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Self-supply

• Owned, invested, managed by household
• On-premises
• 41 million people in urban Indonesia

Safely-managed?
Accessible on-premises, but 
free from contamination?

6.1

• To what extent is groundwater self-supply free from faecal contamination?
• What are risk factors of faecal contamination in self-supply at source and point-of-use?

Introduction

Presenter Notes
Presentation Notes
Self-supply plays an important role in providing water for households in low and middle-income countries. 
Household self-supply commonly refers to an on-premises water sources, usually relying on groundwater or rainwater, that is privately owned, invested in, and maintained by individual households.
In Indonesia, nearly one-third of the urban population self-supply their drinking water.  

Self-supply has the potential to provide a safely managed water service as it is located on the premises of a user household, however in Indonesia little is known about the extent to which self-supply provides drinking water that is free from contamination.

This study therefore aims to address this evidence gap by examining the extent and predictors of faecal contamination of groundwater self-supply in urban Indonesia. Specifically, this study seeks to (i) understand the extent to which groundwater self-supply is free from faecal contamination at both source and point-of-use, and to (ii) identify risk factors of faecal contamination in self-supply at the source and point-of-use.




Study area

Bekasi
• Jatirangga
• Jatiluhur
• Sumur Batu

Metro
• Hadimulyo Barat
• Rejomulyo
• Iringmulyo
• Ganjarasri
• Karangrejo

Methods

Presenter Notes
Presentation Notes
The study took place in Bekasi and Metro, two densely populated cities in Indonesia.
Bekasi is located in West Java, on the eastern border of Indonesia’s capital Jakarta. Metro is a city in the Indonesian province of Lampung on Sumatra Island. 
The study sites were selected based on the widespread use of self-supply and high level of poverty and included 3 districts in Bekasi and 4 villages in Metro.




Wealth distribution

Presenter Notes
Presentation Notes
Comparison of the wealth index scores shows that households in Metro on average are poorer than the wider urban population in Indonesia, while average wealth status of households in Bekasi is similar to the wider urban Indonesian population. Both cities had narrower wealth distribution than urban national Indonesia


.




Data collection
Household survey and sanitary inspection
• 300 households in Bekasi and Metro

Water quality

• Faecal indicator bacteria Escherichia coli (E.coli)
• IDEXX Colilert-18 and Quanti-Tray/2000 system

Water 
samples

Self-supply 
sources

Point-of-use 
samples

Bekasi n=240 n=222 n=79
Metro n=296 n=271 n=92

Season
• Bekasi: Feb-Mar 2020, wet season
• Metro: Oct-Nov 2020, dry season

Methods

Presenter Notes
Presentation Notes
Data collection included a household survey, sanitary inspection of self-supply sources and water quality testing. 
Data were collected from 300 randomly selected households during wet season in Bekasi and during dry season in Metro.
The household survey covered a range of themes about the household on health and socio-economic status, water management and decision-making, water sources used and about potential on-site risks. 
The household survey questionnaire also included a sanitary inspection module with observation on water supply and sanitation infrastructure, adapted from the WHO sanitary inspection to the local context.

Water samples were collected and processed fulfilling the handling minimum criteria from 240, and 296 households in Bekasi and Metro respectively. Of these households, 222 and 271 samples were collected from self-supply sources, and 79 and 92 from household drinking water at point-of-use. 

Faecal indicator bacteria E.coli was quantified with IDEXX Colilert018 using the IDEXX Quanti-Tray/2000 system according to the manufacturers' instruction. 




Predictors of faecal contamination
Indirect factor
• Wealth

Faecal contamination at source Faecal contamination at point-of-use

Indirect factor
• Wealth

Hazard factor
• Sanitation systems (number and distance)
• Animals

Pathway factor
• Well protection (borehole, unprotected and 

protected dug well)
• Infrastructure (borehole depth, concrete platform, 

lifting device)

Pathway factor
• Transport (Piped conveyance vs. manual 

collection
• Treatment and storage (coverage container)

Hazard factor
• E.coli concentration in water source

Methods

Adapted from Cronin et al. 2017

Presenter Notes
Presentation Notes
To understand risk of faecal contamination of self-supply, contamination predictors were categorized in hazard factors, pathway factors and indirect factors.
Hazard factors include pollution sources such as number and distance to sanitation systems and the presence of animals at source. At the point-of-use, E.coli concentration of the water source was considered as a hazard factor. 

Pathway factors allow microbial pollution to enter the groundwater supply and include well protection and infrastructure at source. 
At the point-of-use, pathway factors include transport, treatment and storage such as coverage of containers and transport of water with piped conveyance versus manual collection.

To examine the influence of the different risk factors at source and point-of-use, crude and adjusted odds ratio were calculated based on univariate and multivariate analysis. 





E.coli presence >1 MPN

Bekasi
• Source: 60% (n=134/222)
• POU: 29% (n=23/79)
Paired samples Wilcoxon: p<0.001

Metro
• Source: 72% (n=195/271)
• POU: 32% (n=29/92)
Paired samples Wilcoxon: p<0.001

Improved water quality at point-of-use

Bekasi

Results

Presenter Notes
Presentation Notes
Results show that self-supply was commonly contamination with E. coli at source, but significant less contamination was detected at the point-of-use. 
Households commonly reported to boil their self-supplied water.
In Bekasi, E.coli was detected in 60% of all self-supply sources and in 29% of all self-supply samples at POU. Similarly, in Metro, E.coli was present in 72% of all self-supply sources and 32% of all self-supply samples at POU. Unimproved sources such as unprotected wells were more likely to be contaminated than improved sources such as boreholes and protected wells. 





Water quality varies by wealth
Wealth and water quality

Spearman’s rank
Bekasi
• Source: rho=0.025, p=0.704
• POU: rho=-0.150, p=0.150

Metro
• Source: rho=-0.240, p<0.001
• POU: rho=-0.150, p=0.150

Metro

Results

Presenter Notes
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Self-supply of poorer households was more frequently contaminated than that of wealthier households in Metro. 
There was a statistically significant correlation between wealth and water quality in Metro, but not in Bekasi. 
In Metro, the level of contamination was highest in samples from self-supply sources of the poorest households categorized in wealth quintile 1, with 50% of samples showing E.coli contamination greater than 100 MPN/100 mL.



Univariate analysis: Significant risk factors

Results

Source Point-of-use
Bekasi Risk factor OR [95% CI] p-value Risk factor OR [95% CI] p-value

>1 MPN Well type 10.96 [2.16-200.05] 0.022 Source quality 1.02 [1.01-1.05] 0.035

>100 MPN Well type
Borehole depth

2.82 [0.96-8.01] 
0.95 [0.90-1.00]

0.051
0.044

Metro

>1 MPN
Well type
Wealth
Lifting device

4.08 [2.27-7.41]
0.25 [0.09-0.61]
3.88 [1.25-17.10]

<0.001
0.003
0.036

>100 MPN
Well type 
Wealth
Lifting device

5.62 [2.76-12.72] 
0.34 [0.15-0.76]
2.27 [1.08-4.85] 

<0.001
0.010
0.032

Presenter Notes
Presentation Notes
Results from the univariate analysis showed that significant risk factors for self-supply water quality are well type, with unprotected dug wells being at higher risk of contamination than boreholes for both study sites, borehole depth for high level of contamination in Bekasi and Wealth in Metro.
In Metro, water lifted from dug wells with a rope and bucket was significantly more frequently contaminated than with a pump.
Despite widespread and effective boiling practices in Bekasi, contaminated source water still had a significant influence on water quality at the point-of-use.





Multivariate analysis: Significant risk factors

Results

Source Point-of-use
All self-supply Boreholes Dug wells

Bekasi Risk 
factor OR [95% CI] p-value Risk 

factor OR [95% CI] p-value Risk 
factor OR [95% CI] p-value

>1 MPN Well type 12.37 [2.40-227.21] 0.016 Source 
quality 1.02 [1.01-1.05] 0.032

>100 MPN Well type 3.16 [1.06-9.21] 0.034 Depth 0.94 [0.89-0.99] 0.026

Metro

>1 MPN Well type 3.64 [1.96-6.80] <0.001

>100 MPN Well type
Wealth

5.00 [2.38-11.60]
0.52 [0.29-0.91]

<0.001
0.024

Wealth
Platform

0.03 [0.00-0.40]
0.04 [0.00-0.57]

0.021
0.049

Presenter Notes
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Multivariate analysis was carried out considering all self-supply source types, and for boreholes and dug wells separately. 
As in the univariate analysis, well type was a significant risk factor with unprotected dug wells being at higher risk compared to boreholes in Bekasi and Metro. 
Wealth was still a significant determinant for high levels of contamination in Metro, when holding constant other factors. 
Shallower boreholes and the absence of a concrete platform were associated with more frequent contamination of greater than 100 MPN per 100 mL.
No significant predictors for faecal contamination where found when only dug wells were considered in the mulstivariate analysis.
As in univariate analysis, contaminated source water was still associated with water quality at point-of-use. 
Considered hazard factors, such as sanitation systems and animals did not have a significant association with water quality.



Conclusion

Self-supply water quality:
• Faecal contamination of self-supply sources
• Widespread boiling practice improves water quality at point-of-use

Predictors of faecal contamination:
• Source water: Wealth, source type, borehole depth, water lifting device, concrete platform
• Point-of-use: Source water quality

Implications:
• Financial support to invest in better self-supply infrastructure
• Education about water quality, proper water treatment and storage
• Monitoring of self-supply water quality at source and point-of-use
• Role of self-supply vs. municipal piped systems

Presenter Notes
Presentation Notes
Self-supply sources in Metro and Bekasi were commonly contaminated, however widespread boiling practice improved water quality at point-of-use.

Predictors of faecal contamination included indirect factors and pathway factors and no hazard factors.

To increase the safety of self-supply following recommendations can be concluded from the study:
Financial support to invest in better self-supply infrastructure, such as the replacement of rope and bucket with pump, could reduce faecal contamination. This is especially true in Metro, where many households rely on unprotected dug wells, and where the poorest households are at higher risk of faecal contamination. 
(ii) Education about water quality needs to be provided to households to raise awareness regarding proper water treatment and storage. This is especially true in Bekasi, where despite water treatment, source water quality was still related to water quality at the point-of-use.
(iii) The study showed that source water quality of self-supply does not necessarily provide information about the water that households actually consume. Therefore, monitoring of self-supply water quality is not only necessary at the source, but also at the point-of-use  

However, recommendation must be weighted against other strategies, such as investing in public piped systems. 
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Thank you very much for your attention.
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