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Microbial and chemical assessment of ceramic and
BioSand water filters in rural Cambodia
H. M. Murphy, M. Sampson, K. Farahbakhsh and E. McBean

ABSTRACT
Unless significant advances are made in the water and sanitation sector, it is unlikely that
Cambodia will meet the United Nations Millennium Development Goal (MDG) target #7 for
water and sanitation. Point-of-use technologies (POU), also termed “household water treatment
technologies”, have been identified as successful options for providing safe water to rural
households. Ceramic water filters and BioSand filters are two major POU technologies that are
currently implemented across Cambodia. This paper presents data on the microbial performance
of these two technologies in the field on various Cambodian source waters. In addition, data are
presented on the occurrence of nitrite in treated water. Results showed that 61% and 88% of
BioSand filters and ceramic filters, respectively, produced water in the low risk range for E. coli
as defined by the WHO (0– 10 CFU/100 mL). In addition, 83% of BioSand filters and 75% of
ceramic filters were not meeting the WHO guideline value for chronic exposure to nitrite in
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Key words

| BioSand filters, Cambodia, ceramic filters, household water treatment, nitrification,
point-of-use water treatment

INTRODUCTION
Cambodia is currently ranked 129th out of 177 countries on

of these systems in the field. The bulk of the research

the Human Development Index (HDI). According to the

conducted up to now has been on the health impact in terms

World Bank, unless significant advances are made in the

of diarrhoeal disease reduction that may be attributed to the

water and sanitation sector, it is unlikely that Cambodia will

use of these technologies at the household levels. Brown

meet the United Nations (UN) Millennium Development

(2007) and Liang et al. (in press) and others have found up to

Goal (MDG) target #7 for water and sanitation. This

49% reduction of diarrhoeal disease can be achieved in

target’s aim is to “halve, by 2015, the proportion of people

households which use one of these filters compared to those

without sustainable access to safe drinking water and basic

that do not. While the health benefits of using these

sanitation” (UN 2006). Point-of-use technologies have been

technologies and reduction of microbiological contami-

identified as successful options for providing safe water to

nation have been fairly well documented, little research has

rural households (Sobsey 2002).

focused on other potential contaminants that these technol-

Currently, there are two POU systems commonly

ogies could be removing from water supplies, such as fluoride,

implemented around Cambodia and worldwide: ceramic

iron, manganese, nitrate, or nitrite, or how these parameters

water filters and BioSand filters (Clasen et al. 2006; Duke et al.

could be impacting the performance of the technology.

2006; Stauber et al. 2009). Although these filters have been

The objective of this paper is to present data from a

widely implemented, to date there are very few refereed

study of BioSand and ceramic filters on the microbial

journal publications that critically evaluate the performance

performance of these systems in the field on various
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Cambodian source waters. In addition, data will be
presented on the occurrence of nitrate and nitrite in treated
water. This research is important as it addresses unanswered questions regarding whether these systems are
capable of providing microbiologically and chemically safe
water that meets WHO guidelines.

METHODS
Ceramic filter design
Ceramic filters are made from porous fired clay. The
ceramic filters examined in this study were produced by
Resource Development International- Cambodia (RDIC).
Their ceramic filter design originated from a group called
Potters for Peace (PFP) who developed ceramic filters in
Nicaragua (Lantagne 2001a,b). The RDIC design consists
of local clay, ground rice husk, and silver nitrate. The rice

Figure 1

|

Ceramic filter.

University of Calgary in the early 1990s (Palmateer et al.
1999). Slow sand filters function on the basis of two key
principles: physical removal mechanisms and biological
removal mechanisms. Particles present in the water are
removed physically when they are too large to pass through
the filter bed. Most biological removal occurs in the top layer
of the filter in a biological film known as the “schmutz-

husk is used to increase the filtration rate through the

decke”. The schmutzdecke acts as a fine filter to remove

filter, while the silver nitrate is applied on the surface of

small colloidal particles as well as a biological zone that

the filter after firing to act as a biocide. The rice husk

degrades soluble organics and destroys harmful pathogens

burns out in the firing process and allows increased

(Huisman & Wood 1974). Although the ability of slow sand

porosity. Brown (2007) and Lantagne (2001a,b) reported

filters to reduce microbial contamination in water is well

that microbial removal efficiencies of 2– 6 log, 0.5– 5 log

documented, there is very little research documenting the

and 4 to 6 log can be achieved for bacteria, viruses and

performance of BioSand filters (Hendricks 1991; Duke et al.

protozoa, respectively. However, in the field, Brown et al.

2006; Stauber et al. 2006).

(2007) observed on average only a 1.7 log reduction of
E. coli. This low reduction was attributed to post-treatment
contamination in the treated water storage containers
(Brown et al. 2007; Murphy et al. 2010). Figure 1 illustrates
the filter configuration. The average filtration rate for these
filters is 2 L per h, which varied depending on the turbidity
of the raw water. The ceramic filter can hold approximately
11 L of water while the plastic receptacle stores 20 L of
treated water. To date, RDIC has produced approximately
90,000 ceramic filters which have been sold across
Cambodia.

BioSand filter design
The BioSand water filter (BSF) is a household, intermittently
operated, slow sand filter (Figure 2). The design was adapted
from traditional slow sand filters by Dr. Manz at the
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BioSand filters are operated intermittently, with variable

organisation (CGA) that a total of 81 filters were installed in

head and higher filtration rates when compared to traditional

both villages. All 81 filters were located. The filters ranged in

slow sand filters that are operated continuously with a

age from 1 year to 7 years. Of the 81 filters, 59 were still being

constant head. The hydraulic loading rate of a BioSand filter

used by households.

is around 0.6 m/h, while the recommended filtration rates for

In total, water samples were collected and surveys were

a traditional slow sand filter for rural water supplies range

administered to 56 and 59 households still using their ceramic

from 0.1– 0.2 m/h (Hendricks 1991; Lukacs 2001).

and BioSand filters, respectively, at the time of visit. The

E. coli removal in the BSF has been documented to range

survey administered at each household inquired about

between 0.5 to 2.0 log reduction in a laboratory setting and

household demographics, filter maintenance and cleaning,

between no apparent E. coli removal to a 2.0 log reduction in

frequency of filling as well as a section for observations. The

field trials (Duke et al. 2006; Stauber et al. 2006; Baumgartner

interviewer was required to make a series of observations at

et al. 2007; Elliot et al. 2008). In an epidemiology study

each household, for example: the state of the filters (broken,

conducted in Cambodia by Liang et al. (in press), a 44%

cracked etc), whether the filter was dirty inside and the

reduction in diarrhoeal disease was found between those who

condition and cleanliness of the treated water storage

use a BioSand filter and those who do not. Very little research

containers. In addition, for the BSFs, the filtration rate of the

has examined the effectiveness of these systems on virus

filter when completely full was recorded for each household.

removal. Elliot et al. (2008) observed an average 0.5 log
reduction of bacteriophage. The Manz BioSand filter has
been implemented in 20 countries around the world (Duke

Collection of water samples and analysis

et al. 2006). To date, approximately 25,000 have been installed

Raw and treated water samples were collected in sterile

throughout Cambodia by two local organisations: Hagar, and

autoclaved sample bottles and kept on ice until transported

Cambodia Global Action (CGA) (Samaritans Purse 2009).

to the RDIC laboratory where they were analysed within
24 h for total coliforms (TC), E. coli, pH, turbidity, ammonia,

Household filter selection

nitrate and nitrite. These parameters were monitored as they
were identified by RDIC (2007) as well as Feldman et al.

A case study approach was used to assess the performance of

(2007) as prevalent contaminants in Cambodia source

ceramic and BioSand filters in rural Cambodia. Two com-

waters and pose aesthetic or health concerns in water

munities were selected for study in September 2008. For the

supplies. Although TCs have little health significance,

ceramic filters, a commune was selected where filters were

especially in tropical environments, they are useful indi-

sold door-to-door six months prior to the beginning of this

cators of treatment; therefore they were monitored before

research. An area of recent implementation was chosen for

and after treatment in the ceramic and BioSand filters

study to ensure that as many filters as possible could be

(Hazen 2006). Ammonia was monitored because it can be an

located, since breakage rates are high (Brown et al. 2009).

indicator of recent faecal contamination in water supplies

Seventy-four filters were sold in the region during this period.

and it can be converted by microorganisms to nitrite and

Instead of generating a random sample, attempts were made

nitrate through nitrification processes.

to locate the entire population. Of the 74 filters, 11 were not

Raw water samples were collected from concrete

found, five were broken, two owners did not want to

household storage containers, surface water sources near

participate, and two filters belonged to households where

the household or directly from the well depending on how

no-one was at home at the time of visit. However, three

the household collected the raw water to feed their filter.

additional filters were found in the same geographic region

Treated water samples were collected directly from the

but they were in a village not specified by the manifest

spouts of the BioSand and ceramic filters (Figures 1 and 2).

provided by RDIC.

The ceramic filter element sits inside a plastic water storage

For the BioSand filters, two villages were selected for

container that collects the treated water. This container is

study. The researchers were advised by the implementing

sealed off from the outside environment and the spout of the
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system is located near the base of this container (Figure 2).

rainwater mixed with any of the previously mentioned

The spout of the BioSand filter is located at the front of the

sources). The pH of these source waters ranged from 6.81 to

concrete frame, meaning that samples were taken directly

10.8, with an average of 7.67. pH values in the higher range

after treatment and not from the treated water storage

(.8.0) are attributable to households who stored their

container that a household would use with their BSF

water in large concrete jars before filtering the water

(Figure 1). It should be noted that the spouts were not

through the BioSand filter. The calcium carbonate from

sterilised prior to sample collection so the samples would be

the concrete likely leached out into the stored water, raising

representative of the water a household would be drinking.

the pH. The turbidity ranged from 0.16 to 152 NTU

In addition, samples were collected from both filters “as is”,

depending on source water. As expected, surface waters

meaning that a freshly filtered sample was not collected.

had higher turbidity, whereas rainwater and groundwater

This was done to ensure that the samples collected were as

had lower turbidity.

representative as possible of household drinking water.

The box and whisker plot in Figure 3 illustrates

Total coliforms and E. coli were enumerated using the

untreated and treated water E. coli concentrations for all

standard membrane filtration method as outlined in

source waters. The median E. coli concentrations were

Standard Methods for the Examination of Water and

significantly lower in well water than any of the other

Wastewater 21st Edition (2006). Samples were filtered

source waters. Given that water was often drawn straight

aseptically through sterile 0.45 mm filters using a vacuum

from the well before filling the filter, microbial contami-

aspirator. The filters were then transferred using sterile

nation was generally low in this source. Rainwater was

forceps onto pre-dried Oxoid Differential Coliform Agar

commonly stored in large concrete water jars (1 m wide)

with BCIG (used for simultaneous detection of coliforms and
E. coli) and incubated upside down for 18 – 24 h at 378C. At
this time, all pink and blue colonies were enumerated as
coliforms and those colonies that were blue were counted
specifically as E. coli. All microbiological samples were
processed using two serial dilutions and each dilution was

often not including a cover or a safe method for water
withdrawal (i.e. a dipper). Households utilised this water for
many uses such as bathing, cooking, drinking, and cleaning.
The water was not usually stored in a manner to limit
microbial contamination. In addition, various methods of

processed in duplicate. Ammonia, nitrate and nitrite were

the HACH DR/2400 manual (HACH Company 2004). All
chemical parameters were measured in triplicate and an
average was compiled. Turbidity was measured three times
per sample using a HACH Turbidimeter, and pH was
measured using an Oakton pH probe. Both the turbidity
meter and the pH probe were calibrated weekly, prior to
sample analysis.

E. coli concentration (CFU/100 mL)

using methods 8155, 8039, 8153 respectively as specified in

10,000

1,000

1,000.0

100

100.0

10

10.0

1
0

RESULTS AND DISCUSSION

Surface

pH, turbidity and microbial water quality
BioSand filters
Source waters for the BioSand filters included: deep wells
(. 20 m), river, lake, rainwater and other (piped water or
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measured using a HACH DR/2400 Spectrophotometer

Figure 3

|

Well
Rain
Water source

Other

Raw and treated water concentrations of E. coli for BioSand filters (boxes
represent upper and lower quartiles, horizontal lines in each box represent
median values, high and low values are represented by the error bars, and
circles represent outliers). Surface water, 15 samples; Well water, 19
samples; Rainwater, 18 samples; Other sources, seven samples.
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water extraction could contaminate the stored water supply,

contaminated spouts or re-growth of microorganisms in the

thus potentially explaining the high concentrations of E.

standpipe (Figure 1), perhaps suggesting that these systems

coli observed for rainwater (Figure 3).

are not appropriate for waters of generally low microbial

Treated water quality from the BioSand filters had an

contamination (LeChevallier 1990). These waters include

average pH of 8.54 with low and high values of 7.48 and

safely-stored rainwater and well water extracted from a

10.66, respectively. Turbidity was relatively low, ranging

protected well. Additionally, these sources often have lower

between 0.11 and 7.54 NTU. Given that the BioSand filters

turbidity and contain less organic matter. If the raw water

are constructed from cement, similar to the concrete water

turbidity and organic material are relatively low there is less

storage jars, the average increase in pH (þ0.87) from raw

biomass available for the schmutzdecke layer of the

water to treated water was likely caused by the leaching of

BioSand filter. With limited organic input, it is possible

calcium carbonate.

this system does not perform as well, given there is likely a

Treated water from the BioSand filters was frequently of

lower diversity of micro- and macro-organisms in the

good microbiological quality; however, in some cases,

schmutzdecke to consume bacteria and aid removal

treated water contained more microbial contamination

(Wotton 2002).

than the source water. The median concentrations of

A linear regression analysis was performed and an R 2 of

E. coli in treated well and rainwater were higher than the

0.58 was found, indicating a mild relationship between raw

untreated sources (Figure 3). Eighteen of the 59 filters had

water concentration and log removal. It is believed that the

treated water with higher E. coli concentrations than the

fit of this linear model is not stronger because of various

source water. Of these 18, five contained E. coli in the high

operational differences from one filter to another in the

risk range (and higher) as identified by the WHO (101 –

field. All the filters in this study had varying filtration rates

1,000 CFU/100 mL), eight were in the intermediate range

and were filled at various time intervals, such as: multiple

(11 –100 CFU/100 mL) and five were in the low risk range

times a day, daily, or once every few days. It is believed that

(0–10 CFU/100 mL).

all of these factors contribute to the performance of the

To demonstrate the removal capabilities of the BioSand
filters in terms of E. coli concentrations, the log E. coli raw
water concentrations were plotted against the log removal
achieved (Figure 4). This figure illustrates that, even at an
elevated raw water E. coli concentration, high bacterial
removal can be achieved in these systems. The results also
demonstrate that at low raw water E. coli concentrations no
removal or the introduction of bacteria may occur via

filter as found by Baumgartner et al. (2007). In addition, this
mild relationship could be a reflection on the ability of the
technology to perform consistently in the field from
household to household and may indicate a lack of quality
control between individual household implementations.
Despite a low R 2 value, this positive linear relationship
was found to be significant with a p value of 1.89 £ 10219
for a two-tailed t-test.

Log removal

5
4

Ceramic filters

3

Source waters for the ceramic filters were of superior

2

microbial quality to the source waters for the BioSand

1

filters, as many households used rainwater which, if stored

0
–1

0

1

2

3

4

5

R 2 = 0.58

–2
–3

persisted longer than expected during the field study (2008);
therefore, households were still using rainwater during the
study even though it was expected that they would have

–4
Figure 4

correctly, is free of many contaminants. The rainy season

Log concentration of E. coli in influent water
|

Linear regression analysis of raw water E. coli concentrations versus log
removal for BioSand filters.
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The turbidity of the raw water ranged from 0.34 to 30.1

3.5

NTU. The turbidity of these source waters was significantly

3

lower than the BioSand filter source waters. Again, this is

2.5

likely attributable to the fact that many households were
ceramic filters. In Figure 5, raw and treated water E. coli
concentrations are illustrated in a box and whisker plot.

2
Log removal

using rainwater, which had low turbidity, to feed their

1.5
1

Treated water pH ranged from 6.78– 9.59 and turbidity

0

ranged from 0.02 to 2.98 NTU. Turbidity and E. coli

–0.5

concentrations decreased through all the filters, thus

–1

indicating that the filters were working correctly (i.e. likely

–1.5

no breach in filter integrity). Treated waters from all filters
were in the low to intermediate risk category for E. coli
according to the WHO guidelines. This high quality of

R 2 = 0.77

0.5

Figure 6

|

1

0

2

3

4

Log concentration of E. coli in influent water
Linear regression analysis of raw water E. coli concentration versus log
removal for ceramic filters.

treated water may be attributed to the good quality of raw

these systems. However, contrary to the BioSand filters, at a

water into these systems.

lower raw water concentration of bacteria, there are not as

Figure 6 illustrates the log E. coli raw water concentrations plotted against the log removal achieved. The same

many filters achieving negative or zero removal, especially
below a raw water concentration of 2 log E. coli.

positive relationship was found for ceramic filters as BioSand

The linear regression analysis performed gave an R 2

filters. As raw water concentration of E. coli increases, the log

value of 0.77, indicating a stronger relationship between

removal capability for the ceramic filters increases as

raw water concentration of bacteria and log removal than

well. This shows that, even at higher raw water E. coli

observed for BioSand filters. In addition, a two-tailed t-test

concentrations, high bacterial removal can be achieved in

revealed that this positive relationship is significant at a
p value of 4.04 £ 10212. This could be explained by the fact

Raw water
Treated water

E. coli concentration (CFU/100 mL)

10,000

that all of the ceramic filters were fairly identical in terms of
age and filtration rate and there was less variation observed
for frequency of filling the filter from household to household. It is hypothesised that cases of lower log removal

1,000

1,000.0

observed in Figure 6 are a result of improper cleaning of the
plastic filtered water storage container, and not a function
of the performance of the ceramic filters. Several authors

*

100

100.0

**
*
*
*
**

10

have reported that contaminated storage containers may
contribute to the increase in bacteria in household water
supplies (Momba & Kaleni 2001; Jagals et al. 2003; Brown

10.0

et al. 2007; Murphy et al. 2010).

1

Nitrite and nitrate

0
Surface

Rain

Well

Other

BioSand filters

Water source
Figure 5

|

Raw and treated water concentrations of E. coli for ceramic filters (boxes
represent upper and lower quartiles, horizontal lines in each box represent
median values, high and low values are represented by the error bars, and
circles and stars represent outliers). Surface water, four samples; Well
water, one sample; Rainwater, 48 samples; Other sources, four samples.
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value for acute exposure in infants (WHO 2007). In order to

50

see if there was any relationship between increased nitrite

45
Nitrite concentration (mg/L)
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concentrations and increased E. coli concentrations in

40

filtered water for the BSF, the nitrite and E. coli values were

35

correlated with one another. There was no apparent

30

correlation between elevated nitrite levels and E. coli

25

concentrations in treated water from the BioSand filters

20

(R 2 ¼ 0.04).

15
10
5

3.0

0
Rain

Figure 7

Ceramic filters

0.2

|

Surface
Well
Water source

Other

Figure 8 shows the nitrite concentrations observed in
untreated and treated water for all ceramic filters. Similarly

Nitrite concentrations for untreated and treated water from BioSand filters
(bars represent high and low values, while the circles represent average
values observed). Surface water, 15 samples; Well water, 19 samples;
Rainwater, 18 samples; Other sources, seven samples. 1st series of bars in
each group (bolded) represent untreated water; 2nd series of bars (grey)
represent treated water.

to Figure 7, the results are grouped by water source. Like the
BSFs, nitrite levels in treated water from the ceramic filters
also exceeded WHO guideline values. In addition, 34 and
16 filters saw an increase in nitrate and nitrite, respectively,
from the source water to the treated water. From Figure 8,

observed. These results are compared to the WHO guideline

average nitrite concentrations increased for households

values of 0.2 mg/L for chronic exposure to nitrite and the

using rainwater, surface water or other sources of water.

3.0 mg/L acute exposure for infants (WHO 2007). Nitrite

The one filter using well water saw an average decrease in

levels in treated water from numerous BioSand filters

nitrite as it passed through the ceramic filter.

exceeded these WHO guideline values. In addition, 39 of

A matched paired t-test was conducted on the change in

the 59 filters saw an increase in nitrite and nitrate from the

concentration of nitrite between untreated and treated

source water to the treated water. From Figure 7, average

water for all water sources. The difference between nitrite

nitrite concentrations increased for households using rain-

concentrations was calculated by subtracting the effluent

water or other source water. Overall, a decrease in nitrite
10

change in nitrite concentrations was seen in households
using surface water.
A matched paired t-test was conducted on the change in
concentration of nitrite between untreated and treated
water for all water sources. The differences between
untreated and treated nitrite concentrations were calculated
by subtracting effluent concentrations from influent. This
data set was then transformed using a Box-Cox transform-

Nitrite concentration (mg/L)

was observed in households fed well water and no apparent

8

6

4
3.0

2

ation so that the data best approximated a normal
distribution. An average nitrite increase of 0.26 mg/L was

0.2

0
Rain

found to be significant at the 99.9% confidence interval with
a t-value of 9.18.
Treated water nitrate and ammonia concentrations
were in the range of 0 to 27.72 mg/L

NO2
3,

and 0 to

1.13 mg/L NH3, respectively. Nitrate concentrations in
treated waters never exceeded the 50 mg/L WHO guideline
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Surface
Well
Household

Other

Nitrite concentrations for untreated and treated water from ceramic filters
(bars represent high and low values, while the circles represent average
values observed). Surface water, four samples; Well water, one sample;
Rainwater, 48 samples; Other sources, four samples. 1st series of bars in
each group (bolded) represent untreated water; 2nd series of bars (grey)
represent treated water.
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concentration from the influent. This data set was then

exposure guideline for E. coli. For chronic nitrite exposure,

transformed using a Box-Cox transformation so that the

83% of BSFs and 75% of ceramic filters were exceeding the

data approximated a normal distribution. The results

guideline value of 0.2 mg/L NO2
2 . Additionally, 29% of

revealed that an average nitrite increase of 0.42 mg/L

BSFs and 30% of ceramic filters surpassed the acute

was significant at the 99.9% confidence interval with a

exposure guideline value for infants of 3.0 mg/L NO2
2 . The

t value of 7.61.

nitrate guideline of 50 mg/L was never surpassed in treated

In treated water, average nitrate concentrations ranged
from 0 to 21.85 mg/L

NO2
3

water from these filters.

and ammonia levels were in the

Increases in nitrite and nitrate concentrations through

non-detectable range. In addition, to examine whether or

these systems may indicate that biological nitrification may

not there was any relationship between increased nitrite

be occurring within some of these filters. Nitrification is a

concentrations and increased E. coli concentrations in

microbial-driven process by which bacteria in an aerobic

filtered water from the ceramic filters, nitrite and E. coli

environment convert ammonia to nitrite and then sub-

concentrations were correlated with one another. There

sequently other bacteria convert nitrite to nitrate. Given

was no apparent correlation between elevated nitrite levels

that ammonia was present in concentrations ranging from

and E. coli concentrations in treated water from the ceramic

0– 1.03 mg/L in water sources that fed both the ceramic and

2

filters (R ¼ 0.0002).

BioSand filters, it is plausible that nitrification may have
been occurring to convert ammonia to nitrite and sub-

Comparison to WHO guidelines and health implications

sequently to nitrate. This may have occurred in the
schmutzdecke layer in the BSFs and on the inner surface

Table 1 shows the number of filters that produced water that

of the ceramic filters. If the ceramic filter is constantly filled

met the low, medium and high risk WHO guidelines for

with water and never left to dry out, and given that biofilms

E. coli exposure as well as the number of filters that did not

exist on all types of surfaces in contact with water, it is

meet the nitrite and nitrate guideline values. In general,

plausible that a biofilm exists inside the ceramic filter,

ceramic filters produced water that had lower E. coli

especially since it has such a slow flow rate and users often

concentrations than the BSFs. This could be partly

re-fill their filter before it has run dry (Marshall 1992).

attributed to the fact that the ceramic filters were primarily

According to Huisman & Wood (1974, p. 20), “nitrogenous

fed rainwater which was of higher quality than the water

compounds are broken down and the nitrogen is oxidized”

sources feeding the BSFs in this study. In terms of nitrite

in the schmutzdecke layer of the BSF, also implying that

exposure, more BSFs exceeded the chronic guideline than

nitrification is possible in the BSF.

ceramic filters. In summary, 39.0% and 12.5% of BSFs and

Increases in nitrate and nitrite are significant as these

ceramic filters, respectively, were not meeting the low risk

compounds may be harmful to infants, causing blue baby

Table 1

|

Number of BSF and ceramic filters that met the various WHO guidelines

WHO guideline

Number of BSFs

% of BSFs

Number of ceramic filters

% of ceramic filters

E. coli
Low risk (0 – 10 CFU/100 mL)

36

61%

49

88%

Medium risk (11 – 100 CFU/100 mL)

15

25%

6

11%

High risk (101– 1,000 CFU/100 mL)

4

7%

1

2%

.1,000 CFU/100 mL

3

5%

0

0%

NO2
2 . 0.2 mg/L (chronic exposure)

49

83%

42

75%

NO2
2
NO2
3

. 3.0 mg/L (infant acute exposure)

17

29%

17

30%

. 50 mg/L

0

0%

0

0%

Nitrite

(NO2
2)

and nitrate

(NO2
3)
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syndrome. In addition, many of these filters are exceeding
the chronic exposure guideline value of 0.2 mg/L for nitrite.
If households are exposed to these waters chronically,
they may be at risk for heart and lung complications
(WHO 2007).

CONCLUSIONS
Given the various Cambodian source waters, both POU
technologies have demonstrated the ability to significantly
reduce the concentration of bacteria in the treated water.
However, when raw water concentrations of bacteria were
,1 log, no removal, or an increase in bacteria concentration,
could be observed, indicating that perhaps POU technologies
may be best suited for waters with higher microbial contamination, and that maintenance practices associated with these
technologies are important to ensure safe water quality.
Neither technology was capable of consistently supplying
water with nitrite below WHO guidelines. It is recommended
that further research be conducted on various source waters
worldwide to explore the occurrence of nitrites and nitrates in
treated waters from these systems.
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