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in Texas”

An augmented synthetic control method analysis of data from a population-based

birth defects registry

Direct potable reuse (DPR) is the process of reintroducing
highly purified wastewater, often blended with water from
other sources, into the drinking water supply.! DPR can help
meet potable water demand in arid regions and represents
a significant step toward sustainable water resource manage-
ment.? The first DPR system in the United States opened in Big
Spring, Texas in May 2013. Additional jurisdictions have since
approved DPR, indicative of a trend toward its wider adoption
across Western states. As noted by Dr. Gerrity and colleagues,
microbiological and toxicological assessments indicate that this
reclaimed wastewater can satisfy current regulatory standards,
and, indeed, is often less polluted than other source waters.!
That said, there have not been epidemiological assessments of
health outcomes in populations whose water supplies are sup-
plemented by DPR.

In the present study, we evaluated congenital anomalies, com-
mon adverse pregnancy outcomes that have been associated
with drinking water contaminants including arsenic, nitrates,
and disinfection byproducts.** Our primary analysis indicated
no statistically significant increase or decrease in the birth prev-
alence of congenital anomalies following the implementation of
DPR. Though encouraging, our finding is subject to important
caveats, which we discuss here.

First, though we found no change in the prevalence of all
monitored congenital anomalies combined, readers should bear
in mind that this analysis combined many phenotypes with
distinct etiologies. To address this heterogeneity, we conducted
secondary analyses evaluating two prevalent categories of anom-
alies: congenital heart disease (CHD) and neural tube defects.
Of potential concern, we observed consistently positive point
estimates in our analysis of CHD. Permutation tests in which
other, randomly chosen counties were treated as exposed indi-
cated that such a change was unlikely to occur by chance, being
observed in <2% of simulations. This finding, not addressed in
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the correspondence by Dr. Gerrity and colleagues, is insufficient
to establish a link between DPR and CHD but is suggestive of
the need for further research.

Second, as noted, we did not measure individual water use,
though this will be important in future, prospective assessments
as public response to DPR has been mixed.® It is unknown
whether or how community members who find DPR unac-
ceptable may change their water consumption patterns upon
its implementation, but there is anecdotal evidence that this
occurred in Texas.” Such behavior change represents an alter-
native mechanism by which DPR may impact public health
because replacing or supplementing tap water with water from
sources that are not subject to the same monitoring and report-
ing requirements, such as private wells, could increase exposure
to contaminants of (emerging) concern. We argue that charac-
terizing the public response to DPR is necessary to understand
its health effects at the population level.

Finally, we note that our failure to reject the null hypoth-
esis (no change in prevalence of congenital anomalies) does
not imply that it is true,® and caution against the representa-
tion of findings from this single study as a “persuasively null
result.” While our study does not provide evidence that DPR
is harmful, neither is it sufficient to demonstrate its safety. We
cannot draw general conclusions from a single study; rather,
we would need a distribution of studies providing consistent
estimates across diverse populations that may exhibit hetero-
geneity in the effects of DPR on CHD. Indeed, future stud-
ies may demonstrate that DPR is associated with improved
health outcomes—a plausible outcome given the available
microbiological and toxicological data. At the time of this
writing, however, the paucity of real-world data in combi-
nation with our finding concerning CHD argues strongly for
additional epidemiologic studies. As gestation represents a
vulnerable window for exposure to environmental toxicants,
we advocate particularly for the evaluation of pregnancy and
birth outcomes.

Conflicts of interest statement

M.O.G. previously owned shares in a water sector mutual fund
(FLOWX) that he has divested. All other authors declare that
they have no conflicts of interest with regard to the content of
this report.

Jeremy M. Schraw'2>* Kara E. Rudolph®®,

Matthew O. Gribble(“¢

*Center for Epidemiology and Population Health, Department
of Pediatrics, Baylor College of Medicine, Houston, Texas;
"Department of Epidemiology, Mailman School of Public
Health, Columbia University, New York City, New York; and
School of Medicine, University of California San Francisco,
San Francisco, California


https://orcid.org/0000-0002-6674-9562
https://orcid.org/0000-0002-9417-7960
https://orcid.org/0000-0002-1614-2981
mailto:jeremy.schraw@bcm.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Schraw et al. ® Environmental Epidemiology (2024) 8:e347

References

1.

Soller JA, Eftim SE, Nappier SP. Comparison of predicted micro-
biological human health risks associated with de facto, indirect,
and direct potable water reuse. Environ Sci Technol. 2019;53:
13382-13389.

Arnold RG, Saez AE, Snyder S, et al. Direct potable reuse of reclaimed
wastewater: it is time for a rational discussion. Rev Environ Health.
2012;27:197-206.

Steinle-Darling E, Salveson A, Sutherland J, et al. Direct potable reuse
monitoring: testing water quality in a municipal wastewater efflu-
ent treated to drinking water standards. Austin, TX: Texas Water
Development Board; 2016.

Environmental Epidemiology

Brender JD, Weyer PJ. Agricultural compounds in water and birth
defects. Curr Environ Health Rep. 2016;3:144-152.

Colman J, Rice GE, Wright JM, et al. Identification of developmentally
toxic drinking water disinfection byproducts and evaluation of data rel-
evant to mode of action. Toxicol Appl Pharmacol. 2011;254:100-126.
Moesker K, Pesch U, Doorn N. Public acceptance in direct potable water
reuse: a call for incorporating responsible research and innovation. |
Responsible Innov. 2024;11. doi:10.1080/23299460.2024.2304382.
Cabrera K. From toilet to tap: how big spring fights the effects of
drought. Texas Standard; 2018.

Greenland S, Senn SJ, Rothman K], et al. Statistical tests, P values,
confidence intervals, and power: a guide to misinterpretations. Eur |
Epidemiol. 2016;31:337-350.



