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Abstract The tap water versus bottled water debate is active not only amongst those working in the
environmental field, but in the media and commumity
commons shared by all, how water as a limited resource is used and managed is an important issue that will no
doubt demand serious attention now and in the years to come. Because water quality, in terms of health and
safety, is a major reason why consumers choose filtered or bottled water over tap water, a more substantive
discussion of some of the water quality issues that affect drinking water choice are discussed. A comparison of
tap water, filtered water and bottled water quality is provided which could also provide information as to how a
consumer could best spend their water dollars while also meeting the best interest of our environment.
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Introduction

The tap water versus bottled water debate has become a popular subject in the public media of late. The cost of
water is being discussed not only in monetary terms, but in context of cost to the environment. Thus, this debate
supplies the consumer with important information on how best to spend their water dollars, both economically and
environmentally. Because the value of this debate should not be lost to media over-marketing and advertising
sound bites, which often results in consumer fatigue and trivialization of an issue, a more substantive discussion
of the real value of tap water as a broader social value is merited.

What we know about water is that it is not a private property. We know from the fundamentals of hydrology that
although water may be atemporarys our ce on oneds private |thenndterdithror e it ca
originate there, nor will it stay there. If we then view water as a common resource, it is in economic terms, rival in
consumption;, one per s o mwater reduses theoabilitytohothers to use it (1). In a society, this rivalry

needs to be mediated and managed by setting public policy on the use of water as a commons to insure that all

citizens, regardless of income, have access to water which is fundamental to our existence and well-being.

At the center of our modern economy are the ideas put forth by Adam Smith in 1776 that individuals are motivated

by self interest and self gain, but Al ed by ublointérestvi si bl e
However, this laissez faire approach is not always successful and can lead to market failure, a situation in which a

market fails to allocate resources efficiently. One cause for this failure is an externality, the uncompensated

impactofone per sonds a-bdnga abystamdet BExgernaliges dan be negative; an adverse impact

such as pollution, or positive; a beneficial impact such as research that can be used by others to cure disease (1).

An essay by Garrett Hardin, The Tragedy of the Commons, is a provocative discourse on management which
builds on the ideas of William Forster Lloyd, who in 1833 introduced the parable of the commons to dispute Adam
Smithoés famous i de a amlfts ptoration Bfipubhc ineresh. | Hardih explaihe this parable as
follows (2):

The tragedy of the commons develops in this way. Picture a pasture open to all. It is to be expected that
each herdsman will try to keep as many cattle as possible on the commons. Such an arrangement may work
reasonably satisfactorily for centuries because tribal wars, poaching, and disease keep the numbers of both
man and beast well below the carrying capacity of the land. Finally, however, comes the day of reckoning,
that is, the day when the long-desired goal of social stability becomes a reality. At this point, the inherent
logic of the commons remorselessly generates tragedy.

As a rational being, each herdsman seeks to maximize his gain. Explicitly or implicitly, more or less
consciously, he asks, "What is the utility to me of adding one more animal to my herd?" This utility has one
negative and one positive component.

1) The positive component is a function of the increment of one animal. Since the herdsman receives all the
proceeds from the sale of the additional animal, the positive utility is nearly +1.

2) The negative component is a function of the additional overgrazing created by one more animal. Since,
however, the effects of overgrazing are shared by all the herdsmen, the negative utility for any particular
decision-making herdsman is only a fraction of —1.

Adding together the component partial utilities, the rational herdsman concludes that the only sensible
course for him to pursue is to add another animal to his herd. And another; and another. . . . But this is the
conclusion reached by each and every rational herdsman sharing a commons. Therein is the tragedy. Each
man is locked into a system that compels him to increase his herd without limit--in a world that is limited.
Ruin is the destination toward which all men rush, each pursuing his own bestinterest in a society that
believes in the freedom of the commons. Freedom in a commons brings ruin to all.



With only 1% atéravailabte ascansumabledresivwater, the rivalry for water is not only gaining in
intensity between agriculture, industry, and power producers, but between people for clean drinking water. As the
World Health Organization reports, the shortage of safe and accessible drinking water is a major challenge in
many parts of the world, and every year there are 1.6 million diarrhoeal deaths related to unsafe water, sanitation,
and hygiened the vast majority among children under 5. More than one billion people lack access to an improved
water source (43). Therefore the management and use of the commons, this 1% of water, is ever more critical to
our welfare as a world society.

In the United States, approximately 84% of the population gets its drinking water from a public water-supply
system (PWS) (45), with 81% of these people serviced by 8% of the PWSs (44); this means that the majority of
the people in the U.S. receive water from a PWS that supplies water to more than 100,000 people. The Safe
Drinking Water Information System (SDWIS) provides data to the public about public water systems and their
violations as reported to US Environmental Protection Agency (EPA) by the states. SDWIS data shows that
larger PWSs, which supply the majority of drinking water, have far fewer violations than smaller PWSs, which
helps support the EPAS slaim that the US has one of the safest water supplies in the world (44). Even with safe
water, people in the U.S. still consumed more than 8.25 billion gallons of commercially bottled water in 2006 (40),
prompting debate and criticism regarding the merits of both tap and bottled water.

The public water supplier sells service as a product: the delivery and removal of your water from the commons.
The PWS believes its water is healthy and at the convenience of just turning your tap to meet all your water
needs: drinking, cleaning and flushing. Although this makes public water a far better value at just fractions of a
cent for a gallon of drinking water, critics claim there is a cost to this water which does not meet the public interest
because of the negative impacts on health associated with treatment and distribution byproducts.

The private company has profit as its motive; it wants to sell as much product as it feasibly can in our consumer
driven economy. The advertising and marketing strategy of the bottled water industry appears to be built on
convincing the public that bottled water is healthier and convenient, and apparently a lot of the public agrees
because it has supported this tremendous growth industry around the world (40). Although the invisible hand
supposedly allows this supply and demand to reach equilibrium while the public interest is met, critics claim that
the public interest is not met because of such negative externalities as plastic bottle pollution, energy
consumption, pollution associated with product transport, and impact on the safe yield of water as a limited
resource.

So who is right? If both suppliers provide a safe product of water, which we all know is fundamental to our health,
why should we choose one product over the over? If we had a better understanding of the criticisms around this
issue, could we make better decisions on how best to spend our water dollars as individuals while meeting our
best interests as a public and that of our environment?

It could be argued that to get the best economic and social value for a water dollar, one would have to weigh
several important components:

Water Quality
Financial cost
Environmental cost
Energy cost
Convenience
Social welfare

[ cntE et et B et et e



Because water quality, in terms of health and safety, is a major reason why consumers choose filtered or bottled
water over tap water (34,35), the focus of this paper is to discuss some of the major issues related to water
contaminants as they pertain to tap and bottled water quality.

In the greater Boston metropolitan area, the Massachusetts Water Resource Authority (MWRA) in partnership
with the Department of Conservation and Recreation (DCR) and the local municipalities, supplies water to 49
cities and towns (3). The NBC Today television show did a taste test survey of twelve different tap waters across
the country and ranked Boston water as second best. Because the MWRA has been actively promoting drinking
tap water in the media, essentially promoting a drink local campaign for a mere fraction of the cost of bottled
water, it provides framework for a case study of tap water quality and cost.

Bottled water is often marketed as a natural, pure and healthy alternative. However, studies which have tested
bottled water for contaminants have shown this marketing to be questionable as it pertains to water quality, and
two of these studies will be briefly summarized.

To provide some comparative information on the water quality issues highlighted in this paper, a snapshot study
was done on fourteen drinking water samples. Total Chlorine Residual, HPC, TTHM, bromide, bromate and an
elements scan were analyzed on the samples which included water from two MWRA taps, MWRA water filtered
through two different home filtration devices, and eight bottled waters. These results are discussed within this
paper.

Water Qualitgndthe MWRA

Approximately 2.5 million people in the Commonwealth of Massachusetts, or roughly44 % of t he st ateds
population, have an average of 220 million gallons of water per day piped into their homes and industries that has
originated from watersheds in western and central Massachusetts. The entire water system is, in a word,

enormous. Itis made up of very large water supply sources, water treatment facilities, pumping and storage

facilities, over 400 miles of deep rock transmission tunnels and distribution mains, which in turn feed another

6,700 miles of locally owned water distribution pipes throughout the MWRA communities. Just in the eastern

portion of this system alone, called the Metropolitan System that begins in Weston, there are approximately 4700

valves (3).

T h at lotof adot! Boston, as one of the oldest cities in the United States, has one of the oldest public water
supply systems. In 1652, the Water Works Company built a cistern and conduit to increase water supply to the
growing city. The system has obviously grown! Expanding incrementally, the water supply system developed to
become one of the first multi-municipality systems in 1895, first called the Metropolitan Water District, and later
renamed as the Water Division of the Metropolitan District Commission (28). The MWRA, created in 1984 by the
State Legislature, now assumes responsibility for this ever expanding water system (3).

Afascinatingpart of Bostondéhscremtiohadondédi aft orlyei wor | &adhe Qlabbingest r
Reservoir. The Quabbin, as it is commonly referred to, required a whole lot of taking; the acquisition of 80,443

acres by eminent domain, the relocation of six town boundaries, the obliteration of four towns (Enfield, Dana,

Greenwich and Prescott), the relocation of 2500 people, and the relocation of more than 7500 bodies in

cemeteries. On April 28, 1938, the state declared the four towns officially discontinued and the arduous task of

removing structures began (27). The sound of woodpeckers, the nickname given to the men hired to cut down

every tree with ax and saw, resounded throughout the 39 square mile area which was to become the reservoir.

Capable of holding more than 400 billion gallons of water, the Quabbin took seven years to fill before finally

spilling over the Winsor Dam Spillway (27) , signaling the reservoir was full to capacity.

e !



The quality of endpoint tap water is dependent upon several key factors, which pose many challenges to a PWS.
They are discussed in this section as elements that contribute to the highly rated MWRA tap water:

Watershed protection

Source water quality

Treatment processes

Pipe quality of maiand locatistributionihes

PwnNPE

Watershed Protection

Water in the MWRA system is derived from the Quabbin, Ware and Wachusett watersheds which feed the
Quabbin Reservoir, Ware River and Wachusett Reservoir respectively. The watersheds are protected, monitored
and managed by DCR. Controlling the use of land in a watershed is vital to contaminant controlandone o f
yardsticks for measuring the effectiveness of a watershed protection plan (3). The Quabbin Ware and Wachusett
watershed have a combined DCR ownership of 43%. If lands protected by other local, state and non-profit
groups are included, approximately 64% is protected. If the areas where development is regulated by the
Watershed Protection Act are included, the total rises to about 75 % (3). The Quabbin Reservoir watershed alone
covers 187.5 square miles, 55% of which is owned by DCR. More than 90% of the Quabbin watershed land is
forested, and the non-DCR owned lands are sparsely populated and have limited agricultural sites. Such limited
use contributes to the excellent water quality of the Quabbin (47).

Continued watershed land acquisition is necessary to avoid longer term degradation of reservoir source water.
As part of its Capital Improvement Program, the MWRA continuously provides financial assistance to DCR for the
acquisition of real estate critical to the protection of the watershed throughout the three watersheds as a
commitment to source water quality (3).

Source Water Quality
The Wachusett Reservoir is the last water storage site in the MWRA system before treatment and distribution. It
is fed water from the Quabbin Reservoir, and indirectly from the Ware River by way of the Quabbin.
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Figure 1 Source Water Flow Source: MWRA. 2006. Water System Master Plan.

The Quabbin contributes about 53% of the total system yield and has a maximum storage capacity of 412 billion
gallons, or a 5 year supply. The Wachusett contributes about 34% of total yield and has a storage capacity of 65
billion gallons, or a 6 month supply. The Ware River contributes 13% of total system vyield (3).
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The quality of raw source water (water before treatment), that is the quantity and quality of organic and inorganic
matter present in the raw water, dictates the quality of treated drinking water. Taste, odor and color; the qualities
that are apparent to the consumer are normally due to the biological processes and/or subsequent treatment
processes. Algae, for example, can cause water to smell fishy, moldy, grassy or even like cucumbers or violets
(18). Other qualities that are invisible to the consumer, such as the quantity of disinfection by-products, correlate
directly to how treatment processes react with what is in the raw water (4). Therefore, the value of quality in,
quality out cannot be underestimated.

The quality of the water in the Quabbin Reservoir is excellent and often described as pristine (47). The quality of
the Ware River water is poorer compared to water leaving the Quabbin and Wachusett Reservoirs. Therefore,
the Ware River water is diverted backwards and into the Quabbin where it is aided by baffle dams to travel a
circuitous route (estimated to be a two year process) so that the water can be naturally enhanced by
photochemical processes, biological decay and settling (4). The quality of the water in the Wachusett Reservoir is
more complicated because although the water quality is determined by the Quinapoxet and Stillwater Rivers that
drain the less protected Wachusett watershed and feed the reservoir, its water quality is profoundly influenced by
the transfer of Quabbin water which at any time of the year makes up approximately half of the water in the
Wachusett basin (46). DCR monitors both the Quabbin and Wachusett Reservoirs regularly and the results of
these monitoring events are documented by DCR in annual Water Quality Reports (47,46).

The Safe Drinking Water Act (SDWA) was passed by Congress in 1974 to protect public health by mandating
EPA to regulate the nation's public drinking water supply. The law, amended in 1986 and 1996, requires many
actions to protect drinking water and its sources, rivers, lakes, reservoirs, springs, and ground water wells (5).
The Surface Water Treatment Rule (SWTR) made effective 1990 and amended in 1998, seeks to prevent
waterborne diseases caused by pathogenic viruses, protozoa and bacteria that are present at varying
concentrations in most surface waters. The SWTR requires that water systems filter and disinfect surface water
sources to reduce the occurrence of unsafe levels of these microbes, and mandates maximum contaminate levels
(MCLs) for these and other contaminants such as disinfection by-products (DBPs)(6).

Public Water Systems (PWSs) with source water of very high quality do not have to filter if they are able to meet a
list of filtration waiver requirements. The MWRA has obtained such a waiver for both the Quabbin and the
Wachusett Reservoirs, which is explained further under the Water Treatment section. Two of the filtration waiver
requirements are low fecal bacteria and turbidity levels in the raw water. To maintain compliance, the MWRA
monitors for Fecal and Total Coliforms daily and turbidity continuously at a point prior to disinfection in both
reservoirs (3).
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The SWTR for unfiltered supplies requires that no more than 10% of source water samples prior to disinfection
over a six-month period have more than 20 fecal coliforms per 100ml. Although Figure 2 shows that bacterial
counts for the Quabbin and Wachusett Reservoirs have not exceeded the 20 cfu/100ml limit from October 2006
through October 2007, both reservoirs have not exceeded 20 cfu/100 ml since November of 2004 (18).



Turbidity of water is due to suspended solids such as clay, plankton, silt, finely divided organic matter,
microscopic organisms and similar materials. As noted earlier, quality in, quality out is very important with
regards to turbidity because high levels of particulate matter may protect microbes from the disinfection process
effects as well as interfere with the disinfectant residual throughout the distribution system. Turbidity is a
measurement of the scattered light as it passes through a sample and is deflected by particulates, and is read as
nephelometric turbidity units (NTU) with an electronic nephelometric meter (21).
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Figure 3. Reservoir Turbidity Levels Source: MWRA October 20077 Water Quality Updates

The Massachusetts Department of Environmental Protection (DEP) standard for source water turbidity for
unfiltered water supply systems is a maximum of 1.0 NTU; the EPA standard is a maximum of 5.0 NTU. Based
on a 12 month running average from October 2006 to October 2007, the maximum turbidity results at Quabbin
and Wachusett were well below the DEP standard of 1.0 NTU (18). Turbidity levels are usually well below the 1.0
NTU standard, but sometimes have short-lived spikes due to storm events and when the reservoirs naturally turn
over, that is, when the lower and upper depths of the water column mix (47).

Treatment Process
The original microbial limits of the SWTR required all systems must filter and disinfect their water to provide a
minimum of 99.9 percent combined removal and inactivation of the protozoan Giardia lamblia and 99.99 percent
of viruses (6). To obtain a filtration waiver, 11 criteria must be continuously met (3):
1. Low levels of source water quality fecal bacteria
Low levels of source water quality turbidity
Adequate watershed protection
Adequate inactivation of Giardia and viruses
Redundant disinfection equipment to ensure reliability
Adequate and consistent disinfectant residual levels at the entry point
Adequate disinfection residual levels within the distribution system
Compliance with the disinfection byproducts rules
Low levels of total coliform bacteria within the distribution system
10 No evidence of waterborne disease outbreaks
11. Adequate performance on annual on-site inspections

©o Nk wWN

When the SWTR came into effect, the Wachusett Reservoir did not meet the fecal bacteria level requirement for a
waiver due to a large amount of roosting gulls, which move inland during the winter and sully the water. This
problem was resolved by instituting a gull harassment program (also used at the Quabbin) and making the
reservoir area a less attractive roosting site (3). This program, still in effect, continues to produce outstanding
results (46).

10



With the resolution of this fecal contamination problem by 1993, the MWRA, MDC and DEP entered into an
Administrative Consent Order that after improvements to MWRA water quality, would allow for application to the
DEP in 1998 for a filtration waiver (24).

As part of this [application], MWRA would continue as an unfiltered water system and implement an

integrated water supply improvement program from the sourceres er voirs t o the consumer
The$1.7 billion 10-year program would include improvements to watershed protection, completion of the

Metro-West tunnel, building an ozone disinfection facility capable of inactivating Cryptosporidium,

replacing all MWRA open distribution reservoirs with covered storage, implementing a $250 million zero-

interest loan program for communities to replace old unlined cast iron water mains, and a commitment to

monitoring water quality and health outcomes and re-evaluating the decision once the plant was on-

line(3).

Although the EPA felt that filtration was the most effective method to reduce pathogens and sued the MWRA
regarding filtration, the MWRA felt there were more cost effective ways to provide safe, quality water while also
providing for taste and odor enhancement (24). In the end, the MWRA won the right to a filtration waiver, and the
Carroll Water Treatment Plant (CWTP) was designed and built for ozone disinfection ( with the ability to add
filtration if needed) replacing free chlorine as the water s y s t @nmaryg disinfectant (3).

The decision and fight to add ozonation was fortuitous because in 1998 the EPA issued the Interim Enhanced
Surface Water Treatment Rule (effective for 2002) which amended the SWTR to specifically address the
pathogen Cryptosporidium and disinfection byproducts (9). Cryptosporidiosis, caused by the chlorine resistant
Cryptosporidium oocyst, is a gastrointestinal disorder that may be fatal, as seen in the Milwaukee outbreak in
1993 when 100 people died, and is one of the most common AIDS-associated opportunistic infections (30).
Thus, when the CWTP came on line in 2005, the MWRA was able to meet the new requirements of the SWTR
with a 99% inactivation of Cryptosporidium, in addition to the 99.9% reduction of Giardia and 99.99 percent of
viruses (3).

The SWTR also states thatassure adequate microbial protection in the distribution system, water systems are
also required to provide continuous disinfection of the drinking water enteringistrébution system and to
maintain a detectable disinfectant level within the distribution sys{éjnTo meet these standards the MWRA

chose secondary disinfection with chloramines to provide for treatment in the distribution system (3).

The consequences of providing disinfected water that is safe from pathogens are disinfection by-products
(DBPs). Ozone and chloramines act to kill pathogens, but they also react with the naturally occurring materials
(NOM) in water to form undesired DBPs (8).

There are many DBPs, but most information is known about halogenated DBPs. Halogens; fluorine, chlorine,
bromine, iodine and astatine, are the highly reactive, Group 7A nonmetallic elements that exist as two-atom or
diatomic molecules under normal conditions. Two of these elements as ions, chloride and bromide, play major
roles during disinfection in the creation of halogenated DBPs that pose health risks. Halogenation provides a tag
that can be identified with mass spectrometers and thus provide a way to quantitate some DBPs with known
health effects. However, it would be prudent to mention that non-halogenated by-products associated with all
forms of chemical disinfection may also have health effects that have yet to be determined (19).

Ozone, as a disinfectant, is a very strong oxidant and virucide. Molecular ozone (Os) and the hydroxyl (OH’) free
radical that is formed when ozone decomposes in water have great oxidizing capacities, and it is generally
believed that bacteria are destroyed because of protoplasmic oxidation resulting in cell wall disintegration (cell
lysis). The effectiveness of disinfection depends on the susceptibility of the target organisms, the contact time,
and the concentration of the ozone (10).

11
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The MWRA Water Quality Update, October 2007 Highlights, states that contact time (CT) and performance ratio
(PR) was met each day in October, as well as every day for the last year; meaning that Giardia and viruses were
inactivated, as well as at least 99% of Cryptosporidium, see figure 4. (The MWRA 2006 Drinking Water Report
listed average Cryptosporidium results at 0.02 oocysts per 100 ml. The EPA MCL for Cryptosporidium is 1.0
oocyst per 100ml.)

Ozone as a strong oxidant forms unwanted DBPs when reacting with NOM to produce a variety of non-
halogenated by-products such as aldehydes (in particular formaldehyde and acetaldehyde), ketones and acids.
However, if bromide is present in the raw water, ozonation may produce bromate and therefore lead to the
possible formation of organo-brominated compounds, as well as other brominated DBPs, such as potassium
bromate. Brominated DBPs appear to pose greater health risks as possible carcinogens than non-brominated
DBPs. Although bromate formation increases with higher ozone dosage, its creation is actually tempered by the
concentration of NOM in the raw water which competes with bromide for ozone. Bromate formation is also
dependent upon the pH and temperature of the water, ammonia concentrations and of course, the concentration
of bromide in the raw water (14).

Small quantities of the element bromine occur naturally in seawater compounds and in natural salt deposits (20).

Since Massachusetts is a coastal state, one should not be surprised that MWRA source water contains sea salt
elements. The MWRAG6s monthly Water Quality btbmidedevetenteringpthe 2 00 6
CWTP to be 18.0 ug/L but the bromate levels leaving CWTP after ozonation to be <2.5 ug/L (18).

Considering that 10 ug/L of bromate only contains 6.2 ug/L of bromide (4), then 29.0 ug/L of bromate would
contain 18.0 ug/L of bromide, the amount entering CWTP. Therefore, based on 2006 actual detection amounts
and bromate levels at <5.0 ug/L, the current MWRA instrumentation reporting limit, bromide entering the CWTP is
being converted to bromate far below its 6-fold conversion potential if 1200% of the bromide were converted. The
EPA maximum contaminant level (MCL) for bromate based on its potential as a carcinogen, is 10 ug/L. Although
bromate is present in MWRA tap water, its formation during ozonation is being controlled to far below the MCL.

The MWRA uses chloramination as the secondary disinfection process, required by the rules for a filtration
waiver, to maintain low levels of bacteria and a disinfection residual level within the distribution system.
Ozonation typically increases the biodegradability of NOM in water because many large organic molecules are
converted into smaller organic molecules, or biodegradable dissolved organic carbon (BDOC), that microbes can
access. Thus, if BDOC is not removed in the treatment plant, accelerated bacterial growth and regrowth in the
distribution system can occur (10). Often the use of biologically activated carbon filters are used to control BDOC
in the system, but the MWRA concluded after research that proper corrosion control and an adequate chloramine
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