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Abstract

Assessment of Exposure to Fecal Contamination at Beaches in
Low-Income Neighborhoods in Accra, Ghana

By Amanda Santander

Background: In developing countries, there are many pathways by which children may
be exposed to fecal contamination, especially in urban areas where overcrowding is
common and water and sanitation systems are poor. The purpose of this study was to
identify and quantify risk of exposure to fecal contamination at beaches and in marine
water in low-income neighborhoods in Accra, Ghana.

Methods: This study used household surveys, environmental samples, and structured
observations of children at beaches to characterize marine water and sand as exposure
pathways to fecal contamination. Two coastal neighborhoods in Accra were selected for
the study, and eight exposure scenarios were identified in order to estimate exposure dose
of selected indicator microorganisms.

Results: The geometric mean E. coli concentration in marine water samples was 3.98 cfu
10g10/2100ml and the geometric mean concentration in sand samples was 2.53 cfu
10g10/100g. This concentration did not differ significantly by neighborhood. There was a
significant difference in the concentration of E. coli and coliphage in sand versus water
samples (p < 0.02). The exposure scenario resulting in the highest dose of fecal
contamination was direct contact with sand on the beach, which resulted in a mean E. coli
dose of 1339 cfu/event for children under five years and 1749 cfu/event for children 5-12
years. Pair-wise comparisons of exposure dose distributions found no significant
different in dose for children under five years compared with children ages 5-12 years.
However, comparisons of exposure activity (direct contact with sand, contact with object,
head submerged in water, or head not submerged in water) showed significant differences
in dose.

Conclusions: Both water and sand at beaches in Accra are highly contaminated due to
runoff from fecal sludge discharge sites and from open defecation by beachgoers.
Previous studies may have overestimated the risk of exposure to pathogens in the marine
water by assuming a greater volume of water ingested during swimming events. The use
of stochastic models in this study helped to control some of the variability and
uncertainty in the exposure scenarios that were not accounted for previously.
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I. Background
A. The Burden of Diarrheal Disease in Developing Countries

Diarrheal disease is the second leading cause of death in children in Sub-Saharan
Africa, resulting in an estimated 760,000 child deaths per year (1). While mortality due
to diarrhea has shown a steady decline in developing countries from 4.6 million in the
1980s to 2.5 million in the 2000s, morbidity has remained unchanged throughout the
decades at 2-3 diarrheal episodes per child per year (1, 2). In Sub-Saharan Africa,
morbidity reaches as high as 7.3 diarrheal episodes per child per year, mainly due to lack
of clean water and proper sanitation (2). In 2002, Pruss et al estimated the global burden
of diarrheal disease due to poor water, sanitation and hygiene (WASH) to be 4.0% of all
deaths (3). This is likely to be an underestimate because not all diarrheal diseases and
exposure pathways were measured. They also estimated that the WASH-related health
burden of disease on children under five in Africa is up to 240 times higher than the
burden to children in high-income countries (3).

The global burden of diarrheal disease is so great that the Millennium
Development Goals (MDGs) have called for a reduction by two-thirds in the under-five
mortality rate and to reduce by half the proportion of the population lacking access to
improved drinking water and basic sanitation (4). However, according to a 2010 report
from the United Nations, while child mortality is decreasing worldwide, it is not falling
fast enough to meet the goal by 2015. Among the 67 countries with high child mortality
rates (over 40 deaths per 1,000 live births) only 10 are on track to meet their target (4).
Most child deaths, especially those from diarrheal illness, are preventable through

improved sanitation and access to safe water. While the MDG target for improved



drinking water has been met as of 2010, it is unlikely that the world will meet the MDG
sanitation target by 2015 (5). From 1990 to 2010, the proportion of the population in

Sub-Saharan Africa with improved sanitation facilities only increased from 26% to 30%

(5).

B. Sanitation Challenges in Urban Environments

It is estimated that nearly 300 million people in sub-Saharan Africa do not have
access to clean drinking water and 440 million do not have access to basic sanitation (6).
Increased urbanization in many parts of the world, including sub-Saharan Africa, has
accelerated the deterioration of urban environments, leading to high outdoor air and water
pollution and improper waste disposal systems. Child morbidity and mortality is
typically four times higher in poorer urban areas (slums) than in richer areas (7). Many
communicable diseases can be found in areas with little clean water and poor sanitation;
overcrowding and unsanitary environmental conditions only serve to intensify their
transmission.

Diseases related to unsafe water and poor sanitation affect people of all ages, but
children, the elderly, and the immunocompromised have a higher risk for such illnesses.
Urban children living in slums in Sub-Saharan Africa have mortality and morbidity rates
greater than those in rural areas (8). With over half of the urban population in Sub-
Saharan Africa still living in slums, the need for improved water and sanitation services

is great (9).

C. Sanitation and Fecal Sludge Disposal in Accra, Ghana
As of 2010, the country of Ghana had a total population of about 25 million

people (10). Between 2000 and 2010, the urban population of Ghana grew from 44% to



50%; in Accra alone, and more than 60% of the residents live in over-crowded areas (11,
12). According to the 2012 update from the World Health Organization (WHO) on the
progress on clean drinking water and improved sanitation, Ghana has the highest
proportion of shared sanitation facilities (58%) in the world. Shared facilities are defined
as those that are used by more than two households, including public toilets, and are not
considered improved, according to the United Nations International Children’s
Emergency Fund (UNICEF) (13). Nine percent of facilities are unimproved, and 19% of
the population report that they regularly practice open defecation (5).

A report by the Water and Sanitation Monitoring Platform (WSMP) of Ghana in
2008 found that, although Greater Accra improved the least in access to safe drinking
water compared to nine other regions in Ghana (61%), it had the greatest increase in
improved sanitation facilities (25%) from 1990 to 2008 (14). Sanitation coverage (access
to toilet facilities) remains low across the country with 8.2% of rural homes and 17.8% of
urban homes having improved sanitation in 2008 (14). Even at the current rate of
increase in improved sanitation, Ghana is not on track to meet its 2015 target for this
Millennium Development Goal. In fact, the WSMP estimates that by 2015, only 15% of
the population in Ghana will be using improved sanitation facilities, which falls far short
of the MDG target of 53% (14).

In Ghana, 12% of children under 5 years of age are reported to die from diarrheal
disease (12). This can be attributed in part to the lack of sanitation infrastructure and
clean water in urban areas, such as Accra. There is no functional municipal wastewater
treatment plant in Accra. Shared latrines and septic tanks are emptied by privately owned

vacuum tankers, which discharge their contents onto the beach at Lavender Hill (15).



About 700 m*/day of fecal sludge is disposed of at Lavender Hill, most of which ends up
in the sea (15). During the rainy season the runoff likely causes an even higher level of

fecal contamination in recreational waters (16).

D. Recreational Water, Beaches, and Health

Recreational waters and beaches can become contaminated with human feces
through the dumping of sewage, discharge from rivers that contain sewage, and from
bather contamination. The most frequent adverse health outcome from exposure to fecal-
contaminated beaches is enteric illness, but skin, eye, and ear irritations have also been
reported (17). Multiple epidemiological studies have shown an association between
swimming in fecal-contaminated water and gastrointestinal illness (18, 19). For example,
a study in the Great Lakes region of the United States showed a range of fecal
contamination from -1.75 log;0/100 ml to 4.17 log10/100ml, using Enterococcus as an
indicator of fecal contamination (19). For swimmers immersing their bodies, they
observed a 1.43 increase in the odds of gastrointestinal illness for a log;o increase in
Enterococcus levels (19).

In 2004, the WHO provided a reference level for the “tolerable risk to human
health” from pathogenic enteric viruses, bacteria and protozoa of 10° DALYs per person
per year (20). A DALY expresses the years of life lost due to premature death and years
lived with disability due to disease (i.e. one DALY equals one lost year of healthy life
compared to the average life expectancy in a given country) (17, 21). These guidelines
assume that 20-50 ml of water is swallowed per hour of swimming-related activity (17,

22). Additional studies have found that children only swallow 30-50 ml of water per



swimming event, depending on age and water type, so this value may be an over- or
underestimation (22, 23).

The most common ways in which beaches and recreational waters become
contaminated in Accra is through the direct dumping of fecal sludge at Lavender Hill or
the flow of sewage from open drains into seawater. A study by Labite et al. in 2010
showed that the major routes of exposure to enteric pathogens in Accra, Ghana are
through open drains, followed by recreational water. They measured fecal indicators in
open drains, sand, and marine water and used the disability-adjusted life year (DALY as
a measure of disease burden in the population. The ingestion of contaminated water by
children playing near open drains contributed 64% of total DALY from the Accra Urban
Water System while the ingestion of polluted seawater or beach sand contributed 26% of
DALYs (6). The microbial pollution of the seawater is not surprising since untreated
wastewater from open drains (the highest source of pollution) flows into the Odaw River
and then discharges into the sea (6). A similar study by Lulani et al. in 2008 predicted
that recreational ocean swimming contributed 91% of all Campylobacter cases in the
study area and nearly as many cases of Rotavirus as open drain, based on the DALY s that
each pathway contributes and the estimated duration and severity of each illness (24).
This study used assumptions and values from prior literature for all calculations.

Children playing on beaches and in the water have several possible routes of
exposure to pathogens. Some of these include accidental ingestion of seawater and
swimming in shallow water (dermal exposure) or in small pockets of stagnant water near
the coastline (25). Children are also more susceptible to exposure to fecal contamination

in recreational water than adults because they spend more time in the water, submerge



their heads more often and swallow more water than adults (23). Additionally, hot
weather, high water temperatures, and large numbers of bathers in a small area provide
ideal conditions for pathogen exposure (25).

When assessing the risks of enteric illness in children due to recreational water
exposure, it is important to also consider exposure to beach sand. Young children
generally spend more time at the edge of the water and may spend more time on the sand
than in the water (26). Pathogenic bacteria, viruses, fungi and parasites have all been
isolated from samples of beach sand, sometimes at higher concentrations than seawater.
At a beach in the Gaza Strip, Salmonella and Vibrio were isolated from sand samples
more frequently than from water samples despite the fact that only 10g of sand was
collected, while 1L of water was sampled (27). Fecal indicator bacteria have also been
found in sand at densities 2 to 38 times higher than in water (26, 28), which indicates the
possible presence of pathogenic microorganisms in the sand as well. Heaney et al (2012)
found fecal contamination in wet sand to be positively associated with enteric illness
among both children digging in sand and those being buried in sand. This is important
because beachgoers may spend more time on the sand than in the water, and young

children especially have a lot of contact with beach sand.

E. Indicator Organisms of Fecal Contamination
Enteric pathogens are normally found in very small numbers in the environment
and can be difficult to detect. For this reason, microbial indicator organisms, such as
Escherichia coli (E. coli), are routinely used to test for the possible presence of fecal
contamination in water (29). There are several criteria that a good indicator should meet,

but there is not one indicator organism that fulfills all of these criteria. Ideally, the



indicator should be present when a fecal pathogen is present and absent when the
pathogen is absent. The persistence and growth characteristics of the indicator should be
similar to those of the pathogen. The pathogen and the indicator should be present in a
constant ratio in order to estimate the concentration of pathogen present. Finally, the
indicator should be present in much higher concentrations than the pathogen so that it is
easier to detect (30).

E. coli is the most widely used fecal indicator to test for the presence of fecal
pollution from humans and other warm-blooded animals (31). It does not survive long in
seawater, so when E. coli is present in marine water samples, this is an indication of
recent fecal pollution. One study determined that E. coli had a decay rate of -2.9
cfu/100ml per day in marine water, which was significantly faster than in freshwater (32).
E. coli is also a preferred indicator because there are several rapid, sensitive, and specific
methods of detecting the microbe in water and sand samples (33). However, E. coli is
not an ideal indicator for enteric viruses and protozoa because these pathogens survive
for much longer in marine waters than E. coli (34). The World Health Organization and
the United Nations Environment Programme (WHO/UNEP) have set guidelines for E.
coli indicator levels in recreational marine water. E. coli counts are not to exceed 100
cfu/100 ml in 50% of samples taken in a season and 1,000 cfu/100ml in 90% of samples
(35).

Coliphage are viruses that infect coliform bacteria and are not pathogenic to
humans (36). Coliphage are important indicators because, unlike E. coli, they can serve
as an indicator of viral pathogens. Laboratory experiments with coliphage have shown

that their survival in the environment is similar to that of enteric viruses (31, 34).



F. Quantitative Microbial Risk Assessment of Recreational Water Exposures

Quantitative microbial risk assessment (QMRA) is a method used to quantify the
risk of exposure to pathogens in food and water and other environmental matrices. It can
be used to quantify risk from pathogens in various scenarios associated with exposure to
fecal contamination at recreational sites (12, 37). QMRA can be preferable to
epidemiologic studies of risk when there are many possible routes of exposure, which is
true for most pathogens that infect humans through the fecal-oral transmission route
(Figure 1) (3, 38). Two advantages of QMRA over epidemiologic studies is that it allows
for the assessment of attributable risk from separate pathways and can be used to estimate
low risks that may be hard to measure in epidemiologic studies (17).

There are four steps involved in conducting a QMRA: hazard identification,
exposure assessment, dose-response analysis, and risk characterization (38, 39). In our
study, hazard identification involved a qualitative step to characterize the beach locations
and a quantitative step to measure the magnitude of fecal contamination at beaches and
the frequency that households reported going to the beach. Exposure assessment
involves calculating the dose that a person may be exposed to in a given scenario. The
dose-response analysis describes the probability that anyone who is exposed to a given
pathogen will become infected. Each pathogen has its own dose-response relationship.
Finally, risk characterization is a calculation of the risk of illness given the concentration
and dose of specific pathogens in the given exposure scenario (39).

QMRA is routinely used to quantify the human health risk of exposure to
pathogens in drinking water, wastewater, irrigation water, and food (40, 41). Researchers

have also used QMRA to determine the risk to swimmers in recreational waters, but the



majority of these studies have been in industrialized countries (16, 37, 42-44). Shibata et
al. used the EPA reference level of risk for swimming in marine water of 1.9 x 10 to
estimate the reference pathogen levels (RPLs) in sand that would be necessary to result to
illness in children. For enterovirus, the estimated range was 5-500 MPN/g, and for
Cryptosporidium, the estimated range was 10-1000 oocysts/g (44). Few studies have
measured the risks associated with recreational waters in developing countries. Diallo et
al. (2008) used QMRA with Monte Carlo simulations to calculate the risk of exposure to
diarrheal pathogens in canal networks in Thailand, where canal waters are used for
irrigation and recreation. The most contaminated canal had E. coli contamination levels
ranging from 4.1 — 5.0 cfu log;0/100ml. They estimated the annual infection risks from
Cryptosporidium and E. coli to be 0.66 and 0.61 per person per year, respectively, from
swimming in the most contaminated canal. These risks were up to 10,000 times greater
than WHO references levels (45).

Previous QMRA studies in Accra, Ghana. Two QMRA studies have been
conducted in Accra previously to evaluate the Accra Urban Water System (AUWS).
Lulani et al. (2008) estimated that recreational swimming accounted for 91% of total
Campylobacter cases and nearly as many Rotavirus cases as open drains in the study
population (24). However, since over half of fecal sludge from drains was dumped into
the ocean or disposed of at the seashore, they concluded that the greatest risk actually
originated from open drains and the poor state of the sanitation system in Accra. They
predicted that the disease burden from the AUWS was 28,531 DALY per year; 9% of
DALY were contributed from the water pathway and 91% from the sanitation pathway

(24). Similarly, Labite et al. (2010) predicted that the disease burden from the AUWS
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was 36,329 DALYSs per year, of which 12% were caused by the water supply and 88%
were caused by inappropriate sanitation (6). Both studies show a need for improved
sanitation systems in Accra, especially with regard to open drains and drainage systems
that impact waters that people may use recreationally.

Limitations of dose-response and exposure assessment. A successful QMRA
requires information on the concentration of pathogens in the water or on the correlation
of indicator bacteria and pathogens in the water, and on the exposure of the population to
these pathogens (41). The Lulani study used many assumptions to estimate dose-
response relationships and exposure assessment. The exposed population was estimated
through field surveys and census data to determine where people lived in relation to
possible exposure points; ingestion volume and dose-response relationships were defined
from previous literature. The assumed volume of water ingested during recreational
swimming was 100 ml per swim with 7 swims per person per year (24). The Labite study
did field surveys in two densely populated neighborhoods to determine the exposed
population and the major routes of exposure to diarrheal pathogens among beachgoers.
They assumed that swimmers ingested 75 ml of water per swim with only 2 swims or
beach visits per year (6). Both studies used E.coli : pathogen ratios to estimate the
concentrations of Cryptosporidium, Rotavirus, Campylobacter, and Ascaris through the
exposure routes (6, 24). Ratio assumptions from studies conducted in high-income
countries or in rural areas may not be applicable to low-income, urban settings such as
Accra. Additionally, ratios determined in a laboratory setting may not correlate with
ratios in the environment where differential die-off of indicators and pathogens can

occur.
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Common parameters used for recreational water QMRA studies. Studies of
exposure to fecal contamination at beaches often describe scenarios in which the exposed
populations accidentally ingest contaminants in water or sand. For these scenarios,
assumptions need to be made about the amount of water or sand that comes in contact
with the hands, the amount of water or sand that then adheres to the hands, the frequency
of hand-mouthing events, and the proportion of the hand that enters the mouth. It is not
always possible to collect data on these parameters in the field, but numerous studies
have attempted to quantify each of these parameters (46-49). For example, AuYeung et
al. did multiple studies examining hand-to-object and hand-to-mouth contacts in young
children. They videotaped children to determined the number of hand contacts and also
calculated distributions for the fractional surface area of the hand that came in contact

with objects and with the mouth (46, 47).

G. Study Objectives

Previous studies in Accra, Ghana have determined that open drains and their
contamination of recreational water are the most important exposure sources of fecal
contamination (6, 24). These studies have relied on humerous assumptions to calculate
the risk of disease.

This study examines exposure to fecal contamination at two beaches in Accra,
Ghana by:

1. Characterizing behavior of beachgoers in low-income neighborhoods in

Accra, Ghana, paying special attention to children’s behavior.
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2. Determining if the location of the beach with respect to the dumping of
untreated fecal sludge affects the level of fecal contamination in the water and
sand and the magnitude of exposure of children playing in the sand or water.

3. Estimating the exposure dose of children to fecal contamination from

recreational water and sand using a stochastic modeling method.
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Il. Manuscript

A. Abstract

Background: In developing countries, there are many pathways by which children
may be exposed to fecal contamination, especially in urban areas where overcrowding is
common and water and sanitation systems are poor. The purpose of this study was to
identify and quantify risk of exposure to fecal contamination at beaches and in marine
water in low-income neighborhoods in Accra, Ghana.

Methods: This study used household surveys, environmental samples, and structured
observations of children at beaches to characterize marine water and sand as exposure
pathways to fecal contamination. Two coastal neighborhoods in Accra were selected for
the study, and eight exposure scenarios were identified in order to estimate exposure dose
of selected indicator microorganisms.

Results: The geometric mean E. coli concentration in marine water samples was 3.98
cfu log;0/100ml and the geometric mean concentration in sand samples was 2.53 cfu
l0og10/100g. This concentration did not differ significantly by neighborhood. There was a
significant difference in the concentration of E. coli and coliphage in sand versus water
samples (p < 0.02). The exposure scenario resulting in the highest dose of fecal
contamination was direct contact with sand on the beach, which resulted in a mean E. coli
dose of 1339 cfu/event for children under five years and 1749 cfu/event for children 5-12
years. Pair-wise comparisons of exposure dose distributions found no significant
different in dose for children under five years compared with children ages 5-12 years.

However, comparisons of exposure activity (direct contact with sand, contact with object,
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head submerged in water, or head not submerged in water) showed significant differences
in dose.

Conclusions: Both water and sand at beaches in Accra are highly contaminated due
to runoff from fecal sludge discharge sites and from open defecation by beachgoers.
Previous studies may have overestimated the risk of exposure to pathogens in the marine
water by assuming a greater volume of water ingested during swimming events. The use
of stochastic models in this study helped to control some of the variability and

uncertainty in the exposure scenarios that were not accounted for previously.

B. Introduction

It is estimated that nearly 300 million people in sub-Saharan Africa do not have
access to clean drinking water and 440 million do not have access to basic sanitation (6).
Many diseases can be found in areas with little water and poor sanitation; overcrowding
and unsanitary environmental conditions only serve to intensify their transmission.
Increased urbanization has accelerated the deterioration of urban environments, leading
to high outdoor air and water pollution and improper waste disposal systems.
Additionally, child morbidity and mortality is typically four times higher in poorer urban
areas (slums) than in richer areas (7).

Diseases related to unsafe water and poor sanitation affect people of all ages, but
children, the elderly, and the immunocompromised have the highest risk for such
illnesses. Urban children living in slums in Sub-Saharan Africa have mortality and

morbidity rates greater than those in rural areas (8). With over half of the urban
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population in Sub-Saharan Africa still living in slums, the need for improved water and
sanitation services is great.

Between 2000 and 2010, the urban population of Ghana grew from 44% to 50%;
in Accra alone, more than 60% of the residents live in over-crowded areas (11, 12). In
Ghana, 12% of children under 5 are reported to die from diarrheal disease (12). This can
be attributed in part to the lack of sanitation infrastructure and clean water in urban areas,
such as Accra. There is no functional municipal wastewater treatment plant in Accra.
Shared latrines and septic tanks are emptied by privately owned vacuum tankers, which
discharge their contents onto the beach at Lavender Hill (15). About 700 m*/day of fecal
sludge is disposed of at Lavender Hill, most of which ends up in the sea (15). During the
rainy season the runoff likely causes an even higher level of fecal contamination in
recreational waters (16).

The most common way in which beaches and recreational waters become
contaminated in Accra is through the direct dumping of fecal sludge or the flow of
sewage from open drains into seawater. Children playing on beaches and in the water
have several possible routes of exposure to pathogens, including accidental ingestion of
seawater and swimming in shallow water (dermal exposure) or in small pockets of
stagnant water near the coastline (25). Children are also more susceptible to exposure to
fecal contamination in recreational water than adults because they spend more time in the
water, submerge their heads more often, and swallow more water than adults (23).

Quantitative microbial risk assessment (QMRA) is a method that can be used to
quantify risk in various scenarios that may lead to exposure to fecal contamination at

recreational sites (12, 37). Previous studies in Accra, Ghana have determined that open
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drains and their contamination of recreational water are the most risky exposures to fecal-
contaminated water. Because of the lack of previous research, these studies have relied
on numerous assumptions to calculate the risk of disease associated with these exposures.

This study examines exposure to fecal contamination at two beaches in Accra,

Ghana by:

1. Characterizing behavior of beachgoers in low-income neighborhoods in
Accra, Ghana, paying special attention to children’s behavior.

2. Determining if the location of the beach with respect to the dumping of
untreated fecal sludge affects the level of fecal contamination in the water and
sand and the magnitude of exposure of children playing in the sand or water.

3. Estimating the exposure dose of children to fecal contamination from

recreational water and sand using a stochastic modeling method.

C. Methods

I. Site Selection

This study was conducted as part of a larger study called SaniPath, to assess fecal
exposure pathways in low-income neighborhoods in Accra, Ghana. Four communities
were selected for the study to represent diverse population and physical characteristics,
such as predominant religion, income, inland or coastal location and formal or informal
settlements. The four study communities were Alajo, Bukom, Shiabu, and Old Fadama.

ii. Data Collection

Household surveys
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Household surveys were conducted in each of the four neighborhoods. Surveys
topics included household demographics, WASH conditions and practices, and weekly
activities including beach activities. Responses were recorded on the Household
Description and Condition Structured Observation Form (Appendix B).

Environmental samples

Environmental samples were collected from sand and marine water in Shiabu and
Bukom between August and October 2012. Samples were collected from marine water in
20L sterile containers and returned to the Water Research Institute (WRI) along with the
Large Volume Water Environmental Sample Collection Form (Appendix C). Sand
samples were collected using sterile procedures in 250 ml and 500 ml Whirl-Pak bags. A
Particulate Environmental Sample Collection Form was also completed at the time of
sampling (Appendix D). Each bag was massaged and rotated several times to ensure that
the sample was homogenous and free of large pieces. All samples, with the exception of
the 500 ml Whirl-Pak bags, were stored at 4°C at the WRI until they were ready for
processing.

Structured observations

Structured observations were conducted at beaches in the neighborhoods of
Shiabu and Bukom. Observations were conducted at least once a week in each
neighborhood from 6am to 10am. Observers were instructed to choose a vantage point
that prioritized the most heavily populated areas, particularly by children and defecators.
Open defecation was observed and totaled for the entire 4-hour period. In the second
hour of observation, the observer was instructed to walk along the coast for 10 minutes to

the left and record the number of children in the water, eating, etc. In the third hour, the
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observer was instructed to record the duration and characteristics of 3 children in the
water. In the final hour, the observer was instructed to walk along the coast for 10
minutes to the right and record the number of children in the water, eating, etc. A child
was defined as being “in the water” if he or she was on the ocean side of the beach as the
observer was walking by. Children playing football were counted as children coming
into contact with each other. All observations were recorded on the Beach Description
and Conditions Structured Observations Form (Appendix E).

iii. Laboratory Methods

The WRI processed samples immediately after arrival at the laboratory. Marine
water samples were concentrated to 100ml by ultrafiltration. Dilutions of 10°, 10°®, and
10" were test for E. coli and coliphage. For marine water and sand samples, E. coli was
analyzed by membrane filtration using Ml agar according to EPA Method 1604 (50).
Samples were analyzed for coliphage by the standard single-agar layer method according
to EPA Method 1602 (51). Samples were also tested for norovirus and adenovirus using
quantitative real-time polymerase chain reaction (PCR).

iv. Data Management

All paper surveys and environmental sample forms completed in the field were
entered into a Microsoft Access database. Twenty-five percent of all forms were double
entered to ensure data quality.

v. Statistical Methods

Descriptive statistics were performed in SAS 9.3 (Cary, NC). The concentration
of E. coli and coliphage was determined for each environmental sample. Samples below

the limit of detection were assigned a value of negative square root two. The final
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microbe concentrations were log-transformed, and the mean, standard deviation,
minimum, and maximum were calculated. Two sample t-tests were performed on E. coli
and coliphage concentrations to determine if there was a difference in concentration by
coastal neighborhood or by location in sand or water. All statistical tests were performed
at a significance level of o= 0.05. E. coli and coliphage concentrations were plotted
using kernel density methods for sand and water samples in Bukom and Shiabu.

The rate of children observed per hour on beaches was calculated for the
following activities: children in water, children eating, children defecating in the water,
and children defecating on the beach. Each recorded count from the structured
observations was assumed to represent a unique child. Poisson regression models for
each activity listed above and stratified by neighborhood and age group were fitted to
determine if there were differences in the rates of children performing each activity.

vi. Exposure Assessment

Exposure scenarios

Exposure scenarios were identified based on structured observations of children
under five years and children ages 5-12 years at beaches in Bukom and Shiabu. Exposure
scenario A involved children under 5 years coming in direct contact with sand. Scenario
B involved children under 5 years playing with an object, such as a soccer ball, that came
in contact with sand. Scenario C involved children under 5 years entering the water and
submerging their heads, and scenario D involved children under 5 years entering the
water but not submerging their heads. Scenarios E-H were the same as scenarios A-D but
for children ages 5-12 years.

Model parameters
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Model parameters and their assumptions are listed in Table 1 for the hand and
object contamination parameters and Table 2 for the dose parameters. Model parameters
were based on prior literature and were calculated using Microsoft Excel and the @Risk
6.2 add-on (Palisade, Newfield).

Point estimates from the literature were used to describe the transfer efficiency of
microbes from objects to hands and from hands to the mouth (52). The remaining
parameters were assigned a distribution by conducting 10,000 Monte Carlo simulations
for each parameter. A log-normal distribution was used to describe the concentration of
E. coli and coliphage in water and sand. To describe the frequency of contact of hands
and objects with water or sand, Poisson distributions were fitted with a value of 1. Three
parameters were used to describe the amount of water or sand loaded onto hands: the
surface area of the hands, the proportion of the object contacted, and the water film
thickness or sand adherence on the hands. The surface area of the hands was described
by a uniform distribution with upper and lower bounds from the 5" and 95™ percentile of
hand surface area for children in each age group (53). The proportion of the hand that
contacted the sand or water was assumed to follow a uniform distribution described
previously by AuYeung et al. 2008 (54). The water film thickness was assumed to
follow a uniform distribution with lower and upper bounds representing partial and full
wipes of the hand after immersion in water (55), and the sand adherence factor was
assumed to follow a log-normal distribution described by Shoaf et al. 2005 (56). These
were assumed to be the same for both hands and non-porous objects, such as a ball.

Parameters used to describe the transfer of microbes from the hand to the mouth

included the proportion of the hand that entered the mouth, the frequency of hand
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mouthing, the time to hand washing, and the amount of water ingested for children in the
water (Table 2). The proportion of the hand that entered the mouth was assumed to
follow a uniform distribution described by AuYeung et al. 2007 (57). The frequency of
hand-mouthing for children under five years was assumed to follow a log-normal
distribution based on structured observations of hand-mouthing behaviors of children
under five years in households in the study area. The frequency of hand-mouthing for
children 5 to 12 years was assumed to follow a Weibull distribution based on observation
of hand-mouthing behaviors (58). The time until hand washing was assumed to follow a
uniform distribution with an upper bound of 16 hours, based on the observation that
children who are awake for 16 hours wash their hands an average of one time per day.
Finally, the amount of water ingested was assumed to follow a gamma distribution with
parameters defined previously (23)

Model Equations

Three equations were used to describe the contamination of hands, either directly
or through food or an object, and the transfer of microbes from the hands to the mouth to
determine the dose that a child in each scenario could be exposed to. The equations are
based on previous equations derived to describe dermal exposure to chemicals (59).

Direct hand contamination (Equation 1) was determined by the concentration of
microbes in the sand or water (Cxy), the frequency of hand contact with sand or water
(Fy), the surface area of the hand that comes in contact with the sand or water (Az*Snhy),
and the water thickness (V) or adherence of sand (D).

= s
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Hand contamination through an object (Equation 2) was determined by the
concentration of microbes in the sand or water (Cxy), the frequency of object contact
with sand (Fo), the surface area of the object that comes in contact with the sand
(Ao*So), the adherence of sand to the object (D), the proportion of the object that comes
in contact with the hand (P), and the transfer efficiency of microbes from the object to the

hand for each organism.
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The dose distribution (equation 3) was determined by the contamination on the
hands as determined from Equations 1 and 2 (Ex), the frequency of hand mouthing (Mx),
the proportion of the hand that enters the mouth (Sy), the transfer efficiency of microbes
from the hand to the mouth (Twmy), and the time until hands are washed (Tnw).
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For scenarios that took place on the beach (scenarios A, B, E, and F), the final
dose was calculated by Equation 3. For scenarios that took place in the water (C, D, G,
and H), children also ingested some amount of water. Their additional dose (equation 4)
was calculated from the initial concentration of microbes in the water (Cxw) and the
volume of water ingested (Ix). The final dose for these scenarios was calculated by

adding together the doses from equations 3 and 4.



23
= ] < i)
Comparisons of Exposure Dose Concentrations
Pair-wise comparisons were performed to determine the difference in mean
concentrations between different exposure scenarios. Comparisons were made between
E. coli and coliphage concentrations, water and sand exposures, age groups, direct
contact with the sand versus contact through an object, and having the head submerged

versus not submerged while swimming.

D. Results

i. Neighborhood characteristics

Two hundred household surveys were completed in each of the four study
neighborhoods (Figure 2). Information on household size, health outcomes, and beach
visits is shown in Table 3. Bukom and Shiabu had the highest average household sizes at
seven and five people per household, respectively. They also had the highest numbers of
children under 5 years old at two to three per household. A high percentage of households
in every neighborhood reported that a child in the household had diarrhea in the past two
weeks; the highest proportion was in Old Fadama (25.2%). Over 90% of respondents in
every neighborhood reported that, in a regular week, their youngest child never visited
the beach. In the coastal neighborhoods of Bukom and Shiabu, respondents visited the
beach much more frequently than in the inland neighborhoods of Alajo and Old Fadama.
Eight percent of respondents and 5.6% of youngest children in Bukom and 4.5% of

respondents and 3.6% of youngest children in Shiabu visited the beach every day.
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However, in Alajo and Old Fadama, no one who completed the survey visited the beach
every day.

ii. Microbial concentrations at beaches

The initial concentration of E. coli and coliphage was measured in sand and water
samples from Bukom and Shiabu. Concentrations by neighborhood are shown in Table 4
for both sand and marine water samples. Seventy-five samples (100%) were positive for
E. coli, 38 from the sand and 37 from the water. The geometric mean concentration of E.
coli in the sand was 339 cfu/100g, and the geometric mean concentration of E. coli in the
water was 9,550 cfu/100ml. There was a statistically significant difference in mean
concentration between water and sand samples (p < 0.01). There were 38 E. coli samples
from Bukom and 37 from Shiabu. The difference in geometric mean E. coli
concentrations between neighborhoods was not statistically significant for either sand
(p=0.91) or water samples (p=0.09).

There were six positive sand samples and 15 positive water samples for coliphage
in the study. The geometric mean concentration of coliphage in the sand was 23
pfu/100g and the geometric mean concentration in the water was 6,166 pfu/100ml. The
difference in geometric mean concentrations between sand and water samples was
statistically significant (p = 0.02). There were 14 coliphage samples from Bukom and
seven from Shiabu. The difference in mean coliphage concentrations between
neighborhoods was not statistically significant for sand samples (p = 0.52) but it was
statistically significant for water samples (p<0.01).

Figure 3 shows the kernel density of E. coli and coliphage in sand samples at

Bukom and Shiabu. The peak concentration of coliphage for both Bukom and Shiabu



25

was at about 1 pfu/100g. The peak concentration of E. coli for both neighborhoods was
about 100 cfu/100g. Figure 4 shows the kernel density of E. coli and coliphage in marine
water samples at Bukom and Shiabu. The peak concentrations of E. coli and coliphage in
Shiabu were at about 10%° cfu/100ml and 10*° pfu/100ml, respectively. The peak
concentration of E. coli in Bukom was around 10*2 cfu/100ml, and the peak
concentration of coliphage in Bukom was around 10*° pfu/100ml.

iii. Exposure assessment

Eight exposure scenarios were developed to assess the dose of E. coli and
coliphage that children may be exposed to at beaches. The geometric mean, median, and
95% range of the final microbe exposure doses are shown in Table 5. Scenarios in which
children had direct contact with the sand (A and E) resulted in the greatest exposure to E.
coli and coliphage. Children under five years had a geometric mean dose of 1339 cfu E.
coli and 663 pfu coliphage per exposure event and children 5-12 years had a geometric
mean dose of 1749 cfu E. coli and 865 pfu coliphage per exposure event. Scenarios
involving children having contact with an object on the sand (B and F) resulted in the
least exposure to microbes. Children under five years had a geometric mean dose of 201
cfu E. coli and 171 pfu coliphage per exposure event, and children 5-12 years had a
geometric mean dose of 140 cfu E. coli and 119 pfu coliphage per exposure event. There
was no significant difference in the ingested dose of microbes between children under 5
and children ages 5-12 (Table 6). In general, there was no significant difference in the
dose from activities involving water contact and from activities involving sand contact
(Table 6). There was, however, a statistically significant difference between exposure

doses for both E. coli and coliphage that were associated with touching the sand directly
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versus playing with an object on the sand (p = 0.02), and between submerging one’s head

in the water versus not submerging the head (p = 0.001).

E. Discussion

i. Exposure Model for Recreational Water and Sand

To our knowledge, this is the first study to attempt to quantify children’s exposure
to fecal contamination at beaches in Accra, Ghana that uses a stochastic model. The
stochastic model is generally considered to be superior to the deterministic model
because it incorporates uncertainty and variability into each model parameter by
assigning a probability density function to each parameter. Deterministic models are
often still used for simplicity of analysis. We modeled four exposure scenarios based on
observations of children’s activities at beaches: 1) direct contact with the sand, 2) contact
with an object on the sand, 3) entering the water and submerging the head, and 4)
entering the water without submerging the head. Each scenario was modeled separately
for children under five and for children aged five to 12 for a total of eight scenarios.
These age groups were modeled separately to account for differences in hand sizes and in
the frequency of hand-mouthing for children of different ages.

A deterministic model of each exposure scenario, where each parameter in the
model is represented by its mean value, yields microbe dose concentrations up to two
orders of magnitude greater than the stochastic model (Appendix F). This difference was
also seen in a study by Hamilton and Stagnatti (2008), who found that the deterministic
approach for modeling the risk associated with wastewater irrigation of food crops

differed from the stochastic approach by one to two orders of magnitude, depending on
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the uncertainty of the parameter in the model (60). Given the uncertainty surrounding the
parameter estimates in our model, the stochastic approach seems to offer the most
accurate measures of exposure to fecal pathogens for each scenario. These comparisons
also suggest that previous studies that used deterministic models may have overestimated
the risk of exposure to fecal contamination at beaches in Accra.

ii. Limitations of the Exposure Dose Model

Environmental samples were tested for norovirus and adenovirus by quantitative
real-time PCR, but all the samples were negative, despite about 16.4% and 28.1% of
diarrheal infections in Ghana by attributed to norovirus and adenovirus, respectively (61,
62). This negative finding may be due to our poor limit of virus detecting in sand.
Therefore, the data used for exposure dose estimations in this study was based on
indicator organisms, not pathogens. Norovirus and adenovirus may still be present in the
environment, but at levels below the limit of detection. In addition, norovirus infection
shows a distinct seasonality, peaking during the dry season months of October-May and
nearly disappearing during the wet season (61). Environmental samples in our study
were collected between August and October, when norovirus may have been shed in very
low levels.

The development of this model required several simplifications and assumptions
regarding exposure to fecal contamination at beaches. Structured observations of
children at beaches did not record the frequency or duration of sand and water contact, so
reasonable estimations were used for the exposure assessment. Measurements of these
frequencies and durations would be useful for future studies. Additionally, each exposure

scenario assumed that a child performed only one activity at a time. It is possible that
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when a child goes to the beach he or she may have multiple contacts with both sand and
water. In these cases, the child would be exposed to additional doses of fecal
contamination based on each activity, and this was not accounted for in this study. So,
our estimates of exposure may be conservative. Future microbial assessments could be
improved by including additional parameters in the models that were not considered in
this study, such as inactivation of microbes in the environment over time.

iii. Implications of Structured Observations and Microbial Concentrations

for Microbial Risk Assessment
The WHO determined that recreational waters should have less than 100 E. coli

cfu per 100 ml in 50% of samples to be considered safe for swimming (35). The
geometric mean concentrations of E. coli in sand (2.53 cfu log;0/100 g) and water (3.97
cfu log;0/100 ml) measured in this study indicate that beaches in Accra were highly
contaminated. Although few studies have been done on recreational water in developing
countries, the microbe concentrations in our study are consistent with those found in
other developing countries. Diallo et al. (2008) measured E. coli concentrations ranging
from 2.9-5.2 cfu log;0/100ml in canals in Thailand used for recreational purposes (45).
Steyn et al. (2004) measured the geometric mean E. coli in surface water in South Africa
at 4.45 cfu log10/100ml. Labite et al. (2010) measured 4.0 log;o cfu E. coli /100ml in
marine water and 6.0 logyo cfu /100g in sand at beaches in two different neighborhoods in
Accra (6). While the concentration of E. coli in water is very similar to the geometric
mean concentration measured in our study, the concentration in sand is over twice as

large. If the study done by Labite were to be repeated using the microbe concentrations
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calculated in our study, the risk estimates for exposure to marine water would likely
remain the same, but the estimates for exposure to sand would decrease dramatically.

The neighborhood of Bukom is located downstream of Lavender Hill, a common
site for the dumping of raw fecal sludge. It was expected that the water and sand samples
from Bukom would be more contaminated than those from Shiabu, a neighborhood
upstream of Lavender Hill. However, we found no significant difference in E. coli or
coliphage concentrations between the two neighborhoods. The Shiabu beach may be
contaminated in other ways, such as from runoff from latrines or from a higher rate of
defecation on the beach. The rate of open defecation observed on the beach in Shiabu
was three times higher than the rate in Bukom, although this difference was not
statistically significant (Appendix G). Additionally, structured observations of children
at beaches showed no significant differences between Bukom and Shiabu in the rates of
children in the water, children eating at the beach, or children defecating in the water or
on the sand (Appendix G). Although infection risk was not calculated in this study, the
similarity between microbe concentrations and beach activities suggests that the risk of
enteric infection is likely to be comparable between these two coastal neighborhoods.

We also found no significant difference in the dose of fecal contamination
between age groups. We expected that children under five years would be exposed to
greater fecal contamination because they have a higher frequency of hand-mouthing than
children aged five to 12. However, the mean exposure doses for E. coli between the two
age groups differed by only 0.24 cfu per event. The high initial concentration of E. coli
in the water and sand may have masked the effect of hand-mouthing frequencies on

exposure dose.
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Our study found no statistically significant difference between the concentration
of microbes in water and in sand. Furthermore, exposure scenarios that took place in the
water were associated with lower doses of E. coli than scenarios involving contact with
sand, but the difference in dose was not statistically significant. Studies in industrialized
countries have found that sand generally has higher concentrations of fecal indicator
organisms than surrounding waters (28). The recreational waters of Accra, unlike those
in industrialized countries, are subject to constant addition of fecal contamination from
the dumping of sewage and fecal sludge, either directly or through open drains that lead
to the ocean, which may explain why the water in Accra was just as contaminated as the
sand.

The most risky exposure scenario in this study was direct contact with the sand.
The geometric mean dose of E. coli for this activity differed from the least risky activity
(playing with an object on the sand) by 1,138 cfu per event. It was expected that
swimming in the water with the head submerged would provide the highest dose of fecal
microbes because submerging this scenarios allows for exposure both by involuntary
ingestion of water and by mouthing of contaminated hands. Our study used a probability
distribution function to describe the ingestion of water during swimming events with a
mean of 51 ml of water swallowed when the head was submerged and 31 ml when the
head was not submerged (23), which may have underestimated the risk of exposure to
fecal contamination in recreational water. Previous studies used much higher values of

75 ml and 100 ml per swimming event (6, 24).

F. Conclusions
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Beaches in Accra, Ghana are highly contaminated. Beaches are contaminated in
several ways due to the lack of sanitation infrastructure in Accra. Dumping of
fecal sludge at Lavender Hill, runoff from public latrines at beaches, and open
defecation all contribute to high levels of fecal contamination in sand and marine
water. This is a problem that needs to be addressed since people in coastal
neighborhoods, especially children under 12 years, visit beaches multiple times
per month.

Children that visit beaches can be exposed fecal contamination through multiple
pathways. Several pathways were assessed in this study, including swimming in
marine water, direct contact with sand, and playing with an object on the sand.
All of these scenarios resulted in high doses of fecal microbes.

The most risky exposure activity was direct contact with sand on the beach.
According to our structured observations of children at beaches, 9/28 (32%)
children observed on the beach touched the sand with their hands, indicating that
the scenario is a likely event. Structured observations also showed that 8/29
children (27.6%) had contact with both sand and water during the four hour
observation period. It is important to note that the exposure doses presented here
are additive for each contact with water or sand. Therefore, the dose that a child

is exposed to each time they visit the beach is likely to be quite high.
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H. Tables

Table 1. Hand and Object Contamination Parameters
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Variable Symbol Distribution Source Assumptions
(Parameters)

Microbe concentration, Sand Microbes are distributed homogenously in sand.
E. coli (cfu log1o/100 ml)  Cgs Log-normal (2,53, 1.11) Thisstudy  Samples are representative of all beaches.
Coliphade (ofu loa:n/100 . Measured concentration of microbes is

ml) phage (pf logo Ces Log-normal (1.36, 1.68) ~ Thisstudy  representative of that type and location.

Microbe concentration, Water Microbes are distributed homogeneously in

_ ] water. Samples are representative of all
Coliphage (pfu log;0/100 . concentration of microbes is representative of

ml) Cew Log-normal (3.79, 0.33)  This study that type and location.

Frequency of contact
Hand to sand Fs Poisson (1) Assumption _

Hand to water Fu Poisson (1) Assumption Children had an average of one contact per
exposure event.
Object to sand Fo Poisson (1) Assumption

Area of surface, cm?

Hand, child under 5 As Uniform (244.4,329.0) EPA 1985  Children 2 to <3 represent the average age.
Hand, child age 5-12 A1 Uniform (380.7,695.6) EPA 1985  Children 6 to <11 represent the average age.
FIFA A ball ranging from 34.5 to 69.0 cm in
Object Ao Uniform (378.8, 1.515) A Lo circumference represents the average object
ssumption .
played with on the beach.
Object contacted, %
Hand in sand Shs Uniform (0.13, 1.00) AuYeung Contact is equal for all children.

2008



Hand in water Shw

Object in sand So

Hand on object P
Water film thickness, cm \/
Sand Adherence, mg/cm® D

Transfer efficiency, object to hand

E. coli TEoe

Coliphage TEoc

Uniform (0.08, 1.00)
Uniform (0.08, 0.75)
Uniform (0.08, 0.27)

Uniform (0.00241,
0.00499)

Log-normal (0.49, 8.2)

38.47%

65.80%

AuYeung
2008

Assumption

AuYeung
2008

EPA 1987

Shoaf 2005

Rusin 2002

Rusin 2002
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Contact is equal for all children.

No more than 75% of the object comes in
contact with the sand.

Contact is equal for all children.

Equal for hand or non-porous objects. Ranges
from partial wipe to no wipe after full
immersion in water.

Equal for hand or non-porous object.

Transfer efficiency for Serratia rubidea (gram-
negative bacteria) and E. coli are equal
Transfer efficiency for Phage PRD-1 and
Coliphage are equal.




Table 2. Exposure Dose Parameters
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Variable Symbol Parameter Source Assumptions
Obiject contacted (%)
Hand in mouth Su Uniform (0.06,0.33)  AuYeung 2006 ch‘;?i'ofr?sr children of all ages and
Frequency of hand mouthing (#/hr) ﬁ:gi%ﬁ;g:tdoor hand-mouthing
: . Based on household structured
Child under 5 Ms Log-normal (0.92, 0.98) This study observations of children under 5 years.
Child, age 5-12 M Weibull (049, 1.47)  Xue 2007 ggh;'dre” 6-<11 represent the average
Time to hand washing, hr Thw Uniform (0,16) This study Children are awake for 16 hours and
wash once per day.
Transfer efficiency, hand to mouth (%)
Transfer efficiency for Serratia rubidea
E. coli TEmE 33.90% Rusin 2002 (gram-negative bacteria) and E. coli are
equal
Coliphage TEyc 33.97% Rusin 2002 Transfer efficiency for Phage PRD-1
and Coliphage are equal.
Water Ingestion (ml) Representive of all children in the
study area.
Equal for children of all ages and
Head not submerged lo Gamma (0.58, 55) Schets 2011 locations
Head submerged lu Gamma (0.64, 58) Schets 2011 Equal for children of all ages and

locations.




Table 3. Descriptive Statistics from Household Surveys

Neighborhood
Alajo Bukom Old Fadama Shiabu
(n=200) (n=200) (n=200) (n=200)
Household Size
Total 47 (2.1) 6.8 (3.7) 4.1 (1.8) 5.0 (1.6)
# of children under 5 years 1.3 (0.7) 1.7 (1.0) 1.4(1.1) 1.5(0.7)
# of children 5-12 years 1.6 (2.8) 1.6 (1.6) 0.7 (1.0) 1.0 (1.0)
Health
Child had diarrhea in the past 2 weeks 10 (12.4%% 20 (17.2%%) 29 (25.2%%) 9 (10.1%%
Visits to the Beach, Respondent
Everyday - 16 (8.0%) - 9 (4.5%)
5-10 times per month 2 (1.0%) 6 (3.0%) - 3 (1.5%)
1-4 times per month 22 (11.1) 46 (23.0%) 14 (7.0%) 24 (12.0%)
Never 175 (87.9) 131 (65.5%) 185 (92.5%) 164 (82.0%)
Visits to the Beach, Youngest Child
Everyday - 11 (5.6%) - 7 (3.6%)
Once a week 1 (0.6%) 4 (2.0%) 1 (0.5%) 3 (1.6%)
Twice a week - - - 2 (1.0%)
None 177 (99.4%) 181 (90.5%) 183 (99.5%) 181 (93.8%)

%Proportion of children in surveyed households
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Table 4. E. coli and coliphage concentrations in sand and marine water samples by neighborhood

Water

Sand

Bukom Shiabu

E. coli (cfu Coliphage (pfu E. coli (cfu Coliphage (pfu

l0g10/100 ml)® l0g10/200 mI)®  10g10/100 ml) 10910/100 ml)

N (%)° 19 (100%) 10 (100%) 18 (100%) 5 (83.3%)
Mean 4.20 3.95 3.73 3.46
SD 0.74 0.26 0.92 0.16
Min 2.78 3.66 2.30 3.30
Max 5.27 4.43 5.69 3.68
N (%)° 19 (100%) 4 (57.1%) 19 (100%) 2 (50%)
Mean 2.51 0.73 2.55 2.60
SD 0.99 0.68 1.25 2.83
Min 1.30 0.30 0.90 0.60
Max 4.58 1.73 4.60 4.60

%cfu denotes colony-forming unit

®pfu denotes plaque-forming unit

% = number positive/number tested
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Table 5. Exposure Scenario Results
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E. coli (cfu/event)

Coliphage (pfu/event)

Geometric Geometric
Exposure Scenario Mean Median 95% Range Mean Median 95% Range

(A) Direct contact, sand® 1339.07 490.56 2169.70 2617.89 662.62 233.80 114551 1400.18
Children (B) Object contact, sand” 201.45 68.21 365.14 437.95 171.14 55,56 333.33 437.53
Under5 (C) Head submerged,
Years water® 649.12 58591 710.12 724.99 621.00 55553 676.32 690.15

(D) Head not submerged,

water 442.25 39487 504.57 517.52 423.10 375.82 480.23 49231

(E) Direct contact, sand® 1749.00 568.36 3725.61 4720.79 865.46 27525 1953.82 2466.96
Children (F) Object contact, sand” 140.32 42.76 313.33 392.03 119.20 3549 28545 368.88
Ages 5-  (G) Head submerged,
12 Years Wwater® 658.46 596.54 720.92 736.03 629.95 566.53 686.68 700.75

(H) Head not submerged,

water 450.85 405.16 515.36 528.59 431.34 386.57 490.57 502.93

cfu denotes colony-forming units; pfu denotes plaque-forming units

() indicates exposure scenario

®Describes a scenario in which a child's hands are directly contaminated by contact with the sand, then the hands enter the mouth.
®Describes a scenario in which a child is playing with an object on the sand, the hands become contaminated by the object and the hands then enter the

mouth.

°Describes a scenario in which a child swims in the water, submerges the head and is therefore exposed through direct contact and ingestion of water.

“Describes a scenario in which a child swims in the water but does not submerge the head. The child is exposed through direct contact and ingestion of water.



Table 6. Pairwise comparisons of exposure doses by activity, age group, and microbe

Pairwise Comparisons

Geometric Mean

A B Difference (A-B) p-value

E. coli concentration Coliphage concentration 213.34 0.344
E. coli (cfu)

Water Sand -307.29 0.482
Under 5 Years Ages 5-12 Years -91.69 0.837
Direct contact, sand® Contact with object, sand” 1373.15 0.022
Head submerged, water® Head not submerged, water 207.24 0.001
Coliphage (pfu)

Water Sand 71.74 0.722
Under 5 Years Ages 5-12 Years -42.02 0.836
Direct contact, sand® Contact with object, sand® 618.87 0.027
Head submerged, water® Head not submerged, water 198.26 0.001

cfu denotes colony-forming units; pfu denotes plaque-forming units

®Describes a scenario in which a child's hands are directly contaminated by contact with the sand, then the hands enter the mouth.

42

®Describes a scenario in which a child is playing with an object on the sand, the hands become contaminated by the object, and the hands then enter the mouth.

“Describes a scenario in which a child swims in the water, submerges the head and is therefore exposed through direct contact and ingestion of water.
Describes a scenario in which a child swims in the water but does not submerge the head. The child is exposed through direct contact and ingestion of water.



. Figures

Figure 1. Transmission pathways of fecal-oral diseases. Adapted from Pruss (2002).

Pathogen Source Environment Medium
Soil/'Sand
Human
Excreta
Animal
Excreta

Water
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Figure 2. Study area: four low-resource neighborhoods in Accra, Ghana.
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Figure 3. Kernel density plot of microbe concentrations in beach sand.
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Figure 4. Kernel density plot of microbe concentrations in marine water.
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I11. Implications, and Future Study

A

Public Health Implications

As the population of Ghana becomes increasingly urban, we expect levels of fecal
contamination at beaches and children’s exposure to fecal contamination in sand
and marine water to remain the same as levels observed in this study or to
increase. In order to eliminate fecal contamination at beaches, fecal sludge should
no longer be dumped into the ocean. Open drains should also be covered to
prevent the disposal of feces in drains.

Since Accra does not have a functioning wastewater treatment plant and few
people have access to improved sanitation, people should be educated on the
proper disposal of feces. Additionally, parents should be educated about the
danger of contact with beach sand and water and should be encouraged to keep
their children away from contaminated beaches.

Future Studies

Using exposure dose estimates and data on frequency of beach visits from this
study, the possible risk of gastrointestinal swimming-related illness in the exposed
population could be estimated.

A sensitivity analysis may be useful for selected exposure parameters to examine
how uncertainty in these parameters impact the dose estimates. In particular, the
transfer efficiency parameters that were considered point estimates in the models
and to time until hand washing, which had a large range of values.

Future exposure assessments may want to consider additional parameters such as:

the rates at which microbes are inactivated on objects and hands before entering
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the mouth, inefficiency of hand washing for removing 100 percent of microbes on
hands, and the decay in the number of microbes present on the hands after each
mouthing event.

Our exposure model assumed that the number of microbes on hands or objects
was cumulative after each contact with water and/or sand. Other models may
assume that some saturation point may be reached, at which point addition water
and sand contact does not matter, or that additional contacts actually reduce the

number of microbes by detaching them from hands or objects.
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C. Large Volume Water Environmental Sample Collection Form

Large Volume Water
Environmental Sample Collection Form
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D. Particulate Environmental Sample Collection Form
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E. Beach Description and Conditions Structured Observations Form

Beach Description and Conditions
Structured Observation
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Beach Description and Conditions Pl
Structured Observation
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Beach Description and Conditions
structured Observation
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F. Table 7. Exposure Scenario Results for a Deterministic Model

Table 7. Exposure Scenario Results for a Deterministic Model

E. coli Coliphage
(cfu/event) (pfu/event)

Exposure Scenario
_ (A) Direct contact, sand® 97.70 52.63
%r;:écérreg (B) Object contact, sand® 15.96 14.70
Years (C) Head submerged, water® 204.09 194.35
(D) Head not submerged, water 124.49 118.55
_ (E) Direct contact, sand® 518.28 279.18
igégrg? (F) Object contact, sand® 45.09 4155
12 Years (G) Head submerged, water® 208.86 198.90
(H) Head not submerged, water 129.26 123.10

cfu denotes colony-forming units; pfu denotes plaque-forming units

() indicates exposure scenario

®Describes a scenario in which a child's hands are directly contaminated by contact with the sand, then

the hands enter the mouth.

®Describes a scenario in which a child is playing with an object on the sand, the hands become contaminated
by the object, and the hands then enter the mouth.

°Describes a scenario in which a child swims in the water, submerges the head and is therefore exposed
through direct contact and ingestion of water.

Describes a scenario in which a child swims in the water but does not submerge the head. The child is
exposed through direct contact and ingestion of water.
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G. Tables 8 and 9. Structured observations for children at beaches.

Table 8. Structured observations for children under 5 years®

Children in Water® Children Eating® Defecating in Water® Defecating on Beach®
No. Rate i No. Rate i No. Rate i No. Rate i
children  Hrs®  (children v;flue children  Hrs®  (children vzflue children  Hrs®  (children vzflue children  Hrs®  (children ve?lue
observed /hr) observed /hr) observed /hr) observed /hr)
Neighborhood
Bukom 20 20 1.00 0.192 12 20 0.60 0.993 0 20 0.00 N/AE 3 20 0.15 0.250
Shiabu 98 23 4.26 14 23 0.61 0 23 0.00 72 23 3.13

®Age was estimated by the observer.
PEach observation period lasted for 2 hours. It was assumed that each recorded count represented a unique child.

°Each observation period lasted for 4 hours. It was assumed that each recorded count represented a unique child.
“Total hours of observation.

*Unable to run analysis because no children were observed doing this activity.



Table 9. Structured observations for children 5-12 years®
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Children in Water®

Children Eating®

Defecating in Water®

Defecating on Beach®

No. Rate ] No. Rate ] No. Rate ] No. Rate ]
children  Hrs®  (children v;flue children  Hrs®  (children vzflue children  Hrs®  (children vzflue children  Hrs®  (children ve?lue
observed /hr) observed /hr) observed /hr) observed /hr)

Neighborhood
Bukom 75 20 3.75 0145 21 20 1.05 0972 17 20 0.85 0.178 6 20 0.30 0.179
Shiabu 211 23 9.17 23 23 1.00 0 23 0.00 88 23 3.83

#Age was estimated by the observer.

PEach observation period lasted for 2 hours. It was assumed that each recorded count represented a unique child.

°Each observation period lasted for 4 hours. It was assumed that each recorded count represented a unique child.

9Total hours of observation.



