiments with piezometer material as inoculum. Lag phases for the individually degradable sulfonated naphthalenes ranged from 0 to 96 d. Naphthalene-1,5-disulfonate and the oligomeric components were neither degraded in the aquifer nor in the laboratory experiments within an observation time of up to 195 d. This clearly indicates their persistence in subsurface waters.

Characterization of the leaching behaviour of concrete mortars and of cement-stabilized wastes with different waste loading for long term environmental assessment.

van der Sloot HA.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12003146
ECN Soil and Waste Research, Petten, The Netherlands. vandersloot@ecn.nl
The leaching behaviour of cement-based products-both construction products and cement-stabilized wastes--have been shown to be similar after assessing the leaching characteristics by means of a pH dependence leaching test. This procedure is particularly suited to identifying the chemical speciation of materials. Geochemical modelling has shown a number of solubility controlling phases in this largely inorganic matrix, that can very well explain the observed leaching patterns as a function of pH. Understanding these relationships allows the prediction of leaching behaviour under other exposure conditions and to improve the ultimate quality of products, if so desired. The role of ettringite-type phases for the binding of oxyanions in the pH range above pH 12 has been identified before and confirmed in this work. The order of incorporation follows from the ratio between the maximum leachability at mildly alkaline pH and at high pH. Increased levels of sulfate negatively influence the binding of oxyanions in cement-stabilized waste through site competition.

Bacteria

•••Safe water supply without disinfection in a large city case study: Berlin.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11225280
[Article in English, German, Russian]

Grohmann A, Petersohn D.

Umweltbundesamt, Abteilung Trinkwaserhygiene, Correnspiatz 1, 14195 Berlin, Dahlem.

Berlin's water supplies originate exclusively from groundwater. For sustainable water management, river water is treated by flocculation and filtration and used either for artificial groundwater recharge (rivers Spree and Havel) or for bank filtration (Nordgraben and Lake Tegel). Drinking water chlorination was abandoned in Berlin (West) in 1978, and in Berlin (East) in 1992, following German unification. Chlorine consumption for the purpose of weekly performance checks in the chlorination plants of Berlin's 11 waterworks and occasional chlorination within the pipe system following pipe burst events amounts to 2500 kg per year. Based on the annual water demand of 250 million cubic metres, this is equivalent to 0.01 mg of chlorine per litre. Microbiological monitoring at the 11 waterworks and at 383 sampling points within the pipe system shows CFU at less than 10/1 ml-1 and coliforms and E. coli invariably at 0/100 ml-1. In view of the low AOX content, a multiplication of bacteria within the pipe system can be expected to occur not at all or only to a small extent. Resource protection measures, filter backwashing and pipe system maintenance in observance of the relevant technical rules will continue to ensure that the quality of Berlin's drinking water meets stringent hygiene requirements without chlorination.

Water quality problems associated with intermittent water supply.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12639034
Tokajian S, Hashwa F.

Lebanese American University, Byblos, Lebanon.

A controlled study was conducted in Lebanon over a period of 12 months to determine bacterial regrowth in a small network supplying the Beirut suburb of Naccache that had a population of about 3,000. The residential area, which is fed by gravity, is supplied twice a week with chlorinated water from two artesian wells of a confined aquifer. A significant correlation was detected between the turbidity and the levels of heterotrophic plate count bacteria (HPC) in the samples from the distribution network as well as from the artesian wells. However, a negative significant correlation was found between the temperature and the HPC count in the samples collected from the source. A statistically significant increase in counts, possibly due to regrowth, was repeatedly established between two sampling points lying on a straight distribution line but 1 km apart. Faecal coliforms were detected in the source water but none in the network except during a pipe breakage incident with confirmed Escherichia coli reaching 40 CFU/100 mL. However, coliforms such as Citrobacter freundii, Enterobacter agglomerans, E. cloacae and E. skazakii were repeatedly isolated from the network, mainly due to inadequate chlorination. A second controlled study was conducted to determine the effect of storage on the microbial quality of household storage tanks (500 L), which were of two main types - galvanized cast iron and black polyethylene. The mean bacterial count increased significantly after 7 d storage in both tank types. A significant difference was found in the mean HPC/mL between the winter and the summer. Highest counts were found April-June although the maximum temperature was reported later in the summer. A positive correlation was established between the HPC/mL and pH, temperature and storage time.

Septic System Density and Infectious Diarrhea in a Defined Population of Children

http://ehp.niehs.nih.gov/docs/2003/5914/abstract.html
Septic system densities were associated with endemic diarrheal illness in central Wisconsin. The association should be investigated in other regions, and standards for septic systems should be evaluated to ensure that the public health is protected

Safe water treatment and storage in the home. A practical new strategy to prevent waterborne disease.

Mintz ED, Reiff FM, Tauxe RV.

Foodborne and Diarrheal Diseases Branch, Centers for Disease Control and Prevention, Atlanta, GA 30333.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7884954In many parts of the developing world, drinking water is collected from unsafe surface sources outside the home and is then held in household storage vessels. Drinking water may be contaminated at the source or during storage; strategies to reduce waterborne disease transmission must safeguard against both events. We describe a two-component prevention strategy, which allows an individual to disinfect drinking water immediately after collection (point-of-use disinfection) and then to store the water in narrow-mouthed, closed vessels designed to prevent recontamination (safe storage). New disinfectant generators and better storage vessel designs make this strategy practical and inexpensive. This approach empowers households and communities that lack potable water to protect themselves against a variety of waterborne pathogens and has the potential to decrease the incidence of waterborne diarrheal disease.

Do U.S. Environmental Protection Agency Water Quality Guidelines for Recreational Waters Prevent Gastrointestinal Illness? A Systematic Review and Meta-analysis

http://ehp.niehs.nih.gov/members/2003/6241/6241.html
Timothy J. Wade,1 Nitika Pai,2 Joseph N.S. Eisenberg,2 and John M. Colford, Jr.2

1Epidemiology and Biomarkers Branch, U.S. Environmental Protection Agency, Research Triangle Park, North Carolina, USA; 2School of Public Health, Division of Epidemiology, University of California, Berkeley, California, USA 

Conclusions 

Our review suggests that enterococci and, to a lesser extent, E. coli are adequate indicators of GI illness in marine water, but fecal coliforms are not. There was evidence that risk of GI illness was considerably lower in studies with indicator densities below the guidelines proposed by U.S. EPA for both enterococci and E. coli, providing support for use of these values for regulatory purposes. In fresh water, E. coli was a more reliable and consistent predictor of GI illness than is enterococci. 

Microbiological contamination of drinking water in a commercial household water filter system.

Daschner FD, Ruden H, Simon R, Clotten J.

Institute of Environmental Medicine, Freiburg, Germany.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8740859
The microbiological quality of filtered water in a commercial water filter system (Brita) was tested in households and in two laboratories. In 24 of 34 filters used in households, bacterial counts increased in the filtered water up to 6,000 cfu/ml. In 4 of 6 filters tested in the laboratory, bacterial counts in the fresh filtrate were higher than in tap water after approximately one week of use both at room temperature and at 4 degrees C, suggesting growth or biofilm formation in the filter material. In some cases colony counts in the filtered water were 10,000 times those in tap water. The filter material of 5 of 13 new commercial filters was contaminated with bacteria or moulds. National or international regulatory agencies should ensure that water filters marketed for domestic use do not allow deterioration in the microbiological quality of drinking water.

Household drinking water in developing countries: a systematic review of microbiological contamination between source and point-of-use.

Wright J, Gundry S, Conroy R.

Water and Environmental Management Research Centre, University of Bristol, Bristol, UK. james.wright@bristol.ac.uk
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14728614
OBJECTIVE: To assess the extent and causes of microbiological contamination of household drinking water between source and point-of-use in developing countries. METHODS: A systematic meta-analysis of 57 studies measuring bacteria counts for source water and stored water in the home to assess how contamination varied between settings. RESULTS: The bacteriological quality of drinking water significantly declines after collection in many settings. The extent of contamination after water collection varies considerably between settings, but is proportionately greater where faecal and total coliform counts in source water are low. CONCLUSIONS: Policies that aim to improve water quality through source improvements may be compromised by post-collection contamination. Safer household water storage and treatment is recommended to prevent this, together with point-of-use water quality monitoring.

Can water go bad?

http://science.howstuffworks.com/question201.htm
Many people store water for emergencies like hurricanes and power failures. This is especially true in rural areas where drinking water comes from private wells. These wells are useless unless there is power to run the pump. If you are trying to store water safely, today's question is a great one! 

It turns out that there are two ways for water to go bad. You can easily demonstrate the first way by filling a bucket with tap water and leaving it on the back porch for several days. After about a week, you will find that the water in the bucket contains mosquito larvae, algae and various other life forms, none of which you would want to be drinking. From this experiment, you can easily decide that storing water in an open container is a bad idea unless you have a plan to purify it when you need to drink it. Storing water in a closed container works no better if the water that you place in the container is contaminated in some way with bacteria or algae. You need to put pure water in a clean container and then process it in some way to eliminate bacterial contamination. You can process the water with heat just like you do when canning, or use a chemical like chlorine or iodine. 

The second way for water to become unfit for drinking is for something to leach out of the container into the water. As an extreme example, imagine what would happen if you were to store water in a lead container. Lead would leach into the water and make it poisonous. The container you use needs to be made from a food grade material in order to avoid leaching problems. Glass, stainless steel and some plastics are food grade. 

One easy way to store water is to buy distilled water in gallon plastic jugs at the grocery store. This water is inexpensive, free of bacterial contamination and is sealed in a food-grade container. You can store this water indefinitely. 

In the long run...

Several alert readers pointed out that plastic milk jugs might not be the very best container for long-term storage because they degrade and tend to leak after a year or two. Most of these readers recommend plastic soda bottles or large 5-gallon containers specifically intended for water storage.

Expiration dates on bottled water

http://www.loper.org/~george/trends/2004/Feb/977.html
"It's rough enough that the millions of Americans who buy bottled water are paying for something that used to basically be free. But even harder to stomach is the message that comes on the bottle: Like milk and eggs, water now "expires."

Most commercially produced water comes stamped with expiration dates--typically within two years of when it was bottled. On most Poland Spring bottles there are tiny, white letters advising consumers to drink up within two years. Most Aquafina bottles sport two-year expiration warnings on their caps. In general, the dates on bottled water include the prefix "EXP," meaning "expires." Fiji brand water has a slightly different approach: Its bottles say "Best by" followed by the date. Coca-Cola Inc. puts a one-year expiration date on its Dasani brand water.

The message that water has a shelf life has been further amplified in the wake of Sept. 11. The U.S. Department of Homeland Security urges people to stockpile bottled water in their disaster-preparedness kits. On its Website (www.ready.gov), it instructs people to change their bottled water every six months.

The American Red Cross also advises people via its Web site to replace their stored bottled water every six months. But when contacted, the organization's manager of disaster education, Rocky Lopes, says people should replace their bottled water before its expiration date. "The water should be replaced if the manufacturer determines there is a reason for it," he says.

But does water really spoil? Despite the labels reminding consumers to drink up, there is virtually no evidence that drinking water beyond the expiration date has any health impact at all. The Food and Drug Administration considers bottled water to have an "indefinite shelf life." Even the bottled-water industry is hard-pressed to justify the labels.

"There's no real rationale," says Jane Lazgin, a spokeswoman for Nestle Waters North America Inc., which bottles brands including Poland Spring and Ice Mountain, and imports European waters such as Perrier and Vittel. The practice "is not health-based," she adds.

[Bacterial regrowth in drinking water. I. The upgrading of drinking water]

[Article in German]

Jaeggi NE, Schmidt-Lorenz W.

Laboratorium fur Lebensmittel-Mikrobiologie, Eidg. Technische Hochschule (ETH) Zurich.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3140535
Seven dead-end water pipes were installed after each treatment step in a drinking water plant. During a period of 7 weeks the bacterial load of freshwater and stagnating water was investigated with different methods. A modified surface spread plate count (Plate Count Agar, 10-fold diluted, 14 days incubation at 20 degrees C) proved to be more effective than the traditional pour plate method, because it gave consistently higher colony counts and had a lower level of detection (0.001 CFU ml-1). The enumerating of electron-transport-system positive bacteria yielded higher numbers than the colony count methods, but is not recommended when recently oxidized water samples are to be investigated. Highest cell counts were attained when using epifluorescence microscopic counting, yet bacterial regrowth could not be monitored thus. The tendency of bacterial regrowth was highest in freshly ozonized water. In stagnating lake water no regrowth occurred after 1 and 3 weeks because of the balance of bacteria and their predators.

Microbiological quality of drinking water and using water of a Chao Phya River community, Bangkok.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7667704Luksamijarulkul P, Pumsuwan V, Pungchitton S.

Department of Microbiology, Faculty of Public Health, Mahidol University, Bangkok, Thailand.

Safe water is essential for good health of humans. The contamination of water with infected fecal material is common in areas with poor standards of hygiene and sanitation. The determination of microbiological quality of water is essential. Simple routine testing of the bacteriological quality of drinking water is designed to detect the presence of coliform bacteria and virological assessment is to detect the presence of enteric viruses, especially hepatitis A virus (HAV). Therefore, this study attempted to determine the HAV and coliform bacteria contamination in drinking water and using water of a Chao Phya River community, Bangkok where crowded living conditions increase the risk of water-related diseases. 95 samples of drinking water and 75 samples of used water in containers were collected with sterile technique for determining HAV antigen by ELISA and coliform contamination by the Most Probable Number Technique (MPN). The results revealed that HAV and coliform contamination rates of drinking water were 25.26% and 64.21%, respectively. The rain water had the highest contamination (60.00% and 80.00%). Tap water was 23.73% for HAV (14/59 samples) and 64.41% for coliforms (38/59 samples) whereas running water had the least contamination (2.94% for HAV and 5.88% for coliforms). The contamination rates of used water were 10.69% for HAV and 68.67% for coliforms.

The effect of container-biofilm on the microbiological quality of water used from plastic household containers.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15384720
Jagals P, Jagals C, Bokako TC.

Water and Health Research, Technikon Witwatersrand, PO Box 17011, Doornfontein, 2025, South Africa. jagals@twr.ac.za
Studies in Southern Africa have shown that even when microbiologically safe water is supplied to developing communities at communal standpipes, contamination by high numbers of pathogenic microorganisms may occur during the processes of fetching water from the supply source and storage during use at home, rendering such waters unsafe for human consumption. This study investigated the occurrence of biofilm in PVC storage containers as one possible reason for this deterioration, using heterotrophic bacteria and total coliform counts as well as turbidity as indicators. A second objective was to determine whether biofilm in water-storage containers could contribute to hazardous microbiological contamination indicated by Escherichia coli and Clostridium perfringens. Results indicated that increased microbiological contamination is associated with biofilm. The biofilm harbours heterotrophic bacteria, total coliforms and C. perfringens. E. coli could not be associated directly with the levels of biofilm in containers but rather appears to be introduced intermittently from the ambient domestic environment. When dislodged with the biofilm, these bacteria contributed substantially to the deterioration of the microbiological quality of supplied water stored in plastic containers.

[Bacterial regrowth in drinking water. II. Drinking water distribution systems]

[Article in German]

Jaeggi NE, Schmidt-Lorenz W.

Institut fur Lebensmittelwissenschaft Eidg. Technische Hochschule (ETH) Zurich.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3142166
Five chromium steel dead-end water pipes were installed over a distance of 12 km along the Zurich city drinking water distribution system. Cell counts were determined in two series of four samplings in fresh water and stagnating water using three different methods. The colony counts of oligocarbon tolerant bacteria (1:10 diluted plate count agar, 20 degrees C, 14 d) in the fresh water was increasing along the distribution line. Initially there were counts around 1 CFU ml-1 and after 12 km between 120 and 1100 CFU ml-1. Water taken from house tabs showed higher colony counts than water taken after reservoirs. After a stagnating time of 14 d all 40 water samples showed aftergrowth from 10(3) up to 10(4) CFU ml-1. Water from the two sampling locations with the longest distance from the treatment plant showed less regrowth tendency. Epifluorescence microscopy and the INT-method for determining the electron transport system positive bacteria (ETS+) were less useful for monitoring bacterial regrowth. However, in the stagnating water there occurred a significantly higher percentage of ETS+ units as compared to the colony forming units (CFU) with growing distance from the treatment plant.

BOTTLED WATER CONTAMINATION: AN OVERVIEW OF NRDC'S AND OTHERS' SURVEYS

http://www.nrdc.org/water/drinking/bw/chap3.asp
Bacterial Growth in Two Bottled Waters

[image: image4.wmf]
Behavior of enteroaggregative Escherichia coli in bottled spring and mineral water.

Vasudevan P, Annamalai T, Sartori L, Hoagland T, Venkitanarayanan K.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12636308
Department of Animal Science, Unit-40, University of Connecticut, 3636 Horsebarn Hill Road Extension, Storrs, Connecticut 06269, USA.

The ability of enteroaggregative Escherichia coli (EAEC) to survive in bottled mineral and spring water at common storage temperatures was investigated. Filtered mineral and spring waters were inoculated with EAEC (ca. 10(4) CFU/ml) and stored at 4, 10, and 23 degrees C. Water samples were analyzed every 3 days for viable EAEC by plating on tryptic soy agar plates over 60 days of storage. EAEC survived for the duration of the study in both mineral and spring waters. EAEC survival levels were significantly higher (P < 0.01) at 23 and 10 degrees C than at 4 degrees C. Furthermore, EAEC survival levels were significantly higher (P < 0.01) in mineral water than in spring water at 4 and 10 degrees C. The results of this study indicate that EAEC can survive in bottled mineral and spring waters for long periods of storage at 4, 10, and 23 degrees C. The ability of EAEC to survive in bottled water indicates that the source water for bottling industries must be kept free of contamination. Furthermore, the refrigeration of bottled water is recommended to minimize the growth of EAEC in water.

A Randomized, Blinded, Controlled Trial Investigating the Gastrointestinal Health Effects of Drinking Water Quality

http://ehp.niehs.nih.gov/docs/2001/109p773-778hellard/abstract.html
Margaret E. Hellard, Martha I. Sinclair, Andrew B. Forbes, and Christopher K. Fairley

Department of Epidemiology and Preventive Medicine, Faculty of Medicine, Monash University, Melbourne, Victoria, Australia 

Abstract 

A double-blinded, randomized, controlled trial was carried out in in Melbourne, Australia, to determine the contribution of drinking water to gastroenteritis. Melbourne is one of the few major cities in the world that draws drinking water from a protected forest catchment with minimal water treatment (chlorination only). Six hundred families were randomly allocated to receive either real or sham water treatment units (WTUs) installed in their kitchen. Real units were designed to remove viruses, bacteria, and protozoa. Study participants completed a weekly health diary reporting gastrointestinal symptoms during the 68-week observation period. There were 2,669 cases of highly credible gastroenteritis (HCG) during the study (0.80 cases/person/year). The ratio of HCG episode rates for the real WTU group compared to the sham WTU group was 0.99 (95% confidence interval, 0.85-1.15, p = 0.85). We collected 795 fecal specimens from participants with gastroenteritis, and pathogens were not more significantly common in the sham WTU group. We found no evidence of waterborne disease in Melbourne. The application of this methodology to other water supplies will provide a better understanding of the relationship between human health and water quality. Key words: double-blind randomized trails, drinking water quality, gastroenteritis, waterborne disease. Environ Health Perspect 109:773-778 (2001). [Online 1 August 2001] 

Disinfection byproducts

Trihalomethanes

http://ehp.niehs.nih.gov/docs/2003/111-7/ss.html#shor
The researchers examined numerous potential confounders, including smoking, alcohol and caffeine consumption, pregnancy history, body mass index, age, race, education, income, and employment. They found very little evidence for confounding of TTHM effects on mean cycle length. Only 3% of the participants had average TTHM concentrations above the U.S. Environmental Protection Agency's annual maximum contaminant level of 80 micrograms per liter (µg/L). For this study, high exposure was defined as 60 µg/L or higher per day. 

http://ehp.niehs.nih.gov/docs/2004/6779/abstract.html
Chemistry of mutagenic by-products of water chlorination.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2665075
Mutagenic activity and presence of the strong mutagen 3-chloro-4-(dichloromethyl)-5-hydroxy-2-(5H)-furanone (MX) in chlorinated raw and drinking waters in The Netherlands.

Backlund P, Wondergem E, Voogd K, de Jong A.

Department of Organic Chemistry, Abo Akademi, Turku, Finland.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2672329
Chlorinated surface and drinking waters in The Netherlands were analysed for mutagenic activity (Ames test) and the strong mutagen 3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone (MX). Mutagenic activity and MX were formed during chlorine treatment of raw surface waters and purified surface water. Mutagenicity was also present in finished drinking waters which had been subjected to post-chlorination, but no MX could be detected. It is proposed that the mutagens responsible for most of the activity are acidic compounds as they were mainly extractable under acidic conditions. The precursors to the mutagenic compounds formed during post-chlorination of drinking water were efficiently removed by use of ozonation/activated carbon filtration. On the other hand, coagulation (Fe(III] in the presence of activated carbon powder seemed to have hardly any effect on the mutagen precursors. The calculated mutagenicity contribution from MX to the observed TA100 activity in the waters studied was less than 20%.

Drugs in drinking water

http://ehp.niehs.nih.gov/docs/2000/108-10/forum.html#water
Water age

	Population Served 
	Miles of Water Mains 
	Range of Water Ages within System (Days) 
	Method of Determination 

	750,000* 
	1,100 
	<1 – 3 
	Fluoride Tracer 

	800,000 
	2,750 
	3 – 7+ 
	Hydraulic Model 

	87,900* 
	358 
	> 16 
	Chloramine Conversion 

	24,000 
	86 
	12 – 24 
	Hydraulic Model 
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Runoff Quality

The influence of urban density and drainage infrastructure on the concentrations and loads of pollutants in small streams.

Hatt BE, Fletcher TD, Walsh CJ, Taylor SL.

Cooperative Research Centre for Freshwater Ecology, Water Studies Centre, Monash University, Victoria 3800, Australia. Belinda.Hatt@eng.monash.edu.au

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15383877Effective water quality management of streams in urbanized basins requires identification of the elements of urbanization that contribute most to pollutant concentrations and loads. Drainage connection (the proportion of impervious area directly connected to streams by pipes or lined drains) is proposed as a variable explaining variance in the generally weak relationships between pollutant concentrations and imperviousness. Fifteen small streams draining independent subbasins east of Melbourne, Australia, were sampled for a suite of water quality variables. Geometric mean concentrations of all variables were calculated separately for baseflow and storm events, and these, together with estimates of runoff derived from a rainfall-runoff model, were used to estimate mean annual loads. Patterns of concentrations among the streams were assessed against patterns of imperviousness, drainage connection, unsealed (unpaved) road density, elevation, longitude (all of which were intercorrelated), septic tank density, and basin area. Baseflow and storm event concentrations of dissolved organic carbon (DOC), filterable reactive phosphorus (FRP), total phosphorus (TP) and ammonium, along with electrical conductivity (EC), all increased with imperviousness and its correlates. Hierarchical partitioning showed that DOC, EC, FRP, and storm event TP were independently correlated with drainage connection more strongly than could be explained by chance. Neither pH nor total suspended solids concentrations were strongly correlated with any basin variable. Oxidized and total nitrogen concentrations were most strongly explained by septic tank density. Loads of all variables were strongly correlated with imperviousness and connection. Priority should be given to low-impact urban design, which primarily involves reducing drainage connection, to minimize urbanization-related pollutant impacts on streams.

Tank materials for aquaculture

http://www.teamaged.org/aquaculture/ctanks.htm
glass or acrylic plastic - Used to construct aquaria. While aquaria are under rated, these are an excellent option for teachers with or without a budget (everyone has one in their attic, garage, or cellar) or a lot of class space (can provide students with individualized learning and entrepreneurial opportunities).

fiberglass - Tanks are easy to build, modify and repair; pre-fabricated tanks can be purchased in a large range of sizes and shapes; can be expensive. 

treated plywood, cement blocks or galvanized steel - Tanks are easy to construct and can be a cheap alternative; cover with a non-toxic liner material (do not use liners treated with fungicide e.g., pool liners) or paint with water proof epoxy paint.

epoxy coated steel - Expensive.

poured cement (e.g. casket liners, old septic tanks) - Potential to find some good bargains, but tough to move.

polytanks - Considered short term tanks; good (fairly cheap) for classroom aquaculture.

stainless steel (e.g. unused milk bulk tank or cheese vat) - Expensive.

porcelain bonded carbon steel (e.g. discarded silo rings) - Nice if available for free.

Q: How does lead get into drinking water?

A: Lead isn't in water that leaves our treatment plants. However, it might occur in your home's plumbing. Lead levels in your drinking water are likely to be higher if:


• 
Your home has faucets or fittings made of brass that contain some lead;


• 
Your home or water system has lead pipes;


• 
Your home has copper pipes and the house was built from 1982-87.

If your interior plumbing fits one of these categories, you have an increased risk if you have a water softener or water often sits in pipes for several hours.

Q: What are lead's health effects?

A: Lead is a toxic metal that is harmful to human health if inhaled or swallowed. It is a health concern in drinking water at levels above 15 parts in a billion. (One part per billion is equivalent to a single drop of water in 55,000 gallons.) Although it must build up in the body before it affects one's health, elevated levels attack the brain, kidneys, nervous system and red blood cells. The degree of harm depends upon the level of exposure from all sources, including soil, wind and water. Effects range from subtle physical changes at low levels to severe neurological and toxic effects or even death at extremely high levels.

Water Purification Methods 

*
Boiling

Most water can be purified for drinking purposes by boiling it for 10 minutes. This will destroy the bacteria. In order to improve the taste it will be necessary to aerate it after boiling. This is accomplished by pouring it from one container to another several times. This should be done after the water has been allowed to cool.

*
Chlorination

For long-term storage, water should be sterilized or disinfected. Water stored in thoroughly cleaned plastic or glass containers can be chemically disinfected for long-term storage by treating each gallon with sixteen drops of liquid chlorine bleach (Clorox or Purex type bleaches, containing 4% to 6% sodium hypochlorite). One teaspoon of bleach disinfects five gallons of water. This level of treatment will prevent growth of microorganisms during storage. After adding the proper dosage and stirring, allow the water to stand for 30 minutes. It should then have a distinct odor of chlorine. If this odor is not present, add another dose of the solution and let stand for another 15 minutes. The taste or smell or chlorine in water as treated in this manner is a sign of safety. It is not harmful. On the contrary, if you cannot detect chlorine in water you are trying to purify by this method, do not drink it.

*
Purification Tablets

Tablets that release iodine may be used safely to purify drinking water. These tablets can be found at most drug stores and sporting goods stores. The names vary but it is generically known as halazone tablets. Follow the directions on the package. Usually one tablet is sufficient for one quart of water. The dosage is doubled for cloudy water.

*
Iodine

Ordinary Household Iodine may be used to purify small quantities of water. Add 2-3 drops of Tincture Of Iodine to each quart of clear water (8-10 for cloudy water). Mix & allow to stand for 30 minutes.
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Emergency Water storage

http://www.storablefoods.com/water_storage.html


NOTE: The easiest way to store the bulk of your water is in 55 gallon polyethylene (plastic) water drums (FDA approved for storing drinking water). You simply fill the drums up with your own tap water. The drums offered by 21st Century Food Storage are the best industry has to offer, and are designed to have weight stacked on them when filled with water, this allows you to stack your food on top of them and save space while keeping your food and water together. We recommend two 55 gallon drums of water per person, this along with collecting "rain" water should be suitable. Before filling a drum with water, make sure the NPT plug (fine thread; non-white cap) is not positioned next to a wall etc. It should be on the top front side of the drum for easy access, because this is the bung hole that the drum pumps thread into. 

Remember also that you have several sources of water already in your home that can be tapped in an emergency such as your hot water heater, toilet tanks  (don't use water from a tank that contains colored disinfectant, it is poisonous), water pipes, ice in the freezer, etc. Water is relatively inexpensive to store and certainly not difficult to do - but certainly the time to store is now. 

It is also a good idea to have a water filter in addition to your water storage drums. This would allow you to purify dirty water from lakes, rivers, creeks, etc. 21st Century Food Storage offers The British Berkefeld® Emergency Water & Camping Filter - the original gravity filtration system used by thousands of missionaries worldwide. No water pressure or pumping required. High tech ceramic filter system. Time tested for over 140 years. The "Super Sterasyl" filters reduce up to 99.99% of particulates, cysts, parasites and pathogenic bacteria. See "Water Filtration" in our on-line store for details. 

DISINFECTION: 

For long-term storage, tap water should be sterilized or disinfected in thoroughly cleaned plastic or glass containers. Water can be chemically disinfected for long-term storage by treating each gallon with 16 drops of liquid chlorine bleach (Clorox or Purex type bleaches, containing 4% to 6% sodium hypochlorite; do not use scented bleach). One teaspoon of bleach disinfects five gallons of water. Three tablespoons will disinfect 55 gallons of water. This level of treatment will kill bacteria and viruses and prevent the growth of microorganisms during storage. Also check with your local water plant for any additional information they may have for you. 

Water stored in plastic containers should not be stored near gasoline, kerosene, pesticides or similar substances. Vapors from these substances could permeate the plastic and affect the water. Thick-walled polyethylene containers are significantly less permeable to vapors than are thin walled containers. Be certain, when selecting a storage container for water, that it has a tight fitting cap or lid to prevent entrance of contaminants and evaporation of water. Because sunlight has an adverse effect on plastic, water should be stored away from direct exposure to sunlight. Store in a cool, dry area with no sunlight, like the basement. 

Studies show sterilized or disinfected water, stored in clean, food-approved containers with secure lids or caps should be safe for use even after many years of storage. Replacement of stored water with fresh water should be necessary only if the stored water becomes contaminated in some way or if the container should begin to leak. Be certain to label each container so there will be no question about its contents. Include the date and information on the method of disinfection used. We recommend changing properly stored water every three to five years. 


Good places to seach for this type of information

http://search.epa.gov
http://www.nih.gov/

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed
http://stanley.niehs.nih.gov/ehp
http://www.ehso.com/ehshome/
BIOSIS (www.biosis.org)

OLDMEDLINE (http://gateway.nlm.nih.gov/gw/Cmd)

 EMBASE (http://openaccess.dialog.com/med/)

UMI/ProQuest Digital Dissertation Database (http://wwwlib.umi.com/dissertations/gateway)

