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Abstract: Several studies have highlighted issues of unreliable access to safe drinking water in the
Appalachian region. In some cases, residents turn to roadside springs as a practical, and culturally valuable,
drinking water source. However, public reliance on roadside springs for potable use can present concerns,
as bacterial contamination of spring water has been documented throughout Appalachia. This study aimed
to 1) develop a simple, low-cost protocol using household bleach to inactivate total coliform and E. coli in
untreated roadside spring water; 2) provide educational materials at local roadside springs to inform users
of this simple treatment strategy; and 3) assess spring user perceptions of the educational materials via
a short survey. Laboratory scale trials emulating typical spring water collection and storage conditions
investigated the use of household bleach (7.4-7.5% sodium hypochlorite) for total coliform and E. coli
bacteria inactivation and free chlorine residual maintenance in spring water over time. Results showed
that 2 drops (approximately 0.10 mL) of household bleach from an eyedropper per 1 gallon of spring water
provided adequate total coliform and E. coli disinfection, while maintaining free chlorine levels below typical
taste thresholds and providing sufficient residual over a 1-month trial period. An infographic communicating
the disinfection protocol and a corresponding survey were created and distributed at roadside springs
in rural regions of southwestern Virginia and southern West Virginia. The majority of spring user survey
respondents (80%) reported that the infographic was generally helpful, and over half of respondents stated
that they would use the bleach protocol.
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ne in four people worldwide do not have
Oaccess to safely managed drinking water

(Ritchie and Roser 2021). In the U.S.,
although nearly 100% of the population is reported
to have access to safe drinking water, issues
related to drinking water quality, reliability, cost,
and equity of access persist (Allaire et al. 2018;
Mueller and Gasteyer 2021). Though the specifics
of any environmental health concern often include
locally unique aspects, problems with safe drinking
water access in the U.S. are generally clustered in
regions or communities characterized by similar
contextual factors observed in struggling regions
across all nations. For example, in Appalachia, a
mountainous 531,000 square-kilometer region
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in the eastern U.S. (Pollard and Jacobsen 2021),
the maintenance of essential water infrastructure
is limited by socioeconomic, geographic, and
geotechnical challenges (Cook et al. 2015;
Arcipowski et al. 2017). Though shaped by
different nation-specific histories, multiple authors
have noted that factors such as steep topography,
high poverty rates, and unique geography in rural
mountainous regions present difficulties in the
provision of safe drinking water and appropriate
wastewater treatment (Browne et al. 2004; Wescoat
et al. 2007).

Not surprisingly, rural mountainous regions
often lag behind non-mountainous regions in the
establishment and maintenance of drinking water
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4 Research Implications A

* Roadside spring water, while consistently
testing positive for total coliform and E. coli,
is often utilized as a drinking water source in
the Appalachian region.

e Under conditions mirroring those used to
collect and store roadside spring water
in the Appalachian region, 2 drops of
regular, unscented household bleach (7.4-
7.5% sodium hypochlorite) successfully
deactivated total coliform and E. coli in
1 gallon of roadside spring water and
maintained a free chlorine residual of
between 0.2 mg/L and 2 mg/L for the
1-month trial period.

» Efforts to provide information on spring
water quality and bleach disinfection via
infographic were considered to be helpful,
however, only half of survey respondents
reported that they intended to use the
bleach disinfection protocol.

» Feedbacksuggeststhatwhile theinfographic
may be a useful tool in addressing roadside
spring water use, broader discussion of
risks associated with spring water use and
efforts to improve in-home piped water
infrastructure are necessary to reduce
health risks.

- J

infrastructure, and the Central Appalachian region
is no exception (Browne et al. 2004; Wescoat et
al. 2007). In some regions of Central Appalachia,
upwards of 10% of homes lack complete plumbing
(Krometis et al. 2017). While more recent data are
not yet available, in 2005, 75% of the population in
the Appalachian region had access to community
water systems, behind the national level of 85%
(Hughes et al. 2005). Community water systems,
private or publicly owned systems providing piped
drinking water to at least 15 service connections
or that serve at least 25 people, are regulated by
the U.S. Environmental Protection Agency’s
(EPA) Safe Drinking Water Act (SDWA; Tiemann
2017). Homes in Appalachia without access to
community water systems most commonly rely
on private wells for in-home water. Private wells,
groundwater systems that serve no more than 25
people at least 60 days of the year and have fewer

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION

than 15 service connections, do not fall under the
purview of the SDWA (CDC 2014). Private well
systems generally do not employ treatment (Smith
et al. 2014) and, as a result, the presence of health-
based and aesthetic contaminants in private well
water at the point-of-use (POU) is common (Shiber
2005; Pieper et al. 2015; Law et al. 2017; Patton et
al. 2020). Issues with POU water quality are not
confined to homes with private wells. Indeed, small,
rural community water systems often struggle to
comply with the SDWA regulations due to limited
financial, technical, and human resources available
for operation and maintenance needs (Hughes et
al. 2005; Allaire et al. 2018; Marcillo and Krometis
2019).

Multiple studies report that Appalachian
households without adequate access to drinking
water of sufficient quality and quantity rely on
alternative sources to satisfy daily potable water
needs (Blakeney and Marshall 2009; McSpirit
and Reid 2011; Arcipowski et al. 2017; Page
et al. 2017; Krometis et al. 2019; Patton et al.
2020; Cohen et al. 2022). Though often preferred
by homeowners (Blakeney and Marshall 2009;
Arcipowski et al. 2017), reliance on bottled water
presents a costly alternative in a region where
the mean per capita income is significantly lower
than the national average (Pollard and Jacobsen
2021). Given a lack of confidence in household
water and the cost of alternatives, some residents
of the Appalachian region collect a portion, or all,
of their household drinking water from roadside
“spout” springs, i.e., unimproved and untreated
environmental waters often located along roads
where road cuts have intersected with shallow
groundwater aquifers or where mine pools are
discharging (Swistock et al. 2015; Krometis et
al. 2019; Patton et al. 2020; Sinton et al. 2021).
Notably, recent surveys of regular roadside spring
users revealed that the majority have access to in-
home tap water but perceive roadside spring water
to be of higher quality (Krometis et al. 2019; Patton
et al. 2020). Although it is difficult to quantify the
total population dependent on these water sources,
Swistock et al. (2015) reported that 30% of
Pennsylvania residents attending local Cooperative
Extension programming had consumed water from
a roadside spring at some point, and that 12%
consumed spring water annually.
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Reliance on roadside springs for potable
use does present some concern, as bacterial
contamination appears ubiquitous across regions.
Krometis et al. (2019) reported that 99% (n =
83) of roadside spring samples collected from 21
springs in five Central Appalachian states were
positive for total coliform bacteria and 86% of
samples were positive for E. coli. Swistock et al.
(2015) detected not only total coliform and E. coli
in seasonal samples collected from Pennsylvania
roadside springs (n = 37), but also Giardia and
Cryptosporidium contamination in a small subset
of samples (n = 10). This is especially concerning
given previous reports of Giardia outbreaks linked
to consuming roadside spring water in New York
(Bedard et al. 2016). A broader examination of
roadside springs throughout western New York
determined that 86% of springs failed at least one
U.S. EPA SDWA drinking water standard, most
often for fecal indicator bacteria, which presents
an immediate health risk (Sinton et al. 2021).

Despite the likelihood of poor or inconsistent
water quality, it is critical to recognize that these
springs, and the collection of spring water, is
a common practice and is culturally valued in
many rural Appalachian communities (Westhues
2017; Krometis et al. 2019; Patton et al. 2020).
More importantly, in a study directly comparing
the home water quality of spring users in some
Central Appalachian communities with water
from their preferred roadside spring, Patton et
al. (2020) reported that in many cases, increased
concentrations of metals associated with taste and
aesthetic issues (e.g., iron, manganese) were much
more common in tap water than spring water.
Given that household POU options may be less
palatable, the expense of bottled water, documented
preference for the aesthetic qualities of spring
water, and the associated cultural significance of
roadside springs, it is not surprising that efforts to
close access points to roadside springs can be met
with resistance (Bedard et al. 2016; Williamson
2018).

The U.S. EPA and the Centers for Disease
Control and Prevention (CDC) recommend the use
of bottled water, boiled water, or bleach-disinfected
water in situations where regular water service is
interrupted and/or water may be unsafe to drink
due to the presence of fecal indicator bacteria (U.S.
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EPA 2017; CDC 2021). As previously mentioned,
bottled water is a costly drinking water alternative
that some in the Appalachian region are unable
to afford. Moreover, as noted in multiple studies
(Swistock et al. 2015; Krometis et al. 2019; Patton
et al. 2020; Sinton et al. 2021), many spring
users collect water in bulk and may be unable or
unwilling to boil all the spring water before using
it. In developing countries, chlorination of drinking
water via sodium hypochlorite has been found to
be a successful method of disinfecting drinking
water that helps to decrease levels of coliform in
drinking water (Sobel et al. 1998; Firth et al. 2010)
and related diarrheal episodes in homes (Quick
et al. 1999). Sodium hypochlorite, the active
ingredient in chlorine bleach, is a well-established
disinfectant that has been used since the 1820s
as a disinfecting and bleaching agent (Ponzano
2007). The CDC and the Pan American Health
Organization (PAHO) have developed a chlorine-
based intervention called Safe Water System that
utilizes sodium hypochlorite (the active ingredient
in bleach) for in-home disinfection of drinking
water (CDC 2003). The present study aimed to:
1) develop a simple, low-cost protocol using
household bleach to inactivate total coliform
and E. coli in untreated roadside spring water; 2)
provide educational materials at local roadside
springs to inform users of this simple treatment
strategy; and 3) assess spring user perceptions
of the educational materials via a short survey.
Laboratory scale trials emulating typical water
collection and storage investigated the use of
name-brand and store-brand household bleach in
varying quantities to determine effectiveness in E.
coli bacteria inactivation and maintenance of free
chlorine residual in spring water over time.

Methods

Disinfection Protocol Design

Four 1-month trials were completed between
August and October of 2021 assessing the effect
of household bleach brand and volume on levels
of total coliform, E. coli, free chlorine, and total
chlorine in locally collected spring water samples
(Table 1). The 1-month trial duration was chosen
because previous studies documenting roadside
spring use found that most surveyed spring users
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Table 1. Variables assessed in each of the four trials of bleach disinfection of roadside spring water completed.

NB = name-brand, SB = store-brand.

Trial Bleach Bleach Treatment Volumes Number of Spring Sampled Trial
Number Brand (per 1 gallon of water) Samples pring P Duration
1 NB 0 tsp, 1/4 tsp 8 Spring 1 1 Month
2 NB 0 tsp, 1/8 tsp, 1/16 tsp 12 Spring 1, Spring 2 1 Month
3 NB Viiges & (s, 2T, | 4 Spring 1 1 Month
drop
4 NB, SB 0 drops, 2 drops 6 Spring 1 1 Month

collected water from springs at least once a month
(Krometis et al. 2019; Patton et al. 2020). Based
on this information, one month was considered
a realistic amount of time that an individual may
store spring water at their home before running
out and/or collecting a fresh batch. Trials included
assessment of one type of unscented name-brand
bleach (Clorox) and one type of unscented store-
brand bleach (Dollar General). The brands were
chosen based on the types of chlorine-containing
household bleach that are readily available at
commercial stores in southwest Virginia and
southern West Virginia.

Bleach volumes tested varied from 1/4 tsp (~ 0.6
mL) to 1 drop per 1 gallon of roadside spring water.
Drops were dispensed from a disposable plastic
eyedropper designed to distribute approximately
0.05 mL per drop (Table 1). While the CDC
recommends the addition of 1/4 to 1/8 tsp (~ 0.6 to
1.2 mL) of unscented household bleach per 1 gallon
of water, the U.S. EPA recommends 6 to 8 drops (~
0.3 to 0.4 mL) of unscented household bleach per
1 gallon of water (U.S. EPA 2017; CDC 2021). The
objective of assessing different bleach volumes
was to determine the smallest quantity of bleach
that could be added to spring water that would both
inactivate total coliform and E. coli bacteria and
provide a suitable free chlorine residual to protect
water that is being stored for longer than 24 hours,
as previous studies suggest that spring water is
often stored for multiple weeks (Krometis et al.
2019; Patton et al. 2020). The CDC recommends
free chlorine residual levels between 0.5 and 2.0
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mg/L one hour after disinfection, and greater than
0.2 mg/L 24 hours after disinfection (CDC 2020).
Individuals can taste or smell chlorine in drinking
water at concentrations well below 5 mg/L, and
even as low as 0.3 mg/L (Crider et al. 2018; WHO
2022). The study aimed to maintain a residual
below 2.0 mg/L as this is considered the taste
threshold for free chlorine (CDC 2020) and spring
users frequently cite the taste of spring water as a
reason for preferring it over their home drinking
water (Swistock et al. 2015; Krometis et al. 2019;
Patton et al. 2020; Sinton et al. 2021). A primary
concern is that if an excessive quantity of bleach is
added to the spring water and impacts taste, spring
users may decide not to follow the dosing regimen
to disinfect their spring water—and potentially opt
for no treatment at all.

Spring Selection and Sample Collection

For each trial, water was collected from a
roadside spring in Virginia (Spring 1) that is
regularly used by local residents for potable water
(Table 1). This spring consistently tested positive
for total coliform and E. coli in a previous study,
with maximum detected levels of 2,149 MPN/100
mL and 583 MPN/100 mL, respectively (Krometis
et al. 2019). Compared to the 21 roadside springs
previously sampled, water samples collected
from this spring yielded the highest recorded total
coliform and E. coli levels in the study (Krometis
et al. 2019). For trial 2, water was also collected
from a second roadside spring in West Virginia
(Spring 2) which, while less frequently positive
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for fecal indicator bacteria (Patton et al. 2020), is
another known popular location for the collection
of drinking water. The turbidity of spring water
collected and tested during this study was
between 0.0 and 0.13 NTU, which is considered
low (USGS 2018).

Sample collection and storage were designed
to emulate the practice of spring users collecting
roadside spring water as closely as possible. All
bleach dosing trials were conducted in spring water
collected and stored in one-gallon plastic milk jugs
(Figure 1). Anecdotally, these vessels are commonly
used for the collection and storage of spring water
for drinking (Figure 1). Prior to spring water
collection, plastic jugs were washed with dish soap
and tap water to simulate what would be available
for cleaning in a home. Each jug was rinsed three
times with spring water prior to collecting samples
to eliminate any residual chlorine that may have
been present in the tap water used for cleaning.
After collecting the spring samples, the plastic jugs
were capped and transported to the laboratory for
immediate analysis. Throughout the study, spring

water-filled jugs were capped and stored on a
countertop out of direct sunlight in a ~ 20°C room,
in keeping with common spring water storage
conditions in households (Figure 1). Additionally,
samples were not transported on ice because spring
water is not commonly iced when transported by
local residents.

Water Analyses

Upon returning to the lab and prior to the
addition of bleach, spring samples were tested for
bacteriological contaminants and initial chlorine
levels. After initial testing, bleach was added to
the sample using either a 1/4 or 1/8 tsp kitchen
measuring spoon, or a plastic eyedropper (Thermo
Fisher Scientific, Waltham, MA). After the addition
of bleach, the water jugs were inverted three times.
Following inversion, bacteria and chlorine levels
were measured at S5-minute, 30-minute, 1-day,
1-week, and 1-month post-bleach intervals. In each
trial, control samples were not dosed with bleach.
The 5-minute, 30-minute, and 1-day post-bleach
measurement intervals were selected to determine

N 1

Figure 1. Left — Collected roadside spring water stored in one-gallon plastic jugs in the home of a spring user in
Central Appalachia. Right — Roadside spring water sample being collected for this study in a one-gallon plastic milk

jug (original photos).
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the minimum reasonable contact time required for
disinfection. One-week and 1-month post-bleach
intervals were selected because multiple authors
report spring users collecting water at least once a
month and often, once a week (Krometis et al. 2019;
Patton et al. 2020; Sinton et al. 2021). These time
periods also allowed for the investigation of potential
bacterial regrowth during prolonged storage.

Samples were tested for free and total chlorine
before bleach treatment and at the post-bleach
treatment time intervals using a HACH DR300
Pocket Colorimeter (HACH, Loveland, CO).
Bacteriological analysis of spring water samples
before and after bleach treatment was completed
for total coliform and E. coli via the Colilert-
defined substrate method (www.idexx.com,
Westbrook, MN).

Infographic Creation and Distribution

After the disinfection protocol design process
was completed, an infographic (Figure 2)
featuring spring water quality information and the
disinfection protocol was created for distribution at
five local roadside springs in southwestern Virginia
and southern West Virginia that are frequently used
for drinking water collection. The front side of the
infographic features information on the potential
for spring water to contain bacteriological
contaminants, as well as a link to a public website
with recent bacteriologic data from the spring. The
front side of the infographic also included a link to
a website that provides periodically updated water
quality reports for local springs that have been

sampled. The back side of the card features the
simple bleach protocol to disinfect spring water.
The goal during infographic development was to
provide spring users with useful information about
spring water quality and disinfection delivered
in an objective, easily accessible, and discreet
manner. Local contacts reviewed the language to
ensure it was not inflammatory and was easy to
understand.

Postcard-sized infographics were printed and
laminated so that the spring users could keep
the infographic for an extended period of time.
Infographics were placed in a plastic sandwich
bag along with one disposable plastic eyedropper
(i.e., the same used in all trials) so that spring
users would have access to an appropriate tool
to help measure out the correct bleach quantity.
Additionally, a postcard-sized, pre-addressed
anonymous survey was included in the bag. The
bags were distributed in plastic bins at five local
springs beginning in December of 2021 with the
goal of continuing distribution every few months.

Survey Development and Distribution

To assess spring user response to the infographic,
a brief anonymous survey was designed (Figure 3).
The survey included questions regarding spring
use, previous knowledge of spring water quality,
and reception of the infographic. Questions were
kept brief, anonymous, and easily understood
so that spring users would be more inclined to
complete and return the survey. The purpose of
the survey was not to further examine motivations

9 Is this spring water safe to drink? 9

e
i This spring has tested positive for E. coli bacteria.
| % ' Spring data available here: https://tinyurl.com/WVVAspring
N

)

_ \\.

/' E. coli bacteria in drinking
water is a health risk and

ING

// You can remove
bacteria like E. coli
from spring water
by adding a small

"Qmount of bleach.

.

can make you sick.

hpatton@vt.edu or 540-231-4372

/[ auestinspleasecontact: " Ispot in your home. Do not drink water after 1 week. - 3}

How to Disinfect Spring Water with Bleach O

Adding a small amount of household bleach to spring
water is safe and can help kill harmful bacteria.

1. Fill a clean one-gallon jug with spring water.

2. Fill eye-dropper with regular household bleach.
Do NOT use scented or splash-less bleach. -

3. Use eye-dropper to put 2 drops of bleach in the
Jllspring water jug. Cap and turn the jug upside

down. Wait 30 minutes before using.

4. Store spring water in a refrigerator or in a cool

Figure 2. Left — The front side of the infographic featuring information on spring water quality. Right — The back side
of the infographic featuring the protocol for bleach disinfection of spring water.
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Please answer the following questions:

[] Livestock/Pets [1 Other:

We Want to Hear from You!

1. What do you use spring water for? Please check all that apply.
[1Drinking [1Cocking [1Cleaning [1Brushing teeth [1Farming/Gardening

Answer online at: lEl [=
https://tinyurl.com/ _
RoadsideSpringSurvey E XL

[IYes [INo [lOther:

2. Did you know that spring water can have harmful bacteria in it?

[1Yes, boiling [1Yes, chlorine

[1Yes [INo [1Maybe [1Other:

3. Do you already disinfect your spring water? If yes, how?
[1Yes, other: [1No

4. Will you use the instructions for bleach disinfecting your spring water?

5. How helpful did you find this information?
[1Very helpful [1A little helpful L1 Not helpful [1 Other
Please write any other comments or suggestions that you have on the back.

Figure 3. Postcard-sized, pre-addressed anonymous survey distributed with infographic
and plastic eyedroppers at local roadside springs.

for spring use, but to assess the success of the
infographic in providing useful information to
spring users. As previously mentioned, the survey
was postcard-sized, included in plastic sandwich
bags with the infographic and a plastic eyedropper,
and distributed at five roadside springs local to
southwestern Virginia and southern West Virginia.
The survey included a return address and postage
as well as a link to an online version of the survey.
This allowed spring users to choose the survey
format (paper or online) that was more convenient
for them to complete and return.

Results and Discussion

Chlorine Residual

As previously stated, a specific study aim was
to determine the minimum volume of household
bleach that could be added to 1 gallon of spring
water to inactivate total coliform and E. coli
bacteria and maintain a free chlorine residual of
between 0.5 and 2.0 mg/L 1-hour post-disinfection,
and at least 0.2 mg/L 1-day post-disinfection, in
accordance with CDC (2020) recommendations.
Identifying the minimum quantity necessary for
addition would ensure that taste and/or aesthetic
issues were minimized, thus maximizing the
potential adoption of this strategy by regular
spring users.

UCOWR

Spring water dosed with CDC recommended
bleach quantities of 1/4 and 1/8 tsp per 1 gallon (~
3.79 L) of water yielded free chlorine levels of at
least 8.8 mg/L throughout the duration of the trial
time period, the maximum measurement range for
the HACH colorimeter (Figure 4). Exceedance
of the free chlorine residual taste threshold (2.0
mg/L) is of particular concern, given repeated
reports that spring users prefer the taste of spring
water to home or alternative drinking water sources
(Swistock et al. 2015; Krometis et al. 2019; Patton
et al. 2020). Halving the 1/8 tsp recommendation
to 1/16 tsp bleach still yielded free chlorine levels
that reached the maximum measurement range of
8.8 mg/L for the duration of the trial period.

The bleach volume of 1 drop from a plastic
eyedropper (0.05 mL) successfully maintained
a free chlorine residual below 2.0 mg/L for the
duration of the trial period. However, 1-week post-
disinfection the residual fell to 0.17 mg/L, below
the CDC recommended range. This is of concern
because previous studies regarding roadside spring
water use found that individuals often collect
spring water weekly or monthly, suggesting that
collected spring water may be stored for several
weeks prior to being used (Swistock et al. 2015;
Krometis et al. 2019; Patton et al. 2020; Sinton et
al. 2021). Bleach volumes of 2 and 3 drops from a
plastic eyedropper (0.10 and 0.15 mL, respectively)

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION



Developing a Simple Strategy for Roadside Spring Water Disinfection in Central Appalachia 8

yielded free chlorine levels that were greater than
zero but less than the maximum detection limit,
for the duration of the trial time period. While the
free chlorine residuals for 2 and 3 drops exceeded
the CDC recommended maximum of no greater
than 2 mg/L at the S5-minute and 30-minute
post-disinfection time points, at the 1-day post-
disinfection time point, the free chlorine residual
of the 2 drop trials decreased to 2.0 mg/L. This
residual remained within the CDC recommended
range of 0.2 to 2.0 mg/L for the remainder of the
trial duration.

Lantagne et al. (2014) analyzed the performance
of the U.S. EPA recommended dose of bleach for
drinking water disinfection in the event that bottled
or filtered water is unavailable (approximately 1/8
tsp or 8 drops in 1 gallon (~ 3.79 L) of water).
Similar to the present study, the authors dosed
water collected in one-gallon vessels, but utilized
water from various sources including tap water,
surface water, well water, and rain barrels. The
authors determined that 24-hours after dosing,
81% of samples dosed with 2 mg/L of sodium
hypochlorite fell between the desired free chlorine
residual range of 0.2 mg/L (the CDC recommended
minimum free chlorine residual level) and 4 mg/L
(the SDWA Maximum Contaminant Level for free
chlorine). Sodium hypochlorite doses of 4 and 7

mg/L resulted in only 69% and 14% of samples
remaining within the desired free chlorine residual
range, respectively, suggesting that these doses
are too high. Lantagne et al. (2014) concluded
that existing U.S. EPA recommendations for the
chlorine disinfection of drinking water need to be
adjusted to lower, more accurate doses, especially
given recent chlorine increases in commercially
available bleach. The Lantagne et al. (2014) results
are consistent with the results of the present study
where 2 drops (0.10 mL) of bleach in 1 gallon of
spring water, equivalent to approximately 1.95
mg/L of sodium hypochlorite, provided a sufficient
chlorine residual of between 0.2 and 2 mg/L
24-hours after dosing.

Notably, after determining that 2 drops of bleach
provided an appropriate free chlorine residual
within the desired range for 1 gallon of spring
water, an additional trial was completed testing
the volume using name-brand and store-brand
bleach to account for any differences in chlorine
strength. Bleach brand testing was completed
due to concerns about varying chlorine levels in
commercially available bleach (Lantagne 2009).
In the current study, differences were negligible
(see Supplementary materials, Figure S1).
Figure 4 represents results from the name-brand
bleach trials. Both name- and store-brand bleach

10
9 o ____ _ HACH Maximum
Measurement Level
g —e-Control
7 1 Drop
2 6 =2 Drops
? 5 -3 Drops
@} ~—1/16 tsp.
@ 4
E 1/8 tsp.
3 —=—1/4 tsp.
2 CDC Recommended
Maximum
1
) CDC Recommended
0 ; . - * - Minimum

Pre-Bleach 5 Min. Post- 30 Min. Post- 1-Day Post- 1-Week Post- 1-Month

Bleach Bleach

Bleach Bleach Post-Bleach

Trial Time Point

Figure 4. The relationship between bleach dosage (per 1 gallon of spring water) and free chlorine measured in collected
spring water over time. (n =2 for Y4 tsp, 1/8 tsp, 1/16 tsp; n =5 for 2 drops; n = 1 for 1 drop and 3 drops).
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effectively inactivated total coliform and E. coli in
spring samples for the duration of the trial period,
and both provided a sufficient chlorine residual.

Total Coliform and E. coli

All quantities of added bleach at or above 2 drops
per gallon successfully inactivated total coliform
and E. coli in the spring water and prevented
regrowth for the duration of the study (Figures 5
and 6). As all coliform levels in samples prior to
the addition of bleach exceeded 1000 MPN/100
mL, this represents an approximately 2-3 log-scale
inactivation. Total coliform appeared to regrow
when an insufficient residual (below 0.2 mg/L) was
maintained, given detection at 1-week and 1-month
post-disinfection in the spring water treated with
1 drop of bleach. E. coli levels in pre-disinfection
spring samples were notably lower than that of
total coliform (1.5 to 54.5 MPN/100 mL), which
aligns with typical observations at roadside springs
in this region (Krometis et al. 2019), and no E. coli
regrowth was observed under any of the bleach
regimes. As 2 drops of bleach appeared effective
both in inactivation of fecal indicator bacteria and
maintenance of an appropriate residual below the
CDC (2020) taste threshold, this quantity was
selected for infographic recommendation.

Survey Results

Ten individuals responded to the surveys left
at the five springs. The majority (70%) reported
using the roadside spring water for drinking and
cooking. Survey respondents also reported using
roadside spring water for cleaning (30%), brushing
teeth (30%), and for use with livestock/pets (50%).
When asked whether they had previous knowledge
of the potential presence of harmful bacteria in
spring water (Figure 7), survey responses were split
relatively evenly between yes and no. Despite 50%
of survey respondents stating that they knew that
roadside spring water could have harmful bacteria
in it, 80% of respondents reported that they do not
disinfect their spring water prior to using it.

With regards to infographic reception, 70% of
respondents found the infographic content to be very
helpful, 20% found the content to be not helpful,
and 10% found the content to be a little helpful
(Figure 8). Additionally, 60% of respondents stated
that they would use the provided instructions for
bleach disinfecting their spring water, 10% reported
they would not use the instructions, and 10%
reported they might use the instructions (Figure 8).
One individual reported that they may reconsider
use of roadside spring water entirely while another
individual was skeptical about the safety of adding
bleach to drinking water.

3000 -o—Control
1 Dro

2500 P
g =2 Drops
S 2000 - =<3 Drops
E —=1/16 tsp.
5'_.: 1500 1/8 tsp.
[=]
-t ~~1/4 tsp.
=1
S 1000

500
0 < B
Pre-Bleach 5 Min. Post- 30 Min. 1-Day Post- 1-Week 1-Month
Bleach  Post-Bleach  Bleach  Post-Bleach Post-Bleach

Trial Time Point

Figure 5. The relationship between bleach dosage (per 1 gallon of spring water) and total coliform bacteria measured
in collected spring water over time. (n =2 for % tsp, 1/8 tsp, 1/16 tsp; n =5 for 2 drops; n =1 for 1 drop and 3 drops).
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Figure 6. The relationship between bleach dosage (per 1gallon of spring water) and E. coli measured in collected
spring water over time. (n = 2 for % tsp, 1/8 tsp, 1/16 tsp; n =5 for 2 drops; n =1 for 1 drop and 3 drops).

Though most survey respondents reported
finding the infographic at least a little helpful,
only a little over half of survey respondents stated
that they would use the provided disinfection
instructions and eyedropper. This feedback, and
the individual response highlighting that spring
users may be unsure of the safety of adding bleach
to drinking water, suggests that the infographic
may need more information on the safety of the
addition of small amounts of bleach to drinking
water, coupled with information on the dangers of
adding too much bleach. Ideally, more widespread
outreach and educational efforts in the area,
discussing common water contaminants and health
impacts, would encompass this information and
information on home drinking water quality.

Limitations

We did not test bleach varieties with less than
7.4% sodium hypochlorite. Our disinfection
protocol was developed using name-brand and
store-brand household bleach with 7.4 to 7.5%
sodium hypochlorite. This sodium hypochlorite
concentration reflects the concentration of most
commercially available regular household bleach
products in the U.S. of between 5 and 9% (WS
DOH 2015; CDC 2022). Certain varieties of
commercially available household bleach, such
as scented or splash-less products, have lower

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION

sodium hypochlorite concentrations (1 to 5%).
The infographic emphasizes the use of regular
household bleach and not splash-less or scented
varieties because of the higher concentration of
sodium hypochlorite in regular household bleach.
Commercial household bleach has a shelf life
of approximately six months, after which the
product begins to degrade, becoming 20% less
effective each year after it is produced (Ono 2006).
The timeline of this study did not allow for the
degradation of bleach to be factored into the scope
of the experiment. The authors recommend that
individuals interested in using bleach to disinfect
their roadside spring water use new bleach bottles or
bottles opened within six months and that have not
exceeded any manufacturer printed expiration dates.
This bleach disinfection protocol is targeted
at inactivating total coliform, E. coli, and other
chlorine-vulnerable pathogens commonly found
in spring water. Chlorine disinfection of drinking
water is not effective in removing chlorine-resistant
waterborne pathogens, such as Cryptosporidium
(U.S. EPA 1999; CDC 2022), has low to moderate
success in inactivating Giardia (CDC 2022), and
thus should not be used in an attempt to disinfect
drinking water that is suspected to be contaminated
with chlorine-resistant pathogens. The inactivation
of waterborne pathogens that are not bacteria,
such as viruses, was also not tested during this
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Did you know that spring water can have
bharmful bacteria in it?

®Yes ENo ®Unsure

Do you already disinfect your spring water? If
yes, how?

® Yes, chlorine mNo

Figure 7. Survey responses collected regarding perception and use of roadside spring water.

How helpful did yvou find this information?

® Very Helpful = A Little Helpful ® Not Helpful

Will you use the instructions for bleach
disinfecting your spring water?

= Yes mNo = Maybe ® Other

Figure 8. Survey responses collected regarding perception and use of the distributed infographic.

study. Additionally, it should be noted that bleach
disinfection is less effective in turbid water (>
10 NTU; Crump et al. 2004; Lantagne 2008).
The turbidity of the water tested was between
0.0 and 0.13 NTU. Turbidity values of less than
10 NTU in water are generally considered to be
low (USGS 2018). For this reason, we feel that
bleach disinfection of spring water in the Central
Appalachian region can be an effective tool for the

UCOWR

inactivation of bacteria such as total coliform and
E. coli. This disinfection method was not tested
on spring water with higher turbidity, therefore,
any future attempts to apply this method to spring
water in other regions and/or to alternate water
sources must consider water turbidity, among other
water quality parameters.

Our survey sample from infographic distribution
was convenience-based, as only spring users who
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received and/or viewed the infographic information
received the option to take the survey. However,
based on the generally mixed responses to the
infographic depicted in the survey data, we feel that
it may be reasonable to draw general conclusions
about infographic reception from the survey
results. We do, however, caution against using this
survey data to generalize spring users’ reception to
bleach disinfection, whether in Appalachia, across
the entire United States, or in other countries.

Conclusion

Roadside springs are a common drinking
water source for some households in the Central
Appalachian region. Previous studies across
multiple states indicate that users may prefer the
taste and aesthetics of the spring water to other
available drinking water sources, lack trust in their
household drinking water, and/or lack access to in-
home drinking water entirely. Based on previous
studies assessing roadside spring water quality in
the Central Appalachian region, consumption of
untreated roadside spring water can pose a health
risk to spring users due to the presence of total
coliform and E. coli, among other bacteria and
pathogens. However, as at-home water options may
beunpalatable and/or spring water consumption may
have cultural significance, education dissuading
spring water use entirely may be ineffective and
poorly received. Bleach disinfection of roadside
spring water can provide a simple, accessible
POU treatment option for households reliant on
roadside spring water. This study demonstrates that
2 drops of household bleach from an eyedropper
provided sufficient disinfection and free chlorine
residual in 1 gallon of roadside spring water for
up to one month. Efforts to provide information
on spring water quality and bleach disinfection via
infographic were considered helpful but only half
of survey respondents reported that they intended to
use the bleach disinfection instructions. Additional
research on the risks associated with spring water
use, as well as efforts to expand water infrastructure
and improve in-home piped water quality, is needed
to better understand and help reduce associated
health risks in Central Appalachia and elsewhere
where untreated spring water is used as a source of
drinking water.

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION

Acknowledgements

Funding for this research study was provided by the
Virginia Tech Fralin Life Science Institute. The authors
would like to thank Cameron Cornwell, Kathleen
Hohweiler, Jett Katayama, Sarah Price, and Charles
Sterling for field and laboratory help during this project.
The authors would also like to thank Hannah Menefee
for helping to outline project objectives as they relate
to the field of Public Health, during the initial ideation
phase of the project. Additionally, thanks are extended
to Robert and Teldia Haywood for aiding in the
distribution of infographics and surveys in the southern
West Virginia region.

Author Bio and Contact Info

DR. HANNAH PATTON (corresponding author) has
a Ph.D. in Biological Systems Engineering from
Virginia Polytechnic & State Institute. Hannah has a
B.S. in Environmental Engineering from Saint Francis
University, an M.S. in Biological Systems Engineering
from Virginia Tech, and an M.P.H. from Virginia Tech.
Hannah is an Engineer in Training and is Certified in
Public Health. Hannah’s graduate research focused on
drinking water quality and point-of-use water treatment
in the Central Appalachian coalfields and other rural
areas. Hannah can be contacted at hpatton@vt.edu or
by mail at Seitz Hall, RM 200, Virginia Tech, 155 Ag
Quad Lane, Blacksburg VA 24061.

DR. LEIGH-ANNE KROMETIS is an Associate Professor
and Elizabeth and James E. Turner Jr. Faculty Fellow of
Biological Systems Engineering at Virginia Tech. She
holds a Ph.D. in Environmental Engineering and has
conducted research on home water quality in Central
Appalachia for over ten years. Dr. Krometis can be
contacted at krometis@yvt.edu or by mail at Seitz Hall,
RM 308, Virginia Tech, 155 Ag Quad Lane, Blacksburg
VA 24061.

BEN B. FAULKNER is a Biologist from Princeton,
WV. His career has focused on coal and metal
mining water quality and land reclamation. He can
be reached at BenBFaulkner@gmail.com or by mail
at 171 Willowbrook Rd., Princeton, WV 24740 or
through the WV Mine Drainage Task Force at www.
WVMDTaskForce.com.

DR. ALASDAIR COHEN is an Assistant Professor of
Environmental Epidemiology in the Department
of Population Health Sciences at Virginia Tech. He
conducts research on drinking water (contamination,
treatment, and supply), sanitation, wastewater, and
health in rural areas, with a focus on developing and
improving safe water programs. Dr. Cohen can be

UCOWR


mailto:hpatton%40vt.edu?subject=
mailto:krometis%40vt.edu?subject=
mailto:BenBFaulkner%40gmail.com?subject=
http://www.WVMDTaskForce.com
http://www.WVMDTaskForce.com

13 Patton, Krometis, Faulkner, Cohen, Ling, and Sarver

contacted at alasdair.cohen@linacre.oxon.org or by mail
at Virginia Tech PHS, 205 Duck Pond Dr., Blacksburg

VA 24061.

EriN LiNG is a Senior Water Quality Extension
Associate in the Biological Systems Engineering
Department at Virginia Tech. She coordinates the
Virginia Household Water Quality Program, which
provides water testing and education to Virginia’s 1.6
million private water supply users through Virginia
Cooperative Extension offices statewide. Erin develops
and disseminates educational Extension resources to
youth and adult audiences and works with collaborators
to conduct applied research focused on drinking water
quality. She can be reached at gjling@vt.edu or by mail
at 1230 Washington St. SW - HABB1 302F Virginia
Tech, Blacksburg VA 24061.

DRr. EmMiLY SARVER is Stonie Barker Professor and
Graduate Program Director in the Department of Mining
and Minerals Engineering, and adjunct faculty to the Via
Department of Civil and Environmental Engineering at
Virginia Tech. Her research sits at the intersection of
resource extraction and the environment, with a focus
on both community wellbeing and occupational health.
She also teaches at both undergraduate and graduate
levels on the topic of sustainable development. Dr.
Sarver can be contacted at esarver@vt.edu or by mail
at Holden Hall, RM 393, Virginia Tech, 445 Old Turner
Street, Blacksburg VA 24061.

References

Allaire, M., H. Wu, and U. Lall. 2018. National trends in
drinking water quality violations. Proceedings of the
National Academy of Sciences 115(9): 2078-2083.
Available at:  https://www.pnas.org/doi/10.1073/
pnas.1719805115. Accessed May 5, 2023.

Arcipowski, E., J. Schwartz, L. Davenport, M. Hayes,
and T. Nolan. 2017. Clean water, clean life:
Promoting healthier, accessible water in rural
Appalachia. Journal of Contemporary Water
Research and Education 161(1): 1-18. Available at:
https://doi.org/10.1111/j.1936-704X.2017.3248 .x.
Accessed May 5, 2023.

Bedard, B.A., R. Elder, L. Phillips, and M.F.
Wachunas. 2016. Giardia outbreak associated
with a roadside spring in Rensselaer County, New
York. Epidemiology and Infection 144(14): 3013-
3016. Available at: https://pubmed.ncbi.nlm.nih.
gov/27388044/. Accessed May 5, 2023.

Blakeney, A.B. and A. Marshall. 2009. Water quality,

health, and human occupations. American Journal
of Occupational Therapy 63: 46-57. Available

UCOWR

at:  https://pubmed.ncbi.nlm.nih.gov/19192727/.
Accessed May 5, 2023.

Browne, T., R. Fox, and D. Funnell. 2004. The
“Invisible” Mountains. Mountain Research and
Development 24(1): 28-34. Available at: https://
doi.org/10.1659/0276-4741(2004)024[0028:TIM]
2.0.CO;2. Accessed May 5, 2023.

Centers for Disease Control and Prevention (CDC).
2003. CDC/CARE Health Initiative Safe Water
Systems for the Developing World: A Handbook for
Implementing Household-Based Water Treatment
and Safe Storage Projects. Second printing.
Available  at:  http://www.cdc.gov/safewater/
manual/sws_manual.pdf. Accessed May 5, 2023.

Centers for Disease Control and Prevention (CDC). 2014.
Private Ground Water Wells. Available at: https://

www.cdc.gov/healthywater/drinking/private/wells/
index.html#print. Accessed May 5, 2023.

Centers for Disease Control and Prevention (CDC).
2020. Free Chlorine Testing. Available at: https://
www.cdc.gov/safewater/chlorine-residual-testing.
Accessed October 8, 2021.

Centers for Disease Control and Prevention (CDC). 2021.
Making Water Safe in an Emergency. Available

at:  https:/www.cdc.gov/healthywater/emergency/
making-water-safe.html. Accessed May 5, 2023.

Centers for Disease Control and Prevention (CDC).
2022. A Guide to Drinking Water Treatment
and Sanitation for Backcountry and Travel Use.
Available at: https://www.cdc.gov/healthywater/
drinking/travel/backcountry water treatment.
html. Accessed May 5, 2023.

Cohen, A., M. Rasheduzzaman, A. Darling, L-A.
Krometis, M. Edwards, T. Brown, T. Ahmed, E.
Wettstone, S. Pholwat, M. Taniuchi, and E.T.
Rogawski McQuade. 2022. Bottled and well water
quality in a small Central Appalachian community:
Household-level analysis of enteric pathogen,
inorganic chemicals, and health outcomes in rural
southwest Virginia. Environmental Research and
Public Health 9(14): 8610. Available at: https:/
www.mdpi.com/1660-4601/19/14/8610. Accessed
May 5, 2023.

Cook, N., E. Sarver, and L-A. Krometis. 2015. Putting
corporate social responsibility to work in mining
communities: Exploring community needs for
Central Appalachian wastewater treatment.
Resources 4(2): 185-202. Available at: https:/
www.mdpi.com/2079-9276/4/2/185. Accessed
May 5, 2023.

Crider, Y., S. Sultana, L. Unicomb, J. Davis, S.P. Luby, and
A.J.Pickering. 2018. Can you taste it? Taste detection

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION


mailto:alasdair.cohen%40linacre.oxon.org?subject=
mailto:ejling%40vt.edu?subject=
mailto:esarver%40vt.edu?subject=
https://www.pnas.org/doi/10.1073/pnas.1719805115
https://www.pnas.org/doi/10.1073/pnas.1719805115
https://doi.org/10.1111/j.1936-704X.2017.3248.x
https://pubmed.ncbi.nlm.nih.gov/27388044/
https://pubmed.ncbi.nlm.nih.gov/27388044/
https://pubmed.ncbi.nlm.nih.gov/19192727/
https://doi.org/10.1659/0276-4741(2004)024[0028:TIM]2.0.CO;2
https://doi.org/10.1659/0276-4741(2004)024[0028:TIM]2.0.CO;2
https://doi.org/10.1659/0276-4741(2004)024[0028:TIM]2.0.CO;2
http://www.cdc.gov/safewater/manual/sws_manual.pdf
http://www.cdc.gov/safewater/manual/sws_manual.pdf
https://www.cdc.gov/healthywater/drinking/private/wells/index.html#print
https://www.cdc.gov/healthywater/drinking/private/wells/index.html#print
https://www.cdc.gov/healthywater/drinking/private/wells/index.html#print
https://www.cdc.gov/safewater/chlorine-residual-testing
https://www.cdc.gov/safewater/chlorine-residual-testing
https://www.cdc.gov/healthywater/emergency/making-water-safe.html
https://www.cdc.gov/healthywater/emergency/making-water-safe.html
https://www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html
https://www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html
https://www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html
https://www.mdpi.com/1660-4601/19/14/8610
https://www.mdpi.com/1660-4601/19/14/8610
https://www.mdpi.com/2079-9276/4/2/185
https://www.mdpi.com/2079-9276/4/2/185

Developing a Simple Strategy for Roadside Spring Water Disinfection in Central Appalachia14

and acceptability thresholds for chlorine residual in
drinking water in Dhaka, Bangladesh. Science of the
Total Environment 613-614(1): 840-846. Available
at:  https://www.sciencedirect.com/science/article/
abs/pii/S0048969717324841?via%3Dihub.
Accessed May 5, 2023.

Crump J.A., G.O. Okoth, L. Slutsker, D.O. Ogaja, B.H.
Keswick, and S.P. Luby. 2004. Effect of point-
of-use disinfection, flocculation and combined
flocculation-disinfection on drinking water quality
in western Kenya. Journal of Applied Microbiology
97(1):  225-231. Available at: https:/doi.
org/10.1111/.1365-2672.2004.02309.x. Accessed
May 5, 2023.

Firth J., V. Balraj, J. Muliyil, S. Roy, L.M. Rani, R.
Chandresekhar, and G. Kang. 2010. Point-of-use
interventions to decrease contamination of drinking
water: A randomized, controlled pilot study
on efficacy, effectiveness, and acceptability of
closed containers, Moringa oleifera, and in-home
chlorination in rural South India. American Journal
of Tropical Medicine and Hygiene 82(5): 759-765.
DOI: 10.4269/ajtmh.2010.09-0206.

Hughes, J., R. Whisnant, L. Weller, S. Eskaf,
M. Richardson, S. Morrissey, and B. Altz-
Stamm. 2005. Drinking Water and Wastewater
Infrastructure in Appalachia: An Analysis of
Capital Funding and Funding Gaps. Available at:
https://www.arc.gov/wp-content/uploads/2020/06/
DrinkingWaterand WastewaterInfrastructure.pdf.
Accessed May 5, 2023.

Krometis, L-A., J. Gohlke, K. Kolivras, E. Satterwhite,
S.W. Marmagas, and L.C. Marr. 2017.
Environmental health disparities in the Central
Appalachian region of the United States. Reviews
on Environmental Health 32(3): 253-266. Available
at:  https://pubmed.ncbi.nlm.nih.gov/28682789/.
Accessed May 5, 2023.

Krometis, L-A., H. Patton, A. Wozniak, and E. Sarver.
2019. Water scavenging from roadside springs
in Appalachia. Journal of Contemporary Water
Research and Education 166: 46-56. Available at:
https://onlinelibrary.wiley.com/doi/full/10.1111/
1.1936-704X.2019.03301.x. Accessed May 5, 2023.

Lantagne, D. 2008. Sodium hypochlorite dosage for
household and emergency water treatment. Journal
of the American Water Works Association 100(8):
106-119. Available at: https://awwa.onlinelibrary.
wiley.com/doi/full/10.1002/j.1551-8833.2008.
tb09704.x. Accessed May 5, 2023.

Lantagne, D. 2009. Viability of commercially available
bleach for water treatment in developing countries.

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION

American Journal of Public Health 99(11): 1975-
1978. Available at: https://ajph.aphapublications.
org/doi/10.2105/AJPH.2009.160077. Accessed
May 5, 2023.

Lantagne, D., B. Person, N. Smith, A. Mayer, P. Preston,
E. Blanton, and K. Jellison. 2014. Emergency water
treatment with bleach in the United States: The need
to revise EPA recommendations. Environmental
Science and Technology 9: 5093-5100. Available at:
https://pubs.acs.org/doi/full/10.1021/es405357y.
Accessed May 5, 2023.

Law, R.K., M.W. Murphy, and E. Choudhary. 2017.
Private well groundwater quality in West Virginia,
USA-2010. Science of the Total Environment 585:
559-565. Available at: https://doi.org/10.1016/].
scitotenv.2017.02.018. Accessed May 5, 2023.

Marcillo, C.E. and L-A. Krometis. 2019. Small towns,
big challenges: Does rurality influence Safe
Drinking Water Act compliance? American Water
Works Association Water Science 1: 1-8. Available
at: https://awwa.onlinelibrary.wiley.com/doi/
full/10.1002/aws2.1120. Accessed May 5, 2023.

McSpirit, S. and C. Reid. 2011. Residents’ perceptions
of tap water and decisions to purchase bottled
water: A survey analysis from the Appalachian,
Big Sandy coal mining region of West Virginia.
Society and Natural Resources 24(5): 511-520.
Available at: https:/www.tandfonline.com/doi/
full/10.1080/08941920903401432. Accessed May
5,2023.

Mueller J.T. and S. Gasteyer. 2021. The widespread
and unjust drinking water and clean water crisis in
the United States. Nature Communications 12(1):
3544. Available at: https://www.nature.com/articles/
s41467-021-23898-z. Accessed May 5, 2023.

Ono, M. 2006. Everything you always wanted to know
about bleach but were afraid to ask. The Scripps
Research Institute 6(5). Available at: https://www.
scripps.edu/newsandviews/e 20060213/bleach.
html. Accessed May 5, 2023.

Page, RM., M.D. Besmer, J. Eptiwng, J.A. Sigrist,
F. Hammes, and P. Huggenberger. 2017. Online
analysis: Deeper insights into water quality
dynamics in spring water. Science of the Total
Environment 599: 227-236. Available at: https://
pubmed.ncbi.nlm.nih.gov/28477479/.  Accessed
May 5, 2023.

Patton, H., L-A. Krometis, and E. Sarver. 2020. Springing
for safe water: Drinking water quality and source
selection in Central Appalachian communities. Water
12(3): 888. Available at: https://doi.org/10.3390/
w12030888. Accessed May 5, 2023.

UCOWR


https://www.sciencedirect.com/science/article/abs/pii/S0048969717324841?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969717324841?via%3Dihub
http://doi.org/10.1111/j.1365-2672.2004.02309.x
http://doi.org/10.1111/j.1365-2672.2004.02309.x
https://www.arc.gov/wp-content/uploads/2020/06/DrinkingWaterandWastewaterInfrastructure.pdf
https://www.arc.gov/wp-content/uploads/2020/06/DrinkingWaterandWastewaterInfrastructure.pdf
https://pubmed.ncbi.nlm.nih.gov/28682789/
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1936-704X.2019.03301.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1936-704X.2019.03301.x
https://awwa.onlinelibrary.wiley.com/doi/full/10.1002/j.1551-8833.2008.tb09704.x
https://awwa.onlinelibrary.wiley.com/doi/full/10.1002/j.1551-8833.2008.tb09704.x
https://awwa.onlinelibrary.wiley.com/doi/full/10.1002/j.1551-8833.2008.tb09704.x
https://ajph.aphapublications.org/doi/10.2105/AJPH.2009.160077.
https://ajph.aphapublications.org/doi/10.2105/AJPH.2009.160077.
https://pubs.acs.org/doi/full/10.1021/es405357y
https://doi.org/10.1016/j.scitotenv.2017.02.018
https://doi.org/10.1016/j.scitotenv.2017.02.018
https://awwa.onlinelibrary.wiley.com/doi/full/10.1002/aws2.1120
https://awwa.onlinelibrary.wiley.com/doi/full/10.1002/aws2.1120
https://www.tandfonline.com/doi/full/10.1080/08941920903401432
https://www.tandfonline.com/doi/full/10.1080/08941920903401432
https://www.nature.com/articles/s41467-021-23898-z
https://www.nature.com/articles/s41467-021-23898-z
https://www.scripps.edu/newsandviews/e_20060213/bleach.html
https://www.scripps.edu/newsandviews/e_20060213/bleach.html
https://www.scripps.edu/newsandviews/e_20060213/bleach.html
http://pubmed.ncbi.nlm.nih.gov/28477479/
https://doi.org/10.3390/w12030888
https://doi.org/10.3390/w12030888

15 Patton, Krometis, Faulkner, Cohen, Ling, and Sarver

Pieper, K.J., L-A. Krometis, D.L. Gallagher, B.L.
Benham, and M. Edwards. 2015. Incidence of
waterborne lead in private drinking water systems
in Virginia. Journal of Water and Health 13(3):
897-908. Available at: https://pubmed.ncbi.nlm.
nih.gov/26322775/. Accessed May 5, 2023.

Pollard, K. and L.A. Jacobsen. 2021. The Appalachian
Region: A Data Overview from the 2015-2019
American Community Survey. Available at:
https://www.arc.gov/wp-content/uploads/2021/06/
PRB_ARC_ Chartbook ACS 2015-2019
FINAL 2021-06 R1.pdf. Accessed May 5, 2023.

Ponzano, G.P.2007. Disinfection by sodium hypochlorite:
Dialysis applications. Contributions to Nephrology
154: 7-23. Available at: https://pubmed.ncbi.nlm.
nih.gov/17099298/. Accessed May 5, 2023.

Quick, R.E., L.V. Venczel, E.D. Mintz, L. Soleto, J.
Aparicio, M. Gironaz, L. Hutwagner, K. Greene,
C. Bopp, K. Maloney, D. Chavez, M. Sobsey, and
R. V. Tauxe. 1999. Diarrhoea prevention in Bolivia
through point-of-use water treatment and safe
storage: A promising new strategy. Epidemiology
& Infection 122(1): 83-90. Available at: https://doi.
org/10.1017/S0950268898001782. Accessed May
5,2023.

Ritchie, H. and M. Roser. 2021. Clean Water and
Sanitation: Drinking Water. Available at: https:/
ourworldindata.org/water-access. Accessed May
5,2023.

Shiber, J.G. 2005. Arsenic in domestic well water and
health in Central Appalachia, USA. Water, Air, and
Soil Pollution 160: 327-341. Available at: https://
doi.org/10.1007/s11270-005-2832-y. Accessed
May 5, 2023.

Sinton, C.W., M. Olivieri, T. Perry, K. Stoddard, and R.
Kresge. 2021. Potential health hazards of roadside
springs: Results from Central New York. Journal
of Contemporary Water Research and Education
173: 29-41. Available at: https://onlinelibrary.wiley.
com/doi/full/10.1111/j.1936-704X.2021.3356.x.
Accessed May 5, 2023.

Smith, T., L-A. Krometis, C. Hagedorn, A.H. Lawrence,
B.Benham, E. Ling, P. Ziegler, and S.W. Marmagas.
2014. Associations between fecal indicator bacteria
prevalence and demographic data in private water
supplies in Virginia. Journal of Water and Health
12(4): 824-834. Available at: https://pubmed.ncbi.
nlm.nih.gov/25473992/. Accessed May 5, 2023.

Sobel, J.M., C.E. Mendoza, D. Passaro, F. Cano, K.
Baier, F. Racioppi, L. Hutwagner, and E. Mintz.
1998. Reduction of fecal contamination of street-
vended beverages in Guatemala by a simple system

UCOWR

for water purification and storage, handwashing,
and beverage storage. American Journal of Tropical
Medicine and Hygiene 59: 380-387. Available
at: https://www.cdc.gov/safewater/publications_
pages/1998/sobel 1998.pdf. Accessed May 5, 2023.

Swistock, B., J. Clark, S. Boser, D. Oleson, A. Galford,
G. Micsky, and M. Madden. 2015. Issues associated
with the use of untreated roadside springs as a
source of drinking water. Journal of Contemporary
Water Research and Education 156: 78-85.
Available at: https://onlinelibrary.wiley.com/doi/
full/10.1111/5.1936-704X.2015.03206.x. Accessed
May 5, 2023.

Tiemann, M. 2017. Safe Drinking Water Act (SDWA):
A Summary of the Act and its Major Requirements.
Available at: https://documents.deq.utah.gov/water-
quality/ground-water-protection/underground-
injection-control/general/ DWQ-2018-001025.pdf.
Accessed May 5, 2023.

U.S. Environmental Protection Agency (U.S. EPA).
1999. Wastewater Technology Fact Sheet Chlorine
Disinfection. EPA 832-F-99-062. Available at:
https://www3.epa.gov/npdes/pubs/chlo.pdf.
Accessed May 5, 2023.

U.S. Environmental Protection Agency (U.S. EPA).
2017. Emergency Disinfection of Drinking Water.
EPA 816-F-15-003. Available at: https:/www.
epa.gov/sites/default/files/2017-09/documents/
emergency_disinfection of drinking water_
sept2017.pdf. Accessed May 5, 2023.

U.S. Geological Survey (USGS). 2018. Turbidity and
Water. Available at: https://www.usgs.gov/special-
topics/water-science-school/science/turbidity-and-
water. Accessed May 5, 2023.

Washington State Department of Health (WS DOH).
2015. Disinfecting and Sanitizing with Bleach
Guidelines for Mixing Bleach Solutions for Child
Care and Similar Environments. DOH 970-216.
Available at: https://doh.wa.gov/sites/defaul2015t/
files/legacy/Documents/8340//970-216-Disinfect-
en-L.pdf. Accessed May 5, 2023.

Wescoat, J.L., L. Headington, and R. Theobald.
2007. Water and poverty in the United States.
Geoforum 38(5): 801-814. Available at: https://doi.
org/10.1016/j.geoforum.2006.08.007.  Accessed
May 5, 2023.

Westhues, K. 2017. Flowing Well Park: Localized
water knowledge, community, and stewardship
as expressed in community springs. Southeastern
Geographer 57(2): 107-109. Available at: https://
muse.jhu.edu/pub/12/article/662612/pdf. Accessed
May 5, 2023.

JOURNAL OF CONTEMPORARY WATER RESEARCH & EDUCATION


https://www.cdc.gov/safewater/publications_pages/1998/sobel_1998.pdf
https://www.cdc.gov/safewater/publications_pages/1998/sobel_1998.pdf
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1936-704X.2015.03206.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1936-704X.2015.03206.x
https://documents.deq.utah.gov/water-quality/ground-water-protection/underground-injection-control/g
https://documents.deq.utah.gov/water-quality/ground-water-protection/underground-injection-control/g
https://documents.deq.utah.gov/water-quality/ground-water-protection/underground-injection-control/g
https://www3.epa.gov/npdes/pubs/chlo.pdf
https://www.epa.gov/sites/default/files/2017-09/documents/emergency_disinfection_of_drinking_water_s
https://www.epa.gov/sites/default/files/2017-09/documents/emergency_disinfection_of_drinking_water_s
https://www.epa.gov/sites/default/files/2017-09/documents/emergency_disinfection_of_drinking_water_s
https://www.epa.gov/sites/default/files/2017-09/documents/emergency_disinfection_of_drinking_water_s
https://www.usgs.gov/special-topics/water-science-school/science/turbidity-and-water
https://www.usgs.gov/special-topics/water-science-school/science/turbidity-and-water
https://www.usgs.gov/special-topics/water-science-school/science/turbidity-and-water
https://doh.wa.gov/sites/defaul2015t/files/legacy/Documents/8340//970-216-Disinfect-en-L.pdf
https://doh.wa.gov/sites/defaul2015t/files/legacy/Documents/8340//970-216-Disinfect-en-L.pdf
https://doh.wa.gov/sites/defaul2015t/files/legacy/Documents/8340//970-216-Disinfect-en-L.pdf
https://doi.org/10.1016/j.geoforum.2006.08.007
https://doi.org/10.1016/j.geoforum.2006.08.007
https://muse.jhu.edu/pub/12/article/662612/pdf
https://muse.jhu.edu/pub/12/article/662612/pdf
https://pubmed.ncbi.nlm.nih.gov/26322775/
https://pubmed.ncbi.nlm.nih.gov/26322775/
https://www.arc.gov/wp-content/uploads/2021/06/PRB_ARC_Chartbook_ACS_2015-2019_FINAL_2021-06_R1.pdf
https://www.arc.gov/wp-content/uploads/2021/06/PRB_ARC_Chartbook_ACS_2015-2019_FINAL_2021-06_R1.pdf
https://www.arc.gov/wp-content/uploads/2021/06/PRB_ARC_Chartbook_ACS_2015-2019_FINAL_2021-06_R1.pdf
https://pubmed.ncbi.nlm.nih.gov/17099298/
https://pubmed.ncbi.nlm.nih.gov/17099298/
https://doi.org/10.1017/S0950268898001782
https://doi.org/10.1017/S0950268898001782
https://ourworldindata.org/water-access
https://ourworldindata.org/water-access
https://doi.org/10.1007/s11270-005-2832-y
https://doi.org/10.1007/s11270-005-2832-y
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1936-704X.2021.3356.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1936-704X.2021.3356.x
https://pubmed.ncbi.nlm.nih.gov/25473992/
https://pubmed.ncbi.nlm.nih.gov/25473992/

Developing a Simple Strategy for Roadside Spring Water Disinfection in Central Appalachia16

Williamson, D. 2018. Drinking from the Mingo County
spring. Williamson Daily News. Available at:

https://www.williamsondailynews.com/opinion/
dwight-williamson-drinking-from-the-mingo-
county-spring/article 4c54c093-c980-5197-a39f-
0a71d71d477f.html. Accessed May 5, 2023.

World Health Organization (WHO). 2022. Guidelines
for Drinking-Water Quality: Fourth Edition
Incorporating the First and Second Addenda:
Acceptability  Aspects:  Taste, Odour, and

Appearance. Available at: https:/www.ncbi.nlm.nih.
gov/books/NBK579463/. Accessed May 5, 2023.

Supplementary Figure
35 =o—Control
~s~Clorox
Storebrand
‘f] CDC Recommended
] Maximum
T
7]
2
=
CDC Recommended
Minimum

o 5 5

Pre-Bleach 5 Min. Post- 30 Min. Post- 1-Day Post- 1-Week Post- 1-Month
Bleach Bleach Bleach Bleach  Post-Bleach

Trial Time Point

Figure S1. The relationship between bleach brand (2 drops per 1 gallon of spring water) and free chlorine measured
in collected spring water over time.
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