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Indicators to complement global
monitoring of safely managed on-site
sanitation to understand health risks
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Halfway through theSustainableDevelopmentGoal (SDG) period, there has been little research on the
criteria for monitoring safely managed sanitation under SDG target 6.2. For reporting against SDGs,
global indicators are necessarily limited and exclude many safety aspects from a public health
perspective. Primary survey data from 31,784 households in seven countries in Asia and Africa were
analysed, comparing estimates of safely managed on-site sanitation based on global indicators with
five complementary indicators of safety: animal access to excreta, groundwater contamination,
overdue emptying, entering containments to empty and inadequate protection during emptying.
Application of additional criteria reduced the population with safely managed sanitation by 0.4–35%
for specific indicators, with the largest impact due to the risk of groundwater contamination, animal
access, and containments overdue for emptying. Combining these indicators across the service
chain, excluding transport and treatment, found almost three-quarters of on-site systems currently
assessed as safelymanagedwith global indicators were considered unsafe based on complementary
indicators. Amore comprehensive assessment of safety of on-site sanitation can be achieved through
these indicators, which could be integrated into national monitoring systems and used to inform
sanitation investments that address local health-related risks.

Inadequate sanitation is associated with numerous and varied health risks1.
There are multiple sources of faecal environmental contamination from
inadequate sanitation systems and multiple pathways for exposure2,3. The
presence of a toilet is therefore an insufficient measure to indicate whether
positive health outcomes are likely to be achieved by sanitation
improvements4, hence numerous authors critiqued the Millennium
Development Goal target, expressed solely in terms of access to toilets5–8.
The Sustainable Development Goal (SDG) target 6.2 of safely managed
sanitation services aims to address these limitations by considering the
management of excreta from the toilet to final treatment and disposal9. The
Joint Monitoring Programme (JMP) led the development of global indi-
cators and standardised core questions to enable consistent and practical
classification of sanitation services for national and global monitoring (see
Table 3)10. However, these indicators do not cover all aspects of safety, such
as those outlined in WHO guidelines on sanitation and health1. The
guidelines suggest countries agreeing to the SDG framework should routi-
nelymonitor and report on the global indicators, as aminimum, and suggest
these are complemented by more nuanced and contextual regional and

national indicators. The JMPproposed some expanded indicators, but these
focus on expanded definitions of toilet access, for example, privacy of toilet
use, and include limitedexpanded indicators related to the safemanagement
of containments, emptying, conveyance and disposal10. Safely managed
sanitation as defined for globalmonitoring,while a significant improvement
inmonitoring access to improved toilets, should not be assumed to indicate
a service level that protects against many key faecal transmission pathways.
Since what doesn’t get measured doesn’t get managed11,12, relying on global
indicators to prioritise investment may result in sanitation improvements
that do not address critical health risks.

Despitedebate and researchonotheraspects of SDG6.2, therehasbeen
little assessment of the indicators for safely managed sanitation services nor
exploration of the complementary indicators that could address the gaps.
Numerous publications have critiqued and suggested improvements to the
classification of shared toilets as limited sanitation13, the monitoring of
progress of lower service levels14, the means of implementation targets15,16,
and explored alternatives for monitoring safely managed water services17.
However, there has been little discussion on the formation and scope of the
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indicators for safely managed sanitation services, and even uncertainty
about how services will bemeasured as safelymanaged16. The opinion piece
by Rose et al. defined safe sanitation through a communal social lens as
based on the ‘social construct that lies at the intersection of knowledge,
societal engagement, and controls’18. Rose’s paper highlighted the role of the
community in monitoring but did not review the indicators for safely
managed sanitation or propose alternative indicators relevant to their
definition18. Beard et al. highlighted the challenges to assessing on-site
systemsand theneed for revised categories for improvedsanitation facilities,
yet they did not review indicators related to safe management across the
service chain19. One paper proposed complementary indicators for safely
managed sanitation services for national monitoring in Austria20. This
provided valuable insights for high-income contexts with predominately
sewerage services, yet was less applicable for low- and middle-income
countries with predominantly on-site sanitation.

National and subnational decision-makers should not rely on global
monitoring alone to inform investment. Globally defined indicators for
water and sanitation may not adequately capture the national realities and
challenges faced by individual countries or best suit the needs of individual
countries to assess progress towards national goals20,21. Beard et al. argued
that for urban sanitation, global monitoring efforts do not provide a clear
picture of the challenge of managing excreta at the city scale and that the
current indicators have a limited ability to inform policy and action19. This
paper does not intend to critique the objective and approach of the SDGs or
indicators used for global monitoring but to highlight that these indicators
are an initial approach to define a ‘safely managed sanitation service’.
Indeed, the 2030 Agenda for Sustainable Development recommends that
global indicators be complemented by indicators at the regional and
national levels, whichwill be developed byMember States22. TheGuidelines
on Sanitation and Health also suggest more indicators are needed at the
utility and sub-national levels to inform local programmes and actions1.
Although the number of countries able to report against safely managed
sanitationhas increased, significant data gaps remain, particularly regarding
on-site sanitation23, making it an opportune time to inform the scope and
approach to monitoring sanitation.

Beyond those currently assessed by the global indicators, there are a
range of additional exposure pathways associated with inadequate sani-
tation systems and their management. Animal access to uncovered or
inadequately protected faeces can transmit excreta and pathogens to
people, surfaces and food, especially in dense settings or places where
animals and humans are in close proximity24–26. Inadequate subsoil
treatment of leachate from unsealed on-site sanitation can contaminate
groundwater supplies used for drinking water, with contamination risk
influenced by toilet and containment type, soil type, groundwater level
and proximity to wells27. Poor operation and management of sanitation
can also increase exposure to faecal pathogens. Infrequent emptying of
on-site sanitation is associated with an increased likelihood of over-
flowing, malfunction or reduced performance2. Infrequent emptying can
also lead to unsafe emptying practices, such as entering the pit to remove
hardened sludge or informal emptying practices such as wash out, putting
both the workers and public at risk of exposure2,28. The health risks
sanitation workers face during emptying have been increasingly recog-
nised, including direct exposure to faecal pathogens and risks from
working in confined spaces29,30.

While environmental sampling and detailed health exposure studies
and models have improved our understanding of health risks, household
surveys can assess potential exposure pathways at a larger scale and lower
cost. Several tools, models and detailed research studies have developed
methods to investigate critical faecal exposure pathways25,31–33. While they
have been valuable in demonstrating the high concentration of pathogens in
the environment and need to consider multiple exposure pathways, they
typically require high skills or equipment and can be difficult to conduct at
scale. Household questionnaires, while limited in simple questions and self-
reporting, benefit from capturing sanitation data at scale for a relatively low
cost when included in broader surveys. Assessment of indicators of

pathogen exposure pathways cannot ensure that a system provides 100%
protection against human contact with excreta; however, it can point to
common failures in sanitation systems that increase the risk of exposure to
prioritise improvements or further in-depth investigation.There remains an
opportunity to expand householdmonitoring to better assess and prioritise
potential exposure pathways at a larger scale than the field-based exposure
assessments.

Recognising that global monitoring is necessarily limited for sim-
plicity and comparability, this paper proposes complementary indicators
that could be incorporated into household monitoring to provide a more
comprehensive assessment of on-site sanitation focusing on faecal
exposure pathways. While research on other aspects of SDG 6.2 led to
debate and refinement of indicators (e.g., shared sanitation) for the
assessment of safely managed services, as noted above, previous research
identified the need for complementary indicators yet did not suggest
potential indicators relevant to areas with predominately on-site sanita-
tion, such as is common in low- and middle-income countries. SNV, an
international non-government organisation, conducted baseline mon-
itoring between 2018–2019 in 34 urban and rural districts across seven
countries to inform andmonitor progress of their sanitation programmes.
Trained enumerators conducted surveys of 31,784 households, which
included global core questions and supplementary questions related to
additional exposure pathways as well as qualitative assessments of service
provision. The data from health-related household questions were
assessed to compare five complementary indicators with the equivalent
global sub-indicators for improved, contained and emptied on-site sani-
tation.This research evaluated the extent towhich consideration of critical
exposure pathways reduced the proportion of systems classified as safely
managed on-site sanitation and analysed the contexts or conditions in
which different indicators may be more or less important. This research
aims to address the gap in tested complementary indicators relevant to on-
site sanitation that could be incorporated into sanitation monitoring
systems. The research is timely as national WASH monitoring frame-
works continue to be updated to improve reporting against the SDGs, and
these relevant complementary indicators to enhance understanding of
local health risks and inform sanitation investments.

Results
As background to the results for the complementary indicators, Fig. 1
presents the overall access to improved sanitation for the 21 urban cities
(with populations varying from21,036–2.67million) and13 rural districts
(that may include some district centres), see Supplementary Table 1 for
details of sample areas.Most households used improved on-site sanitation
systems (79% average across countries), which are facilities that aim to
hygienically separate excreta from human contact. A small number of
households in the cities in Tanzania and Zambia used improved toilets
connected to sewers (1%) and on average across countries 10% practised
open defecation, predominately in rural Laos. The JMP classifies shared
improved toilets as ‘limited sanitation’, which were used by an average of
17% of urban and 6% of rural respondents. This resulted in 65% and 71%
of respondents in urban and rural areas reported accessing at least basic
sanitation (Supplementary Table 2). While only ‘at least basic’ sanitation
can be considered as ‘safelymanaged’ sanitation services, in this paper the
analysis of each indicator considered all improved sanitation facilities, as
both shared and private facilities contribute to faecal environmental
contamination34. The contextual factors included the typology of
improved sanitation facilities, of which 89% of households in rural areas
reported the use of a pit (i.e., direct pit, off-set pit, two sequential pits,
double off-set pit, composting), and 11% reported the use of a tank (septic
tank, holding tank, communal septic tank) (see Supplementary Table 2).
In urban areas, tanks and pits were equally reported, although this varied
between countries. Containments had been in use for an average of 8.6
years in urban areas and 5.8 years in rural areas. Of improved on-site
systems, 6% had previously been emptied in rural areas and 22% in
urban areas.
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Improved facilities: animal access to excreta
Moving beyond the high-level assessment of facility type, data was analysed
to assess whether facilities classified as improved were still at risk of animal
access to excreta, which can result inmechanical transmission of pathogens
from animals to humans. The remaining results are presented as country
averages for improved clarity in demonstrating the difference between
global and complementary indicators, with the results for each of the 34
cities and districts provided in the supplementary materials. On average
across all countries 81% of respondents reported using an improved sani-
tation facility, yet 14% of respondents used improved toilets that were
accessible to rats and flies. In urban areas, the proportion of improved
facilities reduced by 18% when assessed for animal access, which was a
greater reduction than in rural areas (8%). The reduction varied between
countries, ranging from1% in Laos and 2% in urbanNepal to a reduction of
28% and 29% in Tanzania and Zambia, respectively (Fig. 2). The variation
between cities or districts within a country was greatest for Bhutan, Ban-
gladesh andZambia,with the greatest impact (51%reduction) inZhemgang
district, Bhutan. Poorer households and dry toilets had a significantly
greater prevalence of animal access than non-poor households or water-
based toilets (Table 1).

Containment—Groundwater risk
The assessment of groundwater risk first considers the global indicator for
containment, which requires that on-site systems do not discharge excreta
to surface environments. The global indicator considers facilities not con-
tained if they overflow or leak waste directly into the surface
environment10,35. First, we present the findings of the global indicator, as the

results for the complementary indicator of groundwater risk are calculated
for only those systems classified as contained by the global indicator. Based
on the global definition, on average across countries, 66% of respondents
used ‘contained’ on-site sanitation and 14% used uncontained systems,
madeupof 8%with anoutlet (i.e., overflow line) to surface environment, 4%
having flooded or overflow and 1%with both outlet and overflow. In urban
areas, an average 20% of respondents used uncontained systems, with the
highest proportion inBangladesh (57%uncontained), predominately due to
outlets to the surface environment (45%) (see Supplementary Fig. 1 and
Supplementary Table 2). In rural areas the presence of an outlet was only
assessed inNepal, 1%of improved systemshad anoutlet, therefore the 4%of
respondents using uncontained systems in rural areaswas due to issueswith
flooding andoverflow. as SNV’s ruralmonitoringonly assessed thepresence
of outlets inNepal and (1%used systemswith anoutlet to the environment).
Factors associated with a significantly greater prevalence of facilities being
uncontained were urban areas, wet containments, tanks, deep contain-
ments, and systems in deeper groundwater (Table 1). Comparing the dif-
ferent causes, a greater prevalence offlooding and overflowoccurred for dry
toilets, pits, and poorer households, while a greater prevalence of outlets to
surface environment occurred for water flush containments and tanks.

While the global indicator assesses releases from on-site sanitation to
surface environments, groundwater contamination from on-site sanitation
is a critical exposure pathway in some contexts. A risk matrix based on
literature was used to assess potential groundwater contamination risk
basedonhousehold self-reported containmentdepthand secondarydata on
groundwater depth and soil type collected for each sub-district or neigh-
bourhood. Methods are described in Table 3, with further details in

Fig. 2 | Proportion of households with access to
improved sanitation considering the global indi-
cator compared with the complementary indi-
cator that considers toilets that are improved and
not accessible to animals. Reduction in improved
when considering animals was greatest for Indone-
sia, Tanzania, Zambia and Bhutan and lowest in
Nepal and Tanzania, which also had fewer dry or
composting pits.
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Fig. 1 | Household access to sanitation by category
of facility, as defined by the JMP standard indi-
cator set for 21 urban and 13 rural districts of
seven countries based on data collected by SNV in
2018–2019. Complementary indicators were only
analysed for the improved sanitation facilities.

0%

20%

40%

60%

80%

100%

B
en

ap
o
le

G
az

ip
u
r

Je
ss

o
re

Jh
en

ai
d
ah

K
h
u
ln

a

K
u
st

ia

T
o
n
g
i

B
an

d
ar

 l
am

p
u
n
g

M
et

ro

T
as

ik
m

al
ay

a

B
ir

en
d
ra

n
ag

ar

C
h
an

d
an

n
at

h

K
h
ad

ak

N
ep

al
g
u
n
j

A
ru

sh
a

S
h
in

y
an

g
a

K
ab

w
e

K
as

am
a

M
b
al

a

M
p
u
lu

n
g
u

N
ak

o
n
d
e

C
h
h
u
k
h
a

D
ag

an
a

L
h
u
en

ts
e

P
em

ag
at

sh
el

P
u
n
ak

h
a

S
am

ts
e

T
ra

sh
ig

an
g

Z
h
em

g
an

g

A
ts

ap
h
o
n
e

C
h
am

p
h
o
n
e

P
h
al

an
x
ay

D
ai

le
k
h

S
ar

la
h
i

Bangladesh Indonesia Nepal Tanzania Zambia Bhutan Laos Nepal

Open Defecation Unimproved Improved OSS Improved Sewer

URBAN RURAL

https://doi.org/10.1038/s41545-024-00353-2 Article

npj Clean Water |            (2024) 7:58 3



supplementary materials. The analysis found an average of 35% of the
population use systems classified as contained but pose a high risk of con-
taminating groundwater and ranged from0% inBhutan to 78% inTanzania
(see Fig. 3). Most countries had low and high risk areas, indicating the
variability of local environmental conditions (see Supplementary Fig. 6 and
groundwater depth and soil type in Supplementary Table 1). The exception
was Bhutan, where no risk was found in any of the surveyed districts.
Recognising that the exposure risk topotentially contaminated groundwater
is most relevant when groundwater is used for drinking, further analysis,
beyond SNV’s current indicator, considered contamination a high risk only
when 25% or more of the respondents in the district reported using
groundwater for drinking. Supplementary Fig. 2 presents the adjusted
results, which found the proportion of uncontained sanitation due to
groundwater risk reduced to an average of 24% considering contamination
risks only in areas using groundwater. This revision had the greatest impact
in the two cities assessed in Tanzania, with 78% of respondents with con-
tained on-site systems at risk to groundwater reduced to zero since
groundwater is not used for drinking. Risks in urban Nepal and Zambia
reduced by 4% and 5% respectively, considering some cities had low
groundwater use.

Overdue emptying—unemptied stored in-situ and emptying
within the timely threshold
The global indicator for emptying within the assessment of safely managed
sanitation considers whether containments were ever emptied. Of all
respondents, 10% had improved on-site systems that were previously
emptied, 1% built a new pit, 64% were never emptied and 3% didn’t know,
whichwere considered never emptied for analysis (SupplementaryTable 2).
Emptying rates were lowest in Zambia, Bhutan and Laos (1 to 4%) and
highest in Bangladesh (32%) (see Fig. 5). Emptyingwasmore likely for older
systems, wet containments and urban areas (Table 1).

Many types of containments require regular emptying, so they func-
tion as designed or do not overflow. Therefore, the complementary indi-
cator assessed whether unemptied systems were overdue for emptying by
comparing years of operation with a calculated timely emptying threshold.
The threshold was calculated based on the number of users, containment
sizeand sludge accumulation, estimated for each containment type andeach
country (see methods in Table 3 and supplementary materials). Compared
with the 67% of respondents that used unemptied improved containments,
considered by global monitoring as safely stored in-situ, 21% of the popu-
lation had unemptied improved containments were overdue for emptying
(operation years greater than the timely emptying threshold). The largest
reductions due to overdue emptying occurred in Indonesia (42%), followed
by urban and rural Nepal with 27% reduction, while Zambia was the least
impacted by this complementary indicator (6%, see Fig. 4). Within coun-
tries, there was some variation between cities or districts, particularly in
Nepal where reductions ranged from 11% to 44% between cities. Of
improved on-site systems that had never been emptied, urban areas, wet
toilets and non-poor households were associated with a significantly greater
prevalence of being overdue for emptying, highlighting it is not just an
affordability issue (Table 1). Of previously emptied systems, only an average
0.4% of improved on-site systems are overdue for re-emptying, with a
maximum reduction of 0.8% of systems in Indonesia (Supplementary Fig. 8
presents disaggregated city and district results).

Emptying—Occupational health and safety risks
While 10% of respondents had improved on-site systems previously emp-
tied, only 8% were emptied without someone entering the containment.
From Fig. 5, the greatest reduction in safe emptying when considering
entering was in urban Nepal (5% reduction) and Bangladesh (4%), with
small decreases in Tanzania and rural Nepal (0–1%), where completely
mechanical emptying was more common. Entering was more likely for
containments emptied by the household or tenant (24%entered), compared
withmanual (15%) andmechanical (3%) service providers. Rural areas and
wet containments were at greater risk of reported entering to empty,T
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although rural areas were also more likely emptied by users (35%) than
urban areas (6%) (Table 1).

The other health and safety indicatorwas the use of aminimum level of
personal protective equipment (PPE), including boots, gloves and a mask.
Across all countries, only 3% of respondents used improved on-site sani-
tation emptied with adequate PPE. The lowest compliance was in Bangla-
desh where 32% of improved on-site systems had been emptied, yet 29%
were systems emptied without minimum PPE. The next largest reduction
was in Nepal and Tanzania where 6% of respondents used improved con-
tainments emptied without minimum PPE (Fig. 5). Greater PPE com-
pliancewas reported for containments emptied by the household than those
emptied by service providers and for manual rather than mixed or fully
mechanised emptying, noting this data was self-reported. There was slight
variation between cities for both indicators, except for Bangladesh only
1–4% of respondents reported systems emptied with adequate PPE despite

emptying ranging from 11–44%. The prevalence of inadequate PPE was
significantly greater for urban areas and poorer households (Table 1).

Influence of context variables on the significance of com-
plementary indicators
Analysis of the associations between contextual factors and complementary
indicators can inform which indicators or exposure pathways may be most
important in specific contexts, recognising that not all indicators may be
necessary everywhere. Table 1 indicates which technological, socio-
economic and environmental factors were associated with an increased
probability of systems failing each indicator. Note that this approach
examined factors independently and did not account for the influence of
other variables. Compared with rural areas, on-site sanitation systems in
urban areas weremore likely to be at risk of contaminating groundwater, be
overdue for emptying and pose a hazard to workers without adequate PPE.

Fig. 3 | Comparison of global indicator for con-
tainment with the complementary indicator that
includes on-site systems that are contained and do
not pose a high risk of groundwater contamina-
tion considering infiltration depth and soil type.
The complementary indicator reduced the propor-
tion of systems considered contained across most
countries, excluding Bhutanwhere there is a low risk
of groundwater contamination.
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Fig. 4 | Comparison of the global indicator of
households with improved on-site systems that
were never emptied with the complementary
indicator of improved unemptied systems not
overdue for emptying. Contained and not emptied
systems are considered safely managed sanitation in
global monitoring. However, this complementary
indicator demonstrates many of these systems have
operated beyond the emptying threshold and are
likely full of sludge and at risk of reduced function or
overflow.
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Fig. 5 | Comparison of ever emptied systems with
those emptied following health and safety prac-
tices. Much higher rates of emptying occurred in
Bangladesh with the complementary indicator of
use of PPE having much greater impact than
entering in all countries.

0%

20%

40%

60%

80%

100%

Bangladesh Indonesia Nepal Tanzania Zambia Bhutan Laos Nepal Average

%
 r

es
p

o
n

d
en

ts

Emptied Emptied: didn't enter Emptied: used PPE

URBAN RURAL

https://doi.org/10.1038/s41545-024-00353-2 Article

npj Clean Water |            (2024) 7:58 5



However, the likelihood ofworkers entering an on-site sanitation system for
emptying purposes was greater in rural areas. Compared with median and
upper incomehouseholds, lower-incomehouseholdswere less likely to have
systems that were overdue for emptying or be entered by workers for
emptying. On-site sanitation systems in areas with shallow groundwater
(<5m)weremore likely to pose a contamination risk to groundwater and be
accessible to animals, but were less likely to be overdue for emptying or
require workers to enter them to empty. Compared with flush or wet
containments and tanks, dry containments and pits were more likely to be
accessible to animals and pose a risk to groundwater, yet less likely to be
uncontained or be entered to empty. Compared with recently built con-
tainments, older containments (>5 years old) were more likely to be
uncontained and overdue for emptying but less likely to be accessible to
animals, with no significant difference in entering to empty.

Overall analysis of the difference between global and com-
plementary indicators
Table 2 shows the proportion of households meeting global indicators
considering the existing definition used by the JMP for globalmonitoring of
safely managed sanitation (on the left). The columns to the right show the
reduction in this proportion when considering additional potential expo-
sure pathways of the complementary indicators, including the overall and
country average reduction for each indicator. The complementary indica-
tors resulting in the greatest reduction in the proportion of respondents
considered safely managed were the indicator of groundwater risk (35%
reduction), followed by unemptied containments overdue for emptying
(21%) and animal access (14%).While 10%of households had emptied their
on-site system (global indicator), very few of these are overdue for re-
emptying, and this indicator had the lowest impact (0.4% reduction).
Indicators had varied impacts between countries; for example, in Bhutan,
animal access caused the greatest reduction, which may be associated with
the high use of dry pits, whereas in Laos, considering animal access had a
minor impact, while groundwater risk and overdue for emptying had the
largest impact on safety. Within-country variability was lower than
between-country variability for most indicators except groundwater risk,
which had equally high variability within-countries as between-countries
(Supplementary Table 8).

While the indicators were analysed and presented separately to high-
light their individual impact andvariationbetween contexts, safelymanaged
sanitation requires cumulative analysis across the service chain as excreta

must be managed from containment to treatment. The data allowed for
cumulative assessment of safely managed sanitation services considering
each household’s response across the service chain (improved, contained,
emptied and stored in-situ), recognising that households may fail multiple
steps and only achieve safe management if all steps were assessed as safe. A
full assessment of safelymanaged services for systems emptied anddisposed
off-site was not possible since transport and treatment data was not, and
cannot be, collected through household surveys. Therefore the assessment
of safely managed sanitation included (a) on-site systems that were con-
tained, not emptied and safely stored in-situ, or (b) emptied and buried in-
situ, or (c) potentially safely managed if contained, emptied and removed
offsite but with unknown disposal and treatment. Figure 6 shows the results
of the combined analysis across the service chain, comparing global indi-
catorswith complementary indicators and showing those safelymanagedby
storage in situ (assessment possible with household surveys) and those that
are potentially safely managed, assessed up to emptying but not transport
and treatment. Considering global indicators, overall 56% of respondents
accessed safely managed on-site sanitation services up to emptying,
although a proportion of the 5% emptied could be unsafe if not adequately
transported and treated. The proportion of households meeting global and
complementary indicators was 16%, just over one-quarter of the value
found using global indicators only. The differencewas larger in urban areas,
where the assessment with complementary indicators reduced the pro-
portion of households with safely managed services to just over one fifth of
the estimate with global indicators, while in rural areas it was one third. The
largest differences were in Bangladesh and Tanzania, where the proportion
of households with safely managed services based on global indicators was
26% and 52% respectively compared with 2% and 1% safely managed
considering complementary indicators (Supplementary Fig. 3). Laos and
rural Nepal had the next largest reductions with the proportion safely
managed considering complementary indicators around one tenth of the
result using global indicators. Bhutan was the least impacted with com-
plementary indicators resulting in an estimate two-thirds the estimate of
safely managed sanitation with global indicators.

Discussion
While the SDG global indicator 6.2.1a ‘use of safely managed sanitation
services’ is an improvement on the monitoring of basic access to toilets, the
findings from the analysis of complementary indicators suggest that several
faecal exposure risks may remain. There was a stark reduction in the

Table 2 | Proportion of respondents meeting global and complementary indicators (I) and the average reduction in the
proportion of the population assessed a safe due to each individual complementary indicators average across all countries and
per country (II)

Global and complementary
indicators

(I) Total respondents assessed as safe for
each indicatora

(II) Reduction in the population considered safe due to complementary
exposure pathways (Reduction% =Global% – Complementary%)

All countries Urban Rural

Ave Std Dev BGD IDN NPL TZA ZMB BTN LAO NPL

Improved (Global) 81%

Improved and no animal access 66% 14% 12% 11% 20% 2% 28% 29% 21% 1% 4%

Contained (Global) 66%

Contained and low groundwater risk 31% 35% 24% 28% 20% 27% 78% 32% 0% 35% 56%

Not emptied (Global) 67%

Not emptied and not overdue for
emptying

46% 21% 11% 16% 42% 27% 21% 6% 8% 20% 27%

Emptied (Global) 10%

Emptied, not overdue for re-
emptying

9% 0.4% 0.3% 0% 1% 1% 0% 0% 0% 1% 0%

Emptied, didn’t enter pit 8% 2% 2% 4% 0% 5% 1% 0% 0% 1% 3%

Emptied, adequate PPE 3% 7% 9% 29% 3% 6% 6% 1% 1% 2% 7%
aGlobal indicator response rate in bold. Reduction is the difference between the response rate for global indicators minus the repsonse rate for complementary indiactors.
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combined estimate of safely managed on-site sanitation from 56% using
global indicators to 16% considering five complementary indicators. In all
countries, more than one third of systems assessed as safely managed
sanitation were considered unsafe based on complementary indicators.
Considering the five individual indicators, as these are what can inform
where and what to improve across the service chain, the reduction for each
complementary indicator compared to the global indicator ranged from
0.4% to 35%. Including these indicators in sanitation monitoring can sig-
nificantly change whether a sanitation system should be perceived as truly
safe, even if it does meet the global criteria for ‘safely managed’. The indi-
cator on groundwater risk had the largest impact, with 35% of systems
classified as contained with the global indicator assessed as a high risk for
contaminating groundwater. Overdue emptying and animal access had the
next greatest impacts, reducing the proportion assessed as safely managed
by22%and14%, respectively.Given that only 10%of improved systemshad
ever been emptied, it was not surprising that the complementary indicators
on emptying had the lowest overall impact but when considered as a pro-
portion of the emptied systems, these risks remain important. A substantial
number of on-site systems failed each indicator to warrant further con-
sideration or uptake of all assessed indicators given the ongoing risks to
public health if these exposure pathways are not addressed.

Assessing the individual indicators rather than the overall combined
estimate was also important given the variability of risks between and
within-countries. In many countries sanitation decisions and investment
occur at a sub-national scale, therefore data should be disaggregated to the
level needed to inform these decisions19,36. Data and risk assessments at a
local scale were also emphasised by citywide inclusive sanitation (CWIS)
planning and WHO’s sanitation safety planning37,38. The impact of the
complementary indicators varied both between andwithin countries which
indicated that many risks were context-specific and that global or national
assumptions about the priority aspects of safely managed sanitation were
unlikely to apply to all sub-national contexts (see disaggregated findings in
supplementary materials). Indicators with the greatest between-country
variation were groundwater risk, which was high in Tanzania (78%
reduction) and zero in Bhutan, and the use of adequate PPE during emp-
tying, which was most impactful in Bangladesh but low in other countries
where emptying rates were also low. Within country variation was most
evident for groundwater risk, highlighting that decisions on groundwater
risk from on-site sanitation are unlikely to be globally or nationally
applicable but may be very important in some contexts.

Resources for monitoring sanitation are often limited, therefore this
research can informwhich contexts specific indicatorsmay bemore critical.
There remain concerns thatmonitoring is expensive and diverts funds from
already sparse resources for implementation, and debates whether indica-
tors are selected and used to inform decisions16,21. Others argue that the
limited resources further emphasise the need for careful indicator selection

and sufficient data to support decision-making20,21. The analysis of pre-
valence ratios found some contextual factors had prevalence ratios as
expected, such as older on-site systems facing a greater prevalence of being
overdue for emptying. In contrast, other ratios were less predictable, such as
tanks and wet containments associated with a higher prevalence of being
entered to empty (rather than externally with a pump) or that poorer
households were associated with a lower prevalence of overdue for emp-
tying. Overall, each indicator was found to be important in certain contexts
and therefore should be considered for inclusion in local and national
monitoring.However, not all indicatorswill be relevant in every context and
the selection of variables should consider whether the context variables or
other factors suggest the indicator may be less relevant. For example, if the
groundwater is known to be deep in all of Bhutan, the groundwater risk
indicator would be unnecessary to monitor or just included in the districts
with potentially shallowgroundwater.While itmay be challenging to decide
what indicatorswill be critical beforedata collection, this analysis, alongwith
existing background information could be used, or indicator selection could
be informed by small pilots or guided by national priorities.

The indicators andmethods presented in this paper are not perfect, yet
they show a tested way forward to improvemonitoring of on-site sanitation
that can potentially be integrated into household surveys or routine mon-
itoring systems. Previous research has highlighted the role of development
partners in supporting monitoring improvements and national partners
through capacity development anddata collection, yet noted therewas still a
lack of tested methods, indicators and recommendations that were directly
usable by national governments16. National monitoring systems are slow to
adopt new indicators and require evidence of testing at scale and their
impact on sanitation systems to be receptive to new approaches39. Further
research could improve complementary indicators, such as refining the
indicators ongroundwater risk or timely emptyingwith locally relevant data
rather than global assumptions, and further evidence on the relationship
between infrequent emptying and groundwater contamination on faecal
exposure in different contexts. Other indicators could be included to further
understand the cause of the risks, such as why systems are overflowing or
being entered to empty, however, there are limits to what can be asked to
households as other sources of data may be needed for more technical
assessments of containment design and function, or assessment of the
availability of mechanical emptying equipment. Research has shown that
provision of PPE alone is insufficient to protect public health and also that it
is difficult to assess use30. Therefore, other indicators for sanitation workers’
health and safety may be selected based on local issues or service objectives,
with some examples provided in SNV’s outcome indicators40. Lastly, while
we discuss health risks, it is also important to recognise that these indicators
assess the hazards and there remains limited research on the exposure and
illness associated with sanitation related hazards; therefore direct health
benefits cannot be guaranteed from achieving these indicators41.

Fig. 6 | Comparison cumulative estimate safely
managed on-site sanitation (excluding transport
and treatment) for the global and complementary
indicators. Cumulative estimates shown for urban,
rural and all respondents and disaggregated by those
safely stored in-situ and those safely emptied.
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Nevertheless, investments that address these hazards will progressively
reduce pathogens in the environment and contribute towards improved
public and environmental health.

The study does not intend to be an exhaustive analysis of all possible
indicators for sanitation for different objectives anddata sources and instead
focuses on a set of recommended household survey questions relevant to
identifying and reducing health risks. A limitation of this scope was the
exclusion of health risks associated with the transport, treatment, and final
disposal,whichcannot accuratelybe assessed fromhousehold surveys42. The
global indicators for transport and treatment are the ‘proportion delivered’
and whether ‘excreta from on-site sanitation receives solid and liquid
treatment’. Complementary indicators could also be developed for these
steps, for example, public health risks associated with excreta spilled during
transport or the actual operation andperformance at treatment facilities and
the health risks of treatment effluent. Complementary indicators could also
be developed to inform other drivers for sanitation investment, such as
indicators relevant to environment, finance, equity, service viability,
household preferences, etc. Although the sampling presented a diversity of
contexts, it was not nationally or globally representative, and testing these
indicators in other contexts could confirm their applicability to different
settings. Further testing and research on public health risks associated with
on-site sanitation could further refine data collection methods and
assumptions, particularly locally relevant assumptions for timely emptying
and the groundwater risk matrix or to test the sensitivity of the results to
different assumptions. Further research could also investigate how other
methods of data collection, such as remote sensors, spatial mapping or
citizen science, could contribute to, or reduce costs, ofmontioring sanitation
and related health risks43–45.

Despite being halfway through the SDG period, there has been little
discussion about how this service level of safely managed sanitation is
defined and monitored. This paper found that, in many cases, on-site
sanitation systems continue to pose a substantial health risk, even if clas-
sified as ‘safely managed’ using global indicators and definitions. This is
largely because the currently available national data used for global mon-
itoring does not assess all significant exposure pathways. While SDG
monitoring created a valuable shift in attention beyond the toilet, national
and local monitoring systems need to go beyond the SDG global indicators
and integrate additional indicators to enable a more comprehensive
assessment of health risks associated with sanitation services. Recognising
that household surveys will continue to be a main source of data for on-site
sanitation in many low- and middle-income countries, this research sug-
gests that the five indicators analysed can improve the assessment of whe-
ther a toilet, on-site sanitation system or emptying practice, poses a hazard
to public health. We recommend national and local monitoring systems
include these pre-tested indicators to enable a more comprehensive
assessment of health risks associated with on-site sanitation. However,
indicators should be selected relevant to the context, as not all indicators are
relevant everywhere. This paper aims to ignite further debate on the extent
to which ‘safely managed sanitation’ is actually safe from a health per-
spective and that the global definition of safely managed sanitation should
not be the uppermost service objective if the ultimate goal is to end human
exposure to faecal waste. We recommend further research into whether
these or other complementary indicators for safely managed sanitation are
critical to assess faecal exposure pathways prevalent in other contexts and to
inform further refinements of the proposed data collection and analysis
methods. As many countries continue to update monitoring methods to
address SDG data gaps, the indicators tested in this paper can be applied
immediately in monitoring frameworks and the results can be used to
develop even stronger global monitoring systems and inform the post-2030
objectives.

Methods
Data collection through household surveys was designed and implemented
by SNV, a not-for-profit international development organisation thatworks
on water, energy and agriculture in 26 countries in Asia and Africa. This

paper draws upon the work of their WASH programmes, where they
support local governments to improve sanitation services through urban
and rural sanitation and hygiene programmes. These indicators were
included in their standardised performance monitoring framework46,
initially developed in 2010,which also includes other aspects not analysed in
this paper, such as off-site sanitation, hygiene and solidwaste, and outcomes
indicators on service delivery capacities and performance. SNV perfor-
mancemonitoring framework uses ladders for each step of the service chain
that combines multiple sub-indicators of functionality, sustainability and
risk. This paper presents the sub-indicators separately for clarity and ease of
applying the indicators to other monitoring frameworks.

Data collection
In partnership with local governments, SNV conducted baseline mon-
itoring between 2018 and 2019 in 18 urban and 13 rural districts across
seven countries in Asia and Africa. A total of 31,784 households were
surveyed,with 26,436households inurban cities and5348 in rural districts
(that include some district centres). In three Bangladesh cities (Jhenaidah,
Khulna and Kushtia), the baseline survey included slightly different
indicators; therefore the mid-term data collected in 2019 was used in this
analysis for consistency. SNV received approval from each of the indivi-
dual countries to collect the data and obtained informed consent from all
respondents and data was anonymised by SNV for every survey. The
University of Technology of SydneyHuman Research Ethics Committees
conducted an ethical review of the data use and analysis which was
approved on 6 July 2021 (UTS HREC ETH20-5620). The standardised
survey tools were translated into local languages and implemented with
mobile phone-based technology (AKVO Flow). Enumerators were either
local government staff or hired enumerators, managed and trained by
SNV staff. Amulti-stage samplingmethodwas adopted, with the primary
sampling unit of wards and districts from the programme locations pre-
viously determined by the national government. The proportion method
for sample size was used to determine district/ward sample size, assuming
a 5% level of significance and 2–3% margin of error. The secondary
sampling unit (SSU)was country-specific; for example, in Indonesia it was
village (Kelurahan), which were randomly selected, and samples were
distributed proportionally to the village population. In areas where there
were administrative units below the SSU (i.e., neighbourhoods), further
random sampling was done and each selected neighbourhood was allo-
cated an equal number of households to be surveyed. Systematic sampling
was used to identify the household within each neighbourhood or village.
Sample size and details of each city or district are provided in Supple-
mentary Table 1.

Complementary indicator data collection and analysis
The indicators and data collection approaches were developed for SNV’s
global sanitation and hygiene monitoring framework for their multi-year
urban and rural sanitation and hygiene programmes. The indicators were
selected to go beyond the global indicators (see Table 3), recognising that
monitoring smaller incremental changes allowed for greater learning and
pathways for sanitation service improvements. SNV assessed 40 com-
plementary impact indicators, including a range of behavioural elements
(e.g., functionality, use,maintenance), hygiene, andhealth and safety, aswell
as outcome indicators to assess service provision qualitatively. The indica-
tors analysed in this paper were a selection of the most relevant impact
indicators to assess health risks along the sanitation service chain from toilet
to emptying. The global indicators presented in Table 3 are based on the
current approach to monitoring SDG 6.2.1a as explained in the recent
progress reports, although it is recognised that many countries do not yet
collect data on all of these indicators, particularly containment and emp-
tying. Table 4 presents the data collection methods, predominately house-
holdquestionnaires but also enumerator observationand secondarydata for
the groundwater risk assessment. Further details of the analysis of
groundwater risk and timely emptying are presented in the supplementary
material.
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Table 3 | Comparison of global and complementary indicators and literature justification for indicators selected

JMP global indicators10 Complementary indicators Justification

Improved toilet facilitiesa include flush/pour flush toilets
connected to piped sewer systems, septic tanks or pit
latrines; pit latrines with slabs; and composting toilets.

Animal access to excreta: Rats and flies cannot
enter and exit the toilet or containment

The JMP indicator of an improved toilet is defined as
hygienically separating human excreta from human
contact. Although some currently included criteria applied
to the assessment of improved sanitation are relevant to
animal access, such as slabs on pit latrines and excluding
unenclosed faeces such as hanging latrines, these criteria
do not directly address fly or vermin access to excreta. The
following evidence highlights the importance of the
exposure pathway of animal access to excreta.
- Insects can transport pathogens from excreta to people,
surfaces and food24,26,47,48.
- Flies have been shown to carry a variety of enteric
pathogens, including bacteria and protozoa49–51

- Flies can transmit high levels of faecal contamination to
exposed food, especially in high-contamination settings
such as slums or markets24 but also in rural areas26.
- Flies are abundant in urban areas when unsanitary
conditions prevail and frequently contact excrement,
especially when they are poorly contained47.
- Rodents and insects are known vectors of human
pathogens and diseases, are are attracted to on-site
saniation systems yet literature directly linking human
pathogens and outbreaks of diseases transmitted by
vectors from pit latrines to humans is still scarce52,53.

Contained: On-site sanitation facilities that do not
overflow or discharge excreta directly to the surface
environmentb.

Groundwater risk: Low risk to groundwater from
subsurface leaching of pits or tanks

Globally, half of the world’s population relies on
groundwater for water supply, and half also use on-site
systems for sanitation35. This combination poses a risk of
faecal pathogens contaminating the drinkingwater ofmany
hundreds of millions of people worldwide54. Subsurface
infiltration of liquids is a crucial component of most on-site
sanitation systems and is the mechanism relied on to treat
faecal pathogens.However, in certain conditionsdue to soil
type, groundwater level or hydraulic loading, sanitation
systems can contaminate groundwater supplies1,55. Recent
reports indicate that a high proportion (typically 30-50%) of
water fromwells contains faecal indicator bacteria, such as
E. coli or faecal coliforms54. Studies in both high- and low-
income countries have shown a link between well
contamination and on-site sanitation56. Although the
mechanism of contamination cannot always solely be
attributed to sanitation due to numerous potential local or
other contamination pathways27,57. Pathogen transport in
soil and groundwater varies significantly, with viruses and
bacteria found to travel 2-50m depending on the pathogen
and ground conditions27. While these variations havemade
it difficult to set standard limits on siting or use of on-site
sanitation in areas of groundwater use58, the most
commonly reported factors that influence contamination
risk are soil type and groundwater depth. A greater risk of
contamination is expected for permeable soils such as
coarse sand, gravel, and fractured rocks27. Groundwater
depth is important as saturated soils can reduce pathogen
removal and increase transport. Groundwater levels near or
above the pit base have been shown to increase the
pathogen horizontal travel distances compared to
unsaturated conditions58 and an adequate infiltration depth
(i.e., >2m) is needed to reduce microbial contaminants to
minimal levels59.

Disposed in-situ: Improved on-site sanitation facilities
that are contained, not emptied and stored on-site.
(Also relates to Emptying – see below)

Not emptied OSS within timely threshold: Pits or
tanks not emptied and not overdue for emptying
Emptied OSS within timely threshold: Pits or
tanks have been emptied and not overdue for re-
emptying

The global indicator for emptying assesses whether
containments have ever been emptied. If contained and
emptied, containments can be considered safely managed
if excreta are buried in a covered pit on-site or if there is
evidence that faecal sludge is delivered to a treatment site
and treated. Never emptied containments, if assessed in
the previous step as contained, are considered to be safely
managed by treatment and disposal in-situ, irrelevant of
how long they have been operating. The global indicator
focuses on the transport of removed faecal sludgegiven the
evidence that a high proportion is not delivered to
treatment60. However, it does not consider the varied
occupational and environmental health and safety issues
associated with infrequent emptying. These include
reduced performance of septic tanks operating longer than
designed61 and high solids in effluent causing clogging of
infiltration systems; allowing containments to overflow to
surface before emptying62; full pit latrines being washed out
into drains or floodwaters19,62; settled sludge hardening and
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Table 3 (continued) | Comparison of global and complementary indicators and literature justification for indicators selected

JMP global indicators10 Complementary indicators Justification

difficult to remove by mechanical pumps; or emergency
emptying when toilets or pits overflow often leading to
unsafe emptying practices63. Low emptying rates may also
indicate where there are inadequate emptying services or
low awareness of the need for emptying.

Emptied: Improved on-site sanitation storage facilities
with containments (septic tanks or latrines) which have
ever been emptied.

Emptying health and safety risks: Emptying of
containments does not pose a health and safety
risk to workers or the public

Emptying on-site sanitation is an activity that presents
many health risks to the sanitation workers involved in
emptying, as well as the owners of the containment and
surrounding community. A systematic review of the health
risks among sanitation workers found evidence of
sanitation workers being at an increased risk of
gastroenteritis and respiratory conditions and may be at
increased risk of musculoskeletal disorders and mental/
social health conditions64. Studies in India and Africa
identified multiple possible safety hazards and workers
exposed to various occupational risks, including exposure
to faecal pathogens, heavy labour, working in confined
spaces, and the use of hazardous chemicals, which could
lead to injuries, illnesses, and death29,30. While both manual
and mechanical emptying are accepted practices in the
indicators for SDG 6.2.1 and in the WHO Guidelines for
Sanitation andHealth, riskswere found to bemore acute for
manual or informal emptiers, with some countries
prohibiting manual emptying1,65. The guidelines
recommend minimising manual emptying where possible
and avoid entering pits by transitioning to pumps1. Correct
and consistent use of PPE was a commonly suggested
approach to reduce occupational risks, however, it has
been recognised that the useof PPE is a challenge andpoor
fitting or unsuitable equipment and lack of availability,
particularly for informal workers, remains a challenge29,30.
Many papers emphasised that PPE alone is inadequate to
reduce health risks from emptying and regulation,
enforcement, finance andbehaviour change are needed, as
well as more data about sanitation workers needs and
challenges1,29,30.

Table 4 | Methods for data collection and analysis for complementary indicators

Indicators Questiona Method and analysis

Animal access to excreta: Rats and flies cannot
enter and exit the toilet or containment

Can rats access the faeces in any way?
If not, does the toilet pan or slab allow flies to
enter and exit the pit?

Where possible this was observed and if not it was asked to the
respondent. Rat access was assessed by observation of the type
of pit structure, with hanging latrines and pits without a slab
allowing rat access, as well as pits without covers or water seals
not funcioning. For fly access, observation of the toilet water seal,
pan cover and covering or mesh on vents.

Contained: On-site sanitation facilities that do not
overflow or discharge excreta directly to the
surface environment.

Is there an effluent outlet?
Where does the effluent go?
Does the toilet flood at any time of the year?
Does the pit or toilet leak, overflow or flood at
any time of the year?
If so, how often does it leak or overflow?

The global indicator for contained was assessed by two sub-
indicators Firstly, theoutlet, sometimes referred to as overflow line,
was assessed through ‘Is there an effluent outlet?’ and ‘Where
does the effluent go?’. Systems were classified as uncontained if
there was an effluent outlet discharging to surface environments
(i.e., streets, open fields, drains, streams and other waterways).b

Secondly overflow or flooding were assessed as whether the toilet
flooded at any time and whether there was leaking, overflow or
flooding more than once in the last year.c If either or both of these
were positive, the system was assessed as uncontained.

Groundwater risk: Low risk to groundwater from
subsurface leaching of pits or tanks

Household questionnaire: How deep is the
toilet pit below the surface?
What is the main water source for drinking in
this household?
Non-household survey data: What is the
predominant soil type?
What is the typical depth of groundwater?

As this indicator is considered to go beyond the global indicators,
the analysis was only for systems classified as contained based on
global indicators. Soil type and groundwater depth for each
neighbourhood or sub-district were sourced from secondary data
(government maps and databases) and interviews with
government environmental staff, well drillers and local leaders.
Groundwater riskwas assessed basedon a riskmatrix considering
soil type and infiltration depth from the British Geological Society
Guidelines for Assessing the Risk to Groundwater from On-Site
Sanitation (AGROSS Table 4.3)66. This indicates that an infiltration
depth less than 5m is always unsafe, greater than 20m is always
safe, and between 5–20m is unsafe in coarse sand, gravel and
fractured rock, but safe in other soil types. The infiltration depth
was calculated as the difference between the groundwater depth
from the secondary data (using the upper limit of the range, see
Supplementary Table 1) and containment depth from household
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Data analysis
The objective of the data analysis was to quantify the extent to which the
complementary indicators changed the assessment of safely managed
sanitation, compared with the current global indicators, as defined by the
JMP. The data were first analysed to determine the respondents with at least
improved sanitation (as defined in Table 3 and presented in Fig. 1). The
complementary indicator analysis was only conducted for households with
improved sanitation facilities. While safely managed sanitation is only
assessed for basic facilities (improved facilities that are not shared), this
would have substantially reduced the complementary indicator analysis
from Tanzania and Zambia, where sharing was high, and the health risks
assessed are equally relevant to both shared and not shared facilities. The
indicators were presented for each step and then combined along the chain
until the emptying step, as the safety of transport and treatment cannot be

determined from household monitoring, which was the scope of this
research. Cumulative assessment was possible for each respondent due to
the availability of a single dataset that includedmultiple indicators, which is
often not the case for global monitoring data which typically relies on ratios
for cumulative assessment. Good quality data management and analysis is
necessary to enable this type of analysis which can also permit disaggregated
analysis considering inequalities and gender.

The prevalence ratio of the association between contextual variables
and the complementary indicators being safe or unsafe was analysed using
SPSS v28.0. The variables (or risk factors) included rural vs. urban, poorer
households (lowest two wealth quintiles based on country specific assess-
ment of assets) vs. not poor, groundwater depth less vs. more than 5m, dry
containments vs. wet (pour or cistern flush), pits (all types) vs. tanks (septic,
holding tank), toilet age more vs. less than 5 years old, containment depth

Table 4 (continued) | Methods for data collection and analysis for complementary indicators

Indicators Questiona Method and analysis

self-reported depth, limited to a maximum of 10m as deeper
estimateswereconsideredunrealistic (seeSupplementaryTable5).
3%of households did not know thedepth of their containment, and
therefore, this population was excluded from the calculation. If the
result of the matrix was high risk, the system was considered not
safely contained. The analysis also assessed the proportion of
cities or districts using groundwater sources (all types of wells,
bores and springs) for drinking water supply, although this was not
included in the complementary indicator.

Timely emptying: Unemptied pits or tanks, age
below timely emptying threshold.

Where do the faeces go after the toilet (i.e., pit,
tank, drain)?
How old is your toilet (pit/tank)?
Has the pit or tank ever been emptied?
When was the last time the pit or tank was
emptied? (if emptied)

The timely emptying threshold was the calculated number of years
of operation after which the containment was expected to be full of
sludge and require emptying (or alternatively, the construction of a
new pit for pit latrines). Given containments are different sizes and
fill up at different rates which vary with context, national estimates
of timely emptying thresholds were calculated for different
containment categories (single and double pit latrines, single and
double composting latrines and septic tanks). The threshold was
calculated from existing national data or rapid assessments of the
average containment volume, number of users and sludge
(blanket) accumulation rates based on literature. For pit latrines
estimates of sludge accumulation range from 19–70 L/c/a, with
40 L/c/a suggested for design which was the assumed value for
dry or composting toilets67–69. For septic tanks and wet pits, data
ranged from 13–54 L/c/a and recommended values for design for
wet pits of 60 L/c/a and80 L/c/a for septic tanks basedon literature
fromSouth Africa and unpublished data fromMalaysiawastewater
authority sludge emptying programme were adopted for the
analysis67,70–72.More sludge accumulation data relevant to different
containment types and contexts would improve the estimates and
national sludge accumulation data would be preferred. For
containments that have never been emptied, to be considered
safely treated and stored in situ the age of the toilet must be less
than the timely emptying threshold, allocated based on country
and containment type. For emptied systems, as self-reported by
households, the time since previous emptying must be less than
the threshold to be considered safely emptied. Unknown emptying
responses were classified as never emptied as per global
monitoring.Given emptying relies on self-reporting, othermethods
could be employed to improve the accuracy of this response, but
may depend on the context (e.g., receipts of emptying service,
regulator or serviceprovider data on emptying rates). Pits thatwere
coveredwhen full and a newone built were considered safe, as per
the global indicators. The time emptying thresholds for urban and
rural areas are provided in supplementary materials
Supplementary Tables 6 and 7.

Timely re-emptying: Years since pits or tanks
were emptied within timely emptying threshold

Emptying health and safety risks: Emptying of
containments does not pose a health and safety
risk to workers or the public

To empty the pit, did someone need to enter
the pit?
Did you observe any of the following safety
measures during emptying? (use of boots,
gloves and a mask)

For containments reported as previously emptied, the first
question assessed whether someone entered the pit or tank to
empty. This was asked separately from the PPE question due to
thehigh risk of this behaviour. The secondquestionwas amultiple-
response question, asking whether the respondent observed any
of the health and safety practices related to protective equipment,
of which all three were required to be considered safe, while a
response of some or none was considered unsafe.

aThe household questions and response categories are provided in supplementary material Supplementary Table 9.
bWhile outlets should be considered for all containments, in SNV’smonitoring framework it was not included in rural areas of Bhutanor Laos as pre-testing indicated this practice did not occur in rural areas.
cNote these questions differ slightly from the questions in the JMP Core questions10 and the recently included question in UNICEF’s household surveys (MICS7) that assesses releases of excreta to the
surface through overflow, floods or containment collapse73.
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less vs. greater than 5m. Associations of prevalence were considered sig-
nificant if the 2-sided p-value was less than 0.05. This analysis does not
propose a correlation between indicators and variables since other factors
may influence but aims to inform which contexts the indicators may be
more critical to monitor.

The results were presented per country and with the overall country
average rather than total responses, given that sample sizes varied between
countries. Data disaggregated at the city or district level are presented in
supplementary materials. References to country findings were representa-
tive of the cities or districts assessed (see Supplementary Table 1) and were
not nationally representative.

Data availability
The data that support the findings of this study are available on reasonable
request from the corresponding author. The data are not publicly available
due to them containing information that could compromise research par-
ticipant privacy.
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