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Abstract

Regularly ingesting water with elevated arsenic increases adverse health risks. Since September
2002, the NJ Private Well Testing Act (PWTA) has required testing untreated well water for
arsenic during real estate transactions in 12 counties. Its implementation provides an opportunity
to investigate the effects of policy intervention on well testing and treatment behavior. Here we
analyze results of a survey mailed to 1,943 random addresses (37% response), including responses
from 502 private well households who purchased their homes prior to PWTA commencement and
168 who purchased after. We find the PWTA has significantly increased arsenic testing rates in an
area where 21% of wells contain arsenic above the 5 ug/L NJ drinking water standard. The PWTA
has allowed identification of more wells with arsenic (20% of post-PWTA vs. 4% of pre-PWTA
households) and more treatment for arsenic (19% of post-PWTA vs. 3% of pre-PWTA
households). Such an Act is a partial answer to significant socioeconomic disparities in testing
observed among households for whom it is not required. Additionally residents purchasing homes
since 2002 are younger and disproportionately more likely to have children in their household
(60% vs. 32%), a priority group given their particular vulnerability to effects of arsenic. Despite
more wells tested under the PWTA, post-PWTA well owners forget or misremember arsenic test
results more often, are more likely to report not knowing what kind of treatment they are using,
and are not reporting better maintenance or monitoring of their treatment systems than pre-PWTA
households. This suggests serious challenges to reducing arsenic exposure remain even when

"Corresponding author at: School of Earth and Environmental Sciences, Queens College, City University of New York, 65-30 Kissena
Blvd., Flushing, NY 11367, United States. Tel./fax: +1 718 997 3329.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Flanagan et al.

Page 2

testing is a requirement. Furthermore, only a fraction of wells have been tested under the PWTA
due to the slow pace of housing turnover. We recommend more public resources be made available
to support private well testing among socially and biologically vulnerable groups.
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1. INTRODUCTION

Arsenic is a toxic element known to increase the risks for adverse health effects in people
who regularly drink water with elevated levels.? Arsenic in water is colorless, odorless, and
tasteless and its presence can only be identified by specific testing. Naturally occurring
concentrations in groundwater are generally below levels considered an acute risk for
poisoning, but over time chronic exposure can have serious consequences. Dose-dependent
relationships have been observed for a range of conditions including cancers of the skin,
bladder, kidney, and lung,2~* as well as cardiovascular disease, pulmonary disease, diabetes
mellitus and neuropathy.® Of great concern are the consequences of exposure that begins
early in life or during pregnancy. Risks include reduced birth weight and impaired cognitive
function, as well as significantly higher risks of impaired lung function, death from renal and
lung cancer, lung disease, and acute myocardial infarction later in life.6-10 For this reason
families with pregnant women or young children who are at greater risk for developmental
effects and adverse outcomes later in life should be more vigilant about the quality of their
well water.

Evidence of health impacts from chronic exposure to arsenic led the United States
Environmental Protection Agency (USEPA) to adopt a standard for arsenic in drinking water
of 10 pg/L in 2001, replacing the old maximum contaminant level (MCL) of 50 pg/L.11
Public water systems were given several years to comply and this “arsenic rule” became
enforceable in 2006. In 2004 the state of New Jersey (NJ) updated the NJ Safe Drinking

Sci Total Environ. Author manuscript; available in PMC 2017 August 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flanagan et al.

Page 3

Water Act by adopting its own more stringent standard of 5 ug/L, the most protective in the
nation, which also became effective in 2006.12 Although public water supply systems are
regulated to meet these government drinking water standards for arsenic and other
contaminants, private well water is not. Throughout the United States (U.S.) any regulation
for arsenic testing of existing private wells is rare. States, aside from New Jersey and Oregon
(ORS448.271), do not require arsenic testing of private wells during property transfer. New
Jersey’s Private Well Testing Act (PWTA, N.J.S.A. 58:12A-26 et seq.) commenced in
September 2002 and requires testing of untreated groundwater for a variety of parameters
prior to real estate transactions, including home sales and rentals. Arsenic testing is required
in 12 counties in the northern and central part of the state (Figure 1) where naturally
occurring arsenic concentrations as high as 250 ug/L occur in the bedrock aquifers of the
Newark Basin.13 About one million people (11% of population) in New Jersey rely on
private well water for drinking.1# Little has been known about the influence the PWTA has
had on well testing and water treatment behavior for arsenic or other contaminants in New
Jersey.

Laws, regulations, and guidelines, have the potential to improve public health. The ten great
public health achievements of the 20t century in the United States identified by the Centers
for Disease Control and Prevention (CDC) were each influenced by policy changes or
regulations.?® These include seat belt laws, workplace and food safety regulations, anti-
smoking legislation and taxation, and fluoridation of drinking water. The quality of publicly-
supplied drinking water in the United States is among the best in the world, in part because it
is regulated by the USEPA.16 There is increasing recognition that further changes in policy
and the environment will be necessary to cultivate and maintain the individual-level behavior
changes needed to combat chronic diseases.1’ Private well water in the U.S. is still widely
unregulated, relying on individuals to be aware, willing, and capable to monitor, improve,
and maintain the safety of their drinking water. Over 13 million, mostly rural, U.S.
households regularly depend on private wells for their drinking water.18 Local community
engagement efforts to promote testing for arsenic are limited in scale and in success.19:20
Policy-level intervention will be a required component of any strategy to eliminate exposure
to arsenic from private well drinking water.2! The implementation of the PWTA in NJ
provides the opportunity to investigate the effects of a private well testing policy intervention
on testing and water treatment behavior.

Here we present the findings from a mailed survey of private well households in 17 towns of
northern New Jersey covered by the PWTA’s requirement for arsenic testing. Addresses
were selected randomly and then matched to PWTA records where available, allowing
comparison of self-reported testing and treatment behavior between households who have
faced the requirement to test and those who have not, in order to gain insight into the
potential effectiveness of the regulation.

2. METHODS
2.1. Study area

The study area covers 17 towns in northern New Jersey (Table 1), selected for arsenic
occurrence, based on the percentage of wells tested under the PWTA with greater than 5
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ug/L arsenic, and majority private well water supply, based on the percentage of households
using private wells in 1990.22 The 2010 census shows a combined population of 144,132
and overall 76% of households in this area are estimated to rely on private well water.22:23
PWTA records of 10,278 wells in these towns performed as of April 2014 show that 20.8%
of wells tested exceed the New Jersey MCL of 5 pg/L and 7.1% exceed the federal MCL of
10 pg/L. Based on these numbers we estimate there may be 22,784 people in these towns
drinking from wells with arsenic concentrations exceeding 5 pg/L, and 7,777 drinking from
wells with arsenic concentrations over 10ug/L. The maximum arsenic concentration
recorded under the PWTA was 254 pg/L from Hopewell, while the 75t percentile value was
4.6 ug/L and median value was 2.0 pg/L, using the Kaplan-Meier survival analysis approach
for censored data.?*

2.2. Survey instrument

Participants completed a 35 question survey on their water testing and treatment practices,
preferences, and opinions, as well as basic demographic information. This questionnaire was
a modified version of one developed for our previous study in Maine, with a similar section
designed to measure the RANAS (Risk, Attitude, Norm, Ability, Self-regulation) factors2®
that may influence testing and treatment behaviors through a series of statements to which
the respondent indicated agreement on a scale of 1 (strongly disagree) to 6 (strongly
agree).26 The primary addition was a question regarding the well owner’s current thoughts
on arsenic testing, i.e. their stage of testing behavior.2” These stages were 1) never thought
about it, 2) thought about it but decided against it, 3) undecided about testing, 4) plan to test
for arsenic, and 5) test has been completed. The survey was offered on paper and
participants were also given a URL with the option to complete it online using a unique
code.

2.3. Survey implementation

Residential property parcels located within the 17 municipalities were selected using state
Geographic Information System data. Properties overlapping known public water service
areas were removed prior to selection in order to improve the return rate, but it was not
possible to exclude all properties that may have a public water connection. A total of 2,000
surveys were mailed out to randomly selected addresses, 1,601 of which were selected using
stratified random sampling by town in proportion to the estimated number of well-supplied
households in the area. Approximately 6.3% of addresses available from each municipality
were selected for the final representative sample. An additional 399 random addresses were
selected for mailing from Alexandria and Kingwood Townships to increase statistical power
to detect differences between groups of towns based on history of local testing promotion/
intervention activities, with findings reported in a companion paper.28 Selected addresses
were matched to available PWTA records for confirmation of self-reported testing history.

Repeated contact by mail was used to increase response rate. Starting in June 2014 selected
addresses were mailed a pre-survey letter, a survey with a cover letter and postage-paid
return envelope, and thank you/reminder postcard about 1-2 weeks later. Also enclosed with
the survey was a $2 cash incentive for participation, intended to improve response rates.29
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The study protocol and survey instruments were approved by the Institutional Review Board
of Columbia University.

2.4. Data analysis

Surveyed households were classified as being either “pre-PWTA” if they have resided in
their home since prior to commencement of the PWTA, or “post-PWTA” if they bought or
rented their home since 2002 and there was a record of the required well test occurring.
Descriptive analysis, correlation, and regression analyses were employed using STATA IC
v14. All statistical tests were two-tailed and p values less than 0.05 were considered
significant. T-tests and ANOVA were performed to detect significant differences in group
means, z-tests for differences in group proportions, and Mann-Whitney U-tests for
significant differences in group distribution in Tables 2, 3, 5, 6, and 8. Spearman’s
correlation rho coefficients (p) were calculated between dependent behavior variable and
independent demographic variables in Tables 4 and 7. Behavior influencing factors were
analyzed both as continuous (1-6) and dichotomized binary variables. Logistic regression
analyses were conducted predicting binary testing behavior outcomes from dichotomized
behavior influencing factor variables and demographic covariates. Linear regression
analyses were conducted predicting continuous behavior factors from PWTA status
adjusting for income and education in Tables 5 and 8. Completed surveys with partially
missing data were only excluded from analyses requiring those variables of interest.
Descriptive analyses (Tables 2, 3, and 6) were limited to surveys completed by households
randomly selected proportionally by town to be the representative sample. Analyses of
PWTA status associations with demographic and behavior influencing factors employed the
full sample of surveys available in order to increase statistical power (Tables 4, 5, 7, and 8).

3. RESULTS

3.1 Sampled and general population characteristics

Out of the 2000 surveys mailed, several (n=57) were returned unopened as undeliverable.
The survey response rate among delivered surveys (n=1,943) was 36.6%; 711 completed
surveys (including 52 submitted online) were returned. Households on public water supply
(n=22) and surveys received after August 15t (n=19) when a follow-up letter with more
information on arsenic in NJ was mailed out were excluded from the analysis. In total 532
completed surveys from well households in the “representative” sample (excluding the extra
surveys sent to Kingwood and Alexandria addresses) and 670 surveys from the full sample
were suitable for analysis.

Although a comparison to only well water-supplied residents is not possible, census data for
the area surveyed indicates that our respondents are slightly older, more likely to be male,
and of higher income and education than the general population (Table 2). Respondents who
purchased their homes after enactment of the PWTA are overall significantly younger, more
likely to have children at home, and to have higher education and household income than
those who have been residing in their homes prior to enactment of the PWTA.
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3.2. Self-reported testing practices

Overall 82% of respondents reported that their well water has been lab tested for something
(Table 3). This percentage is significantly higher among post-PWTA households, although
not 100% indicating that there is either recall bias or misunderstanding of the question
among those whose home purchase or rental agreement were required by law to include a
well test. It is possible that a current well owner would answer no if the seller had taken
responsibility for testing. Among wells that have been tested, half were tested in the past five
years. This rate is significantly higher among post-PWTA households given that many
homes may have been purchased during that time period, but the pre-PWTA rate suggests
that well owners are still testing their water for reasons other than following the construction
or purchase of a new home with a well.

Among most recent tests, post-PWTA households reported arsenic and lead as parameters
that were included at a significantly higher rate than pre-PWTA households (Table 3). As a
result, significantly more problems with arsenic have been identified among post-PWTA
households; 23% of households who report their well has been tested and 20% of post-
PWTA households overall identify an arsenic problem, very close to the estimated
occurrence rate of 21% for the area. In comparison only 10% of pre-PWTA households who
report their well has been tested and 4% of pre-PWTA households overall have identified an
arsenic problem. If 21% of wells in this area are believed to have arsenic above 5 pg/L, but
4% of pre-PWTA households are reporting an arsenic problem, only 1 in 5 wells with
arsenic problems are being detected by households for whom testing was not required,
suggesting the majority of at-risk households remain unknowingly exposed. Post-PWTA
households are significantly more likely to report that an arsenic test has been completed and
less likely to report that they have never thought about testing for arsenic than pre-PWTA
households. However, the 59% completed test rate among post-PWTA households indicates
that many home buyers may not be involved with or aware of the well testing process that
happens at the real estate transaction. Although testing for gross alpha is not required for
every county in the survey area, there is a significantly higher rate of gross alpha testing
among post-PWTA households as well.

There are clearly recall and reporting biases evident among post-PWTA households that may
also affect pre-PWTA households, but self-reports can only be compared to actual testing
history for post-PWTA households. Although we have confirmed that all 168 post-PWTA
wells have been tested for arsenic and reported under the Act’s requirements, many of these
households selected a testing stage other than “arsenic test has been completed” on their
survey, most commonly that they have “never thought about arsenic testing” (Table 3).
These respondents are significantly negatively predicted by knowing who to contact for a
well test (Odds Ratio (OR)=0.23, 95% Confidence Interval (C1)=0.08-0.65) and reporting
that local authorities have recommended they test (OR=0.16, 95% CI1=0.03-0.83), indicating
they may not have been aware that the required PWTA test took place. Furthermore, the
majority of post-PWTA households (54%) do not recall what their arsenic results were, even
if able to confirm that the test did take place, a higher rate of forgetting than among pre-
PWTA households (41%) (Table 3). Specifically, 17 of 48 (35%) post-PWTA households
known to have arsenic above 5 pg/L based on NJ State records did not report the exceedance
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on their survey whereas 8 of 39 (21%) who reported a problem actually had no record of
exceedance. Self-reporting of arsenic testing and identified problems result in both
underestimation and misclassification of test results.

The reporting bias appears to be associated with income where higher-income post-PWTA
households are more likely to correctly report that their well has been tested for arsenic
(Table 4). When arsenic is indeed in compliance there is no harm done by forgetting a test,
but 4 of 32 (13%) post-PWTA wells with respondents reporting to have “never thought about
arsenic testing” do in fact have arsenic levels greater than 5 pug/L and none of them reported
having an arsenic problem elsewhere on the survey, indicating these current well owners
may still be unaware of their arsenic status. When asked the level of arsenic in their water
two said they don’t remember and two said they have never tested for arsenic. Post-PWTA
households with records of arsenic exceedance appear much more likely to not remember or
to misremember the results of their previous arsenic test than pre-PWTA households with
self-reported problems. After testing water samples from 12 pre-PWTA wells self-reported
to have an arsenic problem,28 we found that only two well owners (17%) had
misremembered the level of arsenic (options were <5 pg/L, 5-10 pg/L, 10-50 pg/L, 50-100
ug/L, and >100 pg/L) in their water on their survey. Among PWTA wells with confirmed
arsenic problems, self-reports revealed that the majority of well owners (75%) have either
forgotten or misremembered their arsenic levels, regardless of current mitigation behavior.

Among all households, a change in the taste, smell, or appearance of their water was the
most commonly cited situation that would prompt a well test (80%), consistent across
PWTA groups. Second was learning that their neighbors have contaminated water (74%),
much higher than the next most common prompts of well testing available for free (46%)
and learning that some wells in their town have contaminated water (40%).

3.3. Demographics are associated with behavior when testing is not required

Although homes bought after the PWTA were required to have their well tested at purchase,
including for arsenic, reported testing has not been universal. This recall or misinformation
bias is significantly associated with household income for both ever testing and arsenic
testing (Table 4). Lower income households are less likely to report that their well has been
tested despite falling under the requirements of the PWTA, reporting bias may be partly
responsible for the significance of income to testing among pre-PWTA households as well.
However, there are no other significant associations between demographic factors and
reported testing behavior among post-PWTA households. Among pre-PWTA households
which may have in fact never been tested before, having tested is significantly and positively
associated with respondent’s education and household income and negatively associated
with living alone (Table 4). Education and household income are also highly significant to
testing recently and having completed an arsenic test among households purchasing homes
with wells prior to the PWTA. Households with children are more likely to report testing
their well at home purchase. When all demographic variables are entered into fully adjusted
logistic regression models predicting testing behavior among pre-PWTA households, only
education remains significant for having ever tested, years lived in the home for testing at
home purchase, and household income for completing an arsenic test. Each increase of
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$25,000 in household income is associated on average with a 4% increase in likelihood that
the well has been tested for arsenic (95% CI: 1-7%).

3.4. Perceptions and beliefs about testing vary by PWTA status

Mean (M) agreement (1=Strongly Disagree, 2=Moderately Disagree, 3=Slightly Disagree,
4=Slightly Agree, 5=Moderately Agree, 6=Strongly Agree) with all survey statements
relevant to testing (n=34) are compared by PWTA status in Table 5. Overall post-PWTA
households have significantly higher perceptions of vulnerability to water contamination
risks, although only the risks from arsenic remain significantly predicted by PWTA status
after controlling for age and household income to account for some of the demographic
differences between the groups. On average post-PWTA households slightly agree with town
risks for arsenic (M=3.61) while pre-PWTA households slightly disagree that there are risks
for arsenic in their town (M=2.92)(p<.01). Although rare overall, post-PWTA households
are more likely to know someone with an arsenic problem (M=2.25 vs. M=1.82, p<.01), and
they express greater personal obligation towards testing (M=3.85 vs. M=3.39, p<.01) and
commitment to safe water than pre-PWTA households (M=5.48 vs. M=5.31, p<.05). There
are no differences in self-efficacy and ability beliefs between the groups.

3.5. Self-reported treatment behavior

The majority of households in this area are treating their well water in some way (Table 6).
Most are treating all the water in their home although many use point-of-use systems or
pitcher/refrigerator filters, yet very few report use of a system capable of removing arsenic.
Use of any treatment is significantly predicted by household income (p<0.001) overall, and
among pre-PWTA households, but income is no longer significant to treatment use among
post-PWTA households (Table 7). The rates of treatment and whole-house treatment are
significantly higher among households purchasing their home post-PWTA compared to
those pre-PWTA (p<0.01), even after adjusting for the effects of income in a logistic
regression model. Water softeners and sediment filters are most commonly used, with no
significant differences between groups; only the use of granular ferric adsorption and reverse
osmaosis systems, technologies known to be capable of removing forms of arsenic from
water, are significantly higher among post-PWTA households (p<0.01), reflecting the much
higher rate of arsenic testing and problem identification among this group (Table 3). Of the
140 post-PWTA households surveyed in the representative sample, 19% report that they are
using treatment specifically to treat for arsenic, compared to only 3% of pre-PWTA
households, p<0.001. However, post-PWTA respondents are significantly more likely to
report that they are using some kind of treatment without knowing what it is (Table 6).

In our survey only 38% of pre-PWTA and 45% of post-PWTA households reporting using
some kind of treatment say they have ever tested their treated water. Only 70% of pre-PWTA
and 68% of post-PWTA treating households report that they perform maintenance on their
systems as recommended. Neither of these differences are statistically significant.

Any use of treatment is significantly positively associated with household income and
having children in the home, and negatively associated with age, years lived in the home,
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and living alone, only among pre-PWTA households (Table 7). No associations between
treatment use and demographic variables are significant among post-PWTA households.

Among 71 surveyed households with known (PWTA confirmed >5 ug/L n=48) or self-
reported arsenic “problems” (n=23), 54% (n=38) report using some kind of water treatment
for arsenic, 10% (n=7) report drinking bottled water only, but 37% (n=26) do not report
using any strategy to avoid exposure to arsenic from their drinking water. Although this
sample size is small, it is consistent with the rates we have seen from a much larger sample
of private well households with arsenic above MCL in Maine (n=256), where 43% of
households report installing treatment systems, 30% report taking another mitigation action
such as drinking bottled water, and 27% report not taking action.3? In New Jersey those with
arsenic problems who report taking actions to reduce exposure believe more strongly than
those who don’t that their untreated water is not safe to drink (M=4.45 £0.25 vs. M=3.0
+0.40, p<0.01) and that their household is at risk of drinking arsenic contaminated water
(M=4.58 +0.28 vs. M=3.4 £0.32, p<0.01). There are no significant differences in age,
education and income between those taking action to reduce their exposure and those not.
There are no differences in mitigation rate between pre-PWTA and post-PWTA groups,
although pre-PWTA wells with arsenic have been identified only by self-reporting.

3.6. Beliefs about water treatment vary by PWTA status

Mean agreement (1=Strongly Disagree, 6=Strongly Agree) with all survey statements on
treatment (n=17) are compared by PWTA status in Table 8. Pre-PWTA households perceive
their untreated water to be safer (M=4.87 vs. M=3.79) and of higher quality (M=4.84 vs.
M=4.00) than post-PWTA households. Post-PWTA households are more positive about the
health benefits of treating and feel safer drinking treated water (M=4.88 vs. M=4.15) than
pre-PWTA households. The significance of PWTA status towards these beliefs remains even
after controlling for income and age of the respondent. Similar to beliefs relevant to testing,
there are no differences in ability and self-efficacy beliefs regarding treatment and
maintenance.

4. DISCUSSION

4.1. PWTA increases testing rate and reduces social vulnerability

The PWTA has significantly increased the number of private wells tested (10,278 wells in
the 17 study towns during 2002—2014) and rates of testing for arsenic specifically, in an area
of northern NJ where an estimated 21% of wells are known to be contaminated with arsenic
above the NJ MCL. This has allowed more at-risk households to be identified (Figure 2,
arsenic reported in 20% of post-PWTA wells vs. 4% of pre-PWTA wells) and to treat for
arsenic (reported by 19% of post-PWTA households vs. 3% of pre-PWTA households), even
when self-reported testing history is biased. When private wells have never been tested for
arsenic then unaware households may continue drinking contaminated water indefinitely,
unless they take initiative to test themselves. With the PWTA, new residents in New Jersey
have the opportunity to become aware of the arsenic status of their well before they drink the
water.
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Importantly, the PWTA has significantly increased arsenic testing rates while closing
socioeconomic gaps in testing status and treatment. For those private well owners with
homes purchased prior to PWTA requirements, it is still entirely their responsibility to have
their well water tested and to be aware, willing, and capable to perform the test and then
complete any necessary follow-up actions like installing and maintaining water treatment
equipment. Among these households who have had to make the decision and take action on
their own, we find that education and household income are significantly and positively
associated with testing behavior, likely both influencing awareness and understanding of
risks and ability to manage those risks. Demographic patterns in testing observed among
pre-PWTA households are not unique to New Jersey. We have observed similar trends in
testing and treatment behavior in Maine where there are no testing requirements at real
estate transactions.28:30 Without an equal requirement for everyone to test, socioeconomic
self-selection in protective health behaviors emerges. In pre-PWTA NJ and no-PWTA
Maine, higher income, educated households are testing for arsenic at twice the rate of lower
income and less educated households.31 Here we find that higher income and higher
educated households are more likely to have ever tested their well, to have tested their well
at home purchase, to have tested their well in the past 5 years, and to have tested for arsenic
(Table 4). In post-PWTA NJ the official testing rate is inherently equal, regardless of
socioeconomic status, another achievement of regulation. Differences in testing behavior
likely contribute to the significant positive association observed between income and any
treatment use in pre-PWTA households (p=.214, p<0.01). This is not observed among post-
PWTA households despite absence of regulation over treatment (Table 7).

4.2. PWTA helps to reduce risks for the biologically vulnerable

Although the PWTA did not intentionally target biologically susceptible groups such as
pregnant women and families with children, such households are more likely to be buying
homes, and in turn, the policy has an unintended benefit. Indeed, those who have purchased
homes more recently are in general younger (median age 49 vs. 61, p<0.001), of higher
income (median household income $125-150,000 vs. $100-125,000, p<0.01), and more
likely to have children in the home than those who purchased their homes prior to the PWTA
(60% vs. 32%, p<0.001). Although there is known underreporting for arsenic testing, 62% of
post-PWTA households with children report having completed a test for arsenic compared to
42% of pre-PWTA households with children (p<0.01). More importantly, 26% of post-
PWTA households with children report knowing their well has an arsenic problem compared
to 7% of pre-PWTA households (p<0.001). Given an estimated arsenic occurrence rate of
21%, it appears that post-PWTA families are less at risk of unknowingly consuming arsenic
contaminated water from their well. This is a significant achievement of the PWTA for the
next generation of unborn children whose parents have recently purchased or have yet to
purchase their home.

4.3. Post-PWTA well owners are more psychologically favorable toward testing and

treatment

Well water risk awareness is higher among post-PWTA households than pre-PWTA
households. Post-PWTA households express greater awareness of water contamination risks.
Their greater awareness for arsenic risks specifically remains significant even after adjusting
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for household income and age, suggesting that this may be a difference based on exposure to
the PWTA rather than differences in the demographics of households purchasing homes
more recently. Post-PWTA well owners have more negative perceptions about the quality
and safety of their untreated water compared to pre-PWTA well owners, likely because they
have been exposed to actual test results for their wells. Post-PWTA well owners express a
stronger personal obligation to test, commitment to safe water quality, and a plan to test their
well within the next year. It is possible that exposure to the PWTA and the experience of
testing has made monitoring their well water more of a priority. But there is no difference in
ability beliefs regarding both well testing and water treatment among PWTA groups;
although risk perceptions and attitudes are more favorable towards protective actions among
post-PWTA households, there is no advantage in action knowledge and self-efficacy.

Learning that friends or neighbors have tested their well water and found problems can be a
strong prompt to test one’s own well too; yet since only a minority of wells are likely to be
contaminated it would be difficult to rely on social channels alone to boost testing rates.
Nevertheless as testing rates improve the arsenic testing norm may become stronger; 25% of
post-PWTA households report knowing someone with an arsenic problem compared to only
10% of pre-PWTA households (p<0.01). In our central Maine study area with higher arsenic
testing rates, 36% of households report knowing someone with an arsenic problem.
However, despite gains in social norms, testing for arsenic will continue to face particular
challenges given that the majority (80%) of surveyed private well owners report they are
looking for a change in the aesthetic quality of their water to justify testing, yet water users
will not be able to see, taste, or smell arsenic in their water.

Although higher than pre-PWTA households, overall well water risk awareness is still lower
among post-PWTA households in NJ than in a higher-risk area of Maine.28 Yet the same
optimistic biases are found; that is, well owners more strongly agree that there are risks for
well contamination in their area vs. for their own well (M=3.46 +0.23 vs. M=2.89 +0.24, p<.
001), and that there are risks for arsenic in their town vs. in their own well (M=3.61 £0.24
vs. M=3.13 £0.25, p<.001). Since post-PWTA wells have actually been tested this bias may
be a more accurate assessment based on experience. However, these biases are mirrored in
pre-PWTA households that have not all tested. Overcoming optimistic biases will continue
to be a challenge; although 74% of households reported that their neighbor having a
contaminated well would prompt them to test their own, only 40% would do so after hearing
that wells in their town are contaminated. Awareness of town-level risks does not always
translate into perception of personal risk among untested households.

4.4. Limitations of PWTA

Assuming a similar rate of housing turnover, we estimate that it will take about half a
century for the PWTA to “reach” all private well households in Northern NJ; about 25% of
homes (140 out of 532) in our randomly selected sample have faced a PWTA testing
requirement since the PWTA became effective. The majority of wells in New Jersey have
still not faced a requirement to test. For this reason it is important not to wait for the PWTA
to “solve” the problem of arsenic exposure from drinking water. Although families
purchasing homes currently are more likely to have children than not, at present, there are
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more children living in homes purchased prior to the PWTA than those purchased after. In
our sample 156 families with children purchased their home prior to PWTA requirements,
compared to 95 families with children purchasing theirs since. To accelerate testing in
consideration of biological vulnerability to arsenic, it would be helpful to expand the PWTA
such that all wells supplying drinking water for pregnant women and children may be tested
for arsenic, and if possible, for free with some innovative funding source.

The low reporting rate for arsenic testing among post-PWTA households is a concern despite
the positive of more wells being tested and contaminated wells being identified and treated
(Figure 2). While testing requirements like the PWTA remove important barriers to testing
like well owner initiative and socioeconomic self-selection, a home buyer unengaged by the
importance of well testing may not be engaged in the results and therefore not prepared or
committed to the long-term responsibility of monitoring water quality and maintaining
necessary water treatment systems. The PWTA’s boost to arsenic testing rates may also lead
to next stage challenges as new well owners are expected to follow-through with taking
responsibility for their well water quality after the initial test, of which they may only be
remotely aware.

As the PWTA generates more arsenic testing with housing turnover, more important to
reducing actual exposure will be the protective actions taken after a contaminated well has
been identified. Interestingly there are no differences in rate of reported mitigation between
pre-PWTA and post-PWTA households with identified arsenic problems, suggesting that
post-PWTA households are not more likely to take protective action, only that they are
identifying more problematic wells in absolute numbers. Overall there are higher rates of
arsenic treatment use among post-PWTA households (18% vs. 3%, p<0.001) reflecting the
greater number of arsenic exceedances identified, but also a higher rate of unknown
treatment use reported (7% vs. 2%, p<0.01). It is possible that these unknown systems were
installed by previous owners, including at sale after a problematic well test. In fact, nearly a
quarter (24%) of treatment systems in place in post-PWTA households were reported to be
installed by a previous owner, more than double the rate in pre-PWTA households (10%,
p<0.001). A treatment system installed by a previous owner and whose purpose is not
understood by the current owner is at risk of becoming ineffective through improper
maintenance.

The PWTA is a limited private well water testing law and does not address water treatment,
which is still unregulated in New Jersey. The PWTA does not seem to have any influence on
water treatment maintenance behavior. There are no significant differences in reported
maintenance or monitoring of treated water quality between pre-PWTA and post-PWTA
households. More than half (58%) of all treating households have never tested their treated
water and only two-thirds (69%) report maintaining treatment systems as recommended.
Once treatment is installed, either by the current well owner or a previous one, responsible
maintenance behavior and regular monitoring of treated water quality are absolutely
essential to ensuring treatment success. Treatment failure is a real risk and threatens to
undermine all the effort made by the well owner and others in getting that household to the
point of actually reducing arsenic exposure from their drinking water. In our water sampling
in New Jersey (18% of n=22) and in Maine (15% of n=68) we have identified multiple
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examples of incorrect or ineffective treatment systems failing to deliver water below the
arsenic MCL arsenic at the tap,28:30 and similarly ineffective treatment has been observed
elsewhere by others.32:33 Several NJ well owners who sent water samples believed they were
treating for arsenic because there was a system in their basement, although they did not
know what kind of system it was and had never performed any maintenance on it. The
presence of tanks in the basement can give the false assurance of safe water leaving well
owners unconcerned about monitoring the quality of their water. In Nevada, use of any
treatment was found to increase consumption of tap water despite some treatments being
ineffective at removing arsenic, either for being inappropriate, inefficient, or not
maintained.33

Implementation of the PWTA results in more treatment systems being installed to remove
arsenic from newly tested well water. It is important that the arsenic removal system chosen
is appropriate for the water chemistry of that well and that the well owner is then fully aware
and capable of handling the future maintenance responsibility, or that the treatment company
be enlisted for a maintenance contract. Furthermore, when households depend on bottled
water or point-of-use treatment to reduce their arsenic exposure, oftentimes due to the higher
costs of a whole-house system,30 consistent behavior change beyond regular maintenance
and monitoring behavior is required. The occasional use of untreated water for drinking and
cooking contributes to continuing arsenic exposure of affected families.34:3% Alternative
strategies like extending public water supply into the most arsenic-affected areas when
feasible may ultimately be a more effective solution than relying on testing regulation or
individual behavior change to eliminate arsenic exposure from drinking water within a
population.2! Unfortunately, given the diffuse nature of mostly rural private well households,
this may not be an option in many locations.

4.5. Study limitations

We had to rely on self-reported testing and treatment behavior, which we’ve seen from
matching to PWTA records can be problematic because of recall bias. As with any survey
there is non-response bias, so although we randomly selected addresses for our sample the
37% response rate may suggest that our findings are not entirely representative of private
well owners in this area. Furthermore some survey respondents declined to provide
household income information, introducing more bias into the analyses requiring this
demographic factor. The non-response also limits our final sample-size which reduces power
for analysis, particularly among small sub-groups of interest. Finally, this was a cross-
sectional survey conducted at only one point in time. We know which households have
tested under the PWTA but we don’t know what their testing behavior or psychological
beliefs about testing would have been before their interaction with the PWTA or without the
required test taking place. Also those purchasing houses in recent years may be different in
unknown ways from those who purchased their homes prior to 2002, so it is difficult to
attribute all the differences observed between groups to the influence of the PWTA policy
alone. With this study design we are also not able to identify any spillover effects the PWTA
has had on the behavior and beliefs of non-PWTA households; they may have also benefited
indirectly from the greater number of arsenic tests being performed. Indeed, the building of
the PWTA database of test results has permitted fine-scale spatial analysis of arsenic
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occurrence in northern New Jersey and identification of the most at-risk areas. This may
have contributed to greater testing promotion and generating more testing among pre-PWTA
households as a result.

5. CONCLUSION

The PWTA in New Jersey has not only led to significantly higher well testing rates and
testing for arsenic in at risk areas, but also closed the socioeconomic gaps in testing among
new homeowners with an unintended benefit of reaching higher proportions of families with
children. This has resulted in more at risk households being identified and treating for
arsenic, and going forward several decades ensures that young households will be aware of
their drinking water quality and that socioeconomically disadvantaged households will not
fall further behind in testing behavior. These are significant effects that should lead all states
to consider similar private well testing regulations, especially in areas where a large number
of residents drink from groundwater but are unaware of common risks faced such as
naturally occurring arsenic contamination. Yet given that the majority of current NJ private
well households have resided in their homes since before 2002 and therefore drink from
wells that have never faced a PWTA testing requirement, arsenic exposure from untested and
untreated wells remains a serious public health concern and the need for other approaches to
increase arsenic testing and mitigation is clear. Among these households unaffected by the
PWTA there are still strong socioeconomic patterns in testing and treatment behavior, as
well owners must be aware, willing, and capable to manage the protective actions of well
water testing and treatment on their own. Providing more public resources to support private
well testing while targeting interventions to socially and biologically vulnerable groups can
help make up for the slow progress in housing turnover. Furthermore, the existence of the
PWTA does not prohibit consideration of other policy tools that could complement these
efforts and address shortcomings.

By design, the PWTA has only mandated the Zesting of private well water for arsenic, and
indeed leads to more arsenic testing and identification of problematic wells. To capitalize on
this progress in testing, public health efforts will need to shift emphasis to the actual
behaviors that protect health, which include reducing exposure to the arsenic through
consistent avoidance or water treatment. Testing is just the screening process; effectively
reducing exposure is necessary to mitigate the health effects of arsenic. Therefore the
observed disconnect between post-PWTA well owners and their arsenic test results is
concerning. New home owners that are not engaged in the PWTA-required water testing at
sale may be unprepared for the responsibilities that arise with having an arsenic-
contaminated well. Once treatment is in place, regular maintenance and monitoring are
critical. For those well owners who do face arsenic problems, the decisions to test a well or
treat water are no longer one-off actions; maintenance and monitoring will be required
ongoing behaviors for the long term. Studies of households living with arsenic in their well
water show that due to deficiencies in technology and behavior in practice, real elimination
of arsenic exposure is elusive.30:32:34 Once significant gains in arsenic screening are
achieved, shifting resources to education and support for these households facing arsenic
problems in their well water will be necessary.

Sci Total Environ. Author manuscript; available in PMC 2017 August 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flanagan et al. Page 15

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research was supported by the U.S. National Institute of Environmental Health Sciences (NIEHS) Superfund
Research Program 3 P42 ES10349 and NIEHS grant P30 ES009089. Funding for this study was provided in part
through the NJ Department of Health (NJDOH) and the NJ Department of Environmental Protection (NJDEP)
Environmental Pubic Health Tracking (EPHT) Cooperative Agreement Number 5U38EH000948-05 from the
Centers for Disease Control and Prevention. This report’s contents are solely the responsibility of the authors and
do not necessarily represent the official views of the Centers for Disease Control and Prevention, NJDOH or
NJDEP. We also thank Judy Louis of NJDEP for assistance during survey planning and other NJDEP staff and
interns for assistance with survey implementation. This is LDEO contribution ####

REFERENCES

1. Ravenscroft, P.; Brammer, H.; Richards, KS. Arsenic pollution : a global synthesis. Chichester,
U.K.; Malden, MA: Wiley-Blackwell; 2009.

2. Chen C, Kuo T, Wu M. Arsenic and cancers. Lancet. 1988; 331:414-415.

3. Chen C, Chen C, Wu M, Kuo T. Cancer potential in liver, lung, bladder and kidney due to ingested
inorganic arsenic in drinking water. Br J Cancer. 1992; 66(888-92)

4. Smith A, Goycolea M, Haque R, Biggs M. Marked increase in bladder and lung cancer mortality in
a region of northern Chile due to arsenic in drinking water. Am J Epidemiology. 1998; 147:660-
669.

5. Smith A, Lingas E, Rahman M. Contamination of drinking-water by arsenic in Bangladesh: a public
health emergency. Bulletin of the World Health Organization. 2000; 78:1093-1103. [PubMed:
11019458]

6. Smith A, Steinmaus C. Health effects of arsenic and chromium in drinking water: recent human
findings. Annu. Rev. Public Health. 2009; 30:107-122. [PubMed: 19012537]

7. Dauphiné D, Ferreccio C, Guntur S, et al. Lung function in adults following in utero and childhood
exposure to arsenic in drinking water: preliminary findings. Int Arch Occup Environ Health. 2011;
84(6):591-600. [PubMed: 20972800]

8. Yuan Y, Marshall G, Ferreccio C, et al. Kidney cancer mortality: fifty-year latency patterns related
to arsenic exposure. Epidemiology. 2010 Jan; 21(1):103-108. [PubMed: 20010213]

9. Yuan Y, Marshall G, Ferreccio C, et al. Acute myocardial infarction mortality in comparison with
lung and bladder cancer mortality in arsenic-exposed region Il of Chile from 1950 to 2000.
American journal of epidemiology. 2007 Dec 15; 166(12):1381-1391. [PubMed: 17875584]

10. Wasserman G, Liu X, Lolacono N, et al. A cross-sectional study of well water arsenic and child 1Q

in Maine schoolchildren. Environmental Health. 2014; 13(1):23. [PubMed: 24684736]

11. United States Environmental Protection Agency (USEPA). [Accessed June, 2013] National
primary drinking water regulations: arsenic and clarifications to compliance and new source
contaminants monitoring. 2001. http://www.epa.gov/fedrgstr/EPA-WATER/2001/January/Day-22/
w1668.htm

12. New Jersey Department of Environmental Protection (NJDEP). DEP adopts new mercury, arsenic
standards. New rules are strictest in the nation. News Release. 2004

13. Serfes ME, Spayd SE, Herman GC. Arsenic occurrence, sources, mobilization, and transport in
groundwater in the Newark Basin of New Jersey. Acs Sym Ser. 2005; 915:175-190.

14. Maupin, M.; Kenny, J.; Hutson, S.; Lovelace, J.; Barber, N.; Linsey, K. Estimated use of water in
the United States in 2010. U.S. Geological Survey; 2014.

15. Centers for Disease Control and Prevention. Ten great public health achievements--United States,
1900-1999. MMWR. Morbidity and mortality weekly report. 1999 Apr 2; 48(12):241-243.
[PubMed: 10220250]

Sci Total Environ. Author manuscript; available in PMC 2017 August 15.


http://www.epa.gov/fedrgstr/EPA-WATER/2001/January/Day-22/w1668.htm
http://www.epa.gov/fedrgstr/EPA-WATER/2001/January/Day-22/w1668.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flanagan et al.

Page 16

16. Centers for Disease Control and Prevention. [Accessed Dec. 15 2015] Water Quality & Testing.
2009. http://www.cdc.gov/healthywater/drinking/public/water_quality.html

17. Schmid TL, Pratt M, Howze E. Policy as intervention: environmental and policy approaches to the
prevention of cardiovascular disease. Am J Public Health. 1995 Sep; 85(9):1207-1211. [PubMed:
7661226]

18. U.S. Census Bureau. 2013 Housing Profile: United States AHS/13-1. Washington, D.C: 2015.

19. Renaud J, Gagnon F, Michaud C, Boivin S. Evaluation of the effectiveness of arsenic screening
promotion in private wells: a quasi-experimental study. Health Promotion International. 2011;
26(4):465-475. [PubMed: 21393299]

20. Severtson DJ, Baumann LC, Brown RL. Applying a health behavior theory to explore the influence
of information and experience on arsenic risk representations, policy beliefs, and protective
behavior. Risk analysis : an official publication of the Society for Risk Analysis. 2006 Apr; 26(2):
353-368. [PubMed: 16573626]

21. Zheng Y, Ayotte JD. At the crossroads: Hazard assessment and reduction of health risks from
arsenic in private well waters of the northeastern United States and Atlantic Canada. The Science
of the total environment. 2015 Feb 1.505(1237-1247)

22. U.S. Census Bureau. 1990 Census of Housing: Detailed Housing Characteristics New Jersey, 1990
CH-2-32. Washington, DC: U.S. Department of Commerce, Economics and Statistics Department;
1993.

23. U.S. Census Bureau. Census 2010, Summary File 1. American FactFinder. http://
factfinder2.census.gov

24. Helsel, DR. Statistics for censored environmental data using Minitab and R. 2nd. Hoboken, NJ:
Wiley; 2012.

25. Mosler HJ. A systematic approach to behavior change interventions for the water and sanitation
sector in developing countries: a conceptual model, a review, and a guideline. International journal
of environmental health research. 2012; 22(5):431-449. [PubMed: 22292899]

26. Flanagan S, Marvinney R, Zheng Y. Influences on domestic well water testing behavior in a
Central Maine area with frequent groundwater arsenic occurrence. Science of the Total
Environment. 2015; 505(1274-1281)

27. Sandman PM, Weinstein ND. Predictors of home radon testing and implications for testing
promotion programs. Health education quarterly. 1993 Winter;20(4):471-487. [PubMed: 8307767]

28. Flanagan S, Spayd S, Procopio N, et al. Arsenic in private well water Part 11: Who benefits most
from traditional testing promotion? Science of the Total Environment. In Revision.

29. Warriner K, Goyder J, Gjertson H, Hohner P, McSpurren K. Charities, no; lotteries, no; cash, yes:
Main effects and interactions in a Canadian incentives experiment. Public Opinion Quarterly.
1996; 60(4):542-562.

30. Flanagan S, Marvinney R, Johnston R, Yang Q, Zheng Y. Dissemination of well water arsenic
results to homeowners in Central Maine: Influences on mitigation behavior and continued risks for
exposure. Science of the Total Environment. 2015; 505:1282-1290. [PubMed: 24726512]

31. Flanagan S, Spayd S, Procopio N, et al. Arsenic in private well water Part I11: Socioeconomic
vulnerability to exposure in Maine and New Jersey. Science of the Total Environment. In Revision.

32. Lothrop N, Wilkinson ST, Verhougstraete M, et al. Home Water Treatment Habits and
Effectiveness in a Rural Arizona Community. Water. 2015; 7(3):1217-1231. [PubMed: 26120482]

33. Walker M, Benson M, Shaw WD. Significance of private water supply wells in a rural Nevada area
as a route of exposure to aqueous arsenic. Journal of water and health. 2005 Sep; 3(3):305-312.
[PubMed: 16209034]

34. Smith AE, Lincoln RA, Paulu C, et al. Assessing arsenic exposure in households using bottled
water or point-of-use treatment systems to mitigate well water contamination. The Science of the
total environment. 2016 Feb 15.544:701-710. [PubMed: 26674699]

35. Spayd SE, Robson MG, Buckley BT. Whole-house arsenic water treatment provided more effective
arsenic exposure reduction than point-of-use water treatment at New Jersey homes with arsenic in
well water. The Science of the total environment. 2015 Feb 1.505:1361-1369. [PubMed:
24975493]

Sci Total Environ. Author manuscript; available in PMC 2017 August 15.


http://www.cdc.gov/healthywater/drinking/public/water_quality.html
http://factfinder2.census.gov
http://factfinder2.census.gov

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Flanagan et al.

Page 17

Highlights

. The impact of NJ legislation on private well testing and treatment is
investigated Randomly selected well owners purchasing homes before
and after the Act were surveyed

. Without required testing only 1 of 5 wells exceeding the arsenic MCL
is identified

. Required arsenic testing reduces socioeconomic disparities, benefits
children

. To maximize PWTA benefits, more support for households after testing

is necessary
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Figure 1.
Distribution of surveyed homes purchased prior to the commencement of the PWTA (pre-

PWTA (n=502)) and those purchased after the PWTA (post-PWTA (n=168)) analyzed from
17 selected municipalities of New Jersey and rate of arsenic occurrence above the 5 pg/L
MCL within 2x2 mile areas based on PWTA testing records as of April 2014 (colored
boxes). Areas not covered by a box have no wells tested under the PWTA.
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Self-reported Behavior
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Figure 2.

Self-reported rates of testing for arsenic, finding an arsenic “problem,” and treating for
arsenic among pre-PWTA and post-PWTA households, compared with known rate (100%)
of arsenic testing among post-PWTA households (“unreported”) and the 21% of wells
estimated to be contaminated with arsenic in this area (“at risk™). There is clear evidence of
under-reporting among post-PWTA households as 100% of wells are known to have been

tested for arsenic at real estate transaction.
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Demographic characteristics of source population and survey respondents in 17 towns of New Jersey, and by
homeowners who purchased prior to the commencement of the PWTA (Pre-PWTA) and those who purchased
after commencement of the PWTA (post-PWTA).

Demographic characteristic Area population® ~ Representative pre-PWTA post-PWTA
sample (n=532) (n=392) (n=140)

Median age (years)? 51 58 61 49

Sex ratio (M/F) 49/51% 54/46% 55/45% 51/49%

Median household income® $121,095 $125,000-150,000  $100,000-125,000  $125,000-150,000

% Bachelor’s degree? 56% 71% 68% 79%

Households with children® 38% 38% 32% 60%

Living alone® 19% 8% 10% 4%

Median (Range) Years in Home - 17 (1-73) 24 (12-73) 7 (1-12)

52012 American Community Survey

bThe survey respondents were required to be at least 18 years old, the median age for the area is estimated for population >18. 25th ang 75th
percentile ages for sample are 50 and 67, respectively. Median age is significantly different between PWTA groups (p<0.001)

030% of survey respondents chose not to report income data, distribution of survey income is significantly different than general population
(p<0.01), and the distribution of income is significantly different between pre-PWTA and post-PWTA groups (p<0.01)

dCensus data is for population 25 and older only; survey respondents could have been as young as 18 but the youngest reported age was 26.
Proportions significantly different between PWTA groups (p<0.05).

61Households with children and living alone significantly different between PWTA groups (p<0.001).
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Self-reported testing history for all surveyed households and by homeowners who purchased prior to the
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commencement of the PWTA (Pre-PWTA) and those who purchased after commencement of the PWTA (post-
PWTA). Percentages reflect positive responses.

Survey Question Responses Representative  Pre-PWTA  post-PWTA
Sample Households  Households
(n=532) (n=392) (n=140)
Have you ever had your well water Yes ¥ 82% 80% 88%
tested by a lab?
No 16% 19% 10%
Don’t know 1% 1% 2%
Approximately when was your well In the last 12 months ¥ 15% 13% 20%
last tested??
Lto5yearsago ™™ 36% 32% 50%
More than 5 years ago ** 47% 54% 28%
Don’t know 2% 2% 1%
What was your water tested for the Bacteria 60% 58% 64%
last time it was tested?? — 1% 30% 53%
Hardness 42% 41% 44%
Nitrates 40% 38% 46%
Iron 40% 38% 42%
Lead™ 39% 35% 48%
Manganese 27% 26% 29%
Gross Alpha 18% 16% 23%
Other? 10% 10% 9%
Don’t know 32% 32% 34%
Has a test of your water ever showna  Hardness 32% 34% 25%
problem with any of the following?? Iron 11% 11% 13%
Arsenic ¥ 10% 4% 23%
Bacteria 9% 9% 8%
Manganese 3% 4% 2%
Nitrates 3% 3% 3%
Lead 2% 1% 2%
Gross Alpha 1% 1% 3%
Other 4% 4% 2%
Don’t know 18% 18% 19%
If your well was tested for arsenic, 5 pg/L or less 15% 14% 18%
what was the highest arsenic level
measured?@ between 5 and 10 pg/L 4% 3% 7%
between 11 and 50 ug/L 1% 1% 2%
between 51 and 100 pg/L 0% 0% 1%
greater than 100 pg/L 0% 0% 0%
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Survey Question Responses Representative  Pre-PWTA  post-PWTA
Sample Households  Households
(n=532) (n=392) (n=140)
don’t remember * 44% 41% 54%
never tested for arsenic ™ 34% 41% 18%
What are your thoughts about testing  Never thought about it ** 30% 34% 21%
your well water for arsenic?
Undecided about testing * 13% 14% 8%
Decided not needed 7% 8% 4%
Plan to test for arsenic 9% 9% 9%
Test has been completed A% 35% 59%
What are your thoughts about testing  Never thought about it 59% 59% 58%
your well for gross alpha? - -
Undecided about testing 10% 12% 5%
Decided not needed 6% 7% 4%
Plan to test for gross alpha 6% 6% 4%
Test has been completed o 19% 16% 29%
Was well tested at home purchase? Yes ** 68% 62% 86%

*
Significant at 0.05 level, difference between pre-PWTA and PWTA groups

Ak
Significant at 0.01 level, difference between pre-PWTA and PWTA groups

a . .
N=441, 314, and 123 wells reported tested, respectively among the Representative Sample, Pre-PWTA, and Post-PWTA groups.

bSuch as pH, VOCs, sulfates, copper, mercury, hydrocarbon, calcium, sodium, chloride, uranium, pesticides
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Table 5

Mean agreement with survey statements on testing among homeowners who purchased prior to the
commencement of the PWTA (Pre-PWTA, n=502) and those who purchased after commencement of the

PWTA (post-PWTA, n=168)

Survey Statement pre-PWTA  post-PWTA
(1/strongly Disagree --- 6/Strongly Agree) Mean (SD) Mean (SD)
1. Risk
a. Vulnerability
Wells in this area are at risk of being contaminated o 3.05(1.58)  3.46(1.48)
My family is at risk for drinking contaminated water * 2.39(1.48)  2.89 (1.56)
There is a considerable risk that wells in this town are contaminated with arsenic @~ 2.92 (1.46)  3.61 (1.53)
Our household is at risk of drinking arsenic-contaminated well water **a 257(1.44)  3.13(154)
b. Severity
Adverse health effects from drinking well water are overblown 3.07(1.49) 2.89(1.34)
Arsenic-related health effects are likely to be serious 457(1.39) 4.73(1.31)
The health risks from arsenic exposure are overblown 2.73(1.31) 2.68(1.36)
c. Knowledge
My well water quality can change overtime * 4.59 (1.21)  4.85(1.08)
We can be exposed to arsenic from our well water 449 (1.38) 4.64(1.44)
Years of exposure increases our arsenic-related health risks 4.80(1.30) 4.86(1.20)
Children/pregnant women especially vulnerable to arsenic-related health risks 4.78 (1.35) 4.94(1.20)
11. Attitude
a. Instrumental
Water testing results are helpful to protect the health of my family - 501(1.15)  5.28(0.90)
Regularly testing my well water is too expensive 3.91(1.64) 3.89(1.40)
Regularly testing my water takes too much time 2.63(1.39) 2.73(1.36)
| am concerned that a bad water test result will hurt my property value 3.59(1.74) 3.57(1.66)
b. Affective
| feel safer having my well tested by a lab - 4.72(1.32)  5.04(1.07)
| feel better not knowing what is in my well water € 194(1.38) 178(L.27)
111. Norms
a. Descriptive
| believe most of my neighbors regularly test their well water 2.64(1.20) 2.61(1.22)
My relatives have recently tested their well water 1.85(1.22) 1.96 (1.23)
My friends have recently tested their well water 2.16(1.32) 2.19(1.28)
I know someone with an arsenic well problem ** 182(1.56)  2.25(1.85)
b. Injunctive
I think most of my neighbors expect me to regularly test my water 1.91(1.14) 2.06 (1.18)
Local authorities have recommended I test my well water 2.68 (1.69) 2.81(1.70)
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Survey Statement pre-PWTA  post-PWTA
(1/Strongly Disagree --- 6/Strongly Agree) Mean (SD) Mean (SD)
c. Personal
| feel personally obligated to test well my water ¥ @ 3.39(1.76)  3.85(1.68)
It is my responsibility to have my water tested 492 (1.34) 5.10(1.24)
1V. Ability
a. Action Knowledge
I know who to contact to have my water tested 4,04 (1.81) 4.23(1.78)
b. Self-efficacy
Finding a well testing service is too difficult 2.71(1.51) 2.83(1.51)
| am confident | can manage regularly testing my water 458 (1.33) 4.36(1.45)
There is nothing | can do about the arsenic level in my well water 2.15(1.24) 1.99(1.18)
V. Self-regulation
a. Action Planning
I have never thought about having my well water tested *a 2.46 (1.65)  2.06 (1.40)
I plan to have my well water tested within the next year & 369 (L67) 3.95(1.61)
b. Remembering
1 would like to get my well tested, but | keep forgetting to 3.05(1.73) 3.20(1.71)
¢. Commitment
| am committed to monitoring the quality of my well water 3.94(1.52) 4.19(1.44)
I am committed to drinking safe water " 531(095) 548(0:83)

*
p<.05,

*Kk
p<.01 significant difference in PWTA group means

aAgreement is significantly predicted by PWTA status after adjusting for age and household income

Sci Total Environ. Author manuscript; available in PMC 2017 August 15.



1duosnuey Joyiny

1duosnuen Joyiny

Flanagan et al. Page 27

Table 6

Reported treatment behavior among representative sample for all surveyed households and by homeowners
who purchased prior to the commencement of the PWTA (Pre-PWTA) and those who purchased after
commencement of the PWTA (post-PWTA)

Use of treatment Full sample  pre-PWTA  post-PWTA
(n=532) (n=392) (n=140)

We don’t use any treatment > 24% 28% 12%
Pitcher or refrigerator water filter 29% 28% 34%
Treat at point of use/under sink 17% 17% 16%
Carbon filter 10% 10% 8%
Reverse osmosis 6% 5% 9%
Treat all water in the home ™™ 59% 55% 69%
Water softener 42% 40% 46%
Sediment filter 25% 24% 26%
**Granular ferric adsorption 4% 2% %
**Reverse osmosis 3% 2% 7%
Anion exchange 2% 2% 3%
Unknown type of treatment > 4% 2% %
Drink only purchased bottled water 11% 12% 10%
We treat in this way because a lab 7% 3% 19%

test for arsenic showed we needed to ™

Hk
significant difference at 0.01 level between pre-PWTA and post-PWTA groups
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Table 7

Associations (p) between demographic variables and treatment use for homeowners who purchased prior to
the commencement of the PWTA (Pre-PWTA, n=502) and those who purchased after commencement of the
PWTA (post-PWTA, n=168)

Demographic Variable Any Treatment Use

Pre-PWTA  Post-PWTA

Age -0.146 el -0.035
Years Lived in Home —0.219** 0.030
Education 0.050 -0.041
Household Income 0.214%* 0.057
Live Alone ~0.094% -0.089
Children in the Home 0.112% -0.053
*
p<0.05,
Ak
p<0.01
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Table 8

Mean agreement with survey statements on treatment for homeowners who purchased prior to the
commencement of the PWTA (Pre-PWTA, n=502) and those who purchased after commencement of the

PWTA (post-PWTA, n=168)

Survey Statement pre-PWTA  post-PWTA
(1/strongly Disagree --- 6/Strongly Agree) Mean (SD) Mean (SD)
I. Risk
My untreated water is perfectly safe to drink **2 4.87(1.42)  3.79(1.89)
The overall quality of my untreated water is good **a 4.84(L48)  4.00(L79)
I1. Attitude
a. Instrumental
Treating my water is good for my health **a 4.64(1.37)  5.19(0.98)
Treating my well water reduces my risk for disease @ 451(1.38)  4.89(1.15)
Treating my well water is too expensive 3.46 (1.62) 3.38(1.57)
Treating my water is too much hassle 3.06 (1.47)  2.99(1.41)
b. Affective
| feel safer drinking treated water *a 4.15(159)  4.88(131)
I like my untreated well water (e.g. taste, smell, looks) *a 4.83(1.59)  4.10(1.76)
111. Norms
a. Descriptive
| believe some of my neighbors treat their water @ 347(1.53)  3.87(1.40)
My relatives treat their water 2.30(1.45) 2.83(1.64)
b. Injunctive
My neighbors would expect me to treat if my water did not meet standards 3.71(1.72) 3.78 (1.66)
Local authorities would advise not to drink my water if it did not meet standards ~ 4.40 (1.59)  4.27 (1.53)
c. Personal
If my water did not meet standards | would feel a personal obligation to treat it 5.25(1.03) 5.31(0.97)
1V. Ability
a. Action Knowledge
I know where to get information about water treatment options 4.21(1.68) 4.08(1.84)
I know how to find a company to install a treatment system 454 (1.57) 4.63(1.57)
b. Self-efficacy
I am confident | could choose a water treatment system if necessary 477 (1.36)  4.56 (1.56)
| am confident | can maintain a treatment system, even if additional costs 4.66 (1.33) 4.70(1.39)

Hk
p<0.01 significant difference in group means

aAgreement is significantly predicted by PWTA status after adjusting for age and household income
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