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Introduction
Hand washing is an effective means

of interrupting fecal-oral transmission and
decreasing the intrafamiliar spread of diar-
rheal disease pathogens such as shigella.1-4
Poor hygiene practices may be due to ig-
norance of sanitary principles, high cost,
scarcity of clean water, or distance from
it.5-8 When water is plentiful, programs
that emphasize hygiene education in-
crease personal sanitation practices and
result in decreased rates of diarrhea.9'10
However, educational messages may not
succeed if adequate and convenient water
supplies are not available.'1

Water is a scarce resource in Lima
shantytowns called pueblo jovenes. 12'13
To describe the effect ofwater scarcity on
sanitary behavior, we used direct obser-
vation to determine hygienic practices in
such a town.

Methods

Study Sites
The study was carried out in 1987,

prior to the cholera epidemic, in two well-
described periurban pueblo jovenes of
Lima, Peru: Huascar, Canto Grande, and
Las Pampas de San Juan de Miraflo-
res.13,14

Differences in income (based on fam-
ily expenditure data) in apueblojoven are
small, varying by less than $1500 per year
between families. Seventeen families
were selected with equal numbers in each
wealth category to determine if that small
difference in income affected water and
soap consumption. No difference was
found, and the remaining 36 families were
selected from the randomly generated list
without further stratification for wealth.
There was no difference between the two
groups in their mean socioeconomic sta-
tus, family size, or water and soap use;
therefore, both data sets were pooled and
analyzed together.

Detailed In-House Methodology
Hygiene activities. Three consecu-

tive days of 12-hour (7 AM to 7 PM) in-
house observation were scheduled with
mothers. During the observation period,
the field-worker noted the activities of
each family member, including prepara-
tion and consumption of food and water,
defecation, handling of children's feces,
and bathing and washing of hands. The
field-workers engaged in small talk and
avoided all comments concerning soap
and water use. Children were asked

Family Selection
Our study population consisted of

families living in Canto Grande who were
previously selected at random to partici-
pate in a longitudinal diarrhea study.13"14
Fifty-three of these families, all with at
least one child less than 3 years of age,
were chosen for the current study. Al-
though all families were impoverished, a

skilled field-worker classified them into
three ascending grades of wealth.
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whether they had defecated when they
used the household borehole latrine or the
nearby hillside. However, because adults
were not similarly questioned about these
activities, the defecations that were re-
corded were limited to those spontane-
ouslymentionedbythe adults or their chil-
dren. Adult fecal contamination events
are therefore probably underestimated.
The type of water (fresh or reused) and
soap (face, clothes, shampoo, or deter-
gent) used by each family member was
documented. The field-worker noted how
often the mother observed her children
drinking water that had not been boiled
and permitted them to do so.

A contamination event was defined
as a family member having just defecated
or handled fecally contaminated material
such as diapers. An interruption eventwas
defined as the family member hand wash-
ing with water or with water and soap
within 12 hours of the contamination
event.

Total water and soap use. The field-
worker observed whether water obtained
from the storage tank was boiled before it
was drunk. She also noted how much wa-
terwas used forwashing dishes, food, and
laundry, and for cleaning house. To facil-
itate the measurement of water, mothers
were provided with a 1-L graduated
pitcher. The field-workerweighed all soap
at the beginning and end of each 12-hour
observation period and noted the type of
soap (but not the number of grams) used
for each activity. Other household staples
were weighed at the same time in order
not to call attention to the measurement of
the soap.

Water bacteriology. Quality ofwater
stored outside the house was tested in 44
of the 53 Canto Grande families. Samples
of 100 mL in sterile bottles were taken
from the household cement tank (n = 35)
or metal cylinder (n = 9). Fecal contami-
nation of the waterwas determined by the
presence of presumptive coliforms, het-
erotrophic plate counts,15 and viable
counts ofAeromonas and Vibno cholerae
sero group non-O1. Counts ofAeromonas
and Vibno specieswere performed as pre-
viously described.16-'9

Water attitudes and beliefs survey.
We also surveyed 107 randomly selected
families living in Las Pampas de San Juan
to document their knowledge regarding
the use ofwater, hand washing, and bath-
ing. Thispueblo joven, although different
from Canto Grande, is socioeconomically
similar.13 The survey identified the moth-
ers' perceptions of the health risks of not
washing hands after fecal contamination

and of drinking water that had not been
boiled. Mothers were also asked whether
water should be stored covered and, if so,
why, and whether they drank water that
was not boiled. They were also asked at
what age and how often babies should be
bathed.

StatisticalAnalysis
Activities were analyzed by age and

sex and presented in frequency tables. We
followed contamination events over time,
using survival curves to determine rates
and time intervals of the interruption of
fecal-hand contamination. Life tables
were used to examine, first, the duration
between contamination and hand washing
and, second, the duration between unin-
terrupted contamination and an episode of
transmission. These curveswere based on
the following assumptions: (1) fecal con-
tamination persisted ifuninterrupted for at
least a 12-hour period; and (2) handwash-
ing, whether with soap or with water
alone, stopped fecal transmission.' Hand-
washing that occurred within 15 minutes
of a fecal contamination event was con-
sidered to be a purposeful interruption.
Interruption after this time was defined as
unintentional.

Mean daily soap and water consump-
tion was tabulated, and the variances for
each daywere compared for homogeneity
using Bartlett's test.20 Pearson's correla-
tion coefficients and linear stepwise re-
gressions for the per capita amounts of
water and soap used over 3 days were
performed with the following variables:
the field-worker's socioeconomic evalua-

tion of the families, a housing quality scale
(the concordance between the field-work-
er's scale and a previously described
housing quality scale was good, McNe-
mar test),20 and the mother's and father's
education. We also examined the correla-
tion between the percentage of uninter-
rupted fecal contamination events by each
mother and the above variables, as well as
the total amount of water and soap used.

Plate counts, fecal coliforms, and in-
dividual and combined Aeromonas and
ibrio counts were tabulated, and linear

regressions were run with the socioeco-
nomic and total water and soap usage vari-
ables described above.

Results
Contamination and Transmission
Events

Family hygienic practices were ob-
served in 53 Canto Grande families for a
total of 1872 hours. There were 300 fecal
contamination events registered, ofwhich
only 38 (13%) were interrupted by hand
washing within 15 minutes (Table 1).
There were significantly fewer contam-
ination events interrupted in children
under 10 years of age than in family mem-
bers over 10 years of age (odds ratio
[OR] = 0.275, 95% confidence interval
[CI] = 0.13, 0.588). Soap was used in less
than one half (10/38) of the intentionally
interrupted events in both age groups. No
socioeconomic or demographic character-
istics identified which individuals inter-
rupted fecal transmission (using a step-
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FIGURE 1-interruptIn of fecal contaminaton by hand washing In 216 events.
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FIGURE 2-Transmission of fecal material from hands to food or water In 216 events.

wise regression model). However, the
percentage of mothers' events that were
interrupted after fecal contamination had
occurred was significantly associated with
the total amount ofwater used by the fam-
ily (r = .42; P < .05). Also, the percent-
age of times that mothers washed their
hands prior to eating or preparing food
was associated with the total grams of
soap used (r = .42;P < .01) and the field-
worker's economic evaluation of the fam-
ily (r = .57; P < .001).

There were 3593 eating, preparing,
and serving events observed, of which
only 834 (23%) were preceded by hand
washing within 15 minutes. The younger
age group showed a significantly lower
number of these events preceded by hand

washing than did individuals over 10years
old (OR = 0.41, 95% CI = 0.34, 0.48).
Soapwas used significantly less often with
hand washing before eating or handling
food than after defecating (OR = 0.15,
95% CI = 0.07, 0.31). Soap use was not
noted in 12 events.

Survival curves showed that most of
the contamination episodes were uninter-
rupted during the first several hours of ob-
servation (Figure 1). Within an hour, more
than 20% of individuals with contaminated
fingers handled food, thus pennitting the
potential transfer of enteropathogens to
other individuals (Figure 2). More than
25% of all contamination events were not
interrupted. Moreover, 70% of contamina-
tion events became a transmission event.

Water and Soap Usage Pattems

The amount of water, as well as of
soap, used by the family during the three
12-hour periods of observation did not
vary significantly over the 3 days. The
mean 12-hour per capita amount of water
and soap used in the 53 families (mean
family size was 5) was extremely low
(8.8 +/- 3.8Lofwaterand8.6 +/- 6.0g
of soap). About half of the water and
nearly all of the soap (in the form of either
detergent or laundry soap) was used for
washing clothes (Table 2). Less than 15%
of the total waterwas used for bathing and
hand washing. Fewer than half (16/39) of
the children 0 to 2 years of age and one

fourth (12/48) of the 2- to 5-year-olds were
bathed at least once during the 3 days of
observation.

Most (87%) ofthe drinkingwaterwas
consumed after boiling (normally as teas).
Not only was more unboiled water drunk
by older children but mothers permitted
older children to consume such water and
observed them doing so significantly more
often (X2 = 11.6; P = .003) than they did
younger children (see Table 3).

Hand washing infrequently occurred
with face soap, laundry soap, or detergent
(Table 1). During the 3-day observation
period, four families did not have any type
of soap available for 1 of 3 days.

Socioeconomicfactors and waterus-
age. There was a weak but statistically
significant association between totalwater
used and mothers' education (r = .3;
P < .05). Socioeconomic variables were

not associated with total soap use. How-
ever, there was a significant association
between the amount oftotal soap and total
water used (r = .66; P < .001).

Water bacteriology. Ninety-five per-

cent (42/44) of the houses sampled had a

heterotrophic plate count ofmore than 500
colony-forming units (CFU)/mL, the stan-
dard for acceptable potable water.15 More
than three quarters of the 44 water sam-

ples had presumptive fecal coliforms pre-
sent (Table 4).

In addition, half the families had
Aeromonas species and almost one third
had non-01 Vibrio cholerae isolated from
their water. V. cholerae and Aeromonas
species counts did not correlate with fecal
coliforms counts.

There was no association between
the fecal coliform count and either socio-
economic characteristics or quantity of
water and soap used during the 12-hour
observation period.

Comparative watersupply and costs.
Families used an average of58L ofwater
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per 12 daylight hours. Assuming that an
additional 25% of the total water used
during the day is used at night, about 75
L a day of water are used per day per
family, 10 times less than the amount
used by the average Peruvian family with
in-house water connections (1134 L)
(Webb S. Waterborne disease in Peru.
World Bank; August 1992, unpublished
working paper).

In Canto Grande, water costs about
$0.38 per 378 L. This price is nearly five
times what it costs a family with in-house
connections ($0.08 per 378 L). Both the
pueblojoven and the middle-class families
spend approximately 2% of their monthly
income on water ($2.22/$120.00 and $7.21
$500.00, respectively). However, whereas
pueblojoven families receive small quan-
tities of poor quality water, middle-class
families enjoy large quantities of relatively
good quality water.

Mothers' attiudes and behavior on
hygieniciss. Nearly all the 107mothers
surveyed in Las Pampas de SanJuanwere
aware that hand washing and boiling of
waterwere important methods ofblocking
the transmission of infection (Table 5).
However, this knowledge did not affect
the tpe of water that mothers reported
drinklng. Thirty-seven (35%) mothers said
that a portion of the water they consumed
was not boiled. Yet these mothers knew
that boiling water killed germs as often as
did the mothers who drank only boiled
water. About 90%o of mothers knew that
contamination of hands with feces pro-
duced disease.

Diwussion
This study used direct observation be-

cause it is the most accurate method for
documentingfamilyhygienicbehavior.13,21
The duration between fecal contamination
events and their interruption by hand
washing was analyzed using survival
curves to analyze hygienic behaviors that
are censored at varying times.

Water quantity has been considered
an important factor in diarrheal disease
prevention.8 We found that families that
used more total water interrupted fecal
contamination by hand washing more of-
ten. Interruption of fecal contamination
was not influenced by mother's education
or by family socioeconomic characteris-
tics.

In Bangladesh, where water is plen-
tiful, sanitary education was effective in
reducing the number of diarrheal epi-
sodes.9" 0 In Lima, where per capita levels
ofwater are among the lowest reported,22

the majority of pueblo joven mothers
knew that fecally contaminated hands
transmitted disease, yet few washed their
hands after obvious fecal contamination.
Although knowledge about sanitation
practices was adequate, hygienic prac-
tices were poor, presumably because wa-
ter is scarce.

In addition to being insufficient in
quantity, the water is also lacking in qual-
ity since it is stored in easily contaminated
uncovered or partially covered tanks or
cylinders. The effect of contamination is
somewhat mitigated since more than 85%
of water is boiled before consumption.
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However, based on the speed with which
cholera spread through the pueblo jo-
venes, it would appear that the remaining
15% contamination is enough to effec-
tively transmit disease.

In 1992, because of drought, water
was more expensive and scarcer than it
was in 1987 (personal communication, Dr
Carmen Marin, AB PRISMA, Lima,
Peru, July 10, 1993). During the 1992 chol-
era epidemic, there were widespread me-
dia messages about boiling water and
washing hands. Yet in a 1992 study ofwa-
ter practices, the percentage of water not
boiled before drinking and the number of
episodes of fecal contamination not pur-
posely interrupted were similar or slightly
worse than what was found in our 1987
precholera study.

The detection offecal coliforms is the
standard routinely used to determine wa-
ter quality.15,22 Our data and others17'22
suggest that counts ofAeromonas and 14-
brio species may also be useful for moni-
toring the purity of drinking water. We
and others found no association between
coliform andAermonas/Vibtio counts.17

Lima's pueblo jovenes have one of
the highest diarrheal rates reported: 10 ep-
isodes per year.23 Our results suggest that
providing increased information concern-
ing hygiene without providing increased
water probably will not result in better
sanitation practices. In water-scarce
communities, personal hygiene and pos-
sibly the number of diarrheal episodes
would be improved by providing conve-
nient, cheap, in-house water. For the
same cost as they are paying now, in-
house connections to a pueblo joven
household would provide four to five
times the volume of high-quality water as
they are currently receiving. The money
saved by reducing diarrheal episodes
would eventually cover some or all of the
installation costs. Costs can also be re-
duced if the community provides free la-
bor and perhaps designs less orthodox and
lower-cost systems.24 In-house water con-
nections would measurably improve the
quality of life in the periurban marginal
communities of Peru. 0
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