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ABSTRACT

This study investigated a small subset of the two community water-disinfection systems—hypochlorinators
and tablet feeders—in rural Honduras. Levels of residual chlorine were assessed at three locations within
the distribution system: the tank, the proximal house, and the distal house. The levels of residual chlorine
were compared with the standard guidelines set by the Pan American Health Organization and the Inter-
national Rural Water Association for potable water that require a minimum of 1.0 (tank), 0.5 (proximal
house), and 0.2 (distal house) ppm for each location. The levels of residual chlorine were also compared across
systems, e.g. hypochlorinators to tablet feeders. At the tank and proximal house, tablet feeders had sig-
nificantly higher mean values for levels of residual chlorine (measured in ppm) than hypochlorinators
(tank: 1.20 vs 0.67; proximal house: 0.44 vs 0.32, p<0.001 for both) with no significant difference at
the distal house (0.16 vs 0.16). At the tank and proximal house, tablet feeders were more likely to meet
recommended standards than hypochlorinators (90.3% vs 13.3%, p<0.0001 and 41.3% vs 23.7%, p<0.0001)
with a smaller difference seen at the distal house (30.6% vs 27.1%, p=0.24). The apparent dichotomy
in chlorine levels of tablet feeders (e.g. between tank/proximal house and distal house) is discussed.
The results suggest that tablet feeders may be more effective than hypochlorinators in supplying clean
water in rural, resource-poor settings and possibly serve as an alternative technology for water disinfec-
tion. Further research on techniques for empowering and building capacity within community water
boards will help organize and introduce sustainable water systems in developing countries.
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INTRODUCTION

The population of Honduras is largely concentrated in
rural areas (1). Although the Government of Honduras
has sought to implement sustainable water systems in
rural areas, the prevalence of diarrhoeal disease in chil-
dren continues to be high. In 1996, the National Survey
of Epidemiology and Family Health in Honduras found
diarrhoeal disease to be one of the top three leading causes
of death among children aged less than five years (2,3).
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In the same year, the prevalence of diarrhoeal disease
in children aged less than five years was 21% (2,3). In
2000, 81% of rural and 95% of urban populations had
access to clean water (4). These statistics can be mislead-
ing, however, as they represent only the proportion with
access to a government-established water system and
not the proportion of systems functioning at acceptable
standards of water quality (2,3,5-8). Having access to
a water disinfection system is not necessarily equivalent
to having access to clean water.

Studies have left the relationship between provision
of clean water and reduction in rates of childhood diar-
rhoeal disease controversial. While several studies have
shown a relationship, those that conclude no difference
in rates of diarrhoeal disease suggest that clean water,
in and of itself, is not sufficient without behavioural
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modifications and improvements in sanitation (10-20
and Caudill H. Personal communication, 2003). It is
generally agreed upon, however, that clean water should
still be a priority for all communities, and this will, whe-
ther alone or in conjunction with environmental changes,
contribute to a reduction in the overall burden of diar-
rhoeal disease. Despite the continuing problem of pro-
vision of clean water throughout the developing world,
we are unaware of any published studies that have com-
pared different types of disinfection systems. In this study,
we examined a small subset of the two most commonly-
used systems—hypochlorinators and tablet feeders—in
Honduras in an effort to generate data and discussion
towards the improvement of clean water provision sys-
tems not only in Honduras, but throughout the develop-
ing world.

Chlorine disinfection systems

Chlorine is the most widely-used water disinfectant in
the world. There are three forms of chlorine currently
in use: granulated, tabular, and liquid. Liquid chlorine
is only being used in selected homes and not for disin-
fecting community water supplies and will not be dis-
cussed further here. The two most widely-used systems
in Honduras are those that use granulated chlorine, ter-
med 'hypochlorinators', and those that use tablets, called
'tablet feeders'. Irrespective of the form of chlorine, the
principles of system function are the same. Each commu-
nity has one or more large tank(s) for water storage at-
tached to a distribution system of lead or plastic piping.

Atop each tank is a smaller vessel, called a hyperchlori-
nator which houses the chlorine (Fig. 1) (8,9). Incoming
water sources (e.g. from streams, rivers, surface water, etc.)
enter the system by gravity feed or pump, and the majo-
rity of water is diverted to the tank for storage without
passing through the chlorinating mechanism. A smaller
proportion of incoming water enters the hyperchlorinator
where it is hyperchlorinated and fed into the larger sto-
rage tank. This hyperchlorinated solution diffuses through
the water in the storage tank yielding a potable drinking-
water source with appropriate levels of residual chlorine
for continual disinfection during distribution (8,9).

Hypochlorinators

Hypochlorinators have been used in Honduras for over
30 years and are managed centrally by the Government
(9,10,11 and Banegas P. Personal communication, 2004).
They use granular chlorine which is both inexpensive
and often produced locally. Once placed in the hyper-
chlorinator, the granulated chlorine disinfects the water
but typically dissipates quickly (Fig. 1) (5,8,12 and
Caudill H. Personal communication, 2003). This requires
frequent maintenance by plumbers (volunteers in the
community responsible for maintaining water systems)
(5,8). Granular chlorine is heavy and generally settles
to the bottom of the hyperchlorinator (8,9,11). Unless
the granulated chlorine is regularly mixed with incoming
water (e.g. by hand or some other means), it will not be
completely solubilized. The resulting water source will
be unpredictably and inadequately chlorinated. The gra-

Fig. 1. Hypochlorinator system
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nulated nature of the chlorine also makes it prone to obs-
tructing or corroding the exit tubing, thereby reducing
the quantity and quality of the hyperchlorinated water
that enters the storage tank (7,8).

Tablet feeders

Tablet feeders have been used in Honduras for just over
five years and are managed privately by the Honduran
Association of Management Boards of Water Systems
(AHJASA) (9,11,12 and Banegas P. Personal communi-
cation, 2004). They currently supply clean water to 10%
of the population throughout Honduras (9,11,12). Com-
pared to granular chlorine, tabulated chlorine is more
expensive (1.5 US$ per person per year compared to 0.60
USS$ for granular chlorine) and largely manufactured
outside the country of need (10,11 and Caudill H. Per-
sonal communication, 2003). Each tablet feeder holds
several chlorine tablets (number determined by the size
of each system) allowing for fewer chlorine replenish-
ments over a given period of time (5,8,9,10,11). Tablets
are firm and dissolve much slower than granular chlo-
rine, thereby functioning as a 'time released' system of
chlorine (Fig. 2) (5,10,11). This allows for more consis-
tent levels of residual chlorine in the water (10-12).

MATERIALS AND METHODS

Study area

The study was conducted within the Department of Fran-
cisco Morazon in Honduras. Francisco Morazon was

chosen for logistical reasons as most of its rural com-
munities are within driving distances from the capital
city Tegucigalpa.

Study design
Sampling and data collection

We selected five tablet feeders and eight hypocholorinators
in communities that were felt to be similar in population,
level of sanitation, and water source, e.g. rivers, streams,
surface water, etc. Samples were drawn from the two
systems on a weekly basis from 24 July to 20 December
2003. Communities were not aware of the time/day that
samples were taken to minimize local plumbers from re-
filling chlorine supplies in anticipation of testing. Twelve
students were chosen from the Environmental Sciences
Department of the Universidad de Catolica in Teguci-
galpa to perform the sampling. Students were trained
in data collection, documentation, and reporting and were
supervised locally by the dean of their department.

Levels of residual chlorine were measured for each sys-
tem at three locations: (i) the water tank, (ii) the first
home in the distribution system (termed 'proximal' for
data recording and analysis), and (iii) the last home in
the distribution system (termed 'distal' for data recording
and analysis). Samples from the water tank were taken
from the storage tank, not the hyperchlorinaters (Fig. 1-2).
Vials were capped and placed in the calibrated Hach
meter. During each site visit, the colorimeter was first
calibrated using a vial of water provided by the Hach

Fig. 2. Tablet feeder*
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Company. Samples at the house were taken only from
the tap and not water stored within the home (to avoid
variation in mean levels of residual chlorine secondary
to differences in water-storage time and/or the types of
water-storage containers) (20). The tap was allowed to
run 3-5 seconds before vials were placed for sample col-
lection. To reduce subjective bias in measurement of
chlorine, a digital device measuring chlorine levels to
two decimal places was used—called the Hach DR/890
(Hach Company, PO Box 389, Loveland, CO 80539, USA).

Although most people living in rural communities
are accustomed to having their water checked, it was
emphasized during training that permission be obtained
prior to checking water at the homes (12). Trainees were
advised to inform people that they were working on a
water-quality project and would re-visit on a weekly
basis. Upon first-time arrival at each community, trainees
were to contact local community plumbers to direct them
to tanks and proximal/distal homes within the distribu-
tion system.

Documentation

Measurements of residual chlorine were documented
in the field on pre-printed templates and transferred weekly
to Excel spreadsheets. All paper copies were kept for
verification. Data were submitted electronically for ana-
lysis, and preliminary results were transmitted back to
the students to demonstrate study progress and enhance
the quality of their education.

Data analysis

Levels of residual chlorine were evaluated based on para-
meters set for safe drinking-water by the Pan American
Health Organization (PAHO) (Rojas R. Personal com-
munication, 2004), International Rural Water Associa-
tion (IRWA) (Stottlemyer F. Personal communication,
2004), and Environmental Protection Agency (EPA)
(Banegas P. Personal communication, 2004). The standard
parameters require levels of minimum residual chlorine
of 1.0 ppm in the tank, 0.5 ppm at the proximal house,
and 0.2 ppm at the distal house. (Rojas R. Personal com-
munication, 2004; Banegas P. Personal communication,
2004). Patrick Banegas, Superintendent of the Anthony
Water and Sanitation District in New Mexico for EPA
and a member of the Board of Directors for the IRWA,
stated that, in the United States, "EPA drinking water
regulations require that they maintain at least a 0.2
mg/L (mg/L equivalent to ppm) at the end of the line....
In order to maintain a 0.2 mg/L residual at the last con-

nection, a 1.0 mg/L residual must be present and main-
tained at the storage tank" (Stottlemyer F. Personal Com-
munication, 2004; Banegas P. Personal communication,
2004). In Latin America, the standards are similar. Ac-
cording to Ricardo Rojas from PAHO-Latin America,
"The concentration of water from the tank to the distal
house should remain within 0.2 to 1.0 mg/L. In cases
of emergency, however, a minimum level of 0.5 mg/L
is recommended at the distal house" (Rojas R. Personal
communication, 2004). PAHO considers 0.6-1.0 mg/L
an appropriate range for potable water at the level of
the tank (21 and Rojas R. Personal communication, 2004).

Mean and standard deviations of levels of residual
chlorine for each system (broken down by tank, proximal
house, and distal house) were calculated, and the student's
t-test was used for comparing means. A variation of the
sign test was also used for determining the percentage
of samples in each system that met the standard recom-
mendations for clean drinking-water. The standard level
of significance (p<0.05) was used for both the tests.

RESULTS

Levels of residual chlorine at each of the three sample
sites were compared across the two systems and to the
published guidelines.

In total, 196 tablet feeder and 354 hypochlorinator
samples were taken (Table 1). At the tank and proximal
house, tablet feeders had significantly higher mean va-
lues for levels of residual chlorine (measured in ppm)
than hypochlorinators (tank: 1.20 vs 0.67; proximal house:
0.44 vs 0.32, p<0.001 for both). There was no signifi-
cant difference in the mean levels of residual chlorine
at the distal house (0.16 vs 0.16). Hypochlorinators also
demonstrated a greater degree of variance in levels of
residual chlorine between communities than did tablet
feeders (tank: 0.50 vs 0.06; proximal house: 0.32 vs
0.33; and distal house: 0.22 vs 0.09) at the level of the
tank and distal house (Table 1).

Although the range of levels of residual chlorine was
zero to over one in both the communities, the percentage
of samples that met the minimum recommended chlo-
rine levels for disinfection was markedly different bet-
ween the two systems (Table 2). At the level of both tank
and proximal house, the percentage of samples that met
the minimum recommended level of chlorine was 90.3%
in the tablet feeders compared to only 13.3% in the hypo-
chlorinators (p<0.0001) and 41.3% and 23.7% (p<0.0001)
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Table 1. Comparison of mean levels of residual chlorine*

Sample site Tablet feeder (SD)  Hypochlorinator (SD) p value
Tank 1.20 (0.06) 0.67 (0.50) <0.0001
Proximal house 0.44 (0.33) 0.32 (0.32) <0.0001
Distal house 0.16 (0.09) 0.16 (0.22)

Range of mean residual chlorine (ppm) 0.00-2.19 0.00-1.62 -

hypochlorinators (8)—354 samples

*System (number of systems) and number of samples: Tablet feeders (5)—196 samples and

respectively at the proximal house. As expected from
the mean data, there was a small difference at the distal
house between tablet feeders and hypochlorinators (30.6%
and 27.1% respectively, p=0.24), but this difference was
not statistically significant (Table 2).

Table 2. Comparison of percent samples with ade-
quate chlorine for disinfection
Tablet Hypo-
Sample site feeder chlorinator  p value
(n=196) (%) ([0=354) (%)
Tank 90.3 13.3 <0.0001
Proximal house  41.3 23.7 <0.0001
Distal house 30.6 27.7 0.24
DISCUSSION

This study sought to determine if tablet feeders were
more effective than hypochlorinators in disinfecting wa-
ter in resource-poor settings. The data demonstrated that
tablet feeders do yield potable water at significantly higher
rates than hypochlorinators at the level of both tank and
proximal house. Although tablet feeders also demon-
strated adequately-chlorinated water at slightly higher
rates at the distal house, the difference was not statisti-
cally significant. Based on the evidence from this small
observational study, we conclude that tablet feeders seem
to chlorinate water as (if not more) reliably and effec-
tively as conventional hypochlorinators.

The distal house

Both the systems had low levels of residual chlorine at
the distal house. This was expected in the hypochlorinator
communities, since they also demonstrated low mean
levels of residual chlorine at the tank and proximal house.
This outcome was not expected with tablet feeders, how-
ever, as levels of chlorine were generally high at the
tank and proximal house. The IRWA suggested that the
novelty of tablet feeders was likely to account for the
paradox (10 and Stottlemyer F. Personal communication,
2004). Plumbers are still learning how to determine the
number of tablets needed per community which can

change quickly with the addition of new homes to the
distribution system, for example. New homes increase
the distance water must travel from the tank to the tap
and, because chlorine dissipates over time as a gas, the
detectable levels of residual chlorine also decrease (1,5,
6,9,10 and Stottlemyer F. Personal communication,
2004).

Limitations of the study

There were many limitations of the study that must be
considered in the analysis of data. Although we were
able to detect statistically significant differences in the
two systems with sufficient power, it would have been
ideal to examine more systems. Although the initial de-
sign had incorporated more systems, several factors cur-
tailed the numbers used. Systems are very difficult to
access as many roads into rural communities are unpaved
and require four-wheel drive vehicles. Systems that
function by gravity feed sit atop mountains which re-
quire up to an hour's hike to reach. These factors were
further complicated by the rainy season which limits
access to entire communities for several months. The
systems chosen to study, however, were representative
of similar regions of Francisco Morazon to generate a
fair distribution in terms of geography, access, level of
sanitation, and source of water, e.g. rivers, streams, sur-
face water, etc.

It should also be emphasized that tablet feeders and
hypochlorinators are managed differently. The Honduran
Association of Management Boards of Water Systems
(AHJASA) privately manages tablet feeders in a decen-
tralized fashion compared to the Government which cen-
trally manages hypochlorinators. As with many types
of community health initiatives, a more decentralized
approach to water provision generated more community
ownership, capacity-building, quality assurance, super-
vision, and accountability. The AHJASA has a very effec-
tive and innovative system for provision of water in
resource-poor settings, and further research comparing
the two forms of management could prove useful in estab-
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lishing/organizing sustainable water systems in rural areas
of developing nations. Differences in management could
also contribute to differences in quality and consistency
of function seen in each of the two systems.

Application

In theory, because hypochlorinators and tablet feeders use
chlorine, they should be able to disinfect water equally
well—provided each system is functioning at standard.
We have noted both through field visits and documented
evidence that hypochlorinators tend to require more fre-
quent maintenance, repair, and replenishments of chlorine.
In this regard, tablet feeders, from a purely technologic
vantage, are superior. Tablet feeders are more expen-
sive; however, each community must examine the cost-
benefit ratio carefully.

For many communities, the benefits will outweigh
additional costs. Plumbers in most developing countries
are volunteers and rely on their regular full-time jobs
for income-generation. This often requires them to travel
to urban centres for a week or more at a time typically
leaving none to monitor the water. When they return,
the water is checked, and additional chlorine is added
as needed. In these settings, predictable performance is
of paramount importance for the safety of the commu-
nity. A system that requires frequent replenishments of
chlorine and/or presents with repeated malfunctions is
likely not to receive the attention necessary to assure the
predictable output of potable water to the community.
This can result in community-wide outbreaks of diar-
rhoeal disease in children with the most devastating im-
pact on children aged less than five years (2,12,16,18,
20). Depending on the type and number of systems over-
seen and the geographical limitations, a high level of
quality assurance may simply be too difficult to maintain,
especially when systems are managed centrally and staff
tend to be over-stretched and under-paid (5-10,13 and
Caudill H. Personal communication, 2003). Technologi-
cal efficiency and reliability becomes increasingly im-
portant, and communities may decide that the additional
costs are worthwhile for the safety of the community.

The results of the study suggest that tablet feeders may
be more effective than hypochlorinators in supplying
clean water in rural, resource-poor settings and possibly
serve as an alternative technology for water disinfection.
Further research should examine additional systems and
techniques for empowering and building capacity within

community water boards—both of which will help
organize and introduce sustainable water systems in deve-
loping countries.
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