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Njoro River Watershed – Background

- SUMAWA Project, 2003-2008+
- UC Davis, Egerton Univ., Nakuru District MoH, Rift Valley WRMA, 

NRWRUA

- 300,000 people, 280 Km2, 4 distinct zones

- Improved WS limited (cost, rationing, outages, distance)

- 65% to 100% sanitation

- 55% HHs use river water for some or all of their domestic needs 

- River grossly polluted, highly turbid  
- mean 8,000  FC/100 ml, frequently above 100,000 (assoc. w/ Cattle)

- mean 125 NTU turbidity

- multiple human and animal pollution sources

- High case loads of child diarrhea, sporadic typhoid outbreaks, skin 
and eye infections, HIV/AIDS;  diarrhea “hot spots”

- Diarrhea in children associated with drinking river water

Typical Watering Points 
Humans & Livestock
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Target Population = HHs at High Risk 
for Water-Borne Child DD

� At least one child under the age of 5

HHs more likely to drink river water:
� Using river water as a primary domestic source
� Income < Ksh 4,000 Upper area
� Income < Ksh 6,000 Middle area
� Living in hatched roof homes with mud floors
� Living near the river

BioSand Filter Intervention
–Batch operated slow sand filtration
–80-99% bacterial removal
–99%+ protozoa removal
–Limited viral removal

– Treats 20 - 60 L/day
– Robust & highly 

durable
– Cheap (US $15-25)
– No recurring costs
– Sustained use
– Local production, 

service, 
maintenance
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Trial Design & Implementation 

1. Recruitment - 60 HHs with high risk profile for 
water-borne child diarrhea (UCD, MoH EHT)

2. Enrollment & Consent - option to buy filter at 
end of trial for reduced price (UCD, MoH ENT)

3. Randomize HHs – 30 BSF intervention, 30 
control (stratified by river section)

4. Delivery BSF, install, instruct mothers on O&M 
and usage (BSF technician team)

5. Longitudinal monitoring – monthly for 6 
months – Apr  to  Sept 2007

Measure relative risk of childhood diarrhea (< 5 & up to 15) from using 
the BSF to treat river water in target high risk households

- diarrhea during previous 1 week (MoH clinical team)
- drinking water quality – all HHs (note source & treatment) (BSF team)
- BSF performance - BSF HHs (BSF team)
- lab analysis of water samples – FC and turbidity (UCD/Egerton U. team)

BSF Families
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BSF Influent & Effluent Quality

Percent of total within each category
Risk Category 

Fecal coliform 
concentrations, 

CFU/100 mL  Influent  Effluent 
WHO 

recommendation 0 1 8 
Low risk 1 – 10 2 19 

Intermediate risk 10 – 100 6 38 
High risk 100 – 1000 49 28 

Very high risk > 1000 43 7 
 Geo. mean (N) 653 (178) 36  (178) 
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Child Diarrhea Prevalence Data 
(% Obs)  Six-Month Trial

573TOTAL

288CNTL

285BSF

Ch-wks 
Obs.

Children 
< 5 yrs

611TOTAL

270CNTL

341BSF

Ch-wks 
Obs.

Children 
5- 15 yrs
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Drinking Water Quality

30.0    (21.3,  42.1)Interv. (BSF)

88.9    (58.7, 134.6)Control

FC concentration
Geo Mean (95% CI)
(CFU/100 mL)

Household
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BSF Relative Risk of Child DD

0.2510.495 –15

0.0490.48< 5

0.0570.49   (0.25 - 1.02)< 5

0.0380.46    (0.22 - 0.96)� 15Age adjusted

0.4320.595 –15

0.0140.38� 15Age unadjusted

P-
value

Relative risk
(95% CI)

Age 
group

GEE, Poisson 
distribution with 
random effects*

* STATA, adjusted for repeated measures and HH leve l clustering

Analysis of Daily Prevalence Data

Drinking Water Access Effect

0.0380.255 –15

0.0040.26< 5

0.6300.75< 5

0.7310.81� 15Middle
(improved 
available at 
cost)

0.6211.905 –15

< 0.0010.23� 15Upper

(no improved 
WS)

P-valueRRAge 
group

Watershed 
Position
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Insights & Limitations

� Overall DD impact similar to other studies
� Much higher in HHs w/o access to improved WS
� May disappear when improved WS available
� Suggests WB route major risk for those drinking River 

Njoro water
� Need larger sample size to test potential health impact 

from treating non-drinking water

LIMITATIONS
� Small sample size
� Lacking placebo control

BSF Technicians, Translators, and 
Monitoring Group
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Follow Up Community Meetings
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Educational Materials

End of Trial Purchase

-US $4.86 price (full cost $23)
-90% of BSF Intervention households
-70% of Control HHs
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Water Quality, Diarrhea, WSS Access 
Watershed - Top to Bottom

Table 1: Mean fecal coliform in river water, diarrhea cases and water supply/sanitation conditions by 
zone and communities in the River Njoro Watershed.

Improved WS, cost & distance a 
barrier;100% have sanitation; 
greater incomes & employment 
opportunities, slum conditions

11%31,608
(4,793 - 385,000)

Lower

Improved WS, cost & distance a 
barrier;98% have sanitationnd4,855

(936 - 53,556)
Lower 
Middle

Improved WS, cost a barrier, 
interruptions common; 98% have 
latrine or toilet; urbanized 

13%6,912
(1,750 - 67,639)

Middle

Limited improved WS; 98% have 
latrine or toilet; rapid un-planned 
peri-urban growth

15%9,593
(3,978 - 201,389)

Upper 
Middle

No improved WS; 35% no latrine; 
poverty highest; dispersed ag. 
community

19%2,457 
(289 - 57,511)

Upper

WSS & SE 
Conditions

Child Diarrhea
2-wk prev.
(Jun 2004)

River Water
FC / 100 ml

Median +/- 95%
(Oct’05-Sept’06)

Zone


