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ABSTRACT

Because cisterns are exposed to the environment via their direct attachment to catchment

surfaces, cistern water quality is often poor. In the U.S. Virgin Islands cisterns are

involved in supplying the water needs for private homes, hotels, businesses and public

housing, making them subject to the mandates of the Federal Safe Drinking Water Act.

This study compares the results of the occurrence of various water quality indicators in

Private Residential, Public Housing, and Hotels and Guest House cisterns in the U.S.

Virgin Islands in a side-by-side analysis. Forty-seven separate independent variables were

created and tested for correlation, of which only the rate at which chlorination was

applied was significant. A high degree of correlation was found to exist between total and

fecal coliforms. A moderate, but still significant correlation between the coliform and the

heterotrophic levels in the cistern was also noted. There was no correlation between any

of the bacterial indicators studied and the opportunistic pathogen Pseudomonas

aeruginosa. The results show, depending upon on the type and amount of chlorination

received, different bacterial indicators will predominate and that there is a logical

succession from one to the next with chlorination. On the unchlorinated end of the scale,

normally associated with privateresidential homes, there is a correlation between the

heterotrophic bacteria and total coliform. On the other end where chlorination is constant,

normally associated with public water supply systems, correlation is between total

coliform and fecal coliform. The proportion at which these indicators occur is a function

of the diligence at which chlorination takes place. Regression analysis showed that the

heterotrophs and total coliforms were the most sensitive to chlorination while the

streptococci and fecal coliform were the most resistant. Thus, what is seen is fecal

coliform unmasking based upon chlorination pattern. Depending upon whether the cistern

is a private or public water supply which is mandated to be treated, an appropriate
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indicator system based upon the likelihood of treatment can be suggested. For

unchlorinated private residential home cisterns the prime indicator should be the

heterotrophic plate count and for chlorinated systems the take-action organism should be

the fecal coliform. P. aeruginosa should be tested for in both domestic cistern water

supplies and public cistern water supply systems.



Chapter 1

INTRODUCTION

1.1

Background to the Study

Since the Golden Age of Microbiology and the publication of Koch's Postulates, disease

after disease has been associated with a specific bacteria or microorganism, with water

being the vehicle in which the infectious agent is carried, there has been a desire to find

some way to indicate when an infectious agent is present. In the search that followed for

the "ideal indicator" that would meet a number of criteria one bacterial group stood out --

the coliform group. Since 1914 when water and water quality came first under the U.S.

Treasury Department, then under the U.S. Public Health Service from 1925 until the

promulgation of the Safe Drinking Water Act of 1974 when the United States

Environmental Protection Agency came into being, it has been the coliform by which

drinking water quality standards have been measured (69). But as more and more

microbiologists studied the coliform, more and more were the faults that werediscovered

with using it as an indicator for all waters. When combined with chlorination and

filtration, the coliform standard proved its worth in reducing the incidence of classic

enteric water borne diseases in the United States such as cholera and typhoid. But as has

become apparent in the recent past, water borne diseases are still with us, diseases for

which the coliform is a poor indicator. New bacterial indicators have been found that are

better indicators for different classes of water such as for shellfish raising and recreation

uses. In summary, the coliform standard designed for a conventional potable water

17
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system, its integrity intact, its water treated, and located in a temperate climate (38) is not

adequate for all water supplies.

In contrast to conventional water supply systems in the United States water in the U.S.

Virgin Islands, located in a tropical region of the world, is stored in cisterns. Over 80% of

all its people are dependent upon rainfall and rooftop harvesting systems with cistern

storage (1,89). This includes not only private residential homes (not covered by the

drinking water standards), but also schools, restaurants, public housing projects, etc.

which by definition are public water supplies (covered by the drinking water standards).

Cistern water quality is constantly being subjected to contamination via the catchment

surfaces. Yet tropical cisterns that are open to the environment, are currently forced to

meet bacteriological standards designed for sealed conventional water distribution

systems located in temperate climates.

From 1986 to 1993 a series of projects were carried out that looked at water quality in the

U.S. Virgin Islands. Three primary studies from 1987 through 1989 looked at five

different indicator organisms first in private residential cisterns (76), then in public

housing cisterns (79), and finally in hotel and guest house cisterns (81). The studies were

conducted using the same basic methodology so that data from one study could be

compared to data from the other studies. The idea at the inception of the first project was

to eventually compare all classes of cisterns and determine if existing drinking water

standards should be applied to public cistern water based systems, as well as to see if

those same standards should be applied to private residential homes, at least on a

voluntary basis whose owners should be protected nonetheless if a potential bacterial
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pathogen is present, or if they can be protected by other means, such as the local building

codes.

1.2

Objectives of the Dissertation

(1) This study will define the clear distinctions between conventional, "closed" water

distribution systems and "open" cistern based water systems recognizing that the water

quality problems faced by each system present unique health based questions. Existing

water quality standards based upon the coliform organism were not designed with cisterns

in mind In the U.S. Virgin Islands where water is obtained largely from cistern based

supplies it thus becomes necessary to explore if separate water quality standards based

upon bacteriological indicators other than the coliform are needed to assess the quality of

the cistern water since it is not only used for drinking, but also for cooking, bathing,

gardening, etc. Additionally, existing drinking water standards force a financially heavy

burden on businesses which must comply with said standards. The net reality is that non-

compliance is a major problem for small and moderate public supplies, while the public

health question of private residential cistern owners is not addressed at all. This leads to a

false sense of security in regards to the water consumers drink.

(2) Statistical analyses will be used to identify the most influential factors on cistern

water quality for three important user groups and determine how these factors impact the

occurrence of the various indicators studied in relation to the cistern type. The first study

dealt with the water quality of private residential homes, which are not classified as a

"public water supply system" since they usually have less than 15 service connections
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used by year-round residents and / or regularly serve an average of at least twenty-five

individuals at least 60 days out of the year (hereafter referred to as the Private Residential

study). The second study dealt with the cistern water quality from Public Housing

cisterns, which are classified as community public water supply systems since they

usually have at least 15 service connections and / or serve more than 25 individuals on a

year-round basis (hereafter referred to as the Public Housing study). The third study dealt

with the cistern water quality of selected hotels and guest houses, which are non-

community public water supply systems because they usually serve at least 25 individuals

daily at least 60 days per year and / or have more than 15 service connections (hereafter

referred to as the Hotel and Guest House study).

(3) The statistical analyses will determine which bacterial indicator species are the best

predictors of human health hazards arising from microbial contamination. The analyses

will test the significance of all practical independent variables that are significant

indicators of water quality of the three cistern classes. These independent variables

include factors such as other bacterial indicators present and their concentrations, pH of

the cistern, turbidity, conductivity, water treatment and frequency, class of cistern

(private, public community, public non-community water supply, etc), size of cistern, etc.

Forty-seven independent variables were tested for correlation.

(4) The findings of this study will be used to identify more appropriate indicators and to

develop recommendations for a primary set of cistern water quality standards for the U.S.

Virgin Islands. These primary standards might then serve as a framework for establishing

a national Primary Cistern Water Quality Standard (PCWQS). If such standards appear



desireable and feasible this dissertation will become a springboard from which future

research can be developed.

21
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Chapter 2

WATER DISTRIBUTION IN THE VIRGIN ISLANDS

2.1

Introduction 

The definition of a potable water distribution system has become synonymous with a

system comprised of a centrally located water treatment plant from which the water is

pumped to consumers through sealed pipes. While each of the three U.S. Virgin Islands

has such a system, rough and steep terrain forces these distribution networks to be

relatively small in size and restricted to the flat coastal areas of each island. Since over

eighty percent (1,89) of all residents live in areas remote and inaccessible to these

systems, they are forced to rely on alternate means for obtaining their drinking water.

In many small islands, such as those found throughout the Caribbean region, water is

typically in short supply due the lack of sufficient surface water. Groundwater, while

available, may be expensive to access either due to depth, or due to geology (101). It may

take days to cut through several meters of a particularly hard, blue colored basalt found

throughout the West Indies, and referred to by geologists by the colorful name of "blue

bitch". Two expensive alternatives are either to import water, usually by barge from

larger nearby islands such as Puerto Rico or to use desalination (61,68). The most cost

efficient water supply alternative for islands with adequate rainfall is a roof-top

catchment system with cistern storage. In the U.S. Virgin Islands, depending upon where

you live on the island, you can expect to receive between 38-55 inches of rain per year

(76), thus rainfall harvesting provides the cheapest and most efficient means of supplying



water to most of the private residences in the territory. Because of frequent water

shortages, cistern storage is now mandated under the Virgin Islands Code (76,90).

The Virgin Islands Code requires every building in the territory to have its own cistern

and a roof top collection system. While cistern water systems can still be found in the

continental United States, they tend to be proportionally few in number (55), and are

usually located in remote rural areas, mostly serving only a single family. In the Virgin

Islands however, not only do cisterns serve the individual family, they can also be found

serving public housing projects, hotels and guest houses, schools, restaurants, and

warehouses. Many of these public buildings are also served by a community potable

water system.

While there are many places in the world depenedent upon rainfall harvesting as their

sole source of freshwater, the U.S. Virgin Islands' almost total reliance on cistern based

storage probably represents the single most diverse example of this technology anywhere

in the world (76,90).

2.2

Historical Use of Cisterns

The first known use of cisterns dates back to the Roman Empire. The majority of cisterns

constructed during that period were classified into four groups: 1) small cisterns, 2) large,

excavated cisterns, 3) rock cisterns with masonry arches or roofs, and 4) masonry-lined

cisterns. Water originating in springs and rivers was transported to these cisterns via

conduits (24).

23



According to an 1863 article by the J. Franklin Institute in Practical Mechanica (25),

Venice has harvested rainfall by rooftop catchment systems for over 1300 years. The

water was collected in 177 public and 1900 private cisterns and was the principal

freshwater supply for Venice until about the 16th century (24).

In Hawaii it is believed that rainfall catchment was practiced by early Hawaiians prior to

any contact with western civilization (24). According to Fok (24), Kimble (44) made the

earliest report on rain water catchment in the Kona area of Hawaii. He estimated that the

average catchment area per person was about 100 square feet, the average tank capacity

per person was about 1000 gallons, and the average per capita consumption about 10

gal/day. Today many Hawaiians and other Pacific Islanders still rely on roof top

catchments and cistern stored rain water for their drinking water supply (24,27).

The author had no problems living on 17 gallons per day in the Virgin Islands, and on the

whole it was found that the average Virgin Islander utilized about 32 gallons of water per

day (76). This is less than the 50 gallon per person per day minimum average found by

Fok (24). These averages are not unusual for a family that must depend upon a roof-

catchment cistern system as their sole water supply since their consumption habits are

definitely conservative (24,76).

Cistern Components 

There are three essential components to a rainfall harvesting system: the catchment

surface, the guttering or water diverters, and the cistern (1,70); a large container used for

the storage of liquids, of which the most common is water.

24
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2.31 Catchments

The most common catchment surface used today for residential water supplies is the

rooftop of a home. The U.S. Navy began construction in St. Thomas of huge hillside

catchments in 1930s (68). The largest of these catchments was over five acres in size.

Until recently, it provided water to the University of the Virgin Islands. In 1949 the

potable water distribution system was constructed to serve the town of Charlotte Amalie,

St. Thomas. This system was based on the catchment concept and involved the

restructuring and resurfacing of the runway of Harry S. Truman Airport to provide

840,000 sq. ft. of catchment surface. The water was stored in a 1.5 million gallon

underground storage tank and a 1 million gallon above ground tank at the airport. The

runway was discontinued as a water catchment in 1963 because of excessive salt water

intrusion into the cisterns (61).

The most commonly used catchment surface materials include lead-free Hyperion painted

or otherwise coated wood, concrete, galvanized steel, or fiberglass (70); shingling tends

to be used less frequently because of its tendency to trap and retain particulate matter

which can at times be very difficult to remove (12,27).

Many of the large hillside catchments were frequently constructed of concrete, with the

notable exception of the large five acre catchment at the University of the Virgin Islands.

That catchment abandoned concrete in favor of a wooden frame made from 2 X 2 inch

strip wood, covered by galvanized steel sheeting because of lower cost.



2.32 Guttering

Guttering can consist of almost anything that can divert water from the catchment to the

cistern. Materials used for guttering have included aluminum, galvanized steel,

polyvinylchloride (PVC), and internal steel-in-concrete diverters / piping.

In addition to the guttering, or as an adjunct to the guttering, home owners are urged to

install first-flush devices to divert the initial runoff water to the ground prior the

collection of the main body of rain water (1,70). First-flush devices are important for

cistern water quality purposes because the initial runoff is likely to carry the bulk of the

contaminants (27,54,76).

2.33 Cisterns

Though cisterns have been used to store water since the time of the first settlements of the

islands, the use of rooftops as a catchment surface with cistern storage seems to be more

recent being preceeded or concurrent with the use of rain barrels. As early as 1862 a

group of private citizens endeavored to promote a public water supply system due to the

deficiency in the accomodation for collecting and preserving rain water (3). The choice

and type of cistern depends on three very important factors:

*	 The purpose of the cistern, and the use of the water (drinking, cooking, bathing,

watering of plants). If rainwater is expected to provide the only source for all the

anticipated needs, the cistern must be designed to hold a sufficient volume of

water to meet those needs throughout the entire year. Alternately if there is a

supply of water readily available during the rainy season, but which dries up

26
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during the dry season, then the cistern need be only big enough to store sufficient

water for the entire dry season (70).

*	 The materials available for construction, the skills of the people, and the amount

each family is able to spend. Whenever possible, locally available materials are

used to minimize costs (70).

*	 Local regulations and building codes (1,89,90).

Materials used to construct cisterns include iron or galvanized metal, steel reinforced or

tuu-einforced concrete, ferrocement, mortar or clay, and fiberglass (70,97). They may be

either circular in nature or rectangular in shape.

The location of the cistern can be either adjacent to the structure, above ground level, at

ground level, or below ground level, or may be integrated into the foundation of the

house. In older structures in the Virgin Islands and in small cottages (the "maid's

quarters" or guest house) the cistern is unusually attached adjacent to the structure. In

more recently constructed houses, the cistern forms all or part of the structure's

foundation (70,76).

Cisterns can range from approximately 250 to over 1,000,000 gallons in capacity, such as

the one that serves a popular St. Thomas resort (79). Actual cost of cistern construction

can vary widely depending upon the type of cistern chosen, its size, and materials used

(70).
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For a steel reinforced, poured concrete cistern which forms the foundation of a

house in the U.S. Virgin Islands, the cost of the cistern is expected to be between

$1.00-$1.50 per gallon of cistern storage -- roughly 25-33% of the total cost of the

house. The exact size of the cistern needed is based upon the type of structure and

the surface area of the roof.

Ferrocement cisterns are usually built external to the house. Their chief advantage

is that they are easy and inexpensive to construct, require no technical expertise or

tools, and are relatively strong, but are not nearly as large or as strong as the

poured concrete cistern. To get the same storage capacity as the poured cistern,

three to four ferrocement cisterns may be built, and hydrologically linked together

to form a single large cistern. The primary costs associated with the ferrocement

cistern are for the steel grid-type "chicken wire", three to eight bags of Portland

cement, sand (if a ready supply is not available), and plastic sheeting. If built by

the owner, a ferrocement cistern can be constructed for a fraction of what it would

cost for a pored concrete cistern of equivalent capacity (48,70).

Another type of external cistern is the fiberglass cistern (48,70). While they have

the advantage of being portable and convenient to install, the disadvantages are

that they tend to be limited in sizes ranging from 250-1500 gallons and are more

expensive than ferrocement cisterns of a similar size.

For the U.S. Virgin Islands, the storage capacity sizing requirements are presented in the

Table 2.1 (90).



Table 2.1 Cistern Sizing Requirements in the U.S. Virgin Islands

Type of Structure	 Required Cistern Size *

Single Story Dwelling	 10.0

Multi-story Dwelling	 15.0

Churches and Warehouses	 4.5

Other Buildings	 Exempted

* Gallons per square foot of roof area
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In other places of the world where cisterns are used, the type and size of the cistern is

determined by the individual homeowner.

To calculate the total amount of water that would have to be stored the generalized

equation can be used (90):

HA = 0.01 * RA (cm) * CA (m2 ) * RE

Where:
HA = Water harvested (m3 )
RA = Rainfall input (cm)
CA = Catchment Area (m2 )
RE = Runoff Efficiency of the roof = 0.85 (89)

Runoff efficiency may range from 50 percent to 95 percent; typical values however

usually range from 70-95%. Smith (89) uses 0.85 in his model as an intermediate value.

To convert m3 to gallons multiply by 264.2

2.4

Cistern Maintenance and Water Quality Problems

There are certain problems that must be dealt with when storing water in cisterns. The

most common problem shared by cisterns relates to water quality. Since the catchment

surface is open and exposed to the environment, the stored water is readily subject to

contamination from dust, dirt, fecal material from animal and bird droppings, and tree

leaf debris which has collected on the catchment surface then washed into the cistern with

the first rainfall event. All may be sources of chemical and/or microbiological

contamination (12,27,54,76).
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Maintaining good water quality is difficult regardless of legal designation. While all

cisterns have this problem each class of cistern falls under a separate part of the Federal

Safe Drinking Water Act of 1974, as amended in 1986. Public housing is classified as a

"non-transient, community water supply", a school, restaurant, or warehouse as a

"transient, community water supply", a hotel and guest houses as "transient, non-

community" water supply, and private homes are not classified (8,78,81,94). However at

the individual level all consumers of cistern water face risks from the consumption and

use of that water. Until 1986, the Safe Drinking Water Act mandated that drinking water

have no more than one total coliform per 100 mL, a level that is unrealistic for a cistern

water system that is exposed to an environment where coliforms abound. These studies

hoped to determine the significance of low numbers of coliforms ( even if they exceed

Federal limits for total coliforms in potable water) and whether such findings indicate the

existence of a health hazard.

There are two principle forms of contaminants found in cisterns: chemical and

microbiological.

Chemical contamination in cistern water in the U.S. Virgin Islands is not as much a

concern as it is in a place such as Tucson, AZ. In Tucson, according to Martin Karpiscak

of the Casa de Agua water conservation demonstration project (personal communication),

lead in the cistern water is frequently a problem, the source of which may be due to

exhaust from motor vehicles that once burned leaded fuels within close proximity to the

catchment surface. In the Virgin Islands most houses are more distant from the major

roadways, thus auto exhaust is not as much of a contributing factor. When lead is found

as a contaminant of cistern water in the U.S. Virgin Islands the primary source has been
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from roof coatings (12). It is now required that all roof coatings used in the Virgin Islands

be lead free.

Microbiological contamination of cistern water is of far greater concern, given that it is

constantly exposed to the microbes from the surrounding environment and a climate

favorable to continuous microbial growth. These microbes are found in soil, fecal

materials, and tree leaf debris, all contaminants which can collect on catchment surfaces

and be transported to the cistern via its gutters. Among these microbial contaminants are

ones which are known human opportunistic pathogens, as well as true pathogens.

Studies have demonstrated that cisterns are filled by a number of opportunistic pathogens,

i.e., organisms which can cause disease in individuals, especially those who have a

weakened immune system (27,54,75). Two important opportunistic pathogens commonly

found in cisterns include Legionella (10,83) and Legionella-like organisms (82) which

can cause legionnaires disease and legionellosis, and Pseudomonas aeruginosa (80),

which is a leading cause of ear infections, wound infections, some forms of diarrhea, and

a major source of nosocomial infections.

In addition to the opportunistic pathogens, cistern water has also been known to harbor

true bacterial pathogens, such as Salmonella spp. (12,27,42), which can cause diarrheal

disease, and Sal. typhi, the causative agent of typhoid fever. Indeed cistern water which

had become contaminated by sewage was the suspected vehicle in a massive outbreak of

typhoid fever at a public housing project on the island of St. Croix, U.S. Virgin Islands

(81,86). Most recently the protozoan parasites Giardia lamblia (18), which causes



33

giardiasis, and Cryptosporidium spp. (18), which cause cryptosporidiosis, have also been

found in cistern water.

While only a few well documented cases of water borne disease have been directly

attributed to cisterns and the use of cistern water in the U.S. Virgin Islands, several local

medical practitioners feel that the true number of cases is vastly under-reported.

Defining the significance of occurrence of the various indicator organisms in the different

classes of cisterns found throughout the U.S. Virgin Islands is an essential first step in the

establishment of water quality standards specific for cistern-based water supply systems

(27,54,75,78).
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CHAPTER 3

THE INDICATOR CONCEPT

3.1

Properties of the Ideal Indicator

Human history has been punctuated by massive disease outbreaks. As early as 1849 John

Snow suspected that cholera might be transmitted via water, and by 1855 Snow and Budd

were able to relate outbreaks of cholera and typhoid fever to water contaminated with

fecal material (64). With the realization that a number of other fecally related diseases

could be transmitted to man via water, the concept of the "indicator" organism -- an

organism which if present would indicate that there might be pathogens in the water --

was conceived. In essence if these "indicators" were absent, the existence of

bacteriological pathogens in the water is assumed to be minimal. Conversely, if the

indicator organism is present, there is a higher probability that the pathogen also may be

present. Introduced in 1892, the indicator concept has served as the basis for all

microbiological standards used in all water quality analyses today (65).

The "ideal" indicator should exhibit the following properties (63):

The indicator should be applicable to all types of water that may be investigated.

If a microorganism, it should be present in greater numbers than the pathogen in
all cases when the latter is found. Alternatively, positive indication should be
present if there is a significant health hazard.

Any indicator microorganism should not increase significantly in the absence of a
health hazard.
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* Indicator microorganisms should be more resistant [than pathogens] to the
physiological stress within aquatic environments and to the action of disinfectants
that are commonly used therein. As a result, the indicators should exhibit greater
survival than pathogens under the "real world" condition of the water that is to be
tested.

* The indicator reaction or test data should be unique and characteristic of that
microorganism or determination.

* The indicator methodology should be of minimal complexity, rapid and
inexpensive.

* Indicator microorganisms should be harmless to man under usual conditions.

The indicator or test should be proportional to the health hazard that is present.

The "ideal" indicator organism does not exist, thus many microorganisms have been

proposed for use including the total coliform group, the fecal coliform group, the fecal

streptococci and enterococci, Pseudomonas aeruginosa, Clostridium perfringens, and

even coliphage viruses (viruses whose host is the coliform bacterium) (63).

3.2

Uses of Various Bacterial Indicators

Although no one indicator meets the definition of ideal, there are a number of indicators

each of which is "more ideal than the others" depending upon the information needed and

the question asked in seeking information about environmental conditions. The five most

frequently used indicators are the total coliform, the fecal coliform (now including

Escherichia coui specifically), fecal streptococci (enterococci), Pseudomonas aeruginosa,

and the heterotrophic plate count (sometimes called the standard plate count) (63).



3.21 Total Coliform

In the United States, the total coliform bacterial group has been the indicator of choice in

determining potable water quality since 1914 (9,69). Since _conforms are frequently

associated with fecal contamination, the presence of coliforms in a potable water supply

indicates that the supply may have been contaminated. As the number of coliforms

increase, so does the probability of encountering enteric pathogens since there is a high

degree of correlation between the presence of coliforms and enteric pathogens (9,17,66).

The total coliform group belong to the systematically defined family known as the

Enterobacteriaceae. There are two principal components to this family: the coliforms,

and the non-coliforms (Figure 3.1). All the Enterobacteriaceae are rod shaped, non-

spore-forming, gram negative bacteria. Members of this family largely belong to the

coliform group -- Escherichia, Citrobacter, Klebsiella and Enterobacter -- and are

capable of growth in the presence of bile salts or other surface-active agents and are

cytochrome-oxidase negative. Further they are marked by their ability to ferment lactose

at 35-37 °C with the production of acid, gas, and aldehyde within 24-48 hours (57,88).
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NON-COLIFORMS*

Shigella
Yersinia
Providencia
Salmonella
Serratia
Proteus

COLIFORIVIS

TOTAL	 FECAL

Escherichia
Citrobacter
Klebsiella
Enterobacter

Escherichia coui
Citrobacterfreundii
Klebsiella pnuemoniae

Figure 3.1 The Enterobacteriaceae Family
Adapted from Krieg, Noel. Ed., Bergey's Manual of Systemic Bacteriology, Vol. 1, 1984. Williams & Wilkins

*Represents main genera



The health significance of the coliform test is rooted in the 1943 study of Kehr and

Butterfield (43) which attempted, however imperfect, to correlate the coliform count

directly to enteric disease incidence.

Several pathogens, such as those in the genus Shigella, are able to initiate infection when

introduced in very low numbers; in the case of Shigella dysenteriae some strains require

as little as 10 organisms (51). Kehr and Butterfield decided that the best way to assay for

the significance of the coliform test would be to obtain evidence of a correlation between

numbers of coliforms present, and the numbers of an enteric pathogen such as either

Salmonella or Shigella (43). They chose Salmonella for their study.

Kehr and Butterfield obtained the number of Salmonella typhosa and coliforms for

various types of water (from the literature), then calculated the number of S. typhosa per

106 coliforms. They were then able to show that the E. coli-S. typhosa ratio was

consistent and that both organisms died off at approximately the same rate during sewage

treatment, during self-purification in streams and lakes, and during drinking water

purification. They calculated that it would be unlikely that during an outbreak for a

person to drink more than one typhoid bacterium, and at the most but a few. Continuing

on they calculated that such ingestion would produce infection in only a small percentage

of the general population (43,66). They concluded that while a single cell might initiate

an infection, not every cell-host contact would lead to an infection, given a large volume

of drinking water spread over a large population, there is a probability that an

appropriately virulent cell will reach a susceptible person (43,66).
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If the hypothesis that a single typhoid bacterium can be infective is accepted, then it is

possible to consider the significance of a typhi:coliform ratio. Assuming a typhi:coliform

ratio of 10:10 6 and equal destruction of both during treatment, if the finished water

contained one colifomi/100 mL, then the rate of infection as a result of the probability of

consuming one typhoid bacterium when drinking a liter of water would be 10 people in a

population of 1,000,000. Kern and Butterfield analyzed a number of epidemics of

waterborne disease of the diffuse type, characterized by a low attack rate but spread over

a fairly large population, and concluded that the observed incidence of infection was

consistent with their hypothesis. It was thus concluded that water that exceeded the

coliform standard (of then 1 coliform per 100/mL) could indeed be responsible for

waterborne disease, such as gastroenteritis and typhoid fever (66).

The 1953 epidemiologic work of Stevenson (92) added much weight to the rationale of

establishing a coliform standard for drinking-water sources. His analysis showed that if

raw water has fewer than 1,000 coliforms /100 mL, then it would be unlikely to find

salmonellae in finished waters at infective levels.

The coliform standard is of value in protecting against frank outbreaks of bacterial

diseases, but may not protect against low levels of virulent pathogens. Further protection

could be achieved by analyzing larger samples for coliforms. (66). Wolf (98) summarized

the value of the total coliform standard thusly:

"The drinking water standard presently in use [at that time,
one coliform per 100 mL] is, in a sense, a standard of
expedience. It does not entirely exclude the possibility of
acquiring an intestinal infection. It is attainable by the
economic development of available water supplies, their
disinfection, and, if need be, treatment in purification works
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by economically feasible methods. It is not a standard of
perfection".

Because of limitations of the coliform group as general indicators of water quality,

researchers have continually searched for a better indicator, but none has been found (66).

No other single organism comes as close to meeting the definition of an "ideal indicator".

Gallagher and Spino (28) have suggested that little or no correlation exists between total

coliform and Salmonella, although Geldreich (29) has suggested that the inability to

detect Salmonella in water samples containing coliform may be due to the variable

occurrence of Salmonella in the environment in the absence of an epidemic rather than to

the absence of a correlation. The reason the total coliform is used for drinking water and

not the fecal coliform is that treated drinking water should contain no coliforms (9). Since

the number of fecal coliforms in source waters is considerably lower than the number of

total coliforms, it has been suggested that a fecal coliform test would be less conservative

(66).

3.22 Fecal Coliforms

Fecal coliform organisms are defined as those coliforms of the total coliform group that

have the ability to ferment lactose with the production of acid and gas in 24 + 2 hours,

and grow at the elevated temperature of 44.5+ 0.2 °C. The principal fecal coliforms are

Escherichia colt, Citrobacter freundii, and Klebsiella pneumoniae (Figure 3.1). Of the

fecal coliforms, E. colt is the best indicator of fecal contamination from human and

animal wastes. Figure 3.2 shows the relationship of E. colt as it relates to fecal coliforms,

and fecal coliforms to total coliforms, and finally to Enterobacteriaceae (8,57,88).



Enterobacteriaceae

Total Coliforms

Fecal Coliforms

Escherichia coui      

7z1:57r:   

ENTEROBACTERIACEAE FAMILY
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Figure 3.2 Relationship of Bacteria in Enterobacteriaceae family (88).
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It is the presence of fecal coliforms, rather than total coliforms, which truly reflects the

possible presence of enteric pathogens such as Salmonella, Shigella, etc. In 1970

Geldreich (29) analyzed data from numerous studies and concluded that when the number

of fecal coliforms exceed 200 per 100 mL of water, there is a significantly greater chance

of isolating Salmonella then when the number of fecal coliforms are less than 200 per 100

mL. He found that when fecal coliforms were less than 200 /100 mL he could isolate

Salmonella 27.6 percent of the time, when fecal coliforms were 201 - 2000 /100 mL, he

found that he could isolate Salmonella 85.2 percent of the time, and when the fecal

coliform count exceeded 2000 /100 mL that he could isolate the organism 98.1 percent of

the time (9).

The value of the fecal coliform is that it can serve as an index indicator of fecal pollution

in raw water sources and water not intended for human consumption (drinking). Thus, it

is a valuable indicator of the raw water quality entering a drinking water treatment plant,

a good indicator for shellfish growing waters, is useful in determining the suitability of

recreational waters, and is useful in determining the effectiveness of sewage treatment

(5,8).

3.23 Fecal Streptococcus

The normal habitat of fecal streptococci is the intestines of humans and animals, thus,

streptococci are indicators of fecal pollution. In principle, when found in combination

with fecal coliforms, fecal streptococci may provide more specific information about

pollution sources since certain fecal streptococci are host specific. It must be recognized,
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however, that the fecal streptococcus subspecies S. faecalis subsp. liquefaciens is not

restricted to the intestines of humans and animals. They also have been found associated

with vegetation, insects, and certain types of soils. This may be detrimental, especially for

indicating low density fecal contamination, because when the count is below 100 fecal

streptococci / 100 TnL S. faecalis subsp. liquefaciens generally predominates, and ratios

should not be used. In general, however, fecal coliform / fecal streptococcus ratios in

excess of 4.1 are taken to indicate a predominantly human origin of the coliform bacteria

(5 ).

Normally fecal coliform/fecal streptococcus ratios are applied to water quality studies of

lakes, streams, and estuaries. The use of these ratios is not intended to pinpoint an exact

source or point of contamination but rather to aid in determining whether any observable

contamination is due to environmental contamination, septic tank infusion, or direct

human contamination.

In addition enterococci has value by itself as an indicator of recreational water quality. It

has been shown that they have a better correlation than fecal coliforms with swimming

and gastrointestinal illness in both marine and fresh waters (88). Correlation of E. coui

was found to be equal to enterococci for fresh water, but not marine waters (88). The U.S.

EPA published a document, Bacteriological Ambient Water Quality Criteria for Marine

and Fresh Recreational Waters which recommends the following standards (88):



Fresh Water:

E. coil count < 126/100 mL

enterococci < 33/100 mL

Marine Water:

enterococci < 35/100 mL

3.24 Pseudomonas aeruginosa

Pseudomonas aeruginosa belongs to a class of organisms that are referred to as

"opportunistic pathogens". An opportunistic pathogen may be defined as a species of

bacteria not normally associated with disease (88). Normally these organisms are not

pathogenic to healthy individuals, but can and often will cause disease in compromised

people (immunosuppressed people, malnourished people, diabetics, etc.) (88).

Bott (9) has suggested that in recreational waters coliform standards may be

inappropriate. He is not alone in this assessment (22). While epidemiological studies have

shown that gastrointestinal illnesses occur more frequently among swimmers than non-

swimmers, these same studies have shown that swimmers are more likely to be affected

by eye, ear, throat, and skin ailments than by gastrointestinal disturbances. According to

Bat (9) the coliform index cannot be used reliably to estimate the risk of exposure to the

organisms which cause these complications. Because of its known association with ear

infections (26,41) it has been suggested that Pseudomonas aeruginosa be adopted as the

indicator for both recreational and bathing waters (9,40).
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3.25 Heterotrophic Plate Count

In general, quantification of heterotrophic plate count bacteria may provide useful

information in judging the efficiency of various water treatment processes, and may

provide valuable information in monitoring the quality and bacterial composition of

various source waters, as well to monitor bacterial regrowth in water distribution lines

(88). There is mounting evidence that excessive numbers of non-coliforms in a sample

may mask coliform presence when the membrane filter method is applied (8,63).

The heterotrophic count has been recognized as a valuable procedure for assessing the

bacteriological quality of drinking water, enough so that the National Academy of

Sciences recommended that a membrane filter procedure be developed and the standard

plate count procedure be improved to quantify the number of heterotrophs present (93).

Although the method described in section 4.23, and the one used in these studies, is

standard, there seems to be little in the way of agreement on the acceptable number of

organisms in the water (66), their significance (39,52), or impact. The most common

numbers used by various health departments is between 100 - 500 total Colony Forming

Units (CFU) per mL when incubated at 35+ 0.5 °C for 48 + 3 hours (5,66).

Geldreich (30,35) found that when non-coliform numbers exceeded 1,000 per mL, the

growth of coliform bacteria could be suppressed. In addition Ahmed et al. (2,66) found

that when non-coliforms exceeded 500 per mL of potable water, the detection of both

Salmonella and Shegella was very difficult. As a result of these and other studies

Geldreich suggested that the upper acceptable range for potable water be no greater than
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500 organisms per mL and that immediate investigation of the water treatment and

distribution systems be undertaken whenever this limit is exceeded. He further

recommended that water supplies be monitored routinely -- at least every three months --

to maintain the baseline data on the general bacterial populations. A summary of

Geldreich's 1973 (30) paper follows.

We are cautioned that it be clearly understood that the purpose of a heterotrophic plate

count standard was not to be a substitute for total coliform measurements, but rather the

use of a heterotrophic plate count would accomplish the following:

• Provide a method of monitoring for changes in the bacteriological quality of
finished water in storage reservoirs and distribution systems.

• Indirectly limit the occurrence and magnitude of Pseduomonas, Flavobacterium
and other secondary pathogenic invaders that could pose a health risk in the
hospital environment.

• Reduce problems in the detection of total coliforms due to interference by
noncoliform bacteria.

• Monitor the effectiveness of chlorine throughout the distribution network and
provide a warning of filter effluent-quality deterioration and the occurrence of
coliform breakthrough.

• Indicate the existence of sediment accumulation in the distribution network that
provides a protective habitat for the general bacterial population. (66)

It was concluded that the noncoliform bacterial population could be controlled by

removing sediment and slime deposits from the distribution network followed by

continuous application of chlorine in sufficient dosage to insure the maintenance of a free

residual throughout the system, and that such a standard is attainable by water systems

(66).
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To the average person in good health, who is not suffering from either an infectious or

non-infectious disease, the health significance of these organisms in and of themselves

has been taken to be that they are not harmful or dangerous when present in the drinking

water supply in low numbers. Only under special circumstances (such as therapy --

inhalation devices, water baths, burn wards, etc.) are these organisms known to produce

severe acute or chronic human infections (66).

Recently Lye and Dufour (56) have begun to study In Situ membrane filter analysis to

test the virulence activities of heterotrophic bacteria in various types of water. Many

species of bacteria are assumed to be capable of producing harmful factors, but evidence

of virulence is indirect or difficult to measure. Possible virulence factors that axe not well

understood or well studied are referred to as "putative" (assumed) virulence factors.

They went on to state that since it is not possible to speciate each heterotroph for

virulence, an alternative is to examine each isolate In Situ using a series of tests for

virulence characteristics. This approach effectively circumvents the logistical difficulties

associated with taxonomic identification, and helps to characterize bacteria into those

groups that are more likely to cause disease (56). Lye used this technique to test the

virulence of surface water, treated water, and cistern water for gelatinase activity,

hemolytic activity, and cytotoxic activity (53). Table 3.1 gives the percentages of the

isolates that exhibited putative virulence factors from different potable sources.
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Table 3.1	 Percentage of Isolates from Cistern and Other Types of Water
that Exhibited Putative Virulence Factors

# Gelatinase	 # Hemolysis	 # Cytotoxic
TOTAL (%)	 Positive (%)	 Positive (%)	 Positive (%)

Surface Water 

4884 (100) 3663 (75) 879 (18) 98 (2)

Treated Water

4738 (100) 459 (10) 2071 (44) 58 (1)

Cistern Water

1557 (100) 488 (31) 725 (47) 84(5)

Taken from Lye, (54)
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Lye found that the isolates from the cistern water systems expressed the highest

percentage of hemolytic and cytotoxic activity. The cytotoxic isolates from cistern water

were more than twice the number found in surrounding surface water, and five times as

many in the treated distribution water (53).

Table 3.2 compares the percentage of isolates grown on Standard Methods Agar from

different water sources which exhibited virulence factors ranging in number from none to

two or more.



Table 3.2 Virulence Characteristics of Isolates Standard Methods Agar

Potable Water Source
Number of
Virulence % of % of % of
Characteristics Cistern Treated Water Surface Water
Expresseda Isolates Isolates	 - Isolates

None 37 42 15

One Only 40 35 27

Two or More 23 23 58

a Gelatinase, Hemolytic, or Cytotoxic activity Potable Water Source	 (54)
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Surface water, he concluded, contained the highest percentage of isolates expressing

multiple virulence factors. Cistern water appeared in this regard to resemble treated water

because it had fewer isolates which had multiple virulent factors.

Cistern water does contain higher levels of bacteria capable of cytotoxic activity as was

shown in Tables 3.1 and 3.2. These data suggest that while cistern water has less overall

virulence activity than surface water, it does contain bacteria which exhibit cytotoxic

activity at higher levels than either surface water or treated water (53).



CHAPTER 4

CISTERN WATER QUALITY STUDIES IN THE VIRGIN ISLANDS

4.1

Historical Background of Cistern Studies in the Virgin Islands

Only about one-third of the residents in the U.S. Virgin Islands are served fully or

partially by a potable water distribution system. More than 80% of Virgin Island

residents rely to some extent on rainfall harvesting techniques with cistern storage

(1,77,89).

While cisterns may vary in size and construction, as well as the type of water they may

hold (rain, trucked in, potable, well water, and reverse osmosis (R0)/distilled water), all

cisterns share some common features which set them apart from a potable water supply.

These include being exposed to the environment and thus subjected to external

contamination and being built in conjunction with a roof-top collection system for the

harvesting of rainfall.

A number of cistern water-related studies have been done but only eight studies

specifically looked at the microbiological quality of cistern water in the Virgin Islands.

Between 1981 and 1990 five general studies looked at the overall microbiological water

quality of cisterns (12,42,77,79,81). In 1992 and 1993 three additional specialized studies

were conducted; one looked at the occurrence of Legionella-like organisms in cisterns

(82), another at the occurrence of the protozoan parasites Giardia and Cryptosporidium
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(18,74) and the third at the relative proportion of E. coui to other coliforms, and the best

way to identify them (Appendix A).

Within the general studies, the results obtained by Isquith et al. (42) and Rinehart et al.

(73) were suspect from a microbiological perspective. The methodology by which they

verified their presumptive isolates, especially for pathogens such as Salmonella, was

unclear. For example, Isquith et al. (42) used membrane filtration in an effort to isolate

Salmonella. After the sample had been filtered, the membrane filter was placed on

Bismuth-Sulfite medium. According to their results cisterns consistently had Salmonella

concentrations of up to 800,000 per 100 /mL. No mention is made how they verified

these colonies and thereby concluded that they were in fact Salmonella. These results are

in contrast to the findings of people such Fujioka et al. (28) as well as those obtained by

the author who tried to isolate this organism from numerous presumably Salmonella

positive environmental samples. Few of hundreds of samples ever tested positive for

Salmonella. As a result of this experience, data from these early cistern studies had to be

viewed with suspicion, and justified that new more detailed studies be conducted.

Between 1988 and 1990, three different cistern studies in the U.S. Virgin Islands were

conducted with each study focusing on a different class of cistern: the 1988 study (76)

concentrated on the water quality of domestic, privately owned cisterns, their

maintenance, and quantity; the 1989 study (79) concentrated on the water quality of

public housing project cisterns, their maintenance, and supply; and finally the 1990 study

(81) concentrated on the water quality of hotel and guest house cisterns.
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In designing these general studies uniformity in methodology was a primary focus so that

data from one study could be compared to data from other studies. Standard indicator

organisms (total and fecal coliform), potential source indicators (fecal streptococcus), a

common opportunistic pathogen found in soil and water and proposed as an alternative

indicator organisms (Pseudomonas aeruginosa), and a method to enumerate heterotrophic

activity within the cistern (heterotrophic plate count) were chosen to be the core

indicators of cistern water quality. To this core of indicators additional organisms could

be added. In the case of the public housing project study (79), for example, an additional

test for Salmonella was conducted due to occasional outbreaks of typhoid fever (86).

The well known opportunistic pathogen Pseudomonas aeruginosa analysis was included

because it affects the very old, the very young, and occurs as a major nocosomal infection

of hospitalized patients, especially in burn wards. As a result many states have begun to

regulate P. aeruginosa contamination in their water supplies (9,40,63,80).

With data about the occurrence of these various indicators in hand relative correlation

between the occurrence of these indicators and their occurrence in cisterns can be

conducted. These data can then be cross correlated to the occurrence of opportunistic

pathogens such as P. aeruginosa, Legionella-like organisms, Giardia, and

Cryptosporidium.

Additional physical-chemical data was collected. This data included free chlorine

residual, pH, turbidity, temperature, and conductivity.This same methodology was also

used in a fourth cistern study which looked at the occurrence of Legionella-like

organisms in cistern water (82).
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Heavy emphasis was placed on verification of both typical and atypical colonies in each

study, as well as on the detailed methodology. Whenever a non-standard method is used,

the reason is given and results of testing are compared to a "standard" procedure, as

defined by appropriate citations in an effort to avoid ambiguity about the results.

4.2

General Methodologies Used for All Cistern Studies Covered in This Dissertation

4.21 General Sample Collection Procedure

Samples were collected in either 1 liter wide-mouth borosilicate glass bottles with ground

glass stoppers, or in 1 liter wide-mouth polypropylene bottles. All bottles contained 0.8

mL of a 10% solution of the dechlorinating agent sodium thio sulfate in the event the

water was chlorinated. The borosilicate bottles were then covered with aluminum foil and

the ground glass stoppers were individually wrapped in aluminum foil. The

polypropylene bottles had their caps loosely screwed in place. The bottles were then

autoclaved for 15 minutes at 15 psi (5,8).

Most samples were collected by the staff of the Water Resources Research Institute.

However, in some instances of the Private Cistern Study where logistics were a problem,

the homeowners themselves collected the samples after being given a lengthy, detailed

written set of instructions and a demonstration on how to collect and preserve the sample.

These individuals would be queried periodically about their sampling procedure to insure

that the samples had been correctly collected.
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Before the sample was collected, the water was allowed to flow to waste for at least two

minutes and in accordance with Standard Methods for the Examination of Water and

Wastewater (5). The samples were then transported to the laboratory in light-protected

containers. While an effort was always made to pack the samples on ice or chill them

upon collection, many times this was not possible. This was not considered a critical

problem because analysis usually commenced within 2.5 hours of collection and all

samples held over 6 hours -- chilled or unchilled -- were discarded to ensure the

reliability of the data. While it has been noted that die-off does occur even after only

short intervals (59,60), die-off has been shown to be insignificant for the times involved

(91). When it was known that sample analysis could not begin within 6 hours of

collection, precautions were taken to ensure that the samples were chilled upon

collection, and upon returning to the laboratory analysis began at once.

4.22 General Physical - Chemical Analyses

Measurements for free residual chlorine were performed on site by the DPD method (5)

at the time of collection and measurements for pH, turbidity, and conductivity were done

upon arrival at the laboratory, in accordance with Standard Methods (5).

4.23 General Microbiological Analysis

Analysis for total coliform, fecal coliform, fecal streptococcus, Pseudomonas aeruginosa,

and heterotrophic plate counts were performed on each sample. Total coliform and fecal

coliform analyses were performed in accordance with both Standard Methods (5), and
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Microbiological Methods for Monitoring the Environment: Water and Wastewater (8).

All analyses with the exception of the heterotrophic plate count were done via the

membrane filter (MF) technique (5,7,8). The heterotrophic plate count was done using the

spread plate technique (5).

Total coliform, fecal coliform, and fecal streptococcus were isolated on m-Endo Agar

(Difco Laboratories, Detroit, MI) (5,7,8), m-FC Agar (Difco) (5,7,8), and KF

Streptococcus Agar (Difco) supplemented with a 1% solution of 2,3,5-triphenyl

tetrazolium chloride (5,7,8), respectively. Heterotrophic plate counts were obtained by an

average of duplicates from three dilutions performed by the spread plate method (5) on

R2A Agar (71) (Difco) and/or Standard Plate count Agar (Difco). All media were

prepared in accordance with the manufacturer's instructions. Analysis for P. aeruginosa

was performed by non-standard methods as described below.

Sample volumes of 10, 25, 50, and 100 mL were filtered. Total coliform, fecal

streptococcus (5,7,8), and P. aeruginosa (11,19,21,50) samples were filtered through 0.45

pore size filters (Gl\r-6, 66068; Gelman Sciences Inc., Ann Arbor, MI.). Fecal

coliform samples were filtered through 0.7 um pore size filters (Millipore Corporation,

Bedford, Mass.) (5). Volumes of either 0.1 or 1 mL for 3 dilutions ranging from 1 to 10 -6

were run in duplicate for the heterotrophic plate counts.

Total coliforms, fecal streptococcus, and the heterotrophic plate counts were incubated at

35 + 0.5 °C (5,8). Fecal coliform plates were incubated at 44.5 + 0.2 °C (5,8). Total

coliforms and fecal coliforms were incubated for 24 hours; fecal streptococcus, and

heterotrophic plate counts were incubated for 48 hours (5,8).



4.231 Pseudomonas aeruginosa analysis.

P. aeruginosa was isolated on m-CX Agar (77). Both typical and atypical colonies were

picked and transferred to Brain Heart Infusion  Broth, incubated for a short period of time

and then streaked on Milk Agar (5) for casin hydrolysis. Additionally the culture was

streaked on Pseudomonas Isolation Agar (Difco) (20) to check for pyocyan production,

and on King's B Medium (45) for the production of pyovirdan on a routine basis (Figure

4.1).
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4.232 Development of m-CX Agar.

Since 1972 the medium of choice for the isolation of P. aeruginosa has been the m-PA

agars based on the formula by Lavin and Cabelli (51) and as modified by Dutka and

Kwan (22). The latter formula is recommended in Standard Methods for the Examination

of Water and Wastewater, 16th ed. (5). These two formulas have since been superseded

by three other formulas (11,19) which have yet to be included in Standard Methods.

All the m-PA formulas tested suffer from one or more major limitations. While recovery

efficiency was chief among them, others included multiple and confusing ranges of

colony types and morphologies (11). The definition of a "typical" colony ranges from

darkish brown to greenish black centers surrounded by an opaque to translucent white

periphery (50), to flat, dry, greenish grey with dark center, or black with or without a

greenish rim and dark brown without a rim and more round with irregular edges (19). In

addition, in tropical cisterns there are other bacteria which grow on the m-PA agars at

41.5 °C and which look identical to P. aeruginosa, such as Chromobacterium violaceum.

The author set out to develop a medium that would meet all the criteria set out by Levin

and Cabelli (50), in the development of m-PA agar, but which would not suffer from the

problems of their medium. The medium, designated m-CX, is a highly modified Kings A

formula (45) prepared as follows:
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m-CX Agar

40.0 g	 Bacto Peptone

20.0 g	 Potassium Sulfate

10.0 g	 Xylose

2.8 g	 Magnesium Chloride

0.6 g	 Cetrimide

13.6 g	 Bacto Agar

1) Suspend the ingredents in 1 liter of deionized water

2) Adjust the pH to 7.1 + 0.1

3) Add 15 mL of Glycerol

4) Heat to boiling in a water bath

5) Autoclave at 15 lbs. for 15 minutes

6) Cool to 50-60 °C and add the following dry antibiotics:

0.0085 g Kanamycin

0.0370 g Nalidixic Acid

7) Add either HC1 or NaOH to adjust the final pH if necessary to 7.1 + 0.1 and dispense

into 50 x 9 mm petri dishes.

m-CX Agar incorporates ideas set forth by Levin and Cabelli (50), Dutka and Kwan

(22), Brodsky and Cieban (11), and de Vicente et al. (19). In informal studies conducted

at the Virgin Islands Water Resources Research Laboratory, and more formal studies

conducted jointly with E.P.A.'s Region II laboratory in Edison, New Jersey (personal

communication with E. Katz), the results obtained by m-CX Agar in side-by-side

comparisons, under cultured and under naturally occurring conditions, were as good if not



62

better than many of the m-PA formulas (11,19,22,50). These results were obtained from

split samples run against each of the formulas for the various m-PA media. As a result of

these side-by-side trials, in each of the studies in which P. aeruginosa was to be

determined, m-CX Agar was used exclusively. A more detailed discussion of the

development of this medium is included as Appendix B.

The sample is filtered through a 0.45 pm pore size filter and placed on the medium,

preincubated at 35 °C. for three to four hours, and then transferred to 41.5 °C. + 0.5 °C.

for an additional 44 to 45 hours.

Typical colonies tend to be large and mucoid in appearance, greenish-yellow to bluish-

green in color which may or may not have a tan or brown center, are usually fluorescent

under UV light, and will frequently, but not always, stain both the filter and the medium

with a fluorescent blue-green "hot spot" which can be observed from both the bottom of

the plate and on the filter once the colony has been picked. Atypical colonies, on the other

hand, are usually small, clear, and flat.

4.24 General Verification of Isolates

Up to five typical and, if present, five atypical colonies were picked from each medium

for each sample, and subjected to verification (5). Colonies were counted with the aid of

a variable magnification dissecting scope with a minimum magnification of 10x (Parco

EMZ745 10L with annular fluorescent illumination; Parco Scientific Co., Bienna, OH)

(5,8). The heterotrophic plate counts were counted with the aid of a Quebec Colony

Counter (5,8).
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Typical green sheen and atypical red colonies were picked from the m-Endo Agar plates

and verified in Lauryl Tryptose Broth (Difco) and Brilliant Green Bile 2% (Difco) (1,5).

Typical blue and atypical gray or blue-gray colonies from the m-FC Agar plates were

verified in Lauryl Tryptose Broth and EC Medium (Difco) (5,7,8).

Typical red-pink to red colonies from the KF Streptococcus Agar plates were verified for

growth in Brain Heart Infusion Broth (Difco) at 35 and 44.5 + 0.2 °C; for growth in Brain

Heart Infusion Broth with 40% Bile, and by the Catalase test (5,7,8).

Typical fluorescent yellow to yellow green or blue green, mucoid colonies and atypical

small, clear, flat, non-mucoid colonies were picked from the m-CX Agar plates

(Appendix B) (45,76) and verified on Skim Milk Agar (Brown and Foster) (5,21,22),

Pseudomonas Isolation Agar (Difco) (20), King's B medium (45) (same as Difco's

Pseudomonas F Agar) (20), and in Acetemide Broth, and Gluconate Broth on a routine

basis.

42.1

The Three Cistern Studies

4.31 General Overview to the Three Studies

Over a three year period 450 samples were collected and analyzed on the three main

islands that comprise the U.S. Virgin Islands: 271 from private homes, 76 from public

housing projects, and 103 from hotels and guest houses.



4.32 Study 1: Domestic, Privately Owned Cisterns

4.321 Introduction

At the present time there are only guidelines covering the treatment and storage of cistern

water. There are no water quality standards for cisterns serving less than 25 people or

having less than 15 service connections which defines a "Public Water Supply". Thus,

these cisterns are exempt from the mandates of the Safe Drinking Water Act of 1974 as

amended in 1986. Yet this class of cisterns, the most numerous in the territory, could

serve as foci and reservoirs of enteric disease.

This part of the study was conducted to answer basic questions about the cistern water

quality of privately owned cisterns, and how it is affected by the hydrology, the demand

for water, the environment, and to determine what, if any, water treatment practices

individual owners were following. The homeowners involved in this study were queried

periodically whether they had chlorinated or treated their cisterns in any way since the

last visit. Only four of the owners in this study chlorinated their cisterns during the study

period.The total number of treatments for each of those four individuals averaged less

than twice during the study period.
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4.322 Material and Methods of Study 1

Site selection and preparation. Twenty individuals volunteered their time and cisterns for

this study. The twenty cisterns were spread across the island of St. Thomas (Figure 4.2)
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in the U.S. Virgin Islands. Each participant was given a questionnaire pertaining to the

environment surrounding the cistern, the frequency with which water had to be

purchased, the type of roof and its construction material that served as the water

catchment, the size and maintenance of the cistern, water treatment practices if any,

accessibility to the roof area, number of persons served by the cistern/s, etc.

An on-site inspection was then made of each participating home, and the roof catchment

area measured. During the site inspections a location was selected and a manual rain

gauge (Qualimetrics, Inc., North Highlands, CA) was installed to measure precipitation

and aid in the identification of micro-precipitation patterns. A point in the plumbing was

also selected and a qualified plumber installed a water meter (Precision Meter Inc.) in

each home so that individual home water usage patterns could be measured.

Sample collection and procedure. The twenty sample sites were divided into four groups

of five according to geographic location in order to facilitate the collection of the samples

and shorten the lag time between sample collection and sample analysis. A group of five

samples were collected and retrieved on Monday and another group of five samples were

collected on Tuesday morning; the other two groups were collected the following

Monday and Tuesday. This procedure resulted in a round robin sampling cycle with a

duration of two weeks per cycle. This schedule allowed sufficient time for the completion

of all analysis, counting, and verification procedures by Saturday of each week.
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4.323 Results of Study 1

Table 4.1 presents the overall results of the twenty private residential cisterns studied, and

gives the lowest, highest, and mean values obtained for each parameter. The mean values

were calculated from a total of between 12-15 samples for each site.
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Table 4.2 presents the data for three of the twenty cisterns and is intended to show typical

results of a cistern of very good water quality (Sample site #19), of moderate quality

(Sample Site #10), and of very poor water quality (Sample Site #3) as a function of their

heterotrophic counts.
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Table 4.2 Typical Private Residential Cisterns of Good (Site #19), Moderate (Site # 10), and
Very Poor (Site #3) Water Quality Based on the Heterotrophic Plate Count 

Sample	 Total	 Fecal	 Fecal	 Pseudomonas
Site # Coliform Coliform Streptococcus aeruginosa

Heterotrophic
Plate Count

19 0 0 3 0 2.2 x 102
28 1 4 0 3.7 x 102

0 0 24 0 1.6 x 102
5 7 48 0 2.2 x 102

94 15 243 1 5.2 x 102
11 0 0 0 1.3 x 102
4 0 95 1 7.0 x 10 1
7 5 21 0 5.0 x 102
0 0 0 0 9.0 x10 1
2 1 5 8 3.0 x 10 1

23 0 21 0 1.3 x 102
0 0 11 0 6.0 x 10 1
0 0 1 0 4.5 x 10 1

32 0 198 11 1.2 x 103

10 0 0 NID 120 10 x 10 5
10 2 26 0 4.0 x 103

NID N/D 14 N/D 10 x 102
0 0 22 32 6.0 x 103
0 0 78 19 2.6 x 103
2 0 29 6 1.0 x 102
1 0 0 2 1.0 x 104
0 0 97 20 4.5 x 102
0 0 13 4 5.0 x 102
2 0 159 326 2.7 x 10 5
0 0 35 3 6.0 x 103
0 0 335 4 9.5 x 104
3 0 53 51 15 x 103
5 0 1120 86 2.4 x 102

3	 6150	 570	 65	 20 	5.7x 105

	

20	 N/D	 N/D	 N/D	 3.5 x 103

	

N/D	 260	 N/D	 N/D	 8.0 x 10 5

	

2500	 10	 36	 0 	4.9x 105

	

3220	 22	 0	 N/D 	1.2x 10 5

	

23400	 2	 1736	 35	 1.0 x 105

	

3750	 0	 125	 8 	4.9x 104

	

220	 131	 186	 0	NID

	

N/D	 NID	 N/D	 NID	 3.2 x 10 8

	

35	 0	 0	 2	 4.0 x 10 5

	

4420	 33	 231	 6 	2.2x 104

	

772	 8	 59	 0	 1.2 x 105

	

46	 4	 7	 0	 3.1 x 104

	

TNTC	 2	 126	 6	 1.2 x105
NID = No Data	 TNTC = Too Numerous To Count



71

Table 4.3 compares the percentage of time Private Residential Cisterns would have met a

total coliform standard and a fecal coliform standard of < 1 coliform per 100 mL.

Using the former Safe Drinking Water Standard of < 1 total coliform per 100 mL as the

guideline, only four of the twenty cisterns studied would have met the limit 50% or more

of the time and none of the twenty would have met the limit based on the average values.

However if a fecal coliform standard were used, eleven of the twenty would have met the

limit 50% or more of the time, with the best cistern meeting the standard 93% of the time.
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Table 4.3 Percentage of Time Private Residential Cisterns Met a Total Versus Fecal
Coliform Standard Standard of < 1 coliform per 100 mL 

Total Coliform
Standard

Fecal Coliform
Standard

1 37% 47%
2 40 67
3 0 20
4 0 33
5 47 67
6 50 79
7 8 50
8 20 53
9 40 73
10 50 86
11 0 13
12 0 29
13 7 0
14 20 60
15 60 67
16 9 27
17 57 93
18 13 33
19 36 79
20 7 14

AVERAGE	 25%	 50%
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Table 4.4 compares the average total coliform, average fecal coliform, and the average

fecal streptococcus data obtained for each site. Further, the fecal coliform / fecal

streptococcus ratio was calculated. These data can be compared for each site. This ratio

was not done to pinpoint the exact source of the contamination (5,8) but rather to

establish whether the source of the contamination was from anthropogenic sources or

from nonhuman sources (5). A ratio greater than 4.1 is considered indicative of pollution

derived from wastes composed of human excrement, whereas a ratio less than 0.7

suggests pollution due to nonhuman sources. Ratios between 0.7 to 4.4 usually indicate

wastes of mixed human and animal sources (5,8).

Even though the results suggest the cisterns may be contaminated with total coliform, the

fecal coliform / fecal streptococcus ratio suggests the sources of that contamination are

probably nonhuman sources.

One of the most likely sources of this contamination, outside the usual fecal sources, such

as animals, dust, and insects, may be from tree leaves. Previous studies (76) show that

leaves contained not on13-7 a high number of total coliforms, but fecal coliforms, and fecal

streptococci as well, and may account for much of the observed microbial contamination

found in cisterns. Geldreich (34) likewise was able to show that all three occur on

vegetation.



Table 4.4 Fecal Coliform / Fecal Streptococcus Ratios for Private Residential Cisterns

Sample Ave. Total
Site #	 Coliform

Ave. Fecal
Coliform

Ave. Fecal
Streptococcus

F.C./F.S. Ratio

1 125 15 258 0.06

2 154 42 40 1.05

3 3713 80 214 0.37

4 2118 18 168 0.11

5 96 25 54 0.46

6 322 123 117 1.05

7 222 90 53 1.70

8 193 31 176 0.18

9 11 1 16 0.06

10 3 0 152 0.00

11 952 22 171 0.13

12 356 23 197 0.12

13 148 45 54 0.83

14 92 7 44 0.16

15 34 7 13 0.54

16 2268 31 175 0.18

17 26 3 23 0.13

18 618 24 172 0.14

19 15 2 48 0.04

20 1302 96 223 0.43

638 32 118

74
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4.33 Study 2: Public Housing Cisterns

4.331 Introduction

At the time of this study few public housing projects were served by the Virgin Islands

Water and Power Authority (WAPA) water distribution system. Cisterns used by public

housing projects were filled with water from a variety of sources including rain water

collected from rooftops, water transported in trucks from the desalination plant, and water

transported in trucks from wells. Typically, water that was transported to public housing

was rationed by Public Housing officials with service restricted to the early morning and

night-time hours. In cisterns with water supplied by WAPA, and supplemented by rain

water, rationing was less frequent.

Public Housing cisterns are covered by the mandates of the Safe Drinking Water Act of

1974 as amended in 1986 because they serve more than 25 residents on a year-round

basis and/or have more than 15 service connections. Consequently, at the time they had to

contain < 1 total coliform per 100mL of sample (5,8,9).

Both the quality and quantity of water supplied to tenants of Public Housing is still

frequently a matter of public concern in the Virgin Islands. Concern peaked following an

outbreak of typhoid at a Public Housing project on St. Croix in 1985 in which 66 cases of

the disease were diagnosed (48).



4.332 Materials and Methods of Study 2

Site selection. A total of 10 cisterns from 5 Public Housing projects on the island of St.

Thomas were sampled. These cisterns, chosen because they served large numbers of

residents, represented different climatological regions, had different types of water supply

problems, and had different chronological populations. Two of the projects were served

by the WAPA potable water distribution system. Two of the projects appeared to be well

maintained while the other three did not appear to be so. One housing unit or office

served by each of the ten cisterns was selected as the sampling location for each study

cistern.

Sample collection and procedure. Sample sites were divided into two groups of five. An

attempt was made to collect water samples from each group on alternating Mondays. In

practice, it was not always possible to adhere to this schedule due to water shortages.

Analysis. The same procedures for physical-chemical analysis, and microbiological

analysis were used as outlined in the General Procedures. In addition Salmonella typhi

and Salmonella spp. analysis was conducted on each sample during the first half of the

study for reasons given in the introduction. Since Salmonella was not detected in any of

the first 64 samples taken, a decision was made to discontinue testing for this organism in

the remaining samples.

Salmonella typhi and Salmonella spp. analysis were performed by the non-standard

methods described below.
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Salmonella spp. analysis. Samples of 200 and 100 mL were filtered through 0.45 pm pore

size filters (Gelman Sciences) which were placed filter face up on pads saturated with m-

Tetrathionate Broth base (Difco) with added iodine solution (20) and 1:50,000 Brilliant

Green dye. Both are used to inhibit non-pathogenic organisms (5). The broth also

contained 1-cystine (3 mg /L) to improve the sensitivity (5).

After 3 hours on this pre-enrichment media, the filter was transferred to a pad saturated

with m-Brilliant Green Broth (Difco) for 21 hours. Both incubations were at 35 ° C.

Salmonella typhi analysis. Samples of 200 and 100 mL were filtered through the 0.45 p.m

pore size filter, the filter was placed on a pad saturated with m-Bismuth Sulfite Broth

(Difco) and incubated for 48 hours.

4.333 Results from Study 2:

A summary of the bacteriological results from the Public Housing cisterns included in the

study is shown in Table 4.5

The number of samples collected from each site varied from five to ten. Due to water

rationing and other considerations, water was supplied to some of the study sites only on

an intermittent basis. If no water was available from a site on a scheduled sampling day,

samples were extracted the following week when possible. Some sites (e.g. 6 and 8) were

frequently without water.



Bacterial contents of each study site varied considerably between samplings. Table 4.5

reports the number of samples collected at each location, the averages over time of the

total coliform, fecal coliform, fecal streptococcus, P. aeruginosa, and standard plate

count analysis for each sample site. The ranges of values found are also reported.

Averages over time of the total coliform count are presented in Table 4.5
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It is interesting to examine the fraction of samples collected from particular Public

Housing cisterns that were in compliance over time. This information is reported in Table

4.6. Only 56% of the samples collected from Public Housing cisterns were in compliance

with the total coliform standard. All sites were out of compliance at least once and some

sites such as 7, 8, and 9 were frequently out of compliance on the sampling dates.

Had a fecal coliform standard of < 1 fecal coliform per 100 mL been used instead of a

total coliform standard, they would have been judged to be in compliance slightly more

frequently than if based on the total coliform standard (Table 4.6).



Table 4.6 Percent of Samples In Compliance With
Total Coliform Standards or Proposed Fecal Coliform Standards

Sample	 Times
Site	 Sampled

Total Coliform
Standard

% in Compliance a

Fecal Coliform
(Proposed) Standard
% in Compliance b

1 9 67 67
2 8 75 75
3 7 71 100
4 8 62 88
5 8 62 88
6 6 83 83
7 9 22 44
8 5 20 60
9 8 12 0

10 8 75 62

Average 56% 66%

a < 1 Total Coliform per 100 mL

b < 1 Fecal Coliform per 100 mL (substitution of fecal for total coliforms).
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P. aeruginosa is an opportunistic pathogen that is known to occur in potable water

supplies and in cistern water supplies in the Virgin Islands (80). As indicated in Table

4.5, P. aeruginosa was found at least once in each cistern studied, with one exception.

Table 4.7 compares the occurrence of total coliforms with that of P. aeruginosa. P.

aeruginosa was found in 52% of the samples tested. Of the samples containing this

organism, 69% (27 of 39 samples) were found to violate the total coliform standard.

82



83

Table 4.7	 Coliform Bacteria and P. aeurginosa
Occurrence In Cisterns

P. Positive P. Negative

Coliform Positive	 27 (36%)	 6 (8%)
Coliform Negative	 12 (16%)	 32 (40%)

Total No. of samples: 76

The number and percentages of samples having any P.aeurginosa and/or
violating the total coliform standard are shown above.



To assess the origin of total coliform contamination, the ratio of fecal coliform to fecal

streptococcus was determined for each sample. Fecal coliform to fecal streptococcus

ratios for those samples that were contaminated by coliform bacteria are shown in Table

4.8.

There was no fixed pattern observable among study sites or within any one study site. In

most samples it would appear that the source of the contamination is from the non-

anthropogenic sources, such as the surrounding environment. At study site 9 however

there were frequently high numbers of both fecal coliform and fecal streptococci,

suggesting there might have been a septic infusion into the cistern. However, this data is

moderated by other data from the same site which suggests that the contamination may

again be due to non-anthropogenic sources.
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Table 4.8 Fecal Coliform/Fecal Streptococcus Ratios for Public Housing Cisterns

Sample
Site #

Sample
Date

Total
Coliform

Fecal
Coliform

Fecal
Strep.

FC/FS
Ratio

1 10/26/87 58 2 0 Large
1 12/07/87 0 0 2 0.00
1 03/14/88 34 5 427 0.01
1 04/04/88 0 0 2 0.00
2 11/09/87 338 8 160 0.05
2 03/14/88 37 3 394 0.01
4 11/09/87 11 8 43 0.19
4 04/04/88 7 1 47 0.02
5 10/19/87 7 9 0 Large
5 04/04/88 24 0 7 0.00
6 04/11/88 0 4 0 Large
7 09/21/87 21 4 18 0.22
7 10/26/87 42 14 412 0.03
7 11/30/87 220 27 0 Large
7 12/14/87 10 4 4 1.00
7 01/11/88 27 4 0 Large
7 03/07/88 26 0 20 0.00
7 04/11/88 20 0 12 0.00
8 10/12/87 5 2 2 1.00
8 10/26/87 103 20 40 0.50
8 04/11/88 3 0 3 0.00
9 09/28/87 0 3 0 Large
9 10/05/87 876 257 461 0.56
9 10/26/87 940 554 196 2.83
9 11/23/87. 1650 568 152 - 3.74
9 12/07/87 152 6 2 3.00
9 01/11/88 65 451 475 0.95
9 02/29/88 349 108 284 0.38
9 03/28/88 350 369 580 0.64

10 10/26/87 29 8 972 0.01
10 12/07/87 1 0 14 0.00
10 01/11/88 0 0 15 0.00
10 02/29/88 0 3 30 0.10
10 03/28/88 180 47 71 0.66

Only samples containing more than one FC or more than one FS are reported.
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All samples were tested for free residual chlorine. Chlorination practices at each of the

study sites varied considerably. Free residual chlorine values in excess of 0.2 mg/L (the

minimum advisable concentration) (5,8,33,58) were never detected in two of the ten sites

(7 & 10). In two other sites (8 & 9), residual chlorine was detected only once. There were

no sites where chlorine was detected in more than half the samples taken. The free

residual chlorine levels and bacterial levels from a typical sample site (Site 2) are

reported in Table 4.9. Half of the samples from this cistern contained free residual

chlorine. In 76 samples taken from the ten study sites, only two samples that contained

free residual chlorine in excess of 0.2 mg/L had coliform levels in excess of the standard

and only one sample with that much free residual chlorine contained P. aeruginosa.



Table 4.9 Free Residual Chlorine and Bacterial Occurrence from a Typical Public
Housing Cistern (#2) *

Free Total Fecal Fecal Ps. Standard
Chlorine Coliform Coliform Strep. aeurginosa Plate Count

0.00 338 8 160 72 - 5300
0.00 37 3 394 41 ND
0.00 0 0 0 0 0
0.00 0 0 0 0 10
0.10 0 0 0 0 0
0.20 0 0 0 0 10
0.20 0 0 0 0 150
0.25 0 0 0 0 15

0.30 0 0 0 0 0

*These data represent samples taken from a single cistern (Cistern 2) over the
period from September, 1987 through March, 1988. Samples from other cisterns
show similar patterns.
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4.334 Discussion of Study 2

Water was supplied to the study cisterns in several ways. Two of the housing units

studied (Sites 1-5 and 6-7) were connected to the Virgin Islands Water and Power

Authority at Krum Bay (WAPA) potable desalinated water lines, but seldom received

water from those lines. During the course of this study, the cisterns in these units were

supplied both by truck and from rain catchments. Each of these cisterns was empty on at

least one occasion during regular water sampling visits. One complex (Site 8) was not at

the time connected to potable water and had to rely on trucked water. Although filled

with trucked-in water, this cistern was frequently found to be without water on sampling

visits since residents would utilize all the water in a matter of hours by filling anything

that could hold water -- bathtubs, bottles, sinks, etc. Seldom was there enough water and

the complex at times went without water for up to two weeks before the cistern would be

refilled. When events such as this occurred residents had to resort to either purchasing

bottled water or filling several bottles at a public stand pipe. The remaining two

complexes (Sites 9 and 10) received the bulk of their water from the WAPA potable

water distribution system.

Water supplied by cisterns in Public Housing units in the U.S. Virgin Islands is of

extremely variable quality. Even though the quality of water in Public Housing cisterns is

not uniformly good, it is generally better than water found in many private residential

cisterns (76), presumably because of better chlorination practices. It should be noted,

though, that there were enhanced risks in public housing units because of irregular water

supplies. Water in complexes not served by the WAPA potable distribution system were

usually rationed. In those complexes residents resorted to filling containers, bath tubs,
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etc. when water was available. Though used for a variety of purposes -- including

drinking, bathing and cooking -- the water was stored for variable lengths of time under

conditions that may have increased the risk of contamination.

At the time, those handling water supplies in Public Housing were not doing all they

could to enhance and protect water quality. None of the sites studied could be totally

secured from casual access, although Public Housing officials did make a constant effort

to protect the cisterns. Chlorination, while attempted in most (but not all) cisterns studied,

seems to have been carried out on an irregular basis. None of the cisterns studied

contained free residual chlorine in more than half of the samples collected. In two sites,

no evidence of chlorination at any time was observed.

The erratic nature of chlorination was consistent with batch chlorination procedures that

were carried out on an irregular basis. In housing projects with many cisterns,

considerable variability in chlorination practice was observed among those cisterns

sampled. For example, water from site 6 was chlorinated on half the sampling visits while

water from site 7 in the same housing project was never observed to be chlorinated. The

data suggests that maintenance workers were not successful in carrying out chlorination

in a routine fashion. Since all samples were collected Monday morning before the arrival

of maintenance workers, it is possible that chlorination of water delivered over the

weekend was not always carried out until after samples were collected. It was not

determined if water was more regularly chlorinated during the period from Monday to

Friday. It was also likely that the shortage of water coupled with irregular delivery and

almost immediate usage made it difficult to chlorinate water in any systematic way.



In one housing unit studied, which had a continuous injection chlorinator (Site 9), no

residual chlorine was detected in any of the samples. An observation was made and

confirmed that the chlorinator was turned on, thus it seemed clear that it was not being

properly maintained by maintenance workers.

Human health risks associated with most of the samples observed to be contaminated

were mitigated somewhat by indications that the sources of contamination were of non-

human origin (Table 4.8). There were instances however where high fecal coliform / fecal

streptococcus ratios indicated that the source of the contamination might have been due

to human contributions. These high ratios suggest a possible septic infusion into the

water, either before or after delivery, or, via direct human contact. These high ratios

generally occurred in cisterns supplied by WAPA potable water. It is not known whether

the contamination arose in the original source of the water, during transport through the

pipes, or while the water was resident in the cistern.

In this study on Public Housing cisterns, and in the previous study on private residential

cisterns (76), most instances of high total coliform levels were associated with non-

human sources of contamination. Of the 76 samples collected 44% violated the Safe

Drinking Water Standard of < 1 total coliform per 100 mL.

The fecal coliform test has been proposed as an alternative standard for drinking water

(63,66,76). In many European countries, this test is run in parallel with the total coliform

test and calls for zero (0) fecal coliform per 100 mL of sample. With cisterns, however,

since fecal coliforms may be of non-anthropogenic origin (23,34,37), a standard < 1 fecal

coliform / 100 mL is reasonable for cisterns (43,76). This standard in some ways
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compares favorably with some European standards for treated water. In the United

Kingdom, for example, it is permissible to have < 2 E. coui per 100 mL in 5% of the

samples collected each year (17).

In all cases where either the total coliform and/or the proposed fecal coliform standard

was not met, it was found that one-quarter of the samples that did not conform to the total

coliform standard did not have levels of fecal coliform in excess of the proposed

standard. Of the fecal coliform violations, 6.5 percent were negative for total coliforms.

As a result, a fecal coliform standard would have resulted in fewer samples being judged

as not in compliance with that standard. Approximately one-third of all Pseudomonas

occurrences (12 of 39) did not test positive for total coliform (Table 4.7).

4.335 Summary

At the time of this study, residents of Public Housing units in St. Thomas, U.S. Virgin

Islands were at least periodically exposed to cistern-stored water whose quality would not

be judged to be acceptable under the Safe Drinking Water Act. The occurrence of

indicator organisms in excess of the bacterial standards could be traced back to the

maintenance and distribution of the water. Inconsistent chlorination coupled with water

that was apparently supplied to cisterns from sources that were sometimes contaminated

were the likely sources of the noted cistern water contamination.
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About half of the water samples (44%) collected over the course of this study did not

meet the then accepted standard of < 1 total coliform per 100 mL Certain cisterns appear
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to have posed greater risks than others (Sites 7-9). While Salmonella spp. was not

detected in any sample, P. aeruginosa, an opportunistic pathogen associated with ear

infections, diarrheal disease, urinary tract, lung, and wound infections (26,45,99), was

found in about half (52%) of the samples. Even though the quality of water in Public

Housing cisterns was not uniformly good, it is generally better than that of water found in

many private residential cisterns (76).

Chlorination while effective in lowering health risks from waterborne pathogens with

increasing concentration (31,58,66), does increase the risk of forming trihalomethanes,

such as chloroform, a known carcinogen, with increasing concentration. Twenty-four of

the samples representing 30% of the samples collected contained free residual chlorine

levels in excess of 0.2 mg/L. Only two of the 24 samples did not comply with the total

coliform standard. The remaining 70% of the samples were found to have less than 0.2

mg/L of free residual chlorine of which 60% were not in compliance with drinking water

standards.

Only one of the samples contained P. aeruginosa. Conversely, those 24 chlorinated

samples represented only 30% of the samples collected.

Application of the then total coliform standard of < 1 total coliform per 100 mL was

found not to be sufficient in the case of cistern water. It must be kept in mind that cistern

water is not used just for drinking, but for bathing as well. In this regard cistern water

approximates recreational pool water in which P. aeruginosa is frequently found. While

P. aeruginosa has been known to cause fatal septicemias in infants and adults suffering

from burns, malignancies, or old age (17,50), the primary concern is ear infections
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resulting from swimming or bathing in waters with high concentrations of this organism

(40). P. aeruginosa has also been shown to be increasingly associated with upper

respiratory problems acquired from bodily contact with recreational water (22).

Edwin Geldreich (32) refers to P. aeruginosa as the most significant pseudomonad in

drinking water. The ability to rapidly colonize a variety of environments, including the

susceptible person, makes it a major opportunistic pathogen. He states that opportunistic

pathogen infections, regardless of the organism that causes the infection, are a serious

public health threat anywhere there are large numbers of people in close confinement,

such as nurseries, preschools, summer camps, and in particular, hospitals and senior-care

facilities.

According to the Committee on the Challenges of Modern Society (17) it has been

recommended that in certain cases such as bottled water, in epidemiological studies, in

new homes, in high risk areas, and in water destined for therapeutic purposes, the

drinking water should be monitored for Pseudomonas. Their conclusion was that because

P. aeruginosa is a potential pathogen, especially if ingested in high numbers, it must be

considered undesirable in drinking water and should be absent from sample volumes of at

least 100 mL of finished water. To the extent that P. aeruginosa is a threat to human

health, that many housing units in this study included units with high populations of the

very young and very old, and that the total coliform standard does not adequately

delineate the threat posed by P. aeruginosa (22,76,88), supplemental Pseudomonas

testing was done (76,99,100).



4.34 Study 3: Hotel and Guest House Cisterns

4.341 Introduction

The number one industry in the Virgin Islands is tourism, which brings in millions of

dollars of revenue to the local government annually (13,81,96). On St. Thomas there are

six hotels with more than 100 rooms; however, an estimated 75 percent of all lodging

places have 50 or fewer rooms. Fresh water availability makes the industry possible, but

the mountainous terrain makes water distribution a problem. The solution has been the

development of cistern water systems for all hotels and guest houses (inns). The cisterns

range from small 1,500 gallon cisterns for small guest houses, to a large 700,000 gallon

system which supplies all the water needs of a hotel complex in St. Thomas.

Hotels and guest houses in the Virgin Islands are mandated under the Safe Drinking

Water Act of 1974 amended in 1986 to have their water tested on a quarterly basis.

Currently, only the total coliform count and turbidity are required under the above

legislation. At the time this study was conducted if the sample contained more than 1

total coliform per 100 mL, and/or had a turbidity greater than 1.0 NTU, the sample was in

violation of the mandates of the Safe Drinking Water Standards (SDWS) (94).

While most Virgin Islanders drink their own cistern water, with many claiming to suffer

no ill effects, visitors may not be immune since most of them come from large cities

where drinking water is usually treated and protected from external contamination.
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4.342 Materials and Method of Study 3

Site selection. Initially 23 hotels and guest houses were chosen for screening in the pilot

phase of the study. During this phase hotels were screened based upon answers given in

response to a questionnaire, and the results obtained from an initial total coliform test.

The criteria used to select the hotels that were to take part in this study included the

number of rooms available, allowing for grouping into large, moderate, and small

categories, the total number of cisterns in the hotel (since one of the objectives was to

study the total water quality of a selected hotel or guest house, hotels or guest houses that

had more than three cisterns were excluded), source/s of water in the cistern, to assure a

representative sample of the most common water sources, disinfection practice and

frequency, compliance or non-compliance with the testing regulation, and finally the

results of the initial total coliform screen to see if any problem existed. Based upon the

initial results, eleven hotels and guest houses were selected. Four were large hotels

having more than 100 rooms (designated Li through L4), with a total of 6 cisterns; three

were moderate size hotels having between 30 and 99 rooms (M1 through M3), with a

total of 5 cisterns; and four were small guest houses having less than 30 rooms (Si

through S4), with a total of 6 cisterns. Thus the project consisted of a study of water

samples from eleven hotels and guest houses containing a total of 17 cisterns. The

"tourist season" is considered to extend from mid-November through mid-April, the other

months are considered to be the "off season". This project ran from mid-September 1988

through mid-July, 1989.
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Within the selected study population 6 of the 11 hotels studied (L 2 through 4; M 3; and S

2 and 3) were connected directly to the potable water line which allowed the
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owners/operators to simply open a valve to fill their cisterns as the water demand

dictated. Five of the hotels (L 2; M 1,2; and S 3,4) relied upon trucked water to supply

their needs; at times L 2 and S 3 had to rely on trucked water as a backup to fill their

cisterns directly from the potable water distribution lines during times of water rationing.

These hotels do not tend to use as much water during the "off season" as compared to the

"tourist season" when most of these hotels reported as having to order water frequently.

Only hotel L 1 was totally self sufficient, since reverse osmosis (R.0.) could provide for

their water needs. Hotel M 2 was in the process of installing an R.O. unit for their needs,

but at the time relied from time to time upon trucked water. Hotel S 1 did not initially use

its cistern water for drinking purposes, choosing to rely on bottled water for those needs,

but did use it for washing and bathing. Towards the end of the study they installed a small

carbon-based and silver-impregnated filter system in an exploratory attempt to get away

from the expense of bottled water. All hotels were equipped to gather rainwater.

Table 4.10 presents a summary of the data from the questionnaires provided by the 11

hotels.
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Sample Collection Procedure. Sample sites were divided by geographic location into

three groups of five or six cisterns each. One group was sampled each week with the

others being sampled in rotation. The average number of samples collected from the

large, moderate and small size hotels were 6, 7 and 6, respectively.

4.343 Results from Study 3

To maintain anonymity, each cistern studied was identified only by number (e.g. L 1-3

for cistern 3 in large hotel 1). Table 4.11 presents the number of times each site was

sampled as well as the average data over time for total coliform, fecal coliform, fecal

streptococcus, P. aeruginosa, and heterotrophic plate counts for each hotel cistern, by

class, as well as the average value for each parameter per class. The range of values for

these parameters in each cistern are reported in Appendix C.

From Table 4.11 we find that of the 17 cisterns studied, 12 on average failed the SDWS

of < 1 total coliform per 100 mL; sixteen of the cisterns, however, met the standard at

least once. Of the 12 cisterns which failed the total coliform standard on average, 8 had

significant total coliforrn problems (an average total coliform count greater than 10), and

of those eight, 6 showed significant fecal coliform problems as well. It should be noted

however that ten of the 17 cisterns had fecal coliforms present and thus would have been

in violation of an EPA limit of 0 per 100 mL had a fecal coliform standard been in effect.

In addition 13 of the cisterns showed the presence of P. aeruginosa, of which 10 had

levels which were > 10.
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Table 4.11: Average bacterial counts in cistern waters of large (L), moderate (M), and
small (S) hotels.

Cistern
No.

Totala
Coliform

Fecala
Coliform

Fecala
Strep.

Ps.a
aeruginosa

Standardb
Plate Count

Li-1 3 0 8 88 12387
L2-1 0 0 166 10 191
L2-2 26 0 13 19 510
L2-3 0 0 9 0 155
L3-1 1 1 24 0 91
L4-1 2 1 20 0 1451

5 0 40 20 2464

Mi -1 6 2 4 2 2767
Ml-2 282 12 15 97 19113
M 1-3 106 16 61 135 34602
M2-1 901 40 11 333 64284
M3-1 18 38 104 1 614

263 22 39 114 24276

S 1-1 102 7 69 23 2752
S2-1 1 1 21 1 115739
S2-2 4 0 42 61 3972
S3-1 16 0 10 816 2010
S4-1 115 6 11 598 21393
S4-2 0 0 5 0 No Data

40 2 26 250 29173

Counts per 100 mL.
Counts per mL

-

a
b
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Table 4.12 gives the average and ranges of turbidity, pH, and conductivity for each

cistern. These data were included to show that the influence of these variables on cistern

water quality is minimal. From Table 4.12 we find that 82% of all Hotel and Guest House

cisterns in this study meet the turbidity standard of less than 1.0 NTU. The pH data

shows that in general, cistern water is only slightly alkaline (a pH of 7.00 is considered

neutral). The very low conductivity data shows that there is very little salt or dissolved

solids present in the water.
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Table 4.12
	

Summary of pH, Conductivity, and Turbidity
Determinations from Eleven Hotels and Guest House
Cisterns as Average Values and (Ranges)

Cistern
No.

pH Turbidity (NTU) Conductivity
(AMHO)

L 1-1 6.79 (6.48 - 7.07) 0.37 (0.13 - 0.68) 341 (190 - 760)

L 2-1 8.86 (8.26 - 9.46) 0.52 (0.28 - 0.70) 249 (165 -260)

L 2-2 8.64 (6.96 - 9.25) 0.72 (0.44 - 0.92) 222 (150 - 300)

L 2-3 8.88 (7.92 - 9.41) 0.62 (0.30 - 1.16) 212 (160 - 298)

L 3-1 7.62 (6.45 - 9.42) 1.28 (0.18 - 2.89) 215 (145 -299)

L4-1 6.99 (6.53 - 7.88) 0.82 (0.35 - 1.25) 198 (140 - 269)

7.96 (7.10 - 8.75) 0.72 (0.28 - 1.27) 233 (158 - 364)

Ml-1 7.57 (6.75 - 9.15) 0.51 (0.25 - 0.98) 178 (125 -240)

M 1-2 7.93 (7.01 - 9.20) 0.61 (0.40 - 0.73) 271 (190 - 630)

M 1-3 7.91 (7.10 - 8.72) 0.67 (0.25 - 1.58) 246 (180 - 500)

M 2-1 7.91 (7.00 - 9.03) 0.58 (0.18 - 0.89) 710 (100 - 1200)

M3-1 7.91 (6.52 - 9.16) 1.08 (0.23 - 2.30) 212 (140 - 320)

7.85 (6.88 - 9.05) 0.69 (0.26 - 1.30) 323 (147 - 578)

S 1-1 7.74 (7.61 - 7.85) 0.63 (0.27 - 1.34) 1424 (170- 1900)

S 2-1 7.91 (6.83 - 9.06) 0.26 (0.11 -0.38) 204 (160 - 240)

S 2-2 7.88 (6.89 - 8.61) 0.40 (0.16 - 0.81) 299 (200 - 520)

S 3-1 8.26 (7.00 - 9.10) 0.89 (0.47 - 2.65) 236 (180 - 339)

S 4-1 7.49 (6.94 - 8.42) 0.43 (0.32 - 0.65) 177 (125 -249)

S 4-2 8.90 (8.90 - 8.90) 3.92 (1.28 - 6.55) 190 (180 - 200)

8.03 (7.36 - 8.66) 1.09 (0.44 - 2.06) 422 (169 - 575)
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Table 4.13 presents a summary of the percentage of the samples which would meet the

then current SDWS of < 1 total coliform per 100 mL, a suggested fecal coliform standard

of < 1 fecal coliform per 100 mL, a suggested heterotrophic plate count standard of < 500

total organisms per mL, and the relative occurrence of P. aeruginosa in these samples as

well as in the absence of the total coliform. The large hotels most frequently met the

SDWS, meeting the standard 60% or more of the time. The moderate sized hotels were

less consistent, meeting these standards between 43% and 60% of the time; on average,

49% of the time. The small hotels and guest houses were highly variable, ranging from 0

to 100% in meeting the standard. On average, the small hotels and guest houses met the

SDWS 59% of the time.

The opportunistic pathogen P. aeruginosa was found in 13 of the 17 (76%) cisterns at

one time or another. It also occurred in the absence of total coliforms. In large hotels P.

aeruginosa was found in only 13% of the samples, while in moderate and small hotels, it

was found in 43% and 55% of the samples, respectively. The occurrence of P. aeruginosa

in the absence of total coliforms ranged from 9% in large hotel cisterns to 18% in the

cisterns of moderate hotels. As a whole, of those Hotel and Guest House cisterns which

tested positive for P. aeruginosa, 18% were positive for the organism in the absence of

total coliform. This figure matched the data from previous studies of private homes (76)

and public housing projects (79).

Table 4.13 also reveals the relative percentage of time free residual chlorine was found in

each cistern. The average values and ranges are included as Appendix D. The large hotels

were the most consistent in their chlorination practices, meeting the EPA guideline of at



least 0.2 mg/L 88% to 100% of the time, while the moderate sized hotels and the small

hotels and guest houses reported considerable variability.

Chlorination was found to be the most effective way of reducing microbial growth. When

there was treatment, there was an almost four fold increase in the number of samples

which were contaminant free compared to samples which received no treatment. When

contaminants did survive the treatment process, they tended to cluster in the low range

whereas without treatment, they tended to cluster in the high range.
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Table 4.13:	 Summary of cistern water quality in large (L), moderate (M),
and small (S) hotels

% of
samples

Cistern	 meeting
No.	 SDWS

% of
samples
meeting
a FCS*

% of
samples
meeting

a HPCS**

% of samples +
for Ps. aeruginosa
and (in the absence
of Total Coliform)

% of
samples
with

Free Cl

L 1-1	 63 86 75 29 (0) 88

L2-1	 100 100 75 17(17) 100

L2-2	 86 100 50 17(17) 100

L2-3	 100 100 75 17(17) 100

L3-1	 86 83 100 0	 (0) 100

L4-1	 60 75 50 0	 (0) 100

% Avg. (L)	 83% 91% 71% 13%(9%) 98%

Ml-1	 50 71 20 43(14) 13

Ml-2	 43 67 20 67(17) 43

M 1-3	 43 43 0 17 (17) 29

M2-1	 50 86 20 86(43) 25

M3-1	 60 83 67 0	 (0) 100

% Avg. (M) 49% 70% 25% 43% (18%) 42%

S1 -1 	0 14 0 100	 (0) 0

S2-1	 86 83 60 40(33) 71

S2-2	 71 100 40 67(50) 43

S3-1	 25 100 33 88(14) 57

S 4-1	 71 83 40 33	 (0) N/A a

S 4-2	 100 100 N/A a 0	 (0) N/A a

°A Avg. (S)	 59% 80% 35% 55% (16%) 43%
*	 proposed fecal coliform standard (< 1 per 100 mL)
**	 proposed heterotrophic plate count standard (< 500 per mL)
a	 Data Not Available
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Table 4.14 presents the occurrence of each contaminant in relation to the free residual

chlorine present. It should be noted that the fecal streptococcus organism tended to be the

most resistant organism to chlorination and could be found in cisterns with a residual of>

3.6 mg/L.

P. aeruginosa, an opportunistic pathogen, too could be found frequently in water

containing up to 1.0 mg/L free residual chlorine and on occasion in water with a free

residual chlorine value of 3.0 mg/L. This overall resistance may account for the presence

of P. aeruginosa in the absence of total coliforms (63,85). From Table 4.14, 69% of the

occurrences of P. aeruginosa occurred in the absence of a chlorine residual. Only a small

fraction occurred in the presence of a chlorine residual greater than 1.0 mg/L. It can only

be speculated upon whether this same small fraction accounts for that population present

when total coliforms are absent. Essentially their greater resistance to stress in the

environment allow them to survive after the coliforms died off, either naturally, or from

disinfection practices (63,85).
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Table 4.14: Occurrence of contaminants in relation to free
residual chlorine

Free Cl mg/L	 0.0	0.2- 1.0	 1.2 - 2.0	 2.2 - 3.0	 3.2 - 3.6
Number of samples positive in the given chlorine residual ranges

NO
CONTAM. 8 20 5 2 1

TOTAL
COLIFORM 28 12 4 1 1

FECAL
COLIFORM 17 2 2 0 1

FECAL
STREP. 21 17 8 3 3

Ps.
aeruginosa 29 9 1 3 0
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As in past studies (76,77,79), the ratio of fecal coliform and fecal streptococcus was

considered. These ratios are presented in Table 4.15. Since both the fecal coliform/fecal

streptococcus ratios were low and the fecal streptococcus counts were less than 100, the

source/s of the contamination was or were of environmental, rather than anthropogenic

origin. This is consistent with previous findings (36,38).
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4.344 Discussion of Study 3

The water quality of Hotels and Guest Houses varied greatly. The large hotels sampled

were in compliance with the SDWS more often than the small and moderate-sized hotels

and guest houses. Of the nine hotels which filled their cisterns either from the potable

water lines and/or purchased (trucked) water, seven relied at least to some extent on

passive chlorination including water sold either directly or indirectly by the WAPA and

containing free residual chlorine as a result of their chlorination practices, and not due to

any effort on the part of the purchaser. For at least two hotels and guest houses (S 2, M 3)

that was the only chlorination the water received. Thus the cistern water quality of those

hotels which rely entirely or in part on WAPA's chlorination practices will be to some

degree suspect for two reasons: (1) should WAPA for any reason fail to chlorinate their

water supply, the water entering the cistern could very well be contaminated

(23,58,72,79) and (2) if the water has a slow rate of consumption and turnover, any initial

free residual chlorine will either be used up or liberated to the air, usually within 3-5 days

(76). Thereafter the water is susceptible to either bacterial regrowth due to contaminants

from within the system -- which could come from either the bottom sediment sludge

usually found in cisterns or from any suspended turbidity particles in the water column --

or from new input due to rainfall (76).

4.345 Summary

About one-half of the Hotel and Guest House cisterns contained total coliform bacteria

and approximately one-third of the cisterns showed the presence of fecal coliforms.
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Where coliforms are used as an indicator, a fecal coliform count would be a better

indicator of water quality than the total coliform count because of the largely non-

anthropogenic coliform contributions found in cistern water supplies. The total coliform

therefore may not be an appropriate indicator for cistern water quality.

P. aeruginosa was found in 76% of the cisterns; 18% of those samples contained P.

aeruginosa in the absence of total coliform. These data agreed remarkably well with prior

studies done on the cistern water quality in private homes (76) and in public housing

projects (79).

Most of the hotels and guest houses in this study had cistern water pH values and

turbidity readings well within acceptable ranges. Probably the biggest problem

associated with cistern water, especially public cistern water supplies, is turbidity due to

resuspension, since many microorganisms are debris associated. In places that use large

amounts of water, the turnover time for the water in the cistern is short; as the water level

falls any disturbance of the sediment layer tends to resuspend debris in the water column,

leading to non-compliance for turbidity.



CHAPTER 5

STATISTICAL ANALYSIS OF COMBINED DATA

5.1

Introduction

All data from the three studies were combined into a single spreadsheet and analyzed by

statistical methods using the computer package SPSS. Variables were created so that

things such as the type of housing (Private Residential, Public Housing, and Hotels and

Guest Houses) could be compared. When called for a separate variable containing sub-

variables was created to test combined sub-sets of the main variable against the main

variable. For example a variable containing just the large hotels, which were the best

chlorinated of all the samples collected, was internally tested against the samples from

public housing, the combined variable could be correlated against other independent

variables such as total coliform, fecal coliform, fecal streptococcus, P. aeruginosa,

heterotrophic plate count, pH, turbidity, conductivity, housing, etc. On closer analysis the

data from these studies proved not to be normally distributed, necessitating the use of

non-parametric analysis.

5.2

Methods of Analysis

Two types of non-parametric statistical analysis were performed: one for correlation of

the variables among themselves and the other for corrected mean rank sum analysis.
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Spearman Correlation was done for correlation analysis. For the corrected mean rank sum

analysis the Mann-Whitney U -- Wilcoxon Rank Sum W Test was done.

The probabilities were set at .05 level probability of a Type I error (rejecting the null

hypothesis when it is true). The effect of doing multiple significance tests on the inflation

of Type I errors (alpha slippage) will be discussed.

Table 5.1 looks at the Mann-Whitney Statistics and compares the median values for the

five indicator organisms found in both unchlorinated Private Residential cisterns and

poorly batch chlorinated Public Housing cisterns (free chlorine found about 30% of the

time for the group as a whole). Significant difference (P value less than 0.05) was found

between these water sources for (in order of significance) heterotrophic plate count

(P=.0003), fecal streptococcus (P=.0032), total coliforms (P=.0034), and fecal coliforms

(P=.0076). No significant difference could be found between the two sources for

Pseudomonas aeruginosa. Figure 5.1 contains a graphical representation of heterotrophic

plate count for the cistern classes. The boxplots can be interpreted as follows:

The large gray box is the inter-quartile range (25% of the samples fall above, and 25% of

the samples fall below this range), the horizontal black bar running across the box

represents the median (50th percentile), the vertical bars running through the box

represent lowest and highest values, the o's are outliers, and the stars represent values

more than 3 inter-quartile ranges from the median values. The numbers by the o's and

stars represent the sample number.
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In all cases of a significant difference private residential cisterns had higher counts of the

indicator organisms than public housing cisterns. The most likely explanation for this lies

in the difference in chlorination practices.
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Table 5.1	 Comparison of Various Indicator Bacteria in
Private Residential and Public Housing Cisterns

Public Private
Housing Residential
Median	 Median

U
Valueb

P
Valuec

Total
Coliforms 14 173 33.5 0.0034

Fecal
Coliforms 33 34 39.5 0.0076

Fecal
Streptococcus 16 134 33.0 0.0032

Pseudomonas
aeruginosa 17 26 80.5 0.3908

Heterotrophic
Plate Count a 150000 8000000 17.0 0.0003
a The Heterotrophic Plate Count is reported in counts per mL; all other indicator

organisms are reported in counts per 100 mL.

b Mann-Whitney U Statistic

C Probability of a Type I Error
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Table 5.2 compares the median values for the five indicator organisms found in both

unchlorinated Private Residential cisterns, and poorly chlorinated small-and moderate-

sized hotels (each hotel having a known percentage of time in which free chlorine could

be found in the cisterns). As a group the small hotels showed the presence of free chlorine

in amounts greater than 0.2 mg/L 43% of the time, while moderate sized hotels had free

chlorine in amounts greater than 0.2 mg/L 42% of the time, thus making small-and

moderate-sized hotels slightly better than Public Housing cisterns. Significant differences

(P value less than 0.05) were found (in order of significance) for fecal streptococcus

(P=.0017), heterotrophic plate count (P=.0175), fecal coliforms (P=.0242), and total

coliforms (P=.0258). Again no significant difference was found between the two groups

for P. aeruginosa. The results were similar to the comparison with Public Housing.

Private Residential cisterns had higher counts for all indicator organisms except for P.

aeruginosa (see Figs. 5.1 to 5.5). These results were again most likely due to differences

in chlorination.
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Table 5.2
	

Comparison of Various Indicator Bacteria in
Small and Moderate Hotels and Guest Houses,

and Private Residential Cisterns

Private
Small Hotels Residental

Medium	 Medium
U

Valueb Valuec

Total
Coliforms	 60 173 56.0 0.0258

Feacal
Coliforms	 7 24 55.5 0.0242

Fecal
Streptococcus	 18 134 34.0 0.0017

Pseudomonas
aeruginosa	 79 26 101.5 0.7255

Heterotrophic
Plate Counta	 1154250 8000000 46.0 0.0175
a The Heterotrophic Plate Count is reported in counts per mL; all other indicator

organisms are reported in counts per 100 mL.

b Mann-Whitney U Statistic

C Probability of a Type I Error
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Table 5.3 compares the median values for the five indicator organisms found in both

poorly batch chlorinated Public Housing cisterns (free chlorine found about 30% of the

time for the group as a whole), and poorly chlorinated small hotels (free chlorine found

43% of the time) and moderate hotels (free chlorine found 42% of the time). Significant

difference (P value less than 0.05) was found only among the heterotrophic plate count

(P=.0102). No significant differences were detected for any of the other organisms,

including P. aeruginosa. One would expect the counts of the indicator organisms to be

roughly equivalent for these two types of cisterns. This is supported by the statistical tests

and illustrated in the box plots (Figs. 5.1 to 5.5), except in the case of heterotrophic plate

count. A possible explanation lies in the rate at which the water is removed from the

cistern. In Public Housing the water was removed within hours of the cisterns being

filled. These cisterns relied extensively upon trucked-in water which may have been

chlorinated initially, but which lost this residual in the delivery process. This residual

may have been lost due to "out gassing" during filling of the truck and in transfer to the

cistern. The water in the small and moderate hotels, however, had a longer storage time,

thus allowed increased opportunity for contamination problems to develop.
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Table 5.3	 Comparison of Various Indicator Bacteria in
Small Hotels and Guest Houses, and Public Housing Cisterns

Small Hotels
Medium

Public
Housing
Medium

U
Valueb

P
Valuec

Total
Coliforms	 60 14 43.0 0.3978

Fecal
Coliforms	 7 1 45.0 0.4752

Fecal
Streptococcus	 18 16 47.5 0.5963

Pseudomonas
aeruginosa	 79 17 43.0 0.3973

Heterotrophic
Plate Counta	 1154250 150000 6.0 0.0102
a The Heterotrophic Plate Count is reported in counts per mL; all other indicator

organisms are reported in counts per 100 mL.

b Mann-Whitney U Statistic

c Probability of a Type I Error
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Table 5.4 compares the median values for the five indicator organisms found in both

poorly chlorinated Public Housing cisterns (free chlorine found about 30% of the time for

the group as a whole), and large hotel cisterns (free chlorine found in concentrations

greater than 0.2 mg/L 98% of the time). Significant difference (P <0.05) was found only

among the fecal coliform (P=.0393). The relative significance of this data may be subject

to some question since at this level there might be a certain amount of alpha slippage

taking place. In both Public Housing and large hotel cisterns the amount of fecal coliform

was very low, although Public Housing cisterns contained slightly more fecal coliform

(Fig. 5.4). Again, no significant difference was found between the two types of cisterns

for P. aeruginosa.
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Table 5.4	 Comparison of Various Indicator Bacteria in
Large Hotels and Public Housing Cisterns

Large
Hotel

Median

Public
Housing
Median

U
Valueb

P
Value'

Total
Coliforms 2 14 14.0 0.0813

Fecal
Coliforms 0 1 12.0 0.0393

Fecal
Streptococcus 17 16 26.0 0.6635

Pseudomonas
aeruginosa 5 17 20.0 0.2702

Heterotrophic
Plate Counta 35050 150000 17.0 0.1585
a The Heterotrophic Plate Count is reported in counts per mL; all other indicator

organisms are reported in counts per 100 mL.

b Mann-Whitney U Statistic

C Probability of a Type I Error
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Table 5.5 compares the median values for the five indicator organisms found in both

poorly chlorinated small hotels (free chlorine found 43% of the time) and moderate hotels

(free chlorine found 42% of the time) with large hotels (free chlorine found in

concentrations greater than 0.2 mg/L 98% of the time). Significant difference (P value

less than 0.05) was found (in order of significance) for heterotrophic plate count

(P=.0092), fecal coliform (P=.0368), and total coliform (P=.0388). The relative

significance of the fecal and total coliforrn data are again probably due to alpha slippage.

For each of these indicators small and moderate-sized hotel cisterns had higher counts

than large hotel cisterns (Figs. 5.1, 5.2, 5.4). Again, no significant difference could be

found between the two for P. aeruginosa.
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Table 5.5	 Comparison of Various Indicator Bacteria in
Large and Small Hotels and Guest Houses

	

Small	 Large
	Hotels	 Hotels	 U	 P

	

Median	 Median	 Valueb	 Value' -

Total
Coliforms	 60 2 12.5 0.0388

Fecal
Coliforms	 7 0 13.0 0.0368

Fecal
Streptococcus	 18 17 33.0 1.0000

Pseudomonas
aeruginosa	 79 5 15.5 0.0766

Heterotrophic
Plate Counta	 1154250 35050 6.0 0.0092
a The Heterotrophic Plate Count is reported in counts per mL; all other indicator

organisms are reported in counts per 100 mL

b Mann-Whitney U Statistic

c Probability of a Type I Error
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Table 5.6 compares the median values for the five indicator organisms found in both

unchlorinated Private Residential cisterns, and large hotel cisterns (free chlorine found

98% of the time). Significant difference (P value less than 0.05) was found (in order of

significance) for total coliform (P=.0007), fecal coliform (P=.0008), heterotrophic plate

count (P=.0010), and fecal streptococcus (P=.0074). These differences are not surprising,

given we are comparing the least chlorinated cisterns with the most chlorinated cisterns,

and the results are in agreement with the predictions (Figs. 5.1 to 5.5). Again no

significance difference could be found between the two for P. aeruginosa.

Figure 5.6 is a graphic summary of the principal results for each of the major cistern

classes and the concentrations for each of the various bacterial indicators found in them

and is included for comparative purposes.
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Table 5.6	 Comparison of Various Indicator Bacteria in
Large Hotels and Private Residential Cisterns

Large
Hotel

Median

Private
Residential
Median

U
Valueb

p	 -
Value°

Total
Coliform 2 173 4.0 0.0007

Fecal
Coliform 0 24 5.0 0.0008

Fecal
Streptococcus 40 134 16.0 0.0074

Pseudomonas
aeruginosa 5 26 28.0 0.0513

Heterotrophic
Plate Cota 35050 8000000 6.0 0.0010
a The Heterotrophic Plate Count is reported in counts per mL; all other indicator

organisms are reported in counts per 100 mL.

b Mann-Whitney U Statistic

c Probability of a Type I - Error
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Private Residential cisterns received virtually no form of treatment. Public Housing

cisterns tended to be treated, but rather poorly, often relying on batch chlorination. Hotel

and Guest House cisterns were the best chlorinated. This may account for the observed

differences in levels of the indicators between the various classes of cisterns discussed

previously.

Initially all the data was analyzed by Pearson parametric analysis to test the correlation

among indicators and other factors within the Private Residential sector as a whole. The

results showed that there was correlation among total coliform, fecal streptococcus, and

heterotrophic plate count, but not between fecal streptococcus and the heterotrophic plate

count. There was no expected correlation between total coliform and fecal coliform;

indeed fecal coliform and P. aeruginosa did not correlate with any of the other indicators

tested.

The above correlations were repeated for Public Housing. This time correlation was again

found between total coliform and the heterotrophic plate count, as well as between total

coliform and fecal coliform, and between fecal coliform and heterotrophic plate count.

There was no correlation of total coliform, fecal coliform, or the heterotrophic plate count

with either fecal streptococcus or P. aeruginosa, or among themselves.

This was then repeated for the Hotels and Guest Houses. The only groups of

microorganisms that correlated were total coliform and fecal coliform. Although the data

proved not to be normally distributed, as can be seen from the box plots (Figs. 5.1 to 5.5),

early results from the parametric analysis nonetheless proved valuable to identify possible

relationships.



Non-parametric correlation analysis was performed by the use of Spearman Analysis.

Table 5.7 summarizes the results of this analysis.
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Table 5.7 Spearman Correlation Coefficients

MEAN	 5569
HETERO TROPHIC N( 46)
PLATE COUNT	 Sig 000

MEAN	 .2467	 .4270
P.aeruginosa	 N( 47)	 N( 46)
COUNT	 Sig .095 Sig .003

MEAN	 .5543	 .4008	 .1869
STREPTOCOCCUS	 N( 47) N( 46) N( 47)
COUNT	 Sig .000 Sig .006 Sig .208

MEAN	 .8643	 .6012	 .4756	 .5400

TOTAL COLIFORM N( 47) N( 46) N( 47) N( 47)
COUNT	 Sig .000 Sig .000 Sig .001	 Sig .000

MEAN	 -.3481	 -.7214	 -.6368	 .0500	 -.5886

FREE RESIDUAL	 N( 15) N( 15) N( 15) N( 15) N( 15)
CHLORINE	 Sig.204	 Sig .002	 Sig .011	 Sig .860	 Sig .021

MEAN	 -.2934	 -.2726	 -.1217	 -.0006	 -.2294	 .2126

pH	 N( 17) N( 16) N( 17) N( 17)	 N( 17) N( 15)
Sig .253	 Sig .307	 Sig .642	 Sig .998	 Sig .376	 Sig .447

MEAN	 .0356	 -.6029	 -.3418	 .0773	 -.0873	 .3500	 .3354

TURBIDITY	 N( 17) N( 16) N( 17) N( 17) N( 17) N( 15) N( 17)
Sig .892	 Sig .013	 Sig .179	 Sig .768	 Sig .739	 Sig .201	 Sig .188

MEAN	 .1529	 .1957	 .4605	 .2417	 .4293	 -.4772 	-.0327 	-.0706

CONDUCTIVITY	 N( 17) N( 16) N( 17) N( 17) N( 17) N( 15) N( 17) N( 17)
Sig .558	 Sig .468	 Sig .063	 Sig .350	 Sig .086	 Sig .072	 Sig .901	 Sig .772

MEAN	 MEAN	 MEAN	 MEAN

FECAL	 P. aeruginosa	 TOTAL	 pH

COLIFORM	 COUNT	 COLIFORM
COUNT	 COUNT

MEAN	 MEAN	 MEAN	 MEAN

HETEROTROPHIC STREPTOCOCCUS	 FREE	 TURBIDITY

PLATE COUNT	 COUNT	 RESIDUAL
CHLORINE
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As can be seen, and was seen in the Mann-Whitney U analysis, there is no correlation of

P. aeruginosa with any of the other indicators used. It should not come as a surprise that

there was a very high correlation between total coliform and fecal coliform, and moderate

correlations between total coliform and heterotrophic plate count, fecal coliform and

heterotrophic plate count, streptococcus and fecal coliform, and total coliform and

streptococcus.

Note the effects that chlorination had on these indicators. There was a high negative

correlation between chlorine and heterotrophic plate count (je. the bacteria decrease as the

level of chlorine increases), as well as a reasonably high negative correlation between

chlorine and P. aeruginosa, and between chlorine and total coliform. While chlorine did

have a negative correlation with fecal coliform, the results were not significant. In the

case of fecal streptococcus, chlorination if anything had a very slight positive effect on

the occurrence of the organism. This may be due to the fact that fecal streptococcus tend

to be very resistant to many treatment practices and are likely to persist in the

environment. Any treatment practice used which kills other microbial species may result

in an increase of the more resistant bacteria, such as fecal streptococcus since there is less

competition for substrate.

5.3

Effects of Chlorination

Free chlorine measurements were obtained for each of the hotel sites, as were the number

of the indicator organisms for each. Scatter plots were created for the mean occurrence of
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each indicator, and plotted against the mean chlorine concentration. A best fit line was

drawn, a correlation value (Rsq) calculated, and the 95% confidence boundaries plotted.

Figure 5.7 shows the plot of the heterotrophic plate count versus chlorine. Six out of the

15 sites fall within a predicted 95% confidence zone. Results show that it seems to be the

most effected of all the indicators studied, however the best fit does not occur until after

1.0 mg/L of free chlorine is reached.
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Figure 5.8 shows the plot of the total coliform versus chlorine. Here 13 out of 15 sites

fall within the 95% confidence zone. It is only slightly less effected by chlorine than in

the case with the heterotrophic bacteria. The best fit did not occur until 0.5 - 1.0 mg/L of

free residual chlorine had been reached.
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Figure 5.9 shows the plot of P. aeruginosa versus chlorine. P. aeruginosa tended to be

more persistent in the environment after chlorination than either the heterotrophic

bacteria or the total coliform. It showed the greatest range of sensitivities to chlorine

starting at 0.2 mg/1 and ranging all the way up to 2.2-2.3 mg/L of free chlorine; however,

the best range occurred above the 1.0 mg/L level. This data is very much in agreement

with previously published data about P. aeruginosa's resistance patterns (17,32,46,80).
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Figure 5.10 shows the results of the fecal coliform versus chlorine regression. The fecal

coliform appear to be minimally affected by chlorine, and they are most likely to persist

in the environment after chlorination. If true, what was previously noted about coliform

unmasking as a result of chlorination is indeed correct. As the system is increasingly

chlorinated total coliform as well as other bacteria are killed and the fecal coliform are

unmasked in the sample.
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Figure 5.11 shows the results of the fecal streptococcus versus chlorine regression. It

shows a positive correlation with chlorine. Many studies (6,63) have shown that fecal

streptococcal organisms are highly resistant to chlorination. It is also clear from the graph

at concentrations less 0.7 - 1.0 mg/L you are likely to select for these organisms through

chlorination.
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5.31 Results and Implications

Of the three studies, actual chlorination data was only recorded for the Hotel and Guest

House study. Chlorine data was collected in the Public Housing study but, due to the

erratic nature of water availability and the infrequent rate at which free chlorine residuals

were found, these data were not considered to be useful. As was noted only 30% of all the

samples collected had a free chlorine residual greater than 0.2 mg/L, and 60% were

found to be contaminated by the various indicators under study (80).

The hotel study was unique in that it was broken down by hotel size into small, medium,

and large hotels, and the percent of samples with free chlorine greater than or equal to 0.2

mg/L for each cistern was noted (Table 4.13). This allowed a "percent average free

chlorine residual" for each group to be computed. The large hotels showed free chlorine

in the cisterns 98% of the time, where as the moderate and small hotel and guest houses

had free chlorine present 42 and 43 percent of the time, respectively (81). This makes the

small and moderate Hotels and Guest Houses similar in treatment efficiency to Public

Housing, in which only 30% of the samples contained a free chlorine residual greater

than or equal to 0.2 mg/L.

The small/moderate Hotel and Guest House cisterns show a correlation for both total

coliforms and heterotrophic plate count, and between total coliforms and fecal coliforms.

The large hotels show only a correlation between total coliforms and fecal coliforms. This

again illustrates the unmasking effect due to the higher and more consistent chlorine

treatment received by the larger hotels. Small and medium hotels had the same pattern of

chlorine treatment as Public Housing (Table 5.7).
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The implication of these results suggest that the application of current standards to

cisterns may be inappropriate. Indeed a public health threat may exist yet go undetected

since standard indicators do not correlate for all possible pathogens, especially

opportunistic pathogens, which freqently originate in the environment.



CHAPTER 6: 

CISTERN CLASS: TOWARDS DEVELOPING STANDARDS

6.1

Introduction

Because of the ubiquitousness of total coliforms in the environment, most cistern water

would never meet existing coliform standards, yet there is little evidence of a threat due

to enteric bacterial diseases being present. This has lead Ruskin et al. (78) and Fujioka

(27) to propose that a fecal coliform standard be used for a cistern water quality standard.

Both suggest that an upper level of 10 fecal coliforms/100 mL be used, with Ruskin

proposing standards similar to those of the British Ministry of Health Standards (26).

Based upon the results of the foregoing statistical analysis of the occurrence of indicators

in various classes of cisterns, fecal coliform is not recommended, at least in raw,

untreated cistern water. It is clear that the heterotrophic levels in cisterns may be high

enough to successfully compete with the coliforms in the cistern to mask their expression

upon analysis (a study of the masking effect is presented in Appendix A). This is

consistent with the findings of others who have reported the possible masking effect of

total coliforms in potable water systems when the heterotrophic count exceeded 1000/m1

(9,16,33,66).

Fecal streptococcus can not be recommended at this time as a bacterial indicator since it

tends to persist in the environment (6,62) and as such does not meet the definition of an

ideal indicator organism. However, it may be useful as a cistern water quality indicator in
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the future for Giardia and Cryptosporidium if a causal relationship can be firmly

established (15).

In reviewing the data contained in previous Chapters, clearly the greatest danger to

cistern water users is not from enteric bacterial pathogens, but rather from the general

bacterial flora found in dirt, leaf debris, animal droppings, etc. that collect on the roof and

wash into the cistern. Some of this bacterial flora may contain opportunistic pathogens

such as P. aeruginosa or Legionella spp. which do not correlate with the coliform

standard.

Cisterns must be recognized as being a unique source of "potable water" in that, due to

exposure to environmental factors, it will constantly share characteristics with raw water,

regardless of its treatment status. As such cisterns should be divided into two groups:

Group 1 includes individual cisterns that serve less than 25 people or have less than 15

service connections. These are essentially private residential cisterns. Group 2 includes

cisterns that might be defined as "public" cisterns, because they serve more than 25

people or have more than 15 service connections. Group 2 cisterns currently must comply

with the mandates of the Safe Drinking Water Act of 1974, as amended in 1986 (69,94).

6.2

Class 1 Cisterns: Private Residential Cisterns

For the U.S. Virgin Islands, it is impractical to establish a single water quality standard

for all cisterns. Rather, private residential homes should be treated from the standpoint of

prevention of contamination via the use of local building codes, such as those in use in
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the Bahamas (55), which are backed by a water quality standard and mass public

education about the importance of cistern and cistern water quality maintenance.

The statistical results contained in this dissertation support the recommendations of

Chang et al., 1985 (14) who concluded that the standard plate count would be as good a

measure of bacterial disinfection efficiency as are coliforms. Given that private

residential home owners are more likely to be exposed to bacterial opportunistic

pathogens, such as P. aeruginosa (80) and Legionella (10,82,83) due to higher overall

contamination levels in unchlorinated cisterns than in chlorinated cisterns, it makes sense

to use a heterotrophic standard rather than any form of the coliform standard. Doing so

avoids the masking effect of coliforms due to high levels of heterotrophs normally found

in unchlorinated cistern water. This is a much more practical approach in that not only

does the heterotrophic plate count correlate with total coliforms, a supposed measure of

enteric bacterial disease (14), but is likely to reflect health effects that might be caused by

opportunistic pathogens.

Hoadley et al. (40) did a limited study of the occurrence of fluorescent pseudomonads,

including P. aeruginosa, capable of growth at 41 °C in swimming pool waters. They were

able to isolate, from the outer ear of two different individuals and from both the outer ear

and rectum of a third swimmer, all who had used the same swimming pool, a single strain

of P. aeruginosa which was common to the swimmers as well as the pool. The P.

aeruginosa count from the pool water was between 7.8 and 11 per 100 mL. They

concluded that although cultures isolated from the pools and from swimmers and

nonswimmers were too few to establish significant epidemiological relationships, the data

suggest that extensive studies of that kind could yield meaningful results.
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In the case of private residential cisterns, given that P. aeruginosa did not correlate with

total coliforms, fecal coliforms, fecal streptococcus, or a heterotrophic plate count, it is

suggested that a test for P. aeruginosa be coupled to a heterotrophic standard. Beyond

being used for drinking and cooking, it must be kept in mind that cistern water is also

used for bathing. Using the swimming pool as a model, it is conceivable to conclude that

a person showering with cistern water contaminated with a large number of P. aeruginosa

could acquire an ear infection. Given the frequency at which P. aeruginosa causes ear

infections, some of which can be quite serious, such a test becomes a safeguard of the

home owner's immediate health. It alerts them to a possible threat posed by showering or

bathing with cistern water that needs immediate action. This duel test structure would

determine the urgency with which the home owner should treat the cistern water.

A British Ministry of Health type system (26), but based upon the heterotrophic count

coupled with analysis for P. aeruginosa should be used for private residential cisterns.

This is a modification of a standard proposed previously by the author for Private

Residential Cisterns (78).

CLASS I:	 Would have a total heterotrophic count < 500/mL, and
have no P. aeruginosa present. These waters would be
classified as being SUPERIOR.

CLASS II:	 Would have a total heterotrophic count < 1000/mL, and
have no P. aeruginosa present. These waters would be
classified as being GOOD.

CLASS III:	 Would have a total heterotrophic count < 10,000/mL, and
have no P. aeruginosa present. These waters would be
classified as being ACCEPTABLE, but the owner would be
advised to have their water treated.



CLASS IV: This water would either have a total heterotrophic count >
10,000/mL, or show the presence of P. aeruginosa. This
water would be classified as UNACCEPTABLE, and the
owner advised to have their water treated at once as a
possible health hazard may exist.
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6.3

Class 2 Cisterns: Publie Water Supply Cisterns: 

Those cistern water systems that qualify as being public water supplies, must be

recognized as unique, with unique problems, requiring separate regulations based upon

coliform densities and not mere presence or absence, thereby severing them from

regulations that now govern the more traditional distribution water supply systems, while

maintaining the concept behind the coliform standard (75,78).

The goal must still be to prevent contamination of the water through the use of local

building codes. This must be the first line of defense, followed by regulation and

enforcement of treatment and testing requirements.

As the results of this study showed, with the application of water treatment practices,

fecal coliform, which did not correlate with total coliforms in private residential cisterns,

did so as soon as water treatment was applied, while the correlation between total

coliforms and the heterotrophic count was maintained. With intensive treatment however

the only correlation was between the total and fecal coliforms.

The coliform standard was designed to provide a warning of a possible enteric disease

health risk. That must still be part of the goal under any type of a cistern water standard.
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It must be recognized that because cistern water is exposed to the environment, coliform

densities, not a presence-or-absence approach, should be used. Also it must be recognized

that cistern water users face increasing risks with increasing heterotrophic bacterial levels

(53,56), some which might be opportunistic pathogens (10,75,80,82,83).

The author proposed (75) cistern water systems that can be classified as public water

supplies, and thus would normally be chlorinated or treated, be divided into four

categories:

CLASS I:	 Contains no total or fecal coliforms, no P. aeruginosa, and
total heterotrophic counts < 500 /mL. These waters are
classified as being "SUPERIOR".

CLASS II:	 Has 1-2 total coliform /100 mL, but 0 fecal coliforms, E.
cou, or P. aeruginosa; total heterotrophic bacteria number
<1000 /mL. These waters would be rated "GOOD", and no
fines or penalties would be issued.

CLASS III:

CLASS IV:

Has between 3-10 total coliforms /100 mL, and not > 1
fecal coliform or E. coui /100 mL. P. aeruginosa would be
absent, and total heterotrophic counts would be < 1,500
/mL. Samples with 1 fecal coliform /100 mL, but < 3 total
coliforms would still fall into this category. Waters in this
category would be deemed "ACCEPTABLE"; no fines or
penalties would be levied, but a "Take Action" notice
would be issued and require immediate repeat samples.

Has > 10 total coliforms /100 mL, or > 2 fecal coliform or
E. coui /100 mL, or have P. aeruginosa present, or have
heterotrophic counts > 1,500 /mL These waters would be
deemed "UNACCEPTABLE", require immediate public
notification, immediate repeat samples, and be subject to
fines, penalties, etc.

Tests for total and fecal coliforms, and heterotrophic counts would be required monthly;

P. aeruginosa would be required quarterly, unless the water is classified as

"UNACCEPTABLE". In that case it would be done monthly for one full quarter.



Additionally the system must maintain a minimum free chlorine residual of 0.2 mg/L

daily, and have a turbidity of < 1 N.T.U. daily. Based on the findings of this study

operators of such systems should be licensed, and be required to undergo training on

cistern operation and maintenance (75).

6.4

The Regulatory Challenge

The biggest challenge in establishing public cistern water quality standards must be three

fold:

1. To make testing affordable so that voluntary compliance can be
realized;

2. To establish standards that are achievable by owners of public
cisterns; and

3. To promote voluntary compliance with the law, by making the
results meaningful without being overbearing.

Bacteriological standards, regardless of the indicator used, should be considered as

adjuncts to, not replacements for, the maintenance of good quality cistern water through

proper storage, treatment, and the integrity of the distribution system.

Failure to address these issues will likely increase non-compliance, and bring frustration

and resentment upon the regulated (81).
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6.5

Conclusions

This dissertation has laid the framework for establishing meaningful cistern-based water

quality standards for the U.S. Virgin Islands. It has reviewed and acknowledged the

differences between a conventional water distribution system and a cistern-based system,

as well as problems that arise in the course of using such a system. Bacterial indicators

were dealt with in great detail so that options to the existing Total Coliform Rule could be

discussed, while at the same time not losing sight of the intended purpose behind the use

of any indicator system and regulations that flow from them. Five of the most commonly

used bacterial indicator systems were discussed point-by-point.

This study consisted of the statistical analysis of three primary in-depth cistern studies in

which all five indicator species were analyzed for and correlated not only for their

occurrence with each other, but with other factors such as pH, turbidity, conductivity,

treatment and frequency, etc. In the end, correlations could be established between four of

the five indicators used, however the degree to which these bacterial indicators correlated

with each other was dependent upon the degree to which the cistern had received chlorine

treatment. At the untreated end of the scale it was discovered that heterotrophic bacterial

levels correlated with the coliform population, coliforms which might be masked by the

heterotrophic population; at the highly treated end of the scale correlation was found only

between the expected total and fecal coliform populations. Thus, what is revealed as one

progresses from untreated to highly treated cistern water is an unmasking effect due to

treatment which reveals the underlaying coliform population. The one organism that did

not correlate with any of the other four indicators used in these studies was P.
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aeruginosa, a common bacteria of both soil and water, but a major opportunistic

pathogen in humans.

In conclusion, based upon the premise as to whether the cistern water supply is likely to

receive treatment due to its designation as a public water supply cistern (thus subject to

the mandates of the Safe Drinking Water Act), or not (when it is a unregulated private

residential cistern) realistic cistern water quality standards were developed using the

British Ministry of Health's Standards as a model but specific for that cistern class. Health

risks due to a non-compliance scenario independent of class were considered.

It is recommended that unregulated private residential homes achieve a bacteriologically

safe water supply through a minimal maintenance treatment system, such as a

combination filtration-ultraviolet system. This technology would be required in all new

construction and written into the local building code, to be backed by public education for

all home owners stressing the importance of periodically having their water tested for

both heterotrophic levels and P. aeruginosa.

For public cistern water supplies it is recommended that the existing presence-absence

concept be abandoned to be replaced by a graduated water quality system that tracks

water quality both in terms of heterotrophic levels, coliform levels, and quarterly testing

for P. aeruginosa. While apparently requiring more tests and more expense, the reality is

that fewer systems are likely to be deemed out of compliance with the new standards thus

avoiding costly repeat samples, requirements to publish notices of non-compliance, fines,

etc. This will actually result in a net savings to the owner / operator of the public cistern

water supply, while at the same time ensuring that the Public's health will be protected.
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APPENDIX A

DETERMINING E. coui DENSITIES IN

PUBLIC CISTERN WATER SUPPLIES

A.1

Introduction

In 1974, the Safe Drinking Water Act was enacted. At that time, public water supplies

had a quality limit of not more than 1 total coliform per 100 mL of sample, and a take

action limit not to exceed 4 total coliforms per sample when the membrane filter

technique was used (69,94). With the advent of the new Total Coliform Rule, total

coliform densities have been dropped in favor of a presence-absence concept (69,94).

Total coliforms must not now be found, regardless of numbers, in more than one sample

if less than 40 samples per month are collected, or in more than 5% of the samples if

more than 40 samples are collected per month (69,94). Cisterns which qualify as a public

water supply must meet this standard.

Most cisterns, except for the most scrupulously chlorinated, will tend to have total

coliforms present, thus using the total coliform as an indicator of potential enteric disease

threat in this case is of limited value, and their presence signify nothing Fujioka (27),

Lye (54), and Ruskin (75,78) share a belief that more realistic cistern water standards

need to be developed.

All agree that a fecal coliform standard would be of greater significance than the more

encompassing total coliform, and even here a fecal coliform density versus mere presence
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or absence has more meaning in terms of understanding the health risks associated with

that system since density in this case represents a truer picture of potential enteric

contamination. Both Fujioka (27) and Ruskin (78) have proposed a level of 10 fecal

coliforms per 100/mL be used as a standard for cistern water quality.

It is clear however from the foregoing research that fecal coliform analysis may only be

of value in treated cistern water systems, and may be of less value in an untreated cistern

water system where masking might occur due to the presence of a high number of

heterotrophic bacteria. In those systems a heterotrophic plate count might be of greater

value since it correlates with coliforms.

It has been suggested that a standard based upon the occurrence of E. coil might be a

better indicator of public health risk, especially for public cistern water supplies.

Although all warm blooded animals excrete E. cou, humans excrete them in higher

concentrations than do other animals (5). Since the presence of E. coil has significant

health-related associations, finding them in cisterns would be significant. While their

presence may not be from a septic source, but rather from natural environmental sources

(27,54,75), their presence would signify that it is necessary to treat the water.

MUG (4-methyl-B-D-umbelliferyl glucuronide) containing media has become very

important in environmental microbiology: first it has become a diagnostic aid for the

identification of E. coil in water, and among isolated coliform colonies; second it allows

for that identification in as little as 5 to 15 hours compared to the 72 hours or more for

conventional IMViC (Indole, Methyl Red, Voges-Proskauer, Simmon's citrate) analysis.

A recent EPA approved method allows a person to check for the presence of E. coui by
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transferring the membrane filter from m-Endo medium, and placing it on Nutrient Agar -

MUG. After incubation, the microbiologist checks for a positive MUG reaction.

The objective of this study was to compare the standard fermentation verification

procedures for both total and fecal coliforms, along with IMViC analysis, with an EPA

approved method for the rapid identification of E. coil, for assessing water quality in

tropical cistern stored water.

A.2

Materials and Methods

Until recently the determination of E. coil was based on four biochemical reactions: the

formation of indol from tryptophan, the methyl red test, the Voges-Proskauer (V-P)

reaction, and the ability to utilize citrate as a sole source of carbon. These four tests are

fixed in order by the mnemonic "IMViC" (8,57), and allow one to differentiate between

Escherichia, Klebsiella, Enterobacter, and Citrobacter -- the four genera making up the

total coliform group. The typical IMViC reaction for E. coui is ++--, while for some

members of Enterobacter and Klebsiella pneumoniae it is --++. Enterobacter can be

distinguished from Klebsiella pneumoniae by the means of a motility test (Klebsiella

species are negative for motility, while many other bacteria are positive for motility).

Further differentiation may be achieved by additional tests including other fermentation

reactions, enzyme production, and differential biochemical reactions (8,57).

With the advent of 4-methyl-B-D-umbelliferyl glucuronide (MUG), E. coil

determinations can now be done, depending on the method, in a matter of hours. E. coui is
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reportedly the only coliform that can cleave the MUG molecule, which upon being

cleaved becomes fluorescent when viewed under ultraviolet (U.V.) light. In principle, if

E. coui is present the medium will fluoresce, if absent it will not (84). However

experiments show that roughly 10% of all E. coui produce false negative results on MUG.

In this study 54 cistern water samples were analyzed for total and fecal coliforms, and E.

cou. Total coliforms were isolated via membrane filtration on m-Endo Agar or m-Endo

Agar LES; fecal coliforms were isolated by membrane filtration on m-FC Agar.

Verification of colonies was as follows:

For total coliform, after the standard 24 hour incubation period, the membrane was

examined for bright metallic green sheen colonies and counted (5,6). For reference

purposes, up to five well isolated typical and five atypical colonies were picked for

verification from each sample using sterile wooden applicator sticks (8) and placed in

Laurel Tryptose Broth (LTB) and Brilliant Green Bile 2% Broth (BGB). The tubes of

LTB and BGB were then incubated at 35 °C for up to 48 hours and checked for the

production of gas. This is the standard verification procedure for total coliform. The

procedure was modified by also inoculating the colony into EC-MUG. EC medium is

normally used in fecal coliform verification. The inoculated EC-MUG medium, which

detects if the colony picked is a fecal coliform and/or E. coil (95), was incubated at

44.5 °C for 24 hours and checked for both the production of gas and fluorescence.

Colonies which were either total coliform positive, fecal coliform positive, and/or E. coil

positive via EC-MUG analysis were then subjected to standard IMViC analysis for

correlation, as were a portion of the atypical colonies.
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After the typical and/or atypical colonies were picked to LTB, BOB, and EC-MUG, the

membrane was then transferred to Nutrient Agar with MUG (NA-MUG) (95), and the

bright metallic green sheen colonies marked on the cover for identification. The total

coliform/NA-MUG plate was then incubated from 5 to 15 hours at 35 °C. The plate was

then reexamined under U.V. light and counted for fluorescent halo colonies (95).

The verification procedure for fecal coliforms isolated on m-FC medium which had been

incubated at 44.5 °C for 24 hours, was exactly the same as the one outlined for total

coliforms. The only difference was after the standard 24 hour incubation period, the

typical colonies were either blue or blue grey in appearance (7,8), and it was the m-FC

filter that was transferred to the NA-MUG plate.

A.3

Results

In this experiment 522 isolated colonies from membrane filters obtained from 54 cistern

water samples were picked for verification and subjected to both modified and standard

verification procedures.

Of the 54 samples collected, 36 samples were negative for fecal coliform, 20 samples

were negative for both total and fecal coliforms, and 6 were treatment process control

samples. Figure A.1 presents a flow diagram of the results.
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On the total coliform side 220 typical colonies were picked, of which 131 were verified

as being total coliforms; only 18 of that 131 (14%) proved to be E. coui based upon

IMViC results. Of the 18, only 14 (78%) were MUG + and 4 (22%) were MUG -, thus

false negative. The genera breakdown of the remaining 113. colonies based upon IMViC

analysis is presented in Table A.1.



163

Table A.1
	

IMVIC IDENTIFICATION OF TOTAL AND FECAL
COLIFORM SPECIES WHICH ARE NOT E. cou i

TOTAL COLIFORM
TYPICAL COLONIES

VERIFIED +
Citrobacter	 = 68
Enterobacter = 32
Klebsiella	 = 3
P. aeruginosa = 10 (False +)

ATYPICAL COLONIES
VERIFIED +

Citrobacter = 2
Enterobacter = 3

TYPICAL COLONIES
VERIFIED -

P. aeruginosa =	 26
Non-Coliforms=	 62

ATYPICAL COLONIES
VERIFIED -

Citrobacter	 =
	

13
Enterobacter =
	

14
P. aeruginosa =
	

35
Non-Coliforms=
	

85

EECAL_MLIEDRIA

TYPICAL COLONIES
VERIFIED +

Citrobacter = 12
Enterobacter = 3
Klebsiella	 = 5
P. aeruginosa = 1 (False +)

ATYPICAL COLONIES
VERIFIED +

Enterobacter = 5

ATYPICAL COLONIES
VERIFIED -

Non-Coliforms=	 20

ATYPICAL COLONIES
VERIFIED -

Citrobacter =	 7
Enterobacter =	 8
Klebsiella	 =	 7
Non-Coliforms=	 45
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It should be noted that 10 colonies (or 8%) which were positive for gas in both LTB, and

BGB (and thus by definition total coliforms) were actually Pseudomonas aeruginosa and,

therefore, constituted false positives. Because P. aeruginosa produces fluorescent

compounds, principally pyoverdin (fluorescein), 9 false positive MUG reactions were

recorded -- even using side-by-side control cultures to check against for verification.

Equally important are the varieties of false negative reactions that occurred: 1 typical

colony which verified negative, was MUG -, but turned out to be E. coil; and 5 atypical

colonies which even though they were E. coui negative, were total coliform positive.

In examining the fecal coliform side, 77 typical fecal coliform colonies were picked and

verified. Of these 57 were varified as being total coliforms, of which 36 (63%) proved to

be E. coil by IMViC analysis, all of which were MUG +.

An additional 21 colonies were verified as being total coliform positive, but not E. coil

positive; 17 (81%) of which were MUG + (Table A.1). Only two principle coliforms are

known to be able to groW at the elevated temperature of 44.5 °C.; they are E. coil and

Klebsiella pneumoniae. Twelve of the 21 were identified as being Citrobacter by IMViC

analysis, an organism which is not known to grow at 44.5 °C.

We thus have MUG + colonies which are not E. coil and colonies present which are not

fecal coliforms. It should be kept in mind that while these 21 colonies may have been

identified as total coliforms, they grew on fecal coliform medium, grew at an elevated

temperature of 44.5 °C., and had a typical fecal coliform colony appearance, and were

MUG +. Logic says they should be E. cou. Specifically what were isolated were colonies
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which gave an IMViC pattern of ++-+. According to Bergey 's Manual of Systematic

Bacteriology a coliform with this IMViC pattern should be Citrobacter diversus or C.

amalonaticus (47).

It is the ability to utilize citrate which makes this organism Citrobacter and not E. coli.In

a similar manner organisms that gave an IMViC reaction of +-++ were also isolated.

Again, according to Bergey's Manual this probably would be Enterobacter sakazakii

(47). Since the motility test was negative, a change in the indol test from positive to

negative, would give you Klebsiella pneumoniae, a fecal coliform.

In both of the above cases the reactions may be due to the presence of auxotrophic

mutants (26), strains of bacteria that yield atypical results in one or more tests, including

indole (57) and/or citrate (87). Alternately in the case of E. cou, this could be a strain first

described by Washington and Timm in 1978 that was found to be able to utilize citrate

(47). False negatives also occurred with the fecal coliforms. Here one atypical colony was

picked that was both MUG +, and E. coui + (17%). Five other atypical colonies, though

not E. coil, were nonetheless total coliform.

In Table A.2, which compares the post verification rates with the initial isolation rates,

we find that the percentage of colonies which proved to be E. coil in the total coliform

procedure increases to 37%; if the 12 MUG + Citrobacter colonies were added, it would

increase to 60%; and if all the typical, MUG + colonies were assumed to be E. cou, then

the number would increase to 71%. Even at the post verification stage, we find the total

coliform procedure does not do as well at isolating E. cou, as does the normal fecal

coliform isolation procedure. In contrast the post fecal coliform isolation rate remained



almost constant at 66%, which would increase to 74% with the addition of the MUG +

Citrobacter, and to 80% when all typical, MUG + colonies are added.
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TYPICAL COLONIES
VERIFIED - MUG +

TYPICAL COLONIES
VERIFIED - MUG - 
Citrobacter	 = 2
Enterobacter = 8
Non-Coliforms = 29

ATYPICAL COLONIES
VERIFIED + MUG +
E. coli	 = 1

ATYPICAL COLONIES
VERIFIED + MUG -
Citrobacter	 = 4
Enterobacter = 7
Klebsiella	 = 1
Non-Coliform = 1

ATYPICAL COLONIES
VERIFIED - MUG +

ATYPICAL COLONIES
VERIFIED - MUG - 
Enterobacter = 3
Non-Coliforms = 12

TYPICAL COLONIES
VERIFIED - MUG +

TYPICAL COLONIES
VERIFIED - MUG -

ATYPICAL COLONIES
VERIFIED + MUG -
E. coli	 = 1
Enterobacter = 1
Klebsiella	 = 3

ATYPICAL COLONIES
VERIFIED - MUG -

ATYPICAL COLONIES
VERIFIED + MUG +
E. coli	 = 8
Citrobacter	 = 3

ATYPICAL COLONIES
VERIFIED - MUG +

Table A.2: IMViC IDENTIFICATION OF POST SELECTED COLIFORMS

TOTAL COLIFORM

TYPICAL COLONIES
VERIFIED + MUG +

TYPICAL COLONIES
VERIFIED + MUG -

E. coli	 =19 Citrobacter	 = 6
Citrobacter	 = 12 Klebsiella	 = 1
Klebsiella	 = 4 Enterobacter	 = 5
Non-Coliforms = 2 Non-Coliforms = 3

FECAL COLIFORM

TYPICAL COLONIES
VERIFIED + MUG +

TYPICAL COLONIES
VERIFIED + MUG -

E. coli	 =18 E. coli = 5
Citrobacter	 = 3 Klebsiella = 5
Enterobacter	 = 2 Enterobacter = 1
Non-Coliforms = 1

Non-Coliforms = 5

Non-Coliforms = 3
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A.4

Discussion and Conclusions

The biggest problem, and thus limitation, with using the NA-MUG method in cistern

water, is the nature of the water itself; cistern water is far too contaminated. As a result,

masking and overgrowth becomes a problem when using the total coliform NA-MUG

procedure. As a direct result of the masking and overgrowth, fewer positive MUG

reactions were noted, both initially and in the post comparative stage, independent, and

regardless of whether or not many of the colonies were correctly identified by the IMViC

analysis that was done.

The masking effect can be reduced by using the fecal coliform method, since temperature

is used to select for only those organisms that can grow at 44.5 °C. The act of isolating

fewer organisms creates a better chance of seeing the reaction; thus, there is a greater

chance of detecting all the E. coui present on the filter.

It is strongly suspected that many of the fecal coliform colonies isolated were auxotrophic

mutant forms of both E. colt and Klebsiella pneumoniae. Additionally it is not known

how many of the Citrobacter colonies isolated via the total coliform method (which uses

35 °C as the initial incubation temperature) may have fit this profile. Clearly additional

tests and substrates should have been used, such as those found in the API 20-E test

system, or some other commercial product.

When the water source to be tested is known to be contaminated, as is the usual case

where cistern water is involved, and if discrete isolation or detection of E. colt is the goal
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or objective, then the fecal coliform method which will limit the masking and allow for

the maximum expression of any E. coil present is recommended.



APPENDIX B

m-CX AGAR: AN ALTERNATIVE TO m-PA AGARS FOR

THE ISOLATION OF Pseudomonas aeruginosa FROM WATER

B.1

Methods

There are two accepted techniques used in environmental microbiology for the

enumeration of P. aeruginosa. These are the most probable number multiple tube

technique (MPN) and the membrane filter technique (MF) (5).

The first attempt to quantify P. aeruginosa in water was a MPN method developed by

Drake (21). All MPN methods tend to suffer from the same common ailments: the MPN

method yields only statistical information, does not provide a direct count, is less precise,

and provides a greater percentage of false negative results. In addition, the MPN is more

costly, cumbersome, and slower than the MF technique (8).

Recognizing these limitations, Levin and Cabelli in 1972 (50) developed the first MF

medium, m-PA, dedicated to the recovery of P. aeruginosa from water. The the medium

was to meet the following criteria: accurate, selective, specific, precise, and the results

comparable.

170

As researchers began to evaluate m-PA, it became quite apparent that while it gave better

results than the MPN method, the recovery values obtained using m-PA were poor. As a
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result, the medium has since been modified several times. The first modification came in

1977 by Dutka and Kwan (m-PA-B) (22), then again in 1978 by Broadsky and Ciebin

(m-PA-C) (11), and lastly in 1986 by deVicente et. al (m-PA-D and E) (19). Each

modification gave better overall recovery than the previous formula.

Still, in spite of the improvements, m-PA leaves a lot to be desired, especially in tropical

ecosystems where water temperatures are naturally warmer. I, with assistance from my

staff, developed a medium based on the highly successful "A" formula of King, Ward and

Raney (45) in an effort to get around these drawbacks. This formula is designated as m-

CX Agar.

This medium is designed to recover only P. aeruginosa. Cetrimide was added to inhibit

bacteria other than P. aeruginosa (41), Xylose was added to enhance recovery of those

strains of P. aeruginosa which can metabolize it (19,41), Nalidixic Acid was added to

inhibit other bacteria (19), and Kanamycin was added as a selective ingredient to repress

both P. fluorescens and P. putida (4,41). Additionally, incubation at 41.5 + 0.5 °C for a

total of 48 hours, after a 'short preincubation period of 3 hours at 35.0 + 0.5 °C, allows for

growth of only those pseudomonads capable of growth at this elevated temperature

(5,11,19,22,41,50).

Table B.1 presents the results of the verification of 1003 colonies; 639 typical colonies

and 364 atypical colonies. Of the 639 typical colonies, 569 or 89% were pyocyanic P.

aeruginosa, 26 colonies or 4% were fluorescent, non-pyocyanic colonies which may or

may not be apyocyanic strains of P. aeruginosa, and only 45 colonies or 7% were non-

fluorescent, non-pyocyanic false positives. Thus, of the typical colonies, between 89% to
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93% are P. aeruginosa, depending upon the identification of the apyocyanic fluorescent

pseudomonads.



'I',..o
en

,i

.1...

C...)

se	 I–—	 cr......	 t•xj
5 ,,,c—

-r) =
S'.01.)
Qcn

	el) 	 ce;
0 . Liz

	= 	 4)
	c,' = 	 Fl-

ct	 mo
= .cr»0	 -

-a E g en 04, on X)	 `''-'	 LI,,	 0< 0	 • .-. = "I (.... en tr) 41 	.	 C
C.)
n.-.
fa.
›"'
H
<

.3 7E's
0 0
cn oC.)
ao	 '--.

N --.. .-. .-. m,	 c;;,
N	 • u1.—.	 o

ci.)	 >-,
ec 0

o e
cn
-o
C0

M E
cn	 o

o	 .1) .;'
2 '41' .-;-1 CL

40

C71
en
VD

.1

a ct....•-•	 C.0
5 ..0c
—

=
0 \

‘'
7--

44I)
Q„,
(1)I..

GI.

0
=	 •v)= u

cn	 c'rd
CZ	 tp

L.) < ':'	 C4-.	 . -C3
0 :'4.1	 0	 U

nn•1 E 0 C; ‹) trl 0.,	 . ,9...
< 0 . 2 o .. = 52, (NI .71-
L)

a.
>4

-0	 4-'
=	 cC
u 0cra	 v.)
0..	 ,...

)0 --	x) ,—;	 c(aV ›,

	

..0	 C.)	4-• 	 0
[4'' 0	 >.‘

0 a.
cr,	 e0-a =
C0,

M E
c/0	 . = ''' ,:'
=	 a.)
:2

a CI.co
a

Ca) .0
..= —
c.,	 Q
0	 cz.—	 ,..>

t= CG
:

c.) Q' E03
>,
Qo>,=
o..I.Z

c.)
c.)	 0cn	 >1
a..)	 O.

0
o

c:)	 c..)
= c. ,	 >,
-”" a

o o
Z Z

a.)
t.m..1.::

c,..)
>

173



174

Of the 364 atypical colonies, 73 colonies or 20% were pyocyanic P. aeruginosa, 139

colonies or 38% were fluorescent non-pyocyanic pseudomonads, and 153 colonies or

42% were true atypicals.

The best way to explain the high percentage of false negatives is to say that the media

recovers stressed P. aeruginosa but, due to their previous stressed condition, failed to

exhibit typical size, shape and appearance, thus were misidentified as atypical. This stress

could have resulted from environmental factors in the water from which they were

recovered or been due to colony numbers above the upper counting limit which resulted

in small growth size, etc. and a misidentification.

Of the 1003 colonies, 642 or 64% were pyocyanic P. aeruginosa and another 16% were

fluorescent non-pyocyanic pseudomonads which may or may not be apyocyanic strains of

P. aeruginosa. Combined, 80% of all colonies are some type of fluorescent pseudomonad

capable of growth at 41.5 °C in the presence of Centrimide, Kanamycin, and Nalidixic

Acid. If we remove the 153 colonies which were correctly identified as true atypicals, of

the remaining 850 colonies, 807 or 95% were either fluorescent and/or pyocyanic. Of that

95%, 76% were pyocyanic P.aeruginosa -- thus only 5% were false positives.

Researchers have found unidentified fluorescent pseudomonads other than P. aeruginosa

which are capable of growth at 41 °C (4,40). However, of these strains, less than 1% were

resistant to Kanamycin (2) which is one of the distinguishing characteristics of P.

aeruginosa and separates it from both P. fluorescens and P. putida (4,41). Since m-CX

incorporates Kanamycin, the apyocyanic fluorescent strains should be P. aeruginosa; the
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only other explanation would be that m-CX is efficient in recovering the "less than 1%"

unidentifiable fluorescent strain.

One major problem noted with the methodologies published on the m-PA agars as a

whole pertains to the question of apyocyanic strains of P. aeruginosa. In all of the flow

charts (11,19,22,50), confirmation is based on the formation of pyocyanin; yet in King,

Ward, and Raney's original paper (45) in which 107 strains were studied. 46% failed to

produce pyocyanin. Other tests used in the confirmation of P. aeruginosa, such as "grape

like odor" (50), are unreliable for identification of apyocyanic strains (41). Any procedure

that isolates only pyocyanic strains, or limits the confirmation to pyocyanic strains of P.

aeruginosa, is recovering only a portion of the true population present. Thus, the use of

casin hydrolysis (5,8,11,22,41,50) alone cannot be used to verify P. aeruginosa. Of the

1003 strains examined, 58 or 6% failed to hydrolyze casin but did produce pyocyanin,

fluorescein, or both.

In all cases, results obtained with m-CX were either as good or better than the results

obtained with any of the m-PA formulas tested when run in parallel as duplicates.



APPENDIX C

C.1 Range of counts for different bacterial indicators in
cistern waters of large (L), moderate (M), and small (S) hotels.

Cistern	 Totala	 Fecal	 Fecal	 Ps.	 Standard b
	No.	 Coliform	 Coliform	 Strep.	 aeruginosa	 Plate Count

L 1-1	 0-16	 0-2	 0-43	 0-600	 0-37000

L 2-1	 0-1	 0-0	 0-1140	 0-61	 5-730

L 2-2	 0-181	 0-0	 0-57	 0-114	 5-910

L 2-3	 0-0	 0-0	 0-28	 0-2	 0-550

L 3-1	 0-6	 0-4	 0-128	 0-0	 0-230

L 4-1	 0-6	 0-3	 0-59	 0-0	 15-4000

M 1-1	 0-17	 0-14	 0-21	 0-7	 200-7400

M 1-2	 0-2040	 0-55	 0-94	 0-355	 15-45000

M 1-3	 0-239	 0-58	 0-341	 0-653	 810-92000

M 2-1	 0-6360	 0-284	 0-35	 0-2000	 360-290000

M 3-1	 0-127	 .	 0-229	 0-627	 0-10	 0-1600

S 1-1	 13-380	 0-32	 0-307	 1-72	 1610-4300

S 2-1	 0-5	 0-3	 0-58	 0-4	 55-576000

S 2-2	 0-16	 0-0	 0-145	 0-345	 230-17400

S 3-1	 0-33	 0-0	 0-60	 0-1590	 0-103000

S 4-1	 0-804	 0-35	 0-50	 0-3580	 95-90000

S 4-2	 0-0	 0-0	 5-5	 0-0	 NO DATA
a

	

	 Counts for Total Coliform, Fecal Coliform, Fecal Streptococcus, and
Pseudomonas aeruginosa are given as counts per 100 mL.

b	 Standard Plate Counts are given as counts per rriL.
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APPENDIX D
Table D.1 Range of Free Chlorine Residuals in Hotel Water Samples

CISTERN
No.

FREE Cl
RANGE (mg/L)

MEAN FREE
CHLORINE (mg/L)

L 1-1 0.3- 1.9 0.98

L2-1 0.5 - 2.5 1.14

L 2-2 0.2 - 3.0 1.07

L 2-3 0.6 - 3.0 1.28

L 3-1 0.5 -> 3.5 2.17

L 4-1 0.2 - 1.5 0.63

0.4 - 2.6 1.21

M 1-1 0.0- 1.7 0.22

M 1-2 0.0 -> 3.6 0.55

Ml-3 0.0 - 1.0 0.19

M2-1 0.0 - 0.8 0.11

M 3-1 0.2 - 3.5 1.53

0.0 - 2.1 0.52

S 1-1 0.0 - 0.0 0.00

S 2-1 0.0 - 1.5 0.53

S 2-2 0.0 - 0.7 0.20

S3-1 0.0 - 1.1 0.46

S 4-1 N/Aa N/Aa

S 4-2 N/Aa N/Aa

0.0 - 0.83	 0.30

a N/A = Not Applicable. Hotel uses Ultra Violet (U.V.) light for disinfection.
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APPENDIX E

POLICY: TOOL FOR DESIGNING A
CISTERN CODE TO PROTECT PUBLIC HEALTH

E.1

Cistern Water Quality Maintenance: 

There are two components to maintaining cistern water quality. The first is preventing

contaminants from entering the cisterns and the second is treating the contaminants that

do enter into the cistern.

Physical prevention usually has five parts associated with it.

1) Keeping the catchment surface from becoming contaminated.
This usually means keeping a 15-20 foot clearing around the
house so that leaf debris does not accumulate on the surface.

2) Covering all openings leading into and out of the cistern with a
wire mesh, including the gutters leading into the cistern, and the
overflows from the cistern.

3) Having a "first flush" device in place which would discharge the
initial rain to the ground before the cistern starts to collect
water.

4) Having a sediment trap or filter in place.

5) Insuring that the hatchway entrance is surrounded by a raised
collar and covered by a tight fitting cap that can be locked to
prevent casual access into the cistern.

Enforcement of the provisions of the SDWA, while not a guarantee about the overall

safety of drinking water supplies, goes a long way towards that goal. Lax enforcement of

those laws, for whatever reasons, allows room for noncompliance situations to develop.
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The best way then to address the potential problem is to encourage voluntary compliance

by establishing meaningful cistern water quality standards such as testing for fecal

coliform, P. aeruginosa and standard plate count.

E.2

Cistern and Water Quality Maintenance Recommendations

1. Inspect all access points leading into and from the cisterns to check
for vandalism and cleanliness.

2. Inspect and clean all cisterns every other year, preferably each
year.

3. Repair promptly all leaking pipes, faucets, and toilets.

4. Filtration should be mandated for the removal of both Giardia and
Cryptosporidium.

5. Chlorination is essential. All public water supplies should
chlorinated regularly so that a small amount of (0.2 mg/L) of
free residual chlorine is always present in the water.

6. If chlorination is not used for disinfection purposes, a
manufacturer's statement of the effectiveness of the treatment
process used as well as a daily log of use and maintenance
should be kept.

7. All cisterns that are used as public water supplies should test water
on a daily basis for turbidity.

8. Educate residents in the area of water conservation and water
quality maintenance.

9. Realistic water quality regulations should be established to cover
cistern water systems. These regulations should be specific and

reasonable in scope, yet should provide adequate protection to

public health.

10. The Virgin Islands Water and Power Authority should expand
their water testing procedures, so that samples are not only
collected from the main potable water line, but from each of its
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major branch lines as well. These samples should be tested for
both total coliform and heterotrophic bacteria.

11. All Public water supplies should be required to test water at least
on a quarterly basis for Pseudomonas aeruginosa, and monthly
for hotels and guest houses.

E.21 Special Recommendations

Long term goals should also be established by Public Housing. Some of these goals

should be:

1. Extending the potable water distribution system to the outlying
projects to provide them with water on a 24 hour basis.

2. Proper planning to include preventive maintenance and regular
disinfection procedures.

3. In addition, testing for fecal coliform and Pseudomonas aeruginosa should be
done on a monthly basis.
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