Analyzing Water Quality and Consumer
Perceptions at Refill Stations in Guyana: Mixed-
Methods Analysis

ABSTRACT

Aim: Water refill stations continue to be a means of providing safe and affordable drinking water.
However, due to the growing number of water refill stations, there have been concerns regarding the
water quality and voluntary compliance with the local standard. Therefore, this study sought to
comparatively assess the quality of potable water from selected water refill stations in an urban and rural
community and to understand purchaser’s attitudes and practices towards water refill stations.
Methodology: The study included six (6) water refill stations and 612 randomly selected purchasers and
was conducted from January to May 2022. The water samples were collected at various times and on
different days of the week. Data was collected using a pretested interview schedule, observational
checklist, and purchaser questionnaire. A p-value of <0.05 was used to determine statistical significance.
Results: The results showed that only 50% of the refill stations avail themselves of any form of water
quality testing. Moreover, water refill stations within the urban community showed more voluntary
compliance with the local standard. A significant association of water quality parameters was seen in pH
(0.00), turbidity (0.04), iron (0.01), and aluminum (0.000). There were also notable differences within the
means of total dissolved solids (Urban (44.1)-Rural (50.7) and total coliform Urban (18.6) Rural (2.1).
There were generally good attitudes and practices among purchasers with sex (0.05), education (0.00),
and ethnicity (0.03) showing significant association.

Conclusion: In conclusion, while the framework exists, though voluntary, for water refill stations to
operate, there are concerns surrounding the quality of refill water. Several water quality parameters were
out of range which justifies quality concerns. Nevertheless, water refill stations within the urban
community had fewer violations as compared to those in the rural community. Purchasers were noted as
having good attitudes and practices towards refill water and water refill stations.
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1. INTRODUCTION

Water refill outlets present a sustainable business model for the supply of potable water to consumers.
Globally, this growing enterprise has evolved out of the necessity of people to access safe potable water
due to its relatively low cost (1,2). Bartram and Richard suggested that water quality is largely in part due
to its intended use which would suggest that there should be different standards that target the specific
use of water (3). Water that is designated for human consumption is held to a higher standard since the
principal reason for water consumption is the maintenance of good health. The World Health Organization
(WHO) would have therefore established guidelines that we now know as “safe” limits. These limits are
set bearing in mind the limitations that exist in countries across the world and as such, they are used to
provide that cushion in which people can consume water without any risk to their wellbeing (4). While
WHO would have provided these guidelines as a baseline for countries across the world to follow, it is not
mandatory since countries have the autonomy to develop their standards which take into consideration
the local environment, customs, and norms of a particular people (5). Due to the increasing demand for
“safe” potable water for human consumption, several private entities have been established in Guyana to
meet this need by providing water refill services. Since this is a relatively new enterprise in Guyana and in




some regards unregulated, this project broadly looks to assess whether these entities are following local
and international water quality standards and if not, to extrapolate any negative consequences due to
long-term consumption of substandard drinking water. Additionally, this project shed light on purchaser’s
attitudes and practices towards water refill stations.

In 2019, WHO would have stated that around 2 billion people were consuming water from sources that
were not operated in a safe way (6). The United Nations General Assembly in 2010 would have
acknowledged the human right to sufficient, continuous, safe, acceptable, physically accessible, and
affordable water which aligns with the sustainable development goal target 6.1 (5). Worth noting, that
millions lack basic access to improved water sources and many more consume contaminated water from
sources deemed to be safe (5,7). The WHO estimated that in 2017 some 2.2 billion people used unsafe
water and recognizes the predisposition this places on those persons to transmit diseases such as
cholera, dysentery, typhoid, polio, hepatitis A, and diarrhea. Therefore, it is safe to state that unregulated
and unmonitored water refill services pose a new and direct threat to human health and well-being. A
staggering number of around 829,000 persons inclusive of 297,000 children die yearly from diarrhea, a
preventable disease, due to unsafe drinking water, sanitation, and hand hygiene (6). In 2017 alone more
than 220 million persons were treated for schistosomiasis- a disease acquired through exposure to
infested water (6).

The ability to provide safe potable water has become a necessity, especially in the era of climate change
and the potential public health crisis that can arise because of inaction. All of which aligns with
Sustainable Development Goal (SDG) 6 — and by extension, in the promotion of health and well-being —
SDG 3 (6). Therefore this study would determine the suitability of potable water from water refill stations
for human consumption in a rural community and an urban community in Guyana.

2. MATERIAL AND METHODS

The study was a cross-sectional study. This study comprised selected water refill stations in two
communities, one rural and one urban. Water refill stations were included only after giving prior informed
consent and having satisfied the inclusion criteria of being operational for no less than one (1) year.

Sampling method

Water refill stations were selected through purposive sampling due to the small sample size within each
community. Random sampling was used to identify purchasers for the study. This was done by placing
numbers one (1) through ten (10) into a brown paper bag and the researcher retrieving a single number.
This process was repeated at each of the refill stations within the study. That number identified
represented the purchaser that would be asked to participate in the study. For instance,

Rural Community

Water refill Station A — number 5 was pulled which meant every 5" purchaser
Water refill Station B — number 3 was pulled which meant every 3" purchaser
Water refill Station C — number 5 was pulled which meant every 5 purchaser

Urban Community

Water refill Station D — number 7 was pulled which meant every 7" purchaser
Water refill Station E — number 4 was pulled which meant every 4™ purchaser
Water refill Station F — number 2 was pulled which meant every 2 purchaser

Sample size

A total of six (6) water refill stations, three (3) in each community were selected to participate in the study
after giving prior informed consent. Each water refill station suggested a monthly average of
approximately five hundred (500) persons purchasing refill water. As such, the sample size for each
community, rural and urban, was calculated based on an average total population of 1500 each. Using
the single proportion sample size formula, with a precision of 5%, and a confidence interval of 95%.

Data collection instrument



This study utilized three (3) data collection instruments, namely, an Interview Schedule, an observational
checklist, and a questionnaire and consent form. All of these were generated based on the GYS
516:2017: Requirements for water re-filling premises (Guyana National Bureau of Standards (GNBS);
2017) (8). A standard developed by the Guyana Bureau of Standards in response to the growing number
of privately owned and controlled water refill stations. This standard is intended to regulate and ensure
the quality of water being produced by those entities. The standard covers areas such as location, design
and layout of facilities, specifications for re-filling areas, labeling, records, recall, personnel, and testing.
The questionnaire was divided into 3 questions in the preliminary data section, 13 questions in the
attitudes and practice section, 6 questions in the differential reinforcement section, and 9 questions in the
differential association. Before being operational the questionnaire was piloted, and Cronbach alpha
analysis was performed to ensure that there is good internal consistency and that the instrument is
measuring what it is intended to measure. The Cronbach alpha test revealed a score of 0.80.

Trace metals analysis was done by atomic absorption spectroscopy. After testing, water quality and trace
metals data were compiled into an Excel sheet before being analyzed in SPSS version 21.

Data analysis

The data was analyzed using SPSS version 21. Descriptive statistics were used to analyze the mean,
median, standard deviation, maximum and minimum values, and frequency distribution of each
parameter. Inferential statistics were done using t-test, ANOVA, and regression analysis. A p-value of
<0.05 was considered statistically significant.

The questionnaire had Likert scale questions with a scale ranging from 1-7 and “yes and no” questions
with a scale range of 0-1. Answers under each section were added and a mean score under each section
and a standard deviation was calculated. The minimum and maximum participant's score was also
calculated under each section.

Ethical considerations

The study was approved by the ethics committee of, the University of West Indies. An informed consent
form was also obtained from the proprietors of water refill stations and their purchasers, before
participating in the study.

3. RESULTS AND DISCUSSION

Among the six (6) water refill stations in this study, the operation period was between 4 years to 10 years
with a mean (year)SD 6.8 + 2.1. All refill stations had collected their raw water from the GWI standard

distribution pipe system. The study identified the following purification techniques at each refill station:

Refill Station A: Single filtration process and chlorination technique

Refill Station B: Three-tiered filtration process and chlorination technique.

Refill Station C: Single filtration process.

Refill Station D: Two-tiered filtration process, reverse osmosis and chlorination technique.

Refill Station F: Two-tiered filtration process.

Refill Station E: Two-tiered filtration process, reverse osmosis and chlorination technique.



Observational Checklist of Standard Requirements based on the GYS 516:2017: Requirements for

water re-filling premises

The observational checklist which was used to assess the refill station's compliance with the national
standard would have revealed the deficiencies that existed at each refill station. The disaggregated data
showed that refill stations A, B, and C located in the rural community performed fair and satisfactorily
when measured against the compliance checklist. Conversely, locations D, E, and F performed well and
satisfactorily when measured against the same checklist [Figure 1]. The checklist for compliance with
water refill stations was checked for location compliance, design compliance, and layout compliance. The
overall compliance score was recorded as 99. Overall comparisons of the two communities indicated that
the rural community performed fair, and the urban community performed satisfactorily [Figure 2] with an

overall p-value of 0.0001 when assessing the physical infrastructure.

Figure 1: Total Compliance Scores
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Figure 1: Cumulative comparison of the observational checklist between communities
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Figure 2: Percentage from checklist score of water refill stations from rural and urban settings

Water Quality Analysis

Water quality analysis of the treated water showed a statistical significance among pH, turbidity, iron, and
aluminum between the means for the two communities. Further comparison of the water quality
parameters showed that samples from rural settings were acidic with 4.8 pH compared to the urban
setting (6.0 pH). High aluminum concentration and iron were recorded in the rural setting with 2.1 and 0.3
respectively. Total coliform was recorded as high with 18.6 in urban settings [Table 1].

Table 1: Water quality analysis of the treated water within the two communities

t-test/
Variable Site Mean + SD SE mean Min-Max Chi- p-value
Square

pH (6.5-8.5) Urban 6.0+0.7 0.2 5.0-6.8

Rural 48+0.5 0.1 4.3-5.7

Total 54+0.8 0.1 4.2-6.8 5.6 0.00*
Turbidity (<5.0) Urban 0.3+0.1 0.3 0.1-0.6

Rural 05+04 0.1 0.1-1.3

Total 0.4+0.3 0.1 0.1-1.3 -2.3 0.04*
Iron (<0.3) Urban 0.01+0.03 0.01 0.02-0.1

Rural 0.3+0.3 0.1 0.07-0.9

Total 0.2+0.2 0.04 0.02-0.9 2.9 0.01*
Apparent colour
(Clear <100) Urban 10.7+11.2 35 1.0-36.0

Rural 16.7+ 154 4.0 1.0-48.0

Total 13.7+13.6 2.5 1.0-48.0 -1.2 0.2
Aluminium Urban 0.3£0.3 0.10 0.00-0.8
(0.1) Rural 21+13 0.3 0.3-4.0

Total 12+13 0.2 0.00-4.0 5.40 0.000*
Conductivity Urban 94.2 + 55.6 14.3 7.4-154.3

Rural 105.5+27.6 8.0 55.1-150.6

Total 99.2+449 8.6 7.4-154.3 -0.7 0.8
Salinity Urban 0.05+0.03 0.01 0.00-0.1

Rural 0.06 £ 0.04 0.01 0.02-0.2

Total 0.06 + 0.04 0.007 0.00-0.20 -0.7 0.8



Total dissolved

solids Urban 441+£26.1 6.7 3.6-72.9

Rural 50.7 £ 12.7 3.8 28.1-72.1

Total 47.1+21.4 4.2 3.6-72.9 -0.8 0.8
Total coliform Urban 18.6 + 43.6 12.6 0.0-150.0

Rural 21+7.0 1.8 0.0-27.0

Total 9.4 + 30.0 5.8 0.0-150.0 1.3 0.1

The mean score was calculated among study purchasers for attitude and practices, differential
associations, and differential reinforcement. Purchasers from rural settings scored a higher mean score of
45.8 compared to urban purchasers. Similarly, the mean score was higher among rural purchasers for
differential association (16.3). Although, the mean score for differential reinforcement was the same
among rural and urban purchasers [Table 2].

Table 2: Mean score of attitudes, practices, and differential association among rural and urban purchasers

Scores Mean + SD Min-Max

Attitudes and Practices

Rural 458+ 0.8 41-48
Urban 449+2.1 38-49
Differential Association

Rural 16.3+2.3 0-21
Urban 159+2.7 0-23
Differential Reinforcement

Rural 6.0£0.3 4-7
Urban 6.0+ 0.3 4-7

A study conducted by Onyango et al would have noted that the sum of the refill water quality is a direct
reflection of how all the integral parts are functioning together (9). Therefore, personnel must be

adequately trained and prepared to handle the specifics of water treatment or any job task.

It should be understood that water refilling areas are relatively high-touch areas and as such would have
the propensity to be a reservoir for infectious agents thereby creating the environment for a potential
public health emergency. High-touch areas would then require a more intense recurrent cleaning
schedule to alleviate this (10). Animal model studies have suggested that the pH of drinking water can
have an overall effect on gastrointestinal (Gl) health affecting such things as gut microbiota and glucose

regulations among others (11). Over the years Gl diseases have been increasing in numbers and severity



so much that they are now considered the third leading cause of death globally (12—-14). As such, several
approaches have been adopted to combat the growing phenomena of Gl diseases. One such approach is
the use of alkaline-reduced water (ARW) to fight against the effects of an acidic diet. This has been
studied in numerous territories under a variation of names. ARW is produced through electrolysis of water
and includes properties such as an alkaline pH, micro-clustered water molecules, rich dissolved hydrogen
molecule content, active hydrogen, extremely negative oxidation-reduction potential (ORP), and Reactive
Oxygen Species (ROS)-scavenging properties (15-17). All of which have been reported to affect gut
microbiota and metabolism (18,19). Further, a study conducted on newborn mice noted that the
occurrence of diabetes was amplified with the use of neutral water as compared to acidic water (18).
Turbidity is a measure of the light refractiveness of water and can be used to determine water quality as
increased turbidity is often linked to microbiological contamination (20). Several studies have reported
that increased turbidity in drinking water is linked to problems with the Gl tract (21-26). Schwarts et al
would have suggested an association between drinking water turbidity and endemic Gl illness in
Philadelphia (27). However, the Environmental Protection Agency (EPA) would have discredited that
study claiming technical flaws in turbidity measurement and analysis techniques (28). Nevertheless, other
studies conducted would have confirmed an association (24,27,29-32). A high concentration of aluminum
in drinking water can be a direct result of improper water treatment processes and overconsumption over
extended periods has been linked to Alzheimer’s disease (33). As such aluminum salts used as part of
flocculation for drinking water have been disparaged (33). It should be noted that none of the water refill
stations would have applied this step in their purification process. However, GWI uses aluminum salts as
flocculants in its water purification process. Although this study did not find high concern about iron, it is
still significant. Studies have concluded that adverse health impacts can occur due to overuse of drinking
water with high iron content thereby leading to potential ailments such as cardiovascular disease,
diabetes mellitus, kidney, and liver disease among others (34-36).

WHO would have stated that regardless of a person’s social and economic standing they have a right to
access safe potable water (37). This is well aligned with Sustainable Development Goals six and three (3)
which speak to health and well-being (6). Two possible explanations for this can be compromised quality
control and quality assurance measures during the collection, handling, and/or storage in households
(38).

Water is made unpleasant by elements like color, taste, and odor, while substances like PTEs pose
serious health risks to those who drink it (40). PTEs such as lead (Pb), mercury (Hg), cadmium (Cd), and
arsenic (As) are associated with increased risks of cancer, renal impairment, and cardiovascular diseases
(41). Not only does it affect humans but also aquatic animals it causes disturbances in the immunological
system, oxidative stress, and neurotoxic consequences (42).

Information regarding refilled water is disseminated through different means; however, consumer’s ability
to understand the information is what will guide their perception of refilled water. This is a direct

association with the level of education attained by the consumer (39). Within this study, education played



a significant association with the purchase of refilled water. Therefore, overall, participants in this study
can be said to have good knowledge and practices towards refilling water all of which are linked to

educational level.

CONCLUSION
In conclusion, it can be noted that while the local standard provides the framework under which water refill

stations should be bound to operate there are also considerable gaps that exist within the standard and
issues regarding enforcement.

Purchasers were noted as having generally good attitudes and practices towards refill water and water
refill stations. Furthermore, sex, education, and ethnicity had a significant association in regards to
purchaser’s attitudes and practices. It was also noted that only two (2) of the water refill stations were
currently licensed to operate. Based on the observational checklist refill stations within the urban
community scored higher as compared to those within the rural community. Furthermore, regarding water
quality, it noted that pH, turbidity, iron, and aluminum had significant associations when comparing refill
stations and communities. When the raw water was compared to the treated water it showed statistical
significance with turbidity and apparent colour. If infrastructure, training, and continuing resource
allocation are sufficient, test findings may, however, serve as motivation for supply-level managers to
adopt hazard mitigation strategies. Our findings have ramifications for both rural development programs
and the dissemination of environmental risks in underdeveloped areas. Additionally, though not significant
it was observed that treated water recorded some level of contamination with total coliform as opposed to
zero (0) total coliform in raw water. Therefore, the need exists for strengthening the current framework

that addresses water refill stations to protect society from a major public health crisis.

CONSENT
All authors declare that ‘written informed consent was obtained from the participants for publication of this
research. A copy of the written consent is available for review by the Editorial office/Chief Editor/Editorial

Board members of this journal.”
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