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Abstract

The use of wastewater in urban agriculture has been promoted as an alterna-
tive to water scarcity and as a means to increase soil fertilizer. However, the
use of wastewater in urban agriculture raises major public health concerns,
mainly due to the often high concentration of pathogenic micro-organisms.
Waterborne parasites are a major health concern in this regard, especially in
endemic areas, mainly due to the high environmental resistance of eggs/cysts
combined with a low infectious dose. In this study, the parasitological risk to
vegetables producers in Ouagadougou using polluted water was evaluated
through the quantitative microbiological risk analysis method. For this pur-
pose, the search for and quantification of viable parasite eggs and cysts in ir-
rigation water was coupled with epidemiological surveillance of vegetables
producers in Ouagadougou. Protozoa and helminths belonging to 9 species
were recorded and samples analyzed. These include Ancylostoma sp., Ascaris
lumbricoides, tapeworm’s sp, Strongyloides stercoralis, Entamoeba histolyti-
ca, Giardia lamblia. Despite the variability of isolated parasitic species, Ancy-
lostoma sp. eggs were common and severe to all types of water. Moreover,
epidemiological approach showed that there were more parasitic species
found in irrigation water and also other parasitic species circulating among
vegetable farmers. In addition, there is no statistical significant association
between the type of water used for irrigation and the carried parasites by veg-
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etable gardeners. However, contamination of the groups using the raw waste-
water is once higher than those using well water. When one is interested in
the groups using treated wastewater as a source of irrigation, these risks of
contaminations are halved. These contaminations are halved when one looks
at groups using treated wastewater as a source of irrigation water. Still, what-
ever the type of water used by the gardeners, they have a probability of infec-
tion with Ancylostoma sp. of around 9.83 x 107" pppy.

Keywords

Urban Agriculture, Polluted Water, Parasites, Health Risk, Quantitative
Microbiological Risk Assessment, Burkina Faso

1. Introduction

Biological agents encompass an enormous variety of micro-organisms, toxins
and allergens that may harm human health, including those that cause infectious
disease. Workers in many lines of work may be exposed to infectious agents,
putting them at risk of disease [1]. Exposure can occur in different ways, such as
through the intentional use of specific microorganisms’ laboratories, biotechno-
logical industries [2] [3] or through more less accidental co-exposures resulting
from processes which involve many different microorganisms (composting, re-
cycling, wastewater recycling) [4] [5] [6].

The use of wastewater to produce food crops particularly vegetables is very
prevalent in Ouagadougou, Burkina Faso. There is an increase in the use of di-
luted or raw wastewater for farming which is mostly not the farmers’ choice;
usually, alternative sources of water for farming are lacking [7]. Irrigated farm-
ing of high value crops is livelihood to many urban residents of the city since it
provides employment and income [8]. About 60% of the city’s vegetable con-
sumption, particularly leafy vegetable, is supplied by urban farmers who irrigate
their crops using polluted river water or diluted wastewater [7] [9] [10]. However,
several studies also report high levels of pathogen indicator organisms and heavy
metals in polluted urban water sources [11] [12] [13].

However, throughout the past decade, much research has been directed to-
wards identifying the occurrence, epidemiology, and risks associated with wa-
terborne protozoa and helminths. While outbreaks are continually documented,
sporadic cases of disease associated with exposure to low levels of waterborne
protozoa and helminths are of increasing concern [14] [15] [16] [17]. Current
methodologies may not be sensitive enough to detect these low levels of disease
[17]. However, risk assessment methods may be utilised to address these low-level
contamination events [11]. The purpose of this article is to provide an introduc-
tion to microbial quantitative risk assessment for waterborne protozoa and hel-

minths by using specific groups of vegetable producers using polluted water in
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urban gardens.

2. Methodology
2.1. Study Area

The study was carried out in on the area called “Grand Ouaga” which is located
between latitudes 12.05° to 12.68° and longitudes 1.83° to 1.04°. “Grand Ouaga”
is an administrative zone which includes the urban commune of Ouagadougou
and seven rural communes surrounding Ouagadougou. The population in-
creased from 649,373 in 1985 to 2,532,311 in 2015, of which 83% is classified as
urban. The city lies within the Sudanese savannah type climate zone, where sea-
sons are controlled by the movement of the Intertropical Convergence Zone.
Ouagadougou is characterized by two main seasons: a dry season from October
to April and a rainy season from May to September. The peak rainfall generally
recorded in August. The mean annual rainfall was 770 mm/year during the pe-
riod 1961-2015 [18]. Temperatures vary from a daily minimum of 16°C in De-
cember to a daily maximum of 40°C in March and April.

The landscape is dominated by gently undulating plains with elevations rang-
ing from 237 to 355 m. In the city there are many shallows and intermittent tri-
butaries. The Massili river passes through Ouagadougou by means of three
dams, namely Ouaga I, II, and III, and discharges into the Nakanbe River [18].
These dams constitute the catchment area for rainwater and contribute to the
city’s drinking water supply. A fourth dam is located in the western part of the
city. The water from these reservoirs is used for urban agriculture. Thus, Somé et
al [19] identified 24 places in the city, which spread over 14 sectors, as market
gardening sites in the dry season with 5310 market gardeners.

The major production site based on the source of water used for irrigation was
selected for risk assessment. The Boulmiougou market garden perimeter, around
the dam located on the western side of the town was selected. The perimeter ex-
tends over approximately 60 hectares and is exploited by more than 500 market
gardeners. They use untreated natural water from wells and dam reservoir. The
Wayalghin market garden site has been developed in the marshy areas along the
Wemtenga sewage drainage channel to the east of the town. It is an undeveloped
low-lying area operated by 125 growers who take wastewater directly from the
drainage channel to water their crops. The Kossodo market garden site has been
designed to reuse the treated wastewater situated at 50 m downstream of the la-
goon-based wastewater treatment plant (WWTP). The WWTP of Ouagadougou
was built in 2004 to receive domestic wastewater from hotels, the downtown
area, hospitals, pre-treated (settled) industrial wastewater from a slaughterhouse
and a brewery. At the time of the study this site was occupied by about 30 mar-

ket gardeners (mainly women).

2.2. Water Quality

A water quality survey was conducted at the study sites using water sources used
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for crop irrigation, which showed typical properties of domestic wastewater with
relatively high concentrations of Escherichia coli and hookworms [7] [19]. Wa-
ter quality improves significantly depending on the source of water used. Indeed,
in positive water samples, the eggs average densities were 16.94 and 11.77 egg/L
respectively in untreated natural water (well water) and treated wastewater and
55.88% of these hookworm eggs were found to be viable [7]. This finding led to
the hypothesis that, depending on the nature of the irrigation water, the preva-
lence of hookworms among farmers occupationally exposed to water used in

urban agriculture in Ouagadougou could vary from one site to another.

2.3. Study Population

To test the hypothesis a cross-sectional descriptive survey of a sample of market
gardeners from the sites selected for the study was conducted from February 19
to March 5, 2014. The size of the sample was determined by the desire to have a
statistically significant sample size. Thus, considering the work of Cissé [20] who
estimated the prevalence of intestinal helminthic infection at 40.6% * 7.36% in
the population of market gardeners in Ouagadougou, a theoretical number of
235 individuals were set for this study. Inclusion criteria were to have market
garden production as main activity and should be operating on the same site for
more than two agricultural seasons. In the end, 203 market gardeners who gave

their consent were enrolled in this study.

2.4. Data Collection

A cross-sectional survey was conducted among the selected market gardeners
using a questionnaire. The extent of contact with polluted water was assessed for
all individuals on individual information separate from the sheets. It included
the status of any contact with polluted waters, and in the case of contact, the type
of contact (seasonal or year-round), the average frequency of contact (days per
month) and the quantity ingested (if any). Other information collected for each
individual was age, sex, occupation, educational status, types of agricultural

production involved and use of protective measures during agricultural work.

2.5. Stool Sample Collection and Enumeration of Parasites
Eggs and Cysts

The purpose of this survey was to establish the prevalence of parasitic infections
in the market garden population surveyed and to identify the parasite species to
be considered for risk characterization. These vials were labeled with study ID
numbers corresponding to those recorded in the individual information sheets
were given to each market gardener after the interview and recovered the next
day with stool samples taken the same morning. In order to avoid false nega-
tives, each grower provided stool samples on two consecutive days.

The samples thus collected were brought back to the laboratory and analyzed

immediately by direct macroscopic and microscopic examination and after con-
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centration according to Bailenger’s standard two-phase method. Subjects were
defined as having intestinal parasitosis when examination of the faeces revealed
the presence of at least one species of intestinal parasite, whether eggs or adult
larvae in the case of helminths or vegetative and/or cystic forms in the case of
protozoa. For samples that were positive for one or more helminth and/or pro-

tozoa types, egg counts were expressed as eggs per gram of faeces (EPG).

2.6. Ethical Aspects

People participated in the study after informed consent. Ethical clearance for the
study was provided by the National Ethics Committee of Burkina Faso. All indi-
viduals with a positive stool sample for intestinal nematodes were informed after
the examination and provided with adequate anti-helminth treatment free of

charge.

2.7. Data Analysis

The results were grouped by seasons for the analysis. Continuous and binary
data were obtained. According to the Shapiro-Wilk test, continuous data were
not normally distributed. Therefore, the non-parametric Kruskal-Wallis test was
used to look for relationships between the parameters measured at the sampling
sites. In addition, linear correlation analyses were performed to identify the rela-
tionship between the measured parameters. A significance level of p < 0.05 was
selected. The parameters obtained in this study were then compared to the stan-
dards established by the World Health Organization and the Food and Agricul-
ture Organization for non-restrictive irrigation to determine the level of safety of
irrigation water in Ouagadougou.

For the risk assessment, Quantitative Microbiological Risk Assessment (QMRA)
was used. The QMRA has been conducted as described by Haas [21]. This me-
thod follows a four main step process consisting in: 1) hazard identification, 2),

3) dose-response modelling and 4) risk characterization.

2.7.1. Hazard Identification
To predict the health risk in this study, we chose to analyze Ancylostoma duo-
denale, which is the main species of intestinal parasite to which the urban farmer

in Ouagadougou is exposed.

2.7.2. Exposure Assessment

The aim of the exposure assessment in this QMRA was to estimate the concen-
trations and doses of Ancylostoma duodenale to which the affected population
might be exposed to. Key parameters measured for the exposure assessment was
Ancylostoma duodenale concentrations in irrigation water. So, the concentra-
tion of parasites has been measured by the Bailenger method adapted to the
quantification of parasites in wastewater by Bouhoum and Schwartzbrod [22].
Levels of microbiological contamination are often strongly associated with the

expected risk. However, these pathogen concentration data are often affected by
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factors such as the low number of parasites present in a water sample relative to
the limit of detection (LOD) or limit of quantification (LOQ) of the analytical
method. In addition, non-detection poses a difficulty when it is necessary to
calculate statistical measures such as mean, median and standard deviation for a
data set. Consequently, a maximum likelihood approach as described by Cul-
lenFrey [23], Efron and Tibshirani [24] by was adopted. Then, we used the “mc2d”
package of R as recommended by Pouillot and Delignette-Muller [25] to account
for uncertainties and variability in parasite concentrations in water samples. The
volume of water ingested by market gardeners during each exposure was esti-
mated from the literature [21]. It is well known that the distribution and con-
centration of parasites in water is highly variable [26].

One scenario was used in the exposure assessment for this study. It concerned
wastewater ingested during urban farming activities, and described the exposure
dynamics when practicing urban farming activities using water of poor quality at
Ouagadougou. For this scenario, activity frequencies, duration and type of pro-

tection were investigated by using a questionnaire.

2.7.3. Dose-Response Assessment

Dose-response assessment examines the incidence of infection or disease as a
health outcome in the exposed population. In this study, the focus was on the
human-to-human pathway of transmission, but exclusively on pathways involv-
ing the environment. Moreover, this dynamic conceptual approach is popula-
tion-based and the risk of infection is manifested at the population level. In the
case of parasitosis, which is an infectious disease, the risk of disease due to ex-
posure to pathogens depends on the health status of the population and possibly
on the modalities of contact. Therefore, for the purposes of this study, we will
assume that our population is immunologically homogeneous.

Furthermore, it is known that the infection of an individual by a parasite is a func-
tion of the exposure dose. The determination of this dose involves dose-response re-
lationships. Two dose-response models are widely used in the literature. These
are the Exponential and Beta-fish models, as they correspond well to the beha-
vior of several microorganisms [21]. In addition, the Beta-Fish model takes into
account the variations that exist in pathogen-host interactions. The parameters
of this model were calculated using the Maximum Likelihood Method (MLM). A
dose-response model is acceptable when the parameter values, Ymin, minimize
deviance by Haas et al [21], the beta-fish model developed by Navarro et al
[27], meets this criterion. Moreover, our data follow a Beta-fish distribution. The
probability of infection was therefore calculated according to the equation of the
beta-fish model:

P :1—(1+(d/N50)(21/a _1))%

where

P,ris the probability of infection,
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ris the probability that a single parasite can cause disease in the infected host,

dis the ingested dose,

Nj is the infectious dose for 50% of the population and,

ais a slope parameter.

A QMRA for each pathogen that can be transmitted through water would be
tedious and the necessary information is currently unavailable for many patho-
gens. To overcome this difficulty, WHO [28] recommended the use of a of “ref-
erence pathogens”. A reference pathogen is an organism whose severity of im-
pact and persistence in water is such that its control would provide assurance
that health risks from pathogens of a similar nature have also been controlled
[28]. Ankylostoma spp has characteristics similar to those of Ascaris sp, which is
a ‘reference pathogen. For this reason, in this study, we assume that the Ns, = 35
and a = 0.104 values for Ascaris sp. applicable to Hookworm.

The above P, rinfection probability is the probability of infection for a single
exposure. Annual risk of infection was calculated as follows:

P (A)=1-(1-Py )n

inf
where P,,{ A) is the probability of infection per person per year (pppy).

2.7.4. Risk Characterization

Risk characterization integrates the information from the previous three steps
into a simple mathematical model to calculate risk as a probability of infection,
illness or death. In our study, we calculated the risk of infection. The risk was
calculated using a stochastic approach, with inputs being probability density
functions (PDFs) of each parameter if the data were available and plausible for
PDF editing and simulation under R. The calculation showed that the parasite
concentrations in the different replicates corresponded best to a Beta fish law.
The simulation yielded a range of possible risks, including mean and worst-case
scenarios. The model output was run with the simulation of R at 1001 permuta-

tions.

3. Results

3.1. Exposed Population Characteristics

The majority of farmers had no formal education (80.0%), and were all above 21
years of age with an average age of 44 * 12 years. Among the farmers, 53% were
males and 47% were females. They live mostly (85% + 4%) in a relationship with
4 children. Almost half of the people surveyed have more than 10 years of expe-

rience in urban farming and own plots with an average size of 188.6 + 12. 6 m?”.

3.2. Exposure Patterns in the Study Area

The majority of the study population uses well water to water their crops. In-
deed, 50.2% of the market gardeners interviewed responded that they use well

water (46.3% in Boulmiougou vs. 4% in Wayalgin), followed by 39.8% who said
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they use wastewater from stormwater drainage channels as a source of irrigation.
The remaining 10% use treated wastewater from the city’s only wastewater treat-
ment plant. The observed differences in the sources of irrigation water for vege-
table crops are statistically significant (p < 0.005).

More than half of the study population spends between 11 and 12 hours (55.2%
+ 28%) on market gardening sites. Most of them are mainly on the Boulmiougou
site (39.8% * 28%, p < 0.005). During all this time spent on the sites, the market
gardeners eat, drink and did their natural needs. In fact, 98% reported eating on
the site and 90.5% of this food comes from the street. In addition, 55.3% * 6%
reported taking their drinking water from home to the site. However, the market
gardeners in Boulmiougou use more irrigation water as drinking water than
those in the other site (30.5% * 6% vs. 1.5% * 6% in Wayalgin, p < 0.005). They
drink an average of 3L of this water per day. Before eating, more than half of the
market gardeners reported washing their hands with sprinkler water. In addi-
tion, the majority of market gardeners interviewed in this survey do not observe
personal protective measures when conducting their activities. Indeed, 98.5% *
2% to 100% (p = 0.66) of the market gardeners do not use Personal Protective
Equipment (PPE) either during watering or during the application of agricultur-
al inputs invariably from the site. In addition, 99% of them wash their feet and
hands only with water after these activities. In terms of satisfying their natural
needs on the site, the market gardeners proceed according to one of the follow-
ing three modalities: defecation in the woods surrounding the site, defecation in
abandoned market garden wells on site and finally in the toilets at home or at
the homes of friends near to the site in proportions that are 67% = 4%, 29.9% +
4% and 3% + 4% respectively (p = 0.0001).

3.3. Parasitological Status of the Farmers Surveyed

A total of 195 farmers actually gave stool samples for analysis. A proportion of
57.9% + 2% (X* = 2.22, p = 0.33) carried at least one of the following parasitic
species: Entamoeba coli, Entamoeba histolytica, Giardia lamblia, Trichuris tri-
chura, Hymenolepis nana, Ancylostoma duodenale, Stronglyloid stercoralis,
Trichomonas intestinalis, and Taenias sp. The overall prevalence for these para-
sites was 62% * 16% for Entamoeba coli, 40% + 16% for Entamoeba histolytica,
10% + 16% for Ankylostom sp. Market gardeners at the Kossodo site had an
overall prevalence of parasitic infections that was 70% higher than at the Boul-
miougou (60%) and Wayalgin (53%) sites, but not significantly so (X* = 2.22, df =
2, p = 0.33). The distribution of parasitic species encountered is shown below.
Furthermore, there was no statistically significant association between the type
of water used for irrigation and the carrying of parasites by the vegetable grow-
ers. However, the chances of contamination of the groups using raw sewage wa-
ter were more than one times higher than those using well water (odds ratio, OR =
1.33 at 95%; confidence interval, CI = 0.70 - 2.54; p = 0.36).

Risk of Ancylostoma duodenal infection in exposed vegetable farmers. The
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concentrations of Ancylostoma duodenale were fitted via standard distributions.
Figure 1 and Figure 2 show the best fitting probability distribution functions
and corresponding parameter bootstrap for Ancylostoma duodenale. The graphi-
cal analysis shows that the Beta-poisson distribution provides the best fit to the

Ancylostoma duodenale concentration dataset in irrigation water.

3.4. Risk of Ancylostoma duodenale Infection in Vegetable
Farmers Associated with Exposure to Irrigation Water

The average risk of infection for a vegetable farmer associated with a single
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exposure to polluted irrigation water was 2.69 x 10~ (95% CI 0.19 to 0.34) pppy
(Figure 3). The cumulative mean annual risk of infection with Ankylostoma sp.
for vegetable farmers in Ouagadougou was 9.83 x 107! pppy (95% CI 0.92 to
1.00) (Figure 4).

4. Discussion

Urban market gardening, irrigation with polluted water in semi-arid areas is a
widespread and growing phenomenon with different degrees of risk [29] [30].
Kpoda et al [12] showed that low-quality irrigation water was use for vegetables
production in Ouagadougou city. Indeed, as in neighbouring Ghanaian cities as
reported by Owusu et al [31]. They indicated that 39.8% of the market garden-
ers surveyed responded they used wastewater from rainwater drainage channels

as a source of irrigation. According to Blumenthal et aZ, [32], Jimenz [33] and
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Figure 3. Cumulative probability distribution of the risk of Ancylostoma
duodenale infection associated with irrigation water exposure.
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Figure 4. Cumulative probability distribution of the risk of Ancylostoma
duodenale infection associated with annual exposure to irrigation water.
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Pham-Duc ef al [34] the major risk in developing countries such as Burkina Fa-
so linked to irrigation with low quality water is enteric parasite infections. This
could be explained on the one hand by the lack of appropriate sanitation facili-
ties and drainage infrastructure as in most cities of Sub-Sahara Africa [35] [36].
The lack of sanitation has direct causes of water pollution, and on the other hand
by the behaviour and practices of the market gardeners themselves at their
workplaces. Indeed, several market gardeners interviewed stated that they drink
an average of 3 liters of water that does not meet WHO standards for irrigation,
let alone potability standards. In addition, most of these market gardeners spend
the day on the site, in contact with this irrigation water, containing viable para-
site eggs (therefore likely to continue their development cycle) without protec-
tive equipment. These behaviours are likely to favor the installation and spread
of parasitic infections within the population. It is acknowledged that host com-
petence to transmit parasites is not solely the product of the immune system, but
is also simultaneously determined through behaviors that limit contact with pa-
rasites, vectors, or other hosts [37] [38]. Therefore, in order to prevent and con-
trol these infectious diseases, the provision of basic sanitation facilities, com-
bined with education and promotion of hygiene and personal protection prac-
tices in the workplace is necessary.

Moreover, the epidemiological data collected during this study shows that
there is a real risk of infection by intestinal parasites, which was confirmed by
the prevalence rate of over 50% observed in our study population. The parasitic
species of greatest concern are Entamoeba histolytica and Ankylostoma sp. be-
cause of the high number of market gardeners who are carriers, and above all,
because of their impact on the health of infected people. Intestinal helminthes
infections causes nutritional deficiencies, which contribute most to anemia which
could result from blood loss directly through ingestion and mechanical damage of
the intestinal mucosa and indirectly, by affecting the supply of nutrients neces-
sary for erythropoiesis resulting in anemia [39]. Hookworm infections are rec-
ognized as the leading cause of pathologic blood loss in tropical and subtropical
countries [40]. Hookworm is considered a major threat to the health of adoles-
cent girls and women of childbearing age, with negative effects on pregnancy
outcomes [41]. Previous research reported that parasitic diseases cause more
deaths worldwide that all other neglected tropical diseases combined [42]. The
study population is predominantly made up of this category of women, knowing
that they are at an annular risk of 9.83 x 107 pppy, health authorities should
take measures to protect and contain these foci of intestinal helminthes infection
spread in the general population.

Furthermore, the treatment of wastewater in lagoon-based treatment plants,
consisting of a succession of ponds, has long been considered the ultimate solu-
tion for the reduction of parasitic infections related to the use of polluted water
in agriculture [43]. The results of the investigations on the parasitological status

of our market gardeners corroborate this assertion. Indeed, even without being
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statistically different, wastewater treatment would halve the chances of parasite
contamination of the group using treated wastewater compared to those using
raw wastewater. However, monitoring of effluent quality at these plants across
Africa has shown that effective wastewater treatment does not guarantee good
quality treated wastewater to the field. Despite the effectiveness of the treatment,
this treated wastewater is subject to faecal recontamination at the market garden
site [12] [44]. Therefore, to reuse treated wastewater and avoid new contamina-

tion, a safety plant is necessary.

5. Conclusion

The study had two main limitations. First, due to its cross-sectional design, this
study only reflects one point in time, ie., the dry season, and thus, we may un-
derestimate seasonal patterns of intestinal parasite infections. Due to the rela-
tively low number of workers included, the observed or between intestinal para-
sitic infection and exposure variables for workers have to be interpreted with
caution. Despite these limitations, our findings raise a number of important is-
sues. This study highlights the exposure routes and the risks of infection with
waterborne diseases linked to the poor water quality used for farming activities
in the context of water scarcity and food security. Facing this dilemma, farmers
have to be sensitized about the potential occupational health threat when using
lake waters and wastewaters from drainage networks during urban agricultural
practices in Ouagadougou. Innovative water treatment infrastructures have to be
implemented in order to treat wastewater pollutants before agricultural use and

to optimize the current public health situation.
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