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A B S T R A C T   

Over 43 million U.S. residents rely on private unregulated wells for their drinking water, raising public health 
concerns, particularly in regions like northern New England where widespread groundwater arsenic con-
tamination is now recognized. Children are particularly vulnerable to adverse health effects from arsenic ex-
posure. Despite AAP Guidelines, approaches to engage pediatric clinicians in promoting private well testing have 
not been previously described. We sought to determine the most effective practice approaches to achieve suc-
cessful well water testing in routine pediatric care. 12 primary care clinics were block randomized to one of four 
study arms. Two intervention variables were assessed: (1) test results access (parent only vs. parent and clinic) 
and (2) follow up approaches (yes/no). Parents of children under 12 months using a private well were eligible. 
Prepaid water tests were provided. Primary outcome was parental water test completion. Eleven clinics suc-
cessfully implemented processes identifying well users. 240 testing kits were dispensed. Completion rates 
averaged 29% (range 10 to 61%). The study arm with both clinic results access and staff follow up system was 
2.3 times more likely to achieve test completion than other arms (95% CI 1.12–4.86, p = .03). Kit distribution by 
clinicians versus nursing staff, irrespective of study arm, had 2.4 times greater completion (95% CI 1.13–5.11, 
p = .02). Systematic drinking water source screening can be improved in pediatric care. Higher testing com-
pletion was found in practices randomized to reminders and structured follow up versus single visit discussion, 
but clinician involvement was the most predictive factor.   

1. Introduction 

The exposure of children in Flint, Michigan to lead from the public 
water system has raised awareness of inequities in enforcement of ex-
isting environmental regulations and the key role of community health 
care professionals in exposure identification and advocacy (Hanna- 
Attisha et al., 2016). However, the absence of regulatory protection of 

drinking water for the over 43 million U.S. residents dependent on 
private wells (Dieter et al., 2018) is largely unrecognized by the health 
care delivery system. This disparity in environmental protection and 
the resultant public health vulnerability are exemplified in northern 
New England where 40–50% of the population relies on unregulated 
private water systems, and widespread contamination of bedrock wells 
with naturally occurring arsenic is now recognized (Ayotte et al., 2012). 
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Inorganic arsenic, a tasteless and odorless metalloid, has known can-
cerous and non-cancerous health effects (Naujokas et al., 2013) and like 
lead, poses unique health risks to children (Smith et al., 2006; Vahter, 
2008; Rahman et al., 2010). 

While the American Academy of Pediatrics (AAP) recommends 
routine periodic water testing for a range of contaminants including 
arsenic for families with children using private wells (Rogan et al., 
2009), a review of the literature found no studies that addressed 
compliance with these recommendations in clinical settings, nor spe-
cific strategies for promoting this screening activity as part of routine 
pediatric preventive care. In 2014, NH added specific questions re-
garding drinking water source and arsenic testing to the annual U.S. 
Centers for Disease Control and Prevention (CDC) Behavioral Risk 
Factor Surveillance Survey. Over forty percent of respondents com-
prising a representative sample of NH residents indicated they used a 
private well, with 56% reporting no testing for arsenic in the prior three 
years and 15% reporting never having tested their well for arsenic (NH 
Private Well Water Summary, 2015). Given the high regional pre-
valence of private wells, low compliance with periodic testing (Malecki 
et al., 2017), and the potential health risks from exposure to arsenic in 
drinking water, we engaged regional pediatric clinicians in a primary 
care initiative to promote well water testing in their practices and de-
termine the most effective approach to achieve successful water test 
completion. We conducted the study within the Dartmouth CO-OP 
Primary Care Practice-based Research Network (Dartmouth CO-OP), a 
250-member voluntary research organization of primary care practi-
tioners located in the states of Vermont, New Hampshire and Maine 
with whom we have successfully engaged in previous intervention 
studies (Glowa et al., 2016; Olson et al., 2009). 

2. Patients and methods 

2.1. Setting 

A total of twelve practices were recruited from the Dartmouth CO- 
OP network in New Hampshire (NH) and Vermont (VT). To raise 
awareness of arsenic groundwater contamination and stimulate interest 
in study participation, we first created a GIS map to visually represent 
all Dartmouth CO-OP clinic locations in relation to U.S. Geological 
Survey (USGS) probability estimates of groundwater arsenic exceeding 
5 mcg/L (Fig. 1). We sought practices that likely served a higher pro-
portion of patients dependent on private wells for drinking water. The 
pediatric (n = 9) and family medicine (n = 3) practices selected were 
primarily rural and varied in size from 3 to 8 full time equivalent 
clinicians. Clinicians included physicians, nurse practitioners, and 
physician assistants. Reflecting the underlying demographics of 
northern New England, patient populations served by these clinics were 
predominantly (> 90%) white and English-speaking. 

2.2. Study design 

The interventions used for our study were designed to integrate 
clinician and staff education with new resources to enhance both 
screening for private well contamination and counseling about arsenic 
exposure, with the overall goal of optimizing parental completion of 
well water testing. Practice approaches used for our intervention study 
were conceptualized from current pediatric approaches related to 
fluoride and lead screening. Fluoride supplementation needs are based 
on the fluoride status of the individual child’s drinking water. After 
counseling, this process entails the parent being asked to test their 
private well for fluoride, with the responsibility for requesting the 
water test, with receipt and interpretation of testing results resting so-
lely on the parent. Office follow up methods were derived from ob-
servations in primary care of 1) fluoride drinking water assessment 
where follow up did not occur or was an ad hoc inquiry at later visits, 

and 2) blood lead screening procedures that require test ordering, 
completion and appropriate follow up by clinician or staff. 

We compared the effectiveness of practice implementation ap-
proaches to promote well water screening that varied by two factors; 1) 
who received the screening results, and 2) follow up method. The first 
factor tested differences in testing completion when water analysis re-
sults were provided solely to the parent versus analysis results provided 
to both parent and clinical practice (Parent only vs. Parent and Clinic). 
The second factor tested the effectiveness of different levels of after- 
visit parental reminders to complete testing versus no systematic 
follow-up reminders (No Follow up vs. Follow up). Thus, there were 4 
combinations of interventions used. 

Individual practices were blindly randomized to one of four blocks 
and then these four blocks were blindly randomized to one of the four 
intervention arms. The office had no direct access to test results in the 
Parent only/Follow up arm, thus the parent received clinician re-
minders at their next visit, but not the more systematic approach by 
clinic staff provided in the Parent and Clinic/ Follow up arm. The four 
arms of the intervention also varied in the level of clinical practice 
change required, with the Parent only with No Follow up arm involving 
the least change in practice procedures and the Parent & Clinic with 
Follow Up arm requiring the most practice change and staff resources. 
The Parent only approach is similar to what is typically used with 
drinking water testing for fluoride. The Parent and Clinic approach is 
similar to procedures for completion of blood lead testing. A summary 
of the intervention components in each arm is provided in Table 1. 

All clinicians and staff at all participating practices also received an 
on-site one-hour educational session that included an assessment of 
current knowledge and practice related to well water testing. Session 
content included education about health-related drinking water con-
taminants, the absence of regulatory protection of private wells, the 
high regional prevalence of arsenic groundwater contamination, and 
the potential pediatric health effects of exposure to arsenic and other 
water contaminants. (Training materials available upon request.) All 
practices were provided counseling messages, exam and waiting room 
posters, and informational resources for use if water testing revealed 
the presence of contamination. Materials were aimed at simplifying the 
process of well testing and providing guidance if subsequent action was 
needed (i.e., if an elevated arsenic level or other contaminant was de-
tected via testing). These resources were developed with input from NH 
and VT state public health authorities and included contacts to agency 
personnel in the event of test result concerns. 

Practices were instructed to perform an initial parental inquiry 
about the source of household drinking water as part of all preventive 
health visits of children less than one year of age. Those parents in-
dicating private well use were then counseled about potential exposure 
to arsenic from well water and the importance of well water testing. 
The parents of children who identified a private well as their primary 
drinking water source and who had not tested their well in the prior 
year were eligible to participate. After obtaining informed consent, the 
parents were provided free water testing kits that encompassed a basic 
panel of drinking water contaminants consistent with recommendations 
of the NH and VT state health departments and the AAP for households 
with private wells (Rogan et al., 2009; AAP Council on Environmental 
Health et al., 2019). This included testing for nitrates, nitrites, fluoride, 
coliforms, Escherichia coli (E. coli) and arsenic. A pre-addressed, postage 
paid overnight mailer was provided for shipping water testing kits. 
Testing kits were identified by an assigned number to protect well 
owner identity. The research office received all water testing results 
from the accredited laboratory, matched test number to subject, and 
then distributed results by mail to parents and by facsimile to office 
sites per the randomization protocol. In the case of abnormal test re-
sults, written interpretation and specific guidance were provided to 
parents along with the results. 
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Fig. 1. Locations of participating practices in NH and VT, with estimated probability of arsenic exceeding 5 mcg/L in groundwater, based on the model in Ayotte 
et al. (2006). Map in Fig. 1 courtesy Jonathan W. Chipman, Citrin GIS/Applied Spatial Analysis Lab, Dartmouth College. 

Table 1 
Intervention components for each of 4 study arms; Access to Results vs. Follow-up After Visit.1       

Access to Well Water Testing Results 

Parent Only Parent and Clinic  

Follow-up after visit No planned follow- 
up 

Parent mailed results and guide to interpret 
Single visit discussion 
PARENT ONLY with 
NO FOLLOW-UP 

Parent mailed results and guide to interpret 
Results faxed to clinic 
Single visit discussion 
No specific follow-up system, follow up of results 
determined by individual clinician 
PARENT and CLINIC with 
NO FOLLOW-UP 

Office follow-up Parent mailed results and guide to interpret 
Clinician inquiry about test results at next well child visit within 
2 months, encourage testing if not yet done 
PARENT ONLY with FOLLOW-UP 

Parent mailed results and guide to interpret 
Results faxed to clinic 
Designated staff to monitor if testing done, contact family if 
positive or testing not done 
PARENT and CLINIC with 
FOLLOW-UP 

1 All clinical sites were provided initial advice and received information/resources to respond to parental questions about well testing and guidance if positive test 
results received, including state-specific web sites regarding well water arsenic and remediation.  
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2.3. Data collection 

Prior to initiation of the study, a retrospective medical record re-
view of 30 consecutive pediatric preventive care visits was performed at 
each practice to assess for baseline documentation of drinking water 
source, and when applicable, advice about well water testing. Data on 
staff roles and workflow initiated to provide water test kits, and the 
follow up systems established were collected at each practice. From this 
we determined whether the clinician or their nursing staff directly 
provided the water testing kits to the parent. This study was reviewed 
and approved by the Committee for Protection of Human Subjects 
(CPHS) at Dartmouth College. 

2.4. Data analysis 

We assessed the variables related to the factorial study design for 
relationships with the main outcome (water kit returned) using mixed 
effects models, controlling for block randomization by study site by 
treating it as a random effect. Variables assessed under this model as-
sumption, individually and in combination, were clinic follow up and 
receipt of test results by parent only versus both parent and clinic. For 
our primary outcome, water kit returned in each arm in our factorial 
study, we again used mixed effects models using the R package “lme4” 
(version 1.1–10) (Bates et al., 2015) and also completed a logistic re-
gression model. Results were similar between models, so we report on 
the logistic regression model for the main effect. Post-hoc analyses 
using logistic regression evaluated kit return by type of staff dispensing 
the test kit (clinician vs. nursing staff). From the models, the estimated 
proportion of water tests completed for each of the study arms was 
calculated. All statistical analyses were completed in R studio (version 
0.99.486, R version 3.2.2) (RStudio Team, 2015). 

3. Results 

At baseline, from chart audits in each participating clinic, drinking 
water source was documented in only 18% of preventive care visits. For 
those families identified as private well users, specific water testing 
recommendations were present in fewer than 10%, and these were fo-
cused on fluoride only. None of the practices addressed well water 
testing for other water contaminants, including arsenic. 

One of the 12 practices (Parent and Clinic with No Follow Up arm) 
dropped out of the study due to unfilled key nursing staff positions, 
leaving 11 practices in the final analyses. The remaining practices 
screened for drinking water source at preventive care visits for children 
under age 1 and dispensed kits to eligible consented households for 
3 months. A total of 240 kits were provided to parents from all practices 
combined. Parental completion of water testing varied by practice and 
ranged from 10% to 61% of kits dispensed with an overall completion 
rate of 29%. Table 2 shows the water testing completion rates and test 
results by study arm. The proportion that found elevated arsenic levels 
above the U.S. Environmental Protection Agency (EPA) regulatory limit 

(> 10 mcg/l) was 14.3% (n = 10) and was consistent with USGS es-
timates of well water arsenic contamination of 10–20% in our region 
(Ayotte et al., 2012). 

In our analyses, there was no statistically significant difference in 
water testing completion between the Parent only (26.7%) and Parent & 
Clinic (31.7%) access to water test result arms (OR of returning kit 1.17, 
95% CI 0.49–2.8, p = .76). We did detect differences in water testing 
completion by Follow up versus no Follow-up. Practices where follow- 
up occurred achieved a 37.2% completion rate whereas practices 
without follow up had a 22% completion rate (OR 2.22, 95% CI 
1.03–4.78, p = .04). Practices with both implementation factors (water 
test results to both the parent and clinic and with follow-up) had the 
highest rate of water test completion of 45.1%. Our main effect model 
found that in practices with this combination of clinic access to results 
and a tracking system, the odds that parents would complete water 
testing were 2.3 times greater than in practices without these inter-
vention strategies (95% CI 1.12–4.86, p = .03). (Table 3). Because of 
substantial variation in whom the practice had dispense the water kits, 
a post-hoc logistic regression model including member of the practice 
who distributed the testing kit was performed (Table 4). In this logistic 
regression model, while the clinic test access with staff tracking was still 
the arm with the most impact, kit distribution by the clinician (versus 
nursing staff) was the only statistically significant predictor of parental 
completion of water testing (OR 2.40, 95% CI 1.13–5.11, p = .02). 
There was no interaction effect between study arm and staff distribu-
tion method. 

4. Discussion 

4.1. Main findings 

This study is unique in that it evaluated different primary care im-
plementation approaches aimed at influencing parental compliance 
with testing of their private well, an activity that traditionally has fallen 
on the public health system with limited success given the absence of 
regulatory authority. All clinical sites in this study were able to im-
plement a screening system to identify families using private wells. 
While there was a wide variation in test completion across the study 
arms (17.2%–45.1%), the average rate of 29.1% was on par with results 
achieved with extensive community-based well water testing promo-
tion efforts that did not use prepaid kits (Zheng and Flanagan, 2017), 
suggesting that other parental barriers to water test completion need to 
be identified. While the overall well testing completion rate was lower 
than expected, all participating practices successfully implemented a 
system to identify private well users, which occurred infrequently prior 
to the intervention study and without consistent well testing re-
commendations. A key component likely to improve test completion 
across sites was our practice-wide training at all participating sites to 
heighten clinician and staff awareness of the previously under-re-
cognized public health risk of arsenic and the potential health impact 
on children in their practice. Another important aspect of this program 

Table 2 
Proportion of parents completing well water testing and water test results.          

Intervention 
Access/Follow- Up 

Testing kits 
Dispensed 
N 

Water testing done 
N (%) 

Abnormal test results 
N (%)  

> 10 mcg/L 
Arsenic 
N (%) 

ColiformsaN (%) 

Proportion of completed tests  

Parent Only with No Planned Follow-up −/− 69 18 (26.1%) 8 (44.4%) 5 3 
Parent Only with Office Follow-up −/+ 51 14 (27.4%) 4 (28.6%) 1 3 
Parent and Clinic with No Planned Follow-up +/− 28 10 (17.2%) 2 (20.0%) 0 2 
Parent and Clinic with Office Follow-up +/+ 62 28 (45.1%) 6 (21.4%) 4 2 
Totals (%)  240 70 (29.1%) 20 (28.5%) 10 (14.3%) 10 (14.3%) 

a 1(10%) of Coliform positives was also positive for E. coli.  
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was that the public health agencies in both states (NH and VT) provided 
input into practice-based informational materials and provided direct 
access to agency personnel in the event of test result concerns- an ex-
ample of a unique public health-health care partnership to address a 
shared health concern. 

An unexpected finding was the dominant influence on completion 
rates when the clinician dispensed the testing kit to the parent. While 
other staff members may have provided the education, having the 
clinician dispense the testing kit to the parent was likely to have served 
as a stronger endorsement of well water testing. Thus, our study in-
forms us that an activated practice with clinician and staff education 
combined with an active clinician role in providing testing kits is im-
portant beyond the factors of who receives the test results or follow up 
methods. This aspect of our intervention merits further study on a 
larger scale. 

In the environmental public health literature, lack of concern about 
water quality, confusion about what contaminants to test for, difficul-
ties with lab access, and financial cost of testing have been cited as 
reasons for poor compliance with recommended periodic private well 
testing (Chappells et al., 2015; Flanagan et al., 2015; Munene et al., 
2020; Imgrund et al., 2011). Testing prices vary depending on the tests 
selected, with a typical basic panel ranging in cost from $60- $100 and 
arsenic testing alone costing $15- $30. In our study, the use of prepaid 
standardized testing kits with prepaid mailing removed the barriers of 
parental confusion regarding test selection and the costs of testing and 
shipping. Following conclusion of the intervention study, practices 
were offered customized water testing kits supplied by the NH state 
public health laboratory, which included an option for an “arsenic 
only” test of $15.00 as well as the more comprehensive standard ana-
lysis for $85 to help sustain the engagement of these practices in 
drinking water source screening and well water testing promotion. 

4.2. Limitations 

This study had several limitations. First, it is a small randomized 
controlled intervention study in a predominantly rural region with a 
high prevalence of private well users, and a predominantly non- 
Hispanic white population. Still, our results would be applicable to 
other regions where patients obtain their drinking water from non- 
regulated sources. Our study design did not include descriptive data of 
families in the study, which limited analysis of individual factors that 
may have influenced test completion. While we utilized a two by two 
factorial randomized design, we had to make modifications to imple-
ment four arms that were realistic approaches in a clinical setting. Thus, 
follow up clinician inquiry at the next well child visit was used instead 
of research staff tracking results and contacting parents in the Parent 

Only/Follow up arm. In the absence of data on the number of eligible 
private well users at each practice, testing rates could not be calculated. 
Our study design also deliberately allowed each practice to customize 
their approach to water source screening, parental education and dis-
pensing of testing kits based on their practice style and workforce. We 
were unable to study the actual content or delivery of counseling within 
the practice setting, although all practices were provided identical re-
sources and talking points about the importance of private well testing 
for their child’s health. 

5. Conclusion 

This study is an example of integration into the pediatric outpatient 
setting of a screening process to identify household drinking water 
source and promote comprehensive well water testing which, aside 
from fluoride assessment, has traditionally been viewed as more of a 
public health responsibility. Simply routinely asking the question in the 
clinical setting, “Have you had your well water tested?” serves as an 
endorsement of the importance of environmental health determinants 
within a primary care practice, which appeared to be amplified when 
the clinician had an active role in provision of the well water testing kit. 
Future studies should explore the role of clinical information systems to 
systematize the identification of drinking water source and testing re-
minders to promote parental action to assure “healthy water” in their 
household. Jointly identifying and addressing barriers to water test 
completion with public health partners is crucial to a water testing 
program, as illustrated by a recent healthcare system and health de-
partment partnership to promote well water testing in a region of New 
Jersey known to be a hot spot for natural arsenic contamination 
(Flanagan et al., 2020). 

This disparity in drinking water safety between regulated public 
water systems and private wells would ideally be addressed by uni-
versal screening requirements (Zheng and Flanagan, 2017). However, 
the absence of federal regulatory authority and the lack of consistent 
state and local governmental policies to ensure regular screening of 
private wells underscores the important role of the “medical home” in 
patient education. In this era of increasing threats to our sources of 
drinking water and heightened awareness of water quality and human 
health, we recommend continued collaborative efforts between public 
health entities and primary care to address important environmental 
health determinants in our communities of practice. 
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Table 3 
Logistic Regression of Intervention model to enhance well water testing completion.       

Study Arm Intervention: Access/Follow Up Odds Ratio 95% CI p Value  

Parent Only with No Planned Follow-up −/−  1.00   
Parent Only with Office Follow-up −/+  1.07 0.47–2.43  0.09 
Parent & Clinic with No Planned Follow-up +/−  0.59 0.25–1.41  0.23 
Parent & Clinic with Office Follow-up +/+  2.33 1.12–4.86  0.03 

Table 4 
Logistic Regression of the predictors of well water test completion.      

Study Arm Odds Ratio 95% CI p Value  

Parent Only with No Planned Follow-up  1.00   
Parent Only with Office Follow-up  1.07 0.48–2.52  0.83 
Parent and Clinic with No Planned Follow-up  0.90 0.34–2.37  0.84 
Parent and Clinic with Office Follow-up  1.61 0.72–3.58  0.24 
Provider dispensed test kit to parent  2.40 1.13–5.11  0.02 
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