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Waterborne Disease-Related Risk Perceptions in the
Sonora River Basin, Mexico

Agustin Robles Morua,1 Kathleen E. Halvorsen,2,∗ and Alex S. Mayer2

Waterborne disease is estimated to cause about 10% of all diseases worldwide. However,
related risk perceptions are not well understood, particularly in the developing world where
waterborne disease is an enormous problem. We focus on understanding risk perceptions
related to these issues in a region within northern Mexico. Our findings show how water-
borne disease problems and solutions are understood in eight small communities along a
highly contaminated river system. We found major differences in risk perceptions between
health professionals, government officials, and lay citizens. Health professionals believed
that a high level of human-waste-related risk existed within the region. Few officials and
lay citizens shared this belief. In addition, few officials and lay citizens were aware of poor
wastewater-management-related disease outbreaks and water contamination. Finally, aside
from health professionals, a few interviewees understood the importance of basic hygiene and
water treatment measures that could help to prevent disease. Our results add to the litera-
ture on environmentally-related risk perceptions in the developing world. We discuss recom-
mendations for improving future human-wastewater-related risk communication within the
region.
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1. INTRODUCTION

The World Health Organization (WHO) esti-
mates that about 10% of diseases globally are at-
tributable to water-quality-, sanitation-, or hygiene-
related problems.(1) Only 53% and 80% of the global
population has access to basic sanitation and a rea-
sonably safe and adequate supply of water, respec-
tively.(2) Access to adequate sanitation and quality
drinking water is even lower in rural areas, par-
ticularly within the developing world.(1,2) The poor
state of water supply and sanitation systems in rural
communities is often caused by cultural, economic,
and political barriers to constructing and maintaining
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these systems. These barriers include disagreements
between community members, local government of-
ficials, and funding agencies over responsibilities for
constructing and maintaining facilities. For example,
the Joint Academies Committee on the Mexico City
Water Supply(3) and Ingram et al.(4) report that many
Mexicans believe that water should be free. This sit-
uation makes it difficult for water agencies to collect
revenues to pay for operations and maintenance ex-
penses.(3−7)

Many governments and aid organizations have
funded water supply and sanitation projects to cor-
rect these problems. Unfortunately, many of these
systems have failed.(3,4,8−15) These failures may
have occurred because the systems followed the
build-operate-transfer (BOT) model, where external
contractors were hired to build the system.(8,16) Com-
munities were usually left out of the design and
decision-making process, but left in charge of the
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system’s operation and maintenance. The prevalence
of poverty and political instability in rural communi-
ties in developing countries can reduce the perceived
importance of water supply and sanitation to com-
munity governments and inhabitants.(8−10,17,18) Prior
work suggests that a lack of understanding of basic
human waste management problems and solutions
may also be a key factor.(19)

Finding sustainable solutions to water and san-
itation problems requires addressing not only tech-
nical and financial challenges, but also the political
and cultural beliefs and attitudes that prevent solu-
tions from being implemented successfully.(20,21) Un-
derstanding how people impacted by and involved
in managing water and sanitation problems perceive
the risk associated with waterborne diseases may
help to solve at least part of this puzzle. We use
Slovic’s definition of risk as “a concept that humans
invented to help understand and deal with the dan-
gers and uncertainties of life.”(22−24) We also draw
on his usage of the term “risk perception” as judg-
ments that exist in people’s minds and are used to
characterize and assess the severity of a particular
problem.(22,24,25) In our study, we focus on the judg-
ments in people’s minds regarding the severity of wa-
terborne diseases, as well as the causes of and solu-
tions to these diseases.

Slovic and others argue that perceptions of risk
are “inherently subjective,”(26) interrelated with cul-
ture, and often different when public and expert per-
ceptions are compared.(27) Differences in risk percep-
tion can cause disagreements about the best course of
action to solve a problem.(24) Risk perception assess-
ment can therefore provide critical information for
the development of programs that effectively man-
age water-related and other risks.(28,29) Since risk
perceptions are affected by geographic and cultural
contexts,(30,31) it is important to conduct studies that
are sensitive to this context.

For instance, one of the most important predic-
tors of risk perception is direct and indirect experi-
ence with the risk.(24,25,31) Direct experience can pro-
vide feedback on the degree of risk along with the
success of specific reduction strategies and is likely
to vary by location.(24,32) People who perceive a rel-
atively high likelihood of an adverse event in their
locale are more likely to take steps to reduce that
likelihood or minimize negative impacts and to sup-
port government policies to do similarly, even if it re-
quires an economic sacrifice.(33)

Understanding key risk perceptions related to
waterborne disease requires the assessment of many

beliefs related to the problem and its causes and so-
lutions. Knowledge of the problem itself affects in-
dividuals’ understanding of whether and how much
they and members of their community may be at risk.
For example, exposure to information regarding lo-
cal waterborne disease outbreaks may vary among
community members. It is also important to under-
stand what individuals know about the underlying
causes of these diseases. For example, awareness that
contaminated drinking water is a local problem and
that the contamination is caused by poorly man-
aged or treated wastewater is likely to affect risk
perceptions. Finally, it is important to assess under-
standings of solutions to waterborne diseases. These
include basic hygiene practices; the treatment of
drinking water at the community or household level;
better choices regarding or protection of, water
sources; the purchase and consumption of bottled
water; and the construction and maintenance of san-
itary latrines or community-level sewage treatment
systems.

2. PERCEPTIONS OF RISKS ASSOCIATED
WITH WATERBORNE DISEASES

Our study analyzes the complex set of inter-
related risk perceptions associated with waterborne
diseases in rural communities in northern Mexico.
We therefore begin our literature review with risk
perception research conducted in Latin America and
border or urban U.S. regions where Latinos were a
targeted study group. In particular, they focused on
understanding community members’ judgments re-
lated to problems and causes associated with drink-
ing water quality and waterborne disease, and to a
lesser extent, solutions to these problems.

Ingram et al. conducted one of the few
waterborne-disease-related risk perception studies
comparing U.S. and Mexican populations in the
Nogales, U.S.–Mexico border region.(4) They found
that, although Mexicans were more at risk from wa-
terborne diseases, they were less likely to perceive
this as a risk than U.S. residents on the other side
of the border. A potential explanation for this dif-
ference was that health professionals on the Mex-
ican side downplayed the local risk of waterborne
disease, emphasizing instead problems such as respi-
ratory disease.

A number of studies have assessed perceptions
regarding the causes of waterborne disease. The
results have been mixed with most studies find-
ing that individuals did not understand that their
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contaminated drinking water was putting them at
great risk of waterborne disease and a few studies
finding high degrees of perceived water-related risk.
For instance, Poblete-Davila et al.(34) found that few
of the Costa Rican community members they sur-
veyed were aware of the connection between local
drinking water contamination and disease. Similarly,
the Nogales study(4) found that Mexicans, including
community health professionals, underestimated the
risk from local water contamination, while commu-
nity members and health professionals on the U.S.
side of the border overestimated local risk from wa-
ter contamination. Another study with Latino pop-
ulations in the El Paso region of the United States
found little awareness of their risk from contami-
nated drinking water.(35)

On the other hand, some studies have found
that Latino populations were well aware of their risk
from water contamination. For example, a study in
the Tucson area found that poor Latinos believed
themselves at risk from water contamination, par-
ticularly in comparison to wealthier neighborhoods
with better water quality.(36) Research conducted in
Hermosillo, Mexico, close to our study region, found
that residents rated water contamination and associ-
ated health problems as one of the greatest risks they
regularly encountered.(37) A study conducted in the
Dominican Republic(38) found that a majority of in-
dividuals knew that they were at risk of disease from
their contaminated local drinking water supplies.

While a number of studies have assessed risk
perceptions regarding water-contamination-related
causes of waterborne diseases, fewer have assessed
understandings of the problems’ causes. One of these
is Byrd et al.’s study in El Paso, Texas,(35) which
found that residents in poor neighborhoods were well
aware of health risks associated with poorly treated
wastewater. Additionally, researchers in the Nogales
study found that Mexican health professionals be-
lieved that most waterborne diseases in their com-
munity were caused by poor hygiene practices rather
than drinking water contamination.(4)

Several studies have investigated Latin Amer-
ican attitudes toward risk reduction, including
support for improved wastewater treatment,
household-level drinking water treatment, and
hygiene practices. The results of studies have been
consistent. Researchers found little support for
wastewater treatment improvements in locales with
low levels of household-level treatment of drinking
water and inconsistent practice of basic hygiene
measures. For instance, scientists conducting a study

in Costa Rica found that only 5% of interviewees
recognized the need for basic hygiene measures
or adequate wastewater disposal practices such as
ensuring sufficient distances between latrines and
drinking water wells.(34) Similarly, researchers in
Guatemala found little support for a new waste-
water treatment plant that subsequently closed.(14)

Although, as mentioned earlier, a majority of in-
dividuals in the Dominican Republic study knew
they were at risk from contaminated drinking water,
only a few treated their drinking water through
boiling it or adding chlorine.(38) On the other
hand, researchers in the El Paso study found that
a majority of individuals on the Mexican side of
the border refused to drink water from the tap
and instead spent 3–5% of their income on bottled
water.(35)

Two of the factors that may explain these risk
perception gaps are beliefs about neighbors’ risk per-
ceptions and levels of trust in risk-related informa-
tion. For example, Fessenden et al.(39) found that in-
dividuals’ risk perceptions were shaped by beliefs
about how others in their community perceived the
risk. Some studies suggest that the level of trust indi-
viduals have in an agency can greatly influence their
willingness to believe information provided by that
agency.(35,39) For instance, if officials are viewed as
proactively responding to a risk, community mem-
bers are more likely to trust future information is-
sued by these officials about the risk.(39) On the other
hand, if officials are viewed as having been forced by
community members to deal with a risk, these mem-
bers are less likely to trust the officials and their in-
formation. This situation can affect agencies’ abilities
to communicate about important risks. For instance,
in the El Paso study, only a third of interviewees
trusted the information provided by the local health
department, while 56% trusted information on tele-
vision.(35)

Studies of risk perceptions have shown that
women are generally more concerned about envi-
ronmental risks than men.(40,41) A number of studies
of risk perception targeting Latinos have used gen-
der, income, and educational levels to describe dif-
ferences in risk perceptions in the population stud-
ied.(35−38) For example, the case studies conducted
in El Paso and Tucson(35,36) were designed to elicit
risk perceptions specifically from men and women,
and people with different income and educational
levels. Other studies of Latinos focused on under-
standing the risk perceptions of children’s caretak-
ers in poor neighborhoods.(34,38) These researchers
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Fig. 1. Study region.

found that respondents with lower incomes believed
themselves to be more at risk from waterborne dis-
ease than wealthier community members.

These studies provide valuable insights into
waterborne-disease-related risk perceptions. How-
ever, by tending to focus on just one or two risk per-
ception dimensions related to waterborne diseases,
the studies may have missed key relationships be-
tween perceptions of the problem, its causes, and its
solutions. There is a need for research that assesses
perceptions of all of these dimensions in the same re-
gion at the same time. We therefore set out to study
perceptions related to all three in one area of the
world experiencing high levels of waterborne disease,
much of it tied to poor sanitation systems and incon-
sistent hygiene practices.

3. WATERBORNE DISEASE, HUMAN WASTE
MANAGEMENT, AND THE SONORA
RIVER BASIN

We chose the upper Sonora River basin (USRB)
in northern Mexico as our study area (see Fig. 1
for location) because of the significant water-related
risks present in this rural region. Also, two of the au-
thors conducted prior wastewater-related research in
one of the communities within the region, providing
a basis for understanding many key elements of area
waterborne disease problems, including high poverty
levels and poor interactions between rural communi-
ties and state agencies.(19) The work we describe in
this article is part of a larger study that includes an

engineering analysis of solutions to wastewater con-
tamination problems in the USRB. Thus, our risk
perception study was preceded by fieldwork with the
purpose of assessing the actual risks related to water
quality and its relation to wastewater management
issues within the region. The following is a brief de-
scription of key factors related to the region’s geogra-
phy, waterborne disease prevalence, drinking water,
and wastewater treatment system performance.

There are about a dozen small communities with
500–3,500 residents along the 200-km-long main stem
of the Sonora River. Although a number of these
communities have drinking or wastewater treatment
systems built under past state or national initia-
tives, many are not fully functional and some are
completely abandoned. Some have no system at all.
Due to the variable nature of the regional climate
and inadequate water supply management, all of the
communities suffer from periodic drought and wa-
ter shortages. Most of the drinking water systems
were built during the 1950s while the sewage col-
lection systems and some of the current wastewa-
ter treatment lagoon systems were constructed in the
1970s and 1980s. In 1983, Mexico decentralized its
water and sanitation sector, giving municipalities re-
sponsibility for their management with most funding
and technical advice coming from state and federal
agency officials.(6,7)

All of the households in the county seats are
connected to sewage collection systems. The major-
ity of the towns outside the county seats dispose of
their household wastewater in either septic tanks or



870 Robles Morua, Halvorsen, and Mayer

simple pit latrines. The majority of the communi-
ties with sewage collection systems discharge their
wastewater into lagoons or ditches adjacent to the
floodplain of the Sonora River. All of the lagoons in
these rural communities were built in the early 1980s
at the same time as the construction of the sewage
systems. Lagoon systems are the most typical form of
waste-water management practice in this region, due
to minimal operational and maintenance costs. The
lagoons were built without any protection against
seepage of wastewater to groundwater, such as plas-
tic membranes or compacted clay. Most of these la-
goon systems are currently abandoned. Access to the
sites is very difficult, which makes inspections and
maintenance problematic.

Because of the current state of the wastewater
treatment infrastructure, it is difficult to determine
if any of these lagoons were designed using conven-
tional treatment design guidelines. However, based
on the dates when these lagoon systems were built,
most, if not all, of these systems are old enough to
have exceeded design lifetimes. None of the lagoons
have been evaluated for their performance in remov-
ing contaminants or to determine if they meet the
Mexican standard for discharging wastewater into
water bodies.(8,19) Like many other developing coun-
tries, responsibility for meeting national standards
lies in the hands of local officials. Unfortunately, a
few files required reports, perhaps due to a lack of
funding to pay for lab tests.(6−8)

Most of the lagoons appear to be working as con-
tainment ponds, without any engineered discharge
point. In these cases, wastewater losses occur via in-
filtration and evaporation. It is also possible that dur-
ing storm events, these lagoons overflow and waste-
water flows directly into the Sonora River. The la-
goons in the towns of Arizpe and Baviacora have
direct discharge outlets into the Sonora River. As
of summer 2008, the town of Aconchi, which is
currently building a new facultative lagoon, was
temporarily diverting untreated wastewater to the
Sonora River. The town of Ures does not have any
type of formal wastewater treatment system. This
town discharges its untreated sewage into a drainage
field located adjacent to the Sonora River.

In Mexico, communities ranging in size from
2,500 to 20,000 residents are required to monitor
wastewater effluent twice a year.(42) However, na-
tional wastewater standards are rarely met, partic-
ularly for wastewater treatment. One reason is that
agencies struggle to meet operating costs. While
communities receive some state and federal funds
toward these costs, they are usually insufficient,

particularly because local residents frequently fail to
pay their water and wastewater treatment bills.(5,19)

The Mexican National Water Commission mon-
itors the surface water quality throughout the coun-
try. Historic results of the monitoring pertaining to
the Sonora River were requested through official
channels(43) and were denied on the basis of threats
to national security. As part of our multidisciplinary
studies conducted in the USRB, we therefore did
our own field studies(44) to determine the fecal waste
loads from unlined wastewater lagoons located ad-
jacent to the Sonora River. We found that signifi-
cant fecal waste loads emanate from the communities
of Arizpe, Aconchi, and Baviacora. Escherichia coli
(E. coli) concentrations, a typical indicator used to
quantify contamination from human wastes, ranged
from zero in the sections of the river upstream of the
rural communities to 20,000 CFU/100 mL in regions
downstream of known wastewater discharge zones.
These results indicate that contact with surface wa-
ters at several sites could pose a public health risk,
since E. coli concentrations at these sites exceeded by
one to three orders of magnitude the criteria estab-
lished by the U.S. Environmental Protection Agency
(EPA) for recreational contact.(45)

Drinking water standards are established and
monitored by the Mexican Secretary of Health.(46)

Municipal authorities also have responsibility for
compliance with drinking water standards. However,
health departments monitor drinking water disinfec-
tion system performance using residual chlorine and
pH levels. The presence of residual chlorine is an in-
dicator of the performance of the disinfection process
in the drinking water system. The Mexico drinking
water standard establishes the minimum and maxi-
mum residual chlorine as 0.2 and 1.5 mg/L, respec-
tively. The levels reported in all of the towns in our
study region were zero. Also, although not required
by law, regional health departments test drinking wa-
ter wells sporadically for microbiological contamina-
tion. Two of these tests in our study region found un-
acceptable levels of microbiological contamination.

The State of Sonora Office of Health reports
frequent outbreaks of waterborne, human-waste-
related diseases(47) in the USRB and classifies the
area as an “endemic Giardia Lambia region.”(48)

Several measures of regional waterborne disease
incidence over the past 5 years are included in Table
I. “Acute diarrheic diseases” is a general term for
symptoms that may be caused by drinking water
contaminated with human wastes or poor hygiene
practices. Health clinic visits related to waterborne
diseases are classified as such by health clinic
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Table I. Incidence, Type, and Number of Health Clinic Visits Associated with Waterborne Diseases by Year in the
Upper Sonora River Watershed(47)

Acute Amoebiasis Giardiasis Shigellosis Typhoid Hepatitis A Health
Diarrheic (Cases per (Cases per and (Number of (Number of Clinic
Disease 1,000 1,000 Helminthiasis Outbreaks) Outbreaks) Visits Due

(Cases per People) People) (Cases per to Waterborne
Year 1,000 People) 1,000 People) Diseases

2002 64.5 12.8 19.1 2.4 0 1 15%
2003 205 65.9 38.5 0 2 2 22%
2004 34.5 7.1 7.6 0.9 0 1 10%
2005 34.9 4.6 12.7 0.4 2 2 11%
2006 29.7 2.2 8.5 0.3 0 4 11%

aHealth records shown in this table are exclusively for the clinics in the towns visited. The total population served by the clinics in the USRB
was 14,832 based on the 2005 census data.(58)

workers. Amoebiasis, giardiasis, shigellosis,
helminthiasis, typhoid, and hepatitis A are diseases
associated either with drinking water contaminated
with human wastes or poor hygiene practices. The
information was obtained from the yearly records
submitted by all the rural health clinics in the
USRB to the State of Sonora Health Department.
The number of outbreaks reported per year in
the USRB was obtained from the Sonora Health
Department Epidemiological Center. The tally of
all waterborne-related diseases was normalized
against the population census of 2005 for all of the
communities in the USRB (pop. 14,832) and is re-
ported in Table I as incidences per 1,000 people. The
incidences and outbreaks of waterborne diseases
and percentage of total health clinic visits related to
waterborne diseases shown in Table I indicate that
waterborne diseases are a major problem in these
communities.

All households in the USRB communities are
served by centralized water supply systems sup-
plied by drinking water wells located adjacent to the
Sonora River. Although the high incidence of water-
borne disease may be due at least partially to drink-
ing contaminated water, avoiding this by boiling wa-
ter or buying bottled water is difficult and expensive.
An informal survey of stores and water purveyors in
the region indicates that bottled water prices range
between $US 0.05 and $US 0.11/L if bought in bulk.
Assuming an individual needs at least 5 L of drinking
water per day(49) and an average regional family size
of four individuals per household, purchasing bottled
water would amount to about $US 400–$800/year.
Since the average regional daily household income is
$US 5.66,(50) avoiding drinking contaminated water
through the purchase of bottled water is impractical
for many.

Given the condition of USRB drinking water
and wastewater treatment systems, potential path-
ways for exposure to waterborne diseases include (a)
ingestion of contaminated or untreated drinking wa-
ter; (b) contact with untreated wastewater in lagoons
or ditches; (c) contact with untreated or partially
treated wastewater transported to the Sonora River
through direct discharges or through infiltration into
groundwater flowing toward the river; or (d) contact
with untreated or partially treated wastewater that
has contaminated groundwater and wells. Although
it is difficult to estimate the degree to which com-
munity members are exposed to pathogens through
each of these pathways, there is significant potential
for exposure to waterborne, disease-causing microor-
ganisms via improper disposal of wastewater and im-
proper drinking water treatment within our study
region.

4. RESEARCH DESIGN

The goal of this study was to explore the beliefs
or judgments in people’s minds regarding the severity
of, and causes and solutions to, waterborne-disease-
related problems.

Our study took place in the eight rural com-
munities along the main stem of the Rio Sonora
indicated in Fig. 1. We developed and pretested a
semi-structured interview guide (see the Appendix)
with researchers familiar with the region. Qualitative
interviews can provide exploratory, in-depth infor-
mation regarding attitudes and beliefs related to top-
ics where little research has been performed, such as
waterborne disease risk perceptions in the develop-
ing world.(30,51−54)

We conducted 72 interviews. Table II shows
the breakdown of interviews by key categories. The
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Table II. Breakdown of Interviewees by Category (N = 72)

Interviewee by Number of Percentage of
Category Interviews Interviews

Lay citizens 38 53
Local government officials 11 15
State and federal government 5 7

officials
Health professionals 15 21
Academic 1 1
Priests 2 3

majority of interviewees (92%) were residents of the
rural communities along the upper Sonora River.
The remaining interviewees included state and fed-
eral officials with water management responsibili-
ties in the state capital, Hermosillo. We also inter-
viewed health professionals, including doctors and
nurses in local health clinics, along with a few officials
in the State of Sonora Epidemiology Laboratory.
Finally, one academic who had conducted relevant
studies in the region and two local priests were also
interviewed. We refer to community members who
are not professionals or government officials as “lay
citizens.”

Because we believed that gender and in-
come would be important variables influencing
waterborne-disease-related risk perceptions, we
aimed at interviewing a group of individuals roughly
representative of the USRB in terms of gender and
income level.(51) Thirty-eight of our interviewees
were lay citizens and 18 (47%) of them were female.
We used the standard qualitative methods technique
of identifying key demographic characteristics ex-
pected to affect interviewees’ views with respect to
waterborne-disease-related risk perceptions, and
worked to interview enough people with these
characteristics to be able to find patterns in their
views.(52)

We expected that gender, income level, and oc-
cupation, in particular, being a lay citizen versus a
state or local official or a health professional, would
affect these perceptions. Like most qualitative meth-
ods, our research was not designed to be general-
izable to a larger population, especially in terms of
making statements about the distribution of particu-
lar findings within that population.(52,55) Rather, we
focused on finding key patterns likely to be present
in the larger population. In order to find these key
patterns, we had to make sure that our sampled in-
terviewees represented the breadth of views likely to
be present in the larger population. We therefore fo-

Table III. Estimated Lay Citizen Income Levels (N = 38)

Estimated
Lay
Citizen Number Percentage Regional
Income Monthly of of Income
Levels Incomea Interviews Interviewees Percentagesb

Low < $4,000 11 29 37
Middle $4,000–$15,000 23 61 55
High > $15,000 4 10 8

aMonthly income was estimated based on interviewee’s job
description and the minimum wages established by profes-
sion by the Mexican National Commission of Minimum Wages
(CONASAMI)(56) and the State of Sonora Official Government
Employee Salary tabulator.(57) The estimates are in Mexican pe-
sos.
bRegional monthly income levels were estimated using the results
of the Mexican National Income and Expense Survey (ENIGH,
2005) extracted only for our study region.(50)

cused our selective sampling to ensure that a repre-
sentative range of income levels was present in our
interviewees.

However, our concern that income would be a
highly sensitive subject kept us from asking direct
questions about income. Instead, we asked intervie-
wees to name their occupation and those of any other
adults in their household. We used the Mexican fed-
eral wage statistics by occupation(56) and the State
of Sonora government salary list(57) to generate es-
timates of interviewees’ monthly incomes. To make
sure that our sample was representative of the re-
gional income levels, we compared our estimates to
income levels in the 2005 Mexican National Income
and Expenses Household Level Survey(50) for our
study region. Observations recorded during the in-
terviewing process provided additional information
(such housing and vehicles). Based on this approach,
we divided our lay citizens into three income classes:
low, middle, and high. Table III shows the estimated
monthly incomes of lay citizen (in Mexican pesos).

Our criterion for selecting lay citizens focused
in choosing adults from areas of the communities
with different income levels. Interviews with local
authorities and state and federal government offi-
cials were conducted by requesting formal appoint-
ments. Health professionals were also approached in
the same manner. Potential lay citizen interviewees
were approached in public areas, such as streets and
plazas, and through local chains of referral.

Our interview protocol included questions about
local waterborne disease problems, the causes of
these problems, and practices that could be used to
reduce their prevalence. We also asked about the
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value of information provided by local officials and
health departments. The interviews were conducted
by the first author, a native of this region, experi-
enced in both qualitative methods and the technical
dimensions of wastewater management. A research
assistant took notes during each of the interviews.

The interviews were conducted in Spanish, tape
recorded, and transcribed verbatim into Word docu-
ments. Interview transcriptions were then sorted by
question. The files containing the responses to a spe-
cific question were carefully coded, using standard
qualitative analysis methods, and identifying com-
mon answer patterns and quantifying the numbers of
interviewees providing these answers to each ques-
tion.(53,55) For example, one of the questions asked
interviewees to describe any local problems associ-
ated with water resources. After gathering together
responses to this question into one file that included
a label for the interviewee number, we found that
their answers tended to fall into the following cate-
gories: water quantity, water quality, and a lack of
wastewater and drinking water treatment. Addition-
ally, some people believed that there were no signifi-
cant water-related problems. We recorded the “sub-
patterns,” for instance, that people worried that a
lack of water quantity would lead to economic pat-
terns. The interview number for individuals provid-
ing a response that fit a certain broad and “sub”
pattern was recorded. This allowed us to count up
numbers of people responding in a particular way
and to fairly easily compare responses from sub-
groups, such as officials, health professionals, and lay
citizens. Analysis was conducted using the Spanish
transcriptions, while quotes presented in this arti-
cle have been translated into English. The next sec-
tion presents our results. Please note that we in-
clude numbers and percentages of interviewees of-
fering a particular response to a question as an aid
to the reader in seeing the prevalence of various re-
sponse patterns. Our research was not designed to
be generalizable to the basin population per se, but
rather to be exploratory work aimed at beginning to
understand waterborne-disease-related risk percep-
tions. The inclusion of percentages is not intended to
suggest that a similar percentage of responses would
emerge from a larger, randomized study of the gen-
eral population.

5. RESULTS

Our results indicated that awareness of area wa-
terborne disease risk was low. Twenty-four (33%)

interviewees did not believe that waterborne diseases
posed a serious local health threat. Only one lay citi-
zen and two local government officials knew that wa-
terborne disease outbreaks, including those listed in
Table I, regularly occur in the area. Nineteen (80%)
interviewees of the group that did not believe that
waterborne diseases posed a serious health threat
told us that getting sick from contaminated food or
water was a common, but not serious, problem. Also,
21 (88%) interviewees from this group explained that
waterborne diseases were only a problem for partic-
ularly sensitive people, while most develop an immu-
nity to the disease organisms in tap water. As one
stated: “Getting sick is no big deal. Stomachaches are
common. It is only some people, such children and
the elderly, who are very sensitive to contaminated
tap water” (interview 20). These views stood in stark
contrast to those of the health professionals, all of
whom stated that several serious waterborne diseases
were an ongoing problem in the region.

Lay citizens also tended to believe that the risks
associated with upstream communities’ wastewater
discharges were not serious. When asked about the
effectiveness of local wastewater treatment facilities,
36 (50%) interviewees explained that sewage was
discharged into wastewater lagoons, and that these
lagoons were effective in preventing the contamina-
tion of the nearby Sonora River. Only 18 (25%),
including all of the state and federal government of-
ficials, were aware that wastewater from most of the
riverside communities was regularly discharged di-
rectly into the river without prior treatment. Twenty
(28%) interviewees told us that they did not know
how human waste was currently managed within
their community; however, 27 (38%) believed that
wastewater was not a serious problem in the region.
Twenty-three of the interviewees (85% of the group
that who believed that wastewater was not a serious
problem) believed that wastewater was not a serious
problem were lay citizens. As one lay citizen inter-
viewee reasoned: “If there were serious [waterborne
disease] problems, community members and officials
would be talking about it, and we have not heard any-
thing” (interview 54).

Regarding how safe the drinking water was in
the communities, 41 (57%) interviewees believed
that local tap water was safe, including 74% of the
lay citizens and 91% of the local officials. How-
ever, just one of the 16 health professionals we in-
terviewed shared this belief. More female than male
lay citizens believed that water quality was a problem
and could describe in detail techniques for avoiding
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waterborne disease. Forty-four (61%) interviewees
stated that drinking water treatment processes in
their communities were inadequate. This apparent
paradox implies that some interviewees thought that
the water supply was safe enough to drink without
treatment. As one local government official said:

We do not chlorinate very consistently. We definitely need
to make improvements. If the water was making people
sick, people would be complaining to us and we have not
received any complaints. I believe that water in this re-
gion is okay to drink even without proper treatment. (in-
terview 23)

When interviewees were asked how they could
avoid getting sick from waterborne diseases, 31
(43%) interviewees stated that they drank bottled or
boiled water. All of the health professionals stated
that they drank bottled water. Only nine of the lay
citizen interviewees (24% of lay citizens) told us that
they always drank bottled or boiled water. Thirty-
two (44%) interviewees said that they always drink
tap water while 18 (25%) told us that they drink both
tap and bottled water. Four (6%) interviewees stated
that they drink bottled water only during the rainy
season when they believe that tap water is more con-
taminated. Twenty-one (29%) offered examples of
people they knew who became sick from drinking
contaminated tap water.

Forty-one (57%) interviewees did not believe
that drinking water quality was a problem in their
communities. Twenty (28%) said that no one they
knew had ever gotten sick from drinking tap water
and 19 of these 20 people were lay citizens. In addi-
tion, a local government official stated that, despite
inconsistencies in drinking water treatment, water-
borne diseases were generally not caused by unsafe
drinking water. The local officials tended to attribute
these diseases to poor hygiene practices.

One hundred percent of the lay citizens and lo-
cal government officials interviewed stated that they
had received information from health clinics about
preventing waterborne diseases and that they trusted
this information. However, they told us that they did
not usually receive this information until after be-
coming sick and visiting a clinic. All of the lay citizens
told us that local government officials or water man-
agers never issued warnings regarding potential wa-
ter quality problems. They explained that the infor-
mation released by local water management offices
focuses on water conservation and the need to make
timely payments, rather than water quality problems.

None of the interviewed health professionals be-
lieved that the information they provided to lay citi-

zens and local government officials about waterborne
disease risk was effective. For instance, one health
professional stated:

Despite showing them measurements of chlorine levels
that indicate that drinking water is not treated consis-
tently, people still feel their water is safe. Some people
even complain that adding chlorine changes the taste of
natural water. (interview 60)

Although all the interviewees reported high lev-
els of trust in the information provided by health clin-
ics, only 18 (25%) believed that community members
were following the recommendations. Most believed
that the information either was completely ignored
or only followed for a short period of time. On the
other hand, only 14 (19%) interviewees trusted infor-
mation provided by local government officials. Four-
teen (19%) interviewees, including a number of state
officials and health professionals, said that local gov-
ernment authorities did not want people to find out
about tap water problems because they would then
have to fix them.

6. DISCUSSION

Prior knowledge of the situation regarding poor
sanitation, inadequate protection of drinking water,
reports of local health clinics regarding waterborne-
related diseases, and statements made by health pro-
fessionals allowed us to determine that there is in fact
a high level of risk associated with waterborne dis-
eases in the USRB. We concluded that many inter-
viewees were unaware of this problem. This finding
is consistent with findings from studies conducted in
Latin America or in Latino populations.(4,14,34,35,38)

There was a major gap between the risk percep-
tions of health professionals and those of lay citizens
and government officials with respect to waterborne
diseases. The latter were much less likely to be aware
of the prevalence and seriousness of these diseases
and tended to believe that the symptoms of these dis-
eases were a normal part of everyday life.

With respect to the causes of local waterborne
disease problems, a few interviewees could explain
how wastewater was managed in their community or
elsewhere in the study region. However, most lay cit-
izens were nonetheless confident in the effectiveness
of local wastewater treatment facilities and believed
that the health risks associated with wastewater dis-
charges were minimal. There were major differences
in the drinking water safety perceptions of health
professionals versus lay citizens and government of-
ficials. Lay citizens and local government officials
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were much less likely than health professionals to be-
lieve that local drinking water was unsafe. Local gov-
ernment officials tended to attribute human-waste-
related diseases to poor hygiene practices, as was
found in the Nogales study,(4) but a majority of lay
citizens and government officials believed that drink-
ing water treatment in their communities was inad-
equate. Regardless, they tended to believe that tap
water was reasonably safe and the waterborne dis-
ease problems it did cause were simply viewed as a
normal part of everyday life that did not pose a seri-
ous health risk.

The interviews revealed that most common
methods used to reduce the waterborne disease prob-
lem were boiling tap water or buying bottled water.
The consistency in applying these measures varied
greatly. Forty-three percent of interviewees reported
drinking bottled or boiling water while another quar-
ter reported applying these measures only intermit-
tently. This finding is consistent with other work that
found that people were not regularly following dis-
ease prevention recommendations.(38)

With respect to their trust in and exposure to
disease prevention information, all of the lay citi-
zens and local officials said that they had received
related information from health clinics, usually only
after going to the clinic with a waterborne disease.
Unlike participants in the El Paso study,(35) all of the
lay citizens in our study trusted health department
information. However, this trust did not necessarily
translate into following health department recom-
mendations. Lay citizens also reported that they
never received information from local government
agencies about water quality problems. At least some
took this as an indication that there was not a prob-
lem. Perhaps if health departments and local officials
joined forces to provide one message regarding wa-
terborne disease risks and prevention strategies, peo-
ple would be more likely to follow health department
recommendations.

Overall, the picture created from our results is
one of confusion and fatalism. Low-level waterborne
disease exposure that causes stomach problems and
diarrhea was seen as normal even though it was
known to create significant problems for vulnerable
people, especially the young and elderly. In a region
with high poverty levels, governance that is not par-
ticularly dependable, and inadequate basic wastewa-
ter and drinking water treatment systems, residents
may not expect a great deal of human welfare pro-
tection from local governments. On the other hand,
there are basic and inexpensive measures that resi-

dents could take on their own, such as hand wash-
ing with soap and household treatment of drinking
water with chlorine (i.e., bleach), that would likely
reduce the incidence of regional waterborne disease
even without changes in drinking water or wastewa-
ter treatment.

Our findings contribute to the risk perception lit-
erature by demonstrating that in a poor area with
chronic exposure to noncatastrophic risk, many res-
idents did not perceive themselves at risk from
waterborne disease even when professionals deeply
involved in reducing it believed that it is serious. Ad-
ditionally, they enhance our understanding of how
risk is constructed within the third world where few
risk-related studies have been conducted. With re-
gard to the broader theory of how risk is constructed,
our results support the finding that expert construc-
tions of risk are often very different from lay citi-
zens,(24,39) while extending this finding to the devel-
oping world.

Given these findings, we make some recommen-
dations. First, since most of the interviewed pop-
ulation tends to underestimate the risk associated
with waterborne diseases, a broad-based disease pre-
vention campaign is needed. This campaign should
clearly describe the prevalence and seriousness of
waterborne diseases within the area. Since most of
the interviewees knew someone who had been sick
with waterborne disease, using information about
community-level prevalence might increase the ef-
fectiveness of communication campaigns. State and
local government, health officials, and lay citizens
should collaborate on designing and implementing
these campaigns, in an attempt overcome the issue
of distrust of information originating from govern-
ment sources. Since, at this time, the routes of expo-
sure to the diseases are not well established, the cam-
paign should provide information on the full range
of personal and household disease prevention strate-
gies. Second, an integrated study should be under-
taken to determine the routes of disease exposure
and transmission, consisting of (a) determination of
where contact with human wastes are taking place;
(b) prioritization of technical interventions, such as
improved wastewater treatment or improved drink-
ing water treatment, for each town in the USRB; and
(c) a plan for securing popular support for these tech-
nical interventions.

7. CONCLUSION

Our findings add to the very limited understand-
ings of waterborne-disease-related risk perceptions
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in the developing world. They suggest that misunder-
standings of the problem, its causes, and its solutions
are common. This is unfortunate in an area where
waterborne diseases are prevalent, serious, and rel-
atively easily preventable. Our findings suggest that,
in a region where low-level waterborne diseases are a
daily occurrence, many people come to see them as a
routine part of life, perhaps because other problems,
such as feeding their families, are more pressing. Wa-
terborne disease prevention campaigns should fo-
cus on clearly explaining why these diseases are a
problem and how they can be prevented, especially
without resorting to constantly boiling water or buy-
ing expensive bottled water. They should clearly and
honestly describe the cause and effect of poor drink-
ing water and wastewater treatment in combination
with the need for basic hygiene practices, such as
washing with soap after using the bathroom. Our
findings are limited by the fact that we conducted
our work in a fairly small region and did not con-
duct a large scale quantitative survey. Future work
should focus on similar regions and, when possible,
move toward implementation of larger-scale surveys
to determine the distribution of the risk perceptions
we found.
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APPENDIX: INTERVIEW QUESTIONS

1. Including yourself, how many people live in
your household?

2. How many children live in the household?
3. What do you do to earn a living?
4. In your opinion, what are your community’s

biggest problems?
5. How important are water-related problems in

your community?

6. Who is in charge of managing water-related
issues in your community?

7. Can you tell me about the water you use in
your house? Do you ever have too little? If
so, when?

8. Is your drinking water safe? If not, why?
9. Do you drink water from the tap? If not, why?

10. What kinds of sicknesses can people get from
drinking contaminated water?

11. Has anyone in your family/friends in town
gotten sick from drinking tap water? If so,
please tell me what you remember/heard
about this?

12. Can people do anything to keep from getting
sick from drinking tap water?

13. How did you learn about these sickness pre-
vention practices?

14. In your opinion, do people in your community
follow these practices?

15. What happens to the wastewater from your
house and the community?

16. Do you think that improper wastewater man-
agement is causing problems in your commu-
nity?

17. Do you know what is being done with the
wastewater in upstream communities?

18. Do you think that wastewater from upstream
communities may be causing problems here in
your community?

19. Do others communities on the Sonora River
have any wastewater management problems?

20. What is your opinion about the quality of the
Sonora River water?

21. Has anyone given you information about local
water quality problems?

22. How does the local water treatment and man-
agement office inform residents about water
quality problems?

23. Was the information you received from them
useful to you?

24. Do you trust the information local health
officials have given you regarding pub-
lic health problems and illness prevention
practices?

25. Do you think the distribution of this in-
formation has had positive results? Do you
feel people have adopted their recommenda-
tions?

26. Do you know of any local group that has tried
to address local water quality problems? If
yes, please explain.



Waterborne Disease-Related Risk Perceptions 877

27. Have people in your community ever asked
local government to fix water quality prob-
lems?

28. What, if any, water treatment improvements
do you believe should be done in your com-
munity and in the Sonora River region? If
none, why?

29. Would you support these improvements? If
not, why?
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