W) Check for updates

607 CRNVNINNGESIEES Journal of Water and Health | 13.2 | 2015

Microbial quality of improved drinking water sources:
evidence from western Kenya and southern Vietham
Caitlin A. Grady, Emmanuel C. Kipkorir, Kien Nguyen and E. R. Blatchley il

ABSTRACT

In recent decades, more than 2 billion people have gained access to improved drinking water sources
thanks to extensive effort from governments, and public and private sector entities. Despite this
progress, many water sector development interventions do not provide access to safe water or fail to
be sustained for long-term use. The authors examined drinking water quality of previously
implemented water improvement projects in three communities in western Kenya and three
communities in southern Vietnam. The cross-sectional study of 219 households included
measurements of viable Escherichia coli. High rates of E. coli prevalence in these improved water
sources were found in many of the samples. These findings suggest that measures above and
beyond the traditional ‘improved source’ definition may be necessary to ensure truly safe water
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INTRODUCTION

Although some 780 million people still do not have access to
improved drinking water (UNICEF & WHO 2013), inter-
national water development work has been widely touted
as a major success story of the past two decades. Primarily
across Africa and Asia, governments, non-governmental
organizations, communities, private companies, and individ-
uals have brought access to improved drinking water to over
2 billion people, or just under half of the 1990 world popu-
lation and over one-quarter of today’s population. These
efforts have been so successful that the United Nations
declared the Millennium Development Goal Target 7c
accomplished as of 2010, 5 years ahead of schedule
(UNICEF & WHO 2013). The Joint Monitoring Program of
the World Health Organization and United Nations defines
improved drinking water simply according to source type,
which includes: a piped connection into the home, public
taps or standpipes, tube wells or boreholes, protected dug
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wells, protected springs, and rainwater collection (United
Nations 2012). Although these source selections are intended
to protect drinking water by the nature of their construction,
this definition does not directly address finished water qual-
ity, and therefore has the potential to misrepresent the
number of people with access to safe drinking water
(UNICEF & WHO 2013; Baum et al. 2014).

Owing to a number of factors including time, funding,
treatment intervention, cultural practices, and laboratory
or field technological limitations, it is difficult to define a
standard protocol of methodological approaches for evaluat-
ing water and sanitation interventions in developing
countries. Effectiveness studies traditionally utilize engineer-
ing and water quality indicators (Lee & Schwab 2005; Duke
et al. 2006; Sobsey et al. 2008), health epidemiological infor-
mation (Reller ef al. 2003; Clasen et al. 2007), household and
community attributes gathered through social science
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methodology (Prokopy et al. 2008; Whittington et al. 2009;
Peter & Nkambule 2012), or combinations of the three.
Most of these effectiveness studies focus on one specific
intervention or one implementation protocol and do not
evaluate safe water access within a region as a whole. This
article, instead of focusing on one implementation strategy,
presents a summary of viable Escherichia coli concentration
measurements for drinking water samples from improved
sources in western Kenya and southern Vietnam. One pre-

2014)
relationship between improved water sources and E. coli

vious study (Baum et al has evaluated the
concentrations in the Dominican Republic, concluding
that the current estimate of safe water access may be
overly optimistic. We aimed to add to their location-specific
finding by measuring viable E. coli concentrations evalu-
ations to settings in both east Africa and southeast Asia,
thereby further expanding the current knowledge and
status of improved water resources worldwide.

We sought to evaluate E. coli concentrations for
samples collected from water treatment systems in three
communities in Vietnam and three communities in Kenya.
In Vietnam, 98% of urban residents and 94% of rural resi-
dents have access to improved water sources while in
Kenya, the corresponding fractions are 82% and 55%,
respectively (UNICEF & WHO 2014). While both countries
are still considered to be developing, neither country is cate-
Through
measurements of viable E. coli, these household samples

gorized as a ‘least developed county’
were classified according to the World Health Organization
definitions of safe water in order to give a more complete

picture of unimproved, improved, and safe water.

METHODS
Site description

Samples were collected and analyzed between May and
August 2011 in western Kenya and between February and
April 2014 in southern Vietnam. The study designs and pro-
tocols were approved by the Purdue University Institutional
Review Board (IRB #1105010852 and #1401014379). As
shown in Figure 1, the sample sites in Vietnam included
communities near An Phu, Tri Ton, and Bunh Thuy districts.
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In Kenya, the villages nearby included Kipsinende, Ainab-
koi, and Kapsabet.

For the sampling procedure in Vietnam, 35 samples
from households in each village were collected for microbial
analysis totaling 105. In Kenya, 119 households were ident-
ified for water sample collection for analysis. These
households were distributed throughout each of the three
communities and included between 35 and 40 samples per
village. Both regions are dominated by agricultural land
use, with small areas of urban development and other land
cover including rangeland and forests. Sources of water con-
tamination include agricultural runoff as well as human and
animal waste. None of the villages has centralized human
waste or sanitation facilities, though some specific house-
holds have access to improved sanitation such as a
ventilated pit latrine. In addition, all of the households in
Kenya had a point-of-use biosand filtration system and
were sampled before and after filtration, thereby totaling
238 water samples. The household surveys were completed
in order to identify the practices relating to water use and
hygiene within the household.

Water quality methods

Household water quality was characterized by analyzing
the concentration of viable E. coli in treated or stored
water at the point of use in each household. Water was col-
lected in sterile whirl-pack bags, and due to different field
condition constraints, the samples were analyzed in using
different, yet comparable analytical methods for viable
E. coli in Kenya and Vietnam. In Kenya, the samples
collected before and after the point-of-use biosand
filters were stored in an ice chest with an approximate
temperature of between 3 and 5°C and brought to Moi
University for analysis using a standardized membrane fil-
tration assay, EPA Method 1103.1. In Vietnam, samples
were collected and analyzed using the Compartment Bag
Test developed by Aquagenx (Stauber ef al. 2014). This
method utilizes a chromogenic E. coli broth culture,
which is mixed with the water sample for 20 minutes
prior to pouring into the compartment bag (Stauber ef al.
2014). After the sample is poured into a compartment
bag, it is sealed with a two-piece plastic bag clip to isolate
each compartment for incubation for 18-24 hours at
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Figure 1 | Sampling locations for six communities in Kenya and Vietnam.

approximately 35°C. After incubation, the presence of  coliform present in the sample and have been shown to
E. coli in each of five bag compartments of known  produce results consistent with each other (Stauber et al.
volume can be determined through a blue-green color  2014).

due to the hydrolysis of the p-glucuronide substrate (Stau-

ber et al. 2014). A most probable number calculator is

then used to estimate the concentration of viable E. coli RESULTS

in the original sample. Both sets of samples were processed

within approximately 6 hours of the point of collection. Of the 105 samples from Vietnam, 102 were from improved
Viable E. coli were measured, because they are a com- water sources, of which piped water was the most prevalent
monly utilized indicator for fecal contamination used by (65%) and rainwater (10%) was the second most common.
the United Nations, the World Health Organization, and In Kenya, 16 samples were from unimproved sources and
a variety of other organizations worldwide (WHO 20m). 103 samples from improved sources, where rainwater
Both methods ultimately indicate an estimate of E. coli (40%) and protected wells (32%) were the most common
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sources of improved water. The results were categorized
according to the WHO guidelines for drinking water
quality, which articulate E. coli risk levels as described in
Table 1.

As shown in Figure 2, only about 18% of samples from
either Kenya or Vietnam showed no measurable E. coli colo-
nies detected. In Kenya, roughly 61% of all improved source
samples contained high-risk or very high-risk levels of
E. coli. In Vietnam, high or very high-risk designations
were observed in roughly 67% of samples. While there
was only one instance of a Vietnamese household with a

Table 1 | Risk classifications for E. coli most probable number (MPN)/100 mL?

WHO classification E. coli MPN/100 mL

Safe/low risk <1
Questionable safety/intermediate risk 1-10
Unsafe/high risk 10-100
Unsafe/very high risk >100

aWorld Health Organization risk classification (WHO 2011).
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point-of-use filtration technology (ceramic filter, 0 E. coli),
all of the piped water on premises was treated with chlorine
at a central facility prior to distribution, yet some of these
samples still experienced microbial contamination either
from household secondary contamination or contamination
at some point during the treatment and distribution process.

Point-of-use biosand filters were present at all house-
holds sampled in each of the three villages in Kenya. To
evaluate both the improved sources of water as well as the
biosand filters, water samples from both pre- and post-filter
(point-of-use) were collected. As summarized in Table 2,
the biosand filters did contribute to an overall reduction of
the concentration of viable E. coli, but did not yield samples
with water quality that consistently met the WHO definition
of safe water.

These results point to an overall trend of decreasing, yet
still present viable E. coli concentrations in drinking water
of households in these three communities in Western
Kenya. For example, it appears that, for both improved
and unimproved water sources, the water samples, which
fall within the very high-risk category before the filter, are

Very High Risk/
Unsafe

WHO Classifications for E. coli

Figure 2 | Percentage of improved source samples with associated E. coli risk.
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Table 2 | Variation in percent of E. coli presence between pre- and post-filtration of
improved and unimproved water sources in Kenya

Improved sources Unimproved sources
(n=103) (n=16)

Prefilter  Postfilter Pre-filter  Postfilter

E. coli risk categories (%) (%) (%) (%)

Low risk/safe 17.6 243 6.3 6.3

Intermediate risk/ 21.6 30.1 0.0 18.8
possibly safe

High risk/unsafe 284 35.9 25.0 50.0

Very high risk/unsafe 324 9.7 68.8 25.0

then distributed between lower categories after the biosand
filter.

DISCUSSION AND CONCLUSION

These results show that E. coli are prevalent in improved
water samples in all six communities in Kenya and Vietnam.
These findings indicate that improved drinking water, as
defined by the WHO, does not necessarily indicate safe
drinking water. These data also contribute to a deeper
understanding of the relationship between the categories
of improved’ and ‘unimproved’ and measures of fecal indi-
cator bacteria.

Of particular interest is the presence of microbial con-
tamination in the Vietnamese communities because these
samples include a large percentage of piped water
supplies. Even though this study did not determine the
cause of contamination, throughout the data collection,
multiple observations of broken and leaking pipes, as
well as pipes that were in direct contact with surface
water, were observed. These distribution problems can
lead to contamination within the distribution system
(LeChevallier et al. 2003; Bhunia et al. 2009). In Kenya,
high rates of microbial contamination both before a sec-
ondary point-of-use treatment as well as after were also
found. This could be due to the general performance of
biosand filters, which can range from 0 to 99.7%
reduction in typical households (Stauber et al. 2006) or
secondary contamination occurring in the household
prior to consumption. These results therefore also
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highlight the importance of safe storage education and
household hygiene education, both of which can contrib-
ute to a lower level of secondary contamination.

In addition, as supported by other recent literature
(Baum et al. 2014), these results illustrate a need to consider
water quality in addition to water source characteristics
when classifying water as ‘improved’ or ‘unimproved’.
Although monitoring water quality is often limited by
resources and capacities in developing and emerging
countries, it is difficult to determine water safety without
these measures. In recent years, there have also been tre-
mendous gains in field-stable, rapid E. coli test Kits
(Stauber et al. 2014). These gains now allow microbial
water quality testing to move out of the domain of scien-
tist-specific knowledge and into the practitioner field skill
set. The tremendous progress that has been made in the
water development community over recent decades is truly
revolutionary, considering so many of the other Millennium
Development Challenges are far from being accomplished.
As we look towards the post-2015 development agenda,
however, it is important to consider the limited scope of
the current ‘improved’ sources definition and how the inter-
national community defines and provides water access to
people worldwide.

ACKNOWLEDGMENTS

This study was supported by the National Science
Foundation Graduate Research Fellowship (DGE-
1333468) and by the Borlaug Graduate Fellowship USAID
(Grant 206766). We would like to thank Hach
Instruments for donating portable turbidimeters, Aqua
Clara International, Prof. Emmanuel C. Kipkorir, Moi
University for field coordination in Kenya, and the staff
and students of the Research Center for Rural
Development at An Giang University for support in
Vietnam. The authors would also like to thank all of the
study participants who consented to allowing research
team members into their communities and homes. This
research was performed under approval of Moi
University’s Institutional Research and Ethics Committee,
FAN: IREC 000629 and Purdue University’s Institutional
Review Board, #1105010852 and #1401014379.



612 C. A. Grady et al. | Microbial quality of improved drinking water sources

Journal of Water and Health | 13.2 | 2015

REFERENCES

Baum, R., Kayser, G., Stauber, C. & Sobsey, M. 2014 Assessing the
microbial quality of improved drinking water sources: results from
the Dominican Republic. Am. J. Trop. Med. Hyg. 90 (1), 121-123.

Bhunia, R., Ramakrishnan, R., Hutin, Y. & Gupte, M. 2009
Cholera outbreak secondary to contaminated pipe water in
an urban area, West Bengal, India, 2006. Indian J.
Gastroenterol. 28 (2), 62-64.

Clasen, T., Schmidt, W.-P., Rabie, T., Roberts, I. & Cairncross, S.
2007 Interventions to improve water quality for preventing
diarrhoea: systematic review and meta-analysis. BMJ (Clin.
Res. Ed.) 334 (7597), 782-792.

Duke, W., Nordin, R., Baker, D. & Mazumder, A. 2006 The use
and performance of BioSand filters in the Artibonite Valley
of Haiti: a field study of 107 households. Rural Remote
Health 6, 570 (online).

LeChevallier, M., Gullick, R., Karim, M., Friedman, M. & Funk, J.
2003 The potential for health risks from intrusion of
contaminants into the distribution system from pressure
transients. J. Water Health 1, 3-14.

Lee, E. J. & Schwab, K. J. 2005 Deficiencies in drinking water
distribution systems in developing countries. J. Water Health
3 (2), 109-127.

Peter, G. & Nkambule, S. E. 2012 Factors affecting sustainability of
rural water schemes in Swaziland. Phys. Chem. Earth A/B/C
50-52, 196-204.

Prokopy, L., Thorsten, R., Bakalian, A. & Wakeman, W. 2008
Evaluating the role of postconstruction support in sustaining
drinking water projects evidence from Peru. J. Plann. Educ.
Res. 27 (3), 294-305.

Reller, M. E., Mendoza, C. E., Lopez, M. B., Alvarez, M.,
Hoekstra, R. M., Olson, C. & Luby, S. P. 2003 A randomized
controlled trial of household-based flocculant-disinfectant

drinking water treatment for diarrhea prevention in rural
Guatemala. Am. J. Trop. Med. Hyg. 69 (4), 411-419.

Sobsey, M. D., Stauber, C. E., Casanova, L. M., Brown, J. M. &
Elliot, M. A. 2008 Point of use household drinking water
filtration: a practical, effective solution for providing
sustained access to safe drinking water in the developing
world. Environ. Sci. Technol. 42 (12), 4261-4267.

Stauber, C. E., Elliott, M. A., Koksal, F., Ortiz, G. M., DiGiano, F.
A. & Sobsey, M. D. 2006 Characterisation of the biosand
filter for E. coli reductions from household drinking water
under controlled laboratory and field use conditions. Water
Sci. Technol. 54 (3), 1-7.

Stauber, C., Miller, C., Cantrell, B. & Kroell, K. 2014 Evaluation of
the compartment bag test for the detection of Escherichia coli
in water. J. Microbiol. Methods 99, 66-70.

UNICEF & WHO 2013 Progress on Drinking Water and
Sanitation 2012 Update (pp. 1-59). New York. www.wssinfo.
org/.

UNICEF & WHO 2014 Progress on Drinking Water and
Sanitation 2014 Update (pp. 1-25). http://www.wssinfo.org/
fileadmin/user_upload/resources/JMP-report2014Table
Final.pdf.

United Nations 2012 Indicators for Monitoring the Millennium
Development Goals: Definitions, Rationale, Concepts and
Sources. http://mdgs.un.org/unsd/mi/wiki/7-8-Proportion-
of-population-using-an-improved-drinking-water-source.
ashx.

Whittington, D., Davis, J., Prokopy, L., Komives, K., Thorsten, R.,
Lukacs, H. & Wakeman, W. 2009 How well is the demand-
driven, community management model for rural water
supply systems doing? Evidence from Bolivia, Peru and
Ghana. Water Policy 11 (6), 696-718.

World Health Organization 2011 Guidelines for Drinking-water
Quality, 4th edn. World Health Organization, Geneva,
Switzerland.

First received 21 August 2014; accepted in revised form 13 November 2014. Available online 8 December 2014

Downloaded from http://iwaponline.com/jwh/article-pdf/13/2/607/395089/jwh0130607.pdf

bv auest


http://dx.doi.org/10.4269/ajtmh.13-0380
http://dx.doi.org/10.4269/ajtmh.13-0380
http://dx.doi.org/10.4269/ajtmh.13-0380
http://dx.doi.org/10.1007/s12664-009-0020-5
http://dx.doi.org/10.1007/s12664-009-0020-5
http://dx.doi.org/10.1136/bmj.39118.489931.BE
http://dx.doi.org/10.1136/bmj.39118.489931.BE
http://dx.doi.org/10.1016/j.pce.2012.09.011
http://dx.doi.org/10.1016/j.pce.2012.09.011
http://dx.doi.org/10.1177/0739456X07311072
http://dx.doi.org/10.1177/0739456X07311072
http://dx.doi.org/10.1021/es702746n
http://dx.doi.org/10.1021/es702746n
http://dx.doi.org/10.1021/es702746n
http://dx.doi.org/10.1021/es702746n
http://dx.doi.org/10.2166/wst.2006.440
http://dx.doi.org/10.2166/wst.2006.440
http://dx.doi.org/10.2166/wst.2006.440
http://dx.doi.org/10.1016/j.mimet.2014.02.008
http://dx.doi.org/10.1016/j.mimet.2014.02.008
http://dx.doi.org/10.1016/j.mimet.2014.02.008
http://www.wssinfo.org/
http://www.wssinfo.org/
http://www.wssinfo.org/fileadmin/user_upload/resources/JMP-report2014Table_Final.pdf
http://www.wssinfo.org/fileadmin/user_upload/resources/JMP-report2014Table_Final.pdf
http://www.wssinfo.org/fileadmin/user_upload/resources/JMP-report2014Table_Final.pdf
http://mdgs.un.org/unsd/mi/wiki/7-8-Proportion-of-population-using-an-improved-drinking-water-source.ashx
http://mdgs.un.org/unsd/mi/wiki/7-8-Proportion-of-population-using-an-improved-drinking-water-source.ashx
http://mdgs.un.org/unsd/mi/wiki/7-8-Proportion-of-population-using-an-improved-drinking-water-source.ashx
http://mdgs.un.org/unsd/mi/wiki/7-8-Proportion-of-population-using-an-improved-drinking-water-source.ashx
http://dx.doi.org/10.2166/wp.2009.310
http://dx.doi.org/10.2166/wp.2009.310
http://dx.doi.org/10.2166/wp.2009.310
http://dx.doi.org/10.2166/wp.2009.310

	Microbial quality of improved drinking water sources: evidence from western Kenya and southern Vietnam
	INTRODUCTION
	METHODS
	Site description
	Water quality methods

	RESULTS
	DISCUSSION AND CONCLUSION
	This study was supported by the National Science Foundation Graduate Research Fellowship (DGE-1333468) and by the Borlaug Graduate Fellowship USAID (Grant 206766). We would like to thank Hach Instruments for donating portable turbidimeters, Aqua Clara International, Prof. Emmanuel C. Kipkorir, Moi University for field coordination in Kenya, and the staff and students of the Research Center for Rural Development at An Giang University for support in Vietnam. The authors would also like to thank all of the study participants who consented to allowing research team members into their communities and homes. This research was performed under approval of Moi University's Institutional Research and Ethics Committee, FAN: IREC 000629 and Purdue University's Institutional Review Board, &num;1105010852 and &num;1401014379.
	REFERENCES


