
2 Risk perceptions of arsenic in tap water and consumption

3 of bottled water

4 Paul M. Jakus,1 W. Douglass Shaw,2 To N. Nguyen,3 and Mark Walker4

5 Received 7 September 2008; revised 26 January 2009; accepted 3 March 2009; published XX Month 2009.

6 [1] The demand for bottled water has increased rapidly over the past decade, but bottled
7 water is extremely costly compared to tap water. The convenience of bottled water
8 surely matters to consumers, but are others factors at work? This manuscript examines
9 whether purchases of bottled water are associated with the perceived risk of tap water. All
10 of the past studies on bottled water consumption have used simple scale measures of
11 perceived risk that do not correspond to risk measures used by risk analysts. We elicit a
12 probability-based measure of risk and find that as perceived risks rise, expenditures
13 for bottled water rise.
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16 of bottled water, Water Resour. Res., 45, XXXXXX, doi:10.1029/2008WR007427.

18 1. Introduction

19 [2] Global bottled water consumption was about 41 billion
20 gallons in 2005, a 57% increase over consumption in 1999
21 (E. Arnold and J. Larson, Bottled water: Pouring resources
22 down the drain, memorandum, 2006, Earth Policy Insti-
23 tute, http://www.earthpolicy.org/updates/2006/Update51_
24 printable.htm). In the United States today bottled water
25 constitutes a significant proportion of the beverage indus-
26 try’s sales, with nearly 10% growth in per capita consump-
27 tion between 1999 and 2005 and the share of bottled water
28 in the beverage market moving ahead of coffee. Sellers
29 include members of the soda industry; for example, the
30 Coca-Cola Company sells the Dasani brand of bottled
31 water, whereas PepsiCo sells the Aquafina brand. In the
32 late 1990s about 54% of the U.S. population regularly
33 consumed bottled water [Olson, 1999], and the number
34 may be as high as 70% today. Generally speaking, tap
35 water is safe to drink in most areas of the United States, so
36 one could question why people in the United States drink
37 bottled water, especially when bottled water can be 240 and
38 10,000 times more expensive than tap water (C. Ferrier,
39 Bottled water: Understanding a social phenomenon, 2001,
40 available at http://assets.panda.org/downloads/bottled_
41 water.pdf). Indeed, if one considers water obtained at, say,
42 the workplace drinking fountain as a free good, then bottled
43 water is infinitely more expensive than tap water. Is it rational
44 to purchase something that can be up to 10,000 times more
45 expensive than a near-perfect substitute? While bottled
46 water may be very convenient for consumers, surely there

47must be other factors at work in the burgeoning demand
48for bottled water.
49[3] In this manuscript we focus on the role that perceived
50risks of tap water play in the demand for bottled water. Our
51study centers on a population that is known to be at risk
52from arsenic contamination of publicly supplied water or of
53private well water. We begin by reviewing the drinking
54water literature and find that none of these studies uses a
55measure of perceived risk corresponding to known expo-
56sures. We then describe our data, which were collected in
57communities in which respondents are exposed to arsenic
58concentrations in excess of current drinking water standards.
59In particular, we elicit perceived risk of arsenic exposure in
60a way that can be evaluated against scientists’ best available
61measures of mortality risk. Models linking the probability-
62based perceived risk to community arsenic concentrations
63are presented, after which we examine how expenditures for
64bottled water vary according to perceived risk. Perceived
65risk is found to be a statistically significant factor in
66determining bottled water expenditures.

672. Motivation and Literature Review

68[4] Given the high cost of bottled water relative to tap
69water, one might reasonably ask why people buy bottled
70water. From a purely price perspective, are people who
71consume bottled water simply irrational? Cherry et al.
72[2003] define rational behavior as people making the best
73decisions they can with the resources available to them.
74Rationality, they argue, may be a scarce commodity because
75of constraints on individuals’ cognitive and computational
76skills. Are people unable to compute the cost of bottled
77water such that they do not realize just how expensive it
78really is relative to tap water? If people do understand the
79relative prices, then we might suspect purchases of bottled
80water are irrational unless we can find a strong offsetting
81reason for its purchase.
82[5] In addition to price, there are other factors that
83distinguish bottled water from tap water. Bottles of 1 L or
84less are very convenient for those traveling or at work.
85Larger containers used for in-home consumption may allow
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86 the consumer to purchase water of better quality than tap
87 water: it may taste better, smell better, look better, or pose
88 less of a health risk. It is this last characteristic that is of
89 concern in this paper. Data we have collected allow us to
90 investigate whether people purchase bottled water for the
91 very rational reason of avoiding risk.

93 2.1. Averting Behavior Models

94 [6] Averting behavior models explicitly or implicitly
95 assume that households ‘‘produce’’ better health by using
96 inputs to reduce the adverse consequences of exposure to
97 toxic or harmful substances: people will engage in activities
98 or purchases designed to protect themselves from health
99 risks. The subject of water quality has appeared frequently
100 in the averting behavior literature but many of these studies
101 do not directly address the issue of perceived risks of
102 exposure to contaminated water. For example, Smith and
103 Desvousges [1986] found that 30% of households in their
104 Boston, Massachusetts, sample said they purchased bottled
105 water expressly to avoid hazardous wastes, but the authors
106 were unable to link this behavior directly to risk percep-
107 tions. Larson and Gnedenko [1999] estimate several models
108 of whether individuals engage in different types of averting
109 behavior. The authors report that people are more likely to
110 purchase bottled water when their incomes are higher, but
111 the study did not include a measure of risk. Yoo [2003]
112 focuses on a statistical model relating bottle water purchases
113 to demographics, concluding that more affluent households
114 with young children are more likely to purchase bottled
115 water if they have reason to suspect their water quality; Yoo
116 and Yang [2000], using the same data set, find similar
117 results with a slightly different model. The data set used
118 in both analyses by Yoo does not appear to contain
119 information on perceived risks faced by the households,
120 though it contains some information regarding perceived
121 water quality. Similarly, Rosado et al. [2006] andMcConnell
122 and Rosado [2000] examine averting choices as a function
123 of the costs of each activity and demographic factors but,
124 once again, do not include an objective or subjective
125 measure of risk. Um et al. [2002] find that perceived quality
126 of drinking water affects averting behavior, but the models
127 make no link to perceived health risks of consuming tap
128 water.
129 [7] We have found few studies linking the perceived risk
130 of drinking water to associated averting behaviors, and none
131 of those have used a measure of risk comparable to the
132 probability-based measure used by risk analysts. Instead,
133 economists have generally captured the influence of risk
134 concerns through the use of a qualitative scale or a dummy
135 variable rather than a technical measure of risk. Abdalla et
136 al. [1992] use a five-point scale of perceived health risk for
137 exposure to trichloroethylene contamination in groundwater
138 and find that expenditures on averting activities increase as
139 perceived risk increases. Abrahams et al. [2000] use a very
140 simple measure of risk: a binary variable takes the value of
141 0 if people think their tap water is safe and the value of 1 if
142 they think it is somewhat unsafe or unsafe. The authors
143 conclude that perceived risk is more important in deter-
144 mining averting actions than other water quality factors.
145 Janmaat [2007] used principal component analysis to de-
146 velop a measure of perceived risk concerns from a variety of
147 qualitative responses to survey questions, a fundamentally
148 different approach from that used by previous authors but

149one that still does not permit the analyst to compare
150perceived risk to objectively measured risk. This risk
151measure, however, was not a statistically significant deter-
152minant of household water treatment activities.

1542.2. Objective and Perceived Risk

155[8] The scale-based risk measures used in the studies
156cited above have two key flaws. First, different people will
157use the scale-based measures differently: one person’s
158‘‘three’’ on a five-point qualitative scale may or may not
159mean the same thing as another person’s ‘‘three.’’ That is,
160the same point on a rating scale may measure perceived
161risks that actually differ across the two individuals (see the
162discussion of various risk ratings by Viscusi and Hakes
163[2003]). A second problem is that scale measures such as
164those used in previous studies, and the principal compo-
165nents measures used by Janmaat [2007], can establish only
166an ordinal link between contaminant exposures and per-
167ceived risks. The analyst may be able to estimate a statistical
168relationship between the perceived risk scale and exposure,
169but the model will not yield information on how the
170qualitative scale corresponds to scientists’ best estimates
171of probability-based risk.
172[9] Risk analysts estimate health risks using population
173level probabilities of a given health outcome, calibrated by
174exposures. For example, it is estimated that the ‘‘back-
175ground’’ level of lung and bladder cancer is about 60 deaths
176per 100,000 people, but exposure to arsenic in drinking water
177at a concentration of 50 parts per billion for 20 years will
178increase the mortality rate to 1000 cases per 100,000 people,
179or 1 in 100 [see United States Environmental Protection
180Agency, 2000]. If a person smokes and is exposed to arsenic
181at 50 ppb for 20 years, the rate rises to 2000 deaths per
182100,000. These risks are often converted to probabilities
183(0.0006, 0.01, and 0.02, respectively). If perceived risk can
184be elicited in the form of probabilities rather than a
185qualitative scale, then one may use statistical models to
186evaluate the degree to which subjectively evaluated risk
187corresponds to the objective risk as measured by scientists.
188[10] This is important because perceived risks are often
189quite different from science-based estimates of risk (Slovic
190[1987] provides the seminal reference). Slovic found that
191dangers to which people choose to voluntarily expose
192themselves, such as alcohol consumption, are frequently
193found to have perceived risks that are much lower than
194scientists’ best estimates of risk. Other characteristics of risk
195also cause perceived risks to diverge from objectively
196measured risks: those risks that are believed to be control-
197lable (e.g., automobile accidents), for which fatal conse-
198quences are limited to one person or just a few people at a
199time (again, automobile accidents), or have health or mor-
200tality effects that are delayed (e.g., environmental expo-
201sures) tend to have perceived risks that are less than
202objective risks. Dangers over which people have little
203control, kill large numbers of people at one time, or have
204immediate mortality effects tend to have perceived risks
205greater than those measured by risk analysts. For example,
206in their study of high-level radioactive nuclear waste storage
207and transportation, Riddel and Shaw [2006] find that the
208public believes potential mortality risks from a leak to be
209thousands of times higher than science-based estimates.
210[11] A key conclusion of this literature is that people will
211behave according to their personal perception of risk and
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212 not according to the objective measure risk as calculated by
213 scientists. Averting behavior models, then, should use
214 perceived risk measures and, if one wishes to draw policy
215 inferences from such models, the analyst must be able to
216 compare perceived risk to objectively measured risks.
217 Communicating risks and eliciting perceived risks has
218 proven to be quite difficult, though, which may explain
219 why the averting behavior studies of the past have relied
220 upon simple risk scales rather than a probabilistic measure.
221 In our study, risks of arsenic exposure were communicated
222 carefully to sample respondents, and a measure of perceived
223 risk corresponding to a probability was elicited, making it

224easier to assess the degree to which perceptions match
225scientists’ best risk estimates for known exposure levels.

2273. Sample and Data

228[12] The data used in this study come from a sample of
229people living in areas of the United States that have
230arsenic contamination in drinking water supplies. A
231detailed description of the survey process is provided by
232Nguyen [2008]. Briefly, the sample was obtained by target-
233ing four regions of the United States that were in violation
234of the new federal standard for arsenic in drinking water
235(10 ppb). The public water supply systems of Albuquerque,
236New Mexico, Fernley, Nevada, and Oklahoma City,
237Oklahoma, were not in compliance with this federal stan-
238dard for arsenic. The Outagamie County/Appleton region in
239the state of Wisconsin was selected for the study because of
240the high arsenic levels in privately owned wells. Private
241wells are not regulated under the Safe Drinking Water Act,
242so any knowledge that well owners have about their well
243quality is obtained on their own or in conjunction with a
244state or local health agency. The sample was not designed to
245be representative of all people living in the United States but
246rather was collected to reflect the behaviors and decisions of
247people living in areas with arsenic contamination issues.
248[13] The survey followed a telephone-mail-telephone
249format. Potential respondents were initially contacted via a
250random digit dial process and were asked about general
251perceptions of local drinking water quality. If the respondent
252agreed to participate in a follow-up survey, he or she was
253sent a brochure describing the health consequences of
254exposure to arsenic, the ways in which risks can be
255mitigated, and the level of exposure in the respondent’s
256community as measured by arsenic concentrations. For
257those people served by public water supply systems, the
258respondent’s exposure level was determined from water
259quality reports required by the U.S. Environmental Protec-
260tion Agency. Arsenic concentrations in all communities
261served by public systems were greater than 10 ppb but less
262than 50 ppb. For those on private systems, the concentration
263level was reported as a range, where the range was based on
264discussions with health officials with knowledge of local
265arsenic concentrations. Households in this region could
266have arsenic concentrations in excess of 100 ppb.
267[14] Risks were communicated using text and graphics.
268The text provided numeric information about the back-
269ground risk of lung and bladder cancer (60 deaths per
270100,000 people), the risk of these cancers following expo-
271sure at 50 ppb for 20 years when a person did not smoke
272(1000 deaths per 100,000 people), and the risks to a smoker
273following exposure at 50 ppb for 20 years (2000 deaths per
274100,000 people). (The brochure mentioned other mortality
275risks such as a heart attack but focused on lung and bladder
276cancer because these are the best documented risks.) These
277data were also graphically depicted on three rungs of a risk
278ladder, with other risks such as the risk of dying by
279lightning strike, automobile accident, etc., presented on
280other rungs of the ladder. Arrayed vertically to the right
281of the ladder were 25 tick marks, each labeled with a
282number from 1 to 25 and corresponding to a known
283mortality probability (Figure 1). During the follow-up
284telephone interview, respondents were asked to consider
285the amount of tap water they drink and the community’s

Figure 1. The risk ladder.
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286 reported arsenic concentration and to indicate the number of
287 the tick mark that best corresponded to their perceived risk
288 (see Appendix A for survey questions). Some 353 people
289 completed all phases of the survey; we focus our analysis on
290 the 201 respondents who provided point estimates of per-
291 ceived risk. Another 96 respondents exhibited ‘‘ambiguity’’
292 and provided only a range within which the perceived risk
293 lay. We drop this last group from the analysis because its
294 inclusion greatly increases the statistical complexity of the
295 analysis [see Nguyen et al., 2009] and distracts from the
296 primary thesis of this study.

297 4. Statistical Results

298 [15] The goals of our statistical models are twofold: first,
299 we would like to know if the risk elicitation method (and
300 subsequent conversion to a probability measure) was suc-
301 cessful. We evaluate this process by comparing perceived
302 risks to objective risks as measured by scientists. Second, if
303 the perceived risk measure seems reasonable, we would like
304 to link this measure to observed behavior. That is, does the
305 measure of perceived risk correspond to averting behavior
306 in a way that makes sense?
307 [16] Table 1 presents some simple statistical results for
308 the sample that relate to demographics, smoking, and
309 drinking water habits. The average respondent had lived
310 in their current residence for 11 years and had completed at
311 least some postsecondary education. Some 63% of respond-
312 ents were male, and the average annual household income
313 was nearly $66,000. The respondent’s self-assessment of
314 health was elicited using a discrete scale of 1 (excellent) to
315 5 (poor). The vast majority of respondents report themselves

316to be in ‘‘good’’ to ‘‘excellent’’ health, with only 10%
317considering themselves in ‘‘fair’’ or ‘‘poor’’ health. About
31851% of the sample had never smoked, with 35% saying that
319had smoked in the past and about 14% stating that they
320currently smoked. Two thirds of respondents received tap
321water from a public system; the remainder received tap
322water from a private well. Almost 60% of the sample said
323they were ‘‘very concerned’’ about the water quality in
324drinking water sources. Water quality concerns were elicited
325before mailing the arsenic information brochure and thus
326represent ‘‘prior’’ perceptions of water quality. A little over
327one third of respondents reported buying bottled water,
328though very few of these people relied exclusively upon
329bottled water for cooking and drinking. The mean monthly
330expenditure for bottled water among those purchasing
331bottled water was $27.

3334.1. Perceived Risks

334[17] Our simple evaluation of the risk elicitation method
335is presented in Table 2. Overall, the mean perceived risk of
336mortality from arsenic contamination at local concentration
337levels is 0.0059, or 590 deaths out of 100,000 over 20 years
338of exposure at local arsenic concentrations. This is above
339the background level mortality risk for lung and bladder
340cancer in the absence of arsenic contamination (0.0006) but
341below that for exposure at 50 ppb (0.01). After controlling
342for smoking history, the results are encouraging. Respond-
343ents who have never smoked have the lowest perceived
344mortality risk (0.0038), whereas those currently smoking
345have the highest perceived risk (0.0139). Those who cur-
346rently smoke, or have had a history of smoking, appear to
347understand that smokers are at higher risks from drinking
348arsenic-laden water.
349[18] The results presented in Table 2 do not account for
350other factors that influence perceived risk. In particular we
351are interested in how smoking, the level of arsenic exposure,
352and other factors may influence peoples’ perceived risk. We
353use multivariate regression analysis to accomplish this,
354using the regression model

y ¼ b0X þ e

356where y is perceived risk, X is a set of explanatory variables,
357b is a set of parameters to be estimated, and e is the error
358term. The elements of X include not only exposure to
359arsenic and smoking history but also other factors suggested
360by the literature and our focus group work: the source of
361drinking water (a public water system or a private well);
362length of tenure in the community; and the respondent’s
363age, gender, educational level, and self-reported health
364status. We are unable to control for other factors that might

t1.1 Table 1. Summary Statistics Relating to Drinking and Bottled

Water Behaviora

Variable Demographics
Mean/

Proportion
Standard
Errort1.2

Years in current residence, n = 193 11.0 years 0.866t1.3
Years of education, n = 192 13.9 years 0.168t1.4
Gender, n = 193 (% male) 62.7% 0.035t1.5
Income, n = 187 $65,862 $2480t1.6
Self-rated health status, n = 201t1.7

Mean 2.2 0.070t1.8
Excellent (1) 28.4%t1.9
Very good (2) 33.3%t1.10
Good (3) 28.4%t1.11
Fair (4) 8.5%t1.12
Poor (5) 1.5%t1.13

Smokingt1.14
Never smoked, n = 102 50.7%t1.15
Quit smoking, n = 71 35.3%t1.16
Currently smoke, n = 28 13.9%t1.17

Water system and water qualityt1.18
Tap water from a public system, n = 201 67.7% 0.033t1.19

Concern about water quality, n = 193bt1.20
Mean 4.23 0.081t1.21
Not at all concerned (1) 4.7%t1.22
(2) 4.7%t1.23
(3) 12.4%t1.24
(4) 19.7%t1.25
Very concerned (5) 58.5%t1.26

Purchase bottled water, n = 201 35.8% 0.034t1.27
Monthly expenditures for bottled water, n = 64 $27.02 $2.90t1.28

aFor the full sample, n = 201.t1.29
bThis variable referred to as perceived water quality in subsequent tables.t1.30

t2.1Table 2. Mean Perceived Arsenic-Related Mortality Risks for

Smokers and Nonsmokers

Group Estimated Mean Risk t2.2

Full sample, n = 201 0.0059 (0.0045–0.0074) t2.3
Respondents who have never smoked, n = 102 0.0038 (0.0025–0.0051) t2.4
Respondents who have ever smoked, n = 99 0.0081 (0.0055–0.0107) t2.5
Respondents who have quit smoking, n = 71 0.0057 (0.0031–0.0085) t2.6
Respondents who current smokers, n = 28 0.0139 (0.0081–0.0198) t2.7

aNumber of observations is given in parentheses. t2.8
bThe 95% confidence interval is given in parentheses.
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365 influence perceived risk, e.g., a history of cancer in the
366 family, the total volume of water consumed, and the amount
367 of water consumed away from home.
368 [19] Table 3 reports results of our ordinary least squares
369 model of perceived risk. The longer a respondent had lived
370 in their current residence (years in current residence), the
371 lower they believe subjective risks are, and this variable is
372 strongly significant. Those getting tap water from a public
373 water system believe themselves to be at higher risk than
374 those on private systems. Gender and education appear to
375 have no statistical influence on perceived arsenic mortality
376 risk. People in poorer health (health status) report higher
377 subjective arsenic risks, perhaps resulting from a belief that
378 they are more vulnerable to environmental contaminants
379 than those who are in better health.
380 [20] Consistent with the results presented in Table 2,
381 those who identified themselves as a current or former
382 smoker have significantly greater perceived risk than those
383 who have never smoked. All else equal, smokers and former
384 smokers believe that a history of smoking causes the risks of
385 lung and bladder cancer mortality to rise by an additional
386 370 deaths per 100,000 people. Our statistical model also
387 shows that perceived mortality risks rise with exposure to
388 arsenic (PPB). The sign on arsenic concentration is positive
389 and significant. All else equal, the model indicates that
390 respondents believe mortality risks rise by 20 deaths per
391 100,000 people for every one part per billion increase in
392 arsenic concentration. Our finding that perceived risk
393 increases as contaminant exposure increases is consistent
394 with the analyses of Poe et al. [1998] and Poe and Bishop
395 [1999].
396 [21] To make a comparison of arsenic mortality risks as
397 assessed by our sample with scientists’ best estimates of
398 risk, we predict perceived risks by using the empirical
399 model reported in Table 3, with arsenic exposure (PPB)
400 set equal to 50 and all other right-hand side variables set
401 equal to actual values reported by the respondent. Although
402 ordinary least squares was used, we predicted no cases of a
403 negative perceived risk. At an exposure concentration of
404 50 ppb, but holding all other variables at the levels reported
405 by the respondent, the mean overall risk for the sample is
406 0.0069, or 690 cases per 100,000. For nonsmokers the
407 predicted risk was 0.0045, or 450 deaths per 100,000 people,
408 which is below the best scientific estimate for 50 ppb
409 exposures of 1000 deaths. For those who had ever
410 smoked the predicted risk was 0.0092, or 920 cases out of
411 100,000 people; again this is below the scientists’ best

412estimate of 2000 deaths per 100,000 people. Our sample
413respondents appear to systematically underestimate the risks
414of arsenic exposure, but this is not unusual. The risk
415perception literature indicates that lay persons frequently
416underestimate the risks that can be controlled, are not
417catastrophic, and have delayed health effects [Slovic,
4181987; Brewer et al., 2004; Flynn et al., 1993; Rowe and
419Wright, 2001].

4214.2. Bottled Water Expenditures

422[22] Having established that respondents’ perceived risks
423are correlated with arsenic exposure and exacerbating habits
424(smoking), our next task is to assess whether our measure of
425perceived risk affects consumer behavior. Past research has
426indicated that perceived water quality and perceived risk, as
427measured by a qualitative response scale, do affect the
428demand for bottled water. Our data do not contain self-
429reported information on the actual volume of water used by
430the household because our focus group work indicated that
431households would have a difficult time recalling volumes of
432water used or purchased. A somewhat easier question for
433respondents to answer is their typical monthly expenditure
434on bottled water (reported in Table 1). The mean expendi-
435tures for those purchasing bottled water was $27 per month,
436but some 64% of the sample did not buy bottled water.
437[23] We are interested in expenditures on bottled water,
438which may be expressed with the following model:

w ¼ t0F þ u ð1Þ

440where w is the measure of bottled water expenditures, F is a
441vector of variables explaining expenditures, t is a parameter
442vector to be estimated and u is the stochastic error term
443associated with the model. Under the standard assumptions
444of an ordinary least squares (OLS) model, the expected
445value of the left hand side would be t0F, but this approach
446would not account for all the people who spent no money
447on bottled water. That is, the OLS model given above
448actually measures expected expenditures given that expen-
449ditures were greater than zero.
450[24] To gauge the full effects of perceived risk on demand
451for bottled water, the modeling procedure must recognize
452that the majority of people choose not to purchase bottled.
453That is, our modeling should reflect a participation decision,
454or ‘‘selection effect,’’ that accounts for differences across
455people in deciding to buy any bottled water at all, as well as a
456quantity decision, how much bottled water to buy. Heckman
457[1979] formalized the econometric approach to modeling
458such processes, and variations of this methodology have
459become common in the literature [see, e.g., Hoehn, 2006;
460Yoo and Yang, 2000; Bockstael et al., 1990].
461[25] The model can be thought of as a two-stage decision
462process, with participation at the first stage and expenditures
463at the second. At the first stage the consumer decides if he
464or she will consume bottled water:

z* ¼ a0W þ u ð2Þ

466where z* represents an unobservable index of propensity to
467purchase bottled water, W is the vector of variables affecting
468this propensity, a is a parameter vector to be estimated and
469u is the error term. The error terms for equations (1) and

t3.1 Table 3. Perceived Risk Model for Arsenica

Variable Coefficientbt3.2

Constant �0.0187 (0.12)t3.3
Years in current residence �0.0001 (0.02)t3.4
Public water system 0.0148 (0.03)t3.5
Genderc �0.0006 (0.68)t3.6
Education �0.0001 (0.85)t3.7
Health status 0.0030 (0.01)t3.8
Current or former smoker 0.0037 (0.01)t3.9
PPB 0.0002 (0.09)t3.10
R2 0.21t3.11
Probability > chi square 0.01t3.12

aHere n = 92.t3.13
bThe p value is given in parentheses.t3.14
cGender is 1 if male.t3.15
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470 (2) are correlated with one another, causing inconsistency of
471 the OLS estimates in equation (1) had all observations,
472 purchasers and nonpurchasers, been included in the
473 estimation.
474 [26] Here z* may be unobservable, yet we can take
475 advantage of an indicator variable, z, to be used as the
476 basis of a probit specification:

z ¼ 1 if z* > 0

z ¼ 0 if z* � 0

478 A probit model of participation (z = 1 means the person
479 buys bottled water) will yield estimates of a, which are used
480 to form the inverse Mill’s ratio, l = 8(a0W)/F(a0W), where
481 8(�) and F(�) are the standard normal density and
482 cumulative distribution functions, respectively. The inverse
483 Mill’s ratio is then used as an explanatory variable on the
484 right-hand side of equation (1), so that

w ¼ t0F þ rsl

486 r and s correspond to the correlation of the error terms across
487 equations (1) and (2) and the standard deviation of the error
488 term in equation (1), respectively. Estimating equations (1)
489 and (2) via full information maximum likelihood (with the
490 full data set of buyers and nonbuyers) yields efficient and
491 consistent parameter estimates for both equations and fully
492 accounts for the role of perceived risk in the decision to
493 purchase bottled water.
494 [27] Table 4 reports the results of two Heckman selection
495 models of bottled water expenditures. The upper portion of
496 Table 4 contains the coefficient estimates for the bottled
497 water expenditures model (how much bottled water to buy),
498 whereas the lower portion contains the results of the
499 selection equation (the decision to buy any bottled water
500 at all). The two models differ in the specification of the
501 expenditures equation but share identical specifications for
502 the selection model.
503 [28] Turning first to the selection model in the lower
504 portion of Table 4, results were qualitatively identical for
505 both model 1 and model 2. Perceived risk is not statistically
506 significant, indicating that our probabilistic measure of risk

507does not affect the decision to purchase bottled water.
508Instead, perceived water quality plays a larger role in
509people’s decision to purchase bottled water. This suggests
510that factors such as taste, smell, and clarity of drinking
511water are of greater concern than risks associated with
512arsenic in deciding to buy bottled water. Among other
513factors, being on a public water system significantly
514increases the probability of purchasing bottled water. It is
515possible that those on private wells are less aware of the
516contaminants in their water source; public systems have the
517responsibility to provide customers with water quality
518information, but private well owners must get this informa-
519tion themselves. Those with greater levels of education are
520more likely to purchase bottled water than those with less
521education. Older people are less likely to consume bottled
522water than those who are younger (age). Health status is not
523a significant factor in the decision to buy bottled water. We
524also note that the statistically significant estimates of rho
525and sigma in the selection models are statistically signifi-
526cant, indicating that the selection model is appropriate in
527this application.
528[29] The bottled water expenditure specifications exam-
529ine the role of the risk variable and the water quality
530variable. Our first specification includes only perceived risk
531and income, whereas the second specification adds per-
532ceived water quality. In model 1, the risk measure is a
533positive and statistically significant factor in explaining
534bottled water expenditures: higher subjectively perceived
535risks lead to increased expenditures on bottled water.
536Income was statistically insignificant. Given that more
537obvious factors such as taste, smell, and clarity of drinking
538water outweighed the effects of perceived risk at the
539selection stage, our second specification adds the perceived
540water quality variable to test whether these effects swamp
541the risk effect at the expenditures stage, too. In this second
542specification (model 2) perceived risk is of the same
543magnitude and statistical significance as in model 1, whereas
544perceived water quality is not significant at conventional
545levels (though the p value is 0.13, just beyond the 0.10 range).
546The two specifications in Table 4 indicate that perceived
547risk is a statistically significant determinant of expenditures
548on bottled water.
549[30] Taking the selection and expenditure stages as a
550whole, our results suggest that the more overt and easily
551recognized quality characteristics of water (taste, smell,
552clarity) have a greater influence than perceived risk in
553prompting people to buy bottled water at the selection
554stage. More people clear this ‘‘hurdle’’ because of character-
555istics of drinking water that are readily apparent than those
556characteristics that are more subtle. It is at the expenditure
557stage that the role of perceived risk reveals itself. All else
558equal, those with greater perceived risks are willing to spend
559more money on bottled water than those with lower per-
560ceived risks. This is an appealing story, in that those who
561drink bottled water to avoid the serious health consequences
562of arsenic exposure are willing to buy more than those
563whose motivation to buy bottled water is based on factors
564that do not affect health.

5665. Conclusions

567[31] Many people are exposed to contaminant risks in
568drinking water, and numerous authors have examined the

t4.1 Table 4. Heckman Models of Bottled Water Expendituresa

Variable Model 1 Coefficientb Model 2 Coefficientbt4.2

Expenditure Modelt4.3
Constant 44.9096 (0.01) 18.2710 (0.87)t4.4
Perceived risk 588.7337 (0.04) 555.8908 (0.04)t4.5
Perceived water quality 5.0874 (0.13)t4.6
Incomec �0.0916 (0.37) �0.0773 (0.44)t4.7

t4.8
Selection Modelt4.9

Constant �2.8527 (0.02) �2.5251 (0.02)t4.10
Perceived risk �3.2669 (0.77) �3.6164 (0.74)t4.11
Perceived water quality 0.2722 (0.02) 0.2112 (0.06)t4.12
Public water system 0.4960 (0.05) 0.5192 (0.04)t4.13
Education 0.1011 (0.05) 0.0995 (0.05)t4.14
Age �0.0169 (0.02) �0.0178 (0.01)t4.15
Health status 0.0973 (0.36) 0.0954 (0.38)t4.16
Sigma 24.2808 (0.01) 22.4733 (0.01)t4.17
Rho �0.6939 (0.01) �0.6519 (0.05)t4.18

aHere n = 181.t4.19
bThe p value is given in parentheses.t4.20
cIncome is measured in $1000 increments.t4.21
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569 choices made by people to avoid these risks. In some cases
570 the researchers did not have access to measures of perceived
571 risk, while in other cases the authors used measures of risk
572 that do not correspond well to the way in which risk is
573 measured by risk analysts. In contrast with previous
574 research, this study elicited perceived risks of tap water
575 contamination in such a way as to allow comparison to the
576 objective risks as measured by scientists. Our statistical
577 model demonstrates that the measure of perceived risk
578 follows scientists’ best estimate of risk in a manner consis-
579 tent with the epidemiology. Respondents’ perceived risk
580 rises as the level of arsenic exposure rises; further, the
581 perceived risk of smokers and former smokers exceeds that
582 of those who have never smoked. We find that perceived
583 risks are lower than objective risks as measured by scien-
584 tists, but this merely corroborates a result found in the
585 perceived risk literature.
586 [32] We follow Abdalla et al. [1992] and Abrahams et al.
587 [2000] in connecting perceived risk to the purchase of
588 bottled water as a substitute for tap water. Similar to other
589 authors, we also consider a scale measure of water quality
590 that accounts for issues such as taste, odor, and clarity as
591 factors in the decision to purchase bottled water. Our
592 statistical model indicates that the more general issue of
593 water quality dominates the role of perceived risk in the
594 decision to buy any bottled water, but that perceived risk is
595 a statistically significant determinant of the amount of
596 bottled water to buy, given that a person has decided to
597 buy bottled water at all. The model allows us to conclude
598 that purchases of bottled water are based on factors other
599 than price: the additional dimension of risk is a rational
600 basis for purchasing bottled water at a price many times that
601 of tap water.
602 [33] Our models also provide information to policy-
603 makers. By using a measure of perceived risk that can be
604 directly connected to exposure levels, one may evaluate the
605 degree to which averting behavior will change as a result of
606 different exposure levels. Our risk and expenditure models
607 indicate that water consumption decisions are made on the
608 basis of perceived risks that are substantially below mortal-
609 ity risks on the basis of the best available scientific evidence
610 and knowledge. If one assumes that scientific risk estimates
611 are an appropriate benchmark, then the fact that people
612 systematically underestimate the true risk means that our
613 population is not purchasing enough bottled water. Policy-
614 makers must decide whether consumer choice based on
615 existing perceived risks is acceptable from a public per-
616 spective or if it is in the public interest to provide more
617 information on the risks of tap water consumption and the
618 choices available to consumers.
619 [34] The risk communication effort appears to have been
620 successful. People understood that higher exposure levels
621 meant higher risks, while smokers also got the signal that
622 they were at higher risks than nonsmokers. Thus, while
623 communicating and eliciting risks is known to be a difficult
624 undertaking in survey-based research, this analysis indicates
625 that it is possible to do both. However, the survey approach
626 is costly in that respondents required both written and verbal
627 information to adequately comprehend the complex nature
628 of risk. Therefore, we have concerns about those who would
629 draw behavioral and policy inferences about risks on the

630basis of less rigorously designed and implemented survey
631instruments.

632Appendix A: Key Questions From Follow-Up
633Telephone Survey

634A1. Bottled Water Expenditures

635[35] You might use both bottled and tap water at home.
636Bottled water might be a large container you get delivered
637to the house or purchase at the store, or it might be those
638little bottles you can buy at the store in a typical week. Do
639you or other family members drink bottled water at home?
640[36] 1 Yes
641[37] 2 No
642[38] About what percent of all of the water you all drink
643in your household comes from bottled water?
644[39] _______%
645[40] About how much total do you pay for bottled water
646each month?
647[41] _______$ per month
648[42] D Don’t Know

649A2. Perceived Risk

650[43] Now we want to find out your thoughts about risks.
651Please look at pages 8 and 9 of the information brochure we
652mailed you.
653[44] I want to ask you about the risks that you think you
654face. Look at Page 9 of the brochure, Risk Ladder 1. Did
655you make one mark or two marks?
656[45] 1 One mark
657[46] 2 Two marks
658[47] 3 Cannot decide where to mark
659[48] 4 DID NOT MARK ANY YET
660[49] 5 Refused to make marks
661[50] Why do you refuse to make the marks?
662[51] If Certain: What line did you make your mark on?
663______
664[52] If uncertain: What was the highest line you made
665your mark on? ______
666[53] If uncertain: What was the lowest line you made
667your mark on? ______

668[54] Acknowledgments. Data collection was facilitated by a grant
669from the U.S. Environmental Protection Agency. We thank those who
670helped in survey design and data collection: Trudy Cameron, J. R.
671DeShazo, Paan Jindapon, Mary Riddel, Laura Schauer, Kerry Smith, and
672Kati Stoddard. We thank Oral (Jug) Capps for his comments on an earlier
673draft of this paper, as well as Mike Slotkin, Senerath Dharmasena, seminar
674participants at Florida Institute of Technology, and two anonymous
675reviewers. Views expressed within this paper are not necessarily shared
676by the funding agency.
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