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ABSTRACT

In Haiti, manual pit emptiers, known as bayakous, face significant health risks. They work by descending naked into latrine pits, exposing

themselves to pathogens and contributing to environmental contamination. This study employs the quantitative microbial risk assessment

(QMRA) method to evaluate the microbial risks associated with this practice, considering nine prevalent pathogens in Haiti. Three ingestion

scenarios were developed: hand-to-mouth contact, ingestion while immersed in excreta, and a combination of both. A sensitivity analysis

assessed the impact of input data on study outcomes. The results indicate a high probability of infection and illness during pit emptying oper-

ations annually for all scenarios and pathogens. Recommendations include adopting personal protective equipment (PPE) and using a manual

Gulper waste pump to eliminate the need to descend directly into the pits, thereby reducing the risk of injury from sharp objects. The study

proposes the establishment of intermediate disposal points approximately 5 km from collection sites to deter illegal dumping. National regu-

lations and professionalization of the bayakou profession are suggested, along with awareness campaigns to promote PPE and Gulper pump

usage. Addressing these issues is crucial for safeguarding the health of bayakou and public health in Haiti.
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HIGHLIGHTS

• This study is the first scientific QMRA study on manual pit emptiers in Haiti.

• It considers nine pathogens and three ingestion scenarios, two of which have not been considered in previous studies.

• The results indicate that the emptiers are at higher risk of infection and illness.

• It recommends the use of PPE to mitigate health risks and the use of a Gulper pump to eliminate the need to descend directly into pit

latrines.

INTRODUCTION

Feces contain pathogens capable of causing diseases in humans (Feachem et al. 1983; Odey et al. 2017; Jean-Baptiste et al.
2023). These pathogens typically include helminths, protozoa, bacteria, and viruses. According to Gabert et al. (2018),
approximately 1.2 million deaths per year worldwide are attributed to diseases transmitted via the fecal-oral route. Pathogens
present in feces frequently contaminate individuals through accidental ingestion, skin contact, or inhalation. Once introduced

into the body, these pathogens multiply, leading to infection and potential illness. In the absence of an effective immune
response, an infection can become fatal without proper medical intervention. Common symptoms of these diseases include
fever, abdominal pain, headache, acute diarrhea, and vomiting (Odey et al. 2017).

Apart from the health problems feces cause, most individuals feel an aversion to feces because of the unpleasant odor and
distance themselves as quickly as possible once their physiological needs are satisfied. However, in low-income countries like
Haiti, a particular category of professionals known as bayakous regularly comes into direct contact with feces as part of their

daily work.
Bayakous are manual pit emptiers who often work informally and are exclusively male (Neiburg & Nicaise 2010). They

provide sanitation services at a lower cost than mechanical emptying companies (World Bank et al. 2019). Typically, they
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work after 10 p.m., completely naked (Neiburg & Nicaise 2010; Mazars & Earwaker 2013; Katz 2014; Smith 2014; Hersher

2017a, 2017b; Lozano-Gracia & Lozano 2017; World Bank et al. 2019).
Bayakous usually operate in groups of three individuals: the boss descends into the latrine pit; themiddleman seeks contracts,

negotiateswith clients, andorganizes payment; and themajo stays outside the pit to receive bucketsfilledwith feces and illuminate

the pitwith a lantern (Neiburg&Nicaise 2010; Smith 2014;WorldBank et al. 2019). The roles can be interchangeable (Neiburg&
Nicaise 2010). Only one of them enters the pit, usually the boss (often while drunk), and this person may be nearly immersed in
feces up to their neck (Smith 2014).Bayakous’ equipment typically consists of awheelbarrow, twobarrels, and a fewbuckets, some
of which is often rented from an external company (Neiburg & Nicaise 2010). Before entering the pit, they pour a usually soapy

cleaning liquid in to reduce odors and soften the feces (Katz 2014; Smith 2014; Lozano-Gracia & Lozano 2017).
These sanitation workers are exposed to considerable personal and public health risks. The pits they empty often contain

sharp or pointed objects such as razors, syringes, and pieces of glass, which pose a risk of injury, especially considering that

the bayakous are often underequipped, not wearing personal protective equipment (PPE), and working naked (Katz 2014;
Smith 2014; Hersher 2017a, 2017b; Lozano-Gracia & Lozano 2017; World Bank et al. 2019). Additionally, bayakous frequently
discharge the collected fecal sludge into the environment on abandoned land, in rivers, or in ravines (Mazars & Earwaker 2013;

Katz 2014; Smith 2014; Lozano-Gracia & Lozano 2017; World Bank 2018). Bayakous tend to have a short lifespan, as they are
exposed to a range of diseases such as cholera, parasitic worms, malaria, fever, and skin conditions (Smith 2014).

Despite the risks they face, both for their own health and public health, bayakous seem to play an essential role in the Hai-

tian health and socio-economic context. According to the World Bank et al. (2019), bayakous provide most sanitation
services in Haiti, as the country has only five mechanical emptying companies, and these are mainly concentrated in the
metropolitan area of Port-au-Prince. Moreover, these mechanical emptying companies sometimes subcontract bayakous,
especially when they need to empty latrines for which their equipment is inadequate (Neiburg & Nicaise 2010). Bayakous
carry out their activities every day, or almost every day, as highlighted by Neiburg & Nicaise (2010) and Smith (2014).
The bayakou network is organized into bases, with five identified in the metropolitan area of Port-au-Prince: Cité Soleil,
Marché Salomon, Fortouron, Ravine Pintade, and Fort Dimanche (Neiburg & Nicaise 2010).

No scientific study using the Quantitative Microbial Risk Assessment (QMRA) method to analyze the work of bayakous in
Haiti has been identified in the scientific literature. The studies available in the literature are primarily descriptive and quali-
tative, conducted by researchers in human and social sciences, as well as by journalists (Neiburg & Nicaise 2010; Mazars &

Earwaker 2013; SOIL Haiti 2013; Katz 2014; Smith 2014; Hersher 2017a, 2017b; Lozano-Gracia & Lozano 2017).
Internationally, scientific works on health risks associated with manual pit emptiers are scarce. The studies conducted by

Chumo et al. (2021) in Kenya and by Tsai et al. (2022) in Zambia are primarily descriptive and/or qualitative, bearing a resem-
blance to those carried out in Haiti, while the work conducted by Sklar et al. (2021) in Rwanda and by Bischel et al. (2019) in
South Africa utilized a QMRAmethodology. However, the work of Bischel et al. (2019) did not examine pit emptying; rather, it
focused on container-based sanitation (CBS) systems. The study by Sklar et al. (2021) exclusively looked at the scenario where
pit emptiers accidentally ingested fecal matter through hand-to-mouth contact without considering the possibility of ingestion

while immersed in latrine pits. In contrast, our study took into account the hand-to-mouth contact with feces scenario studied by
Sklar et al. (2021), while also including a scenario of direct fecal ingestion and a combined scenario. Furthermore, unlike Sklar
et al. (2021), who limited their study to four pathogens, our study considered nine prevalent pathogens in Haiti.

Faced with the microbiological risks inherent in the bayakous’ work and the insufficient, if not absent, local scientific data
on the microbial health risks related to bayakous’ work in Haiti, a specific QMRA tailored to their reality was necessary. The
central objective of this study was to address this information and the data gap in the scientific literature. The study is orga-

nized into six key steps, in accordance with QMRA methodology: (i) problem formulation, (ii) hazard identification, (iii)
exposure assessment, (iv) dose-response assessment, (v) risk characterization, and (vi) risk management. Thus, the present
study aligns with an approach aimed at contributing to the understanding and reduction of microbial risks associated with
the work of bayakous in Haiti.

METHODOLOGY

Hazard identification

As mentioned above, bayakous are regularly exposed to fecal-origin pathogens during their professional activities. In the con-
text of this study, nine fecal-origin pathogens were selected: Ascaris lumbricoides, Campylobacter spp., Cryptosporidium
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parvum, Escherichia coli O157:H7, Giardia intestinalis, poliovirus, Salmonella spp., Shigella spp., and Vibrio cholerae. The
diseases associated with these pathogens have been extensively documented in the literature (Feachem et al. 1983; Mara
2004; Odey et al. 2017). The selection of these pathogens was motivated by several criteria aligned with those of USEPA
(2012) and Jean-Baptiste et al. (2023): prevalence in Haiti, pathogenicity, infectivity, persistence in the environment after

excretion, and the availability of a dose-response model in the literature.

Exposure assessment

Concentration of target pathogens in feces

The data regarding the concentration of the nine targeted pathogens in feces were extracted from the scientific literature and

are summarized in Table 1.

Scenarios of ingestion and measurement of the ingestion dose

Exposure pathways generally fall into three categories: accidental fecal ingestion, skin contact, and inhalation. However, due
to the lack of documented dose-response models for the latter two pathways in the scientific literature, only ingestion was
considered in this study.

Considering that bayakous typically descend completely naked into pits and are often immersed up to their necks in
excreta (Smith 2014; Lozano-Gracia & Lozano 2017), the following three ingestion scenarios have been defined:

• Scenario 1: Bayakous become contaminated through hand-to-mouth contact, ingesting a quantity of pathogens designated
as Dpathogen. Equation (1) was used to determine Dpathogen.

• Scenario 2: Bayakous ingest 21 mL (or 21 g) of fecal sludge per emptying operation when immersed in excreta. This cor-

responds to the average volume of water inadvertently ingested in 1 h by an adult bathing in a pool, according to USEPA
(2011a, 2011b).

• Scenario 3: Bayakous ingest the Dpathogen dose mentioned in Scenario 1 through hand-to-mouth contact, followed by the

21 g of fecal sludge mentioned in Scenario 2 when immersed in fecal sludge.

Formula (1), derived from Nicas & Best (2008), Beamer et al. (2015), and Sklar et al. (2021), was used to calculate the

pathogen dose Dpathogen mentioned in Scenarios 1 and 3:

Dpathogen ¼
Xn¼K

n¼1

(Chand �Ahand �Hmouth � TE� v) (1)

Chand ¼ Cpathogen=feces � Cpalm (2)

Table 1 | Concentration of target pathogens in feces (adapted from Jean-Baptiste et al. (2023))

Pathogens
CFU/g for bacteria, NE/g for Ascaris, NO/g for protozoa, TCID50/g for
poliovirus References

Ascaris lumbricoides 104 Feachem et al. (1983) and WHO (2006)

Campylobacter spp. 103 Misawa et al. (2001) and LaGier et al. (2004)

Cryptosporidium parvum 103 Valdez et al. (1997)

Escherichia coli O157:
H7

3.3� 102 Westrell (2004) and Schonning et al. (2007)

Giardia intestinalis 102 to 103 Straub et al. (1993)

Poliovirus 1.3� 105 Hovi et al. (2001) and Lodder et al. (2012)

Salmonella spp. 104 Yin Ngan et al. (2010) and Teh et al. (2021)

Shigella spp. 104 Yavzori et al. (1994) and Mokhtari et al.
(2012)

Vibrio cholerae 102 to 105 Feachem et al. (1983)

CFU, colony-forming unit; NE, number of eggs; NO, number of oocysts/cysts; TCID50, 50% tissue culture infectious dose.
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where Chand represents the concentration of viable pathogens on the hand, expressed in pathogens/cm2. The surface area of

the hand involved in touch, Ahand, is set at 1,070 cm2 for an adult over 21 years old, following USEPA (2011a, 2011b). Hmouth

represents the hand-to-mouth contact frequency, fixed at 0.133 min�1 according to Nicas & Best (2008). TE (Transfer Effi-
ciency) denotes the pathogen transfer rate from the hand to the mouth, established at 33% according to Sklar et al.
(2021). The variable v symbolizes the viability of detected pathogens, assuming that all detected pathogens are viable,
v¼ 100%. Cpathogen/feces, with various values available in Table 1, represents the concentration of pathogens in feces. In
the context of this study, Cpalm is set at 47 mg/cm2, based on USEPA (2011a, 2011b) which indicate that approximately
47 mg/cm2 of sludge adhere to the hands of a child playing in the mud.

Dose-response assessment

The dose-response model establishes the relationship between the ingested pathogen dose and the probability of infection
and/or illness. Two types of dose-response models are generally considered: the β-Poisson model and the exponential
model. The β-Poisson model, defined by Equation (3), is primarily applied in the case of bacteria and helminths, while the

exponential model, represented by Equation (4), appears to be better suited to viruses and protozoa (Tanner et al. 2008;
De Giudici et al. 2013). Information regarding the applicable dose-response models for the studied pathogens is summarized
in Table 2:

Pinf ¼ 1� 1þD
b

� ��a

(3)

Pinf ¼ 1� e�rD (4)

where Pinf represents the probability of host infection after the ingestion of a particular pathogen; α, β, and r are constants
representing the pathogen’s survival capacity in the host’s body; D is the ingested dose (measured in CFU for bacteria,
number of eggs for A. lumbricoides, number of oocysts or cysts for C. parvum and G. intestinalis, respectively, and
TCID50 for the poliovirus). The parameters α, β, and r vary depending on the pathogen considered. The specific values

chosen for each of these pathogens are listed in Table 2.

Risk characterization

Determining the probability of infection and illness

Equations (3) and (4) were used to calculate the probability of infection per emptying operation (Pinf) according to the β-Pois-
son and exponential models, respectively. Additionally, Equation (5) was applied to determine the probability of infection per

Table 2 | Dose-response model applied to target pathogens (adapted from Jean-Baptiste et al. (2023))

Pathogens Model Parameters References

A. lumbricoides β-Poisson α¼ 0.104
β¼ 1.1

Navarro et al. (2009) and O’Connor et al. (2017)

Campylobacter spp. β-Poisson α¼ 0.145
β¼ 7.59

Haas et al. (1999) and Health Canada (2019)

C. parvum Exponential r¼ 0.0042 Haas et al. (1999) and USEPA (2012)

E. coli O157:H7 β-Poisson α¼ 0.248
β¼ 48.8

Teunis et al. (2008) and USEPA (2012)

G. intestinalis Exponential r¼ 0.0199 USEPA (2012) and Health Canada (2019)

Poliovirus Exponential r¼ 0.0091 Haas et al. (1999) and USEPA (2012)

Salmonella spp. β-Poisson α¼ 0.3126
β¼ 2884

Haas et al. (1999) and USEPA (2012)

Shigella spp. β-Poisson α¼ 0.21
β¼ 42.86

Haas et al. (1999) and USEPA (2012)

V. cholerae β-Poisson α¼ 0.25
β¼ 16.2

Haas et al. (1999) and USEPA (2012)
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year (Pinf/year):

Pinf=year ¼ 1� (1� Pinf)
n (5)

where n¼ 274, representing the average daily emptyings (365 times/year) and emptyings every 2 days (182.5 times/year), con-
sidering daily or near-daily activity according to Neiburg & Nicaise (2010) and Smith (2014).

Equation (6) was used to calculate the probability of illness per emptying (Pill), while Equation (7), proposed by Havelaar &

Swart (2014), determined the probability of illness per infection (Pill/inf) for each of the considered pathogens:

Pill ¼ Pinf � Pill=inf (6)

Pill=inf ¼ 1� (1þ hD)�r (7)

where η and ρ represent the parameters of a Gamma distribution associated with the duration of the infection as described by

Havelaar & Swart (2014). The suggested values for η and ρ were 5.15� 10�4 and 0.167, respectively (Havelaar & Swart
2014).

Equation (8) was employed to determine the probability of illness per year (Pill/year):

Pill=year ¼ 1� (1� Pill)
n (8)

Sensitivity analysis of the results

A sensitivity analysis was conducted to assess the potential impact of variations in key data on the study’s findings. Specifi-
cally, the following two variables were examined.

Mass of fecal sludge adhered to the bayakous’ hands (Scenario 1)

The mass of fecal sludge adhered to the bayakous’ hands during emptying operations was adjusted by +25%, resulting in
47.0+ 11.8 mg/cm2. Calculations were performed using these new values to determine if this variable had a significant influ-
ence on the results.

Mass of fecal sludge ingested by the bayakous (Scenario 2)

Similarly, the mass of fecal sludge ingested by the bayakous when immersed in the excreta was adjusted by +25%, i.e.,
21.0+ 5.25 g. The impact of this variation on the final results was evaluated.

The results obtained using the derived values were compared to verify the sensitivity of the study to these two key variables.

This in-depth analysis provides a better understanding of the robustness of the study’s conclusions to potential fluctuations in
the input data.

Risk classification

Table 3, taken from Jean-Baptiste et al. (2023), was utilized to categorize the risks of infection and illness. The acceptable risk

threshold (0.01%) corresponds to 10�4 per person per year, in accordance with Regli et al. (2018).

Table 3 | Proposed classification of microbial risks based on the probability of infection or illness (adapted from Westrell et al. (2004) and
Jean-Baptiste et al. (2023))

Risk level Percentage

Acceptable �0.01

Minor 0.02 to ,1.0

Moderate 1.0 to ,5.0

Major 5.0 to 25

Highly elevated . 25
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RESULTS

Probability of infection

Table 4 presents the probability of infection per emptying operation. These results revealed that the probability of infection

per operation is highly elevated for all the considered pathogens in all scenarios. The risks associated with C. parvum,
G. intestinalis, and poliovirus reached 100%, making them the highest among the examined pathogens.

An analysis of the data from Table 4 shows that the results were substantially similar regardless of the scenario considered,

with a slight increase from Scenario 1 to Scenario 3. In the case of Scenario 2, the probability of infection per emptying oper-
ation was 1.00–1.51 times higher than for Scenario 1, depending on the pathogen considered. Similarly, for Scenario 3, this
probability was 1.00–1.01 times higher than for Scenario 2. These results demonstrated that the study was minimally influ-

enced by the scenarios considered, especially concerning the probability of infection per emptying operation. As for the
probability of infection per year, it reached 100% for all pathogens in all scenarios considered. This value was thus 10,000
times higher than the acceptable risk threshold established by Regli et al. (2018).

Probability of illness

Equations (6) and (7) mentioned in the methodology were used to calculate the probability of illness per operation for each

pathogen considered, based on the data on probability of infection per operation presented in Table 4. Table 5 presents the
probability of illness per emptying operation. The data revealed that the risks of illness were considered major and/or highly
elevated, except for Scenario 1, where the risk related to E. coli O157:H7 was classified as moderate. Examination of the

three scenarios showed that the lowest risks were associated with E. coli O157:H7, G. intestinalis, and Campylobacter
spp. The highest risks were observed with poliovirus, Shigella spp., V. cholerae, and A. lumbricoides.

Table 4 | Probability of infection per emptying operation

Pathogens Scenario 1 Scenario 2 Scenario 3

A. lumbricoides 64.3% 71.7% 72.0%

Campylobacter spp. 56.1% 68.3% 68.8%

C. parvum 100% 100% 100%

E. coli O157:H7 49.7% 70.8% 71.5%

G. intestinalis 100% 100% 100%

Poliovirus 100% 100% 100%

Salmonella spp. 49.1% 73.9% 74.7%

Shigella spp. 73.1% 83.2% 83.6%

V. cholerae 78.1% 87.5% 87.8%

Table 5 | Probability of illness per emptying operation

Pathogens Scenario 1 Scenario 2 Scenario 3

A. lumbricoides 22.1% 39.0% 39.7%

Campylobacter spp. 6.69% 23.1% 23.9%

C. parvum 11.9% 33.8% 34.8%

E. coli O157:H7 2.58% 15.9% 16.8%

G. intestinalis 5.00% 22.0% 23.0%

Poliovirus 56.7% 70.2% 70.7%

Salmonella spp. 16.9% 40.2% 41.2%

Shigella spp. 25.1% 45.2% 46.0%

V. cholerae 17.6% 39.2% 40.2%
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As previously observed in the probability of infection per emptying operation, an increase in the probability of illness per

emptying operation from Scenario 1 to Scenario 3 was noted, while the results of Scenarios 2 and 3 were similar. The results
of Scenario 2 were 1.24–6.15 times higher than the results of Scenario 1, depending on the pathogen considered. Similarly,
the results of Scenario 3 were 1.02–1.06 times higher than for Scenario 2, depending on the pathogen considered. Just like the

probability of infection per year, the probability of illness per year reached 100% for all pathogens and in all scenarios con-
sidered. These results indicate that the annual risk of illness is high among bayakous. These results are consistent with the
studies by Smith (2014) and Chumo et al. (2021), which highlight that manual pit emptiers are often affected by infectious
diseases such as cholera, diarrhea, skin conditions, headaches, vomiting, and tend to have a reduced lifespan.

DISCUSSION

The results of the study highlight particularly concerning microbial health risks for the bayakous. First, the probability of

infection per emptying operation is alarming, reaching even 100% for certain pathogens, regardless of the scenario con-
sidered. This underscores the particularly high exposure of bayakous to infectious risks in their daily work, despite slight
variations in the conditions studied.

Furthermore, the analysis reveals significant risks of illness, with most of the studied pathogens presenting risks classified as

‘major’ or ‘highly elevated’. Particularly dangerous pathogens, such as poliovirus, Shigella spp., V. cholerae, and A. lumbri-
coides, are identified as being of particular concern, highlighting the potentially severe health consequences for the
bayakous. The risk of illness per operation (Table 5) is logically lower than the risk of infection per operation (Table 4), as

infection does not necessarily lead to illness, depending on the host’s immune system robustness, or if they have already
been exposed to the considered pathogens (Haas et al. 1999; Health Canada 2019).

A particularly alarming finding is that the probability of infection and illness per year reaches 100% for all pathogens and

scenarios, significantly exceeding the acceptable risk threshold. These findings demonstrate that the working conditions of
the bayakous expose them to considerable health risks, requiring urgent measures to protect these manual pit emptiers
and significantly reduce these risks.

Overall, these results align with those of other available microbial risk assessment studies in the literature, which conclude

that the microbial risk associated with manual emptying is high (Stenström et al. 2011; Fuhrimann et al. 2016; Gautam et al.
2021; Sklar et al. 2021). However, the level of risk presented in this study is higher than those mentioned in other QMRA
studies (Fuhrimann et al. 2016; Sklar et al. 2021). This disparity could be explained by differences in the practice of

manual pit emptying in Haiti, where manual pit emptiers generally work naked, unlike in other studies where this practice
has not been identified.

These results do not imply that all bayakous will be systematically infected or fall ill, but rather highlight the microbial

health risks to which they are exposed. The most immunologically vulnerable individuals may contract the illness, while
others may not be affected. According to Haas et al. (1999), demographic subcategories generally vulnerable to pathogens
include, among others, children (,5 years), the elderly (.65 years), pregnant women, diabetics, alcoholics, the immunocom-

promised (including AIDS patients and others), and those suffering from malnutrition. Conversely, those who have already
been exposed to certain pathogens may have developed immunity, as mentioned earlier. However, the fact that manual pit
emptiers often work under the influence of alcohol to better cope with their difficult working conditions (Smith 2014; Chumo
et al. 2021) places them in the category of people who are more immunologically sensitive, potentially making them more

vulnerable to pathogens.

Sensitivity analysis and study limitations

As mentioned in the methodology, a sensitivity analysis was conducted to determine whether a slight variation in the input
data for Scenarios 1 and 2 would have a significant impact on the study’s results presented in Tables 4 and 5. The data gen-
erated during the sensitivity analysis (Tables 6 and 7) indicate that the variations made did not have significant effects on the

results of the study. The risk of infection and/or illness remained major, even highly elevated, with the exception of E. coli and
G. intestinalis, for which the disease risk was classified as moderate when 35.2 mg/cm2 was applied to Scenario 1. The prob-
abilities of infection and illness per year remained constant, i.e., equal to 100%. This sensitivity analysis strengthens the

reliability of the data presented in Tables 4 and 5.
The conducted study has certain inherent limitations. Particularly, data on the concentration of pathogens in feces were not

directly derived from Haiti but rather from scientific literature. To achieve more representative results, field studies in
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collaboration with the bayakous would be necessary to conduct microbiological tests and precisely determine the concen-

tration of pathogens on their hands. Additionally, integrating epidemiological data specific to morbidity among bayakous
in Haiti could have confirmed or refuted the observed trends, but such data were not available. In summary, a more in-
depth and contextual approach, including data from field studies and Haiti-specific epidemiological data, would enhance

the validity and relevance of the obtained results.

MICROBIAL RISK MANAGEMENT

The analysis of the data in Tables 4 and 5, as well as the sensitivity analyses (Tables 6 and 7), shows that the activity of the
bayakous undeniably represents a microbial health risk. Indeed, the results indicate that the annual risk of infection and ill-
ness far exceeds the acceptable risk threshold recommended by Regli et al. (2018). However, the socio-economic and health

reality in Haiti means that their work remains essential. Haiti’s mechanical emptying companies are concentrated in the
metropolitan area of Port-au-Prince, which means that bayakous are often the only emptying service providers in certain
areas, especially in areas that are inaccessible to emptying trucks. To minimize the microbial risks associated with manual

emptying in Haiti, sanitation management must be reconsidered. A paradigm shift in sanitation governance is an essential
step in implementing more effective and safer approaches, thereby reducing the hazards arising when these sanitation
workers come into direct contact with potentially contaminated fecal sludge.

Table 6 | Sensitivity analysis on the probability of infection per emptying operation

Pathogens

Scenario 1 Scenario 2

Mass of fecal sludge adhered to hands (mg/cm2) Mass of ingested fecal sludge (g)

35.2 (�25%) 47.0 (Reference value) 58.8 (þþþþþ25%) 15.8 (�25%) 21.0 (Reference value) 26.3 (þþþþþ25%)

A. lumbricoides 63.2% 64.3% 65.1% 70.9% 71.7% 72.4%

Campylobacter spp. 54.2% 56.1% 57.5% 67.0% 68.3% 69.3%

C. parvum 100% 100% 100% 100% 100% 100%

E. coli O157:H7 46.2% 49.7% 52.3% 68.7% 70.8% 72.4%

G. intestinalis 100% 100% 100% 100% 100% 100%

Poliovirus 100% 100% 100% 100% 100% 100%

Salmonella spp. 45.0% 49.1% 52.2% 71.5% 73.9% 75.7%

Shigella spp. 71.4% 73.1% 74.3% 82.2% 83.2% 84.0%

V. cholerae 76.4% 78.1% 79.3% 86.6% 87.5% 88.2%

Table 7 | Sensitivity analysis on the probability of illness per emptying operation

Pathogens

Scenario 1 Scenario 2

Mass of fecal sludge adhered to hands (mg/cm2) Mass of ingested fecal sludge (g)

35.2 (�25%) 47.0 (Reference value) 58.8 (þþþþþ25%) 15.8 (�25%) 21.0 (Reference value) 26.3 (þþþþþ25%)

A. lumbricoides 19.8% 22.1% 23.8% 36.9% 39.0% 40.5%

Campylobacter spp. 5.32% 6.69% 7.91% 20.7% 23.1% 25.0%

C. parvum 9.79% 11.9% 13.8% 30.9% 33.8% 36.0%

E. coli O157:H7 1.90% 2.58% 3.26% 13.4% 15.9% 17.9%

G. intestinalis 3.92% 5.00% 6.02% 19.1% 22.0% 24.3%

Poliovirus 54.5% 56.7% 58.2% 68.7% 70.2% 71.3%

Salmonella spp. 14.1% 16.9.0% 19.1% 37.3% 40.2% 42.4%

Shigella spp. 22.4% 25.1% 27.2% 42.8% 45.2% 47.0%

V. cholerae 15.0% 17.6% 19.6% 36.5% 39.2% 41.3%
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Government authorities, especially the national agency responsible for this sector, should establish intermediate unloading

points located within 5 km of collection sites – a distance recommended by Monvois et al. (2010) – to prevent bayakous from
dumping collected sludge into the environment. The fecal sludge could be then transported to better-equipped sites. These
types of facilities should be implemented in all 10 geographical departments and even in all 42 districts of the country.

Additionally, government authorities must intensify efforts to regulate and professionalize the bayakous’ profession, extend-
ing these initiatives nationwide.

A solution like the manual Gulper pump, recommended by Oxfam (2007), could be implemented so that bayakous would
not need to descend into the pits during the emptying process. This pump, which can be manufactured from locally available

materials, was detailed by Oxfam (2007), Strande et al. (2014), Tilley et al. (2016), and Gabert et al. (2018). Bayakous could
use the pump to avoid coming into direct contact with sharp or pointed objects in the pits that can cause injuries. At the same
time, bayakous should use PPE, including boots, pants, gloves, and face masks, during their interventions. Awareness cam-

paigns are necessary to promote use of the Gulper pump and PPE to improve the working conditions of bayakous and reduce
the microbial risks associated with their work.

CONCLUSION

The objective of this study was to quantitatively assess the microbial risks associated with the work of manual pit emptiers in
Haiti, commonly known as bayakous, and to propose appropriate solutions. The results indicate that bayakous are exposed to

major or highly elevated risks in all scenarios examined, exceeding the acceptable risk threshold by 514–10,000 times. In light
of these results, the national authority responsible for this sector in Haiti must increase efforts to regulate and professionalize
the bayakou profession, extending these initiatives nationwide. This would help control the number of bayakous operating in

the country, provide adequate training, and prevent health issues related to their work. To better support these sanitation
workers, the study suggests the use of PPE, the adoption of the Gulper pump during emptying operations, and the implemen-
tation of awareness campaigns to promote the acceptability of these measures.
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