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ABSTRACT

During June 1996, water supplies of the city of San Pedro Sula, Honduras, were sampled to ob-
tain an assessment of Cryptosporidium oocyst and Giardia cyst concentrations. Each sample
was concentrated and stained with an indirect immunofluorescent antibody, and parasites were
counted through microscopic analysis. In three surface water supplies, Cryptosporidium
oocyst concentrations ranged from 58 to 260 oocysts per 100 L, and Giardia cysts were pres-
ent in concentrations ranging from 380 to 2 100 cysts per 100 L. Unlike the surface water sam-
ples, groundwater had a higher concentration of Cryptosporidium oocysts (26/100 L) than
Giardia cysts (6/100 L), suggesting that the groundwater aquifer protects the water supply
more effectively from larger Giardia cysts. Cryptosporidium oocyst concentrations are within
the typical range for surface water supplies in North America whereas Giardia cyst concentra-
tions are elevated. Efforts should be made to protect raw water from sources of contamination.

The human gastrointestinal illnesses,
cryptosporidiosis and giardiasis, are
caused by the protozoan pathogens
Cryptosporidium parvum and Giardia
lamblia, respectively. Both diseases
cause abdominal cramps, nausea, and
watery diarrhea. For immunocompe-
tent individuals the diseases are self
limiting; however, for young children,
the elderly, and immunocompromised
populations they can be life threaten-
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ing. There is no effective medical treat-
ment for cryptosporidiosis. In immu-
nocompromised individuals, crypto-
sporidiosis is characterized by several
stools per day and tremendous fluid
loss that lasts for months to years and
can ultimately cause death (1, 2).

The transmission of cryptosporidio-
sis and giardiasis via contaminated
water is well documented (3). Poten-
tial sources of oocysts and cysts in
water supplies include wastewater of
human origin and feces from many
mammalian species, including cattle
and beaver (4, 5). Both oocysts and
cysts are capable of surviving environ-
mental stresses and are resistant to
conventional chlorine disinfection (6).

The country of Honduras, in Central
America, is at high risk for increased
morbidity and mortality from these

gastrointestinal diseases because of
the high prevalence of HIV among its
population (7) and because treatment
of its potable water supplies is gener-
ally limited to chlorination, if chemical
disinfection processes are used at all.
The city of San Pedro Sula, a major ur-
ban area of Honduras, was chosen for
this investigation due to these elevated
risks. Although the community moni-
tors its water supplies for basic physi-
cal and chemical parameters, micro-
bial monitoring is limited to total and
fecal coliform. In general, groundwa-
ter is usually characterized by an ab-
sence of coliform bacteria whereas
surface waters typically exhibit a few
hundred fecal coliform per 100 mL
solution. No water quality data were
available for waterborne parasites,
such as Cryptosporidium and Giardia
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spp., since water in this area has never
been analyzed for these microorgan-
isms. The purpose of this investigation
was to make an initial assessment of
the city’s water supply with respect to
Cryptosporidium oocysts and Giardia
cysts in order to determine whether
further study targeting these parasites
is warranted.

As of June 1996, the municipal pot-
able water system of San Pedro Sula
consisted of five raw water sources,
which supply a total of 140000 cubic
meters per second to a population of
approximately 400 000. Three of these
sources are surface waters (Santa Ana,
Piedras, and Zapotal Rivers) and the
remaining two are groundwater sup-
plies (Sunceri and Chamelecon well-
fields). Treatment of each source varies
considerably. The Santa Ana and Pie-
dras Rivers are fitted with sedimenta-
tion basins at the raw water intake for
purposes of settling coarse particles.
After initial sedimentation at the river,
the raw waters are piped to treatment
plants. The Santa Ana plant is fitted
with a conventional surface water
treatment system which includes full
alum coagulation processes (rapid
mix, flocculation, and sedimentation)
followed by rapid sand filtration. Dis-
infection is effected utilizing chlorine
gas immediately prior to and after the
filtration units. The Piedras River plant
consists of a chlorine contact basin. The
remaining three water sources receive
considerably less treatment. The water
from the Zapotal River receives chlo-
rine treatment only, and the ground-
water sources are untreated. Chlorine
residuals (1 mg/L) are generally mea-
surable throughout the distribution
system except for areas on the north-
east and southeast side of the city
which receive most of their water from
the untreated groundwater sources.
Raw sewage is collected and dis-
charged to canals which lie down-
stream from the river water intakes.
The Sunceri wellfield lies within sev-
eral hundred meters of these dis-
charge canals.

In June 1996, raw water samples
were collected at each of the five mu-
nicipal water supplies except for the
Chamelecon wells, since the water

supply pumps were inoperative. A
sample was also collected from a tap
that receives chlorinated water from
the Piedras River. Samples were col-
lected and processed for parasite
analysis following the protocols rec-
ommended by the U.S. Environmental
Protection Agency (8). In brief, be-
tween 150 and 370 L of water were fil-
tered through a 1 pm nominal pore
size yarn wound filter (Florida Filters,
Miami, FL). From the three river
sources, water was pumped using a
submersible pump and generator sys-
tem. Rate of flow for all samples was
maintained at 3.7 L/min. Upon sam-
ple concentration, the filters were in-
serted inside two watertight bags
and placed into a cooler with ice. The
samples were processed within 24
hours at the University of Miami. A
single pellet was obtained from each
collected sediment sample using re-
petitive hand-washing, centrifugation,
and percoll-sucrose purification. An
aliquot (0.5 to 1.5 mL) was then fil-
tered through a membrane filter (Sar-
torius, Hayward, CA), stained with an
indirect immunofluorescent antibody
(Ensys Inc., Research Triangle Park,
NC), mounted on slides, and exam-
ined under epifluorescence micro-
scopy. Giardia cysts and Cryptosporid-
ium oocysts were identified by their
fluorescence, size, and morphology.
Positive and negative controls were in-
cluded for quality control.

Results (Table 1) show that among
the rivers tested, the Santa Ana River
had the highest concentrations of tar-
get organisms (2100/100 L Giardia
cysts, 260/100 L Cryptosporidium oocysts)
while the Zapotal River had the lowest

(240/100 L Giardia cysts, 44/100 L
Cryptosporidium oocysts). There was a
0.5 and 1.2 log,, removal of cysts and
oocysts, respectively, between the Pie-
dras River water supply and the do-
mestic tap. In contrast to the river
water sources, the groundwater sup-
ply (Sunceri Well #4) had lower con-
centrations of Cryptosporidium and Gi-
ardia spp. and a shift in the relative
distribution of these target organisms,
with larger numbers of Cryptosporid-
ium oocysts (26/100 L) than Giardia
cysts (6/100 L).

The surface waters of San Pedro Sula
were found to contain Giardia cysts at
elevated concentrations (geometric
mean, 580 oocysts/100 L) relative to re-
ported values in North America (9, 10).
Rose et al. reported a geometric mean
of 3 cysts/100 L; LeChevallier and
Norton in a similar comprehensive
study of North American waters re-
ported 280 cysts/100 L. On the other
hand, Cryptosporidium oocyst concen-
trations in San Pedro Sula (geometric
mean, 87 oocysts/100 L) were near av-
erage values typically observed in
North American surface waters (Rose
et al., 43 oocysts/100 L; LeChevallier
and Norton, 270 oocysts/100 L).

Results also indicate surface water
supplies had higher oocyst and cyst
concentrations than the groundwater
and tap water supplies tested, and the
relative distribution of target organ-
isms between surface and ground-
water supplies was distinctly differ-
ent. It is postulated that this reversal in
the distribution of target organisms is
due to the filtration capacity of the
groundwater aquifer, which effec-
tively removes larger Giardia cysts

TABLE 1. Results of water quality analyses, San Pedro Sula, Honduras, June 1996

Concentration (No./100 L)

Giardia cysts Cryptosporidium oocysts

Location Type of sample
Santa Ana River Raw water
Zapotal River Raw water
Piedras River Raw water
Sunceri Well #4 Raw water

Domestic tap

Chlorinated & settled
Piedras River water

2100 260
240 44
380 58

6 26
120 4
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while smaller Cryptosporidium oocysts
are transported more efficiently to-
ward the pumping well.

Although engineered treatment sys-
tems can reduce the number of Cryp-
tosporidium oocysts and Giardia cysts
after raw water is collected, efforts in
San Pedro Sula should also focus on a
watershed management plan aimed at
reducing contamination of raw water
sources. The watersheds that drain into
the river supplies are characterized by
mountainous dense tropical forests
which are sparsely inhabited by squat-
ters with makeshift homes that lack
proper sanitation systems. As a result,
potential sources of parasites to the
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A sanitary sewer collection system
would improve the quality of the
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RESUMEN

Presencia de oocistos

de Cryptosporidium

y quistes de Giardia

en los abastecimientos de
agua de San Pedro Sula,
Honduras

Para estimar las concentraciones de oocistos de Cryptosporidium y quistes de Giardia en
los abastecimientos de agua de la ciudad de San Pedro Sula, se examinaron muestras
del agua en junio de 1996. Cada muestra se concentrd y se marcé con un anticuerpo
inmunofluorescente indirecto y los parasitos se contaron mediante andlisis microscé-
pico. En tres abatecimientos de agua, las concentraciones de oocistos de Cryptospori-
dium alcanzaron un recorrido de 58 a 260 oocistos por 100 L, mientras que los quistes
de Giardia se encontraron en concentraciones de 380 a 2 100 quistes por 100 L. Al con-
trario de las muestras de agua superficial, el agua subterranea tuvo mayor concen-
tracion de oocistos de Cryptosporidium (26/100 L) que de quistes de Giardia (6/100 L),
lo que sugiere que el acuifero subterraneo protege mejor al abastecimiento de agua
contra los quistes de Giardia, que son mas grandes. Las concentraciones de oocistos de
Cryptosporidium estuvieron dentro del recorrido tipico de los abastecimientos de agua
en Norteamérica, pero los de Giardia fueron mas elevados. Deben tomarse medidas
para proteger el agua sin depurar de las fuentes de contaminacién.

400

Solo-Gabriele et al. ® Water supplies in San Pedro Sula, Honduras



