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Executive Summary


The traditional concept of treating all of the water in the public water system to drinking water quality specifications is becoming less rational due to the increasing stringency of Maximum Contaminant Levels (MCLs), the costs of excess treatment for larger volumes of water, oversized distribution networks, distribution system-caused water deterioration, and reduced access to high quality source water in many locations. The public is increasingly opting for bottled water and supplemental treatment, because of their concerns or higher expectations.  About 1 percent of the water produced in a public water system is used for drinking and cooking; about 25 percent is used for other human contact that requires high, but not drinking water, quality; about 75 percent is at  the low quality end of toilet flushing, lawn irrigation, fire-fighting and other exterior uses.


Alternative approaches for providing safe drinking water are available and less costly than conventional approaches in the appropriate circumstances. Three broad categories of choices include: 1) Central pre-manufactured package technologies;  2) Two-Tier Systems: piped water plus community-managed decentralized and supplemental treatment or bottled water in homes, schools and businesses; and 3) Dual distribution networks providing a small amount of drinking water, and a larger quantity of lower quality water for high volume uses.


Decentralized (Point-of-Use or Point-of-Entry) technologies are legally (SDWA) acceptable for compliance in public water supplies.  POU or POE units have been tested to consensus standards, installed in millions of homes, and used by individual consumers for many years as water softeners, for taste and odor, organic chemical and  Total Dissolved Solids (TDS) removal, defluoridation, and for filtration and disinfection.  Some states do not allow decentralized treatment for public drinking water compliance.  

Achieving compliance with several drinking water standards with decentralized strategies is feasible in small systems.  However, the costs and community operational details have not been fully determined, and neither have the size and local conditions that determine the upper bound range where decentralized strategies are no longer economically advantageous over central treatment options, or where they are no longer practical due to the logistics of managing a large number of treatment nodes.

  One cost analysis for arsenic removal has estimated incremental decentralized treatment costs per household in the range of $15 to $20 per month using POU reverse osmosis; use of POU activated alumina (AA) would be less. Several new field demonstrations should clarify this issue in 2003. Community-managed bottled water distribution would cost in the range of $16 to $19 /month/home or less, if it became legally acceptable as a compliance procedure.  These price ranges are sensitive to community size and can be significantly less costly than most central treatment options.

In the smallest size category (median value) EPA has estimated capital costs ranging from $20,733 to $53,449 for 6 central treatment options, and $4,671 and $13,619 for two POU options. Annualized costs ranged from $7,014 to $12,478, and $6,372 to $7,390, respectively. Community-managed delivered bottled water , if permissible, would have annual costs in the <$4000 range (median smallest size) with no capital costs and no incremental monitoring and compliance costs. Estimates are site specific and a function of size, location, technology type, monitoring requirements, and O&M requirements.

Several practical operating choices are available to communities, ranging from wholly owned and operated treatment units, to mixed purchase and contracted operation and monitoring, to long-term full service contracts with unit purchase, to contracted service and unit rental packages.  Small communities will need significant assistance to make good choices, and training and assistance to carry them out. The demands upon a small system for a decentralized option (except supplemental bottled water) are much greater than if they had opted for centralized treatment.   Capital and O&M costs will be less in certain community size ranges (at least in the range of 25 to several hundred persons), but the size could be considerably greater in some circumstances.

 Decentralized strategies provide an opportunity to achieve safer drinking water than those communities might ever otherwise have had, and at reasonable costs.  The flexibility available in small community environments, and the ease of installation and use of these decentralized approaches provide the best chance for providing safer drinking water for many small communities.

Recommendations

· NRWA is in the unique and ideal position to provide the essential training and support services that small systems will need to successfully take advantage of the decentralized and centralized package options.  

· NRWA should aggressively develop the expertise and programs to provide those services that will assist small communities to meet all drinking water standards in a sustained and cost-feasible manner.  

· NRWA should be a major player in the debate that is currently underway on implementation conditions, monitoring regimens and definitions of compliance in decentralized treatment modes. These will be major factors in the costs and feasibility of implementing decentralized options, so it is essential that they be addressed reasonably before being cast in stone.

· NRWA should work to convince state regulators to be willing to accept decentralized compliance systems when they are feasible and cost effective, and assist them to determine the operating requirements.

· Due to the simplicity, attractiveness and reasonable costs of community-managed bottled water service, NRWA should evaluate its position on that option and consider seeking a legislative fix to allow its use for compliance in defined circumstances.

· NRWA should take a strong advocacy position that commercial providers of decentralized water services should be licensed to assure their basic qualifications for providing POU/POE services to communities.

· NRWA should develop model contract language and other instructional and guidance documents for use by small communities who are considering contracting with commercial providers of decentralized water technology and services.

· NRWA should partner with several small communities to develop proposals for 
      grants from the USDA Rural Utilities Service implementing Two-Tier decentralized 
      drinking water systems projects for lower cost compliance with SDWA requirements. 

I. Introduction

While population densities are low enough, individual house wells and sewage disposal in latrines and then septic tanks are usually adequate means of providing drinking water and managing sewage.  Community wells without piped delivery still provide water in many parts of the developing world.  In many communities, the square in a neighborhood included a well in the center that was the source of water for the surrounding residents; remnants of this historic arrangement can still be seen in Venice, Italy, for example.  As population densities increased, water demand increased, resulting in greater contamination of nearby groundwater, and requiring sewage to be collected and transported away from the area.  Per-capita water use volume increased and included not only drinking, cooking, cleaning, and other domestic uses like watering lawns, but also sanitation, sewage disposal, and especially fire protection, so distribution networks had to be sized to accommodate all of those uses. When water quality was not a significant issue, and water was plentiful and inexpensive or subsidized, all of this expansion of demand was often not constrained.

Domestic water supply consists of quantity and quality components.  Initially, adequate quantity alone was all that was expected, as the connection between water quality and disease risk was not made in recent history until the mid-19th century. Once domestic distribution was instituted and pumping was feasible, the advent of treatment processes like chlorination, and unit processes like coagulation, sedimentation, and filtration added costs that were a function of volume of production and design capacity.

Fortunately for small systems, however, the vast majority then as now relied on groundwater sources that were for the most part reasonably protected and not microbiologically contaminated, so treatment costs were not significant (e.g., possibly only for chlorination).  However, as population growth and urbanization expanded, the risk of contamination of source waters increased, as did the need for compensatory expenditures.

Not until passage of the Safe Drinking Water Act (SDWA) of 1974 did costs of supplying drinking water become significantly linked to water quality (USEPA 1974, 1996).  Prior to that time, although U.S. Public Health Service Drinking Water Standards (really Guidelines) had existed, universal requirements for monitoring and meeting drinking water standards had not been imposed on most small systems.  However, the SDWA brought with it a list of water quality parameters to be monitored for and complied with.

II. History of Water Distribution

Until little more than a century ago, drinking water treatment had as its only objective the “improvement of the appearance or taste of the water” (Borchardt and Walton 3); clarity and acceptable taste indicated cleanliness of the water, because little was known about disease vectors.  In fact, one of the victims in the 1854 London cholera epidemic reportedly actually preferred the choleric water to cleaner well water.  Some New Yorkers likened the taste of the spring water delivered by the Old Croton Aqueduct, built in 1842, to wind -- “there is nothing substantial in it, nothing to bite upon” (Blake 164, 250).  


Although the ancient Phoenicians and Greeks built aqueducts for the transport of water, no civilization matched the Romans in their achievements in water distribution and sewage disposal, which were only surpassed in the nineteenth century (Blake 15). The Romans typically built settlements on navigable rivers and consumed upstream water when necessary, but preferred wells and springs, and ultimately built aqueducts to transport upland water in for domestic uses. In 313 BC, 441 years after the founding of Rome, the Appian aqueduct was completed to carry water mostly underground from about eight miles west of the city. Later, Sextus Julius Frontinus, Water Commissioner of Rome and Superintendent of Aqueducts, described development, source selection, design, construction, operation, finance, quality and quantity, local politics and management of the water supply in great detail.  By the time of the demise of their empire the Romans had built fourteen aqueducts totaling over five hundred kilometers (Clarke 16). There were also many smaller provincial aqueducts such as the famous Pont du Gard near Nîmes, France, delivering water through cement-lined channels from upland sources of water (Blake 14).  The water was distributed to fountains, baths, and private homes through clay or lead pipes.
  

Until the first aqueduct, the Romans drew their water from the Tiber River and nearby wells and springs, but eventually the supply of clean water became strained as well as inconvenient and limiting to development and expansion of the city (Smith).  First, population growth and public works such as baths demanded increasing amounts of water, which could not be supplied from springs or the river because of the lack of efficient means of raising water (pumps).  Thus, pressurized (natural head) piped distribution systems became possible due to tapping and transporting upland waters, and water no longer needed to be physically raised in small containers from rivers and wells. Equally importantly, however, the river was the outlet of the Cloaca Maxima, which is regarded as the first closed sewage system, dating from about 500 BC, and the raw sewage likely made the down river water “unwholesome” to drink (Smith).  Once the aqueducts were built, the Cloaca Maxima was regularly flushed by overflows from the water supply system, which could otherwise only occur from rainfall (Clarke).  


Transporting water from locations of higher elevation made sense for several reasons: 1) gravity could be used to distribute water to locations above a river without having to manually fetch water from the river; 2) the remote source could handle a greater volume more reliably than local ones; 3) human wastes did not enter the water supply; and 4) the upland water was aesthetically better. Vitruvius writes that “in flat countries,” river water “cannot be wholesome, because, as there is no shade in the way, the intense force of the sun draws up and carries off...the lightest and purest and the delicately wholesome part of it..., while the heaviest and the hard and unpleasant parts are left in springs that are in flat places” (229). 


The rapid expansion of European cities after the Middle Ages brought demand for water that was increasing beyond capacity, not just for domestic use, but also for fire- fighting, and in response to almost annual outbreaks of typhoid, yellow fever, cholera, and other diseases (especially in ports).  Dr. John Snow traced the 1854 London cholera epidemic to a “leaky sewer which passed adjacent to [a] well, bringing infection from the original cholera case,” the first time disease was linked with drinking water supply systems (Borchardt and Walton 4). Until then it was not apparent that water supply and distribution was to blame for these disease epidemics. The prevalent notion that “bad air increased the danger [of disease]” served to convince cities that more water was needed to flush out the “bad air” (Blake 132).  Gradually, aqueducts to supply water from up river were built, but the idea of water treatment was still in its infancy.

Historical Introduction of Water Treatment

In 1652 a waterworks company was incorporated in Boston under the Massachusetts General Constitution to convey water from wells and springs through bored logs to a 12-foot square “reservoir” in the city.  In 1754 a waterworks was constructed in Bethlehem, Pennsylvania, and by 1796,  every home in the town was supplied by water from a creek by water-powered pumps.  The same had occurred in Providence, Rhode Island in 1772 and Salem, North Carolina by 1786. In 1774 the New York Common Council commissioned construction of a waterworks using steam-powered pumps. (Blake)  The first piped public water system in the United States to utilize surface water was Philadelphia in 1799.  About 400 piped systems were operating by 1860 and the number exceeded 3000 by 1900.  Before the advent of adequate filtration and disinfection, however, some of these systems actually contributed to a greater risk of waterborne disease, because contaminated water could be efficiently distributed to the entire community (Taras).  In 1804, the first municipal filtration works was built in Paisley, Scotland, and in 1806 a major plant in Paris that utilized sand and charcoal filters began operation; however, the filtration was for taste and clarity rather than elimination of pathogens (Borchardt and Walton 4, AWWA).  In 1852, before Snow’s discovery, a law was passed in London that all water thenceforth should be filtered (Borchardt and Walton 4).   After the association between drinking water and disease outbreaks was made earlier treatment methods were quickly shown to provide more than simply aesthetic improvements.  

           In 1883, Robert Koch compared bacterial growth stemming from tap water, well water, and river water. He showed that his culturing technique, which evolved to the Standard Plate Count and Heterotrophic Plate Count, could be used for checking the performance of point-of-use filters (!) in households, and that a faulty filter could drastically worsen the water’s bacteriological quality. In 1893, Koch showed that highly contaminated Elbe River water processed by managed slow sand filtration did not cause outbreaks of cholera and typhoid in the City of Altona, Germany, whereas other cities without the filters or proper filter management continued to have outbreaks.
 (Exner)  

           By 1900 there were probably no more than 10 slow-sand water filtration plants in the United States, and only approximately 60 towns and cities, totaling approximately one million inhabitants, had some form of municipal wastewater treatment (Borchardt and Walton 4). Over time, drinking water treatment technologies such as other means of filtration, ozonation, and chlorination developed, and wastewater collection and treatment improved and came to serve increasingly larger segments of the population (AWWA).

III. Regulation of Drinking Water Quality
             In 1914, the Department of the Treasury released the first United States standards for acceptable drinking water: no more than 2 coliforms per 100 ml (AWWA).  No true national standards, other than Public Health Service Guidelines that applied to large cities and interstate carriers, existed until the passage of the Safe Drinking Water Act of 1974.   


Currently, about 54,150 community water systems serve 252 million people in their residences in the United States.  The numbers and distribution of smaller systems by category are noted in Table 1.

                                                        Table 1

	System Size Range
	Number of Systems
	Percent

	Very small (25 – 500)
	33,030
	61

	Small (501 – 3,300)
	13,540
	25

	Medium (3,301 – 10,000)
	4,330
	8


(Pontius and Clark).
Treatment Technologies for Small Systems


The Safe Drinking Water Act (SDWA) of 1974 made no provisions for the problems of small systems, other than by making variances and exemptions available.  Standards were prescribed by the law to be based upon use of technologies that were technically and economically feasible in medium and large systems. Exemptions provided time delays for economic reasons and often were not enforced. Variances, which were virtually never used, allowed for continued legal operation if a standard was not being met despite application of Best Available Technology.  In reality, virtually no treatment technologies apart from disinfection were available and affordable for small systems.  Congress stated in the legislative history that small systems should strive to comply by means of consolidation with nearby systems. That concept proved not to be practically, logistically, and politically feasible in most cases, which was, of course, predictable since most small systems are not contiguous. Obviously small systems had not received any thoughtful consideration in the 1974 law.


In the next 20 years, small-scale package central system technologies began to be developed for a variety of treatment processes, but capital cost, and operation and maintenance were barriers to small systems applications.  Finally, the 1996 amendments to the SDWA (PL 104-182) directly addressed small systems.  Section 1412 (b)(4)(E) defined small systems in three population categories: 1) 3301 to 10,000; 2) 501 to 3300; and 3) 25 to 500.  It required EPA to identify technologies that were considered to be affordable to achieve MCLs or treatment technique requirements in small systems in each category.  The law then went on, remarkably, to specify that those affordable technologies “shall include packaged or modular systems and point-of-entry (POE) and point-of-use (POU) treatment units” (PL 104-182).  The latter indicated the first time that decentralized treatment compliance strategies could be legally employed for compliance with a national primary drinking water regulation designed to protect health.  This was a radical departure from the traditional paradigm of centrally supplied, treated and piped distribution public drinking water systems that had existed for over 100 years in the US.  There were, however, limitations on decentralized compliance options.  POU and POE treatment units were required to be owned, controlled, and maintained by the public water system or a system contractor to assure that proper operation and maintenance and compliance requirements were met.  Also, the units must be equipped with mechanical warning devices so that customers would be notified of operational problems.  Finally, POU treatment could not (but POE could) be used to achieve compliance with an MCL or treatment requirement for a microbial contaminant or an indicator of a microbial contaminant.  Acceptable units must be independently certified to American National Standards Institute product standards. EPA made its first designation of acceptable technologies for small systems in August 1997 for the Surface Water Treatment Rule (USEPA 815-R-97-002, 1997).

IV. Domestic Water Consumption


An important factor in determining an appropriate and economic policy for providing safe drinking water must include consideration of the end uses that the water is directed to. Public water supplies deliver high quality water for a broad gamut of domestic uses. Only a small portion of the end uses requires that the water meet quality standards intended to protect against acute and chronic exposure risks and also meet consumer expectations for aesthetic quality.


Total residential water use can be divided into two general use categories: indoor and outdoor.  The North American End Use Study (NAREUS) project (1998) sampled water use in nearly 1200 houses in 12 North American cities covering northern and southern climate zones (Heaney). Flows and uses were measured for four weeks, so very accurate information was available on use patterns.  Indoor residential use averaged 63.2 gallons per capita per day (gpcd) with a range of 49 to 73 gpcd.  Variations between winter and summer are also relatively small, indicating that indoor use is for relatively essential purposes.


Toilet flushing use was consistent and predictable across the sample, averaging 16.7 gpcd and ranging from 14.2 to 20.7 gpcd.  As low-flush toilets occupy a greater share of households these values should decline somewhat.


Clothes washing averaged 14.3 gpcd with a range of 10.8 to 16.3 gpcd.  Use of more efficient clothes washers could reduce these values by about 25 percent in the future.  A relatively uniform distribution of use now occurs throughout the days of the week as opposed to the former Monday washday tradition. Showers and baths account for an average 12.4 gpcd with showers being more than 90 percent of the total. Automatic dishwashers averaged approximately 1 gpcd. Faucet uses, including dishwashing, garbage disposal, shaving, and other needs, such as drinking and cooking accounted for 9.3 gpcd on average and ranged from 6.9 to 10.5 gpcd.  

            Drinking and cooking are the highest level domestic water uses, and several studies have examined consumption patterns with similar results.  Using data from the 1977-1978 USDA National Food Consumption Survey, tracking three consecutive days of use, Ershow and Cantor quantified “water from the household tap” consumption with 1.193 liters per person per day as the mean estimate (1989).  The 88th percentile was 2 liters per day and about 1 percent consumed 4 liters per day.  USDA’s 1994 to 1996 Continuing Survey of Food Intakes by Individuals (CSFII) calculated the daily water use from two-day non-consecutive surveys of more than 15,000 individuals (USEPA June 30, 2002).  Direct consumption included plain drinking water (tap and bottled); indirect water consumption included water from the final preparation of foods and beverages at home or in food service establishments.  The mean “consumers only” estimation for total water was 1.241 liters per person per day, while the 90th percentile was 2.345 liters per person per day, and the 95th percentile was 2.922 liters per person per day; pregnant and lactating women consume greater amounts.


Outdoor residential water use varied widely between the cities in the NAREUS study even though they did not represent the greatest climate extremes; they were primarily urban environments where lawn watering is the principal outdoor use.  Even so, the average was 82.8 gpcd; the summer range was from 25.3 gpcd to 299 gpcd.  Because of its seasonal nature, outdoor water use is a principal component of peak demand and it along with fire-fighting needs are the most significant variables that will affect designed maximum flow requirements in a water supply. (Heaney)


A simplified summary of the above use patterns demonstrates that drinking and food use water amounts to 0.3 gpcd (~1.23 L/day) on average, 0.7 gpcd (~2.9 L/day) for the 95th percentile, and about 1 gpcd for the 99th percentile out of the 146 gpcd average (indoor plus outdoor).  If domestically supplied water were aggregated into three quality requirement categories: Highest – human consumption, drinking, and cooking; High end – human contact: clothes washing, bathing, showers, etc. (also potable but not necessarily highest quality), and Low end – toilet and lawn watering, etc., the conclusion is that even at the 99th percentile drinking water use rate, about 1 gpcd, or about 1 percent, is the highest quality level end use, about 25 percent is high quality use human contact, and about 75 percent is low end negligible human contact.  This leads to obvious possibilities for more efficient use of domestic potable water and also for domestic applications for reused graywater and other non-potable waters , which, though not the present issue should also be evaluated.


Since only about 1 percent of domestic potable water is actually ingested, we shall examine consequences of current practices of potable water distribution and opportunities for alternatives that could provide drinking water of equal or higher quality in smaller quantities and at lower overall cost to the community than the current paradigm.

V. Current Water Production Practices

From the perspectives of water system construction and operation, the most convenient approach for drinking water supplies would be and has been to provide one quality of water from one source for all uses; all of the water must be produced and delivered at the highest required quality. Due to the lack of economies of scale in smaller communities, if treatment is necessary to meet regulatory requirements the unit costs of treated water will be significantly greater than for larger systems.  As regulatory requirements become more stringent, more smaller communities will be required to install treatment and the unit costs of treatment will also increase due to the need for more exotic technologies to reach lower acceptable maximum contaminant levels.          Another generic challenge to be addressed by all water systems is degradation of water quality during distribution system storage and transport. Water in a high capacity distribution system designed for peak fire-fighting demands will have longer residence time and be subject to greater degradation (Snyder). This can also be affected by leaks and deterioration of distribution system infrastructure as well as by transformations that occur due to disinfection by-product formation or by bacteriological and biofilm effects.                                                      These adverse effects on water quality become more constraining as drinking water standards become more stringent such as for disinfection byproducts or possibly for biofilm organisms. Some smaller systems will be less vulnerable to the latter effects due to smaller distribution systems with shorter retention times. USEPA has recognized that small water systems face special economic and operation and maintenance demands, and it has recognized that small systems may also benefit from non-traditional POU and POE supplemental treatment as cost-effective means of meeting drinking water standards.

VI. Alternatives for Providing Safe Drinking Water in Small Public Water Systems

           There are numerous structural strategies that could be envisioned for providing safe drinking water.  In the United States, public water supplies provide piped water for human consumption in communities or non-communities of 25 or more persons and 15 service connections (USEPA 1974, 1996).  Following is a list of structural strategies that exist and are operational in one or more worldwide locations:

· Central treatment and piped distribution.  This is the standard current method for supplying community drinking water; a variant is when no treatment is applied.  All of the water in the system must meet drinking water quality standards. It incorporates both conventional site-built systems and pre-engineered package systems.

· Central treatment or untreated source water and piped distribution plus optional decentralized supplemental treatment at point-of-use or point-of-entry. 
POU and POE are already common consumer choice options as many households have installed POU carbon filters under the sink to remove chlorine residuals or to improve other aesthetic characteristics. POE cationic water softening is common in hard water areas. These treatments can often also remove regulated substances.

· Central treatment or untreated source water and piped distribution with community managed decentralized treatment at point-of-use or point-of-entry.
Frequently disinfection will be the only treatment centrally provided, especially in groundwaters. Supplemental treatment applied at the delivery point in the home would remove selected contaminants to levels below drinking water standards. A small treatment unit would be installed under the kitchen sink and plumbed to a bypass from the cold water line to a new dedicated water tap installed above the sink. Connection to the refrigerator icemaker is also possible. This approach is now acceptable as a compliance strategy under the Safe Drinking Water Act with certain restrictions that will be described in more detail. This discussion will be limited to community public water supply circumstances as defined under the SDWA, but most of it will also be applicable to non-community public water supplies, and to smaller systems and individual homes not covered by the SDWA.

· Bottled water plus piped distribution. This additional hypothetical option would include piped distribution of water that did not meet all primary standards along with supplemental community supplied bottled water.  It is not currently acceptable for SDWA compliance in the United States, but it can be used as a temporary measure during the terms of emergencies or variances or exemptions. Its potential as a practical compliance measure will also be examined here.

· Dual distribution.  More than one quality of water is provided through separate distribution networks.  Variants include:

· Distribution of the highest quality water for all potable and human contact uses through a low capacity network, and lower quality, yet biologically safe, water for interior non-human-contact use, and exterior uses in a larger capacity network.

· Distribution of potable water for interior human contact uses and reprocessed wastewater or other lower quality water for sanitary and exterior (e.g. lawn watering) uses including fire fighting.

            The following discussions will consider only the central single distribution options and bottled water; however, it should be noted that in water-short areas, dual distribution approaches are already being implemented, and should be expected to increase rapidly in popularity, especially in new housing developments.  As current water distribution infrastructure approaches the end of its useful life, retrofits of dual networks should be expected because they can be essential and cost-effective, especially in water-limited areas.  In the very long term, dual networks will likely become standard as an efficient use of resources, and particularly as drinking water standards become more stringent and the public’s expectations of water quality become more demanding.

VII. Product Testing and Performance Standards

Small Central Package Systems: Environmental Technology Verification (ETV)

            Cost-effective central treatment systems are important compliance choices especially as community size increases.  Advances in this field have created pre-manufactured modular systems that can be rapidly installed rather than constructed on site.  Many of these package technologies have been designed for minimum operator control or even remote control, and therefore are particularly amenable to circumstances with limited access to O&M personnel.  EPA has developed a program for commercially available package water treatment technologies for small systems to be evaluated under controlled conditions (ETV).  The intent is to facilitate introduction of new technology for small systems and to reduce the risk and the cost of installation by making credible performance data available, and reducing the extent of on-site pilot work that usually increases costs and delays installation.  The performance data generated along with the test protocols are publicly available at no cost on the Internet so that potential users and state regulators will have easy access to the information.  


ETV is not a product certification program, but rather a standardized performance testing system that demonstrates the performance expectations for each tested system.  To date, reports are available for no cost on several commercial package membrane, filter and coagulation and diatomaceous earth technologies, arsenic removal by reverse osmosis, coagulation filtration, and adsorptive media, ultrafiltration and microfiltration, ultraviolet treatment for cryptosporidium and coliphage inactivation, and on-site chlorine generators. This information is being generated regularly on new commercial technologies and it is on the Internet at www.epa.gov/etv or www.nsf.org/etv. (USEPA Feb. 1997)

POU and POE Standards and Technology


American National Standards Institute (ANSI/NSF) standards exist for numerous types of POU and POE devices and many commercial products have to be tested and certified by NSF International, Underwriters Laboratories, or the Water Quality Association, and are therefore possible candidates for applications in public water supplies.  Most of these devices have been used for years by individual consumers wanting to modify the drinking water quality in their homes.


Current ANSI/NSF standards cover six types of POU and POE devices (USEPA Mar. 2002):

· Standard 42:  Drinking Water Treatment Units – Aesthetic Effects

· Standard 44:  Cation Exchange Water Softeners

· Standard 53:  Drinking Water Treatment Units – Health Effects

· Standard 55:  Ultraviolet Microbiological Water Treatment Systems

· Standard 58:  Reverse Osmosis Drinking Water Treatment Systems

· Standard 62:  Drinking Water Distillation Systems


These technologies are often combined in practice.  For example, an RO unit will normally be preceded by a particulate filter and an activated carbon system to remove residual chlorine prior to the membrane.  An activated alumina cartridge may be preceded and/or succeeded by an activated carbon system to improve the water’s taste.  In many cases, since disinfectant residuals will be removed, regrowth of heterotrophic plate count (HPC) bacteria will occur.  This is a normal phenomenon that also occurs in common water taps, showerheads and low use pipes.  Some regulatory agencies may require monitoring or post disinfection (e.g. using approved UV devices) post treatment.  However, these regrowth situations are generally not considered to be a health risk.  An expert committee to the World Health Organization has recently concluded that in the absence of sanitary contamination, there is no evidence the HPC counts alone relate directly to health risks.  WHO suggested appropriate maintenance of the water treatment devices for aesthetic reasons, according to manufacturers’ recommendations (WHO). 

VIII. Decentralized System Applications

Point-of-Use

The SDWA allows POE and POU for compliance applications, but it also places restrictions on the their use, and EPA has elaborated on those restrictions in its recent Guidance on these matters. In general, POU treatment would be acceptable for controlling contaminants that would not contribute significant risks from inhalation and dermal exposures and which would not be acute toxicity risks.  POU is excluded by statute from being used for compliance with standards for microbiological contaminants, and for microbiological indicators like total coliforms.


Contaminants and principal technologies that would be most likely candidates for POU compliance application are listed in Table 2.

Table 2

	Contaminant
	Technology

	Non-volatile synthetic organic chemicals (SOCs)
	Activated carbon, reverse osmosis (RO)

	Radionuclides (e.g. radium-226 and radium-228)
	Cation exchange, RO

	Inorganics like arsenic, fluoride, and uranium
	Activated alumina, RO, and possibly granular ferric hydroxides and other specialty products being developed

	Non-volatile disinfection by-products
	Activated carbon, RO


(USEPA Sept. 1998)

Notes:  Most non-volatile SOCs would have high enough molecular weights to be removable by reverse osmosis, or adsorbable by activated carbon and not significantly adsorbed from dermal contact.  Cationic multivalent ions like radium and barium are effectively removed by cationic ion exchange resin water softening as well as by reverse osmosis;  POU cation exchange is not commonly practiced. Many inorganics exist in water as anions such as fluoride, arsenate, uranyl (uranium) which are readily removed by activated alumina.  These anions may act like Lewis bases, complexing with the Lewis acid alumina in competition with the water and other anions.  Therefore, other weak base anions can also be removed, including nitrate, especially if there is limited competition from other anions like silicate and sulfate. Iron-based media are also showing promise for anion removal.

Decentralized Nitrate Treatment


EPA’s unofficial position to POU for nitrate removal is to discourage it.  As a possibly “acute” toxicant its control is being analogized to the SDWA’s prohibition of POU (but not POE) use for microbial contamination (Vokes).  The principal risks are for infants developing methemoglobinemia from nitrate in water and formula. Existing GI infection or bacteriological contamination of the water predispose to reduction of nitrate to nitrite, the proximate toxic form.  This would seem to be an issue to be examined more carefully, since fluid consumption of the at-risk group is within full control of the caregiver.  On the other hand, reducing conditions on POU media surfaces could also potentially result in conversion of nitrate to nitrite.

Point-of-Entry 

POE systems using the same types of technologies with greater capacities can treat all of the water entering the house, or they can also be installed to treat only cold water (or hot water). POE operations will therefore be more expensive than POU and probably frequently central treatment (except perhaps for cationic water softening/radium removal), but they also provide the advantage of purifying all of the water so that no use restrictions would be required.  In addition, POE can also eliminate inhalation exposures from Volatile Organic Chemicals (VOCs) or radon, for example, and dermal exposures.  The SDWA also permits use of POE technology for controlling microbial contaminants and indicator MCLs. Additional classes of technologies available for compliance with those MCLs or treatment technique requirements include several types of particulate filters, and disinfection systems such as using ultraviolet light.

Summary of Restrictions on POU and POE Treatment Applications for Compliance 

· POU cannot be used to meet MCLs for microbial contaminants and indicators.

· POU cannot be used to meet radon and VOC MCLs.

· POU and POE must have mechanical warnings to automatically indicate operational problems such as by lights or alarms, or water quality indicators, or they may have automatic shut-off devices after a prespecified volume of water has been treated.

· POU and POE devices installed for MCL compliance must be certified to ANSI/NSF standards, if a standard exists.

· The public water system must maintain management control over all POU and POE units. (USEPA Mar. 2002)

Bottled Water Plus Piped Distribution


The SDWA, which addresses piped drinking water supplies, does not currently contemplate the use of bottled drinking water as a means of compliance with drinking water standards.  Bottled water has been utilized in numerous cases for limited periods to provide safe drinking water under emergency conditions, and for longer periods as part of the response to hazardous waste contamination of local drinking water sources.  Nevertheless, now that the SDWA explicitly allows POU as a compliance vehicle in small systems, it is, conceptually and actually, a very small step to use of community- managed bottled water, particularly if distillation is permitted as a POU technology.  In either case, safe drinking water would be provided from one house tap either from retreated influent water or from bottled water dispensers.  Conceptually, bottled water should be acceptable in circumstances where the piped supply met microbiological drinking water standards, did not exceed MCLs for an acute agent, and did not exceed MCLs for volatile or dermally irritant contaminants.  The bottled water must be certified.


Providing safe bottled water to a small community is logistically simple and subject to location and distance issues and would most likely be carried out under long-term contract with a commercial producer for delivery of water to each site.  This is currently widely practiced at retail on a house-by-house basis and the commercial infrastructure is in place.  Availability of competition in the market place will significantly affect community costs. One sub-option to reduce cost might involve delivery of commercial water to one location and redistribution to homes by the community water authorities. Most of the commercial cost would be involved in the labor and delivery time.  The following information was obtained from an informal impromptu survey of bottled providers (personal communication from three producers).

Typical Home Retail Service Conditions:

· Use rate per 3-4 person home is 23 to 25 gallons (4.5 to 5.0  5 gallon units) per month

· Weekly or monthly delivery

· Retail cost per 5 gallons is approximately $6.50 to $7.50

· Cooler rental in the $7 to $10/month range

· Revolving deposit fee of about $6 for each bottle

Thus, under retail sales conditions, the incremental cost per household would be in the $45 per month range as an upper bound.


Wholesale and long term contracted arrangements would be open to negotiation and undoubtedly particularly sensitive to competitive circumstances, size of the community and its distance from the water production site. Estimated production costs per 5 gallon bottle are approximately $0.75 in a large facility; labor and delivery costs could average about $2.00/mile per truckload (Hidell). My inquiries indicated that unit sales prices could easily be reduced by half or more to perhaps $3.10/bottle or less delivered monthly; cooler rentals could drop to as low as $2.50 per month, or they could be purchased for $100 to 130 each and amortized over several years.  In that scenario the monthly incremental cost per site would be in the $16-19 range and could even be reduced somewhat if coolers were purchased in bulk, a larger number of homes, and water was delivered to central site and provided to the homes by the water authority. As an example, a community in Pennsylvania is currently being supplied with bottled water due to hazardous waste contamination and service is paid by the State and the responsible party. The low bid for a 12 month contract was $2.99/bottle and $3.95/month cooler rental for 710 homes (plus 140 more, separately) under a 2 week delivery schedule (Welker). That amounts to approximately $17.50/home/month. This cost could have been reduced further with a monthly delivery schedule and a water cooler purchase plan.

Some benefits of community bottled water service compared to POU or POE include: 

· virtually no installation and O & M requirements beyond a free-standing cooler at each site (electricity paid by user);

· flexibility to increase use volume if necessary (e.g. seasonally);

· no unusual surveillance or compliance monitoring schemes would be required beyond the basic regimen for the piped water already in the regulations;

· no need to develop any new compliance definitions;

· little or no additional burden on the community water authority beyond recovery of costs in water bills;

· even fluoridated bottled water can be provided when desired.

The low costs and simple operating scenarios make community-managed bottled water service an attractive option that might well justify pursuit of a legislative fix to allow its use in small communities under defined conditions.  Even though the nexus between POU and bottled water in small communities is obvious, it should be expected that such a proposed legislative fix would be vehemently opposed by certain interest groups on political and philosophical grounds. 

Experience with POU and POE


There are at least 40 examples in the literature of applications of centrally managed POU or POE treatment applications, including control of arsenic, fluoride, nitrate, TDS, radium, uranium, pesticides, trichloroethylene, and microbials (POE only) (USEPA Mar. 2002).  Many of these were small-scale pilots and are no longer operating.  Many were initiated in the 1980s using earlier commercial products that would not be up to current performance expectations.  Several are currently functioning successfully, but often limited information is available on total costs.  A notable example that began in 1986 in San Ysidro, New Mexico, has been successful when it was properly managed using RO to remove arsenic and fluoride from a very poor quality high TDS water (Thomson and O’Grady).  Two significant new studies, one of which in Grimes, California involves NRWA/CRWA (Cotruvo), on arsenic removal by POU were initiated in 2002, and they were designed with the latest technology, and with the intent of producing comprehensive cost data and specifically to simulate EPA’s potential compliance and O&M requirements. The latter study results will be available in late 2003. 

Necessities for Implementing Decentralized Water Treatment Strategies
A decentralized water treatment strategy, particularly using POU, takes advantage of the opportunity to achieve overall economies by treating only the few gallons of water needed for drinking and food preparation while leaving the other 99 percent untreated or perhaps only disinfected.  In addition, there may be significant differences in capital costs, and need for initial investment between a central treatment system for the community versus a number of small treatment units installed at the kitchen tap in each house.  On the other hand, installing and managing dozens or more individual treatment units in a small community, of necessity, creates a different set of logistical and operational difficulties to be overcome and this has been accomplished in practice.

The choice between installing and operating a central system or a decentralized system will reflect considerations of system size, commitment of the community, monitoring, expertise, and economics.  The following list of considerations will be amplified using arsenic management as an example (USEPA Mar. 2002):

· What is the contaminant and by how much does it exceed the MCL?

· What is the composition and variability of the source water?

· What are the available technological options and how are they affected by the characteristics of the source water?

· How resistant is the technology to upset and how is it affected by source water conditions?

· What level of operation and maintenance will be required?

· What skill level is required of the operator – will it be possible to be community-managed, or will a contract service provider be more appropriate for installation, O&M and management?

· What is the extent of compliance monitoring and process monitoring that will be required, and what are the costs?

· How do state and local regulations and codes affect POU or POE use, installation, O&M, management, and costs?

· Will new ordinances or contracts be required to ensure participation of the entire community, and assure access to residences by service personnel for maintenance and monitoring?

· What are the consequences if the entire community refuses to participate and how can they be resolved?

· What wastes are generated and what are the disposal options and their costs? 

IX. Costs of Alternative Treatments for Arsenic

            Because of the recent promulgation of the revised MCL for arsenic, several  

substantial cost and impact analyses have recently become available. Although specific to 

arsenic, they provide significant insights to consequences of future rules affecting small 

systems. Apart from the technologies, which may or may not differ, the implementation, 

regulatory, monitoring , management and O&M issues will be the same.

EPA has estimated that 3000 (mostly small) community supplies and 1100 non-transient non-community supplies will require measures to meet the new arsenic standard (USEPA Aug. 1998). In the recent arsenic rule establishing an MCL at 10 ppb, EPA evaluated the costs of 13 technological options for arsenic removal in small and larger system categories (USEPA 815-R-00-026).  These included: 

1. Modifying lime softening;

2. Modifying coagulation/filtration;

3. Anion exchange (<20 mg/l sulfate);

4. Anion exchange (20-50 mg/l sulfate);

5. Coagulation-assisted microfiltration with mechanical dewatering;

6. Coagulation-assisted microfiltration without mechanical dewatering;

7. Oxidation filtration (greensand);

8. Central activated alumina (pH 7 – pH 8);

9. Central activated alumina (pH 8 – pH 8.3);

10. Central activated alumina with adjustment to pH 6 (23,100 bed volumes);

11. Central activated alumina with adjustment to pH 6; (15,400 bed volumes);

12. POU activated alumina;

13. POU reverse osmosis.

Compliance costs were calculated by system size category range for treatment capital costs, treatment O & M costs, waste disposal capital costs, waste disposal methods, O & M costs and annualized costs assuming a 7 percent discount rate. Influent concentration scenarios of 11 g/l and 50 g/l  were examined for an MCL of 10 g/l.  

Table 3 includes only the EPA figures for central anion exchange, oxidative filtration (greensand), and three central activated alumina scenarios, and for POU activated alumina and POU reverse osmosis, and only for the 50 g/L influent scenario.  Exclusions were central modifying lime softening and modifying coagulation/filtration, because they assume existing lime softening or coagulation/filtration, and coagulation-assisted microfiltration in two dewatering scenarios, and because they are clearly very high cost scenarios and therefore unlikely choices for small systems.  Only one central activated alumina scenario with pH adjustment (#11) was included, because #10 with greater bed volume usage gave only slightly reduced costs in the small community size categories.  EPA assumed that the costs for the 11 g/L and 50 (g/L influent scenarios were identical for the two POU options. However, the likelihood that slight exceeders (e.g. less than 20 g/L) of the 10 g/L MCL would have to install treatment in the near term is probably small, and even if they did, run times should be very long and with reduced monitoring costs also leading to lower overall costs than predicted by the EPA model.  Exemptions under section 1416(a) of the SDWA provide for extensions of the time for achieving compliance. For the arsenic rule, the initial compliance requirement is within 5 years of the initial promulgation.  Exemptions for qualified systems are available for 3 years, and 3 additional two-year exemptions are possible for small systems serving up to 3,300 persons. Thus, up to 14 years could be available for eligible small systems before compliance would be required.

The EPA model assumed that waste disposal costs would be low or non-existent in all small system cases if spent media would be disposed of in non-hazardous waste landfills without pretreatment.  This may not be the case in every state.  For example, California will likely require TCLP extraction testing for arsenic and aluminum and other possible accumulated substances prior to allowing landfill disposal.  EPA’s average costs in Table 3 were calculated assuming a groundwater system with a single entry point, based on median population and the average number of entry points per system in each size category.  Chlorination was also assumed in all cases because oxidative conversion of arsenic (III) to arsenic (V) is necessary for the technologies to perform optimally.

Between 1993 and 2000, EPA conducted several analyses estimating costs for technology cost scenarios for arsenic treatment, and other studies were also reported (Frey 2000).  Comparing these analyses is particularly difficult because they each included different mixes of actual cost data and data from other sources and different design assumptions and costing models.  As a result, EPA declined to present cost comparisons of those analytic approaches in its December 2000 document (EPA 815-R-00-028).

X. Commentary on Cost Estimates for Arsenic Treatment

Size Category <100 


Focusing on the treatment capital costs in Table 3, it is clear that #12, the POU activated alumina scenario, for the <100 population size category at $4671, is by far the lowest of the treatment options, and #13, POU RO is next at $13,619.  However, EPA’s projected treatment O&M costs across the board differ by only a factor of 2 from the highest, #4, central anion exchange, at $8,924, and #13, POU RO at $4,433.  Annualized cost estimates for scenarios 8, 12, and 13 are in a similar $6,372 to $7390 range.

Table 3

System Compliance Technology Costs Assuming Influent Concentration of 50 g/L and MCL of 10 g/L (Dollars)
	Size Category
	Treatment Train No.
	3
	4
	7
	8
	9
	11
	12
	13

	< 100
	Treatment Capital Costs
	26,970
	29,332
	24,983
	20,733
	20,733
	53,449
	4,671
	13,619

	(63 median)
	Treatment O&M Costs
	5,365
	8,924
	7,747
	5,021
	8,098
	7,302
	6,725
	4,433

	(~20 units)
	Waste Disposal Capital Costs
	3,955
	3,955
	3,955
	-
	-
	-
	-
	-

	
	Waste Disposal O&M Costs
	392
	412
	464
	36
	69
	23
	-
	-

	
	Annual Costs (7%)
	8,676
	12,478
	10,943
	7,014
	10,125
	12,371
	7,390
	6,372

	101-500
	Treatment Capital Costs
	43,632
	117,795
	104,869
	57,733
	57,733
	94,204
	27,027
	78,866

	(300 median)
	Treatment O&M Costs
	5,365
	11,527
	9,495
	10,104
	17,779
	12,829
	39,804
	26,552

	(~100 units)
	Waste Disposal Capital Costs
	3,955
	3,955
	3,955
	-
	-
	-
	-
	-

	
	Waste Disposal O&M Costs
	490
	621
	694
	240
	461
	156
	-
	-

	
	Annual Costs (7%)
	10,346
	23,640
	20,462
	15,794
	23,690
	21,877
	43,652
	37,781

	501-1,000
	Treatment Capital Costs
	127,649
	179,585
	218,393
	124,256
	124,256
	167,139
	66,325
	193,617

	(750 median)
	Treatment O&M Costs

Waste Disposal Capital Costs
	11,285
	16,167
	12,948
	19,898
	36,430
	23,478
	98,814
	66,320

	
	
	3,955
	3,955
	3,955
	-
	-
	-
	-
	-

	
	Waste Disposal O&M Costs
	677
	1,022
	1,136
	632
	1,215
	410
	-
	-

	
	Annual Costs (7%)
	24,385
	34,514
	35,073
	32,259
	49,374
	39,665
	108,258
	93,887

	1,001-3,300
	Treatment Capital Costs
	282,910
	218,240
	283,894
	166,171
	166,171
	213,095
	97,980
	286,071

	
	Treatment O&M Costs
	20,917
	19,699
	15,866
	28,169
	52,180
	32,470
	146,709
	98,728

	
	Waste Disposal Capital Costs
	3,955
	3,955
	3,955
	-
	-
	-
	-
	-

	
	Waste Disposal O&M Costs
	1,296
	1,362
	1,511
	963
	1,853
	626
	-
	-

	
	Annual Costs (7%)
	49,291
	42,035
	44,547
	44,818
	69,718
	53,211
	160,659
	139,458


Extracted mostly from the cost and economic impact analysis document for the arsenic in drinking water regulation (EPA 815-R-00-026) and corrected particularly in the 501-1000 range in August 2002 (Khera).

Size Categories 101-500 and 501-1000


Significant cost differences develop quickly as system sizes increase.  The annualized costs for POU (#12, #13) in the 101-500 range are already unfavorable, and  more so in the 501-1000 range in this scenario. These corrected values (Khera) were incorrectly presented in the Arsenic in Drinking Water analysis published in 2002.

Assumptions Used by EPA in Estimating POU and POE Costs for Arsenic Removal in Small Systems for Activated Alumina and Reverse Osmosis with Commentary (EPA 815-R-00-028) 

· Average household – 3 persons, 1 gallon each per day, 1095 gallons per year.

Comment:  Three persons per household is an appropriate average number; however, the per person usage rate is excessive.  Studies indicate a more typical average use rate closer to 1 to 2 gallons per household per day.  Mean reported water consumption from all sources is slightly greater than 1 liter per person per day.  Thus, annual usage per household would more likely be in the 300 to 500 gallons per year range.

· Annual treatment – 1095 gallons (POU), 109,500 gallons (POE).

Comment:  A better mean estimate of treated water would normally be closer to 500 gallons per year, thus doubling the projected run life for the filter.

· Minimally skilled labor - $14.50 per hour (population less than 3,300 persons).

Comment:  Minimally skilled labor rate of $14.50 is reasonable, although it is not obvious why it should vary by size of community.

· Skilled labor - $28.00 per hour (population greater than 3,300 persons).

Comment:  Skilled labor rate (e.g., for unit installers) is appropriate at $28.00/hr.

· Life of treatment unit – 5 years (POU), 10 years (POE).

Comment:  Life of the unit (housing or some components) should be at least in the 5 to 10 year range.

· Duration of cost study – 10 years (i.e. 2 POU units).

Comment: Reasonable assumption, possibly somewhat conservative.

· Cost of water flow meter and automatic shut-off value included.

Comment:  Using both a water meter and automatic shut-off valve is somewhat redundant and perhaps not necessary.  Flow meters sell in the $30 to $40 range.

· No shipping and handling costs.

Comment:  Shipping costs are included in the selling price of the unit.

· Volume discount schedule – retail for simple unit, 10 percent discount for 10 or more units, 15 percent discount for more than 100 units.

Comment:  The volume discounts are probably very conservative.  Competition,  long-term service contracts, and the benefits of a considerably expanded market for POU should achieve greater cost reductions from current retail prices.

· Installation time – 1 hour unskilled labor (POU); 3 hours skilled labor (POE).

Comment:  Installation time estimates are probably somewhat high based upon communications with installers (i.e. 0.5 hours for POU, and 2 hours for POE).

· O&M costs include maintenance, replacement of prefilters, membrane cartridges, or AA cartridge, laboratory sampling, analysis, and administrative costs.

Comment:  All operation and management costs are subject to variations depending on the stringency of EPA guidance for the number of inspection visits per year, cartridge replacement schedule, and monitoring frequencies and methodologies.  For example, using low cost analytical test kits at about $1 to $2 per sample for checking performance in the field instead of formal sampling and laboratory analyses that would be required for significantly fewer required compliance samples (~$25 to $40 per sample) would significantly reduce monitoring costs and the number of compliance samples to be acquired.

XI. Additional Cost Estimations


Alternative treatment scenarios using POU reverse osmosis have been analyzed recently (Gurian and Small).  A base case scenario was postulated as follows, along with high-cost and low-cost options as follows:

      Base Case:

· Three-stage treatment using a cellulose acetate – triacetate membrane; $230/unit

· Annual prefilter replacement; $29/year

· Membrane replacement every 2 years; $75/membrane

· Labor at $100 for installation, $50/year annual service

· Non-scheduled service $100 in parts and $50 labor year 10

· Consumer communication; $25/year

· Monitoring one-third of units annually; $8.25/year/unit

· Total annualized cost at 7 % interest; $189/unit/year.

Their high-cost scenario was $506/unit, utilizing a more expensive RO membrane; quarterly service calls and quarterly monitoring of each unit is clearly excessive and unrealistic.  Their low-cost scenario, at $151, is similar to the base-case, but assumes that half of the customers would service their own units, which is potentially feasible, but probably legally unacceptable unless a suitable community training and oversight system were developed.  Monitoring costs are a significant portion of the annual costs in all of the scenarios.  Simple and reasonable modifications of the base-case scenario, such as by reduced labor rates and changing the annual monitoring to even one-quarter of the units per year, or using inexpensive field test kits instead of laboratory analyses for most of the samples, would reduce the annualized cost to below $180/unit/year (i.e. ~$15 per month), which is surely feasible.  By comparison, the EPA annualized cost estimates for communities below 1000 persons ranged from about $250 to over $300/unit/year.  All of the scenarios require chlorination of the source water, to assure conversion of arsenic (III) to arsenic (V), which is most efficiently removed.
Reverse osmosis is particularly appropriate for use in higher TDS waters because it removes most of the salts and TOC, is less prone to ionic interferences, and therefore, produces noticeably higher quality water. Typical commercially available low pressure RO units are sized to produce 8 to 10 gallons per day which is more than sufficient for drinking, cooking and ice making in the home. Larger capacity units are also available including for POE. However, in many waters with pH < about 8, activated alumina will be very suitable and at lower cost – about one-third to one-half of the capital cost of RO.

            Comparisons among several costing scenarios for central treatment options are difficult to make because those projected costs differ so greatly in the small system range (Frey 2000, 1997; EPA 815-R-00-028).  Thus, the upper limit on community population for decentralized RO application is not reliably known at this time.  The uncertainties may actually be greatest for the centralized treatment, since POU RO unit costs would not be affected much by economies of scale, but rather, mostly by the monitoring and maintenance scenarios that would be required.

            The EPA assessment and assumptions may have overestimated the costs of decentralized POU compliance in small systems.  The databases used were not sufficiently sensitive and robust to achieve good estimates of costs in the unique very small system environments.  Even so, EPA has stated that it is expected that cost advantages for decentralized compliance are probably available to populations of 150 to 250 people; however, there really is not sufficient experience in hand to make a determination of the upper range of community size that would be appropriate for decentralized operation, considering both costs and the practicality of functioning with a large number of treatment nodes.  Two demonstration studies (Cotruvo, AWWARF) on decentralized arsenic treatment and a third examining ‘Conventional and Unconventional Approaches’ (AWWARF) are underway to be completed in mid to late 2003 that will provide credible data on cost and practical operating factors in several small systems, under different water quality and geographic circumstances.

XII. Centrally Managed Point-of-Use Implementation


EPA has recently issued draft comprehensive Guidance to assist states and communities to introduce and operate decentralized systems.  This document addresses virtually all of the issues that would be faced, including regulatory and monitoring considerations, waste disposal, device standards and certification, and even model local ordinance and access and maintenance contract language, liability and funding sources (USEPA Mar. 2002).  Different monitoring strategies are required to demonstrate unit performance and to determine compliance.  Decentralized treatment methodologies were not contemplated when the primary drinking water regulations were written, so it will be necessary to develop new approaches that will be capable of assuring that all units are functioning and compliance is being achieved.  At the same time, these should not introduce unnecessary burdens of sampling, inspections and high-cost laboratory analyses that will increase costs to such a degree as to produce artificial and arbitrary conditions that would raise costs and limit opportunities for small communities.  


Monitoring costs can be a significant portion of the annual costs of operation and could exceed technology costs and other O&M costs.  Monitoring guidance scenarios are being developed by EPA that involve various representative percentages of units being tested annually.  There is also the assumption that 100% participation will be required in the community to permit a decentralized system to be used. Careful attention should be paid to these proposals to assure that they reflect a reasonable balance between cost, practicality and collection of useful data. 


It is clear that the cost estimates for decentralized small system applications are fraught with uncertainty and extreme effects due to site-specific factors of water quality, use, climate, and existing technology, yet these can be resolved. In addition, the unit costs of the technologies has been changing rapidly and significant discounting should be expected for bulk (wholesale) purchases, as compared to current retail dealer prices or open market retail costs.  Also, small communities may have the choice of multi-year contracting for installation, O&M, and monitoring from local providers or carrying out many or all of these functions themselves at much lower costs.  Installations of treatment systems are perhaps best handled by service providers or licensed plumbers, but O&M and performance monitoring are certainly amenable to being carried out on a part-time basis by properly trained local officials. 

         All of these cost and implementation issues can be resolved, both generically with a small amount of additional study, and specifically with pilot studies in candidate communities. Thus, decentralized strategies are available and can be successfully implemented with appropriate and reasonable implementation requirements, and with the appropriate degree of external support so that small communities will not be exploited in the early stages due to the novelty of the concept.            

XIII. Conditions for a “Two Tier” Water System
When a small public water supply is out of compliance with a chemical MCL and operating and economic conditions permit it, the ideal low cost treatment efficiency case would involve providing two qualities of water: 1) highest quality for the 1 % needed for drinking and cooking by POU or bottled water; 2) fairly high quality and microbiologically safe for the 25 to 99 % of water for human contact, laundry, showering, and all other uses.  In those circumstances where low cost, low quality, but microbially acceptable non-potable water were available, it could be utilized with appropriate plumbing modifications for toilet flushing and exterior uses (i.e. up to 75 % of total water requirements).


The circumstances that would be ideal for a Two-Tier system are as follows:

· The central water supply must meet MCLs for microbial contaminants with or without central chlorination, i.e. minimum low cost central treatment.

· The MCL violation is not for an agent that is regulated for acute toxicity risks.

· The MCL violation is not for a volatile or dermally toxic contaminant.

· An effective, reasonable cost and reliable POU device must be available (or bottled water becomes acceptable).

· EPA’s or the State’s O & M, monitoring, and compliance determination requirements are not burdensome.

Examples of contaminants that could meet the first four stipulations include arsenic, barium, radium, cadmium, selenium, uranium, fluoride, non-volatile organics, and pesticides.  There are undoubtedly thousands of communities and non-communities where a two tier water system would be feasible and more cost effective than many central treatment options.  Critical requirements are community commitment and access to a reliable internal or external provider of the necessary services at reasonable cost.


Each community exceeding an MCL or needing a treatment technique will be faced with deciding its best course of action considering the costs of the option, as well as the practicality and feasibility of sustainably providing reliably safe drinking water for the long term.  They must ask the correct questions for all of the technological options that exist, centralized or decentralized.  What are their needs in respect to water quality and quantity, how can they best be met, and what are they willing to pay?  A Two-Tier dual quality system using low volume POU, POE, or bottled water for drinking water in combination with a centralized high volume source appears to be a very attractive option in the right circumstances.  There are not only probable cost advantages compared to full central treatment, but also practical operational disadvantages and need for additional external support services, as have been discussed.


Considering only economics the fundamental question is: what is the cost of treating all of the water up to current and likely future drinking water standard expectations versus the cost of providing a sufficient high volume lower quality water service for fire fighting, lawns, and sanitation, plus the cost of providing a very low quantity of a high quality drinking water? In the case of retrofit in an existing system, a simplified preliminary approach would be to treat the current cost of the high volume non-compliant supply as the baseline and then compare the incremental costs of either adding full treatment or decentralized service.  Information of the sort found in Table 3 is essential as the starting point to be expanded by the additional costs and logistical requirements.  For example, in the smallest size category (median) capital cost estimates range from $20,733 to $53,449 for the six central treatment options, to $4,671 and $13,619 for the two POU options.  Annualized costs range from $7,014 to $12,478, and $6,372 to $7390, respectively.  By comparison, a delivered bottled water option, if available, would have annual costs in the <$4,000 range with no capital cost and no incremental monitoring and compliance costs (estimates are site specific).  Then, if the unconventional alternative is economically attractive, the implementation and operation issues must be carefully weighed before the final choice is made.  In the case of a new system, the choices must be weighed from a zero baseline and even a more radical dual distribution system might also be available as a feasible and sustainable option for the long term.

XIII. Conclusions 

· Decentralized strategies involving point-of-use or point-of-entry treatment technology are capable of sustainably meeting drinking water standards in very small systems at lower costs than traditional central treatment approaches. POU treats only about 1% of the water delivered to the home.

· Community-managed bottled water service is capable of providing sustainable safe drinking water at reasonable cost in small communities and with simpler operating conditions than either central or decentralized treatment, but this option is not currently an acceptable compliance mode.

· The 1996 amendments to the Safe Drinking Water Act specifically allow POU and POE treatment compliance methods in small systems.

· Many states currently do not allow these approaches except as temporary applications or part of a variance or exemption. Current EPA assessments made for the new arsenic standard development process probably overestimate the cost of decentralized technology compliance strategies.

· Numerous POU and POE technologies are capable of treating for a variety of regulated contaminants such as arsenic, fluoride, radium, fluoride, uranium and organics, and they have been tested and certified.  Nitrate removal is also feasible, but not recommended by EPA and has some possible negatives. Performance improvements and cost reductions should be expected as applications in very small systems becomes more prevalent, and long-term agreements and bulk purchases or rentals are implemented.

· Current data do not allow for determinations of the upper bound community population sizes where decentralized technologies would be cost-favorable and practical.  Several field demonstrations are in progress including one involving NRWA/CRWA. These will provide specific valuable information in late 2003.

· Site-specific water quality characteristics, specific contaminants, technology, monitoring and inspection requirements and community commitment are key factors among many as determinants of cost and sustainability of decentralized strategies.

· Costs per household in the range of $15 to $20 per month have been postulated for POU arsenic removal using reverse osmosis or activated alumina. Bottled water costs in the $16 to$19 0r less dollar per month range have been demonstrated.

· The arsenic rule allows implementation delays up to 14 years for cause from the original promulgation date of January 2001.

· Communities will have numerous operating and financing choices ranging from outright purchase and direct management, to contracting with service providers for one or more functions of installation, O & M, monitoring, and combinations thereof.

· Operation and maintenance, monitoring requirements and definitions of compliance in decentralized modes are being addressed by EPA in Guidance, but are not fully resolved.  Monitoring strategies, changeout requirements, and full community participation are key unresolved questions.

· Package commercial central treatment technologies are also becoming more available and they are being performance tested through EPA’s Environmental Technology Verification system to facilitate acceptance by regulators and reduce start-up costs.

· Decentralized compliance strategies place greater logistical burdens on small communities, but at lower cost than conventional central treatment options in the appropriate size ranges.  EPA has suggested sizes up to about 250 population, but this has not been defined with any certainty, and is likely to be higher in many cases.

· Small communities choosing the decentralized course will require extensive support and training to provide them the opportunity to achieve sustainable operation.

XIV. Recommendations

· NRWA is in the unique and ideal position to provide essential training and support services that small systems will need to take advantage of decentralized and centralized package options.

· NRWA should aggressively develop the expertise and programs to provide those services that will assist small communities to meet all standards in a sustained and cost-feasible manner.

· NRWA should be an active player in the debate that is currently underway involving implementation conditions, monitoring regimens and definitions of compliance in decentralized treatment modes. These will be major factors in the costs and feasibility of implementing decentralized, so it is essential that they be addressed immediately before being cast in stone.

· NRWA should work to convince state regulators to be willing to accept decentralized compliance systems when they are feasible and cost-effective, and assist them to determine the operating requirements.

· Due to the simplicity, attractiveness and reasonable costs of community- managed bottled water service, NRWA should evaluate its position on that option and consider seeking a legislative fix to allow its use for compliance in defined circumstances. 

· NRWA should take a strong advocacy position that commercial service providers should be licensed water treatment operators to assure their basic qualifications for providing POU and POE services to communities.

· NRWA should develop model contract language and other instructional and guidance documents for use by small communities who are considering contracting with commercial providers of decentralized water technologies and services.

· NRWA should consider partnering with several small communities to obtain grants from the USDA Rural Utilities Service to implement Two-tiered decentralized drinking water systems for compliance with SDWA requirements.

 I would like to acknowledge advice and suggestions from John Regnier, Fred Pontius, and Jerry Biberstine that were very helpful to me in producing this assessment.
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� Interestingly, Marcus Vitruvius Pollio, the foremost architect and engineer of the first century BC, writes in his Ten Books on Architecture that “water from clay pipes is much more wholesome than that which is conducted through lead pipes, because lead is found to be harmful”; however, the use of lead in piping was prevalent (246).


� Point-of-use treatment has been practiced in some form for thousands of years up to and including the present.  Charcoal, settling, sand filtration, ceramic filters, and boiling have traditionally been used to improve water quality and wholesomeness.
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