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 TC "SUMMARY" Summary

The Diageo Foundation approached WRc to carry out an independent assessment of the Filtrón water treatment device. The device is a freestanding ceramic filter unit designed to be filled manually with water taken from the local supply that may be subject to faecal contamination. The device is intended to produce small volumes of treated water for domestic purposes. 

A test procedure was devised which examined the performance of the filters over one operational cycle and subsequent performance over one week after the filter had been cleaned. The test water containing a suitable bacteriological challenge for the filters was prepared by diluting an appropriate volume of primary effluent from the on-site sewage works at WRc in tap water in which the disinfectant residual has been neutralised. At the end of the monthly operational cycle, the filter was cleaned according to the instructions for use and its performance reassessed for a further week. 

This study has shown that the Filtron ceramic filter achieved reliable and consistent removal of bacteria of sanitary significance from drinking water deliberately contaminated with sewage effluent. The removal efficiency for E.coli was better than 99% (2 log10) reduction in numbers over the duration of normal operation. The Filtron was less efficient at removing heterotrophic bacteria, especially those measured after incubation at 22(C for 3 days. Some variation in performance of the filters was observed but this was not consistent over the month or between individual filters. The Filtron ceramic filter gave reasonable removal across a range of particle sizes. Generally the performance of the filter showed some improvement over operation for one month. Filtration also improved over the course of filtering the challenge water. Cleaning of the filter reduced its removal efficiency for all particle sizes but performance was resorted reasonably rapidly.

Throughout operation the concentration of silver leached from each of the three filters did not exceed 10 (g L-1 under the specific conditions of test. 

Consequently the device will be effective in improving the quality of water when reliance has to be placed on poor quality sources for drinking purposes. However, the Filtron by itself cannot be relied on to safeguard the quality of water intended for consumption. Some additional means of treatment would be required to further improve the quality of the water. Also, certain micro-organisms such as viruses would be too small to be removed effectively by the filter. Under these circumstances the Filtron would be best used as part of a multiple barrier approach to improving water quality.

1. Introduction

The Diageo Foundation is supporting a charitable initiative to introduce a point-of-use water treatment device with the aim of improving water quality in households in developing countries. The Filtrón water treatment device has been developed to fulfil the need for a simple and straightforward system for treating poor quality water.

Point-of-use devices are widely used to improve the aesthetic and health qualities of drinking water. These devices are of most benefit where the local supply may be of dubious quality especially where it may be subject to faecal contamination. 

The Filtrón device is a free-standing unit designed to be filled manually with water taken from the local supply which may be subject to faecal contamination. The device is intended to produce small volumes of treated water for domestic purposes. There are no moving parts and the device does not require a source of power. The device comprises a clay chamber suspended inside a larger plastic container which acts as a collection vessel. The inside of the ceramic filter unit is coated with silver.  The clay chamber is filled with water which percolates through into the plastic container; the treated water is drawn off by a tap which is attached to the side of the collection vessel. 

Tests have been conducted which demonstrate that the device removes bacteria typically found in faecally contaminated water supplies. The outcome from one study made available to WRc reported significant reductions in certain bacteria of public health and sanitary significance. This work was however carried out as a single test and is unlikely to be representative of the full range of conditions encountered in use.

WRc were approached by the Diageo Foundation to assist with their initiative by providing reassurance over the performance of the device.

1.1 Objective

To provide the Diageo Foundation with an independent assessment of the suitability of the Filtrón water treatment device for use in households in developing countries.

2. test protocol

2.1 Approach

The approach taken was to assess the filters over one month to determine their performance over one operational cycle and subsequent performance over one week after the filter had been cleaned. One-life cycle of operation was defined from start up to blockage of the filter or one month, whichever was the sooner. Testing would be carried out on three replicate, new devices.

An appropriate volume of the test water would be filtered through the device each weekday for a minimum period of one month or until the filter became blocked. The device would be left over the weekend without being used to simulate conditions where stagnation may occur. At the end of the monthly operational cycle, the filter would be cleaned according to the instructions for use and its performance reassessed for a further week. 
The filters would be installed and operated in accordance with the instructions specified for use. The temperature of the test water would be between 5 (C and 25 (C and the ambient temperature would be between 15 (C and 25 (C.

The removal efficiency would be expressed as a percentage reduction and the corresponding logarithmic (base 10) reduction.

2.2 Microbiological removal
The test water containing a suitable bacteriological challenge for the filters was prepared by diluting an appropriate volume of primary effluent from the on-site sewage works at WRc in tap water in which the disinfectant residual has been neutralised. A fresh suspension of the test water was prepared each day.

A volume (10L) of the test water was added to the chamber of each of the ceramic filters. After filtration of a volume of approximately 3L samples were collected for microbiological testing. All samples were stored under cool conditions and submitted immediately to a local laboratory for determination of the numbers of E. coli and heterotrophic bacteria.

The bacteriological removal efficiency was determined as the reduction in numbers of E.coli and heterotrophic bacteria in the test water before and after passage through each of three filters. 

During normal operation of the filters, measurement of the bacteriological removal efficiency was performed every working day (i.e. Monday to Friday) for each week of operation. On completion of normal operation the filter was manually cleaned following the specified procedure and the extent of bacteriological removal measured daily over the course of a week after the filters had been brought back into use.

2.3 Particle removal 

A separate test was performed to measure the filtration efficiency of the ceramic filters using particles of a defined size. A particulate test suspension was prepared by adding a fine and calibrated test dust to an appropriate volume of tap water.  The reduction in the number of particles before and after passage through the ceramic filter was determined using a calibrated particle-counting device.

The conditioning water was prepared from an Elga pure water system, comprising GAC filtration; reverse osmosis; de-ionisation and UV irradiation. Three volumes (10 L) of challenge water were prepared for testing the three ceramic filters. Each volume was prepared from conditioning water containing a suspension of 3.5 mg L-1 of standard fine test dust (ISO 12103-1 A2). The suspension was established by vigorous agitation of the container before adding it to the ceramic filter unit. 

Each of three Filtron devices was placed on top of the plastic storage vessels provided with the devices, and filled with 10 litres of conditioning water, to rinse out any deposits or fines from the ceramic material. Once the water level in the Filtron had reduced by approximately 50%, the filter was removed and emptied, and the collection vessel was emptied and rinsed thoroughly with clean conditioning water.

A single batch of challenge water (10 litres) was poured into each ceramic filter. After approximately 3 litres of filtrate had been collected, a 50ml sample of filtrate was collected from the tap provided on the storage container. This sample was disposed of before collecting a second 250ml sample for particle counting. After 18 hours of operation, a second sample of filtrate was collected from each storage vessel for particle counting, following the same sampling method.

A HIAC LV Versacount particle counter was used to measure the number of particles within preset size ranges. The total measurement range is 2 to 100 m, with differential counts for individual size ranges of  (>2, >5, >10, >15, >20, >25, >50, >100 m). The maximum particle concentration that the instrument can measure is 18,000 /ml, and the sample volume was set to 50ml / measurement run.

For each sample, two successive measurement runs were carried out; the data from the second run was considered to be more representative and therefore it was used for analysis and reporting. The sampling and measurement procedure was repeated, when the total volume of challenge water had been filtered, typically for longer than 24 hours.

To simulate normal operation, the filters were filled with 10 litres of water each working day, for a period of 4 weeks. At weekends, the filters were not refilled. The water used was laboratory tap water, which was stored on site overnight before use, and then spiked with 10 ml of settled sewage. The free chlorine residual was <0.02 mg/l before spiking, and zero after spiking. The filtrate was removed each day, using the tap provided on the collection vessel.

The particle removal efficiency was determined after operation of the filter for one month. The filtrate containers were completely emptied and rinsed with deionised water. The ceramic filters were filled with challenge water, following exactly the same procedures as used for the initial challenge test. 

Assessment of the particle removal efficiency was repeated after the filters had been cleaned according to the manufacturer’s instructions. The ceramic filters were removed from their plastic support ring, and washed thoroughly, using cold tap water and a stiff nylon brush. The filters were then rinsed and replaced onto the top of the filtrate containers. The filters were then filled with challenge water, following exactly the same procedures as used for the initial challenge test.

2.4 Assessing leaching of silver 

The amount of silver leached from the filters was measured during normal operation of the filters over a period of four weeks and after manual cleaning had been performed on the filter. An appropriate volume of water was collected after passage through each of the three filters and submitted, under appropriate preservation conditions, to a test laboratory for analysis. 

During normal operation of the filters, measurement of silver leaching was performed twice a week during each week of operation. On completion of normal operation, the filter was cleaned manually following the specified procedure and the amount of silver leached measured when the filters were brought back into use. 

3. results

3.1 Microbiological removal efficiency

The removal efficiency was measured by determining the numbers of bacteria in the initial volume of filtered water. This represented the removal that would occur if the filtered water was used immediately. 

Different removal efficiencies were found depending on the type of bacteria monitored (Table 3.1). All three filters consistently achieved good removal efficiencies for E. coli. The Filtron was less efficient at removing heterotrophic bacteria, especially those measured after incubation at 22(C for 3 days. Some variation in performance of the filters was observed but this was not consistent over the month or between individual filters. 

Table 3.1
Evaluation of the bacterial removal efficiency by the filters during operation for one month.

	Day
	Removal efficiency (log10)

	
	E. coli
	HPC 37(C
	HPC 22(C

	
	A
	B
	C
	A
	B
	C
	A
	B
	C

	1
	1.03 (*)
	1.03 (*)
	1.52 (*)
	(**)
	(**)
	(**)
	(**)
	(**)
	(**)

	2
	0.41 (*)
	0.35 (*)
	0.84 (*)
	(**)
	(**)
	(**)
	(**)
	(**)
	(**)

	3
	0.53 (*)
	0.35 (*)
	0.38 (*)
	(**)
	(**)
	(**)
	(**)
	(**)
	(**)

	4
	(**)
	3.22
	3.17
	(**)
	(**)
	(**)
	(**)
	(**)
	(**)

	5
	3.00
	2.70
	2.94
	(**)
	(**)
	(**)
	(**)
	(**)
	(**)

	8
	2.68
	(**)
	2.77
	(**)
	(**)
	(**)
	(**)
	(**)
	(**)

	9
	2.66
	(**)
	2.79
	(**)
	(**)
	(**)
	(**)
	(**)
	(**)

	10
	3.26
	(**)
	3.35
	(**)
	(**)
	(**)
	(**)
	(**)
	(**)

	11
	(**)
	(**)
	2.76
	1.44
	1.43
	0.82
	1.16
	0.79
	0.48

	12
	(***)
	(***)
	(***)
	1.57
	1.46
	1.01
	0.29
	0.21
	0.27

	15
	(**)
	(**)
	(**)
	1.36
	1.61
	1.02
	0.94
	0.78
	1.11

	16
	(**)
	(**)
	(**)
	1.16
	1.33
	1.46
	0.04
	(0.07)
	0.15

	17
	(**)
	(**)
	(**)
	1.29
	1.46
	1.16
	1.34 (*)
	(**)
	1.35 (*)

	18
	2.43
	2.13
	2.19
	2.10
	0.98
	1.11
	0.22
	0.03
	0.32

	19
	(**)
	(**)
	(**)
	1.34
	0.76
	0.53
	0.73
	0.56
	0.88

	22
	(**)
	(**)
	(**)
	1.27
	1.29
	1.39
	1.30
	0.80
	1.08

	23
	(**)
	(**)
	(**)
	1.13
	1.52
	1.31
	(**)
	1.83
	1.97

	24
	(**)
	(**)
	(**)
	1.53
	0.86
	1.30
	1.07
	0.55
	0.68

	25
	2.65
	(**)
	(**)
	0.59
	0.81
	0.77
	0.08
	0.13
	0.15

	26
	(**)
	(**)
	2.59
	0.81
	0.69
	0.89
	0.58
	0.23
	0.53


(*) indicates minimum removal efficiency as an accurate count not obtained for the challenge water.

(**) removal efficiency could not be determined as an accurate count could not be determined in the filtered water.

(***) no result 

Table 3.2
Evaluation of the bacteriological removal efficiency after cleaning the filters

	Day
	Removal efficiency (log10)

	
	E. coli
	HPC 37(C
	HPC 22(C

	
	A
	B
	C
	A
	B
	C
	A
	B
	C

	1
	(**)
	(**)
	(**)
	1.42
	1.20
	1.46
	1.57
	1.46
	1.28

	2
	1.79
	1.79
	2.00
	0.54
	1.27
	0.54
	1.19
	1.29
	0.95

	3
	(**)
	(**)
	(**)
	0.90
	0.56
	0.97
	1.82
	1.97
	1.38

	4
	2.36
	1.82
	2.46
	1.46
	1.23
	1.34
	1.77
	1.97
	1.43

	5
	2.81
	2.19
	2.74
	1.32
	0.78
	1.64
	2.11
	2.29
	1.91


(**) removal efficiency could not be determined as an accurate count could not be determined in the filtered water.

3.2 Particle removal efficiency

The test on the particle removal efficiency allowed measurement of performance over a defined range of particle sizes (Table 3.3). It also allowed some assessment of the removal efficiency that would occur during a longer filtration time by comparing the removal efficiency after separate volumes of 3 and 10L litres had been treated by the ceramic filter.

The Filtron ceramic filter gave reasonable removal across a range of particle sizes. Generally the performance of the filter showed some improvement over operation for one month. Filtration also improved over the course of filtering the challenge water. The removal efficiencies were always greater after 10L had been filtered compared to that observed after 3L had been treated by the ceramic filter.

Cleaning of the filter reduced its removal efficiency for all particle sizes.  The performance was lower than when the filter was first brought into use after 3L of water had been treated, but was, in most instances, better when the filter had treated a greater volume (10L).

Table 3.3
Particle removal efficiency by the filters

	Particle size

((m)
	Stage in filter operation

	
	First use (Day 1)
	One month (before cleaning)
	One month (after cleaning)

	
	3 L
	10 L
	3 L
	10 L
	3 L
	10 L

	>2
	1.41
	1.80
	1.74
	2.51
	0.92
	2.12

	>5
	1.74
	2.11
	1.93
	2.65
	1.28
	2.57

	>10
	1.89
	2.33
	1.93
	2.33
	1.41
	2.28

	>15
	1.99
	1.99
	1.98
	2.28
	1.29
	2.24


3.3 Leaching of silver

Throughout operation the concentration of silver leached from each of the three filters did not exceed 10 (g L-1 on any occasion (Appendix A).

4. Discussion

This study has shown that the Filtron ceramic filter achieved reliable and consistent removal of bacteria of sanitary significance from drinking water deliberately contaminated with sewage effluent. Consequently the device will be effective in improving the quality of water when reliance has to be placed on poor quality sources for drinking purposes. The removal efficiency is reasonably consistent with approximately one bacterium passing through for every 99 that are retained by the ceramic filter. However, removal of the bacteria is not absolute and the greater the bacterial burden the greater will be the numbers of bacteria in the filtered water.  

Therefore, the Filtron cannot be relied on solely to safeguard the quality of water intended for consumption. Some additional means of treatment would be required to further improve the quality of the water. Also, certain micro-organisms such as viruses would be too small to be removed effectively by the filter. Under these circumstances the Filtron would be best used as part of a multiple barrier approach to improving water quality.

Differences were observed in the removal efficiency for different types of bacteria. This may be attributed to variation in the cell size of the different types of bacteria or reflect differences in the proportion attached to particles. It is reassuring that the best removal efficiency occurred with the bacteria of public health significance. The lower removal of the heterotrophic bacteria is generally not of health significance but their presence in appreciable numbers may lead to stagnant conditions developing in the filter. The reservoir of water in the base of the collection vessel may encourage the growth of these bacteria under the right conditions. However, the residual silver will assist in limiting the amount of regrowth that would occur. Certainly visual observation did not indicate the presence of any biological growth on the surfaces of either the filer medium or the collection vessel. In a warmer climate, where the ambient temperature is higher than experienced during this test, then conditions may be favourable for bacterial growth leading to undesirable tastes and odours.

5. Conclusions

1. The Filtron ceramic filter gave good removal of E. coli achieving consistently better than 99% (2 log10) reduction in numbers over the duration of normal operation. This reduction was measured on the initial volume filtered to represent the greatest exposure likely to occur during use. 

2. Heterotrophic bacteria were removed with a lower efficiency than E.coli. Reasonable removal was achieved for the bacterial count at 37(C but removal was less efficient for the bacterial count at 22(C.

3. Slight variation in bacterial removal efficiency was observed between the filters but this variation was not consistent and tended to be small in comparison to the overall removal efficiency.

4. Under the specific conditions of test, a small concentration of silver is leached into the treated water.

5. The removal efficiency of the Filtron ceramic filter was similar to that expected from a filtration system at a well-operated water treatment works.

6. The performance of the filters improves with increasing volumes that are filtered as the filtration medium matures.

7. There is a rapid recovery in filtration performance following cleaning.

APPendix a


A.1
bacteriological removal

A.1.1
E. coli

(a) during normal operation of the filter for one month

	Stage
	Number of E. coli (cfu per 100mL)
	Removal efficiency

	
	Challenge water
	Filtered water
	Percentage
	Log reduction

	Week 1

	Day 1
	>200


	19

18
 6
	91 (*)

91 (*)

97 (*)
	1.03 (*)

1.03 (*)

1.52 (*)

	Day 2
	>200
	78
 89
 29
	61 (*)

56 (*)

86 (*)
	0.41 (*)

0.35 (*)

0.84 (*)

	Day3
	>200
	59
 89
 83
	71 (*)

56 (*)

59 (*)
	0.53 (*)

0.35 (*)

0.38 (*)

	Day 4
	109000
	>200
 66
 74
	(**)

99.9

99.9
	(**)

3.22

3.17

	Day 5
	83000
	83
 165
 95
	99.9

99.8

99.8
	3.00

2.70

2.94

	Week 2

	Day 1


	53000
	109
>200
89
	99.8

(**)

99.8
	2.68

(**)

2.77

	Day 2
	59000
	130
>200
95
	99.8

(**)

99.8
	2.66

(**)

2.79

	Day3
	>200000
	109
>200
89
	99.9 (*)

(**)

(99.96)
	3.26

(**)

3.35

	Day 4
	95000
	>200
>200
165
	(**)

(**)

99.8
	(**)

(**)

2.76

	Day 5
	(No data)
	(No data)
	
	

	Week 3

	Day 1
	130000
	>200
>200
>200
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 2
	62000
	>200
>200
>200
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day3
	53000

	>200
>200
>200
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 4
	45000
	166
330
290
	99.6

99.3

99.4
	2.43

2.13

2.19

	Day 5
	>200 000
	>400
>400
>400
	(**)

(**)

(**)
	(**)

(**)

(**)

	Week 4

	Day 1
	89 000
	>400
>400
>400
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 2
	145 000
	>400
>400
>400
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day3
	>200 000
	>400
>400
>400
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 4
	130 000
	290
>400
>400
	99.8

(**)

(**)
	2.65

(**)

(**)

	Day 5
	101 000
	>400
>400
260
	(**)

(**)

99.7
	(**)

(**)

2.59


(*) indicates minimum removal efficiency as an accurate count not obtained for the challenge water.

(**) removal efficiency could not be determined as an accurate count could not be determined in the filtered water.

(***) no result 

(b) during the first week after cleaning the filter

	Stage
	Number of E. coli (cfu per 100mL)
	Removal efficiency

	
	Challenge water
	Filtered water
	Percentage
	Log reduction

	Day 1
	109 000


	>400

>400

>400
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 2
	101 000
	1650
1650
 1010
	98.4

98.4

99.9
	1.79

1.79

2.00

	Day3
	48 000
	>400

>400

>400
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 4
	109000
	480

1650

380
	99.6

98.4

99.7
	2.36

1.82

2.46

	Day 5
	>200 000
	83
 165
 95
	99.8

99.4

99.8
	2.81

2.19

2.74


(*) indicates minimum removal efficiency as an accurate count not obtained for the challenge water.

(**) removal efficiency could not be determined as an accurate count could not be determined in the filtered water.

(***) no result 

A.1.2
Heterotrophic bacteria

2 day count

(a) during normal operation of the filter for one month

	Stage
	Number of heterotrophic bacteria 
2 day count at 37(C
(cfu per mL)
	Removal efficiency

	
	Challenge water
	Filtered water
	Percentage
	Log reduction

	Week 1
	
	
	
	

	Day 1
	>300


	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 2
	>300
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day3
	>300
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 4
	>30 000
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 5
	21 000
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Week 2

	Day 1
	>30 000
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 2
	>30 000
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day3
	25 800
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 4
	16 000
	1 100
2 600
5 300
	93.1

83.8

66.9
	1.16

0.79

0.48

	Day 5
	25 100
	12 800
15 600
13 600
	49.0

37.8

45.8
	0.29

0.21

0.27

	Week 3

	Day 1
	117 000
	13 500
19 300
9 100
	88.5

83.5

92.2
	0.94

0.78

1.11

	Day 2
	13 800
	12 600
16 300
9 700
	8.70

(1.81)

29.7
	0.04

(0.07)

0.15

	Day3
	>300 000
	13 600
>30 000
13 300
	95.5 (*)

(**)

95.6 (*)
	1.34 (*)

(**)

1.35 (*)

	Day 4
	12 400
	7 400
11 700
5 900
	40.3

5.6

52.4
	0.22

0.03

0.32

	Day 5
	31 000
	5 800
8 600
4 100
	81.3

72.3

86.8
	0.73

0.56

0.88

	Week 4

	Day 1
	1 650 000
	82 000
259 000
136 000
	95.0

84.3

91.8
	1.30

0.80

1.08

	Day 2
	82 000
	>30 000
1 220
870
	(**)

98.5

98.9
	(**)

1.83

1.97

	Day3
	33 000
	2 800
9 200
6 900
	91.5

72.1

79.1
	1.07

0.55

0.68

	Day 4
	18 000
	14 900
13 300
12 800
	17.2

26.1

28.9
	0.08

0.13

0.15

	Day 5
	25 000
	6 600
14 600
7 400
	73.6

41.6

70.4
	0.58

0.23

0.53


(*) indicates minimum removal efficiency as an accurate count not obtained for the challenge water.

(**) removal efficiency could not be determined as an accurate count could not be determined in the filtered water.

(***) no result 

 (b) during the first week after cleaning the filter

	Stage
	Number of heterotrophic bacteria
2 day count at 37(C
(cfu per mL)
	Removal efficiency

	
	Challenge water
	Filtered water
	Percentage
	Log reduction

	Day 1
	327 000


	12 400

20 500

11 300
	96.2

93.4

96.5
	1.42

1.20

1.46

	Day 2
	101 000
	15 000

2 800

15 000
	71.1

94.6

71.1
	0.54

1.27

0.54

	Day3
	48 000
	7 600

16 900

6 600
	87.5

72.3

89.2
	0.90

0.56

0.97

	Day 4
	210 000
	7 300

12 400

9 700
	96.5

94.1

95.3
	1.46

1.23

1.34

	Day 5
	1 230
	59

202

28
	95.2

83.6

97.7
	1.32

0.78

1.64


(*) indicates minimum removal efficiency as an accurate count not obtained for the challenge water.

(**) removal efficiency could not be determined as an accurate count could not be determined in the filtered water.

(***) no result 

A.1.3
3 day count

(a) during normal operation of the filter for one month

	Stage
	Number of heterotrophic bacteria 
3 day count at 22(C
(cfu per mL)
	Removal efficiency

	
	Challenge water
	Filtered water
	Percentage
	Log reduction

	Week 1

	Day 1
	>300


	>300
>300
>300
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 2
	>300
	>300
>300
>300
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day3
	>300
	>300
>300
>300
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 4
	>30 000
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 5
	107 000
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Week 2

	Day 1
	>30 000
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 2
	>3 0000
	>3 000
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day3
	>300 000
	2 050
>3 000
>3 000
	(**)

(**)

(**)
	(**)

(**)

(**)

	Day 4
	102 000
	3 700
3 800
15 300
	96.4

96.3

85.0
	1.44

1.43

0.82

	Day 5
	107 000
	2 880
3 700
10 400
	97.3

96.5

90.3
	1.57

1.46

1.01

	Week 3

	Day 1
	249 000
	10 900
6 100
23 600
	95.6

97.6

90.5
	1.36

1.61

1.02

	Day 2
	77 000
	5 300
3 600
2 700
	93.1

95.3

96.5
	1.16

1.33

1.46

	Day3
	>300 000
	15 500
10 300
20 700
	94.8 (*)

96.6 (*)

93.1 (*)
	1.29

1.46

1.16

	Day 4
	76 000
	600
8 000
5 900
	99.2

89.5

92.2
	2.10

0.98

1.11

	Day 5
	226 000
	10 300
39 000
67 000
	95.4

82.7

70.4
	1.34

0.76

0.53

	Week 4

	Day 1
	2 430 000
	131 000
125 000
99 000
	94.6

94.9

95.9
	1.27

1.29

1.39

	Day 2
	76 000

	1 400
2 300
3 700
	98.2

97.0

95.1
	1.73

1.52

1.31

	Day3
	54 000
	1 600
7 400
2 700
	97.0

86.3

95.0
	1.53

0.86

1.30

	Day 4
	71 000
	18 400
11 100
12 100
	74.1

84.4

83.0
	0.59

0.81

0.77

	Day 5
	59 000
	9 200
121 00
7 600
	84.4

79.5

87.1
	0.81

0.69

0.89


(*) indicates minimum removal efficiency as an accurate count not obtained for the challenge water.

(**) removal efficiency could not be determined as an accurate count could not be determined in the filtered water.

(***) no result 

 (b) during the first week after cleaning the filter

	Stage
	Number of heterotrophic bacteria 
3 day count at 22(C
(cfu per mL)
	Removal efficiency

	
	Challenge water
	Filtered water
	Percentage
	Log reduction

	Day 1
	>300 000


	8 000
10 300
15 800
	97.3

96.6

94.7
	1.57

1.46

1.28

	Day 2
	98 000
	 6 300
5 000
11 000
	93.6

94.9

88.7
	1.19

1.29

0.95

	Day3
	231 000
	3 500

2 500

9 600
	98.5

98.9

95.9
	1.82

1.97

1.38

	Day 4
	206 000
	3 500

2 190

7 700
	98.3

98.9

96.3
	1.77

1.97

1.43

	Day 5
	71 000
	550

360

880
	99.2

99.5

98.8
	2.11

2.29

1.91


A.2
leaching of Silver

	Day of operation
	Silver concentration in filtered water (µg L-1)

	Before cleaning

	
Week 3 Day 3
	1.75
5.42
3.80

	
Week 3 Day 5
	10.5
3.99
5.43

	
Week 4 Day 1
	6.67
6.63
8.91

	
Week 4 Day 4
	4.42
2.67
4.29

	After cleaning

	
Week 5 Day 1
	5.29
2.82
4.56

	
Week 5 Day 3
	7.31
4.87
7.30

	
Week 5 Day 5
	8.14
4.21
3.89
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