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ABSTRACT 

 

 

Previous studies have shown that low-income Latinos frequently drink bottled 

water instead of tap water and might be at increased risk for dental caries from 

unfluoridated bottled water. The goals of this study were to: 1) determine if a difference 

exists between grab samples of municipal tap water and bottled water used by families in 

Nogales, Arizona in chemical and microbial contaminants; 2) understand the risk 

perceptions these low-income families have about both their publically supplied tap 

water, bottled/vended water; and 3) examine whether families have adequate fluoride 

levels in their drinking water for optimal dental health.  Tap and bottled water samples 

were collected from thirty of these households for analysis of drinking-water 

contaminants regulated by the U.S. Environmental Protection Agency (USEPA). Bottled 

water included small (0.5 L) and large (3.8 L), individually sealed water bottles as well as 

water vended into reusable containers from self-service vending machines or from water 

stores. Some of the large bottles were purchased sealed, but had been previously opened 

and partially consumed by study participants. In addition to the 30 households mentioned 

above, an additional sixty low-income Latino households, who primarily drink bottled 

water, were also recruited for this study to complete a questionnaire on risk perceptions 

related to drinking water consumption, water storage practices, and fluoride 

supplementation.  

There were no significant differences in the concentration of chemical 

contaminants between tap, bottled and vended water, and none of the chemical 

concentrations exceeded USEPA regulations. Escherichia coli (E. coli) was confirmed in 

3% (1/30) of tap, 0% (0/8) of sealed bottled, 40% (2/5) of previously opened bottled, and 
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35% (6/17) of vended water samples. One of the 3 samples collected directly from a 

vending machine had an E. coli concentration of 0.33 CFU/100 mL. None of the 10 

samples collected directly from sealed bottles purchased directly from the store had any 

E. coli detected. While no significant differences were observed in the chemical quality 

of water samples, results suggest that secondary contamination in the home contributes to 

higher levels of E.coli in water from partially consumed larger water bottles or water 

stored in reusable containers. Families who reported cleaning large reusable water 

containers with soap or hot water had significantly lower E.coli (p=0.003) in their 

drinking water than those who rinsed with only water 

Respondents viewed bottled water to be significantly safer to consume than tap 

water (p<0.001). On a Likert scale from 1 (low risk) to 5 (high risk), “drinking tap water 

in Nogales, Arizona” received an average score of 4.7, which was significantly higher 

than the average perceived risk of smoking (µ= 3.5, p<0.001) or of “drinking tap water in 

San Francisco, California” (µ= 3.4, p<0.001), and as risky as “drinking and driving” (µ= 

4.8, p=1.00) and “drinking tap water in Nogales, Sonora, Mexico” (µ= 4.8, p=1.00). 

Additionally, 98% (88/90) of respondents feared that drinking local tap water could result 

in illness. The majority of respondents (79%, 71/90) did not drink their tap water because 

of fear of contamination and would drink their tap water if they knew it was safe, 

regardless of the taste (73%, 66/90).  

Fluoride was detected in 53% (16/30) of tap-water samples and only in one 

bottled-water sample. However, only 27% (8/30) of tap-water samples had fluoride levels 

within the recommended range (0.7-1.2 mg/L) by the American Dental Association for 

optimally fluoridated water. From multiple logistic regression, children in a household 
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were less likely to have cavities if their parents reported using fluoridated mouthwash 

(p<0.001) or visited the dentist yearly (p<0.001). None of the participants reported 

discussing the type of water they drank or fluoride supplementation with any healthcare 

providers.   

Results suggest that secondary contamination in the home is contributing to 

significantly higher levels of bacteria in vended water stored in reusable containers. In 

addition, fear of illness from contamination of tap water is an important contributing 

factor to increased use of bottled water. Interventions could be developed to educate 

families about how to keep their reusable water containers clean, reduce perceived risks 

associated with tap-water consumption, and emphasize the importance of fluoride 

supplementation if families continue drinking bottled water. 
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1. Introduction 

 Bottled-water consumption has been steadily increasing over the past few decades 

and the United States (U.S.) and Mexico are by far the largest consumers of bottled water 

worldwide (Figure 1). In the U.S., several studies have shown that some consumers 

prefer bottled water over tap water because of convenience, better taste, and purity 

(Anadu and Harding, 2000; Hu et al., 2011). However, an increasing proportion of the 

U.S. population is choosing bottled water because of fear that municipal tap water might 

be contaminated (Hobson et al., 2007). More specifically, several studies have shown that 

Latinos are more likely to use bottled water over tap water because of fear of illness 

related to tap-water consumption (Hobson et al., 2007; Williams et al., 2001). 

Furthermore, the American Dental Association (ADA) is concerned that individuals who 

primarily drink bottled water may not be receiving adequate levels of fluoride for optimal 

dental health. This dissertation will provide new insights into understanding whether 

there is a difference in the quality of tap, bottled and vended water, will elucidate why 

Latinos perceive tap water to be unsafe for drinking, and will identify whether individuals 

have adequate levels of fluoride in their drinking water for optimal dental health.  
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Figure 1. Ten largest bottled-water markets in the world (IADB, 2010). 

 

2. Review of literature 

2.1 Bottled-water consumption 

Bottled-water consumption in the U.S. increased steadily from 1976 to 2012 

(Figure 2). The most recent data available shows that sales in 2012 were the highest ever 

recorded in U.S. history (Figure 2). Contributing to this high number is an increasing 

proportion of the U.S. population that is choosing an alternative to drinking tap water 

(Anadu and Harding, 2000; Hobson et al., 2007; Hu et al., 2011). Interestingly, a recent 

study using data from the National Health and Nutrition Examination Survey (NHANES) 

from 2005–2010 showed that consumption rates of bottled water were significantly 

higher  in Non-Hispanic Black (p<0.001), Mexican-American (p<0.001) and Other 

Hispanic populations (p<0.001) when compared to Non-Hispanic White populations 

(Drewnowski et al., 2013). These trends have been documented in several studies 

showing that Latinos have higher consumption rates of bottled water than non-Latinos 
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(Hobson et al., 2007; Williams et al., 2001). Furthermore, many Latino parents reported 

giving their children bottled water for drinking and also used bottled water to prepare 

infant formula because of fear that their tap water might be contaminated (Hobson et al., 

2007; Huerta-Saenz et al., 2012).  

Bottled-water purveyors have been shown to spend a substantial amount of 

money each year on branding and marketing their products to consumers, especially in 

areas that have poor tap-water quality like Nogales, Arizona (Wilk, 2006). In a previous 

study in Nogales, Arizona, we showed that 85% (17/20) of the study participants (low-

income Latinos) used bottled water for drinking and 50% (10/20) for cooking (Beamer et 

al., 2012). This behavior has also been reported in other studies in Arizona showing 

higher rates of bottled-water consumption among Latinos (Williams and Florez, 2002; 

Williams et al., 2001).  

 

Figure 2: Bottled-water consumption in the U.S. 

from 1976-2012. Data are from the Beverage Marketing Corporation. 

 

2.2 Bottled-water types 

Bottled water is classified as a consumer food product by the U.S. Food and Drug 

Administration (FDA). The FDA requires that the “type” of water be clearly printed on 
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the label of all bottled water sold in the United States: spring water, purified water, 

mineral water, sparkling water and artesian well water (Table 1). The majority of bottled 

water purveyors in the U.S. use tap water as their water source, which may be subjected 

to additional treatment or purification steps to improve organoleptic properties (i.e., taste, 

color, odor) (Beckman, 2011; Ferrier, 2001).  

 

Table 1. Types of bottled water sold in the U.S. (FDA, 2013). 

 

Water type Description 

Spring Water Water derived from an underground formation from 

which water flows naturally to the surface of the earth. 

 

Purified Water Water that has been produced by distillation, 

deionization, reverse osmosis, or other suitable 

processes while meeting the definition of purified 

water in the United States Pharmacopoeia. 

 

Mineral Water Natural water containing not less than 250 parts per 

million total dissolved solids. Mineral water is 

distinguished from other types of bottled water by its 

constant level and relative proportions of mineral and 

trace elements at the point of emergence from the 

source. 

 

Sparkling Bottled 

Water 

 

Water that is treated and carbon dioxide is added. 

Artesian Well Water Water from a well that taps a confined aquifer (a 

water-bearing underground layer of rock or sand) in 

which the water table stands at some height above the 

top of the aquifer. 

 

Many of these products are branded as spring or purified drinking water and can 

be sold in individually sealed bottles or large vessels which are normally delivered by a 

vendor (Gray, 2008). In addition, purified water can also be sold by vending machines or 

in water stores where the consumer collects the purified water in reuseable containers or 
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vessels (Gray, 2008). This method is by far the most common in many low-income 

communities like the Nogales region (Frisvold and Osgood, 2002; IADB, 2010), where 

bottled-water sales and consumption remain relatively higher in many border communties 

compared to non-border communities (Ingram et al., 1995; Wilk, 2006). 

Bottled-water use in the home includes small individual sealed bottled, large 

sealed bottles that are partially consumed over multiple times or vended water that are 

sold in stores or from vending machines and is collected in reusable containers (Gray, 

2008; Hobson et al., 2007). 

 

2.3 U.S. drinking-water regulations 

2.3.1 Municipal Tap water 

 In the United States, municipal tap water purveyors serving more than 25 

households is regulated by the U.S. Environmental Protection Agency (USEPA), while 

bottled water is regulated by the Food and Drug Administration (FDA); however, the 

standards between the two agencies are similar (Table 2). To this end,  purveyors and 

suppliers are required to perform safety tests to make sure contaminant levels do not 

exceed limits set by these agencies (Calabrese and Gilbert, 1989; Posnick and Kim, 

2002). 

The Safe Drinking Water Act (SDWA) is the main federal law that regulates the 

quality of municipal tap water (purveyors serving more than 25 households) in the U.S., 

which has approximately 160,000 public water systems that serve 95% of the population. 

Under the SDWA, the USEPA sets standards for drinking water quality (i.e., levels of 

chemical and microbial contaminants in drinking water) and oversees the states, 
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localities, and water suppliers who implement those standards (Table 2). The SDWA was 

originally passed by the United States Congress in 1974 to regulate public drinking-water 

supplies. The law was later amended in 1986 and then again in 1996 to protect drinking 

water and other water sources, including rivers, lakes, reservoirs, springs, and 

groundwater wells. The SDWA applies to every public water system in the U.S. but does 

not apply to private wells that serve fewer than 25 individuals.  

 

Table 2. Comparison of USEPA Maximum Contaminant Levels (MCLs) and FDA 

Standards of Quality (SOQ) for drinking water. 

 

Contaminant USEPA MCLs FDA SOQ 

Total coliforms No MCL in source water
1
 If positive for total 

coliforms, follow-up testing 

is required to determine 

presence of 

E. coli in source water 

(FDA, 2013). 

 

Finished product: Less than 

4 CFUs/100 mL (FDA, 

2013). 

Fecal Coliforms 

Escherichia coli (E. coli) 

 

Finished product: No more 

than 5% of monthly 

samples positive for fecal 

coliforms, when no more 

than one sample tested 

positive in a  month 

(Calabrese and Gilbert, 

1989) 

 

No MCLs in source water
1
, 

and none should be detected 

in finished water (Calabrese 

and Gilbert, 1989) 

None should be detected in 

source water. If detected, 

source water is not of a 

safe, sanitary quality (FDA, 

2013). 

 

Finished product: None 

detected. If detected, 

product is deemed 

adulterated (FDA, 2013). 

Inorganic and organic 

contaminants  

91 contaminants regulated 

(Calabrese and Gilbert, 

1989) 

96 contaminants regulated.  

83 contaminants have the 

same EPA MCL (FDA, 

2013). 

*Numbers correspond to reference citations. 
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1
 Although there is no MCL in source water, there is presence/absence test for coliforms.  

 

  The microbiological quality of drinking water in municipal water distribution 

systems depends on several factors. The Total Coliform Rule (TCR) was implemented in 

1990 to set both a health goal (Maximum Contaminant Level Goal, or MCLG) and legal 

limits (Maximum Contaminant Levels, or MCLs) for the presence of total coliforms in 

drinking water (Pontius, 2000). MCL levels are based on the positive sample tests for 

total coliforms (monthly MCL), fecal coliforms, and E. coli. To comply with the monthly 

MCL for total coliforms, public water systems must not contain coliforms in excess of 

five percent of monthly samples.  If  the percentage of samples testing positive each 

month exceeds five percent, operators are required to test for fecal coliform, report this 

violation to the state, notify customers via mail or telephone, and correct the problem 

immediately (Bennear et al., 2009).   

              The Revised Total Coliform Rule (RTCR) is an updated version of the 1990 

TCR and will go into effect on April 1, 2016 (Mansuy, 2013). Under the RTCR, there is 

no longer an MCL violation for multiple total coliform detections. Instead, the revisions 

require public water systems that have an indication of coliform contamination to assess 

the problem and take corrective action to reduce cases of illness and death related to fecal 

contamination and waterborne pathogen exposure (Mansuy, 2013).  Public water systems 

and primacy agencies must continue to comply with the 1989 version of the rule until the 

new rule goes into effect. In addition to coliforms, public water systems are regularly 

monitored for other chemical contaminants such as disinfectants, disinfection by-products 

(DPBs), inorganic and organic chemicals such as arsenic, lead, trichloroethylene and 

xylene. 
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2.3.2 Bottled or vended water 

  Bottled water sold in the U.S. is regulated by the FDA under Title 21 of the Code 

of Federal Regulations (21 CFR). This code sets standards on the following two 

elements: identity (21 CFR § 165.110[a]) and quality (21 CFR §165.110[b]). These 

standards set the baselines for identification of bottled water types and for chemical, 

physical, microbial, and radiological contaminant levels. The FDA has also established 

Current Good Manufacturing Practice (CGMP) regulations for processing and bottling 

drinking water (21 CFR part 129). The FDA monitors and inspects bottled-water 

products and processing plants under its general food safety program rather than a 

specific bottled-water program. Over the years, bottled water has generally maintained a 

good safety record. For this reason and because of staffing and financial constraints, the 

FDA tends to assign low priority to safety inspections of water bottling plants (Posnick 

and Kim, 2002).  However, the agency inspects facilities with violations more frequently, 

depending on the number, significance, and recurrence of violations (Posnick and Kim, 

2002). In addition, FDA officers follow up on consumer and trade complaints and other 

leads to potential contamination of bottled-water products. 

 All states in the U.S. are required to adopt federal water quality requirements for 

bottled or vended water (Posnick and Kim, 2002). Furthermore, bottled water from other 

states or foreign countries must meet the same quality and identity standards as those 

produced in-state (Gray, 2008; Posnick and Kim, 2002). In addition, water dispensed 

from vending machines is typically local municipal water, which must also be in 

compliance with USEPA drinking-water standards. Furthermore, water vending machines 
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are regulated by local authorities in all 50 states, and periodic tests are done for coliform 

bacteria and nitrates (Gray, 2008; Schillinger and Knorr, 2004). In Arizona, local county 

health departments have some authority to carry out periodic tests on water vending 

machines, and relies on the FDA to deal with interstate bottled water. However, while 

water supplied from a vending machine is potable, inadequate cleaning, unsanitary 

handling of the vending machine or the container used to collect and store the water 

could result in bacterial contamination; hence, good sanitation measures are important to 

keeping vended water safe (Schillinger and Knorr, 2004). 

 

2.4  Surveillance of municipal tap and bottled water 

Despite advances in water management and sanitation, waterborne disease 

outbreaks continue to occur in the U.S. and more often in developing countries (CDC, 

2013; Colwell et al., 2003). According to the most recent surveillance data from the 

Centers for Disease Control and Prevention (CDC), during 2009–2010 there were 33 

reported waterborne disease outbreaks related to municipal drinking-water supplies, 

which resulted in 1,040 illnesses, 85 hospitalizations, and nine deaths (CDC, 2013).  For 

this same period, no outbreaks were reported for bottled water (CDC, 2013). While the 

number of reported cases of acute gastrointestinal illness (AGI) in 2009-2010 was a little 

over 1,000, several risk-assessment studies have shown that the actual number of AGIs 

related to tap-water contamination might be closer to 19.5 million cases per year 

(Messner et al., 2006; Reynolds et al., 2008). Even, in the U.S., relative risks related to 

potential tap-water contamination have been reported in some studies as being 

significantly higher than for bottled water (Messner et al., 2006; Reynolds et al., 2008). 
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However, a few limitations of these studies are using AGI as a health endpoint since it is 

not a specific measure of waterborne disease and may result in an overestimation of 

actual cases of diseases, and the assessments were based off data collected in regions 

with higher incidences of tap- water contamination (Messner et al., 2006). 

 

2.5 Contaminants in municipal tap water 

Tap water can become contaminated by improperly disposed chemicals, fecal 

waste from animals and humans, pesticide leaching, wastes injected deep underground, 

and naturally occurring substances (Calabrese and Gilbert, 1989). Additionally, tap water 

that is poorly treated or disinfected, or which travels through an improperly maintained 

distribution system, can also pose a public health risk (Calabrese and Gilbert, 1989). 

Several chemical contaminants have been identified in municipal water distribution 

systems. Intrusion of contaminants can occur from municipal and industrial discharges, 

urban and rural run-off, natural geological formations, drinking-water distribution 

materials, and drinking water treatment processes (Calderon, 2000).   

The most common contaminants in tap water are inorganic compounds (mainly 

metals), organic compounds including disinfection by-products and coliform bacteria 

(Cuzick et al., 1992; Krasner et al., 1989; Richardson, 2003; VanDerslice and Briscoe, 

1993). Arsenic, lead, chromium, and manganese are naturally occurring trace metals that 

can be present in soils (McLean and Bledsoe, 1996). Most importantly, several studies 

have shown that these trace metals are common in Arizona and can contaminate 

groundwater (Baker et al., 1994; Coes et al., 2002; Robertson, 1989; Rösner, 1998; 

Wilson et al., 1990).   
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The occurrence of disinfection by-products in U.S. drinking-water supplies has 

been a major concern to the USEPA over the past several years (Krasner et al., 1989; 

Krasner et al., 2006; Richardson, 2003; Richardson et al., 2007).  Although these 

compounds have been studied extensively over the past three decades, new health 

concerns have arisen about long-term exposure to these chemicals and emerging 

brominated by-products (Hebert et al., 2010; Richardson et al., 2007).  One major 

challenge for water utilities is to control and limit the risks from pathogens that might be 

present in drinking water during treatment, while simultaneously minimizing potential 

health risks to consumers from any disinfection by-products. The USEPA has an 

enforceable regulation known as the maximum contaminant level (MCL) for all 

disinfection by-products, which is based on the MCLG (Xie, 2003).  These MCLs are 

geared towards protecting the public from any health risks that might be associated with 

exposure. Such health risks include adverse reproductive effects and developmental 

disorders (Richardson et al., 2007). For this reason, many water utilities in the U.S. are in 

the process of changing their primary disinfectant from chlorine to alternative 

disinfectants (e.g., ozone, chloramines, etc.) (Krasner et al., 2006; Richardson et al., 

2007). These alternative disinfectants have been shown to reduce toxic levels of many 

disinfection by-products such as trihalomethane and haloacetic acid, but they may also 

increase levels of other potentially toxic DBPs such as bromonitromethanes and iodo-

trihalomethanes  (Richardson et al., 2007). 

Tap water can also become contaminated with microorganisms either at the 

source or through improperly maintained points along the distribution system (Reynolds 

et al., 2008; Rose and Gerba, 1991). One such example is the 1993 Cryptosporidium 
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outbreak in Milwaukee, Wisconsin, which was the largest waterborne disease outbreak in 

U.S. history (Corso et al., 2003).  In addition, other studies also reported an association 

between rainfall and pediatric emergency department visits for acute gastrointestinal 

illness from drinking municipal tap water, suggesting that rainfall-associated illness 

might be responsible for several waterborne disease outbreaks (Drayna et al., 2010; 

Hunter et al., 2005).  

Elevated chemical contaminants (levels above the MCLs) have been associated 

with health outcomes including various cancers, adverse reproductive outcomes, 

cardiovascular diseases, and neurological disorders (Bove et al., 1995; Cuzick et al., 

1992; Engel and Smith, 1994; Needleman et al., 1990). Moreover, certain sub-

populations are at greater risk for chemical exposure than the general public. These more 

vulnerable populations (Table 3) can be categorized by demographics (age, sex, race, 

ethnicity), genetics, and acquired traits (nutrition, underlying disease, smoking, alcohol, 

pregnancy).  Susceptible individuals include immuno-compromised persons, including 

but not limited to, individuals who are undergoing chemotherapy or who have undergone 

organ transplants, individuals with HIV/AIDS or other immune system disorders, some 

elderly persons, and infants. These populations can be particularly at risk from infections 

and should seek advice about drinking water from their healthcare providers (Hall et al., 

2004). 
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Table 3. Examples of populations susceptible to effects associated with exposure to 

drinking water chemical contaminants (Calderon, 2000). 

 

Chemical Susceptible population 

Aluminum Dialysis 

Arsenic Nutritional factors 

DBPs Elderly men, pregnant women 

Fluoride Infants 

Lead Fetus, children 

Nitrate Pregnant women, infants 

Pesticides Children 

Radon Smokers 

Sulfate Infants 

 

 

 

2.6 Contaminants in bottled water 

Bottled water can become contaminated  at various points during the production 

process, from supplying of the materials to handling, storing, or distribution (Montuori et 

al., 2008). Bottled or vended water is usually stored in either glass or plastic bottles or 

vessels. The majority of  plastic bottles (80%) are made of  polyethylene terephthalate 

(PET) because of its physical and chemical properties such as strength, transparency, 

light weight, and easy recycling (Bach et al., 2012). While bottled water has been 

marketed as a safer alternative to tap water in regions with poor tap-water quality (Wilk, 

2006), there are concerns that  possible migration of chemicals (e.g., Antimony and 

Bisphenol A)  from plastic bottles during long storage period, especially under poor 

conditions (high temperatures, sun radiation, etc.), can contaminate the water (Amiridou 

and Voutsa, 2011; Wagner and Oehlmann, 2009).  Therefore, bottled-water alternatives 

are not necessarily safer from contamination than tap water. 
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Several studies have reported the presence of organic compounds in bottled water 

which may affect the organoleptic properties of the water and can pose a health risk to 

consumers (Bach et al., 2012; Guart et al., 2011; Montuori et al., 2008). Many of these 

organic compounds are extensively studied and have been shown to be endocrine 

disrupting compounds (EDCs), which, over long exposure durations, can lead to 

reproductive and developmental disorders (Crain et al., 2008; Rupnik, 2011). The most 

commonly detected EDCs in bottled water are alkylphenols and phthalates (Guart et al., 

2011; Wagner and Oehlmann, 2009).  

Bisphenol A (BPA), an alkylphenol that is a common contaminant in bottled 

water (Le et al., 2008), has been shown to migrate from polycarbonate water bottles at 

rates ranging from 0.20 ng/h to 0.79 ng/h, which can contribute to the cumulative burden 

of exposure to EDCs (Le et al., 2008). Furthermore, children who feed from plastic 

bottles are at increased risk because their exposure dose to EDCs might also be 

significantly higher than that of  adults and non-bottle feeding children (Brede et al., 

2003; Nam et al., 2010).  

In addition to BPA, bottled water can also become contaminated with antimony 

trioxide (Sb2O3), which is the single most important catalyst used in the manufacture of 

PET (Keresztes et al., 2009; Shotyk and Krachler, 2007).  For example, one study 

showed that Sb2O3 concentrations in bottled-water samples collected from Canada and 

eleven European countries increased significantly over six months of storage at room 

temperature, suggesting that storing bottled water time periods over one month increased 

risks for antimony exposure (Shotyk and Krachler, 2007). While not much is known 

about the health effects associated with ingesting antimony, several studies have 
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demonstrated that  breathing 2 mg/m³ of antimony for  over six months can cause 

pneumoconiosis, altered electrocardiograms, stomach pain, diarrhea, vomiting, and 

stomach ulcers (Belzile et al., 2011; Kefeli et al., 2012; Moore, 2013; Sundar and 

Chakravarty, 2010). 

Phthalates (PEs) are also common contaminants in bottled water and are 

ubiquitous pollutants in the environment due to their widespread use in plastics for over 

50 years (Amiridou and Voutsa, 2011; Guart et al., 2011). These compounds are used 

mainly as plasticizers, but they can also be found in paints, adhesives, inks, and cosmetics 

(Guart et al., 2011). With regards to endocrine disrupting potential, several phthalates 

have been shown to elicit estrogenic responses in in vitro assays and have also been 

implicated in atopic disorders in children (Amiridou and Voutsa, 2011; Wang et al., 

2014). While much is known about these contaminants, more studies are needed to 

understand the health risks associated with these compounds. However, at this point, 

findings indicate that, worldwide, human populations have already been undergoing 

consistent long-term exposure to plasticizing toxins. 

 In addition to chemical contaminants, several microbial contaminants have also 

been detected in bottled water either purchased in sealed bottles or collected from water 

vending machines in reusable containers (Bharath et al., 2003; Lalumandier and Ayers, 

2000). For example, one epidemiological study demonstrated that children who drank 

bottled water were at increased odds of acute diarrhoeal illness compared to those who 

drank tap water, suggesting that bottled water may not always be a safer alternative to tap 

water (Gorelick et al., 2011a). Another study of diarrhea in HIV-infected persons, 

showed that individuals who drank vended water were at increased risk (OR=3.0) for 
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diarrhea than those who drank tap water, which was actually protective possibly because 

of fewer minerals in the water (Eisenberg et al., 2002). Furthermore, a study conducted in 

the United Kingdom showed that drinking bottled natural mineral water was associated 

with increased risk factors for Campylobacter infection, whereas no similar associations 

were observed in individuals who drank tap water (Evans et al., 2003). Historically, self- 

bottled mineral water was identified in previous studies as a vehicle of transmission 

during the 1977 cholera outbreak in Portugal (Blake et al., 1977) and was also implicated 

as the potential source of typhoid fever in travelers to Mexico (Gonzalez-Cortes et al., 

1982; Harris, 1982). 

 

2.7  Water contamination in the home 

  Water-related diseases continue to be one of the major public health challenges 

globally. According to a World Health Organization report, an estimated 4 billion cases 

of reported water-related diarrhea occur each year (WHO, 2002).  A major contributor to 

this problem is the lack of clean drinking-water sources in many developing countries 

(WHO, 1997; WHO, 2002). Most importantly, several studies have shown that the 

microbiological quality of drinking-water stored in vessels in the home can be lower than 

that of the source, suggesting that contamination can occur during collection, transport 

and storage in the home (VanDerslice and Briscoe, 1993; Wright et al., 2004).  

The most common form of secondary contamination in the home is by the fecal-

oral route where drinking water becomes contaminated with fecal matter from reusable 

containers which are not cleaned properly or poor sanitary conditions in the home (Mintz 

et al., 1995; Prüss et al., 2002). In addition, other studies have shown that water 
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contamination in the home can also lead to spread of diseases like cholera or diarrhea in 

many developing countries (Colwell et al., 2003; Mintz et al., 1995; Sanchez, 1995), but 

none have assessed if this actually occurs in developed countries like the U.S. Other 

evidence suggests that storing water in narrow-mouthed containers may also reduce fecal 

contamination of drinking water because people are not able to place their hands inside 

the containers (Quick et al., 1999; Quick et al., 1996). Although bottled water 

consumption has been increasing in the U.S., no studies have looked at whether 

secondary contamination in the home might be contributing to any water-related 

illnesses. Furthermore, it is not clear if some of the interventions like narrow-neck bottles 

are effective in reducing further contamination in homes. 

 

2.8  Previous studies comparing tap and bottled water and gaps 

While several studies have compared chemical and microbial contaminants in tap 

and bottled water, many of these studies looked at very few contaminants and were 

conducted in countries with known water-related issues and less strict regulation than in 

U.S.  (Cidu et al., 2011; Dubrovsky et al., 2010; Papapetropoulou et al., 1994; Wu et al., 

2010). Moreover, to the knowledge of the author, only one study has compared 

contaminants in tap and bottled water in the U.S. (Lalumandier and Ayers, 2000). This 

study compared fluoride and bacterial content of tap and bottled water  in the U.S. and 

showed  that bottled water contained significantly lower levels of fluoride when 

compared to tap water (Lalumandier and Ayers, 2000). This finding was also confirmed 

in other  studies, demonstrating that several branded bottled-water types contained 

significantly lower levels of fluoride when compared to tap water (Bartels et al., 2000; 
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Cochrane et al., 2006; Weinberger, 1991).  Furthermore, bacterial counts in stored bottled 

water were significantly higher than those in tap water, suggesting that storing bottled 

water for long periods enhances bacterial growth (Lalumandier and Ayers, 2000). One 

limitation of the Lalumandier and Ayers study is that it focuses on the presence of 

heterotrophic bacteria as a potential indicator for health risks (Falcone-Dias et al., 2012; 

Lalumandier and Ayers, 2000; Ramalho et al., 2001). However, the conclusions from the 

2002 HPC Bacteria in Drinking Water Symposium in Geneva, Switzerland, showed that 

HPCs in drinking water do not pose potential health risks except in cases with severe 

immunological disorders like Crohn's disease (Allen et al., 2004; Chowdhury, 2012).  

Several studies have compared contaminants in tap and bottled water outside the 

U.S.. A study evaluating isolation of antibiotic-resistant Pseudomonas species in tap and 

bottled water in southern Greece found  that bottled water had higher levels of 

Pseudomonas than tap water (Papapetropoulou et al., 1994). One caution, however, is 

that  several of the bottled water samples assessed in this study may have been illegally 

bottled using contaminated vessels (Papapetropoulou et al., 1994).  

In addition to microbial contaminants, other studies have also compared chemical 

contaminants in tap and bottled water outside the U.S.. A study conducted in Italy 

comparing inorganic contaminants in tap- and bottled- water samples showed that 19% 

(7/37) of the bottled- water samples exceeded maximum contaminant levels specified by 

Italian drinking-water regulations and none were exceeded for tap water (Cidu et al., 

2011). Interestingly, all of these samples were taken from bottled natural mineral water, 

which has been shown to contain trace elements at concentrations that might be above 

acceptable limits set by regulatory agencies (Cidu et al., 2011). In addition, other studies 
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have shown that bottled natural mineral water may also enhance the growth of 

microorganisms such as coliforms and Pseudomonas (Falcone-Dias et al., 2012; 

Papapetropoulou et al., 1994).  Since the majority of these studies were conducted outside 

the U.S., little is known about the quality of tap versus bottled in U.S. 

Very few studies have actually compared the chemical and microbial qualities of 

tap and bottled water sold in the U.S. because of geographic constraints and numerous 

water purveyors within a particular region (Ferrier, 2001; Hu et al., 2011; Ingram et al., 

1995). In addition, the majority of bottled water sold in the U.S.-Mexico border region is 

purified tap water, and there might be additional concerns about the chemical and 

microbial quality of the source water as this region has had several prior USEPA 

drinking-water violations region (Frisvold and Osgood, 2002; Froehling, 2007; Sanchez, 

1995).  To the best knowledge of the author, this is the first study in the U.S. to evaluate a 

broad spectrum of several of the most common contaminants (Fawell and 

Nieuwenhuijsen, 2003; Richardson, 2003) in tap and bottled water (Table 4) to assess 

whether a significant difference exists in contaminant levels. 
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Table 4. Common contaminants assessed 

in drinking water samples collected in Santa Cruz County, Arizona. 

 

Inorganic Organic Disinfection By-products Indicator 

bacteria 

Nitrate 1,1,2-Trichloroethane  Chloroform Total coliforms 

Chromium  1,1-Dichloroethene Bromodichloromethane E.coli 

Fluoride 1,2,4-Trichlorobenzene  Dibromochloromethane  

Arsenic 1,2-dichlorobenzene  Bromoform  

Lead 1,2- Dichloroethane     

Manganese 1,2-Dichloropropane   

 1,4-dichlorobenzene   

 Benzene   

 Carbon    

 Chlorobenzene    

 cis-1,2-dichloroethene    

 Ethylbenzene,    

 Methylene   

 Styrene    

 Tetrachloroethene   

 Toluene,    

 Trichloroethene,    

 Xylenes,Total   

 

 

 

2.9  Risk perception  

 

            Risk perception is an implied assessment that people make about the 

characteristics and severity of a risk  (Slovic, 2000). In general, risk  perception can also 

be associated with uncertainty and either benefits or costs (Slovic, 1997). Perceiving a 

risk involves making implicit or explicit judgments of the likelihood or uncertainty and 

the desirability or undesirability of such effects (Slovic, 1997). Often, people’s views 

about risks are held strongly and acted upon with apparent certainty (Johnson and 

Tversky, 1983).   
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               Social scientists have explored and developed various models for studying 

human risk perception and have found multiple practical uses for these models (Yates, 

1992). The best-known model was developed by Paul Slovic (Slovic, 1987; Slovic et al., 

1986), which posits that perceived risks are determined mainly by seven characteristics or 

dimensions of health risks that include the following:  1) voluntariness, 2) dread, 

3)control, 4) knowledge, 5) catastrophic 6)  potential,7) novelty, and  9) equity (Table 1).  

 

Table 5. Definitions of Slovic Model Variables (Slovic, 1997; Slovic, 2000). 

 

Variable Definition (each relates to some risky activity)  

Voluntariness Degree to which the activity is voluntary 

Dread Degree to which the negative consequences of the activity are 

dreaded 

Control Degree to which the person engaging in the activity has control 

over the consequences 

Knowledge  Degree of understanding the person engaging in the activity has 

about the associated risks 

Catastrophic potential  Worst-case disaster severity of the activity  

Novelty Degree to which the activity is new and novel or old and familiar 

Equity Degree to which the consequences of the activity are fairly 

distributed 

 

The Slovic model has been applied in many studies involving multiple health risks (e.g., 

risk perception study of pesticides in farmworkers) (Cabrera and Leckie, 2009) and uses a 

Likert scale rating system to evaluate dimensions associated with risk perception (Slovic, 

1987). In addition, risk perceptions can vary by demographics. 

Demographics characteristics such as gender, age, socioeconomic status (SES), 

and ethnicity have also been related to risk perception (Grondin et al., 1996; Levallois et 

al., 1999; Turgeon et al., 2004). For example, some risk perception studies have 

demonstrated that women tend to perceive higher risks in various high-risk activities 
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(e.g., smoking) and to express greater concerns about negative outcomes than men (de 

França Doria, 2010; Flynn et al., 1994). However, it is not clearly understood if these 

variables are related to perceived risks related to drinking tap water. 

 

2.10 Risk perception and drinking water 

Previous studies about bottled water have mainly focused on production, 

regulation, sales and consumption, and environmental impact (Beckman, 2011; Hu et al., 

2011). A recent study found that a small percentage of U.S. consumers (15%) were more 

likely to use bottled water as their primary drinking-water source when they perceived 

risks associated with consuming their tap water (Hu et al., 2011). However, some of these 

perceived risks may be related to the consumer’s assessment of their tap water quality or 

demographic characteristics (Anadu and Harding, 2000; Weinstein, 1987). 

Some studies have found gender differences in perceived risks associated with 

drinking water, (Anadu and Harding, 2000; Griffin and Dunwoody, 2000), others have 

shown that gender was not associated with perceived risks in communities with known 

water contamination issues (Griffin et al., 1998; Johnson, 2003).  Age may also affect 

perceived risks associated with drinking water.  Several studies have shown that younger 

respondents (< 35 years) are more likely to be dissatisfied with the taste of their tap water 

and have elevated concerns about its safety (Grondin et al., 1996; Park et al., 2001; 

Savage, 1993). While, other studies have reported that older respondents (> 50 years) 

attribute higher risks to drinking tap water (Syme and Williams, 1993).  However, these 

studies did not identify any confounding factors such as prior water-related outbreaks or 

water contamination in the study location which might have influenced respondents’ 
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perceptions of drinking-water sources (Greenberg and Schneider, 1995; Turgeon et al., 

2004).  Other demographic variables may also influence water-related perceptions. In 

previous studies, respondents who were more educated (received a college education) and 

had higher annual incomes (above $50,000) perceived lower risks to drinking tap water 

(Flynn et al., 1994; Levallois et al., 1999). 

Risk perceptions of drinking-water sources can also be influenced by trust in tap 

water purveyors or environmental impacts such as groundwater contamination and well 

closures (Greenberg and Schneider, 1995). Trust in tap water purveyors and 

environmental factors such as groundwater contamination  is pertinent in understanding  

whether this increased use of  bottled water is related  to perceived risks about drinking-

water sources (Grondin et al., 1996). Trust is considered to be an antecedent of perceived 

risks, often influencing the acceptability of potential hazards (Pidgeon et al., 1992).  For 

example, one study showed that prior knowledge of water contamination by purveyors 

can influence perceived product quality and consumer satisfaction leading to mistrust 

(Johnson, 2003), while another showed that trust did not influence respondents’ 

perceptions on product quality in regions where customers were satisfied with 

organoleptic properties of their drinking water and provided with regular updates on 

water quality (Doria et al., 2009). 

Mistrust in purveyors due to fear of water contamination may also lead to self-

protective behaviors including purchasing bottled water or use of pitcher or faucet water 

filters, and recent studies have demonstrated that the use of these  point-of-entry (POE) or 

point-of-use (POU) drinking-water purification systems and bottled water by consumers 

has been steadily increasing in the U.S. (Ahmedna et al., 2004; Sobsey et al., 2008), 
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especially in regions where water purveyors are in violation of federal drinking-water 

standards (de França Doria, 2010; Frisvold and Osgood, 2002).  Furthermore, substantial 

evidence suggests that ethnic minorities (Latino and Pacific Islander) more likely to be 

affected by environmental impacts mentioned above (Griffin and Dunwoody, 2000; 

Jordan and Elnagheeb, 1993) because many live in areas with known water-related issues 

(Griffin and Dunwoody, 2000; Jordan and Elnagheeb, 1993). In particular, Latinos are 

more likely than non-Latinos to primarily drink and give their children bottled water 

because of fear of tap water contamination (Hobson et al., 2007). Moreover, many of 

these Latinos immigrated from countries with known water-related public health issues, 

suggesting that migration from these countries might be contributing to higher rates of 

bottled-water consumption among Latinos (Hobson et al., 2007).  Furthermore, a 

previous study about ethnic variations in relation to water intake among Tucson, Arizona 

residents showed that Latinos reported much higher rates of bottled water consumption 

than did whites (Williams et al., 2001). On the contrary, another study in Arizona showed 

that 40-year-old non-Latinos with an annual household income of US$60,00- $80,000 use 

bottled water for lifestyle choices and was not associated with environmental concerns or 

trust in tap water purveyors  (York et al., 2011). Furthermore, there are also concerns that 

individuals who use primary bottled water may not be receiving adequate levels of 

fluoride in their drinking water. 

 

2.11 Importance of fluoride 

 Fluoride is a mineral that occurs naturally or can be added to drinking water. In 

the U.S., approximately 70% of all public water supplies are fluoridated (Yeung, 2008). 
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Fluoride, in minute quantities, is essential for normal mineralization of bones and 

formation of dental enamel (Maheshwari, 2006). Fluoride is incorporated during the vital 

stages of tooth development in children to help strengthen the enamel, making it more 

resistant to acid attacks (Table 6) (Featherstone, 1999).  

The American Dental Association (ADA), Centers for Disease Control and 

Prevention (CDC), and the National Institutes for Dental Research Health (NIDR) 

continue to endorse the fluoridation of community water supplies to prevent tooth decay 

and are concerned that individuals who drink primarily bottled water may not receive 

adequate levels of fluoride for optimal dental health (Bartels et al., 2000). The U.S. 

Environmental Protection Agency (USEPA) mandates that the maximum contaminant 

level goal (MCLG) for fluoride in drinking-water should be 4.0 mg/L, with a secondary 

maximum contaminant level of 2.0 mg/L in areas which have high levels of naturally 

occurring fluoride (Doull et al., 2006) These levels are geared to  reducing overexposure 

to fluoride which may result in adverse health effects like dental fluorosis (Ismail and 

Hasson, 2008; Leverett, 1986).  

Dental fluorosis results from excessive exposure to high concentrations of 

fluoride and may cause aesthetic changes in the permanent dentition of those affected 

(Leverett, 1986; Mascarenhas, 2000). In its mild form, dental fluorosis is characterized by 

white, opaque areas on the tooth surface, whereas in more severe cases, the tooth surface 

has yellowish-brown to black stains and severe pitting (Choubisa, 2001). When 

concentrations of fluoride in drinking water exceed 4 mg/L (Table 6), the protective 

effect of fluoride can also be inhibited (Doull et al., 2006).  The ADA recommends that 
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fluoride levels in water be between 0.7- 1.2 mg/L, so that enough fluoride is received for 

optimal dental health while reducing risks of dental fluorosis. 

Fluorine is a highly electronegative element with an extraordinary tendency to 

attract positively charged ions, such as calcium. The effect of fluoride on mineralized 

bone and teeth is of clinical importance, resulting in the formation of calcium-fluorapatite 

crystals (Maheshwari, 2006). When fluoride is present in drinking water at recommended 

levels, most of the ingested fluoride ions get incorporated into the apatite crystal lattice of 

calciferous tissue of tooth enamel, making it more resistant to dental caries (Griffin et al., 

2007; Horowitz, 2003).  

Several studies have found that low levels of fluoride in drinking water protect 

against dental caries in children (Griffin et al., 2007; Newbrun, 1989; Pizzo et al., 2007). 

Most importantly, some of these studies have shown that the mean number of dental 

caries in children is significantly increased (p<0.001) when fluoride is removed from 

municipal drinking-water supplies (Arnold Jr et al., 1956; Featherstone, 1999; Leverett, 

1982; McDonagh et al., 2000; Pizzo et al., 2007; Yeung, 2008).  Additionally, a study 

conducted by the CDC from 1967-1999 showed that twelve-year-old children who lived 

in areas with fluoridated tap water had fewer decayed, missing (because of caries), or 

filled permanent teeth than children who lived in areas where tap water was not 

fluoridated (CDC, 1999). 

Interestingly, fluoridation of municipal drinking-water supplies has been the 

subject of much controversy over recent decades because of several studies implicating 

water fluoridation in several chronic diseases such as cancer, bone  diseases and 

neurological disorders (Choi et al., 2012; Ripa, 1993). For example, a more recent study 
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suggested that very high concentrations of fluoride (above 5 mg/L) in drinking water can 

result in significantly lower IQ scores in children from China (Choi et al., 2012), thus 

causing the USEPA to review its recommendations on fluoride intake (Marvin, 2011). 

However, Choi et.al  cautions that further research is needed to establish a dose-response 

relationship based on exposure and possible confounders that might have affected the 

outcomes of their study (Choi et al., 2012).  

In endemic regions where fluoride is present in concentrations above 5 mg/L and 

an alternative water source is unavailable, defluoridation of drinking water is the only 

option for overcoming the problem of elevated fluoride levels. (Kamble et al., 2007; 

Wang and Reardon, 2001). Extensive research has been done on various methods for 

removing fluoride from different water sources (Shen et al., 2003; Srimurali et al., 1998). 

These methods are based on the principle of adsorption (Raichur and Jyoti Basu, 2001), 

ion-exchange (Singh et al., 1999), precipitation–coagulation (Reardon and Wang, 2000; 

Saha, 1993), membrane separation processes (Amor et al., 2001), and electrolytic 

defluoridation (Garmes et al., 2002).  

     

 Table 6. Effects of fluoride in drinking water on human health  

(ADA, 2005; Doull et al., 2006; Horowitz, 2003) 

 

Fluoride concentration (mg/L) Effects 

0.7-1.2 

Recommended range by the ADA for those individuals 

who use fluoride supplements 

1.2-4.0 

Discoloration of teeth can occur if used with other 

fluoride supplements. 

Above 4.0 
Dental fluorosis, pitting of the teeth 
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2.12 Fluoride in bottled water 

Previous studies have shown that many different bottled water types may contain 

relatively low levels of fluoride (Table 7), or none at all (Cochrane et al., 2006; Johnson 

and DeBiase, 2003; Weinberger, 1991).  While some water bottled from a spring source 

may contain naturally occurring fluoride, it may not be within the recommended range 

for optimal dental health (Table 5). In addition, many bottled water branded as artesian, 

distilled or purified may or may not contain fluoride depending on the original source of 

water (i.e., ground or surface water). Some bottle water purveyors do offer fluoridated 

water as alternative option but the additional costs associated with this product might be a 

burden to families of lower socioeconomic status (SES) (Bartels et al., 2000; Bullers, 

2002; Ferrier, 2001). 

 

Table 7. Comparison of fluoride levels in different bottled water types  

(Cochrane et al., 2006; Johnson and DeBiase, 2003; Weinberger, 1991). 

 

Bottled Water 

Type 

Number of samples 

tested 

% Detected   Average Fluoride 

levels in mg/L 

Spring 36 33% 0.13 

Artesian 4 7% 0.17 

Distilled 7 2% 0.07* 

Purified 3 2% 0.07* 

Bottled water with 

fluoride added 

10 100% 0.62 

* denotes that all samples were below the limit of detection (LOD)  of 0.1 mg/L and the 

formula LOD/square root of 2 was used (Ganser and Hewett, 2010). 

 

 

2.13 Fluoride Supplementation 

 

 It is recommended that those individuals who do not consume adequate levels of 

fluoride in drinking water use fluoride supplements. The two main types of fluoride 
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supplements are systemic and topical. Systemic fluoride supplements are either added to 

drinking water or taken in the form of a pill (Burt, 1992), whereas topical fluoride 

supplements are applied orally but not ingested (Marinho et al., 2004) . Some examples 

of topical fluoride supplements include fluoridated toothpaste and mouthwash, and 

fluoride varnish applied by dentists or healthcare workers (Marinho et al., 2004). A study 

showed that approximately 40% of the participants who drank bottled water did not use 

fluoride supplements (Ismail and Hasson, 2008). Over 50% of these respondents 

belonged to low SES  populations, including low-income, less than 12 years of education, 

medically underserved, unemployed, and the working poor (Hamasha et al., 2006), 

similar to the population that lives in Nogales, Arizona, our study location. 

 

2.14 Study Location: Nogales, Arizona 

The Nogales metro area is located in Santa Cruz County, Arizona along the U.S.-

Mexico Border. The population of Santa Cruz County was estimated to be 48,000 in 2011 

with 83% of residents classified as Latino (DeNavas-Walt et al., 2010). The annual 

median income for residents from 2006- 2010 was $36,519 with 25% of residents below 

the federal poverty level (DeNavas-Walt et al., 2010). Notwithstanding, some studies 

have reported poor tap-water quality in this region thus resulting in higher rates of 

bottled-water consumption (Froehling, 2007; Sanchez, 1995; Sprouse, 2005). 

Even though water purveyors in Nogales, Arizona, are monitored and required to 

meet federal drinking-water regulations, there are multiple possible reasons why many 

residents in this border community may not consume tap water, such as: solvent plumes 

in the groundwater (Sprouse et al., 1996), prior drinking-water violations by a current 
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water utility in the region (Froehling, 2007; Ingram et al., 1995), potential contamination 

from maquiladoras (manufacturing operation in a free trade zone) across the border 

(Bowen et al., 1995), and increased incidence of certain diseases (i.e., multiple myeloma, 

lupus) (Balluz et al., 2001).  

Small municipal  water purveyors (small towns, tribal systems, rural water 

districts) are more likely to have problems complying with federal and state water quality 

standards (Ingram et al., 1995). Furthermore, these purveyors reported higher violation 

frequencies of federal drinking water regulations than larger water purveyors due to 

inadequate funding and facilities (Frisvold and Osgood, 2002). Although the number of 

violations by these purveyors decreased in the 1990’s (Anadu and Harding, 2000), 

bottled-water consumption rates remains  high along the U.S.-Mexico border (Ingram et 

al., 1995). In Nogales, Arizona, several of these small municipal water purveyors exist 

and historically some have had USEPA drinking-water violations (Froehling, 2007). 

In addition, there are high rates of Mexican immigrants residing in Nogales, 

Arizona,(DeNavas-Walt et al., 2010) and they may perceive tap water to be unsafe for 

drinking compared to  non-immigrants (Hobson et al., 2007; Williams and Florez, 2002). 

A study completed in 2010 by the Inter-American Development Bank found that 

consumers in Mexico had the highest consumption of bottled water worldwide (Figure 1), 

and consumption rates were approximately three times higher in low-income families. In 

addition, many consumers in Mexico used bottled water not only for drinking and 

cooking, but also for other household activities including taking showers, washing dishes, 

and brushing teeth (IADB, 2010). Furthermore, many bottled water purveyors have been 
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shown to promote their products as a safer alternative to consumers especially in areas or 

countries that has poor tap-water quality (Wilk, 2006). 

 In Nogales, Arizona, fluoride is not added to tap water because the primary 

source is groundwater, and there is naturally existing fluoride in the bedrock where the 

aquifer is located. In other counties in Arizona or in other parts of the U.S. where source 

water is surface water (e.g. Colorado River) fluoride is added to municipal tap water 

based on the ADA recommended levels because surface water have been shown to 

contain relatively low levels of fluoride or none (Neidell et al., 2010). The average 

concentration in tap water reported for 2012 was 0.67 mg/L ranging from 0.43 mg/L to 

1.1 mg/L. 

Concerns about the quality of tap water in Nogales, Arizona have caused many 

residents to drink bottled water, even though residents are provided with monthly 

Consumer Confidence Reports (CCRs) about tap-water quality. It remains unclear 

whether the children of residents in Nogales, Arizona, who primarily drink bottled water 

are consuming adequate levels of fluoride specified by the ADA. Furthermore, residents 

who primarily consume bottled water may be at increased risk of developing dental caries 

and other oral diseases. 
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3. Goal of dissertation 

3.1. Explanation of the Problem 

The U.S. and Mexico are the largest consumers of bottled water worldwide. 

Several studies have suggested that increased bottled water consumption may result from 

social and environmental issues that are not fully understood (Gorelick et al., 2011b; Hu 

et al., 2011; Ingram et al., 1995). Interestingly, increased bottled water use has been 

associated with risk perception regarding the quality of municipal drinking-water supplies 

(Anadu and Harding, 2000). Furthermore, a study conducted in Utah showed that Latino 

parents were more likely than non-Latino parents to never give their children tap water 

because they feared that it could cause illness (Hobson et al., 2007). The American 

Dental Association has continuously endorsed fluoridation of community water supplies 

to prevent tooth decay and is concerned that individuals who drink primarily bottled or 

filtered water may not receive adequate fluoride (ADA, 2005).   

In a previous study we showed that 85% (17/20) of the adults in Nogales, Arizona 

households drank bottled water or water that was purchased from vending machines or 

stores and 50% (10/20) used this water for cooking as well (Beamer et al., 2012). 

Although Nogales, Arizona residents have experienced drinking-water well closures and 

prior USEPA drinking-water violations by some water purveyors, it is not clear why 

many low-income Latino families choose to drink and cook with purchased water, 

whether there is a difference in the quality of tap water and bottled water, and if there are 

any health disparities related to the lack of fluoride in their drinking water. 
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3.2 Significance of dissertation 

This dissertation will allow us to determine whether there are significant 

differences in chemical and microbial contaminants in tap and bottled water collected 

during a home visit, why low-income families in Nogales, Arizona choose to purchase 

bottled water for drinking or cooking and determine if individuals are at risk of dental 

caries related to drinking unfluoridated water. This study will also provide new insights 

into understanding different perceptions about the quality of tap water and bottled water 

in Nogales, Arizona. It remains unclear whether these perceptions are influenced by 

demographic, social or environmental issues along the U.S.-Mexico border. This will be 

one of very few studies to compare contaminants in drinking water sources in a U.S.-

Mexico border community where bottled water consumption remains relatively high 

among low-income families.  

 

3.3 Goal and specific aims of dissertation 

The goal of the study is to determine if there is a difference in water quality 

between publically supplied tap water and the actual drinking water used by families in 

Nogales, Arizona collected during a home visit, and to understand the risk perception 

these families have about their publically supplied tap and bottled water in their area. In 

addition, this project will allow us to compare levels of fluoride in tap and bottled water 

used by Nogales, Arizona residents and identify any health disparities that might be 

associated with using unfluoridated water for drinking and cooking.  

The specific aims and hypotheses are the focus of this dissertation and represent 

three separate manuscripts appended to this document: 
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3.3.1. Specific Aim 1. To assess the quality of bottled and tap water used by residents in 

Nogales, Arizona from grab samples collected during a home visit. We assessed 

concentrations of inorganic and organic contaminants specified by the USEPA for 

Primary Safe Drinking Water Standards. Additionally, samples were also assayed for 

indicator bacteria (total coliforms and E.coli). Hypothesis 1: There are no significant 

differences in the detection levels of inorganic and organic compounds between bottled 

and tap water. Hypothesis 2: Bottled/vended water stored in reusable containers contains 

higher bacterial counts relative to tap water. 

 

3.3.2. Specific Aim 2. To elucidate the risk perceptions residents have about tap and 

bottled water. The primary drinking water standards for contaminants in Mexico and 

other developing countries differ to those of the U.S., and enforcement of regulations is 

not as strict compared to the U.S.. This has resulted in poorer control of tap-water quality 

in these countries, and many immigrants may perceive municipal tap water in the U.S. as 

being the same quality as in these countries. Hypothesis: Immigrant Latinos are more 

likely than non-immigrant Latinos to: 1) think that bottled water is safer to drink than tap, 

2) have greater perceived risks about drinking local tap water, and 3) believe that 

drinking tap water will result in potential health consequences. 

 

3.3.3. Specific Aim 3. To evaluate the levels of fluoride in bottled and tap water and the 

use of fluoride supplements by residents in Nogales, Arizona. Fluoride is a mineral that 

occurs naturally or can be added to drinking water. It plays a pivotal role in the 
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development of teeth making them more resistant to acid attacks that can cause dental 

caries. Hypothesis 1: There is a significant difference in the detection levels of fluoride 

in tap water when compared to the bottled water used by families in Nogales, AZ. 

Hypothesis 2: Use of topical fluoride supplements by residents in Nogales, Arizona 

reduces the number of dental caries in children. 

 

3.4. Impact 

This dissertation provides new insights as to why there are high rates of bottled-

water consumption by low-income Latino families in Nogales, Arizona and also help to 

explain why this trend has been documented in other studies in the U.S. The data 

collected from this study helps us determine if the water collected on the day of a home 

visit is in compliance with federal drinking water standards, understand why residents 

have greater perceived risks associated with drinking local tap water and determine 

whether residents have adequate levels of fluoride in their drinking water for optimal 

dental health. Ultimately, the data collected from this can be used to develop public 

health interventions to inform residents about local tap-water quality and emphasize the 

importance of fluoride supplementation if families continue using unfluoridated water for 

drinking and cooking. 
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4. Dissertation Format  

 

This dissertation contains three manuscripts ready for publication submission.  

Appendix A contains “Comparison of Chemical and Microbial Contaminants in Tap, 

Bottled and Vended Water in a U.S.-Mexico Border Community,” which will be 

submitted to the Environmental Science & Technology. This manuscript assesses the 

quality of drinking water in this community during a six month time period from grab 

samples collected during a home visit and provides recommendations to families on how 

to keep their drinking water stored in reusable containers clean. Appendix B contains the 

manuscript “Risks and risk perceptions related to drinking bottled water,” which provides 

new insights into perceived risks associated with tap-water consumption in Nogales. This 

manuscript will be submitted to Risk, Perception, and Response Conference and then to 

the journal of Risk Analysis. The manuscript in Appendix C will be submitted to the 

Journal of Community Dentistry and Oral Epidemiology, and is titled “Comparison of 

Fluoride Levels in Tap and Bottled Water and Health Risks in a U.S.-Mexico Border 

Community.” This manuscript compares levels of fluoride in tap water and bottled water 

used by Nogales, Arizona residents. We also determined if families are at risk of 

developing dental caries related to the lack of fluoride in their drinking water. I am 

responsible for data collection, analysis, and writing the manuscripts in all appendices. 
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5. Conclusion 

5.1 Major contributions 

The purpose of this dissertation was to determine whether there are significant 

differences in chemical and microbial contaminants in tap and bottled water collected 

during a home visit, and to understand the risk perceptions these families have about the 

publically supplied tap and bottled water in their area. In addition, this project allowed us 

to compare levels of fluoride in tap and bottled water used by Nogales, Arizona residents 

and identify any health disparities that might be associated with using unfluoridated water 

for drinking and cooking.  

 Although this study was localized to Nogales, Arizona, the data we collected 

through this survey may be applicable to understanding the high rates of bottled-water 

consumption by Latinos documented in other studies (Anadu and Harding, 2000; Beamer 

et al., 2012; Hobson et al., 2007; Williams and Florez, 2002). In addition, we determined 

that families’ risks of developing dental caries might be a possible health disparity related 

to using bottled water for drinking and cooking if they did not have access to dental care 

or use fluoride supplements. Ultimately, the results of this study can be used to develop 

future public health interventions to educate low-income families on the relative risks and 

lower cost of local tap water and to emphasize the importance of fluoride 

supplementation if families continue using bottled water for drinking and cooking.  

 

The major contributions of this thesis are as follows: 

 

 Provided information on the quality of tap water and bottled water to 

Nogales, Arizona residents from grab samples taken during a home visit 
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(Appendix A). The results of the water tests were provided and explained 

to each family that participated in the study (Appendix E). Additionally, a 

copy of “Arizona, Know Your Water”, published by the UA College of 

Agriculture and Life Sciences, was also given to each family upon 

completion of the study. We anticipate that residents will be able to 

understand any differences between their tap water and bottled water, and 

determine if additional steps are needed regarding the safety of their 

drinking water. All this information was provided in Spanish or English 

depending upon the language the survey was administered. 

 

 Determined that were no significant differences in the chemical 

concentrations between tap- and bottled water samples (Appendix A). This 

information can be used to educate families about local tap-water quality 

and potentially reduce any economic burdens that might be associated 

with purchasing additional water for drinking and cooking.  

 

 Determined that bottled/vended water stored in reusable large containers 

had significantly higher concentrations of E.coli than tap water (Appendix 

A). It appears that secondary contamination in the home resulted in 

significantly higher numbers of indicator bacteria in drinking water stored 

in reusable containers as water collected from the source or in sealed 

unopened bottled water had significantly lower detection levels of 

bacteria. 

 



51 

 

 

 

 Determined that cleaning reusable containers with soap and or hot water 

significantly reduced detectable levels of E.coli in drinking water 

(Appendix A).  Residents who reported the above methods for cleaning 

their containers were significantly less likely to have E.coli in their 

drinking water. 

 

 Provided recommendations to families on how to keep water clean if they 

use reusable containers (Appendix E). Promotoras (community health 

workers) were trained to educate current and future clients on how to keep 

their drinking water clean and safe in the home. We also provided 

recommendations to families on how to clean vessels in the home 

(Appendix E). These recommendations play a major role in reducing 

potential health risks that might be associated with drinking contaminated 

water. Furthermore, residents were provided with effective cleaning 

methods that have been shown to significantly reduce fecal contamination 

of vessels in the home (Kennedy et al., 2005; Taormina and Dorsa, 2007). 

 

 Provided insights into Nogales, Arizona residents’ perceptions about tap- 

and bottled-water sources (Appendix B). Respondents viewed bottled 

water and other sources of purchased water to be significantly safer to 

consume than local tap water. In addition, respondents perceived drinking 

tap water in Nogales Arizona to be as risky as drinking tap water in 

Nogales, Sonora, Mexico, and significantly less risky than drinking tap 

water in places like San Francisco, California, and Vancouver, British 
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Columbia. These findings suggest that residents believe that local tap 

water is unsafe for consumption and that public interventions might be 

needed to inform residents on local tap-water quality. 

 

 Compared risk perceptions local tap-water consumption to other activities 

(Appendix B). Respondents perceived consuming local tap water to be as 

potentially hazardous as “drinking and driving”. Furthermore, “drinking 

tap water in Nogales, Arizona”, was perceived to be significantly more 

risky than smoking, riding a motorcycle, playing American football, or 

listening to loud music. These findings suggests that respondents 

perceived local tap-water consumption to be as risky as high-risk activities 

that have been shown to result in injury or death (e.g., drinking and 

driving) and less risky than some activities that have been shown to cause 

adverse health effects (e.g., smoking). Based on these findings, further 

interventions could be developed to reduce perceived risks associated with 

local tap-water consumption. 

 

 Identified reasons that might be related to increased use of bottled water 

in this community (Appendix B). The majority of respondents (98%, 88/90) 

feared that drinking local tap water could result in illnesses such as 

including gastrointestinal illnesses, lupus, or cancer. Furthermore, 79% 

(71/90) of respondents stated that they did not drink local tap water 

because of fear of contamination. However, 73% (66/90) stated that they 

would drink tap water if they knew it was safe, regardless of the taste. 
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These findings suggest that fear of tap-water contamination is a major 

contributing factor to increased use of bottled water in this community and 

that interventions might be needed to inform residents on local tap water 

quality. 

 

 Compared levels of fluoride in tap- and bottled-water samples (Appendix 

C). Fluoride was detected in 53% (16/30) of tap- and only in one bottled-

water sample. However, only 27% (8/30) of tap-water samples contained 

fluoride levels recommended by the American Dental Association for 

optimally fluoridated water (0.7-1.2 mg/L). These results suggest that 

respondents may not be receiving adequate levels of fluoride for optimal 

dental health in tap or bottled water. 

 

 Increased risk for dental caries (Appendix C). Children living in 

households were significantly less likely to have dental caries if their 

parents reported using fluoridated mouthwash or visited the dentist 

annually. These results demonstrate that fluoride supplementation might 

be effective in reducing risks of dental caries. Although, our sample size 

of 90 might be too small to accurately assess this finding, other studies 

have shown that fluoride supplementation is effective in reducing dental 

caries, especially in susceptible population like those living in Nogales, 

Arizona (Brown et al., 1990; Ellwood and O'Mullane, 1995; Marinho et 

al., 2004). 
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 Determined that respondents received no information about fluoride 

supplementation from healthcare and dental providers (Appendix C). 

Though all study participants reported using toothpaste with fluoride, none 

of the participants reported discussing the type of water they drank or 

fluoride supplementation they might use with any healthcare or dental 

providers. This information was shared with Mariposa Community Health 

Center so that promatoras to educate families on about talking to 

healthcare providers about fluoride in their drinking water.  

 

5.2 Public Health Implications 

Several public health implications were identified through this dissertation.  Our 

results from Appendix A revealed no significant differences in chemical contaminant 

levels between tap and bottled water.  Furthermore, residents who stored their bottled 

water in large reusable containers had significantly higher detection levels of total 

coliforms and E.coli in their drinking water. These findings have major public health 

implications because they suggest that families might be contaminating their drinking 

water in the home are at increased risks of waterborne diseases related to drinking 

contaminated water (Blackburn et al., 2004; Reynolds et al., 2008).  Currently, Mariposa 

Community Health Center promotoras are educating low-income families on methods of 

keeping their water safe in their homes based on recommendations we provided in 

Appendix E. 

We also provided new insights into why Latinos perceive risks associated with 

tap-water consumption. From our questionnaire, we determined that the fear of illness 



55 

 

 

 

from tap-water contamination was an important contributing factor to the increased use of 

bottled water by Latinos in Nogales, Arizona. This finding by itself might explain why 

other studies have reported similar trends of water intake among Latinos (Gorelick et al., 

2011b; Hobson et al., 2007; Williams et al., 2001).  Residents also believe that local tap 

water is contaminated but would reconsider drinking it if they knew that it was not 

contaminated, even if they did not like the taste. To enhance informed decisions on 

drinking water choices, more training programs can be implemented using promotoras to 

educate low-income families on monitoring and regulatory standards of local tap water 

and most importantly reading and understanding CCRs provided by their water 

purveyors. These promotoras are already accepted by the community and serve as 

conduits for providing health education to families.  

Families might also be experiencing economic burdens associated with 

purchasing bottled water for drinking and cooking. As discussed in Appendix B, on 

average, each household spent $96 per 100 gallons of bottled water annually, which was 

more than two hundred times the cost they paid for the same amount of tap water ($0.45 

per 100 gallons). Many of these families live below the federal poverty level (DeNavas-

Walt et al., 2010) and might be spending a substantial proportion of their incomes to 

purchase bottled water. Notwithstanding, Arizona residents consumed approximately 335 

million gallons of bottled water in 2006, ranking it the fifth highest state in the 

consumption of bottled water (The Arizona Republic, 2007).   

As reported in other studies, the cost of bottled water can be from 240 to 10,000 

times higher than that of tap water (Arnold and Larsen, 2006; Ferrier, 2001), and 

Nogales, Arizona residents might not be aware of the economic burdens associated with 
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this activity. Furthermore, the use of bottled water by these low-income families might be 

adding to environmental and energy burdens associated with the production, transport, 

and disposal of water bottles in Arizona (The Arizona Republic, 2007). These findings 

suggest that low-income families may be spending unnecessary amounts of money to 

purchase water for drinking and cooking. 

Another major public health implication is the health disparity associated with the 

lack of fluoride in drinking-water sources in communities like Nogales, Arizona (Arnold 

Jr et al., 1956; Horowitz, 2003). We reported that detection levels of fluoride in the 

majority of collected tap- and bottled-water samples fell below the American Dental 

Association’s recommended range for optimal dental health (ADA, 2005). Most 

importantly, the children living in families who did not use fluoride supplements or with 

parents who reported never visiting a dentist were significantly more likely to have dental 

caries.  In addition, none of the participants received recommendations from any 

healthcare or dental providers about fluoride supplementation or the type of water they 

drank, suggesting that more needs to be done to educate healthcare providers and families 

about the risks that might be associated with the lack of fluoride in their drinking water. 

Future public health interventions should be developed to promote more federally funded 

programs that improve dental care access to low-income families and educate them on 

the importance of fluoride supplementation if they continue to drink and cook with 

unfluoridated water or water contain levels below the recommended range for optimally 

fluoridated water.  

Ultimately, the findings from this study can be used to develop public health 

campaigns to reduce the economic burdens that might be associated with purchasing 
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additional water, dental caries related to drinking unfluoridated water, and the 

environmental energy costs that might be associated with using bottled water. 

 

5.3 Future Work 

 While this project has contributed new insights into the increased use of bottled 

water by low-income Latinos, a few limitations could be rectified in future studies. One 

major limitation is that we relied on self-reporting for respondents to provide information 

on their and their children’s dental history, which could be subject to recall bias (Raphael, 

1987). Furthermore, we did not assess for confounding factors such as smoking habits, 

diet, and frequency of brushing, all of which can affect dental carie outcomes (Axelsson 

et al., 1998; Bruno‐Ambrosius et al., 2005). In order to limit this type of bias, future 

studies could be developed to assess these variables using daily food records as opposed 

to questionnaires or 24-hour dietary recalls (Crawford et al., 1994; Jain et al., 1996). In 

addition, medical records from  dentists or healthcare providers could be used to validate 

the prevalence of dental caries in individuals and their children, particularly because 

some participants are not able to provide this information through self-reporting (Ismail 

et al., 2007; Ismail and Sohn, 2001). Further studies should be conducted to address this 

potential health disparity and assess whether fluoride supplementation is effective in 

reducing dental caries in individuals who primarily drink and cook with unfluoridated 

bottled water. 

 As reported in our study (Appendix A), drinking water stored in large reusable 

containers had significantly higher detection levels of total coliforms and E.coli. 

Furthermore, households who reported cleaning their containers with soap or hot water 
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had significantly lower levels of bacteria in their drinking water than those who reported 

cleaning their containers with just water. Intervention studies could be developed to 

evaluate these findings further in a larger study population and assess whether cleaning 

water storage containers with soap or hot water reduces health risks that might be 

associated with either method of cleaning. In addition, other studies should assess the 

chemical and microbial quality of tap and bottled water over time in other geographic 

locations to determine whether water quality differs over space and/or time. 

Another future study that can be assessed is that of overcoming gender 

distribution, particularly in relation to Latino men. As in previous documented studies, 

Latino men are underrepresented in many population studies (Ford et al., 2008; Warren-

Findlow et al., 2003). One way to reduce this limitation in future studies is to increase the 

sample size of the study population (MacCallum et al., 1999). While this approach also 

increases the cost of the study, the trade-off can result in an overall increase in the 

number of male participants. Other ways to increase male participants in future studies 

could be to conduct interviews after business hours when the men are at home and 

recruiting male participants at the workplace or in places were men socialize more often.  

 Future studies should assess whether this increased consumption of bottled water 

by low-income Latinos is localized only to the Nogales whether perceived risks related to 

drinking local tap water remains the same in other geographic locations in the U.S. 

Ultimately, future studies should assess 1) why more Latinos than non-Latinos perceive 

tap water to be unsafe, 2) whether there is a difference in water quality by geographic 

location in the U.S., and 3) whether increased use of bottled water is associated with 
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dental caries, especially for those individuals who do not have access to dental care or 

who do not use fluoride supplements.  
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Abstract 

Bottled water consumption is steadily increasing in the United States. In a 

previous study in Nogales, Arizona 85% of the participants drank primarily bottled water 

and 50% cooked with it. Some water purveyors in this community have received 

drinking-water violations, but it is not clear whether local tap and bottled water differ in 

quality. The purpose of this study was to assess if there are differences in chemical and 

microbial contamination of municipal tap water and bottled water in Nogales. Water 

samples were collected from thirty homes and assayed for chemical and microbial 

contaminants regulated by the U.S. Environmental Protection Agency (USEPA). Bottled 

water included small (0.5 L) and large (3.8 L), individually sealed water bottles as well as 

water vended into reusable containers from self-service vending machines or from water 

stores. Some of the large bottles were purchased sealed, but had been previously opened 

and partially consumed by study participants. There were no significant differences in the 

concentration of chemical contaminants between tap, bottled and vended water, and none 

of the chemical concentrations exceeded USEPA regulations. E. coli was confirmed in 

3% (1/30) of tap, 0% (0/8) of sealed bottled, 40% (2/5) of previously opened bottled, and 

35% (6/17) of vended water samples. One of the 3 samples collected directly from a 

vending machine had an E. coli concentration of 0.33 CFU/100mL.None of the 10 

samples collected directly from sealed bottles purchased directly from the store had any 

E. coli detected. While no significant differences were observed in the chemical quality 

of water samples, results suggest that secondary contamination in the home contributes to 

higher levels of E.coli in water from partially consumed larger water bottles or water 
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stored in reusable containers. Interventions should be implemented to educate families on 

keeping reusable water containers clean and on the quality of local tap water. 

 

Introduction 

 Bottled water consumption has steadily increased over the past few decades, and 

the United States (U.S.) and Mexico are by far the largest consumers of bottled water 

worldwide (IADB, 2010). Despite advances in water management and sanitation, 

waterborne disease outbreaks and contamination continue to occur in the U.S. and more 

often in developing countries (CDC, 2013; Colwell et al., 2003). In the U.S., municipal 

tap water purveyors serving more than 25 persons are regulated by the USEPA, while all 

bottled water purveyors are regulated by the U.S. Food and Drug Administration (FDA).  

Water purveyors are required to perform safety tests to make sure contaminant levels do 

not exceed limits set by these agencies (Calabrese and Gilbert, 1989; Posnick and Kim, 

2002). However, several studies have shown that tap, bottled, and vended water can 

become contaminated with chemical and microbial agents, which have led to concerns 

about the quality of drinking water as a whole (Cidu et al., 2011; Krasner et al., 2006; 

Lalumandier and Ayers, 2000; Shotyk and Krachler, 2007). 

 While several studies have compared chemical and microbial contaminants in tap 

and bottled water, many of these studies have looked at only a few contaminants or have 

been conducted in countries outside the U.S., with known water-related issues and less 

strict regulation (Cidu et al., 2011; Dubrovsky et al., 2010; Papapetropoulou et al., 1994; 

Wu et al., 2010). To the knowledge of the authors, only one study has compared 

contaminants in tap and bottled water in the U.S. (Lalumandier and Ayers, 2000). This 
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study compared the fluoride and bacterial contents of tap and bottled and showed  that 

bottled water contained significantly lower levels of fluoride when compared to tap water 

(Lalumandier and Ayers, 2000). This finding was also confirmed in other studies, 

showing that several branded-bottled water types contained significantly lower levels of 

fluoride when compared to tap water (Bartels et al., 2000; Cochrane et al., 2006; 

Weinberger, 1991).  Bacterial counts in stored bottled water were significantly higher 

than those in tap water, suggesting that storing bottled water for long time periods 

enhances bacterial growth (Lalumandier and Ayers, 2000). However, Laumandier & 

Ayers (2000) measured the presence of heterotrophic bacteria as a potential indicator for 

health risks. After publication of their study, it was confirmed that heterotrophic bacteria 

in drinking water do not pose potential health risks except in people with severe 

immunological disorders like Crohn's disease (Allen et al., 2004; Chowdhury, 2012). 

Thus it is important to conduct a study, where microbes, such as E.coli , are assessed that 

are recognized indicators of fecal contamination and potential health risks (Edberg et al., 

2000).  

A few studies have also compared contaminants in tap and bottled water outside 

the U.S. One study evaluating tap and bottled water in southern Greece found that bottled 

water contained higher detection levels of antibiotic-resistant Pseudomonas bacteria than 

tap water (Papapetropoulou et al., 1994). One caution, however, is that  several of the 

bottled water samples assessed in this study may have been illegally bottled using 

contaminated vessels (Papapetropoulou et al., 1994). In addition to microbial 

contaminants, other studies outside the U.S. have also compared chemical contaminants 

in tap and bottled water. A study conducted in Italy comparing inorganic contaminants in 
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tap and bottled water samples showed that 19% (7/37) of the bottled water samples 

exceeded maximum contaminant levels specified by Italian drinking water regulations 

although none were exceeded for tap water (Cidu et al., 2011). All of the samples were 

taken from natural mineral water, which has been shown to contain trace elements at 

concentrations above acceptable limits set by regulatory agencies in 8% (3/7) of samples 

collected (Cidu et al., 2011). Other studies have shown that bottled natural mineral water 

may also enhance the growth of microorganisms such as coliforms and Pseudomonas 

(Falcone-Dias et al., 2012; Papapetropoulou et al., 1994).  Since the majority of these 

studies were conducted outside the U.S., little is known about the comparative quality of 

household tap and bottled water sources in the U.S. 

There are concerns about the chemical and microbial quality of municipal tap 

water in the U.S.-Mexico Border region of prior drinking-water violations among small 

water purveyors, (Frisvold and Osgood, 2002; Froehling, 2007; Sanchez, 1995). However 

little is known about whether bottled water sources provide significant health benefits 

relative to tap water. To the best of our knowledge, this is the first study in the U.S. to 

evaluate several of the chemical and microbial contaminants regulated in tap, bottled, and 

vended water used in the home to determine whether a significant difference exists in 

contaminant levels. Additionally, this study has also determined whether significant 

differences exist between vended and bottled water as it used in homes compared to 

water collected directly from vending machines or purchased in sealed bottles. 
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Materials and Methods 

Recruitment 

All study procedures were approved by the University of Arizona Human Subject 

Protection Program. A total of 30 participants were recruited for this study. Families who 

met the inclusion criteria had annual incomes below $30,000, were connected to a public 

water utility, primarily drank bottled water, and had at least one child living in the home.  

Individuals whose households were supplied mainly by water from a private well were 

excluded. Participants were recruited during regular business hours from Mariposa 

Community Health Center (MCHC) waiting rooms, clients of MCHC community health 

workers (Promotoras), and by participant referrals. MCHC is a federally qualified health 

center and the major provider of medical, dental and preventive care in Santa Cruz 

County. Participants were compensated with $20 for taking part in the study. 

 

Water Collection 

Water samples were collected in accordance with the guidelines outlined in 

Standard Methods for Examination of Water (Eaton and Franson, 2005) and in Appendix 

F.  Samples for microbial analysis were collected in autoclaved 1-liter polyethylene 

sampling bottles containing 10% sodium thiosulfate to neutralize any residual 

disinfectant that may have been present in the tap water. Samples for chemical analyses 

were collected in sterile bottles supplied and analyzed by an Arizona state certified 

environmental testing laboratory. Two liters of tap water and two liters of bottled water 

were collected from each of the thirty homes in Nogales, Arizona. For tap water, the area 

around the faucet was cleared of any objects that might obstruct the flow of water, and 
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samples were collected in the manner residents would use it in the homes (i.e., no 

flushing before collection). Bottled or vended water collected in the home included those 

that were in individually sealed bottles (0.5 L bottles), water that was purchased sealed 

but was already opened, and water stored in large reusable containers. For bottled water 

stored in small individually sealed containers, multiple bottles were collected until a one-

liter sample was obtained. Water in these bottles was directly transferred into sterile 

sampling bottles. 

Water samples were also collected from ten frequented bottled water purveyors 

including water purchased at the store in small individually sealed bottles (0.5 L), large 

bottles (3.8 L), and from vending machines in front of local supermarkets to assess if 

household practices or water storage vessels contribute to contamination. To test for 

consistencies in analytic methods, duplicate water samples were collected in two homes 

and deionized water samples were also collected from our lab to compare with samples 

collected in the field.  All samples were stored on ice in a cooler (4°C) immediately after 

collection and transported to the appropriate laboratories for further analysis. 

 

Chemical Analysis 

All samples were analyzed for a variety of drinking-water contaminants regulated 

under the Safe Drinking Water Act, by an Arizona state certified environmental testing 

lab. USEPA Method 200.8, using “Inductively Coupled Plasma Mass Spectrometry” 

(ICP-MS) (Long et al., 1989) to assess arsenic, chromium, lead, and manganese in 

samples. USEPA Method 300.0 for “Determination of Inorganic Anions by Ion 
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Chromatography” was used to assess nitrate and fluoride levels (O'Dell and Monitoring, 

1984).  Finally, USEPA Method 524.2 using “Purge-and-Trap Capillary Gas 

Chromatography (GC) Interfaced to a Mass Spectrometer (MS)” was used to assess 

several volatile organic compounds (Kessels et al., 1992). See Table 1 for a list of all 

contaminants tested. 

      Microbial Analysis 

 All samples were analyzed within 24 h after collection using USEPA Method 

1105.  M-Endo LES agar (Difco Laboratories, Detroit, MI) was  prepared according to 

standard methods outlined in Appendix F and in Standard Methods for Examination of 

Water (Eaton and Franson, 2005). From each sample, 100 mL were filtered in triplicate, 

using the membrane filtration technique (Eaton and Franson, 2005) . Filters placed onto 

the m-Endo LES agar were incubated for 24 h at 35°C. After incubation, all colonies 

were counted, and green sheen colonies (total coliforms) were immediately transferred to 

a nutrient agar with 4-methylumbelliferyl β-D-glucuronide plates (NA-MUG) for an 

additional 4 h incubation at 35°C to confirm if total coliforms were E.coli. 

To 100 mL of nutrient agar (Difco), 0.01 g of MUG (Marcor Development Corp., 

Hackensack, N. J., or Sigma Chemical Co., St. Louis, Mo.) was added prior to 

autoclaving for 15 min at 121°C. After sterilization, the medium was poured into 55 mm 

diameter tight-lid plastic Petri dishes and stored at 4°C. NA-MUG plates were incubated 

at 35°C for 4 h after membranes with sheen colonies had been transferred. The sheen 

colonies on the NA-MUG membranes were observed for fluorescence by using a hand-

held 4-W, long-wavelength UV light (model VVSL-25 Mineralight Lamp Multiband 
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VV254/366 nm). Fluorescent colonies indicated the presence of E.coli and were 

enumerated.  

Quality control/quality assurance requirements 

A trip blank and temperature indicator were taken to each sampling location to 

guarantee that primary samples were not contaminated during transport. Quality control 

samples (QCS) were immediately processed after calibration of every ten samples 

throughout the entire analytical batch. The measured results for the QCS were compared 

to the true values to determine percent recoveries. If QCS results were not within ± 10% 

of the true value, the analysis was terminated, the problem corrected, and the analysis 

repeated. 

E. coli was used as a positive control and Klebsiella pneumonia as a negative 

culture control. All membrane filtration apparatus were cleaned and autoclaved prior to 

use. Blank NA-MUG plates were incubated for at least 8 hours prior to use and plates 

with bacterial growth were discarded. 

 

Statistical Analysis 

 All statistical analyses were completed using STATA
®
 (version 12.1, College 

Station, TX).  Fisher’s Exact test was used to determine whether significant differences 

occurred in detection frequencies of contaminants in tap and bottled water samples 

collected. Wilcoxon Rank-Sum test was used to compare any significant differences 

between tap, bottled and vended water for the concentration of inorganic and organic 

contaminants, total coliforms and E. coli. Wilcoxon rank-sum tests were also used to 
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assess any significant differences in the concentration of total coliforms and E.coli in 

drinking water for those who reported cleaning reusable water containers with soap or hot 

water, or rinsing with just water.  

 

Results 

Several organic and inorganic contaminants regulated by the SDWA were 

assessed in all samples (Table 1). Detection frequencies of nitrate (p<0.001, Fisher’s 

exact test), fluoride (p<0.001, Fisher’s exact test), and chromium (p=0.003, Fisher’s exact 

test) (Table 2) were significantly higher in tap water than in bottled water.  In addition, 

lead and manganese were detected in a few tapwater samples but not in any bottled or 

vended water samples. For organic contaminants, detection frequencies of bromoform 

(p<0.001, Fisher’s exact test), dibromochloromethane (p<0.001, Fisher’s exact test), and 

bromodichloromethane (p=0.01, Fisher’s exact test) were significantly higher in tap water 

than bottled water (Table 3). In addition, chloroform was not detected in any tap water 

samples but only in one bottled water sample collected from a home that purchased water 

from a national water delivery service  (Table 3). Water samples collected directly from 

small individually sealed water bottles or large water bottles both in the home and 

directly from the store did not contain any chloroform   (Table 4). None of the 

contaminants detected in tap and bottled water samples exceeded the MCLG (Tables 2 

and 3).  In addition, detection levels for the majority of contaminants assessed (67%, 

20/30) were below the limit of detection (LOD) for both water types. There were no 

significant differences in the concentrations of inorganic and organic compounds that 

were detected in both tap and bottled water samples (Table 5). Furthermore, detectable 
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chemical contaminants in duplicate water samples had a relative percent difference of 3-

5% for all samples, and deionized water samples collected contained no detectable levels 

of any chemical contaminants.  

Water samples were also assayed for indicator bacteria (total coliforms and 

E.coli). The detection limit for both total coliforms and E.coli was 0.33 CFU/100 mL. 

Total coliforms were confirmed in 7% (2/30) of tap, 0% (0/8) of sealed bottled, 40% 

(2/5) of previously opened bottled, and 82% (14/17) of vended water samples (Table 6).  

E. coli was confirmed in 3% (1/30) of tap, 0% (0/8) of sealed bottled, 40% (2/5) of 

previously opened bottled, and 35% (6/17) of vended water samples.  One of the 3 

samples collected directly from a vending machine had an E. coli concentration of 0.33 

CFU/100mL, and none of the 10 samples collected directly from sealed bottles purchased 

directly from the store had any E. coli detected (Table 4). No significant differences were 

found for total coliforms and E.coli in samples collected from tap water and sealed water 

bottles (Table 6). However, bottled water that was opened or vended water stored in 

reusable containers had significantly higher total coliforms and E.coli concentrations than 

tap water (Table 6). Families who reported cleaning large reusable water containers with 

soap or hot water had significantly lower total coliforms and E.coli in their drinking 

water than those who rinsed with only water (Table 7). Water samples collected directly 

from stores and sealed bottles contained no detectable coliforms or E. coli, with the 

exception of one sample collected directly from a vending machine that had a 

concentration of 0.33 CFU/100mL of E. coli (Table 4).   For quality assurance, all 

positive and negative controls were confirmed after incubation and blank incubated NA-
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MUG plates were not contaminated. In addition, microbial counts for duplicate water 

samples were equally similar.  

 

Discussion 

 We compared chemical contaminants in tap and bottled water samples and found 

the USEPA MCLG was not exceeded for any samples. While metals (e.g., arsenic, lead, 

chromium, and manganese) were detected more frequently and at higher levels in tap 

water samples, none of the samples exceeded the MCLG. The only organic chemicals 

detected in either type of water were disinfection by-products (DBPs). Chlorinated and 

brominated DBPs were detected in both tap and bottled water samples, but tap water had 

higher detection levels of brominated DBPs and bottled and vended water had higher 

detection levels of chlorinated DBPs. Vended water stored in large reusable containers 

had significantly higher amounts of total coliforms and E.coli than tap water, sealed 

bottled water, or vended water collected directly at the source, indicating that secondary 

contamination may be occurring the home. Furthermore, cleaning reusable water 

containers with soap or hot water appears to be the most effective method in reducing 

bacterial contamination. 

 Arsenic, lead, chromium, and manganese are naturally occurring trace metals that 

can be present in soils (McLean and Bledsoe, 1996). Most importantly, several studies 

have shown that these trace metals are very common in Arizona and can contaminate 

ground water (Baker et al., 1994; Coes et al., 2002; Robertson, 1989; Rösner, 1998; 

Wilson et al., 1990).  In Nogales, Arizona, studies have documented groundwater 

contamination from arsenic, which occurs naturally in Arizona and is present in almost 
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all groundwater supplies in this state (Coes et al., 2002; Quanrud et al., 2004). These 

findings were also confirmed by our study, which showed higher detection levels of trace 

metals in tap water compared to bottled or vended water, both of which are often treated 

to remove metals. However, the detected levels were significantly below the USEPA 

MCLG and do not suggest an immediate public health concern.  

In addition to trace metals, several disinfection by-products were also detected in 

samples collected from tap and bottled water sources. The presence of disinfection by-

products in U.S. drinking water supplies has been a major concern to the USEPA 

(Krasner et al., 1989; Krasner et al., 2006; Richardson, 2003; Richardson et al., 2007).  

Although these compounds have been studied extensively over the past three decades, 

new health concerns have arisen about long-term exposure to these chemicals such as 

increased risk for bladder cancer (Richardson et al., 2007).  One major challenge for 

water utilities is to control and limit the risks from pathogens that might be present in 

drinking water during treatment, while simultaneously minimizing potential health risks 

to consumers from any disinfection by-products. The USEPA has an enforceable 

regulation known as the maximum contaminant level (MCL) for all disinfection by-

products, which is based on the MCLG (Xie, 2003). MCLs are geared towards protecting 

the public from any health risks that might be associated with exposure. Such health risks 

for disinfection-by-products, particularly chlorinated DBP can cause adverse 

reproductive effects and developmental disorders (Richardson et al., 2007).   

Many water utilities in the U.S. are in the process of changing their primary 

disinfectant from chlorine to alternative disinfectants (e.g., ozone, chloramines, etc.) 

(Krasner et al., 2006; Richardson et al., 2007). These alternative disinfectants have been 
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shown to reduce toxic levels of many disinfection by-products such as trihalomethane 

and haloacetic acid, but they may also increase levels of other potentially toxic DBPs 

such as bromodichloromethane (Richardson et al., 2007). Interestingly, we found 

detectable levels of brominated DBPs in both tap and vended water samples (purified tap 

water from Nogales), suggesting that the majority of these samples may have been treated 

with one of these alternative disinfectants. Furthermore, concentrations of brominated 

DBPs assessed in our study were also below the USEPA MCLG, which demonstrates that 

samples collected did not violate USEPA drinking water regulations. One  bottled water 

sample purchased from a national water delivery service had detectable levels of 

chloroform, which may indicate that the water has been treated with chlorinated DBPs 

(Krasner et al., 2006) and not necessarily bottled from a municipal tap water purveyor in 

Nogales. 

 One limitation of this study is that water samples were collected during a home 

visit and only provided a small snapshot of the contaminants in each participant’s 

drinking water on that day.  Furthermore, it is not practical to monitor water supplies in 

real time for all groups of microbes and chemicals; hence, episodic contamination events 

are normally difficult to predict or identify (Reynolds et al., 2008; WHO, 1997). 

Therefore, during the six months this study was completed, monthly water quality reports 

published by water utilities in Nogales, Arizona, and frequency of USEPA water 

violations were actively monitored to assess if there were any contamination (microbial 

or chemical) to any drinking-water sources in our study location and no violations were 

reported (Appendix G). 
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 In addition to chemical contaminants, samples were also assessed for coliform 

bacteria. Coliforms belong to a family of bacteria commonly found in soils, plants, and 

animals (Leclerc et al., 2001). This family is made up of several groups, including fecal 

coliforms which are mainly found in the intestinal tracts of warm-blooded animals 

(Leclerc et al., 2001). Contamination of drinking water with fecal coliforms  indicates the 

presence of human or animal waste. This presence may be of concern because many 

diseases can be spread through fecal transmission (Mintz et al., 1995; Payment et al., 

1991). E.coli, a fecal coliform, was only detected in one tap water sample from a home 

with a known plumbing problem. Sealed bottled water samples contained no E.coli, 

however, E.coli was detected in 40% (2/5) of previously opened bottled water samples 

and in 35% (6/17) of vended water stored in reusable water containers, suggesting that 

fecal contamination of drinking water might be occurring from household practices of 

handling and storage. This is further supported by the fact that water samples collected 

directly from sealed bottles had no detectable E.coli,  however, E.coli was detected in one 

drinking water sample collected directly from a vending machine which might have been 

a contaminated filter or connecting pipes (Schillinger and Knorr, 2004).  

 While E.coli was detected in the majority of large reusable water containers, 

households who reported cleaning these containers with soap or hot water had 

significantly (p=0.003) lower levels of E.coli in their drinking water than those who 

rinsed their containers with only water.  These findings further confirm reports for other 

studies, showing  that the use of soap or warm or hot water can result in a significant 

reduction in the number of microorganisms detected in drinking water (Kennedy et al., 

2005; Luby et al., 2001; Taormina and Dorsa, 2007). Overall, it appears this method of 
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cleaning is the most reliable in reducing contamination of water containers in the home. 

Recommendations were provided to families on how to clean and keep their drinking 

water stored in reusable containers clean (Mintz et al., 1995) Recommendations included 

using soap or hot water to clean vessels, disinfectants like bleach, air drying vessels, and 

frequency of cleaning containers (Mintz et al., 1995). Future studies should assess 

whether this method is effective in significantly reducing secondary contamination in the 

home. 

 

Conclusion 

No significant differences in levels of chemical contaminants in tap and bottled 

water were found.  Furthermore, no chemical contaminants detected exceeded the 

USEPA MCLG. While no significant differences were detected in total coliforms and 

E.coli in sealed bottled water or vended water collected directly from machines, it 

appears that secondary contamination in the home resulted in significantly higher 

numbers of indicator bacteria in drinking water stored in reusable or previously opened 

containers. Based on these findings, public health interventions should be implemented to 

educate these families on local tap water quality and how to keep their reusable water 

containers clean. 
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Tables 

Table 1. Contaminants which were assessed in drinking water samples collected in Santa 

Cruz County, Arizona.  

Inorganic Organic Disinfection By-products Indicator 

bacteria 

Nitrate 1,1,2-Trichloroethane  Chloroform Total coliforms 

Chromium  1,1-Dichloroethene Bromodichloromethane E.coli 

Fluoride 1,2,4-Trichlorobenzene  Dibromochloromethane  

Arsenic 1,2-dichlorobenzene  Bromoform  

Lead 1,2- Dichloroethane     

Manganese 1,2-Dichloropropane   

 1,4-dichlorobenzene   

 Benzene   

 Carbon    

 Chlorobenzene    

 cis-1,2-dichloroethene    

 Ethylbenzene,    

 Methylene   

 Styrene    

 Tetrachloroethene   

 Toluene,    

 Trichloroethene,    

 Xylenes,Total   
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Table 2. Concentrations (mg/L) and detections frequencies of inorganic contaminants in 

tap, bottled and vended water collected from 30 households in Nogales, AZ. 

 

Water Type Contaminant 

Detection 

Frequency 

% LOD MCLG Median Range 

       Tap  

      

 

Nitrate 97 0.20 10 2.00  ND-5.00 

 

Arsenic 93 0.001 0.01 4.30 x10
-3

 ND-8.50 x10
-3

 

 

Fluoride 34 0.4 4 ND ND-1.1 

 

Chromium 24 0.001 0.1 ND ND-1.03x10
-3

 

 

Lead 10 0.015 0.015 ND ND-1.10x10
-3

 

 

Manganese 7 0.005 2 ND ND-5.20x10
-3

 

Bottled, 

purchased 

sealed, 

unopened 
       Nitrate 5 0.20 10 ND ND-1.01x10

-1
 

 Fluoride 3 0.4 4 ND ND-7.01 x10
-1

 

       

Bottled, 

purchased 

sealed, open 

      

 

Nitrate 9 0.20 10 ND ND-1.01x10
-1

 

       

Vended,       

large reusable 

containers       

 Nitrate 9 0.20 10 ND ND-1.01x10
-1

 

 Chromium 3 0.001 0.1 ND ND-1.01 x10
-3

 

LOD= limit of detection 

ND= not detected (below limit of detection) 

MCLG=Maximum Contaminant Level Goal 
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Table 3. Concentrations (mg/L) and detections frequencies of organic contaminants in 

tap, bottled and vended water collected from 30 households in Nogales, AZ.  

 

Water 

Type Contaminant 

Detection 

Frequency 

% LOD MCLG Median Range 

       Tap  

      

 

Bromoform 66 0.0005 0.08* 1.36x10
-3

 ND-2.15x10
-3

 

 

Dibromochloromethane 59 0.0005 0.06 1.09x10
-3

 ND-1.50x10
-3

 

 

Bromodichloromethane 38 0.0005 0.08* 4.01x10
-4

 ND-5.13x10
-4

 

 

Bromoform 66 0.0005 0.08* 1.36x10
-3

 ND-2.15x10
-3

 

 

Dibromochloromethane 59 0.0005 0.06 1.09x10
-3

 ND-1.50x10
-3

 

 

Bromodichloromethane 38 0.0005 0.08* 4.01x10
-4

 ND-5.13x10
-4

 

Bottled, 

purchased 

sealed, 

unopened 
       Bromoform 28 0.0005 0.08* 1.16x10

-3
 ND-2.12x10

-3
 

 Dibromochloromethane 31 0.0005 0.06 1.19x10
-3

 ND-1.60x10
-3

 

 Bromodichloromethane 15 0.0005 0.08* 3.11x10
-4

 ND-4.43x10
-4

 

       

       

Bottled, 

purchased 

sealed, 

open 

      

 

Bromoform 15 0.0005 0.08* 2.23x10
-3

 ND-3.05x10
-3

 

 Dibromochloromethane 33 0.0005 0.06 7.33 x10
-4

 ND-9.30x10
-4

 

 Chloroform 3 0.0005 0.07 3.21 x10
-3

 ND-5.50x10
-3

 

 Bromodichloromethane 27 0.0005 0.08* 3.20 x10
-3

 ND-4.27x10
-3

 

       

Vended, 

large 

reusable 

containers       

 Bromoform 33 0.0005 0.08* 1.26x10
-3

 ND-2.32x10
-3

 

 Dibromochloromethane 34 0.0005 0.06 1.39x10
-3

 ND-1.90x10
-3

 

 Bromodichloromethane 27 0.0005 0.08* 3.61x10
-4

 ND-5.03x10
-4

 

* MCLG is based on the sum of the concentrations of bromoform and bromodichloromethane.  

LOD= limit of detection 

ND= not detected (below limit of detection) 

MCLG=Maximum Contaminant Level Goal 
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Table 4. Concentrations and detections frequencies of organic and inorganic 

contaminants (mg/L), as well as concentration of microbial contaminants (CFU/100 mL) 

in bottled (N=10) and vended water (N=3) collected directly from stores or water venders 

in Nogales, AZ. 

Water Type Contaminant 

Detection 

Frequency 

% LOD MCLG Median Range 

Individual 

sealed water 

bottled 
       Nitrate 8 0.20 10 ND ND-1.01x10

-1
 

 Bromoform 33 0.0005 0.08* 1.18x10
-3

 ND-2.32x10
-3

 

 Dibromochloromethane 44 0.0005 0.06 1.29x10
-3

 ND-1.90x10
-3

 

 Bromodichloromethane 35 0.0005 0.08* 3.15x10
-4

 ND-4.73x10
-4

 

 Total coliforms 0   ND ND 

 E. coli 0   ND ND 

       

       

Vended 

water 

       Nitrate 8 0.20 10 ND ND-1.11x10
-1

 

 

Bromoform 35 0.0005 0.08* 2.43x10
-3

 ND-2.95x10
-3

 

 Dibromochloromethane 44 0.0005 0.06 6.33 x10
-4

 ND-8.30x10
-4

 

 Bromodichloromethane 33 0.0005 0.08* 2.20 x10
-3

 ND-3.77x10
-3

 

 Total coliforms 33   ND ND-0.33  

 E. coli 33   ND ND-0.33  

* MCLG is based on the sum of the concentrations of bromoform and 

bromodichloromethane. 

LOD= limit of detection 

ND= not detected (below limit of detection) 

MCLG=Maximum Contaminant Level Goal 
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Table 5. Comparison of contaminants detected in tap and bottled water* by a Wilcoxon 

rank-sum test.  

Contaminants Tap Bottled Z p-value 

Inorganic Mean SD Mean SD 

  Nitrate 1.32 1.62 1.18 7.68x10
-01

 0.21 0.84 

Fluoride 4.11x10
-01

 2.07x10
-01

 3.81x10
-01

 9.89x10
-02

 0.47 0.64 

Chromium 7.00x10
-04

 9.00x10
-04

 4.40x10
-04

 2.40x10
-04

 1.63 0.11 

       Organic 

      Bromoform 3.91x10
-02

 2.23x10
-01

 1.42x10
-03

 1.35x10
-03

 0.92 0.37 

Dibromochloromethane 1.04x10
-03

 9.70x10
-04

 1.06x10
-03

 7.40x10
-04

 0.15 0.88 

Bromodichloromethane 6.30x10
-04

 4.00x10
-04

 7.40x10
-04

 4.50x10
-04

 0.93 0.36 

* Note bottled water included purchased sealed, unopened, purchased sealed, open, and vended, 

large reusable containers. 
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Table 6. Concentrations and detections frequencies of total coliforms and E.coli in tap, 

bottled and vended water samples collected from 30 households in Nogales, AZ. 

Significance was assessed using a Wilcoxon rank-sum test and significant findings 

(p<0.05) are bolded. 

 

Water Type 

Detection 

Frequency % 

CFU/100mL  

Median Range p-value 

Tap 

   

 

Total coliforms 7% (2/30) ND ND-6.0 Ref 

E. coli 3% (1/30) _ 0.3-0.3 Ref 

    

 

Bottled 

   

 

Purchased sealed, unopened  

   

 

Total coliforms 0% (0/8) ND ND 0.24 

E. coli 0% (0/8) ND ND 0.24 

    

 

Bottled 

Purchased sealed, open 

   

 

Total coliforms 40% (2/5) ND ND-6.0 0.009 

E. coli 40% (2/5) ND ND-6.0 0.009 

    

 

Vended     

Large reusable containers 

   

 

Total coliforms 82% (14/17) 8.1 ND-17.3 <0.001 

E. coli 35% (6/17) ND ND-15.3 <0.001 

ND= not detected (below limit of detection of 0.33 CFU/100mL) 
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Table 7. Summary of indicator bacteria detected in drinking water stored in reusable 

containers that families reported cleaning with water, soap or hot water. Significance was 

assessed using a Wilcoxon rank-sum test. Values below the limit of detection (ND) were 

replaced with zero. Significant findings (p<0.05) are bolded. 

 

  
CFU/100mL 

 Indicator 

bacteria type 

Method used to clean 

water containers 

Median Range p value 

   

     Total coliforms Rinse with water 5.8 ND-22.0 0.009 

 

Soap or hot water ND ND-5.0 

 

     E.coli 

    

 

Rinse with water 4.0 2.0-9.0 0.003 

 

Soap or hot water ND ND 
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Abstract  

Previous studies have shown the low-income Latinos generally use bottled water instead 

of tap water, and therefore might be at increased risks for dental caries from low levels of 

fluoride in their drinking water. Ninety low-income (annual income ≤30,000) Latino 

households from Nogales, Arizona who primarily drink bottled water were surveyed for 

this study and were asked to evaluate potential health risks of drinking tap water 

compared to 16 other voluntary activities. On a Likert scale from 1 (low risk) to 5 (high 

risk), “drinking tap water in Nogales, Arizona” received an average perceived risk score 

of 4.7. This score was significantly higher (ANOVA and Scheffe's post-hoc test) than 

their average perceived risk of smoking (µ= 3.5, p<0.001) or of “drinking tap water in 

San Francisco, California” (µ= 3.4, p<0.001), and as risky as “drinking tap water in 

Nogales, Sonora, Mexico” (µ= 4.8, p=1.00), and “drinking and driving” (µ= 4.8, p=1.00). 

Respondents viewed bottled water and other purchased sources of drinking water to be 

significantly safer to consume than tap water (t=3.7,p<0.001). Additionally, 98% (n=88) 

of respondents feared that drinking local tap water could result in adverse health effects. 

However, 73% (n=66) stated that they would drink their tap water if they knew it was not 

contaminated, even if they did not like the taste. No participants received any 

recommendations about fluoride supplementation from any healthcare providers. These 

results suggest that fear of illness from tap-water consumption is an important 

contributing factor to increased use of bottled water. Furthermore, interventions could be 

developed to reduce perceived risks associated with tap-water consumption and 

emphasize the importance of fluoride supplementation if residents continue using bottled 

water for drinking and cooking.  
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1. Introduction 

More studies are needed to understand why people perceive higher risks related to 

drinking tap water than bottled water (Anadu and Harding, 2000; Hu et al., 2011). Public 

concern over the safety of drinking water has grown tremendously over the past thirty 

years because of increased awareness about environmental pollutants and sporadic 

episodes of waterborne disease outbreaks (Anadu and Harding, 2000; Reynolds et al., 

2008). This trend has been documented in previous studies showing that an increasing 

proportion of the U.S. population including low-income families is choosing an 

alternative to drinking tap water (Beckman, 2011; Bullers, 2002; Hobson et al., 2007).  

Furthermore, many bottled water purveyors spend a substantial amount of money each 

year for branding and marketing their product to consumers (Wilk, 2006). Many of these 

consumers include low-income families who primarily use bottled water for drinking and 

or cooking because of perceived health concerns (Anadu and Harding, 2000; Auslander 

and Langlois, 1993) or for organoleptic preferences such as taste, color, and odor 

(Levallois et al., 1999).  In addition, other factors such as demographic characteristics 

may also contribute to perceived risks related to drinking water  (Anadu and Harding, 

2000; Weinstein, 1987). 

Demographics characteristics such as gender, age, socioeconomic status (SES), and 

ethnicity have also been related to perception and environmental impacts (Grondin et al., 

1996; Levallois et al., 1999; Turgeon et al., 2004; Williams and Florez, 2002). For 

example, some risk perception studies have demonstrated that women tend to perceive 

higher risks in various activities and express greater concerns because they are more 
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sensitive to negative outcomes than men (de França Doria, 2010; Flynn et al., 1994).  

However, while some studies have found gender differences in perceived risks associated 

with drinking water, (Anadu and Harding, 2000; Griffin and Dunwoody, 2000), others 

have shown that gender was not associated with perceived risks in communities with 

known water contamination issues (Griffin et al., 1998; Johnson, 2003).  Age may also 

affect perceived risks associated with drinking water. Several studies have shown that 

younger respondents (< 35 years) are more likely to be dissatisfied with tap water and 

have elevated concerns about its safety (Grondin et al., 1996; Park et al., 2001; Savage, 

1993). Other studies have reported that older respondents (> 50 years) attribute higher 

risks to drinking tap water (Syme and Williams, 1993).  However, these studies did not 

identify any confounding factors such as prior water-related outbreaks or water 

contamination in the study location which might have influenced respondents perceptions 

of drinking-water sources (Greenberg and Schneider, 1995; Turgeon et al., 2004).  

Education can also influence water-related perceptions, for example, a previous study 

showed that respondents who were more educated (received a college education) and had 

higher annual incomes (above $50,000) perceived lower risks to drinking tap water 

(Flynn et al., 1994; Levallois et al., 1999). 

Risk perceptions of drinking-water sources can also be influenced by trust in tap water 

purveyors and environmental factors such as groundwater contamination (de França 

Doria, 2010). This is pertinent in understanding whether this increased use of  bottled 

water is related  to perceived risks about drinking-water sources (Grondin et al., 1996). 

Trust is considered to be an antecedent of perceived risks, often influencing the 

acceptability of potential hazards (Pidgeon et al., 1992).  For example, one study showed 
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that prior knowledge of water contamination by purveyors can influence perceived 

product quality and consumer satisfaction leading to mistrust (Johnson, 2003), while 

another showed that trust did not influence respondents’ perceptions on product quality in 

regions where customers were satisfied with organoleptic properties of their drinking 

water and provided with regular updates on water quality (Doria et al., 2009). 

Mistrust in purveyors due to fear of water contamination may also lead to self-protective 

behaviors including purchasing bottled water or use of pitcher or faucet water filters. 

Recent studies have demonstrated that the use of these  point-of-entry (POE) or point-of-

use (POU) drinking-water purification systems and bottled water by consumers has been 

steadily increasing in the U.S. (Ahmedna et al., 2004; Sobsey et al., 2008), especially in 

regions where water purveyors are in violation of federal drinking-water standards (de 

França Doria, 2010; Frisvold and Osgood, 2002).  Furthermore, substantial evidence 

suggests that ethnic minorities (Latino and Pacific Islander) more likely to be affected by 

environmental impacts mentioned above (Griffin and Dunwoody, 2000; Jordan and 

Elnagheeb, 1993) because many live in areas with known water-related issues (Griffin 

and Dunwoody, 2000; Jordan and Elnagheeb, 1993). In particular, Latinos are more 

likely than non-Latinos to primarily drink and give their children bottled water because of 

fear of tap water contamination (Hobson et al., 2007). Moreover, many of these Latinos 

immigrated from countries with known water-related public health issues, suggesting that 

migration from these countries might be contributing to higher rates of bottled-water 

consumption among Latinos (Hobson et al., 2007).  A previous study about ethnic 

variations in relation to water intake among Tucson, Arizona residents showed that 

Latinos reported much higher rates of bottled water consumption than did whites 
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(Williams et al., 2001). However, another study in Arizona showed that 40-year-old non-

Latinos with an annual household income of US$60,00- $80,000 use bottled water for 

lifestyle choices and was not associated with environmental concerns or trust in tap water 

purveyors (York et al., 2011). However, it is not clearly understood if consumers are 

provided with information on the quality of tap and bottled water they use. 

As part of the National Human Exposure Assessment Survey (NHEXAS) conducted 

fifteen years ago for the state of Arizona, tap and bottled water samples were collected 

from Nogales, Arizona, and assessed for several primary contaminants regulated by the 

United States Environmental Protection Agency (USEPA).  The results showed that no 

samples exceeded the USEPA Maximum Contaminant Level (MCL), suggesting that 

these samples were below the legal threshold limit of contaminants that are allowed in 

public water systems under the Safe Drinking Water Act (Robertson et al., 1999). 

However, it is not clear if the results from this study were communicated to the public at 

large, as many residents continue to drink and cook with bottled water.  In a recent cross-

sectional study, we demonstrated that approximately 85% of low-income Latino residents 

in Nogales, Arizona, drank bottled water, and 50% cooked with it (Beamer et al., 2012). 

While this study identified that consumption rates of bottled water remained high among 

low-income Latinos in Nogales, Arizona, it is not known what is driving this behavior. 

Furthermore, this behavior of using bottled water for drinking and cooking might be 

putting residents at increased risk of developing dental caries related to the lack of 

fluoride in their drinking water (Bartels et al., 2000; Featherstone, 1999). Interestingly, 

other studies have also shown that the average price of bottled water can range from 500 

to 1000 times higher than that of tap water and this might be an economic burden for 



104 

 

 

 

low-income families who drink and cook with bottled water (Arnold and Larsen, 2006; 

Ferrier, 2001; Hobson et al., 2007).  

Even though water purveyors in Nogales, Arizona, are monitored and are required to 

meet certain safety standards under federal regulations, there are multiple possible 

reasons why many residents in this border community may not consume tap water, such 

as: solvent plumes in the groundwater (Sprouse et al., 1996), prior drinking-water 

violations by water utilities in the region (Froehling, 2007; Ingram et al., 1995), potential 

contamination of groundwater with chemicals from improper disposal by maquiladoras 

across the border (Bowen et al., 1995), prior experience with contaminated tap water in 

Mexico?], and increased incidence of certain rare diseases (i.e., multiple myeloma, lupus) 

(Balluz et al., 2001). There are also high rates of Mexican immigrants residing in this 

border community (DeNavas-Walt et al., 2010). A study completed in 2010 by the Inter-

American Development Bank that consumers in Mexico had the highest rates of bottled 

water consumption worldwide, and consumption rates were approximately three times 

higher in low-income families. In addition, many consumers in Mexico used bottled 

water not only for drinking and cooking, but also for other household activities including 

taking showers, washing dishes, and brushing teeth because of poor tap-water quality 

(IADB, 2010).   

The purpose of this study is to better understand the risk perceptions low-income Latino 

families living in Nogales, Arizona, have about both their publically supplied tap water 

and the bottled water they primarily consume. In addition, this will be the first study to 

assess how risky families perceive consuming local tap water in relation to other 

activities that present a risk. This community has a high proportion of Latinos (83%) and 
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approximately 34% of residents live below the federal the poverty level in 2010 

(DeNavas-Walt et al., 2010) which provides a unique opportunity to explore why low-

income Latinos consume higher rates of bottled water consumption. Given that bottled 

water contains less fluoride than tap water, we also examined whether any healthcare or 

dental providers provided any information to participants regarding fluoride 

supplementation. This information may also provide further evidence if families are 

aware of the possible health risks (e.g., dental caries) that might be associated with 

drinking and cooking with unfluoridated water.    

 

2. Materials and Methods 

2.1. Study Design and Population 

  All study procedures were approved by the University of Arizona Human Subject 

Protection Program. A total of ninety respondents participated in this study.  Participants 

were recruited during regular business hours from Mariposa Community Health Center 

(MCHC) waiting rooms, a chain discount store, and participant referrals. MCHC is a 

federally qualified health center and the major provider of medical, dental and preventive 

care in Santa Cruz County. Inclusion criteria included: families had annual incomes 

below $30,000, were connected to a public water utility, primarily drank bottled water, 

and had at least one child living in the home.  Individuals whose households were 

supplied mainly by water from a private well were excluded. Participants were 

compensated $20 for taking part in the study.  
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2.2. Questionnaire 

  A questionnaire was developed from several risk perception studies (Anadu and 

Harding, 2000; Cabrera and Leckie, 2009; Slovic, 1987) and administered in Spanish 

(75%) or English (25%), according to the participants’ preference. It took participants 

approximately 25 minutes to complete the questionnaire. Residents were asked to assess 

their perceptions of risk for different drinking-water sources.  In addition, respondents 

were asked in an open-ended question about possible health outcomes from drinking 

local tap water. On a Likert scale of 1-5, with 1 being “not likely” and 5 “very likely” 

they were then asked about likelihood of each health outcome. Additionally, another 

Likert scale of 1-5, with 1 being “no dread” and 5 “highly dread” was also used to assess 

levels of dread for each health outcome. Each health outcome was recorded and five 

individuals not related to the study were asked to thematically group health outcomes 

(e.g., gastrointestinal illnesses). The coders classified health outcomes into nine groups 

(Table 3) based on the responses from the questionnaire. If coders disagreed by more 

than two outcomes they were asked to recode so that they did not disagree by more than 

10%. These groups were used to determine which health outcomes residents believed that 

were more likely to occur.   

Another Likert scale system was used to assess perceived risk, and willingness of 

drinking tap water in Nogales, Arizona. Respondents were also asked to compare 

drinking local tap with to other activities that present a risk (e.g., drinking and driving) 

and drinking water in other geographic locations. Participants were asked to assess each 

activity on a scale of 1-5, with 1 being “no risk” and 5 “high risk”. A similar scale was 

used to assess levels of willingness, with 1 being “not willing” and 5 “willing”. The scale 
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served as an indicator of how participants compared consumption of local tap water to 

other risks. Demographic information (i.e., gender, age, household income, education 

level, years lived in the U.S., and immigration status) was also collected to examine if 

any of these variables were associated with participants’ perceived risks and health 

outcomes related to drinking tap water in Nogales, Arizona. Using open-ended questions, 

we assessed the cost of bottled water relative to tap water, and identified factors that led 

to the behavior of using bottled water for drinking and cooking. Lastly, residents were 

asked if they have been provided with information about the importance of fluoride in 

drinking water, type of water they drink, and use of fluoride supplements by their 

healthcare and dental providers.  

 

2.3. Statistical analysis 

All questionnaire responses were manually uploaded into STATA® (version 12.1, 

College Station, TX), which was used for all statistical analyses. Two tailed unpaired t-

tests were used to determine if statistically significant differences occurred in perceived 

risk by drinking-water source. Unpaired t-tests were also used to determine whether 

statistically significant differences occurred by demographic characteristics of how 

strongly respondents agreed or disagreed with statements regarding perceptions about the 

safety of drinking bottled and tap water.  Perceived negative health outcomes from 

drinking local tap water were tallied. Means and standard deviations of likelihood and 

dread were also calculated. A one-way ANOVA followed by Scheffe’s post-hoc test with 

adjustment for the number of pairwise comparisons was used to assess significant 

differences in perceived risk and willingness of drinking local tap water to several other 
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activities that present a risk. We also assessed perceived risk and willingness of drinking 

water in other geographic regions.  Stratified analyses were conducted by demographic 

characteristics listed above to assess if the patterns differed by those variables.  

 

3.  Results 

3.1. Demographics 

 All participants answered all questions on perceived risks associated with 

drinking-water sources and health outcomes. A summary of respondents’ distribution by 

demographic characteristics is provided in Table 1. All study participants were Latino, 

and 53% had an annual household income of less than $15,000.  The sample population 

had a mean age of 39 years with a standard deviation of 17.  The majority of participants 

reported education levels at or below 8
th

 grade with only 22% (n=20) having attended 

college. The majority of respondents (83%, n=75) were women which was likely a 

function of the time of day and locations in which recruitment occurred. Among single-

parent families (32%, n=29), most were headed by females (83%, n=24) but a few by 

males (17%, n=5). Immigration status of respondents were almost evenly distributed with 

49% immigrants (born outside the U.S.) and 51% non-immigrants (born in the U.S.). The 

majority of immigrants (72%, n=32) had been living in the U.S, for more than 10 years. 
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3.2. Sources of water-related risk perceptions 

Respondents viewed bottled water and other purchased sources of drinking water 

to be significantly safer to drink than local tap water (t=3.7, p<0.001) (Table 2). 

Respondents stated that friends or family told them not to drink local tap because of 

safety concerns (Table 2).  Furthermore, 54% (n=49) reported drinking tap water when 

they were younger but having changed to bottled water; however, reasons for the shift are 

not entirely clear. However, the majority of participants (98%) believed that drinking 

local tap water could result in adverse health outcomes including gastrointestinal 

illnesses, lupus or cancer (Table 3). There were no significant differences in perceptions 

of various drinking-water sources by demographic characters previously mentioned 

(Supplemental Tables S1-S6).  

  Similar trends in perceived health risks were also observed when disaggregated 

by gender, age, immigration status, annual household income, education level, and 

number of years the respondent had been living in the U.S. (Supplemental Tables S7-

S12). Most of the respondents (79%, n=71) stated that their primary reason for not 

drinking local tap water was fear of chemical or microbial contamination that may result 

in illness, compared to only 17% (n=15) who preferred the taste of bottled water. 

However, 73% (n=66) stated that they would drink their tap water if they knew it was not 

contaminated, even if they did not like the taste. 

3.3. Comparison of local tap water consumption to other activities  

Respondents perceived “drinking tap water in Nogales, Arizona,” to be as risky as 

“drinking tap water in Nogales, Mexico,” and significantly less risky than “drinking tap 
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water in Vancouver, Canada, or in San Francisco, California” (Table 4).  Participants also 

perceived consumption of local tap water to be as potentially hazardous as “drinking and 

driving” (Table 4). Furthermore, drinking tap water in Nogales, Arizona, was perceived 

to be significantly more risky than smoking, riding a motorcycle, playing American 

football, and listening to loud music (Table 4).  While respondents considered drinking 

local tap water as risky as exposure to pesticides, they considered it more risky than using 

Raid™ (Table 4).   

Previous studies have shown that people are less willing to perform an activity if 

they perceive higher risks associated with it (Slovic, 1997; Slovic, 2000). Using another 

Likert scale from 1 (not willing) to 5 (willing), respondents were also asked about 

willingness of drinking tap water in Nogales, Arizona, relative to several other activities 

that might present a risk. Respondents’ levels of willingness to fire a gun or listen to loud 

music were significantly higher than to drinking tap water in Nogales, Arizona (Table 5).  

Even though previous research has indicated that several demographic characteristics 

may be related to risk perception (Arcia et al., 2001; Flynn et al., 1994; Grondin et al., 

1996; Slovic, 1987), no significant differences in perceived risks of drinking-water 

sources were evident by gender, age, immigration status, annual household income, 

education level, and number of years respondent had been living in the U.S. 

(Supplemental Tables S13-S18). Furthermore, similar trends were observed in analyses 

stratified by gender, age, immigration status, annual household income, education level, 

and number of years the respondent had been living in the U.S. (Supplemental Tables 

S19-S31).   
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3.4. Self-protective behaviors 

 All of the respondents in our study purchased bottled water, and as a self-

protective measure, 18% (n=16) of households used it for cooking as well.  Respondents 

were asked how much they paid for bottled water per week. This cost was compared to 

the average cost of tap water in Nogales and the number of gallons of water a family of 

adults and two children would drink in a year (approximately 500 gallons) (Dwyer et al., 

2003). On average, a household of four reported spending approximately $480 per 500 

gallons of bottled water annually, which was more than two hundred times the cost they 

paid for the same amount of tap water ($2.25 per 500 gallons). The majority of 

participants (77%, n= 69) reported using faucet filters prior to drinking or cooking with 

tap water. In addition, those respondents supplied with water from a purveyor with a 

previous record of safety violations (8%, n=7) were more likely to boil their tap water 

before using it for drinking and cooking or use bottled water. None of the ninety 

participants boiled or filtered their bottled water before using it. Last, while 64% (n=58) 

of participants received information about the importance of fluoride for dental heath, 

none of the 90 participants received recommendations from healthcare and dental care 

providers about their drinking-water source or fluoride supplementation if they primarily 

use unfluoridated water.   
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4. Discussion 

In this study, participants had adverse perceptions about the safety of local tap 

water and perceived bottled and other sources of purchased water to be safer for 

consumption. Participants also believed that drinking their tap water could result in both 

acute and chronic diseases. Furthermore, participants perceived the risks to be lower for 

consuming tap water in other places in the U.S. and Canada, but much higher in Mexico 

compared to consuming local tap water. In addition, respondents perceived drinking local 

tap water to be as risky as high-risk activities that have been shown to result in injury or 

death (e.g., drinking and driving) and less risky than some activities that have been 

shown to cause adverse health effects (e.g., smoking).  Contrary to the existing literature, 

there were no significant differences in perceived risks by demographic characteristics 

assessed, suggesting that this may due to other factors such as participant recruitment or 

the cross-border influences that might be influencing perceived risks related to drinking 

local tap water (Frisvold and Osgood, 2002; Wilk, 2006; Williams and Florez, 2002). 

Respondents had also adopted self-protective measures, such as boiling their tap water 

for consuming tap water but none for bottled water.  

Bottled water was perceived to be safer for consumption than tap water by 

participants in our study. These results were also consistent with other studies conducted 

in low-income communities showing that Latinos have higher consumption rates of 

bottled water than non-Latinos (Hobson et al., 2007; Williams et al., 2001). These 

findings further suggest that increased use of bottled water by Latinos may not be 

localized to the Nogales border region but can also exist in other parts of the U.S. 
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Respondents also considered “drinking tap water in Nogales, Arizona,” to be as risky as 

“drinking tap water in Nogales, Sonora, Mexico,” which has experienced numerous 

recurring issues related to water quality (Sanchez, 1995). This finding may be the cross-

border perceptions on municipal water quality and safety in this region (Ingram et al., 

1995; Sanchez, 1995) as participants attributed significantly lower risks to drinking tap 

water in other U.S. locations and higher risks to locations in Mexico. This finding is 

important, as it may imply that these elevated perceptions of local tap water may also be 

related to water-related issues in the Nogales border region. Our results might also 

provide new insights into understanding why Latinos generally have higher perceived 

health risks related to tap-water consumption. Furthermore, there is a high immigrant 

population living in Nogales, Arizona, and previous studies have shown that immigrants 

from countries with poor drinking-water quality were less likely to drink tap water and 

feared that it could result in illness (Hobson et al., 2007).   

Concerns about health related illnesses were also evident in our study as the 

majority of respondents feared that drinking local tap water could result in adverse health 

effects like GI illnesses, lupus and cancer.  While there are several studies that report 

associations between contaminated drinking water and gastrointestinal illnesses 

(Blackburn et al., 2004; Reynolds et al., 2008) and some types of cancers (liver, lung, 

bladder and kidney) (Cantor, 1997; Chen et al., 1992), there are no documented 

population studies showing the association between contamination of drinking water and 

lupus. Among the public health issues causing the most concern in the Nogales area is the 

high prevalence of lupus in the border community, with rates 4 to 7 times above the 

national average (Balluz et al., 2001; Sprouse et al., 1996).  While epidemiologists have 
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yet to establish a causal relationship between chemical contamination of local tap water 

and the prevalence of lupus in this border community, affected residents believed that 

their tap water is causative (Sprouse et al., 1996; Varady and Mack, 1995).  This context 

might explain why the majority of respondents stated that chemical contamination of 

drinking water leading to adverse health effects, such as lupus, as the most dreaded 

potential health outcome.  

In addition to health outcomes, respondents also assessed several other activities 

in comparison to drinking local tap water. For example, respondents compared local tap-

water consumption to be as risky as “drinking and driving” which has been shown be a 

high-risk activity (Hingson and Winter, 2003). Furthermore, respondents perceived 

drinking local tap water to be less risky than “smoking” and “using Raid™” of which has 

been shown to produce more chronic adverse health outcomes in many studies (Leiss and 

Savitz, 1995; Newcomb and Carbone, 1992).  Most importantly, drinking and driving, 

smoking and using Raid™ have been documented as high-risk activities (Flynn et al., 

1994; Morgan et al., 2000) compared to drinking tap water in the U.S. which has been 

documented as lower risks (Blackburn et al., 2004; Reynolds et al., 2008). 

  In addition, respondents’ levels of willingness to perform several risky activities 

were significantly higher than drinking local tap water. These results are consistent with 

other risk-perception studies showing that people find risks more acceptable if they 

volunteer for the risk because they are able to control the risk (Frewer, 1999).  

Another important finding from our study, which might be contributing to perceived risks 

related to local tap-water consumption is that many of our participants were told by 
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friends and or family not to drink their tap water. Several studies have shown that 

individuals frequently adopt the attitudes or behaviors of others in the same social 

networks or communities (Kasperson et al., 1988; Scherer and Cho, 2003). In addition, 

those individuals who are most connected to each other through interpersonal contact are 

also most likely to share similar information, attitudes, beliefs, and behaviors on topics 

such as perceived risks related to tap-water consumption (Doria et al., 2005; Scherer and 

Cho, 2003).  Additionally, many respondents (74%, n=67) reported drinking tap water 

when they were younger but having changed to bottled water. This might be due to a 

prior experience or new beliefs that might have changed the respondent’s minds about the 

safety of local tap water, or influenced to use bottled water through advertising 

campaigns (Scherer and Cho, 2003; Wilk, 2006).  

One limitation of our study was the gender distribution in our sample population. 

In families with both parents (68%, n=61) the men were frequently at work or opted not 

to take part in the study. In addition, the questionnaire was administered during regular 

business hours and several of the men were at work. Several risk-perception studies have 

also shown that women tend to report higher levels of perceived risk than men (Flynn et 

al., 1994; Slovic, 1987). Therefore, to overcome this limitation, stratified analyses of 

perceived risks were performed to assess if the patterns differed by gender. While no 

significant differences in trends were observed, it might have been a function of sample 

size or recruitment strategy. 

  Another possible explanation for no differences by demographic characteristics  is 

the argument made by Greenberg and Schneider showing that communities “stressed” by 

environmental risks tend to have relatively homogenous risk perceptions (Greenberg and 
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Schneider, 1995). Consistent with other studies, this study provides further evidence that 

individual beliefs can and do affect patterns of behavior related to environmental 

exposure (Hattis et al., 1999; Williams et al., 2001). Interestingly, Nogales, Arizona has 

had drinking-water wells closures due to  chemical contamination (Froehling, 2007). 

Additionally, there are  concerns that  growth in the number of maquiladoras in Nogales, 

Sonora, can also contaminate groundwater in this region from the improper disposal of 

solvents used by these factories (Bowen et al., 1995).  As a result, many bottled water 

purveyors in Nogales, Arizona, have promoted their product to be a better and safer 

alternative to local tap water, and many residents have chosen to primarily use this 

product instead of local tap water.  

Respondents who participated in our study and who were supplied with municipal 

tap water from a purveyor (8%, n=7) with frequent water quality violations were more 

likely to use bottled water for cooking. These results are similar to other studies in 

showing that trust in water purveyors, prior experience with water contamination, and 

geographic location can also influence risk perceptions (Griffin and Dunwoody, 2000; 

Sprouse, 2005).  Many of the respondents had also adopted self-protective behaviors 

around tap water to reduce any perceived health risks. However, they  did  not adopted 

similar behaviors like boiling or filtering bottled or other purchased water before drinking 

or cooking because they believe it to be safe. While the majority of our respondents used 

their tap water for cooking, some families purchased additional bottled water to cook 

with because they did not believe that boiling or filtering their tap water sufficiently 

protected their families.  
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Bottled water is generally unfluoridated, and primarily using it might be putting 

families at risk of developing dental caries related to the lack of fluoride in their drinking 

water (Bartels et al., 2000; Featherstone, 1999; Johnson and DeBiase, 2003).  Several 

studies have demonstrated that bottled water contains significantly lower levels of 

fluoride or none at all (Lalumandier and Ayers, 2000; Victory et al., 2013; Weinberger, 

1991). In fact, concerns have been raised over the increased consumption of bottled water 

across the United States for the last two decades and its impact on oral health (Slade et 

al., 1995; Zohouri et al., 2003), and that many healthcare providers are not 

communicating this information to their patients. Interestingly, none of the ninety 

participants received any information from healthcare and dental care providers about 

fluoride in drinking water or fluoride supplementation. While fluoride is not added to tap 

water in Nogales, Arizona, it can occur naturally in local tap water at levels ranging from 

0.22 to 1.1 mg/L, depending on the time of the year (NCCDPHP, 2008; Victory et al., 

2013). The ADA recommends a dose of 0.7 mg/L in drinking water for optimal dental 

health, and it is not yet known whether these low-income residents would receive 

adequate levels of fluoride for optimal dental heath even if they drank their tap water.  

Furthermore, many of these residents are not aware of that they might be at increased risk 

of dental caries related to the lack of fluoride in their bottled water.  

 

5. Conclusions 

 Residents generally perceive tap water in Nogales, Arizona to be unsafe for 

drinking compared to bottled water, and did not associate drinking bottled water with any 
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perceived health outcome. Fear of illness from tap water contamination is an important 

contributing factor to increased use of bottled water in this community and may possibly 

be related to the social behaviors within community networks in the Nogales region. 

Many families were not aware that by primarily using unflouridated bottled water for 

drinking and cooking, they may be increasing their risks of developing dental caries, 

especially if they or their children are not using fluoride supplements. Public health 

interventions using promotoras with community-based social networks could be 

developed to provide training. These promotoras are already accepted by the community, 

and serve as a conduit for providing health education to families in Nogales, Arizona. In 

addition, more training programs can be implemented to inform residents about water 

quality in Nogales, Arizona. Such programs can use promotoras to educate low-income 

families on monitoring and regulatory standards, the lower cost of local tap water and 

emphasize the importance of fluoride supplementation if families continue using bottled 

water for drinking and cooking. Lastly, further studies are warranted to assess whether 

this problem is localized to Nogales, Arizona, persists along the U.S.-Mexico border or in 

other regions of Arizona. 
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Tables 

Table 1.  Demographic characteristics of study population (n=90). 

Characteristics  n % 

   
   Gender  

  Female 75 83 

Male 15 17 

   Age 

  < 35 years 44 49 

≥ 35 years 46 51 

   Immigration Status 

  Immigrant (born outside U.S.) 44 49 

Non-Immigrant (born in U.S.) 46 51 

   Annual household income 

  <15K  48 53 

30K ≥ 15K 42 47 

   Education level 

  ≤ 8th grade 43 48 

9-12th grade 27 30 

Some college 20 22 

   Years lived in the U.S. 

  0-10 yrs 22 24 

11-20 yrs  35 39 

> 20 yrs 33 37 
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Table 2.  Summary of respondents’ perception scores (n=90) regarding different water 

sources from a Likert scale from 1 (strongly disagree) to 5 (strongly agree). 

Activity  Mean  SD 

Tap water perceptions  
   I’m happy with the taste of my tap water  2.0 1.4 

 I’m happy with the odor of my tap water  3.0 1.6 

 I’m happy with the color of my tap water  3.1 1.5 

 I’m happy with the clarity of my tap water  3.2 1.6 

 I drink my tap water  2.2 1.6 

 It is safe to drink my tap water  2.2 1.6 

 I trust my tap water company to provide me with safe drinking water  2.6 1.7 

 My tap water has too much chlorine  3.4 1.5 

 My tap water is too hard  3.5 1.6 

 Friends or family have told me not to drink tap water  4.5 1.1 

   Bottled water perceptions  
   It is safe to drink water vended at water stations or at the store  3.5 1.5 

 It is safe to drink bottled water  3.9 1.4 

 The way I store my water keeps my water clean  4.3 1.3 

 I use bottled water or other sources of water (not tap) for drinking  4.4 1.3 

 The water containers I use are clean  4.5 1.0 
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Table 3. Summary of respondents’ perceived possible health effects from drinking tap 

water in Nogales, Arizona, and their perceptions of the likelihood and their dread of each 

health outcome from  a Likert scale from 1 (not likely/no dread) to 5 (very likely/highly 

dread) respondents assessed each health outcomes. Note: Participants could list more than 

one health outcome therefore, n is greater than 90. 

   
Likelihood  

 
Dread  

Outcome n % Mean SD 
 

Mean SD 

GI illnesses  74  45  3.7 1.1 

 

3.6 1.0 

Lupus  21  13  4.1 1.0 

 

4.2 0.8 

Parasites/Microbes  16  10  2.8 1.1 

 

2.7 1.0 

Cancer  15  9  3.8 0.9 

 

3.6 1.1 

Other  10  6  3.3 1.2 

 

3.4 0.7 

Chemicals  9  5  4.3 0.9 

 

4.3 0.9 

General infections  8  5  2.8 1.0 

 

2.9 1.0 

Allergic reactions  8  5  2.4 1.3 

 

2.4 0.9 

Dental problems  5  3  3.4 1.8 

 

3.4 1.8 
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Table 4. Summary of perceived risk scores (n=90) of drinking tap water in Nogales, 

Arizona,  relative to several other voluntary activities  from a Likert scale from 1 (low 

risk) to 5 (high risk). Significance of the mean difference was assessed using One-way 

ANOVA followed by Scheffe’s post-hoc test. 

Activity  Mean  SD  

Mean 

difference  p-value  

     
Drinking-water activities  

     Drinking tap water in Nogales, AZ, USA  4.7 0.8 Ref  Ref  

      Drinking tap water in Guadalajara, Jalisco, México  4.1 1.1 0.6 0.43  

 Drinking tap water in Nogales, Sonora, México  4.8 0.6 -0.1 0.97 

 Drinking tap water in San Francisco, CA, USA  3.4 1.4 1.3 <0.001*  

 Drinking tap water in Vancouver, British Columbia, 

Canada  3.4 1.3 1.3 <0.001*  

 Drinking water from a well  4.6 1.0 0.1 1.00  

     Other activities  
     Drinking and driving  4.8 0.6 -0.2 1.00  

 Driving a car  3.1 1.3 1.6 <0.001*  

 Exposure to pesticides  4.7 0.6 0.0 0.98 

 Firing a gun  4.3 0.9 0.4 0.97 

 Listening to loud music  3.8 1.4 0.8 0.02*  

 Playing American football  3.8 1.1 0.9 0.02*  

 Riding a motorcycle  2.6 1.3 2.1 <0.001*  

 Riding in a car without a seatbelt  4.4 0.9 0.3 0.97  

 Smoking  3.5 1.2 1.2 <0.001*  

 Using Raid™ (insecticide)  3.3 1.3 1.4 <0.001*  
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Table 5. Summary respondents’ voluntariness (n=90) of drinking tap water in Nogales, 

Arizona relative to several other activities from a Likert scale from 1 (low willing) to 5 

(willing). Significance of the mean difference was assessed using One-way ANOVA 

followed by Scheffe’s post-hoc test. 

Activity  Mean  SD  Mean 

difference  

p-value  

Drinking-water activities      

Drinking tap water in Nogales, AZ, USA  1.7 1.2 Ref  Ref  

 

    Drinking tap water in Guadalajara, Jalisco, México  1.9 1.3 -0.2 0.98 

Drinking tap water in Nogales, Sonora, México  1.9 1.4 -0.2 0.97 

Drinking tap water in San Francisco, CA, USA  2.5 1.4 -0.8 0.24 

Drinking tap water in Vancouver, British Columbia, 

Canada  2.3 1.3 -0.6 0.82 

Drinking water from a well  2.1 1.4 -0.4 0.99 

 

     

    Other activities  
     Drinking and driving  1.1 0.5 -0.6 0.84 

 Driving a car  4.5 1.2 -2.8 <0.001*  

 Firing a gun  2.8 1.6 -1.1 0.002*  

 Listening to loud music  2.7 1.5 -1.1 0.010*  

 Playing American football  2.3 1.4 -0.6 0.92 

 Riding in a car without a seatbelt  1.4 0.9 -0.3 0.97 

 Smoking  1.4 1.0 -0.3 0.98 

 Using Raid™ (insecticide)  2.4 1.3 -0.8 0.31 

Supplemental Tables 
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S1. Summary of respondents’ perception scores by gender regarding different water 

sources from a Likert scale from 1 (strongly disagree) to 5 (strongly agree) using One-

way ANOVA. 

 
Women 

(N=75) 

Men 

 (N=15)   

   Activity Mean SD Mean SD F p-value 

       Tap water perceptions 

       I’m happy with the taste of my tap water 2.1 0.3 2.2 0.4 1.2 0.37 

 I’m happy with the quality of my tap water 2.5 0.6 2.2 0.4 0.9 0.63 

 I’m happy with the odor of my tap water 3.1 0.8 3.2 0.7 1.0 0.56 

 I’m happy with the color of my tap water 3.0 0.8 3.0 0.5 0.8 0.69 

 I’m happy with the clarity of my tap water 3.2 0.7 3.3 0.7 1.1 0.44 

 I drink my tap water 2.3 0.5 2.3 0.5 1.0 0.52 

 It is safe to drink my tap water 2.3 0.5 2.5 0.5 0.7 0.80 

 I trust my tap water company to provide me 

 with  safe drinking  water 2.7 0.6 2.8 0.4 0.8 0.79 

 My tap water has too much chlorine 3.5 0.9 3.4 0.8 2.1 0.06 

 My tap water is too hard 3.5 0.7 3.5 0.6 1.7 0.12 

 I am satisfied with the water pressure in my 

 home 4.5 1.5 4.5 0.8 1.7 0.12 

 Friends or family have told me not to drink tap 

 water 4.7 1.3 4.7 0.9 0.9 0.63 

       Bottled water perceptions 

       It is safe to drink water vended at water 

 stations or  at  the store  3.5 1.1 3.6 0.8 1.7 0.14 

 It is safe to drink bottled water 4.1 1.6 4.2 0.7 0.7 0.88 

 The way I store my water keeps my water  

 clean 4.3 1.7 4.5 0.5 0.8 0.75 

 I use bottled water or other sources of water 

 (not  tap)  for drinking 4.4 1.7 4.5 0.8 1.7 0.14 

 The water containers I use are clean 4.6 1.3 4.7 0.7 0.5 0.98 
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S2. Summary of respondents’ perception scores by income regarding different water 

sources from a Likert scale from 1 (strongly disagree) to 5 (strongly agree) using One-

way ANOVA. 

 

Income 

(<15K) 

Income  

(30K ≥ 15K) 

  

 
N=48 N=42 

  Activity Mean SD Mean SD F p-value 

       Tap water perceptions 

     I’m happy with the taste of my tap water 2.1 1.5 2.2 1.4 0.3 0.93 

 I’m happy with the quality of my tap water 2.3 1.4 2.4 1.6 0.7 0.90 

 I’m happy with the odor of my tap water 3.0 1.5 3.1 1.6 0.8 0.80 

 I’m happy with the color of my tap water 3.0 1.7 3.1 1.6 0.7 0.90 

 I’m happy with the clarity of my tap water 3.1 1.6 3.3 1.5 0.3 0.93 

 I drink my tap water 2.3 1.0 2.4 1.3 1.0 0.52 

 It is safe to drink my tap water 2.4 1.8 2.5 1.5 1.4 0.13 

 I trust my tap water company to provide  

 me 

 with safe drinking water 2.8 1.8 2.9 1.4 1.4 0.12 

 My tap water has too much chlorine 3.5 1.4 3.5 1.3 0.8 0.81 

 My tap water is too hard 3.5 1.4 3.6 1.1 1.0 0.44 

 I am satisfied with the water pressure in my 

 home 4.5 1.6 4.6 1.6 0.7 0.92 

 Friends or family have told me not to drink  

 tap water 4.6 1.6 4.7 0.9 0.9 0.64 

       Bottled water perceptions 

     It is safe to drink water vended at water 

 stations or at the store  3.6 1.0 3.5 1.0 1.3 0.23 

 It is safe to drink bottled water 4.2 1.2 4.2 1.1 0.8 0.72 

 The way I store my water keeps my water 

 clean 4.4 1.5 4.6 1.7 1.2 0.24 

 I use bottled water or other sources of 

 water  (not tap) for drinking 4.4 1.7 4.5 1.7 0.8 0.71 

 The water containers I use are clean 4.5 1.7 4.7 1.5 1.3 0.22 
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S3. Summary of respondents’ perception scores by age regarding different water sources 

from a Likert scale from 1 (strongly disagree) to 5 (strongly agree) using One-way 

ANOVA. 

       

 
Age (<30) Age(≥30) 

  

 
N=44 N=46 

  Activity Mean SD Mean SD F p-value 

       Tap water perceptions 

     I’m happy with the taste of my tap water 2.1 1.5 2.2 1.5 0.7 0.92 

 I’m happy with the quality of my tap water 2.3 1.4 2.5 1.6 0.6 0.93 

 I’m happy with the odor of my tap water 3.1 1.5 3.1 1.6 0.8 0.73 

 I’m happy with the color of my tap water 3 1.7 3.2 1.6 0.7 0.91 

 I’m happy with the clarity of my tap water 3.2 1.6 3.4 1.5 0.6 0.94 

 I drink my tap water 2.3 1.0 2.5 1.3 1.0 0.54 

 It is safe to drink my tap water 2.4 1.8 2.7 1.6 1.1 0.33 

 I trust my tap water company to provide 

 me  with safe drinking water 2.9 1.8 3 1.4 1.4 0.12 

 My tap water has too much chlorine 3.6 1.4 3.6 1.3 0.8 0.81 

 My tap water is too hard 3.7 1.4 3.6 1.1 0.7 0.43 

 I am satisfied with the water pressure in 

 my  home 4.7 1.6 4.7 1.6 0.7 0.92 

 Friends or family have told me not to drink  

 tap  water 4.7 1.6 4.7 0.9 0.9 0.64 

       Bottled water perceptions 

     It is safe to drink water vended at water 

 stations or at the store  3.5 1.0 3.4 1.0 1.3 0.22 

 It is safe to drink bottled water 4.3 1.2 4.2 1.1 0.8 0.74 

 The way I store my water keeps my water 

 clean 4.6 1.5 4.6 1.7 1.3 0.23 

 I use bottled water or other sources of 

 water (not tap) for drinking 4.4 1.7 4.6 1.7 0.8 0.72 

 The water containers I use are clean 4.6 1.7 4.8 1.5 1.3 0.21 
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S4. Summary of respondents’ perception scores by years respondents had been living in 

the U.S. regarding different water sources from a Likert scale from 1 (strongly disagree) 

to 5 (strongly agree) using One-way ANOVA. 

 
0-10 yrs 11-20 yrs  > 20 yrs 

  

 
N=22 N=35 N=33 

  Activity Mean SD Mean SD Mean SD F p-value 

         Tap water perceptions 

       I’m happy with the taste of my tap 

 water 2.2 1.5 2.2 1.2 2.3 1.6 1.3 0.24 

 I’m happy with the quality of my tap  

water 2.3 1.6 2.5 1.3 2.5 1.6 1.3 0.24 

 I’m happy with the odor of my tap 

 water 3.1 1.6 3.1 1.4 3.1 1.7 1.0 0.54 

 I’m happy with the color of my tap  

water 3.0 1.7 3.2 1.6 3.2 1.6 0.9 0.63 

 I’m happy with the clarity of my tap  

water 3.3 1.5 3.4 1.4 3.4 1.7 0.6 0.91 

 I drink my tap water 2.3 1 2.5 1.2 2.5 1.3 0.8 0.73 

 It is safe to drink my tap water 2.4 1.8 2.7 1.5 2.7 1.8 0.6 0.92 

 I trust my tap water company to 

 provide me with safe drinking water 2.9 1.8 3.0 1.7 3.0 1.6 1.2 0.34 

 My tap water has too much chlorine 3.6 1.2 3.7 1.5 3.7 1.4 1.2 0.33 

 My tap water is too hard 3.7 1.4 3.7 0.9 3.7 1.6 1.3 0.22 

 I am satisfied with the water 

 pressure in my home 4.6 1.5 4.7 1.6 4.7 1.6 1.3 0.24 

 Friends or family have told me not to  

drink tap water 4.7 1.4 4.8 1.2 4.8 1.3 0.8 0.74 

         Bottled water perceptions 

       It is safe to drink water vended at 

 water stations or at the store  3.6 0.9 3.4 1.3 3.4 0.9 0.9 0.64 

 It is safe to drink bottled water 4.3 1.0 4.2 1.3 4.1 1.3 0.9 0.65 

 The way I store my water keeps my 

 water clean 4.5 1.7 4.6 1.7 4.6 1.3 1.0 0.53 

 I use bottled water or other sources  

of water (not tap) for drinking 3.6 1.8 4.6 1.6 4.6 1.5 0.8 0.71 

 The water containers I use are clean 4.6 1.2 4.8 1.4 4.8 1.6 0.7 0.83 
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S5. Summary of respondents’ perception scores by age regarding different water sources 

from a Likert scale from 1 (strongly disagree) to 5 (strongly agree) using One-way 

ANOVA. 

 
Immigrant 

Non-

Immigrant 

  

 
N=44 N=46 

  Activity Mean SD Mean SD F p-value 

       Tap water perceptions 

     I’m happy with the taste of my tap water 2.1 1.4 2.2 1.5 1.1 0.42 

 I’m happy with the quality of my tap water 2.3 1.4 2.5 1.6 0.6 0.39 

 I’m happy with the odor of my tap water 3.1 1.4 3.1 1.7 1.1 0.54 

 I’m happy with the color of my tap water 3.0 1.5 3.2 1.8 0.9 0.63 

 I’m happy with the clarity of my tap water 3.2 1.5 3.4 1.6 0.8 0.71 

 I drink my tap water 2.3 1.1 2.5 1.1 0.9 0.64 

 It is safe to drink my tap water 2.4 1.7 2.7 1.7 1.3 0.23 

 I trust my tap water company to provide me with 

 safe drinking water 2.9 1.7 3.0 1.6 0.9 0.62 

 My tap water has too much chlorine 3.6 1.5 3.7 1.1 1.2 0.30 

 My tap water is too hard 3.7 1.6 3.7 0.9 1.2 0.32 

 I am satisfied with the water pressure in my home 4.6 1.5 4.7 1.5 1.0 0.44 

 Friends or family have told me not to drink tap 

 water 4.7 1.0 4.8 1.3 1.1 0.37 

       Bottled water perceptions 

     It is safe to drink water vended at water stations 

 or at the store  3.6 0.8 3.4 1.1 1.1 0.33 

 It is safe to drink bottled water 4.3 1.2 4.2 1.0 1.2 0.24 

 The way I store my water keeps my water clean 4.5 1.4 4.6 1.8 0.9 0.63 

 I use bottled water or other sources of water  

(not tap) for drinking 3.6 1.5 4.6 1.9 1.1 0.33 

 The water containers I use are clean 4.6 1.6 4.8 1.7 0.9 0.64 

 

 

 

 

 



 

 

 

 

S6. Summary of respondents’ perception scores by education level regarding different water sources from a Likert scale from 1 

(strongly disagree) to 5 (strongly agree) using One-way ANOVA.  

 
 ≤8th grade 9th-12th grade Some College 

  

 
N=43 N=27 N=20 

  Activity Mean SD Mean SD Mean SD F p-value 

Tap water perceptions 

       I’m happy with the taste of my tap water 2.1 1.5 2.2 1.2 2.2 1.6 1.4 0.24 

 I’m happy with the quality of my tap water 2.3 1.6 2.5 1.3 2.5 1.6 1.1 0.43 

 I’m happy with the odor of my tap water 3.1 1.6 3.1 1.4 3.1 1.7 1.0 0.53 

 I’m happy with the color of my tap water 3.0 1.7 3.2 1.6 3.2 1.6 0.9 0.61 

 I’m happy with the clarity of my tap water 3.2 1.5 3.4 1.4 3.4 1.7 0.6 0.92 

 I drink my tap water 2.3 1.0 2.5 1.2 2.5 1.3 0.8 0.73 

 It is safe to drink my tap water 2.4 1.8 2.7 1.5 2.7 1.8 0.6 0.92  

 I trust my tap water company to provide 

 me  with safe drinking water 2.9 1.8 3.0 1.5 3.0 1.6 1.2 0.34 

 My tap water has too much chlorine 3.6 1.2 3.7 1.5 3.7 1.4 1.2 0.33 

 My tap water is too hard 3.7 1.4 3.7 0.9 3.7 1.6 1.4 0.24 

 I am satisfied with the water pressure in  

 my  home 4.6 1.5 4.7 1.6 4.7 1.6 1.4 0.22 

 Friends or family have told me not to drink 

 tap  water 4.7 1.4 4.8 1.2 4.8 1.3 1.3 0.27 

Bottled water perceptions 

       It is safe to drink water vended at water 

 stations or at the store  3.6 0.8 3.4 1.3 3.4 0.9 0.9 0.62 

 It is safe to drink bottled water 4.3 1.0 4.2 1.2 4.2 1.3 0.9 0.61 

 The way I store my water keeps my water 

 clean 4.5 1.7 4.6 1.7 4.6 1.3 1.0 0.52 

 I use bottled water or other sources of water  

(not tap) for drinking 3.6 1.8 4.6 1.6 4.6 1.5 0.8 0.7 

 The water containers I use are clean 4.6 1.2 4.8 1.4 4.8 1.6 0.7 0.81 

1
3
4
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S7. Summary of respondents’ perceived possible health effects by gender from drinking tap 

water in Nogales, Arizona.  Note: N>90 because participants could list >1 outcome. 

 

 
Female (N=75) Male (N=15) 

Outcome N % N % 

GI illnesses  60 80 14 93 

Lupus 18 24 3 20 

Parasites/Microbes  13 17 3 20 

Cancer 12 16 3 20 

Other  7 9 3 20 

Chemicals  6 8 3 20 

General infections  5 7 3 20 

Allergic reactions  5 7 3 20 

Dental problems 3 4 2 13 

 

 

 

S8. Summary of respondents’ perceived possible health effects by income levels from drinking 

tap water in Nogales, Arizona. Note: N>90 because participants could list >1 outcome. 

 

 
<15K (N=48) 

30K ≥ 15K 

(N=42) 

Outcome N % N % 

GI illnesses  41 85 33 79 

Lupus 11 23 10 24 

Parasites/Microbes  8 17 33 79 

Cancer 8 17 8 19 

Other  6 13 1 2 

Chemicals  5 10 3 7 

General infections  5 10 3 7 

Allergic reactions  5 10 4 10 

Dental problems 4 8 4 10 

 

 

 

 

 

  



135 

 

 

 

S9. Summary of respondents’ perceived possible health effects by immigration status from 

drinking tap water in Nogales, Arizona. Note: N>90 because participants could list >1 outcome. 

 

 

Immigrant 

 (N=44) 

Non-Immigrant 

(N=46) 

Outcome N % N % 

GI illnesses  22 50 32 70 

Lupus 8 18 13 28 

Parasites/Microbes  8 18 8 17 

Cancer 8 18 7 15 

Other  4 9 6 13 

Chemicals  4 9 5 11 

General infections  4 9 4 9 

Allergic reactions  4 9 4 9 

Dental problems 4 9 1 2 

 

 

S10. Summary of respondents’ perceived possible health effects by age from drinking tap water 

in Nogales, Arizona. Note: N>90 because participants could list >1 outcome. 

 

 
 <35 years (N=44) ≥ 35 years (N=46) 

Outcome N % N % 

GI illnesses  37 84 37 80 

Lupus 10 23 11 24 

Parasites/Microbes  7 16 9 20 

Cancer 6 14 9 20 

Other  4 9 6 13 

Chemicals  3 7 6 13 

General infections  3 7 5 11 

Allergic reactions  3 7 5 11 

Dental problems 3 7 2 4 
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S11. Summary of respondents’ perceived possible health effects by education level from 

drinking tap water in Nogales, Arizona. Note: N>90 because participants could list >1 outcome. 

 

 

≤8th grade  

(N=43) 

9-12th grade 

(N=27) 

Some college 

(N=20) 

Outcome N % N % N % 

GI illnesses  34 79 27 100 13 65 

Lupus 12 28 7 26 2 10 

Parasites/Microbes  9 21 6 22 1 5 

Cancer 8 19 6 22 1 5 

Other  6 14 3 11 1 5 

Chemicals  5 12 3 11 1 5 

General infections  5 12 2 7 1 5 

Allergic reactions  5 12 2 7 1 5 

Dental problems 3 7 1 4 1 5 

 

 

S12.  Summary of respondents’ perceived possible health effects by years living in the U.S. from 

drinking tap water in Nogales, Arizona. Note: N>90 because participants could list >1 outcome. 

 

 
0-10 yrs (N=22) 11-20 yrs (N=35) > 20 yrs (N=33) 

Outcome N % N % N % 

GI illnesses  21 95 27 77 26 79 

Lupus 12 55 7 20 11 33 

Parasites/Microbes  9 41 6 17 9 27 

Cancer 8 36 6 17 9 27 

Other  6 27 3 9 6 18 

Chemicals  5 23 3 9 6 18 

General infections  5 23 2 6 5 15 

Allergic reactions  5 23 2 6 5 15 

Dental problems 3 14 1 3 2 6 
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S13.   Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities by immigration status from a Likert scale 

from 1 (low risk) to 5 (high risk). Significance of the mean difference was assessed using 

One-way ANOVA.  

 

Immigrant 

(N=44) 

Non-

immigrant 

(N=46) 

  Activity Mean SD Mean SD F p-value 

 Drinking-water activities 

     Drinking tap water in Nogales, AZ, USA 4.8 1.3 4.8 1.5 0.7 0.91 

        Drinking tap water in Guadalajara, Jalisco, 

 México 4.1 1.3 4.1 1.3 0.9 0.63 

 Drinking tap water in Nogales, Sonora, 

 México 4.8 1.2 4.8 1.1 0.7 0.91 

 Drinking tap water in San Francisco, CA, USA 3.3 1.2 3.3 1.4 1.0 0.44 

 Drinking tap water in Vancouver, British 

 Columbia, Canada 3.4 1.1 3.4 1.3 1.4 0.14 

 Drinking water from a well 4.7 1.1 4.7 1.1 1.4 0.12 

       Other activities 

      Drinking and driving 4.8 1.7 4.7 1.5 0.9 0.92 

 Driving a car 3.0 1.3 3.0 1.3 1.0 0.45 

 Exposure to pesticides 4.4 1.3 4.4 1.3 1.2 0.24 

 Firing a gun 4.0 1.0 4.0 1.0 1.4 0.14 

 Listening to loud music 3.9 1.3 3.9 1.3 1.1 0.33 

 Playing American football 3.8 1.3 3.8 1.3 1.2 0.24 

 Riding a motorcycle 2.6 1.2 2.6 1.2 1.1 0.42 

 Riding in a car without a seatbelt 4.3 1.1 4.3 1.1 1.4 0.13 

 Smoking 3.4 1.0 3.4 1.0 1.3 0.23 

 Using Raid™ (insecticide) 3.4 1.3 3.4 1.3 1.2 0.32 
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S14.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities by income levels from a Likert scale from 1 

(low risk) to 5 (high risk). Significance of the mean difference was assessed using One-

way ANOVA followed by Scheffe’s post-hoc test. 

 

<15K  

(N=48) 

30K ≥ 15K 

(N=42) 

  

Activity Mean SD Mean SD F 

p-

value 

 Drinking-water activities 

     Drinking tap water in Nogales, AZ, USA 4.5 0.9 4.4 0.9 0.7 0.91 

        Drinking tap water in Guadalajara, Jalisco, 

 México 3.0 1.3 3.3 1.3 0.9 0.63 

 Drinking tap water in Nogales, Sonora, 

 México 4.8 0.7 4.5 1.2 0.7 0.84 

 Drinking tap water in San Francisco, CA, USA 3.9 1.2 3.8 1.1 1.0 0.44 

 Drinking tap water in Vancouver, British 

 Columbia, Canada 3.4 1.5 3.3 1.3 1.4 0.14 

 Drinking water from a well 4.0 1.3 4.1 1.2 1.4 0.12 

       Other activities 

      Drinking and driving 4.9 0.5 4.8 0.7 0.7 0.92 

 Driving a car 3.3 0.5 3.4 1.0 1.0 0.45 

 Exposure to pesticides 3.5 0.5 3.6 0.4 1.2 0.24 

 Firing a gun 3.0 0.6 3.1 0.6 1.4 0.14 

 Listening to loud music 3.5 1.3 3.5 1.1 1.1 0.33 

 Playing American football 3.1 1.1 3.3 1.2 1.2 0.24 

 Riding a motorcycle 2.5 0.9 3.2 1.1 1.1 0.42 

 Riding in a car without a seatbelt 3.6 1.4 3.7 1.2 1.4 0.13 

 Smoking 3.3 1.4 3.4 1.1 1.3 0.23 

 Using Raid™ (insecticide) 3.4 1.3 3.4 1.3 1.2 0.32 
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S15.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities by age from a Likert scale from 1 (low risk) 

to 5 (high risk). Significance of the mean difference was assessed using One-way 

ANOVA followed by Scheffe’s post-hoc test. 

 

    

  

Age  <35 

 (N=42) 

Age ≥35 

 (N=48) 

 Activity Mean SD Mean SD F p-value 

 Drinking-water activities 

     Drinking tap water in Nogales, AZ, 

 USA 4.6 1.1 4.1 0.8 0.7 0.91 

        Drinking tap water in Guadalajara, 

 Jalisco,  México 3.3 1.3 3.2 1.3 0.9 0.63 

 Drinking tap water in Nogales,  

 Sonora,  México 4.8 0.7 4.7 1.2 0.7 0.84 

 Drinking tap water in San Francisco, 

 CA,  USA 3.9 1.4 3.7 1.1 1.0 0.44 

 Drinking tap water in Vancouver, 

 British  Columbia, Canada 3.5 1.3 3.4 1.9 1.4 0.14 

 Drinking water from a well 4.1 1.3 4.4 1.6 1.4 0.12 

       Other activities 

      Drinking and driving 4.8 0.5 4.7 0.9 0.7 0.92 

 Driving a car 3.3 0.5 3.4 1 1.0 0.45 

 Exposure to pesticides 3.6 0.8 3.6 0.4 1.2 0.24 

 Firing a gun 3.1 0.6 3.2 0.6 1.4 0.14 

 Listening to loud music 3.5 1.3 3.5 1.1 1.1 0.33 

 Playing American football 3.2 1.1 3.3 1.2 1.2 0.24 

 Riding a motorcycle 2.6 1.3 3.2 1.1 1.1 0.42 

 Riding in a car without a seatbelt 3.6 1.4 3.7 1.2 1.4 0.13 

 Smoking 3.3 1.4 3.5 1.5 1.3 0.23 

 Using Raid™ (insecticide) 3.6 1.3 3.4 1.2 1.2 0.32 
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S16.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities by gender  from a Likert scale from 1 (low 

risk) to 5 (high risk). Significance of the mean difference was assessed using One-way 

ANOVA. 

 

Female  

(N=75) 

Male 

(N=15) 

  Activity Mean SD Mean SD F p-value 

Drinking-water activities 

    Drinking tap water in Nogales, AZ, USA 4.4 0.9 2.3 4.7 0.6 0.91 

       Drinking tap water in Guadalajara, Jalisco, 

México 2.9 1.1 2.5 1.2 0.9 0.63 

Drinking tap water in Nogales, Sonora, México 3.1 1.3 3.2 1.3 0.7 0.84 

Drinking tap water in San Francisco, CA, USA 4.6 1.0 4.8 0.6 1.1 0.44 

Drinking tap water in Vancouver, British 

Columbia, Canada 3.8 1.1 4.0 1.3 1.6 0.14 

Drinking water from a well 3.3 1.4 3.6 1.5 1.7 0.12 

       

       Other activities 

      Drinking and driving 4.1 1.3 3.9 1.2 0.6 0.92 

 Driving a car 4.9 0.5 4.7 1.0 1.1 0.45 

 Exposure to pesticides 4.8 0.6 4.3 1.3 1.4 0.24 

 Firing a gun 4.8 0.4 4.6 0.6 1.7 0.14 

 Listening to loud music 4.6 0.7 4.7 0.6 1.2 0.33 

 Playing American football 3.5 1.2 3.4 1.4 1.4 0.24 

 Riding a motorcycle 4.0 1.1 4.5 0.9 1.1 0.42 

 Riding in a car without a seatbelt 4.3 1.0 4.7 0.7 1.7 0.13 

 Smoking 3.4 1.2 3.7 1.6 1.4 0.23 

 Using Raid™ (insecticide) 3.4 1.2 3.1 1.4 1.3 0.32 
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S17.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities by education levels from a Likert scale from 

1 (low risk) to 5 (high risk). Significance of the mean difference was assessed using One-

way ANOVA.  

 

 ≤8th grade 

  (N=43) 

9th-12th 

grade 

(N=27) 

Some 

college 

(N=20) 

  Activity Mean SD Mean SD Mean SD F p-value 

Drinking-water activities 

      Drinking tap water in Nogales, AZ, USA 4.4 0.9 4.5 0.8 4.3 0.9 0.8 0.69 

         Drinking tap water in Guadalajara, 

Jalisco, México 4.4 0.9 4.5 0.8 4.3 0.9 1.5 0.69 

Drinking tap water in Nogales, Sonora, 

México 3.1 1.2 2.6 1.2 2.6 0.8 1.4 0.20 

Drinking tap water in San Francisco, CA, 

USA 3.4 1.4 3.0 1.3 2.7 1.1 0.5 0.97 

Drinking tap water in Vancouver, British 

Columbia, Canada 4.6 1.0 4.6 0.9 4.6 1.1 1.3 0.24 

Drinking water from a well 3.9 1.0 4.0 1.1 3.5 1.3 1.5 0.13 

         Other activities 

        Drinking and driving 4.1 1.2 4.0 1.4 4.0 1.1 0.6 0.94 

 Driving a car 4.8 0.5 5.0 0.0 4.7 0.9 1.5 0.14 

 Exposure to pesticides 4.7 0.6 4.8 0.8 4.5 1.1 1.2 0.33 

 Firing a gun 4.9 0.3 4.8 0.5 4.7 0.5 1.5 0.15 

 Listening to loud music 4.7 0.6 4.7 0.6 4.6 0.8 0.8 0.71 

 Playing American football 3.5 1.2 3.5 1.3 3.5 1.1 0.5 0.97 

 Riding a motorcycle 4.1 1.1 4.2 1.2 4.0 0.9 0.8 0.80 

 Riding in a car without a seatbelt 4.3 1.0 4.4 1.0 4.3 0.8 0.7 0.82 

 Smoking 3.6 1.1 3.5 1.4 3.0 1.3 1.4 0.21 

 Using Raid™ (insecticide) 3.4 1.1 3.5 1.5 2.8 1.3 1.5 0.14 
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S18.   Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities by years respondent had been living in the 

U.S. from a Likert scale from 1 (low risk) to 5 (high risk). Significance of the mean 

difference was assessed using One-way ANOVA. 

 
Years  living in the U.S. 

  

 

 11-20 years                            

(N=35) 

> 20 years 

(N=33)  

  

0-10 years 

(N=22) 

Activity Mean SD Mean SD Mean SD F 

p-

value 

Drinking-water activities 

      Drinking tap water in Nogales, AZ, USA 4.6 1.2 4.7 1.1 4.5 1.3 0.6 0.92 

         Drinking tap water in Guadalajara, Jalisco, 

México 4.4 1.1 4.5 1.3 4.3 1.2 0.6 0.93 

Drinking tap water in Nogales, Sonora, 

México 3.1 1.3 2.6 1.2 2.6 1.1 1.3 0.22 

Drinking tap water in San Francisco, CA, 

USA 3.4 1.5 3.0 1.3 2.7 1.1 0.5 0.98 

Drinking tap water in Vancouver, British 

Columbia, Canada 4.6 1.2 4.6 0.9 4.6 1.3 1.1 0.44 

Drinking water from a well 3.9 1.1 4.0 1.1 3.5 1.3 1.2 0.33 

         Other activities 

        Drinking and driving 4.1 1.2 4.3 1.4 4.4 1.3 0.6 0.94 

 Driving a car 4.8 0.5 5.0 0.0 4.7 0.9 1.1 0.44 

 Exposure to pesticides 4.6 0.6 4.8 0.8 4.5 1.1 1.1 0.35 

 Firing a gun 4.7 0.3 4.8 0.5 4.7 0.5 1.1 0.43 

 Listening to loud music 4.7 0.6 4.7 0.6 4.6 0.8 0.8 0.71 

 Playing American football 3.4 1.2 3.5 1.3 3.5 1.1 0.5 0.97 

 Riding a motorcycle 4.1 1.1 4.2 1.2 4.0 0.9 0.7 0.83 

 Riding in a car without a seatbelt 4.2 1.0 4.4 1.0 4.3 0.8 0.8 0.79 

 Smoking 3.6 1.1 3.5 1.4 3.0 1.3 1.2 0.34 

 Using Raid™ (insecticide) 3.4 1.1 3.5 1.5 2.8 1.3 1.1 0.35 
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S19. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for females (n=75)  from a Likert scale from 

1 (low risk) to 5 (high risk). Significance of the mean difference was assessed using One-

way ANOVA followed by Scheffe’s post-hoc test. Significant difference (p<0.05) are 

bolded. 

 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.7 1.5 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.0 1.4 0.7 0.622 

Drinking tap water in Nogales, Sonora, México 4.8 1.3 -0.1 1.00 

Drinking tap water in San Francisco, CA, USA 3.2 1.1 1.6 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.2 1.0 1.5 <0.001 

Drinking water from a well 4.6 1.0 0.1 1.00 

     

     Other activities 

    Drinking and driving 4.9 1.3 -0.2 0.972 

 Driving a car 3.3 1.3 1.4 <0.001 

 Exposure to pesticides 4.7 1.4 0.0 0.981 

 Firing a gun 4.4 1.1 0.3 0.721 

 Listening to loud music 3.8 1.4 0.9 0.032 

 Playing American football 3.8 1.2 0.9 0.044 

 Riding a motorcycle 2.6 1.2 2.1 <0.001 

 Riding in a car without a seatbelt 4.1 0.9 0.6 0.973 

 Smoking 3.4 1.2 1.3 <0.001 

 Using Raid™ (insecticide) 3.1 1.2 1.6 <0.001 
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S20. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for males (n=15)  from a Likert scale from 1 

(low risk) to 5 (high risk). Significance of the mean difference was assessed using One-

way ANOVA followed by Scheffe’s post-hoc test. Significant difference (p<0.05) are 

bolded. 

 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.6 1.5 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.0 0.8 0.7 0.62 

Drinking tap water in Nogales, Sonora, México 4.8 1.5 -0.1 0.98 

Drinking tap water in San Francisco, CA, USA 3.2 1.0 1.6 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.2 1.2 1.5 <0.001 

Drinking water from a well 4.6 1.6 0.1 1.00 

     

     Other activities 

    Drinking and driving 4.9 1.5 -0.2 0.97 

 Driving a car 3.2 1.2 1.5 <0.001 

 Exposure to pesticides 4.6 1.4 0.1 0.98 

 Firing a gun 4.0 0.8 0.7 0.72 

 Listening to loud music 3.6 1.2 1.1 0.01 

 Playing American football 3.7 1.5 1.0 0.022 

 Riding a motorcycle 2.9 1.5 1.8 <0.001 

 Riding in a car without a seatbelt 4.4 1.2 0.3 1.00 

 Smoking 3.4 1.4 1.3 <0.001 

 Using Raid™ (insecticide) 3.2 1.7 1.5 <0.001 
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S21. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents income less than 15K (n=48) 

from a Likert scale from 1 (low risk) to 5 (high risk). Significance of the mean difference 

was assessed using One-way ANOVA followed by Scheffe’s post-hoc test. Significant 

difference (p<0.05) are bolded. 

     

 Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.7 1.6 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.0 1.2 0.7 0.43 

Drinking tap water in Nogales, Sonora, México 4.7 1.4 0.0 1.00 

Drinking tap water in San Francisco, CA, USA 3.3 1.0 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.5 1.3 1.3 <0.001 

Drinking water from a well 4.6 1.1 0.1 0.81 

     

     Other activities 

    Drinking and driving 4.9 1.3 -0.2 0.93 

 Driving a car 3.2 1.3 1.5 <0.001 

 Exposure to pesticides 4.6 1.5 0.1 0.98 

 Firing a gun 4.2 1.0 0.5 0.63 

 Listening to loud music 3.8 1.3 0.9 0.02 

 Playing American football 3.8 1.2 0.9 0.03 

 Riding a motorcycle 2.6 1.1 2.1 <0.001 

 Riding in a car without a seatbelt 4.4 0.9 0.3 0.97 

 Smoking 3.4 1.1 1.3 <0.001 

 Using Raid™ (insecticide) 3.5 1.2 1.3 <0.001 
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S22. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents income 15K-30K (n=42)  

from a Likert scale from 1 (low risk) to 5 (high risk). Significance of the mean difference 

was assessed using One-way ANOVA followed by Scheffe’s post-hoc test. Significant 

difference (p<0.05) are bolded. 
 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.7 1.4 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 3.9 1.4 0.8 0.64 

Drinking tap water in Nogales, Sonora, México 4.8 1.2 -0.1 0.80 

Drinking tap water in San Francisco, CA, USA 3.4 1.3 1.3 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.5 1.0 1.2 <0.001 

Drinking water from a well 4.6 1.0 0.1 1.00 

     

     Other activities 

    Drinking and driving 4.9 1.4 -0.2 0.97 

 Driving a car 3.2 1.3 1.5 <0.001 

 Exposure to pesticides 4.6 1.2 0.1 1.00 

 Firing a gun 4.0 1.1 0.6 0.97 

 Listening to loud music 3.8 1.5 0.9 0.01 

 Playing American football 3.9 1.3 0.8 0.02 

 Riding a motorcycle 2.6 1.4 2.1 <0.001 

 Riding in a car without a seatbelt 4.4 1.0 0.3 0.97 

 Smoking 3.3 1.3 1.4 <0.001 

 Using Raid™ (insecticide) 3.3 1.4 1.4 <0.001 
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S23.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for immigrants (n=44) from a Likert scale 

from 1 (low risk) to 5 (high risk). Significance of the mean difference was assessed using 

One-way ANOVA followed by Scheffe’s post-hoc test. Significant difference (p<0.05) are 

bolded. 

 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.7 1.6 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.1 0.9 0.6 0.22 

Drinking tap water in Nogales, Sonora, México 4.8 1.3 -0.1 0.41 

Drinking tap water in San Francisco, CA, USA 3.3 1.1 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.3 1.1 1.4 <0.001 

Drinking water from a well 4.6 1.1 0.2 0.971 

     

     Other activities 

    Drinking and driving 4.8 1.2 -0.1 0.94 

 Driving a car 3.3 1.4 1.4 <0.001 

 Exposure to pesticides 4.7 1.6 0.0 0.97 

 Firing a gun 4.3 1.0 0.4 0.98 

 Listening to loud music 3.9 1.5 0.8 0.02 

 Playing American football 3.8 1.1 0.9 0.03 

 Riding a motorcycle 2.6 1.4 2.1 <0.001 

 Riding in a car without a seatbelt 4.5 0.8 0.3 0.82 

 Smoking 3.4 1.3 1.3 <0.001 

 Using Raid™ (insecticide) 3.3 1.2 1.5 <0.001 
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S24.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for non-immigrants (n=46) from a Likert 

scale from 1 (low risk) to 5 (high risk). Significance of the mean difference was assessed 

using One-way ANOVA followed by Scheffe’s post-hoc test. Significant difference 

(p<0.05) are bolded. 

 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.8 1.4 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.1 1.6 0.7 0.84 

Drinking tap water in Nogales, Sonora, México 4.8 1.3 -0.1 0.53 

Drinking tap water in San Francisco, CA, USA 3.4 1.1 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.2 1.2 1.6 <0.001 

Drinking water from a well 4.6 1.1 0.2 1.00 

     

     Other activities 

    Drinking and driving 4.9 1.4 -0.1 0.97 

 Driving a car 3.3 1.2 1.5 <0.001 

 Exposure to pesticides 4.7 1.0 0.1 0.98 

 Firing a gun 4.5 1.2 0.3 0.73 

 Listening to loud music 3.9 1.3 0.9 0.021 

 Playing American football 3.9 1.4 0.9 0.033 

 Riding a motorcycle 2.7 1.0 2.1 <0.001 

 Riding in a car without a seatbelt 4.4 1.1 0.3 0.92 

 Smoking 3.4 1.2 1.4 <0.001 

 Using Raid™ (insecticide) 3.4 1.4 1.4 <0.001 
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S25. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents <35 years (n=44) from a 

Likert scale from 1 (low risk) to 5 (high risk). Significance of the mean difference was 

assessed using One-way ANOVA followed by Scheffe’s post-hoc test. Significant 

difference (p<0.05) are bolded. 

 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.7 1.4 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.0 1.1 0.7 0.83 

Drinking tap water in Nogales, Sonora, México 4.8 1.3 -0.1 0.97 

Drinking tap water in San Francisco, CA, USA 3.1 1.2 1.6 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.3 1.3 1.4 <0.001 

Drinking water from a well 4.6 1.1 0.1 1.00 

     

     Other activities 

    Drinking and driving 5.0 1.4 -0.3 0.98 

 Driving a car 3.2 1.3 1.5 <0.001 

 Exposure to pesticides 4.6 1.3 0.1 1.00 

 Firing a gun 4.2 1.3 0.5 0.73 

 Listening to loud music 3.8 1.3 0.9 0.03 

 Playing American football 3.8 1.3 0.9 0.02 

 Riding a motorcycle 2.6 1.4 2.1 <0.001 

 Riding in a car without a seatbelt 4.4 1.2 0.3 1.00 

 Smoking 3.4 1.2 1.3 <0.001 

 Using Raid™ (insecticide) 3.1 1.3 1.6 <0.001 
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S26. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents ≥35 (n=46) years from a 

Likert scale from 1 (low risk) to 5 (high risk). Significance of the mean difference was 

assessed using One-way ANOVA followed by Scheffe’s post-hoc test. Significant 

difference (p<0.05) are bolded. 
 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.7 1.4 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.0 1.4 0.7 0.98 

Drinking tap water in Nogales, Sonora, México 4.8 1.2 -0.1 0.84 

Drinking tap water in San Francisco, CA, USA 3.3 1.3 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.6 1.0 1.1 <0.001 

Drinking water from a well 4.6 1.0 0.1 1.00 

     

     Other activities 

    Drinking and driving 4.9 1.4 -0.2 0.98 

 Driving a car 3.3 1.3 1.4 <0.001 

 Exposure to pesticides 4.7 1.2 0.0 0.92 

 Firing a gun 4.3 1.1 0.4 0.34 

 Listening to loud music 3.8 1.5 0.9 0.03 

 Playing American football 3.8 1.3 0.9 0.04 

 Riding a motorcycle 2.6 1.4 2.0 <0.001 

 Riding in a car without a seatbelt 4.5 1.0 0.2 1.00 

 Smoking 3.5 1.3 1.2 <0.001 

 Using Raid™ (insecticide) 3.2 1.4 1.5 <0.001 
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S27. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents reporting ≤8
th

 (n=43) grade 

education level from a Likert scale from 1 (low risk) to 5 (high risk). Significance of the 

mean difference was assessed using One-way ANOVA followed by Scheffe’s post-hoc 

test. Significant difference (p<0.05) are bolded. 

 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.8 1.5 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.0 1.3 0.7 0.98 

Drinking tap water in Nogales, Sonora, México 4.8 1.3 -0.1 0.97 

Drinking tap water in San Francisco, CA, USA 3.4 1.2 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.5 1.1 1.3 <0.001 

Drinking water from a well 4.7 1.1 0.1 0.92 

     

     Other activities 

    Drinking and driving 4.9 1.4 -0.1 1.00 

 Driving a car 3.0 1.3 1.8 <0.001 

 Exposure to pesticides 4.6 1.3 0.1 0.63 

 Firing a gun 4.0 1.0 0.7 0.84 

 Listening to loud music 3.9 1.3 0.9 0.01 

 Playing American football 3.8 1.3 1.0 0.03 

 Riding a motorcycle 2.6 1.2 2.2 <0.001 

 Riding in a car without a seatbelt 4.4 1.0 0.3 0.97 

 Smoking 3.4 1.2 1.3 <0.001 

 Using Raid™ (insecticide) 3.4 1.5 1.4 <0.001 
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S28. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents reporting 9-12
th

 (n=27)  

grade education level from a Likert scale from 1 (low risk) to 5 (high risk). Significance 

of the mean difference was assessed using One-way ANOVA followed by Scheffe’s post-

hoc test. Significant difference (p<0.05) are bolded. 

 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.7 1.6 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.0 1.5 0.7 1.00 

Drinking tap water in Nogales, Sonora, México 4.8 1.2 -0.1 0.98 

Drinking tap water in San Francisco, CA, USA 3.3 1.1 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.3 1.1 1.4 <0.001 

Drinking water from a well 4.6 1.0 0.1 0.94 

     

     Other activities 

    Drinking and driving 4.9 1.3 -0.2 1.00 

 Driving a car 3.1 1.4 1.6 <0.001 

 Exposure to pesticides 4.6 1.5 0.0 0.97 

 Firing a gun 4.2 1.2 0.4 0.98 

 Listening to loud music 3.7 1.3 1.0 0.01 

 Playing American football 3.6 1.2 1.0 0.03 

 Riding a motorcycle 2.6 1.2 2.1 <0.001 

 Riding in a car without a seatbelt 4.4 0.8 0.3 1.00 

 Smoking 3.3 1.1 1.4 <0.001 

 Using Raid™ (insecticide) 3.4 1.3 1.3 <0.001 
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S29.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents reporting some college 

education (n-20) from a Likert scale from 1 (low risk) to 5 (high risk). Significance of the 

mean difference was assessed using One-way ANOVA followed by Scheffe’s post-hoc 

test. Significant difference (p<0.05) are bolded.  

     

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.5 1.4 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 3.5 1.3 1.0 1.00 

Drinking tap water in Nogales, Sonora, México 4.8 1.5 -0.2 0.98 

Drinking tap water in San Francisco, CA, USA 3.3 0.7 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.1 1.3 1.6 <0.001 

Drinking water from a well 4.2 1.1 0.5 0.98 

     

     Other activities 

    Drinking and driving 4.9 1.0 -0.3 1.00 

 Driving a car 3.0 1.2 1.7 <0.001 

 Exposure to pesticides 4.5 1.2 0.2 0.44 

 Firing a gun 4.2 0.8 0.4 0.98 

 Listening to loud music 3.6 1.7 1.1 0.02 

 Playing American football 3.7 0.9 1.0 0.03 

 Riding a motorcycle 2.1 1.5 2.6 <0.001 

 Riding in a car without a seatbelt 4.5 1.0 0.2 0.74 

 Smoking 3.4 1.6 1.2 <0.001 

 Using Raid™ (insecticide) 2.97 0.97 1.69 <0.001 
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S30.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents living in the U.S. 0-10 years 

(n=22)  from a Likert scale from 1 (low risk) to 5 (high risk). Significance of the mean 

difference was assessed using One-way ANOVA followed by Scheffe’s post-hoc test. 
Significant difference (p<0.05) are bolded.  
 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.8 1.5 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.0 1.3 0.7 1.00 

Drinking tap water in Nogales, Sonora, México 4.8 1.3 -0.1 0.97 

Drinking tap water in San Francisco, CA, USA 3.4 1.2 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.5 1.1 1.3 <0.001 

Drinking water from a well 4.7 1.1 0.1 0.93 

     

     Other activities 

    Drinking and driving 4.9 1.4 -0.1 0.98 

 Driving a car 3.0 1.3 1.8 <0.001 

 Exposure to pesticides 4.6 1.3 0.1 0.63 

 Firing a gun 4.0 1.0 0.7 0.84 

 Listening to loud music 3.9 1.3 0.9 0.03 

 Playing American football 3.8 1.3 1.0 0.02 

 Riding a motorcycle 2.6 1.2 2.2 <0.001 

 Riding in a car without a seatbelt 4.4 1.0 0.3 0.98 

 Smoking 3.4 1.2 1.3 <0.001 

 Using Raid™ (insecticide) 3.4 1.5 1.4 <0.001 
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S31.  Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents living in the U.S. between 

11-20 (n=35) years  from a Likert scale from 1 (low risk) to 5 (high risk). Significance of 

the mean difference was assessed using One-way ANOVA followed by Scheffe’s post-

hoc test. Significant difference (p<0.05) are bolded.   
 

Activity Mean SD 

Mean 

difference p-value 

     Drinking-water activities 

  Drinking tap water in Nogales, AZ, USA 4.8 1.3 Ref Ref 

     Drinking tap water in Guadalajara, Jalisco, México 4.1 1.3 0.7 0.97 

Drinking tap water in Nogales, Sonora, México 4.8 1.2 -0.1 1.00 

Drinking tap water in San Francisco, CA, USA 3.3 1.2 1.4 <0.001 

Drinking tap water in Vancouver, British Columbia, 

Canada 3.4 1.1 1.3 <0.001 

Drinking water from a well 4.7 1.1 0.1 0.93 

     

     Other activities 

    Drinking and driving 4.7 1.4 -0.1 0.97 

 Driving a car 3.0 1.3 1.7 <0.001 

 Exposure to pesticides 4.4 1.3 0.1 0.64 

 Firing a gun 4.0 1.0 0.6 0.83 

 Listening to loud music 3.9 1.3 0.9 0.02 

 Playing American football 3.8 1.3 1.0 0.03 

 Riding a motorcycle 2.6 1.2 2.2 <0.001 

 Riding in a car without a seatbelt 4.3 1.1 0.3 0.98 

 Smoking 3.4 1.0 1.3 <0.001 

 Using Raid™ (insecticide) 3.4 1.3 1.4 <0.001 
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S32. Summary of perceived risk scores of drinking tap water in Nogales, Arizona,  

relative to several other voluntary activities for respondents living in the U.S. greater than 

20 years (n=33)  from a Likert scale from 1 (low risk) to 5 (high risk). Significance of the 

mean difference was assessed using One-way ANOVA followed by Scheffe’s post-hoc 

test. Significant difference (p<0.05) are bolded. 
 

Activity Mean SD 

Mean 

difference p-value 

      Drinking-water activities 

   Drinking tap water in Nogales, AZ, USA 4.7 1.3 Ref Ref 

      Drinking tap water in Guadalajara, Jalisco, 

 México 4.2 1.2 0.7 0.97 

 Drinking tap water in Nogales, Sonora, México 4.7 1.1 -0.1 1.00 

 Drinking tap water in San Francisco, CA, USA 3.2 1.3 1.4 <0.001 

 Drinking tap water in Vancouver, British 

 Columbia, Canada 3.3 1.0 1.3 <0.001 

 Drinking water from a well 4.7 1.1 0.1 0.944 

     

     Other activities 

    Drinking and driving 4.7 1.4 -0.1 0.98 

 Driving a car 3.0 1.3 1.7 <0.001 

 Exposure to pesticides 4.2 1.3 0.1 0.73 

 Firing a gun 4.0 1.0 0.6 0.84 

 Listening to loud music 3.7 1.3 0.9 0.03 

 Playing American football 3.6 1.3 1.0 0.03 

 Riding a motorcycle 2.7 1.2 2.2 <0.001 

 Riding in a car without a seatbelt 4.3 1.1 0.3 1.00 

 Smoking 3.5 1.1 1.3 <0.001 

 Using Raid™ (insecticide) 3.5 1.4 1.4 <0.001 
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Abstract 

Objectives 

In Nogales, Arizona, approximately 85% (17/20) of residents use bottled water 

for drinking and 50% (10/20) cook with it. The purpose of this study is to evaluate the 

levels of fluoride in tap and bottled water and the use of fluoride supplements by low-

income residents in Nogales, to determine if families are receiving adequate levels of 

fluoride for optimal dental health. 

Methods 

Ninety low-income Latino households who primarily drink bottled water were 

recruited for this study to complete a questionnaire about their and their children’s dental 

histories, and use of fluoride supplements. Additionally, water samples were collected 

from thirty of these households for analysis of fluoride in tap and bottled water.  

Results 

Fluoride detection levels were significantly greater (p=0.02, Fisher’s exact test) in 

tap water than in bottled water. The average level of fluoride in tap water was 0.49 mg/L, 

which was below the range of the American Dental Association accepted standards for 

optimally fluoridated water (0.7-1.2 mg/L). Concentrations of fluoride in the majority 

(97%, 29/30) of bottled-water samples were below the quantitative detection limit of 0.4 

mg/L. From univariate analysis, children receiving fluoride varnishing treatments 

(p=0.01, Fisher’s exact test) and/or living in households who used fluoridated mouthwash 

(p<0.001, Fisher’s exact test) were significantly less likely to have dental caries. From 

multiple logistic regression, children had increased odds of dental caries if their 

households did not use fluoridated mouthwash (OR, 3.68, 95% CI, 1.14–11.37) or if their 
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parents reported never having visited a dentist (OR, 7.14, 95% CI, 2.29–24.10). Though 

all study participants reported using toothpaste with fluoride, no household reported using 

systemic fluoride supplements. Furthermore, none of the participants received 

recommendations from any healthcare providers about fluoride supplementation or the 

types of water they drank. 

 

Conclusion 

 Future interventions should be developed to promote more federally funded 

programs that improve dental care access to low-income families and educate them on 

the importance of fluoride supplementation if families continue to drink and cook with 

unfluoridated water. 
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Introduction 

 

Fluoridation of municipal tap water began over six decades ago in the U.S. as a 

public health intervention to reduce risks of dental caries (Ismail and Hasson, 2008; Kohn 

et al., 2001; Lalumandier and Ayers, 2000). Several studies have found that low levels of 

fluoride in drinking water protect against dental caries in children (Griffin et al., 2007; 

Newbrun, 1989; Pizzo et al., 2007). Most importantly, some of these studies have shown 

that the mean number of dental caries in children is significantly increased (p<0.001) 

when fluoride is removed from municipal drinking-water supplies (Arnold Jr et al., 1956; 

Featherstone, 1999; Leverett, 1982; McDonagh et al., 2000; Pizzo et al., 2007; Yeung, 

2008).  Additionally, a study conducted by the CDC from 1967-1999 showed that twelve-

year-old children who lived in areas with fluoridated tap water had fewer decayed, 

missing (because of caries), or filled permanent teeth than children who lived in areas 

where tap water was not fluoridated (CDC, 1999). 

Interestingly, fluoridation of municipal drinking-water supplies has been the 

subject of much controversy over recent decades because of unreliable studies 

implicating water fluoridation in several chronic diseases such as cancer, bone  diseases 

and neurological disorders (Ripa, 1993). For example, a more recent study suggested that 

very high concentrations of fluoride (above 5 mg/L) in drinking water can result in 

significantly lower IQ scores in children from China (Choi et al., 2012), thus causing the 

USEPA to review its recommendations on fluoride intake (Marvin, 2011). However, 

Choi et.al  cautions that further research is needed to establish a dose-response 

relationship based on exposure and possible confounders that might have affected the 

outcomes of their study (Choi et al., 2012).  
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In endemic regions where fluoride is present in concentrations above 5 mg/L and 

an alternative water source is unavailable, defluoridation of drinking water is the only 

option for overcoming the problem of elevated fluoride levels, which can cause dental 

fluorosis. (Kamble et al., 2007; Wang and Reardon, 2001). Dental fluorosis results from 

excessive exposure to high concentrations of fluoride and may cause aesthetic changes in 

the permanent dentition of those affected (Leverett, 1986; Mascarenhas, 2000). In its 

mild form, dental fluorosis is characterized by white, opaque areas on the tooth surface, 

whereas in more severe cases, the tooth surface has yellowish-brown to black stains and 

severe pitting (Choubisa, 2001). When concentrations of fluoride in drinking water 

exceed 4 mg/L, the protective effect of fluoride can also be inhibited (Doull et al., 2006).  

The ADA’s recommends that fluoride levels in drinking water be between 0.7- 1.2 mg/L, 

so that enough fluoride is received for optimal dental health while reducing risks of 

dental fluorosis. 

Previous studies have shown that many different bottled water types may contain 

relatively low levels of fluoride, or none at all (Cochrane et al., 2006; Johnson and 

DeBiase, 2003; Weinberger, 1991). Furthermore, an increasing proportion of the U.S. 

population is choosing bottled water because of fear that municipal tap water might be 

contaminated and increased marking by bottled water purveyors (Hobson et al., 2007; 

Wilk, 2006). More specifically, several studies have shown that Latinos are more likely 

to use bottled water over tap water because of fear of illness related to tap-water 

consumption (Hobson et al., 2007; Williams et al., 2001).  The American Dental 

Association (ADA), Centers for Disease Control and Prevention (CDC), and the National 

Institutes for Dental Research Health (NIDR) continue to endorse the fluoridation of 
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community water supplies to prevent tooth decay and are concerned that individuals who 

drink primarily bottled water may not receive adequate levels of fluoride for optimal 

dental health (Bartels et al., 2000). Although the maximum recommended level for 

fluoride in public drinking water is 1.2 mg/L, no guidelines have been specified for 

bottled water sold in the United States (U.S.). However, one study has documented that 

fluoride levels in bottled water can be significantly lower than that of tap water 

(Lalumandier and Ayers, 2000).  While a few companies in the U.S. offer optimally 

fluoridated bottled water (0.7 mg/L) as an alternative, the additional costs associated with 

this product might be a burden to families of lower socioeconomic status (SES) (Bartels 

et al., 2000; Bullers, 2002; Ferrier, 2001). Therefore, it is recommended that those 

individuals who do not consume adequate levels of fluoride in drinking water use 

fluoride supplements (Ismail and Hasson, 2008). 

The two main types of fluoride supplements are systemic and topical. Systemic 

fluoride supplements are either added to drinking water or taken in the form of a pill 

(Burt, 1992), whereas topical fluoride supplements are applied orally but not ingested 

(Marinho et al., 2004) . Some examples of topical fluoride supplements include 

fluoridated toothpaste and mouthwash, and fluoride varnish applied by dentists or 

healthcare workers (Marinho et al., 2004). A study showed that approximately 40% of the 

participants who drank bottled water did not use fluoride supplements and were at 

increased risks for dental caries (Ismail and Hasson, 2008).  

In Nogales, Arizona, fluoride is not added to tap water because the primary source 

is groundwater, and there is naturally existing fluoride in the bedrock where the aquifer is 

located. In other counties in Arizona or in other parts of the U.S. where source water is 
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surface water (e.g. Colorado River) fluoride is added to municipal tap water based on the 

ADA recommended levels because surface water have been shown to contain relatively 

low levels of fluoride or none (Neidell et al., 2010). The average concentration in tap 

water reported for 2012 was 0.62 mg/L ranging from 0.5 mg/L to 1.0 mg/L. Furthermore, 

in previous study in Nogales, Arizona among low-income Latinos, we showed that 85% 

of participants do not drink their tap water and 50% cook with bottled water (Beamer et 

al., 2012). It is not known if residents are receiving adequate levels of fluoride in either 

tap or bottled water for optimal dental health. 

  The purpose of this study was to assess levels of fluoride in tap water and bottled 

water in Nogales, Arizona, and evaluate the use of fluoride supplementation by low-

income Latino families who primarily drink bottled water. This will be the first study to 

evaluate fluoride levels in both tap and bottled water in a region where tap water is not 

fluoridated. This study will provide new insights into understanding the possible health 

risks (dental caries) to low-income Latino families in Nogales, Arizona, which might be 

associated with drinking and cooking with unfluoridated water. In addition, we also 

determined if the use fluoride supplements might be effective in reducing dental caries 

related to drinking unfluoridated water.  

 

Materials and Methods 

Recruitment 

         All study procedures were approved by the University of Arizona Human Subject 

Protection Program. A total of ninety low-income Latino households from Nogales, 

Arizona, participated in this study. Additionally, water samples were collected from a 
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subset of thirty of these households for analysis of fluoride. Participants were recruited 

during regular business hours from Mariposa Community Health Center (MCHC) waiting 

rooms, a chain discount store, clients of MCHC community health workers (Promotoras), 

and by participant referrals. MCHC is a federally qualified health center and the major 

provider of medical, dental and preventive care in Santa Cruz County. Families who met 

the inclusion criteria had annual incomes below $30,000, were connected to a public 

water utility, primarily drank bottled water, and had at least one child living in the home.  

Individuals whose households were supplied mainly by water from private wells were 

excluded. Participants were compensated with $20 for taking part in the study.  

 

Water sampling 

          One liter of tap water and one liter of bottled water were collected from each of the 

thirty homes in Nogales, Arizona to assess fluoride levels. Prior to water collection, the 

area around the faucet was cleared of any objects (e.g. dishes, containers), which could 

obstruct the flow of water. Water was collected in sterile, 1-liter sample bottles to prevent 

secondary contamination and then immediately capped. Samples were stored on ice in a 

cooler and analyzed by an Arizona state certified environmental testing laboratory. 

Fluoride levels in each sample were assessed using USEPA Method 300.0 with Ion 

Chromatography and a detection limit of 0.4 mg/L (Jackson, 2001).  In this method, a 

small volume of the sample, typically 2-3 mL, is introduced into an ion chromatograph. 

The anions of interest are separated and measured, using a system comprised of a guard 

column, analytical column, suppressor device, and conductivity detector. Chain of 

custody forms were completed and turned over to the lab. 
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Quality control/quality assurance requirements 

            As required by USEPA method 300.0, a trip blank and temperature indicator were 

taken to the sampling location each time to guarantee that primary samples were not 

contaminated during transport. Quality control samples (QCS) were immediately 

processed after calibration of every ten samples throughout the entire analytical batch. 

The measured results for the QCS were compared to the true values to determine percent 

recoveries. If QCS results were not within ± 10% of the true value, the analysis was 

terminated, the problem corrected, and the analysis repeated. 

 

Questionnaire 

 A questionnaire was developed from several drinking-water studies (Anadu and 

Harding, 2000; Hobson et al., 2007; Petersen and Lennon, 2004) and administered orally 

in Spanish (75%) or English (25%), according to each participant’s language preference 

during regular business hours. It took participants approximately 20 to 30 minutes to 

complete the questionnaire. Residents were asked about their use of topical and systemic 

fluoride supplements, dental histories, their children’s dental histories, and whether they 

had been provided with drinking-water recommendations by their dental or healthcare 

providers about the importance of fluoride and/or fluoride supplementation.  

 

Statistical analysis 

All data were hand coded into STATA® (version 12.1, College Station, TX), 

which was used for all statistical analyses. Fisher's exact tests were used to determine 
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whether there were significant differences in the detection levels of fluoride in tap and 

bottled water. Fisher’s exact tests were also used to determine whether significant 

associations existed between caries outcomes in children or parents and prior knowledge 

about the importance of fluoride with several other characteristics of importance, 

including: language in which the survey was administered, immigration status of 

respondent (immigrant and non-immigrant), number of years respondent had been living 

in the U.S., annual income level of household, education level of respondent, prior dental 

visits reported by respondent, or whether their children had received fluoride varnishing 

treatments. Lastly, a multiple logistic regression analysis was performed to determine if 

the variables that were significantly associated with caries outcomes in univariate 

analyses, remained significantly associated with caries in children when controlling for 

each other. 

 

Results 

Fluoride detection levels in tap water were significantly higher (p=0.02, Fisher’s 

exact test) than those in bottled water. Fluoride was detected in 50% (15/30) of the tap 

water samples but only in one bottled water sample (Table 1). Tap water collected from 

water purveyor A had detectable levels of fluoride whereas all samples collected from 

water purveyors B and C were below the limit of detection of 0.4 mg/L (Table 1). In tap-

water samples where fluoride was detected, only 53% (8/15) contained fluoride levels 

within the recommended ADA range for optimal dental health (0.70-1.2 mg/L) (Table 1). 

The mean concentration of fluoride detected was 0.49 mg/L, also below the ADA range. 

The maximum detected fluoride concentration was of 1.10 mg/L and the minimum was 
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0.58 mg/L (Table 1). No samples exceed the USEPA secondary maximum contaminant 

level of 2.0 mg/L for water. Furthermore, fluoride concentrations in duplicate water 

samples had a relative percent difference of 2%, and no contamination were detected in 

any trip blanks. 

          In univariate analyses, children who had received fluoride varnish treatments or 

who lived in households who purchased mouthwash that contained fluoride (Table 2) had 

significantly less dental caries. Similarly children whose parents who had received 

fluoride education, had higher number of dental caries, or visited the dentist yearly were 

significantly less likely to have dental caries (Table 2).  After controlling for all these 

factors in a multiple logistic regression model, children had increased odds of dental 

caries if their households did not use fluoridated mouthwash or if their parents reported 

never visiting a dentist (Table 3).  Although some of the confidence intervals in our 

model were large, a test for multicollinearity showed no evidence correlation among 

variables assessed. None of the other variables remained significant in the multiple 

logistic regression, indicating that the most important factors for increased risk of dental 

caries in children may be associated with having access to dental care and using 

fluoridated mouthwash. The factors may indicate better oral hygiene being practiced 

overall in these homes. 

Parents who had higher numbers of caries were significantly more likely to 

purchase mouthwash with fluoride, report annual dental visits, and receive fluoride 

education (Table 4).  Moreover, the majority of parents (78%, 25/32) who reported 

receiving fluoride education got this information through a dentist or local federally 

funded program providing free varnishing treatments to children compared to only 13% 
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(4/32) who received this information in schools and 9% (3/32) from other sources. In 

addition, children receiving fluoride varnishing treatments were significantly more like to 

live in households where the parents reported annual dental visits and use of mouthwash 

with fluoride. 

None of the 90 participants received any recommendations from any healthcare or 

dental providers about the types of water they drank or fluoride supplementation, 

indicating that many of these low-income families may not be aware of the increased 

risks of dental caries related to the lack of fluoride in their drinking water. Last, no 

significant associations with caries outcomes were noted between dental caries in parents 

regardless of whether they received fluoride education, and the following variables: 

language the survey was administered, immigration status, number of years living in the 

U.S., income levels, education levels, or prior dental visits (Tables 4, 5 and 6). Finally, no 

significant associations were noted between use of mouthwash with fluoride and or 

annual dental visits with the variables previously mentioned,  further suggesting that 

these variables were not associated with dental hygiene of the respondent (Supplemental 

tables S1 and S2). 

 

Discussion 

 In this study, fluoride detection levels in bottled water were significantly lower 

than that of tap water. Furthermore, only 53% (8/15) of tap-water samples contained 

fluoride at recommended levels for optimal dental health. Children had increased odds of 

dental caries if their households did not use fluoridated mouthwash or if their parents 

reported never visiting a dentist. Furthermore, none of the 90 participants received any 
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recommendations from any healthcare providers about the types of water they drank or 

fluoride supplementation. 

We found that fluoride was only detected in one bottled- and only in 53% of tap-

water samples. Our results are consistent with other studies showing that bottled water 

contains significantly lower levels of fluoride when compared to tap water (Bartels et al., 

2000; Lalumandier and Ayers, 2000).  Furthermore, participants serviced by tap-water 

purveyor B and C might not be receiving adequate levels of fluoride even if they drink or 

cook with their tap water. This has major public health implication because these water 

purveyors service about 20% of the Nogales metro area and the children living in these 

areas might not be receiving adequate levels of fluoride for optimal dental health 

(DeNavas-Walt et al., 2010; NCCDPHP, 2008). One explanation for this difference is 

that fluoride is not added to tap water in Nogales, and concentrations may vary depending 

on if the water is taken from a source or well that contains naturally occurring levels of 

fluoride (NCCDPHP, 2008). Furthermore, our results suggest that many of the families 

living in Nogales, Arizona may not have adequate fluoride levels in their tap water to 

protect against dental caries. The results from our study are similar to other studies 

showing that bottled water contains lower levels of fluoride compared to tap water 

(Lalumandier and Ayers, 2000). Although most of the studies comparing levels of 

fluoride were done in areas with fluoridated municipal tap water (0.7-1.2 mg/L) 

(Horowitz, 2003; Lalumandier and Ayers, 2000), in our study, we found considerable 

lower levels of fluoride (below 0.7 mg/L) in the majority of tap water samples suggesting 

that local tap water in Nogales might not be providing adequate levels  of fluoride 

recommended by ADA for optimal dental health.  
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Until now, most studies have focused on the benefits of fluoridated tap water in 

reducing dental caries in children (Antunes et al., 2004; Horowitz, 2003; Kohn et al., 

2001), but few studies have shown how fluoride supplementation can also benefit those 

individuals who do not have access to or choose not to drink fluoridated tap water (Burt 

et al., 2000). Furthermore, the result from our study shows that individuals who live in 

areas where tap water is not fluoridated might be at increased risks of developing dental 

caries regardless of whether they drink tap or bottled water.  

We showed that parents who reported annual dental visits reported significantly 

fewer numbers of caries in their children, suggesting that access to dental care or better 

dental hygiene by parents in this high-risk population is associated with less dental caries 

in children. This finding was also was confirmed by another study showing that access to 

dental care can significantly reduce dental health disparities in children (Flores and 

Tomany-Korman, 2008). However, some studies have shown that increased access to 

dental care has not eliminated disparities related to dental caries in children and more 

dental health promotion programs are needed to educate families on the importance of 

fluoride (Edelstein, 2002; Ismail and Sohn, 2001). A small percentage of our respondents 

reported being treated for dental caries but never visited a dentist. One explanation for 

this can be the use of home remedies such as medication by a pharmacist, or clandestine 

dental treatments in an immigrant community where access to care has been reduced by 

anti-immigrant laws like SB1070 (Aponte-Rivera and Dunlop, 2011; Butani et al., 2008).   

Children living in households that purchased mouthwash with fluoride had 

significantly fewer dental caries, suggesting that this activity might also be an indicator of 

better overall dental hygiene by the parents. These results further confirm the importance 
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of fluoride supplementation for those individuals who primarily drink or cook with 

unfluoridated bottled water or live in a community like Nogales that may not have 

enough fluoride in their tap water. Our results are consistent with other studies that 

demonstrate the protective effects of fluoride supplements against dental caries in 

children (Richards et al., 2013; Twetman et al., 2003; Winter et al., 1989). Furthermore, 

the results of our study demonstrate the importance of fluoride education in 

disadvantaged communities with little or no fluoride in drinking water. Although fluoride 

education is sometimes provided by dentists and through federally funded programs, it 

appears most families were not aware about the importance of fluoride in their drinking 

water. In addition, none of the 90 participants received any recommendations from any 

healthcare providers about the types of water they drank or fluoride supplementation. 

There were a few limitations in our study. Water samples were collected from 

grab samples at the time of interview. Thus, we are not able to assess fluctuations in 

fluoride levels at each house over time. Our study took place over a 6 month period. 

However, fluoride was not detected in any of the bottled water or tap water samples from 

tap water purveyors B and C, it is not likely that fluoride would be detected from any of 

these sources if additional samples had been obtained. Although we observed fluctuations 

in the range of fluoride levels from tap water purveyor A (add range here), these levels 

were comparable to the 2013 Water Consumer Confidence Report for Nogales, Arizona, 

which reported similar concentrations ranging from non-detect to 1.1 mg/L              

(Appendix G).  

 Another limitation is that a questionnaire was used to ask about the respondents’ 

and their children’s dental histories based on previous studies (Douglass et al., 2001; 
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Milosevic et al., 1997). This method of data collection is subject to recall bias (Raphael, 

1987), as some of the respondents were unable to provide information about their 

children’s dental history. When parents were unable to provide this information their 

responses were omitted from any statistical analyses.  Although, our sample size of 90 

might be too small to accurately assess these results, other studies have shown that 

fluoride supplementation is effective in reducing dental caries, especially in susceptible 

population like those living in Nogales, Arizona (Brown et al., 1990; Ellwood and 

O'Mullane, 1995; Marinho et al., 2004). There might also be some recruitment biases 

because some of our participants were already clients of MCHC and may have received 

access to dental care and information about fluoride compared to the general population 

in Nogales who may not have health insurance or access to dental care. An improved 

system is needed to educate residents on the importance of fluoride in further reducing 

dental caries associated with the lack of fluoride supplementation. Finally, more in-depth 

studies are needed to evaluate other confounders such as dietary habits, smoking habits, 

and frequency of tooth brushing, all of which can contribute to increased dental caries. 

 

Conclusions 

Levels of fluoride in bottled water were significantly lower than tap water. 

Although no sample exceeded the USEPA MCL in either tap or bottled water, fluoride 

levels were below the ADA’s recommended range of optimally fluoride water in the 

majority of tap and bottled water samples collected. Furthermore, fluoride was not 

detected in tap water samples collected from purveyors B or C. These findings suggest 

that residents in this community are not receiving adequate levels of fluoride in either tap 
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or bottled water.  In addition, individuals living in this community should also consider 

visiting a dentist to find out if they or their children are at risk of developing dental 

caries. Future interventions should be developed to promote more federally funded 

programs that improve dental care access to low-income families and educate them on 

the importance of fluoride supplementation if they continue to drink and cook with 

bottled water or live in a region with low fluoride levels in their tap water.  
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Tables 

Table 1. Summary of detection levels of fluoride in bottled and tap water from 30 

households in Nogales, AZ. Detection levels of fluoride in tap water was significantly 

greater than that of bottled water. Water purveyor A had the highest detection levels 

(15/19). Fluoride was not detected in any samples from purveyor B (0/4) or C (0/7). 

 

Water type 

Detection 

Frequency 

(%) 

Below 

ADA 

range (%) Mean SD Min P25 P50 P75 Max 

Bottled water 3% (1/30) 

97% 

(29/30) _ _ ND ND ND ND 0.72 

          

Tap water 50% (15/30) 

73% 

(22/30) 0.49 0.17 ND 0.40 0.40 0.59 1.10 

Tap water purveyor 

A 79% (15/19) 47% (7/15) 0.58 0.21 ND 0.40 0.65 0.70 1.10 

Tap water purveyor 

B 0% (0/4) 100% (4/4) ND ND ND ND ND ND ND 

Tap water purveyor 

C 0% (0/7) 100% (7/7) ND ND ND ND ND ND ND 
 

          

 

 

 

 

  

ADA= American dental Association 
ND= Non-detect (below detection limit) 

For tap water, samples with ND were replaced with the LOD/√2 for summary statistics. 
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Table 2.  Association between reported caries outcome in children and demographic 

characteristics. Significant differences were assessed using Fisher’s exact tests. 

Significant findings (p<0.05) are bolded. For this table the outcome variable “don’t 

know” was not included in any statistical tests. Percentage distributions are represented 

by columns. 

 

   

Overall 

Caries 

YES 

Caries 

NO 

  

 Characteristics n % n % n % p-value  

 Survey given in Spanish 

Survey given in English 

72 

18 

80 

20 

38 

8 

83 

17 

27 

10 

73 

27 

0.42  

 Children  receive fluoride varnish 

Children did not receive fluoride varnish 

38 

39 

49 

51 

13 

29 

31 

69 

18 

10 

64 

36 
0.01  

 Did not use of mouthwash with fluoride 

 Use mouthwash with fluoride 

39 

51 

43 

57 

28 

18 

61 

39 

8 

29 

22 

78 
<0.001  

Reported dental caries in parents 

None 

1 

2-5 

>5 

 

13 

25 

27 

25 

 

14 

28 

30 

28 

 

9 

14 

18 

5 

 

20 

30 

39 

11 

 

3 

11 

9 

14 

 

8 

30 

24 

38 

 

0.02 
 

 Immigrant Latino parents 

Non-immigrant Latino parents 

44 

46 

47 

53 

22 

24 

48 

52 

22 

15 

59 

41 

0.38  

 Parents received fluoride education 

Parents did not receive fluoride education 

32 

58 

36 

64 

18 

27 

40 

60 

26 

10 

72 

28 
0.01  

 Years parents lived in the U.S. 

0-10 yrs 

11-20 yrs 

> 20 yrs 

 

22 

35 

33 

 

24 

39 

37 

 

11 

19 

16 

 

24 

41 

35 

 

8 

13 

16 

 

22 

35 

43 

 

0.78 

 

 

 

 Income of parents 

< 15K 

15-30K 

 

48 

42 

 

53 

47 

 

26 

20 

 

56 

44 

 

19 

18 

 

51 

49 

 

0.66 

 

 

 Highest level of parents education 

8
th
 grade 

12
th
 grade 

Some college 

 

43 

27 

20 

 

48 

30 

22 

 

22 

13 

11 

 

48 

28 

24 

 

17 

11 

9 

 

46 

30 

24 

 

1.0 
 

 Parents reported yearly dental visits 

Parents never visited a dentist 

59 

31 

66 

34 

19 

27 

41 

59 

33 

4 

89 

11 
<0.001  
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Table 3. Associations between dental caries outcome in children and five demographic 

characteristics estimated by a multiple logistic regression. Significant findings (p<0.05) 

are bolded. 

 

Variables 

Odds ratio 

(95%C.I.) P-value 

   Varnishing treatments 

  Children  receive fluoride varnish 1.00 

 Children did not receive fluoride varnish  1.08 (0.94, 1.34) 0.40 

   Fluoride supplements 

  Use mouthwash with fluoride  1.00 

 Did not use mouthwash with fluoride 3.68 (1.14, 11.37) 0.02 

   Dental visits 

  Yearly dental visits 1.00 

 Never visited a dentist  7.14 (2.29, 24.10) 0.002 

   Prior fluoride education 

  Parents received fluoride education 1.00 

 Parents did not receive fluoride education  1.30 (0.36, 2.71) 0.76 

   Reported dental caries by parents 

  Parents reported 1 or more dental caries 1.00 

 Parents reported no dental caries 1.27 (0.78, 2.06) 0.34 
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Table 4.  Association between reported caries outcome in parents with demographic 

characteristics. Significant differences were assessed using Fisher’s exact tests. 

Significant findings (p<0.05) are bolded. For this table the outcome variable “don’t 

know” was not included in any statistical tests. Percentage distributions are represented 

by columns. 

  

 

Overall 

 

No 

Caries 

 

 

1 

 

 

2-5 

 

Caries 

>5 

 

Characteristics n % n % n % n % n % p-value 

Survey given in Spanish 

Survey given in English  

72 

18 

80 

20 

10 

3 

77 

23 

22 

9 

81 

19 

8 

1 

89 

11 

20 

5 

80 

20 

0.95 

Use of mouthwash with 

fluoride 

Did not use mouthwash 

with fluoride 

 

39 

51 

 

43 

57 

 

7 

6 

 

54 

46 

 

17 

10 

 

63 

37 

 

3 

6 

 

33 

67 

 

6 

19 

 

24 

76 

 

0.03 

Parents received fluoride 

education 

Parents did not receive 

fluoride education 

 

32 

58 

 

36 

64 

 

9 

4 

 

69 

31 

 

12 

15 

 

44 

56 

 

7 

2 

 

78 

22 

 

22 

3 

 

88 

12 

 

0.007 

Immigrant Latino 

Non-immigrant Latino 

44 

46 

49 

51 

9 

4 

69 

31 

11 

16 

41 

59 

5 

4 

56 

44 

13 

12 

52 

48 

0.41 

Years parents lived in the 

U.S. 

0-10 yrs 

11-20 yrs 

> 20 yrs  

 

22 

35 

33 

 

24 

39 

37 

 

5 

5 

3 

 

38 

38 

24 

 

4 

11 

12 

 

15 

41 

44 

 

3 

4 

2 

 

33 

45 

22 

 

6 

9 

10 

 

24 

36 

40 

 

0.65 

Income of parents 

<15K 

15-30K 

 

48 

42 

 

53 

47 

 

5 

8 

 

38 

62 

 

16 

11 

 

59 

41 

 

6 

3 

 

67 

33 

 

11 

14 

 

44 

56 

 

0.45 

Highest level of parents 

education 

8
th
 grade 

12
th
 grade 

Some college 

 

 

43 

27 

20 

 

 

48 

30 

22 

 

 

6 

2 

5 

 

 

46 

15 

39 

 

 

13 

8 

6 

 

 

48 

30 

22 

 

 

2 

5 

2 

 

 

22 

56 

22 

 

 

14 

6 

5 

 

 

56 

24 

20 

 

 

0.44 

Parents reported yearly 

dental visits 

Parents never visited a 

dentist 

 

59 

31 

 

66 

34 

 

11 

2 

 

85 

15 

 

18 

9 

 

67 

33 

 

8 

1 

 

89 

11 

 

22 

3 

 

88 

12 

 

0.25 
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Table 5. Association between children receiving fluoride varnishing treatments and 

demographic characteristics using Fisher’s exact tests. Significant findings (p<0.05) are 

bolded. Percentage distributions are represented by columns. 

  

  

 

 

Overall 

Children’

s  

teeth 

Varnishe

d  

YES 

Children’s  

teeth 

Varnished  

NO 

 

Characteristics n % n % n % p-value 

Survey given in Spanish 

Survey given in English 

72 

18 

80 

20 

32 

6 

84 

16 

31 

8 

79 

21 

0.77 

Did not use of mouthwash with 

fluoride 

Use mouthwash with fluoride 

39 

51 

43 

57 

13 

25 

34 

66 

24 

15 

62 

38 
0.02 

Immigrant Latino parents 

Non-immigrant Latino parents 

44 

46 

47 

53 

19 

19 

50 

50 

17 

22 

44 

56 

0.65 

Parents received fluoride education 

Parents did not receive fluoride 

education 

32 

58 

36 

64 

10 

28 

26 

74 

19 

20 

49 

51 

0.06 

Years parents lived in the U.S. 

0-10 yrs 

11-20 yrs 

> 20 yrs 

 

22 

35 

33 

 

24 

39 

37 

 

12 

10 

16 

 

32 

26 

42 

 

8 

17 

14 

 

20 

44 

36 

 

0.26 

Income of parents 

< 15K 

15-30K 

 

48 

42 

 

53 

47 

 

19 

19 

 

50 

50 

 

21 

18 

 

54 

46 

 

0.82 

Highest level of parents education 

8
th
 grade 

12
th
 grade 

Some college 

 

43 

27 

20 

 

48 

30 

22 

 

19 

10 

9 

 

50 

26 

24 

 

20 

14 

5 

 

51 

36 

13 

 

0.42 

Parents reported yearly dental visits 

Parents never visited a dentist 

59 

31 

66 

34 

28 

10 

74 

26 

19 

20 

49 

51 
0.04 

Reported dental caries in parents 

None 

1 

2-5 

>5 

 

13 

25 

27 

25 

 

14 

28 

30 

28 

 

9 

14 

18 

5 

 

20 

30 

39 

11 

 

3 

11 

9 

14 

 

8 

30 

24 

38 

 

0.32 
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Table 6. Association between parents reporting receiving fluoride education and 

demographic characteristics using Fisher’s exact tests. Significant findings (p<0.05) are 

bolded. Percentage distributions are represented by columns.  
 

  

 

 

Overall 

 

Fluoride 

Education  

  YES 

 

Fluoride 

Education  

 No 

 

Characteristics n % n % n % p-

value 

Survey given in Spanish 

Survey given in English 

72 

18 

80 

20 

24 

8 

75 

25 

48 

10 

83 

17 

0.42 

Immigrant Latino parents 

Non-immigrant Latino parents 

44 

46 

49 

51 

32 

26 

55 

45 

12 

20 

37.5 

62.5 

0.13 

Years parents lived in the U.S. 

0-10 yrs 

11-20 yrs 

> 20 yrs 

 

22 

35 

33 

 

24 

39 

37 

 

17 

22 

19 

 

29 

38 

33 

 

5 

13 

14 

 

15 

41 

44 

 

0.34 

Income of parents 

< 15K 

15-30K 

 

48 

42 

 

53 

47 

 

28 

30 

 

48 

52 

 

20 

12 

 

62.5 

37.5 

 

0.27 

Highest level of parents 

education 

8
th
 grade 

12
th
 grade 

Some college 

 

43 

27 

20 

 

48 

30 

22 

 

29 

16 

13 

 

50 

28 

22 

 

14 

11 

7 

 

44 

34 

22 

 

0.81 

Reported dental caries in 

parents 

 

None 

1 

2-5 

>5 

 

 

13 

25 

27 

25 

 

 

14 

28 

30 

28 

 

 

9 

12 

7 

22 

 

 

18 

24 

14 

44 

 

 

4 

15 

2 

3 

 

 

17 

62.5 

8 

12.5 

 

 

0.009 
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Supplemental Tables 

S1. Association between households reporting using Mouthwash and demographic 

characteristics using Fisher’s exact tests. Percentage distributions are represented by 

columns.  

 

  

 

 

 

Overall 

 

 

 

Mouthwash 

YES 

 

 

 

Mouthwash 

NO 

 

Characteristics n % n % n % p-value 

Survey given in Spanish 

Survey given in English 

72 

18 

80 

20 

39 

12 

76 

24 

33 

6 

85 

15 

0.42 

Immigrant Latino parents 

Non-immigrant Latino parents 

44 

46 

49 

51 

32 

26 

55 

45 

12 

20 

37.5 

62.5 

0.13 

Years parents lived in the U.S. 

0-10 yrs 

11-20 yrs 

> 20 yrs 

 

22 

35 

33 

 

24 

39 

37 

 

17 

22 

19 

 

29 

38 

33 

 

5 

13 

14 

 

15 

41 

44 

 

0.34 

Income of parents 

< 15K 

15-30K 

 

48 

42 

 

53 

47 

 

28 

30 

 

48 

52 

 

20 

12 

 

62.5 

37.5 

 

0.27 

Highest level of parents 

education 

8
th
 grade 

12
th
 grade 

Some college 

 

43 

27 

20 

 

48 

30 

22 

 

29 

16 

13 

 

50 

28 

22 

 

14 

11 

7 

 

44 

34 

22 

 

0.81 

Parents reported yearly dental 

visits 

Parents never visited a dentist 

59 

31 

66 

34 

38 

13 

75 

25 

21 

18 

54 

46 

0.05 
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S2. Association between annual dental visits and demographic characteristics using 

Fisher’s exact tests. Percentage distributions are represented by columns. 

 

  

 

 

 

 

Overall 

 

Parents 

Reported 

yearly 

dental 

visits 

 

 

Parents 

never 

visited a 

dentist 

 

Characteristics n % n % n % p-value 

Survey given in Spanish 

Survey given in English 

72 

18 

80 

20 

32 

6 

84 

16 

31 

8 

79 

21 

0.42 

Immigrant Latino parents 

Non-immigrant Latino parents 

44 

46 

47 

53 

22 

24 

48 

52 

22 

15 

59 

41 

0.38 

Years parents lived in the U.S. 

0-10 yrs 

11-20 yrs 

> 20 yrs 

 

22 

35 

33 

 

24 

39 

37 

 

11 

19 

16 

 

24 

41 

35 

 

8 

13 

16 

 

22 

35 

43 

 

0.78 

Income of parents 

< 15K 

15-30K 

 

48 

42 

 

53 

47 

 

26 

20 

 

56 

44 

 

19 

18 

 

51 

49 

 

0.66 

Highest level of parents 

education 

8
th
 grade 

12
th
 grade 

Some college 

 

 

43 

27 

20 

 

 

48 

30 

22 

 

 

22 

13 

11 

 

 

48 

28 

24 

 

 

17 

11 

9 

 

 

46 

30 

24 

 

 

1.0 
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APPENDIX D- STUDY QUESTIONNAIRE 
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Drinking Water Study in 

Nogales, AZ 
 

Spring 2012 

 

 

Thank you for taking time to meet with me today. I will ask questions about your 

water drinking habits, reasons for choosing alternative water sources for drinking 

and cooking, and potential risks associated with different water sources. Please feel 

free to ask me if my questions do not make sense or you need more information. 

You are free to skip any questions you do not feel comfortable answering.  

 

 

************************************************************************* 

 

INTERVIEWER FILL OUT: 

 

PARTICIPANT ID:         

 

NAME OF INTERVIEWER:______________________________ 

 

DATE OF QUESTIONAIRE ADMINISTRATION:  ______________________ 

 

TIME QUESTIONNAIRE BEGAN:  _____________ 

 

TIME QUESTIONNAIRE ENDED:  _____________ 

 

INTERVIEW IN ENGLISH?        Yes ___ No ___ 

 

************************************************************************* 
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PART I.  

This section pertains to how you perceive risk. Risk is an evaluation of both a hazard to 

health and the likelihood that it will occur. I am going to give you a list of activities and 

I want you to tell me how risky you feel they are. I am not asking what you think 

OTHER people feel about the activities, but rather what YOU think about them in your 

life. Please note that you do not have to actually have participated in any of the 

activities in order to give your opinion on them. 

 

1. Please rate the following activities on a 1-5 scale in terms of how risky you feel it is.   

1= Low Risk, 3= Moderate Risk, and 5= High Risk. 

 
Activity Low Risk  Moderate Risk  High 

Risk 

1a. Riding a motorcycle 1 2 3 4 5 

1b. Driving a car 1 2 3 4 5 

1c. Playing American football 1 2 3 4 5 

1d. Firing a gun 1 2 3 4 5 

1e. Using Raid™ (insecticide) 1 2 3 4 5 

1f. Listening to loud music 1 2 3 4 5 

1g. Drinking water from a well 1 2 3 4 5 

1h. Riding in a car without a seatbelt 1 2 3 4 5 

1i. Smoking 1 2 3 4 5 

1j. Drinking and driving 1 2 3 4 5 

1k. Exposure to pesticides 1 2 3 4 5 

1l.  Drinking tap water in Vancouver, British 
Columbia, Canada 

1 2 3 4 5 

1m. Drinking tap water in Guadalajara, Jalisco, 
México 

1 2 3 4 5 

1n. Drinking tap water in Nogales, Sonora, México 1 2 3 4 5 

1o. Drinking tap water  in Nogales, AZ, USA 1 2 3 4 5 

1p. Drinking tap water in San Francisco, CA, USA 1 2 3 4 5 
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Now I would like you to consider how likely you are to voluntarily perform each of the 

activities listed below. Please base your answers on whether you would perform them 

now, not whether you have done it in the past.  

 

2. Please rate the following activities again on a 1-5 scale. 1= Not Voluntarily (Not 

Willing), 3= Neutral, and 5= Voluntarily (Willing). 

 
Activity Not Voluntarily 

(Not Willing) 
 Neutral  Voluntary 

(Willing) 

2a. Riding a motorcycle 1 2 3 4 5 

2b. Driving a car 1 2 3 4 5 

2c. Playing American football 1 2 3 4 5 

2d. Firing a gun 1 2 3 4 5 

2e. Using Raid (insecticide) 1 2 3 4 5 

2f. Listening to loud music 1 2 3 4 5 

2g. Drinking water from a well 1 2 3 4 5 

2h. Riding in a car without a seatbelt 1 2 3 4 5 

2i. Smoking 1 2 3 4 5 

2j. Drinking and driving 1 2 3 4 5 

2k. Exposure to pesticides 1 2 3 4 5 

2l.  Drinking tap water in Vancouver, British 
Columbia, Canada 

1 2 3 4 5 

2m. Drinking tap water in Guadalajara, Jalisco, 
México 

1 2 3 4 5 

2n. Drinking tap water in Nogales, Sonora, México 1 2 3 4 5 

2o. Drinking tap water in Nogales, AZ, USA 1 2 3 4 5 

2p. Drinking tap water in San Francisco, CA, USA 1 2 3 4 5 

 

PART II.  

The next questions will help us evaluate your level of comfort with the health effects 

that you associate with drinking tap water.  

 

3. In what way(s) can drinking your tap water be harmful to your health?  

[Note to Interviewer: Please write down each health effect mentioned to you] 

 
1. 

2. 

3. 
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4. 

5. 

 

 

Now I would like you to consider how likely you think that each health effect you 

mentioned can occur.  
  

4. Please rate the health effects on a 1-5 scale: 1= Not likely, 3= Likely, 5= Very likely. 
 

[Note to Interviewer: Please write down each health effect mentioned above in the 

table below] 
 

 
Health Effect Not Likely  Likely  Very Likely 

1. 1                  2 3 4 5 

2.  1 2 3 4 5 

3.  1 2 3 4 5 

4.  1 2 3 4 5 

5.  1 2 3 4 5 

 

Now I would like you to consider how much you dread each health effect you 

mentioned.  

 

5. Please rate the health effects again on a 1-5 scale. 1= Not concerned/do not dread, 3= 

Concerned/dread, 5= Highly concerned/highly dread. 
 

[Note to Interviewer: Please write down each health effect mentioned above in the table 

below] 

 
Health Effect Not 

concerned/ 

     no dread 

 Concerned/ 

      dread 

 Highly 

concerned/ 

       highly dread 

1.  1                  2 3 4 5 

2.  1 2 3 4 5 

3.  1 2 3 4 5 

4 1 2 3 4 5 

5.  1 2 3 4 5 
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PART III.  

Now I would like to ask you a few questions about what you think about different water 

sources such as tap water and bottled water, and the risks you associate with them. 

 

6. Please rate the following statements using the following scale in terms of how much 

you agree or disagree.  1= Strongly Disagree, 3= Neutral, 5= Strongly Agree, 79= Not 

applicable. 

 
Activity Strongly 

Disagree 
 Neutr

al 
 Strongl

y Agree 
Not Applicable 

6a. I’m happy with the quality of my tap water 1 2 3 4 5 79 

6b. I’m happy with the taste of my tap water 1 2 3 4 5 79 

6c. I’m happy with the color of my tap water 1 2 3 4 5 79 

6d. I’m happy with the odor of my tap water 1 2 3 4 5 79 

6e. I’m happy with the clarity of my tap water 1 2 3 4 5 79 

6f. Friends or family have told me not to drink 
tap water 

1 2 3 4 5 79 

6g. I trust my tap water company to provide 
me with safe drinking water 

1 2 3 4 5 79 

6h. I drink my tap water 1 2 3 4 5 79 

6i. It is safe to drink bottled water 1 2 3 4 5 79 

6j.  I use bottled water or other sources of 
water (not tap) for drinking 

1 2 3 4 5 79 

6k. It is safe to drink water vended at water 
stations or at the store  

1 2 3 4 5 79 

6l.  I trust that the water delivered by the truck 
is clean 

1 2 3 4 5 79 

6m. The water containers I use are clean 1 2 3 4 5 79 

6n. I am satisfied with the water pressure in my 
home 

1 2 3 4 5 79 

6o. My tap water has too much chlorine 1 2 3 4 5 79 

6p. My tap water is too hard 1 2 3 4 5 79 

6q. It is safe to drink my tap water 1 2 3 4 5 79 

6r. The way I store my water keeps my water 
clean 

1 2 3 4 5 79 

 

 

Open-ended questions 

 

7. Why do you choose to drink other sources of water, for example bottled water, instead 

of your tap water? 
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8. In what way(s) is bottled water or other sources of purchased water “safer to drink” 

than tap water?  

 

 

 

 

 

9. What would change your mind about drinking your tap water? 

 

 

 

 

 

 

 

10. What would change your mind about drinking bottled water or from other sources? 

 

 

PART IV.  

This section will ask you about how frequently you experience gastrointestinal illnesses 

and how you treat them. Examples of gastrointestinal illnesses are diarrhea, nausea, 

vomiting, abdominal pain, and abdominal cramps.  

 

[Note to interviewer: Please read out loud the definition of diarrhea provided below] 

 

The National Institutes of Health describes diarrhea as loose, watery stools (not solid). 

Having diarrhea means passing loose stools three or more times a day.  

 

11. How frequently do you have bowel movements in a day? 

 

0= None 

1= Once 

2= Twice 

3= Three times 

4 = Other _________________ 

89= Don’t know 

99= Refused 
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12. Has anyone in the household, including you, had episodes of diarrhea in the past 

week? 
 

0= No    89 = Don’t know 

1= Yes   99= Refused 

13. How frequently do you have diarrhea?  

 

0= Infrequently (having diarrhea for less than 3 days within 1 week) 

1= Frequently (having diarrhea for 3 days within 1 week) 

2= Very frequently (having diarrhea for more than 3 days within 1 week) 

89 = Don’t know 

99= Refused 

 

14. How frequently do your children have diarrhea? 

 

0= Infrequently (having diarrhea for less than 3 days within 1 week) 

1= Frequently (having diarrhea for 3 days within 1 week) 

2= Very frequently (having diarrhea for more than 3 days within 1 week) 

89 = Don’t know 

99= Refused 

 

15. The last time you or anyone in your household had diarrhea, what was the cause? Mark all 

that apply. 

 

0= Nothing 

1= Water 

2= Food 

3= Illness 

4= Not sure 

5= Other _________________ 
89 = Don’t know 

99= Refused 

 

16. The last time you or anyone in your household had diarrhea, how was it treated? 

Mark all that apply. 
 

0= Nothing 

1= Pepto-Bismol 

2= Other over the counter medication _________________ 

3= Prescription medication 

4= Tea 

5= Herbal remedies besides tea 
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6= Juice 

7= Water  

8= Mineral water 

9= Soda 

10= Gatorade 

11= Other _________________ 

89= Don’t know 

99= Refused 

 

17. How frequently do you have vomiting episodes? 

 

0= Infrequently (less than 2 vomiting episodes a week) 

1= Frequently (2 vomiting episodes a week) 

2= Very frequently (more than 2 vomiting episodes a week) 

89 = Don’t know 

99= Refused 

 

18. How frequently do your children have vomiting episodes? 

 

0= Infrequently (less than 2 vomiting episodes a week) 

1= Frequently (2 vomiting episodes a week) 

2= Very frequently (more than 2 vomiting episodes a week) 

89 = Don’t know 

99= Refused 

 

19. The last time you or anyone in your household had vomiting, what would you say was the 

cause? Mark all that apply. 

 

0= Nothing 

1= Water 

2= Food 

3= Illness 

4= Not sure 

5= Other _________________ 
89 = Don’t know 

99= Refused 

 

20. The last time you or anyone in your household had vomiting, how was it treated? 

Mark all that apply. 
 

0= Nothing      

1= Pepto-Bismol     

2= Other over the counter medication _________________   
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3= Prescription medication     

4= Tea        

5= Herbal remedies besides tea 

6= Juice 

7= Water 

8= Mineral water 

9= Soda 

10= Gatorade 

11= Other _________________ 

89= Don’t Know 

99= Refused 

21. Have you ever visited a doctor for a gastrointestinal illness that you thought was caused by 

drinking contaminated water? 

 

0= No 

1= Yes 

89= Don’t know 

99= Refused 

 

22. Have you or anyone in your household gotten sick from drinking tap water in 

Nogales, AZ? [If answer is “No”, skip to part V] 

 

0= No 

1= Yes 

89= Don’t know 

99= Refused 

 

23. Where was the tap water from? 

 

1= Own home 

2= Restaurant 

3= Friend/Family home 

4= Work 

89= Don’t know 

99 = Refused 
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PART V.  

This section will ask you about the water sources you use for drinking and cooking, 

where you get it from, and how frequently you obtain it. 
 

24. What company supplies your tap water? 

 

1= Rio Rico Utilities Inc. 

2= Arizona American Water Co. 

3= Valle Verde Water Co. 

4= Nogales Water Department 

5= Lakewood Water Co. 

6= Donahue's Water Maid 
7= Baca Float Water Co. Inc. 

8= Other _________________ 

89= Don’t know 

99= Refused  

 

25. How much money do you spend on tap water per month? _________________ 

[Note to interviewer: Please help interviewee calculate the amount]  

 

 

26. How often do you buy bottled or other types of purchased water? 

 

1= Daily 

2= Weekly 

3= Bi-weekly 

4= Monthly 

5= Yearly 

89= Don’t know 

99= Refused 

 

27. How much does it cost you to buy water per week? _________________ 
[Note to interviewer: Please help interviewee calculate the amount]  
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28. How frequently do you use the following sources for cooking?  

      Use the following scale: 0= Never, 1= Rarely, 2= Frequently, 3= Always 

[Note to interviewer: mark primary source] 

 
Water Source Never Rarely Frequently Always 

28a. Public water system 

 

0 1 2 3 

28b. Bottled water from the store 

 

0 1 2 3 

28c. Privately owned well 

 

0 1 2 3 

28d. Delivered by a company 

 

0 1 2 3 

28e. Outdoor faucet or hose 

 

0 1 2 3 

28f. Vending machine 

 

0 1 2 3 

28g. Store/Wateria 0 1 2 3 

 

 

28h. Other (write in): 

       _________________  

0 1 2 3 

 

 

29. How frequently do you use the following sources for drinking?  

      Use the following scale: 0= Never, 1= Rarely, 2= Frequently, 3= Always 

[Note to interviewer: mark primary source] 

 

Water Source Never Rarely Frequently Always 

29a. Public water system 

 

0 1 2 3 

29b. Bottled water from the store 

 

0 1 2 3 

29c. Privately owned well 

 

0 1 2 3 

29d. Delivered by a company 

 

0 1 2 3 

29e. Outdoor faucet or hose 

 

0 1 2 3 

29f. Vending machine 

 

0 1 2 3 

29g. Store/Wateria 0 1 2 3 

 

29h. Other (write in): 

       _________________  

0 1 2 3 
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30. How many times per day do you drink water by itself? For example, by itself means not 

mixed with Tang, Kool-Aid, coffee, or tea.  

 

1= Once or less      

2= 2-3 times      

3= 4-5 times  

4= More than 5 times 

89= Don’t know 

99= Refused 

 

31. How much water do you drink at a time?  
 

1 = 1 cup 

2 = 2 cups 

3 = 3 cups 

4 = More than 4 cups (1 liter) _________________ 

89 = Don’t know 

99 = Refused 

 

32. How many times per day do you drink beverages prepared with cold water? For example, 

drinks like Tang and Kool-Aid. 

 

0= Never   4= More than 5 times 

1= Once or less   89= Don’t know  

2= 2-3 times   99= Refused   

3= 4-5 times 

33. How many times per day do you drink beverages prepared with hot water? For 

example, drinks like coffee or tea. 
 

0= Never 

1= Once or less  

2= 2-3 times 

3= 4-5 times 

4= More than 5 times  

89= Don’t know 
99= Refused 
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34. Do your close relatives or friends primarily drink tap water? [If answer is “Yes”, please skip 

to question 36] 

 

0= No 

1= Yes 

89= Don’t Know 

99= Refused 

 

35. Do your close relatives or friends primarily drink bottled water or other sources of purchased 

water? 

 

0= No 

1= Yes 

89= Don’t Know 

99= Refused 

 

36. What water source did you primarily drink as a child? 

 

1= Tap  

2= Bottled    

3= Other _________________ 

89= Don’t know 

99= Refused 

 

PART VI.  

This section contains questions about different post water treatments. 

 

37. When you use tap water at home, how often do you boil it? [If answer is “Never”, skip to 

question 39] 
 

0= Never    99= Refused      

1= Rarely 

2= Sometimes 

3= Always 

89= Don’t Know 
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38. Why do you boil it? 

 

1= Taste 

2= Health concerns 

3= Hardness 

4= Other _________________ 

89= Don’t Know 

99= Refused 

 

39. Do you think boiling water removes harmful chemicals?  

 

0= No 

1= Yes  

89= Don’t Know 

99= Refused 

 

40. Do you think boiling water removes microbes?   

 

0= No 

1= Yes  

89= Don’t Know 

99= Refused 

 

41. When you use tap water at home, how often do you filter it? [If answer is “Never”, skip to 

question 44] 

 

0= Never 

1= Rarely 

2= Sometimes 

3= Always 

89= Don’t Know 

99= Refused 

 

42. Why do you filter your water? 

 

1= Taste 

2= Health concerns 

3= Hardness 

4= Other _________________ 

89= Don’t Know 

99= Refused 
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43. What kind of water filter do you use? Mark all that apply. 

 

1= Faucet filter     

2= Pitcher with filter    

3= Filter in fridge    

4= Under the sink [Note to interviewer, please specify the type] _________________ 

5= Other _________________ 

89= Don’t know 

99= Refused 

 

44. Do you think filtering water removes harmful chemicals?  

 

0= No 

1= Yes  

89= Don’t Know 

99= Refused 

 

45. Do you think filtering water removes microbes?   

 

0= No 

1= Yes  

89= Don’t Know 

99= Refused 

 

46. When you use tap water at home, how often do you use tablets or drops to “clean” the 

water? [If answer is “Never”, skip to question 48] 

 

0= Never 

1= Rarely 

2= Sometimes [Note to interviewer, please specify which one] _________________ 

3= Always [Note to interviewer, please specify which one] _________________ 

89= Don’t Know 

99= Refused 

 

47. Why do you treat your water with tablets or drops? 

 

1= Taste 

2= Health concerns 

3= Hardness 

4= Other _________________ 
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89= Don’t Know 

99= Refused 

 

 

 

48. When you use bottled or other purchased water at home, how often do you boil it? [If 

answer is “Never”, skip to question 50] 

 

0= Never 

1= Rarely 

2= Sometimes 

3= Always 

89= Don’t Know 

99= Refused 

 

49. Why do you boil it? 

 

1= Taste       

2= Health concerns   

3= Hardness 

4= Other _________________ 

89= Don’t Know 

99= Refused 

 

50. When you use bottled or other purchased water at home, how often do you filter it? [If 

answer is “Never”, skip to question 53] 

 

0= Never     

1= Rarely 

2= Sometimes 

3= Always 

89= Don’t Know 

99= Refused 

 

51. Why do you filter it? 

 

1= Taste 

2= Health concerns 

3= Hardness 

4= Other _________________ 

89= Don’t Know 

99= Refused 

 

52. What kind of water filter do you use? Mark all that apply. 
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1= Faucet filter    99= Refused  

2= Pitcher with filter    

3= Filter in fridge    

4= Under the sink [Note to interviewer, please specify the type] _________________ 

5= Other _________________ 

89= Don’t know     

53. When you use bottled or other purchased water at home, how often do you use tablets/drops 

to “clean” the water? [If answer is “Never”, skip to question 55] 

 

0= Never  

1= Rarely 

2= Sometimes [Note to interviewer, please specify which one] _________________ 

3= Always [Note to interviewer, please specify which one] _________________ 

89= Don’t Know 

99= Refused    

 

54. Why do you treat your water with tablets or drops? 

 

1= Taste 

2= Health concerns 

3= Hardness 

4= Other _________________ 

89= Don’t Know 

99= Refused 

 

55. If you knew that your tap water was safe to drink, would you drink it even if you didn’t like 

the taste?  

 

0=No 

1=Yes 

89= Don’t know 

99= Refused 

 

PART VII.  

This section will cover questions about your water handling and water storage procedures. 

 

56. Do you reuse water containers? For example: gallon of water [If answer is “No”, skip to 

question 61] 

 

0=No 

1= No, I give them back to the water company 

2=Yes 
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89= Don’t know 

99= Refused 

 

57. Do you clean the container in which you store your water? [If answer is “No”, skip to 

question 60] 

 

0= No 

1= Yes 

89= Don’t know 

99= Refused 

58. How frequently do you clean the container? 

 

1= Every couple of times I refill 

2= Every time I refill 

3= Other _________________ 

89= Don’t know 

99= Refused 

 

59. How do you clean the water container that you use to bring water to your home?   

 

1= Rinse with water 

2= Soap and water 

3= Other ________________ 

89= Don’t know 

99= Refused 

 

60. For how long do you keep the water container before getting a new one?  

 

1= 1 to 4 weeks 

2= Longer than 1 month 

3= Longer than 6 months 

4= Longer than 1 year 

89= Don’t know 

99= Refused 

 

61. Do you reuse disposable water bottles? [If answer is “No”, skip to question 66] 

 

0= No 

1= Yes 

2= Sometimes 

89= Don’t Know 

99= Refused 
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62. Do you clean the disposable water bottles? [If answer is “No”, skip to question 65] 

 

0= No 

1= Yes 

89= Don’t know 

99= Refused 

 

63. How frequently do you clean the disposable water bottle? 

 

1= Every couple of times I refill   99= Refused 

2= Every time I refill 

3= Other _________________ 

89= Don’t know 

64. How do you clean the disposable water bottle? 

 

1= Rinse with water     

2= Soap and Water  

3= Other _________________ 

89= Don’t Know 

99= Refused   

 

65. For how long do you keep a disposable water bottle before throwing it out?  

 

1= 1 day 

2= 2 to 7 days 

3= Longer than 1 week 

89= Don’t know 

99= Refused 

 

66. When it is time to refill the water container or disposable water bottle, how do you transport it 

back? 

 

1= I carry the container       

2= Car          

3= Bicycle     

4= Motorcycle 

5= Dolly 

89= Don’t know 

99= Refused 
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67. When you purchase water, do you immediately bring it back to your home? [If answer is 

“Yes,” skip to question 70] 

 

0= No 

1= Yes 

2= Sometimes 

89= Don’t Know 

99= Refused 

 

68. When you don’t bring it back home immediately, where do you keep it? 

 

1= Car 

2= In a building 

3= Outside 

89= Don’t know 

99= Refused 

 

69. For how long do you keep it there? 

 

1= 1 hour 

2= A couple of hours 

3= Half a day 

4= One day 

5= Other _________________ 

89= Don’t know 

99= Refused 

 

70. Do you store your water in the refrigerator? [If answer is “No”, skip to Part VIII] 

 

0= No 

1= Yes 

2= Sometimes 

89= Don’t Know 

99= Refused 

 

71. Why do you refrigerate your water? 

 

1= Tastes better 

2= It is more refreshing 

3= Health concerns 

4= Other _________________ 

89= Don’t Know 

99= Refused 
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72. What type of container do you use to store water in the refrigerator? 

 

1= Plastic container in which it came in    

2= Separate plastic container    

3= Glass container 

89= Don’t Know 

99= Refused 

 

PART VIII.  

The first few questions in this section will ask you about fluoride and fluoride supplements. 

Then you will be asked about your dental hygiene. 

 

73. Is fluoride important for your dental hygiene? 

 

0= No 

1= Yes 

89= Don’t Know 

99= Refused 

 

[Note to interviewer: Please read out loud the definition of fluoride provided below] 

 

According to the Centers for Disease Control and Prevention, fluoride is a naturally occurring 

element that is proven to prevent, and even reverse, tooth decay. Fluoride helps re-mineralize the 

surface of your teeth and prevents cavities from forming. 

 

74. Does the water you drink contain fluoride?  

 

0= No      

1= Yes  

89= Don’t Know 

99= Refused 

 

75. Have you ever been provided information about the importance of fluoride? [If answer is 

“No”, skip to 77] 

 

0= No 

1= Yes 

89= Don’t Know 

99= Refused 
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76.  Who delivered this information? Mark all that apply.  

 

1= School    

2= Doctor 

3= Dentist 

4= Church 

5= Nurse Practitioner (N.P.) 

6= Physician Assistant (P.A.) 

7= Mariposa Community Health Center 

8= Community Health Worker (Promotora) 

9= Other _________________ 

89= Don’t know 

99= Refused 

 

77. Have you ever received advice about using fluoride supplements? For example: toothpaste 

with fluoride, mouth rinse, gel, tablets. 

 

0= No 

1= Yes 

89= Don’t know 

99= Refused 

 

 

 

78. Do you use fluoride supplements? For example: toothpaste with fluoride, mouth rinse, gel, 

tablets. [If answer is “No” skip to 82] 

 

0= No 

1= Yes 

89= Don’t Know 

99= Refused 

 

79. What kind of fluoride supplements do you use? Mark all that apply. 

 

1= Toothpaste with fluoride     

2= Mouth rinse 

3= Gel 

4= Tablets 

5= Other _________________ 

89= Don’t know 

99= Refused 

 

80. How often do you use fluoride supplements?  

0= Never     

1= Daily     

2= Every other day    
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3= Weekly     

4= Monthly 

5= Yearly 

89= Don’t know 

99= Refused 

 

81. How did you obtain the fluoride supplement? 

 

1= Dentist gave me a sample 

2= I purchased it 

3= Someone gave it to me 

4= Other _________________ 

89= Don’t know 

99= Refused 

 

82. Have you ever been treated for cavities? [If answer is “No”, skip to question 84] 

 

0= No 

1= Yes 

89= Don’t Know 

99= Refused 

 

 

83. How many cavities have you been treated for? 

 

1= 1       

2= 2-5       

3= More than 5 (specify) _________________ 

89= Don’t know 

99= Refused 

 

84. Have your children ever been treated for cavities?  

 

0= No 

1= Yes 

89= Don’t know 

99= Refused 

 

85. Have your children received varnishing treatments from a doctor, dentist, Mariposa 

Community Health Center, Project Happy Smile, or their school? Check all that apply. 

 

0= No 

1= Doctor 

2= Dentist 
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3= Mariposa Community Health Center 

4= Project Happy Smile 

5= School 

6= Other _________________ 

89= Don’t know 

99= Refused 

 

PART IX. 

This section will cover questions about your interaction with medical and dental health 

providers. 

 

86. How often do you visit the dentist? [If answer is “Never seen a dentist,” skip to question 

89] 
 

1= Every 6 months 

2=Yearly 

3= Every 2 years  

4= Never seen a dentist 

5= Other _________________ 

89= Don’t know 

99= Refused 

 

87. Has a dentist recommended increasing your fluoride intake?  

 

0= No  1= Yes  89= Don’t Know  99= Refused 

88. Has a dentist talked to you about the type of water you drink? 

 

0= No      

1= Yes  

89= Don’t know 

99= Refused 

 

[Note to Interviewer: Ask the next question only if participant answered “Never seen a 

dentist” to question 86] 

89. What has prevented you from going to the dentist? Mark all that apply.  

 

1= Time                 

2= Cost    

3=Too far 

4= Afraid of dentists 

5= Not necessary to go to the dentist 

6= Other _________________          

89=Don’t know 

99= Refused 
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90. How often do you visit a doctor or other medical provider? (Ex: Nurse Practitioner, 

Physicians Assistant) [If answer is “Never see a medical care provider”, skip to question 92] 

 

1= Weekly       

2= Monthly     

3= Yearly   

4= Every 2 years 

5= Never see a medical care provider 

6= Other _________________ 

89= Don’t know 

99= Refused 

 

91. Has a medical provider talked to you about the type of water you drink? 

 

0= No 

1= Yes 

89= Don’t Know 

99= Refused 

 

[Note to Interviewer: Ask the next question only if participant answered “Never see a 

medical care provider” to question 90] 

92. What has prevented you from seeing a medical care provider? 

 

1= Time  4= Afraid of doctors     89= Don’t 

know 

2= Cost  5= Not necessary to go to medical care provider 99= Refused 

3= Too far  6= Other _________________  

PART X.  

 

93. [Interviewer write in] Gender: ___________________________ 

 

94. What is your age?  ___________________________ 

  

95. What is your ethnicity?    ___________________________ 

 

96. Where were you born? ___________________________ 

 

97. For how many years have you lived in Nogales, AZ? ___________________________ 

 

98. For how many years have you lived in Nogales, Sonora, MX? _______________________ 
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99. What is the highest grade of school that you have completed? 

 

0= No school  

 

Elementary School High School  Technical School College (for credit only) 

 

 1= 1st grade  9= 9th grade 13= 1 year 17= 1 year 

 2= 2nd grade 10= 10th grade 14= 2 years 18= 2 years 

 3= 3rd grade 11= 11th grade 15= 3 years 19= 3 years 

 4= 4th grade 12= 12th grade 16= 4 years 20= 4 years 

 5= 5th grade   21= 5+ years 

 6= 6th grade 

 7= 7th grade 

 8= 8th grade 

 

 89= Don't know 

 99= Refused 

 

100. What is the highest degree received: ___________________________  

 

101. Please indicate your household yearly income. 

 

[Interviewer:  Calculate yearly income if they give you weekly or monthly income] 

 

 0= less than $5,999  5= $26,000-$29,999   99= Refused 

 1= $6,000-$9,999  6= $30,000-$34,999   

 2= $10,000-$15,999  7= $35,000-$40,000 

 3= $16,000-$20,999  8= more than $40,000 

 4= $21,000-$25,999  89= Don’t Know 

 

 

 

102. How many adults live in this home? ________________________ 

 

89= Don’t know 

99=Refused 

 

103. How many children live in this home? ___________________________ 

 

89= Don’t know 

99= Refused 

 

104. What are the ages of the children? ___________________________ 

 

89= Don’t know 

99= Refused 
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105. Are you currently working, unemployed and/or looking for work, or on layoff from a job, 

retired, going to school, keeping house, or something else? 

 

1= Working full time (30 or more hours per week) 

2= Working part time (fewer than 30 hours per week) 

3= Looking for work 

4= Retired 

5= Going to school 

6= Keeping house 

7= Something else (specify) __________________ 

89= Don't know  

99= Refused 

 

106. What is your occupation? ___________________________ 

 

****************************************************************************** 

[Interviewer] At the end of the interview thank the participant, you may say: 

 

Do you have any questions?  If you have any other questions later, you may call us at (520) 

626-0006. Thank you for participating in our study.  The information obtained will be very 

valuable.  Sorry for any inconvenience which we may have caused.  Once again, thank you for 

your time.  
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Date 

  <<Subject Name>> 

<<Subject Address>> 

 

Dear <<Subject Name>>, 

 

Thank you for participating in the University of Arizona (UA) and Mariposa Community Health Center (MCHC) Drinking Water Study. This 

project will help your community and the UA understand participant’s drinking water choices, water quality differences between tap water and 

alternative sources of water, and the amount of fluoride in drinking water.  

Your water was analyzed for some primary safe drinking water contaminants as specified by the U.S. Environmental Protection Agency (USEPA). 

You will find that each contaminant has several numbers listed next to it that include: 1) the required USEPA limit, 2) your tap water concentration, 

and 3) your alternative water source concentration. These numbers will allow you to compare the quality of your water to USEPA federal 

standards. 

To see the list of chemicals found in your water see page 2. 

To see the list of bacteria found in your water see page 3. 

 

Please see page 4 of this booklet for recommendations on ways to keep your water clean and to read about the importance of fluoride and what you 

can do if you are concerned about your family’s fluoride intake.  

For your reference, we included a booklet called “Arizona Know Your Water”, which is a consumer’s guide to water sources, quality, 

regulations, and home water treatment options.  

If you have any questions please contact me by phone at (520) 626-0006 or email at pbeamer@email.arizona.edu, or with Joyce Latura at 

(520) 375-6050. Thank you again for participating and making this project a success. 

Sincerely, 

 

Paloma Beamer, Ph.D. 

Assistant Professor 

Mel and Enid Zuckerman College of Public Health 

The University of Arizona 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

 

 
 

 

 

Division of Community, 
Environment and Policy 

Drinking Water Study 

Nogales, AZ 
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Chemical Name EPA Maximum 

Contaminant 

Level (MCL) in 

mg/L 

Tap Water 

Concentration 

in mg/L 

Alternative 

Drinking Water 

Concentration 

in mg/L 

Fluoride 4.0   

Nitrate-N 10   

Arsenic 0.010   

Chromium 0.1   

Lead Action 

Level=0.015 

  

1,1,1-Trichloethane 0.2   

1,1,2-Trichloroethane 0.005   

1,1-Dichloroethane 0.005   

1,2,4-

Trichlorobenzene 

0.07   

1,2-Dichlorobenzene 0.6   

1,2-Dichloroethane 0.005   

1,2-Dichloropropane 0.005   

1,4-Dichlorobenzene 0.075   

Benzene 0.005   

Carbon tetrachloride 0.005   

Chlorobenzene 0.1   

1,2-Dichloroethane 0.005   
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Recommendations 
Keeping your water clean  
 

One of the best things you can do to keep your water clean is to sanitize the water container in which you store your water. Follow the next 5 

simple steps to sanitize your 5 liter water container (garrafón): 

 

  1    Pour 2 caps of bleach into the water container 

  2     Add 2 liters of water 

  3    Shake the solution around and make sure it touches all surfaces of the container 

  4    Dump the solution 

  5    Let the water container air dry 

It is also recommended that you keep your container covered to avoid getting it contaminated. 

 

You can sanitize your water container each time you refill! 

 

Importance of Fluoride 
 

According to the Centers for Disease Control and Prevention, fluoride is a naturally occurring element that is proven to prevent, and even reverse, 

tooth decay. Fluoride helps re-mineralize the surface of your teeth and prevents cavities from forming. 

 

The American Dental Association (ADA) and the U.S. Public Health Service state that the optimal fluoride level in water is between 0.7 - 1.2 mg/L 

to prevent tooth decay. We encourage you to look at your water results to determine whether your family is receiving enough fluoride through your 

drinking water.  

 

If you are concerned about your family’s fluoride intake, talk to your dental/medical provider about fluoride supplements. 

 

“Arizona Known Your Water” Booklet 
 

Refer to this booklet to understand in more detail about Arizona’s water sources, quality, regulations, and home water treatment options.  
 

In Summary 
 

All the tap water tested met the USEPA standards. We found little to no chemical contamination in the tap water from the following water 

companies: Nogales Water Department, Valle Verde Water Company, and Rio Rico Utilities Inc. However, bacterial contamination in “garrafones” 

was common so we encourage you to follow the cleaning recommendations provided above to protect your health and your family’s.  
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APPENDIX F- STANDARD OPERATING PROCEDURES FOR WATER COLLECTION AND 
MICROBIAL ANALYSIS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



218 

 

 

 

 
Subject:  Water quality 

 

Project:  Drinking water study in Nogales, AZ.  

 

Principle:  To collect four 1L water samples from each participating household, 2L from 

tap water and 2L from bottled/alternative source of water, in order to identify the 

presence of the following water contaminants: arsenic, barium, cadmium, chromium, 

fluoride, lead, mercury, nitrate, selenium, and silver. Samples will also be tested for 

microbial contamination.   

Reagents/Materials:  

 1L collection bottles (2) for each home 

 Gloves 

 Pen 

 Labels 

 Paper towels 

 Cooler 

 Ice 

* Note: For microbial collection the following steps must be done prior to 

collecting water samples. Skip to the next page for instructions for collection 

of water samples. 

 Prepare a standard solution of 10% or 0.1N solution of sterile sodium thiosulfate 

solution to neutralize any chlorine in the water. 

 Dissolve 25 g of sodium thiosulphate pentahydrate (Na2S2O3•5H2O, 248 g/mol) in 1 

liter of freshly distilled water. (Optional:  improve its stability by adding 0.1 g of Na2CO3) 

 Store overnight, and filter through fine grade paper. 

 Collect and store in a clean, dark glass bottle. 

Prior to sampling add 0.5ml of this solution to sampling bottles were water for 

microbial analysis will be done. 

 

 

 

Alternative Water Collection Procedure: 
1) Open collection bottle without touching the inside of the bottle or lid. 
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2) Lid may be placed upside down on nearby clean surface. 

 

3) Fill collection bottle to the fill line indicated on the container. 

 
 

 

4) Immediately cap the container without touching the inside of container, lid, or 

contents. 
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5) Use towel to remove any water spilled on the outside of collection bottle. 

 

 
 

6) Return collection bottle to cooler. 

 

7) Make sure the temperature in cooler is 4°C (plus or minus 2°C). 

8) Fill out Chain of Custody form. 
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Documentation: A Chain of Custody form will be kept. All persons handling, 

transporting and processing samples must sign this form.  

Calculations:  No calculations are needed for this method. 

Procedural notes: Each individual will be given a unique code to identify them.  

Waste Disposal:  Turner Laboratories will dispose water samples after analysis is 

complete. 

References:  

EPA Standard methods for water collection. 

Turner Labs (2011). Sampling instructions for drinking water samples. Retrieved from 

http://www.turnerlabs.com/content/sampleguide.pdf 
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Subject: Water quality: Microbial testing 

 

Project:  Drinking water study in Nogales, AZ.  

 

Principle:  1L water samples from each household tested for fecal coliforms using m- 

Endo agar. 

 

Procedures:  Agar plate preparation  
m-ENDO BROTH (7723) (attached) 

m-FC AGAR (7397) (attached) 

Both products supplied by Neogen. See protocols 

Materials:  

 Ethyl Alcohol (sanitizer) 

 Bunsen burner 

 Pre-made culture dishes with m Endo agar 

 Incubator 

  Six -0.45µm pore, 47mm diameter membrane filters 

 Filtration apparatus (cited usgs.gov/field manual) 

 Pipette  

 Eppendorf 1.5ml tubes 

 Forceps 

 Dissection microscope 

Media and Reagents 

 Pre-made m-FC and m-Endo broth from above. 

Procedures: 

Membrane Filtration and Analysis 

 

 Filtration apparatus as assembled as seen in Figure 1. 

 Invert the dish and place an absorbent pad in the lid of a Petri dish 

 Add 2.0 mL m-Endo Broth to each pad 

 0.45µm pore, 47mm diameter filters will be used to filter 500ml of water unto the 
filter (see figure 1).  

 Filter the sample through a membrane filter as seen below in figure 1 using vacuum 
filtration 

 Place membrane filter top side up on the pad using a rolling motion to avoid 
entrapping air bubbles 

 Incubate aerobically in an inverted position for 20 – 24 hours at 35 ± 0.5°C. 

 After each filtration the filter was removed and placed on the corresponding plate 
Endo agar culture dishes.  

 After each filtration the funnel block was removed and soaked in ethanol and 
flamed before continuing with another filtration. This step was repeated for 
duplicate plates. 
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Note ** Positive fecal coliforms on m-Endo agar appear as metallic olive green colonies. 

 

Figure1: Membrane filtration apparatus cited from: 

usgs.gov/owq/Field Manual 

 

 

 
 

Using the formula:   

 
Calculate CFU per ml  

 

References: 
1. Drinking water, National Primary Drinking Water Regulations; Total Coliforms (Including 

Fecal Coliforms and E. coli); Final Rule. 40 Code of Federal Regulations (CFR) Parts 141 

and 142. Federal Register 54: p.24544, June 29, 1989. 

2. National Primary Drinking Water Regulations; Analytical Techniques; Coliform Bacteria. 

40 Code of Federal Regulations (CFR), Part 141, Federal Register 56, p. 636, January 8, 

1991.  

3. Mates, A. and M. Shaffer. 1989. Membrane Filtration Differentiation of E. coli from 

Coliforms in the Examination of Water. Jour Appl. Bacteriol. 67, 343-346. 

4. American Public Health Association. 1985. Standard Methods for the Examination of 

Water and Wastewater. 16th edition. American Public Health Association, Washington, 

D.C.  
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Appendix G: Water  Consumer Confidence Report 
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