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Abstract

Chronic arsenic exposure is associated with adverse health outcomes, and early life exposure

is particularly damaging. Households with pregnant people and young children drinking from
unregulated wells in arsenic-prevalent regions are therefore a public health priority for outreach
and intervention. A partnership between Columbia University, New Jersey government partners,
and Hunterdon Healthcare has informed Hunterdon County residents of the risks faced from
drinking arsenic-contaminated water and offered free well testing through a practice-based water
test kit distribution and an online patient portal outreach. Encouraged by those successes,
Hunterdon Healthcare incorporated questions about drinking water source and arsenic testing
history into the electronic medical record (EMR) template used by most primary care practices in
Hunterdon County. The new EMR fields allow for additional targeting of risk-based outreach
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and water test Kit distribution, offering promising new opportunities for public health and
environmental medicine outreach, surveillance, and research.
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Introduction

Domestic well water in the United States remains excluded from protections under the
federal Safe Drinking Water Act. A thin patchwork of local and state laws have emerged

to fill this longstanding regulatory gap, although most of the 45 million Americans relying
on private wells for drinking water remains unprotected.! Consequently, residents relying
on domestic wells in most places must be aware, willing, and able to take the range of
protective actions required — from testing to treatment to maintenance of treatment systems
— to ensure their water is safe from common microbiological and chemical contaminants.Z4
Arsenic is frequently naturally occurring in groundwater® and chronic exposure is of
particular public health concern because of its strong associations with numerous adverse
cardiovascular, cancer, and developmental effects.%7 Early life exposure can be particularly
damaging and households with pregnancies and young children are a priority group for
public health outreach about well testing, the first step towards reducing exposure.

In New Jersey, a pioneering state law requiring testing during real estate transactions since
2002 has identified arsenic as one of the most frequent contaminants of domestic well
water.8 In Hunterdon County, NJ, this is a serious public health concern as high dependence
on domestic wells for drinking water coincides with widespread contamination due to local
geology.® Over 16% of wells in the county exceed the state standard (5 pg/L), including up
to 70% in some municipalities.10

Public-private collaboration for environmental public health

Through a Superfund Research Program (SRP) on the health effects and geochemistry of
arsenic, Columbia University developed strong ties to New Jersey government partners
through longstanding collaborations investigating barriers to private well testing and
treatment and testing community outreach strategies. This partnership expanded in 2016

to include Hunterdon Healthcare, the primary medical system in the county, to leverage
healthcare providers as trusted messengers and offer patients with private wells free drinking
water tests for arsenic. The original effort included offering free water test kits through
medical practice-based distribution and online through patient portal messages, promoted by
a public multimedia campaign to reach families with pregnant individuals and children in
areas most at risk of arsenic contamination.11

Encouraged by these successes in reaching households at risk, Hunterdon Healthcare has
since incorporated two questions about drinking water source and well arsenic testing
history into the pediatric and adult templates of the electronic medical record (EMR) used

J Public Health Manag Pract. Author manuscript; available in PMC 2025 June 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flanagan et al.

Page 3

by most primary care practices in the county. When patients report having a private well
that has not been tested for arsenic, clinicians now have the option to print off copies

of an “Arsenic in New Jersey” infographic, key facts sheet, or a “baby brochure” about
the health effects of water contaminants and the importance of testing drinking water
(see supplemental content). The new EMR fields also allow for more targeted risk-based
outreach to Hunterdon Healthcare patients without relying on clinicians to independently
identify households at risk and were the impetus for the latest effort reported here.

Patient portal outreach

Similar to the patient portal message campaign reported previously,!1 a new arsenic testing
offer was sent out to 546 Hunterdon Healthcare patients through the online portal in April
2021, again to coincide with Earth Day. This time patients were selected specifically based
on the new EMR fields about drinking source and arsenic testing history. Eligibility for

the testing offer was determined based on individuals in the EMR who reported having a
private well that has not been tested for arsenic and lived in a zip code with known arsenic
contamination based on available state data.10 Eligible recipients received a generic email
notification to check their portal inbox; they had to actively log in to the platform to see the
subject and content of the message, which included brief information about the local risks
of arsenic in well water, the opportunity for free and confidential testing, and that affordable
treatment systems are available in the case their water has elevated levels of arsenic. Less
than 20% of recipients (n=101) actually opened the message to see the testing offer, which
is consistent with the original portal message blast from 2018.11 Patients who read the
message were provided with a link to request a free test kit by mail. All test kits included
two small sampling vials, gloves, and a pre-paid return package to Columbia University’s
lab. Participants received full test results for their samples including additional guidance on
next steps if their water exceeded the drinking water standard for arsenic or any other tested
parameter.

Direct mail outreach

Results

Given the low opening rate of portal messages, test Kits were provided in bulk to Hunterdon
Healthcare to be directly mailed to the remaining 445 patients that had not seen the portal
message but were known from the EMR to have an untested private well at home. The kits
mailed by Hunterdon Healthcare included a note on their letterhead explaining the water
testing collaboration and why the package was mailed to them unsolicited. The Columbia
University researchers did not have access to patient identity information during the outreach
process and so were not able to conduct any follow up with those who were mailed a test kit
but did not submit water samples.

Of 101 portal messages opened within the first month (Figure 1), 51 (50%) requests for

test Kits were submitted through the online form. Of the 51 test kits mailed out, 35 (69%)
were returned to the laboratory within the requested time period, resulting in a participation
rate of 35% among message recipients. Of the approximately 445 kits mailed out directly to
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patients, 117 were returned with samples within the requested period, a participation rate of
over 26%.

In total, 152 of the 546 targeted private wells previously untested for arsenic were screened
through this outreach effort, an overall participation rate of 28%. Among screened wells, 17
(11.2%) were found to have concentrations of arsenic exceeding 5 pg/L, with a maximum
concentration measured of 20.4 pg/L. Another 9% of wells had arsenic concentrations
between 3 and 5 pg/L, levels at which annual testing for arsenic is recommended given
temporal variability.12

Implications for Policy and Practice

. Environmental health risks such as drinking water contamination can be easily
overlooked by primary health care systems that lack insight into individual
vulnerability and exposure.

. Partnerships with medical systems allow for targeting public health messaging
to individuals and families based on known geographic (e.g., residence in
a high-arsenic zip code), and biological (e.g., pregnancy or young children)
vulnerabilities.

. Incorporating fields on drinking water source and testing history into electronic
medical records in areas of high reliance on private water supply facilitates
ongoing risk-targeted outreach, both in-person by healthcare providers and
through online patient portals.

Discussion and Conclusion

The new EMR records allowed for targeting outreach to households at high risk of drinking
arsenic-contaminated water — based on their location, water source, and testing history,

and alerted 31 families of arsenic levels that exceed or are at risk of exceeding the state
maximum contaminant level. Whereas our original large-scale portal campaign had resulted
in about 12% of opened messages converting into a kit request,! targeting based on specific
private well and testing status resulted in a 50% conversion rate to a kit request, suggesting
this may be a promising outreach strategy once more patients have completed these fields
in the EMR. However, the low opening rate is a limitation of the portal message system,
since by design patients are not able to tell from their email notification what they are being
contacted for. As this platform is leveraged more widely for communication purposes it is
possible that engagement increases as people are more comfortable with the system, but it
is also possible that such notifications are more easily ignored unless they become more
specific.

Given the small remaining sample of eligible participants for this project, we were able to
boost testing participation by directly mailing test kits to those who were otherwise unaware
of this opportunity due to missing the portal message. Although overall engagement with
the testing offer was lower than desired, the combination of targeting based on relevance
(have an untested well, live in an at risk area) and a trusted messenger (healthcare provider)
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likely helped to boost participation to more than double that of alternative cold outreach
strategies,13 and can be more cost-effective for screening wells than blanket outreach when
resources are limited. Recommendation by a clinician during an in-person meeting could

be more effective for the distribution of water sampling kits and effective screening.14
However, we previously observed that competing priorities for attention during brief patient
interactions makes it difficult to rely on healthcare providers to be the primary screeners and
messengers of risk.1 An updated EMR system that makes it easier for clinicians and health
systems to identify patients at risk and that reminds and gives clear guidance, including how
to link patients to relevant public testing programs, should help to reduce some of those
obstacles and improve the sustainability of such efforts going forward.

Despite ongoing interest to integrate environmental health and electronic information for
public health work,1® EMR systems that capture individual environmental health risk

factors are still rare. Yet they can provide the foundation for many other promising public
health research, surveillance, and outreach opportunities relevant to persistent challenges in
environmental medicine as well as the growing challenges for communities posed by climate
change.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

We thank Hunterdon Healthcare Partners and its medical practices for continued support of this public health
collaboration, and in particular former Chief Medical Officer Geralyn Prosswimmer. We thank the New Jersey
Department of Environmental Protection for their active engagement in this work and in particular the support
of Nick Procopio. We thank Joseph Graziano of Columbia University’s Mailman School of Public Health for
Columbia’s Superfund Research Program’s initial support of these activities with Hunterdon Healthcare and we
thank James Ross of Lamont-Doherty Earth Observatory for facilitating ICP-MS analysis of the water samples.

Funding:
The project was supported by Cooperative Agreement Number NUE2EH001326, funded by the Centers for Disease
Control and Prevention. Additional support was provided by the U.S. National Institute of Environmental health
Sciences (NIEHS) Superfund Research Program P42 ES010349 and P42 ES033719 and P30 Center Program ES
009089.

References

1. Zheng Y, Flanagan SV. The Case for Universal Screening of Private Well Water Quality in the
U.S. and Testing Requirements to Achieve It: Evidence from Arsenic. Environ Health Perspect.
2017;125(8):085002. [PubMed: 28893720]

2. Flanagan SV, Gleason JA, Spayd SE, et al. Health protective behavior following required arsenic
testing under the New Jersey Private Well Testing Act. Int J Hyg Environ Health. 2018;221(6):929—
940. [PubMed: 29884571]

3. Flanagan SV, Marvinney RG, Zheng Y. Influences on domestic well water testing behavior
in a Central Maine area with frequent groundwater arsenic occurrence. Sci Total Environ.
2015;505:1274-1281. [PubMed: 24875279]

4. Malecki KMC, Schultz AA, Severtson DJ, Anderson HA, VanDerslice JA. Private-well
stewardship among a general population based sample of private well-owners. Sci Total Environ.
2017;601-602:1533-1543. [PubMed: 28605871]

J Public Health Manag Pract. Author manuscript; available in PMC 2025 June 12.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Flanagan et al.

10.
11.

12.

13.

14.

15.

Page 6

. Ayotte JD, Medalie L, Qi SL, Backer LC, Nolan BT. Estimating the High-Arsenic Domestic-Well

Population in the Conterminous United States. Environ Sci Technol. 2017;51(21):12443-12454.
[PubMed: 29043784]

. Council NR. Critical Aspects of EPA's IRIS Assessment of Inorganic Arsenic: Interim Report.

Washington, DC: The National Academies Press;2014.

. Lamas GA, Bhatnagar A, Jones MR, et al. Contaminant Metals as Cardiovascular Risk

Factors: A Scientific Statement From the American Heart Association. J Am Heart Assoc.
2023;12(13):2029852. [PubMed: 37306302]

. Flanagan SV, Zheng Y. Comparative case study of legislative attempts to require private well testing

in New Jersey and Maine. Environmental Science & Policy. 2018;85:40-46.

. Serfes ME, Spayd SE, Herman GC. Arsenic Occurrence, Sources, Mobilization, and Transport in

Groundwater in the Newark Basin of New Jersey. In: O'Day PA, Vlassopoulos D, Meng X, Benning
LG, eds. Advances In Arsenic Research. American Chemical Society; 2005:175-190.

NJDEP. NJ Provate Well Testing Act Data Summary. Published 2022. Accessed March 27, 2023.

Flanagan SV, Braman S, Puelle R, et al. Leveraging Health Care Communication Channels for
Environmental Health Outreach in New Jersey. J Public Health Manag Pract. 2020.

Mailloux BJ, Procopio NA, Bakker M, et al. Recommended Sampling Intervals for Arsenic in
Private Wells. Ground Water. 2021;59(1):80-89. [PubMed: 32483831]

Flanagan SV, Procopio NA, Spayd SE, Gleason JA, Zheng Y. Improve private well testing outreach
efficiency by targeting households based on proximity to a high arsenic well. Sci Total Environ.
2020;738:139689. [PubMed: 32559486]

Adachi-Mejia AM, Murray CJ, Karagas MR. "If providers had recommended it, we would have
had it tested": rural mothers' perspectives on barriers and facilitators to testing arsenic in their well
water. Journal of Environmental Health. 2019;82(3):26-32.

Association of State and Territorial Health Officials. Integrating Health and Electronic Health
Information Using GIS Tools. https://www.astho.org/globalassets/brief/integrating-environmental-
health-and-electronic-health-information-using-gis-tools.pdf2022

J Public Health Manag Pract. Author manuscript; available in PMC 2025 June 12.


https://www.astho.org/globalassets/brief/integrating-environmental-health-and-electronic-health-information-using-gis-tools.pdf2022
https://www.astho.org/globalassets/brief/integrating-environmental-health-and-electronic-health-information-using-gis-tools.pdf2022

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Flanagan et al.

546

targeted portal
messages

Figure 1:

Page 7

17
wells exceed
MCL

101 51 35
opened test kits »  samples
messages requested submitted
445 445 17
unopened testkits | | samples
messages directly submitted
mailed

Overview of outreach efforts and participation. MCL=Maximum Contaminant Level (5 ug/L

arsenic)

J Public Health Manag Pract. Author manuscript; available in PMC 2025 June 12.



	Abstract
	Introduction
	Public-private collaboration for environmental public health
	Patient portal outreach
	Direct mail outreach
	Results
	Implications for Policy and Practice
	Discussion and Conclusion
	References
	Figure 1:

