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Introduction

The application of point-of-use systems to safeguard the quality of
drinking water is gaining ground in response to the demand from the
public consumer that water quality for consumption is guaranteed to
be both healthy and aesthetically acceptable.

A wide range of treatment options are available, many of which
address specific aspects of water quality. For instance, some are
desgned to remove arsenic where this is a concern (e.g. in
Bangladesh) whilst others remove colour and turbidity to give a more
pleasng appearance to the water despite such parameters often
having no health significance.

POUsystemsmay be smple (a single filter) orcomplex (filtration systems
with Ultra Violet disinfection). Some are designed to be attached to
the faucetin a kitchen orused asjug filters; othersaim to provide much
larger volumesof treated water. Some are to be used within the home
while othersare intended for personal use e.g. backpackersormay be
installed in vending machines.

The CW42 water treatment system

The CW42 water treatment system aims to provide the end-user with
water of potable quality (i.e. does not pose a health risk) and is
pleasing to drink. The system is unique in its combination of active
elements. The basc system conssts of treatment with KDF (widely
recognised asbeing a useful water treatment in itsown right), coupled
with a proprietary activated carbon fluid bed. Thisunit isthen followed
by a fine porosity ceramic filter impregnated with slver and containing
a further activated carbon filter, thistime asa solid block. The first filter
(KDFcarbon) helps to remove many toxic metals and organic
materials, whilst the second (ceramic+carbon) controls levels of
microbes and acts as a final polishing filter for the removal of trace
amountsof potentially harmful organic chemicals.

The basic CW42 system is designed to be wall or machine mounted
(although it can also be used asa mobile water treatment plant) and
aims to provide a good flow (depending upon the quality of the
incoming water requiring treatment) and consstently good quality
water. The system is designed to (a) remove or substantially control
harmful chemicals (both inorganic and organic), (b) provide a
bacteriologically safe drinking water (even from contaminated
sources) and (c) provide a water that is both pleasing to look at (no



colour or turbidity) and pleasant to drink. In the latter case, a strength
of the CW42 system is that removal of inorganic salts essential to
providing the aesthetic appeal of the final product (taste, odour) is
minimised. In this aspect, the CW42 system has a distinct advantage
over systemsthat remove such essential saltse.g. reverse osmosis.

Technical performance of the CWA42 system

Snce the development of the CW42 water treatment system,
substantial performance evaluation has been carried out by the
company in collaboration with other institutions. Investigations have
involved laboratory studieson microbial removal and on the control of
inorganic and organic chemicals. This work has been supplemented
by field studiesusing naturally contaminated waters.

The results presented in this overview are summaries of much more
intensive evaluations of the performance of the different components
of the CW42 system, each of which plays an important role in the
overall efficacy of the treatment process.

Evaluation of the system has been gauged against prevailing
“Guidelines for Drinking Water Quality” published by the World Health
Organisation. In many cases, these guidelines are very similar to
national and international standards e.g. those promulgated by the
European Union.

The review of processefficiency isorganised along the following lines:
La révison d'efficacité de processus est organisée le long des lignes
suivantes:

Microbiological aspects
Aesthetic aspects
Inorganic chemical control
0 Metals
o Otherinorganics
Organic chemical control
Held studies

Additional sectionshave also been included which addresssuch issues
asrelease of slver from filters and the significance of the presence of
heterotrophic bacteria in treated waters.

Microbiological aspects



Any water treatment process should be capable of eliminating the risk
of infection from pathogenic bacteria. This is usually accomplished
through the monitoring of the presence of so-called “faecal indicator
bacteria” (Escherichia coli, Enterococcus faecalis) the absence of
which is usually taken to confirm that the presence of pathogenic
species is unlikely. The removal of indicator bacteria has been the
subject of several investigations.

Sunderland University study (2000) (Report reference P42/24)
L'étude Universtaire de Sunderland (2000) (la référence de
Rapport P42/24)

(a)Artificially contaminated tap water - small scale experiments
were conducted by adding pure culturesof Escherichia coli and
Enterococcus faecalis to tap water and determining their
removal during the processing of 10 litresof water. The resultsare
shown in Table 1 where it is apparent that 100% removal was
achieved forboth test bacteria.

Table 1: Reduction of bacteria spiked into drinking water

Test Sampled Escheriphia Enterocoqcus
date volume coli faecalis
L Logio input % reduction Logio input | Y% reduction
3 100
22/10 5 5.24 100
7 100
3 100
23/10 5 2,97 100
7 100
3 100
24/10 5 2.37 100
7 100
3 100
25/10 5 3.89 100
7 100

(b) Naturally contaminated river water — river waters taken on
two sample dates were monitored for the removal of indicator
bacteria (total coliforms, faecal streptococci). The results are
presented in Table 2.

Table 2: Reduction of naturally occurring faecal indicator bacteria from river waters
Table 2 :la Réduction de bactériesd'indicateur fécales naturellement se produisant
deseaux de riviere




Test date Test organism Sampled volume Levelin test water %reduction
L (log10)
3 100
Total coliforms 5 3.18 100
7 100
29/10
Faecal 3 100
streptococci 5 127 100
7 100
3 100
Total coliforms 5 3.04 100
31/10 ! 100
Faecal 3 100
streptococci 5 1.52 100
7 100

Data provided by Fairey Ceramics (2000) (Report reference
P42/ 29)

Fairey Ceramicsevaluated the removal of Escherichia coli (input
level of 106/100mL) from artificially contaminated water using the
ceramic-siver element as used in the CW42 system (but not
including the carbon insert). The evaluation was based upon
intermittent usage with the system being run for 3 minutes and
then left unused for 12 minutesbefore recommencing treatment.
Removal of the test bacterium wasmonitored in thisway over 27
daysat a rate of 8 hoursintermittent usage perday.

The filter achieved a consistent 4-6 logio reduction over the test
period with a totalwater passage of 3,200L.

ANDT Women’s University, Mumbai, India (2000) (Report
reference P42/ 30)

A limited evaluation of the CW42 system was carried out in
Mumbai on behalf of the company when the effectiveness in
removing two bacteria (Escherichia coli and Salmonella typhi)
was measured. Degpite faults with the experimental design, the
evidence suggested that a minimum of 7 logio reduction was
achieved forboth bacterial species.

CW42 in collaboration with West of Scotland Water (2000)
(Report reference 42/2)




Aspart of a field study of the application of the CW42 system to
treat natural lake water to potable standard, the removal of
naturally-occurring bacteria was monitored. The processing of
lake water in the field wascarried out by CW42 with all analyses
being carried out by West of Scotland Water. Table 3 detailsthe
resultsobtained.

The quality of the source water was typical of a lowland water
draining an agricultural area in the UK during winter months
showing some signs of faecal contamination and light industrial
activity. Sgnificantly, the CW42 system totally removed the
faecal bacteria (Escherichia coli and Enterococcus) as well as
sulphite-reducing clostridia (considered an indicator of past
faecal contamination). Substantial removal was also obtained
of background plate counts that are not used as indicators of
faecalintrusion.

Table 3: Removal of faecal indicator bacteria (Loch Ore field evaluation)

Date Vol (b Sambole Coliforms Ecoli FSrep* 1d PC** 3d PC*** Clogrr**
treated P /100mL /100mL /100mL /mL /mL /20mL
Pre- 480 300 56 222 1,700 20
250 treatment
. Pi’a' . 0 0 0 0 415 0
3/3/00 re"‘l‘jme”
re- 400 248 57 212 1,773 20
treatment
500 Post-
5 0 0 14 811 0
treatment
Pre-
1,200 153 60 349 1,415 62
750 treatment
t P‘t’St' t 0 0 0 42 7 0
6/3/00 re"‘l‘jme”
re- 1,000 182 60 275 1,313 40
treatment
1,000 Pt
0 0 0 325 111 0
treatment
pre - 400 180 46 321 1,452 24
treatment
1,250 a
ost- 1 0 0 60 239 0
treatment
Pre-
reatment 290 170 28 196 1.146 26
7/3/00 1,500 eg Ste
ost- 0 0 0 1 75 0
treatment
Pre-
350 130 25 187 885 47
treatment
1,750 gl
0 0 1 5 32 0
treatment
Pre-
440 120 19 219 1,238 45
treatment
2,000 a
. i’ ont 1 0 5 33 175 1
8/3/00 re"‘l‘jme”
re- 420 250 31 313 1,217 29
treatment
2,250 gl
3 0 1 9 121 0
treatment
t Ptre' . 4 160 34 221 1,506 31
9/3/00 2,500 re‘; r;e”
ost- 0 0 0 0 3 0
treatment




*Enterococcus (faecal streptococci); **1 day heterotrophic bacteria plate count at 37°C; ***3 day
heterotrophic bacteria plate count at 22°C; **** Qulphite-reducing clostridia

Data provided by Fairey Ceramics on the removal of
Cryptosporidium (2000) (Report reference P42/32)

Fairey Ceramics commissioned WRc-NSF (UK) to determine the
efficacy of removal of Cryptosporidium by the ceramic element
used in the CW42 system. Low turbidity water containing
Cryptosporidium oocysts was passed intermittently through the
fiter overa period of 5days. The initial challenge level was 6,250
oocystswith a finalday challenge of >48,000 oocysts.

No penetration of the filter was observed (Table 4). These
findings would also confirm that Giardia (and other parasites of
similar size) removal would be equally asefficient.

Table 4: Removal of Cryptosporidium oocysts

Cryptosporidium oocyst levels

Day Input Hitered water %removal
1 6250 0 100
2 6250 0 100
3 6250 0 100
4 6250 0 100
5 48620 0 100

Table 5: Efect of CWA42 treatment on aesthetic parameters

Date Vol (1) sample pH Turbidity Colour Conductivity  Oxidisability

(FTU) (Hazen) (n§cm) Plmg/L
3/3/00 250 Pre - 7.81 6.87 23 327 5.7
treatment
Post- 8.14 1.70 15 326 29
treatment
Pre-
500 7.86 6.28 23 348 4.9
treatment
PoSt- 8.00 175 18 353 4.0
treatment
6/3/00 750 Pre- 8.03 7.37 47 291 7.9
treatment
Post- 8.10 1.85 21 298 3.9
treatment
Pre-
1,000 8.07 731 48 297 6.6
treatment
Post- 8.08 1.36 25 300 5.3
treatment
7/3/00 1,250 Pre- 8.07 6.18 29 294 7.2
treatment
Post- 8.10 1.35 22 296 48
treatment
Pre-
1,500 8.05 6.26 27 295 6.7
treatment
Post- 8.17 1.84 24 298 41
treatment



1,750 pre - 8.07 6.11 26 324 6.2

treatment
Post- 8.10 1.44 22 317 5.8
treatment
8/3/00 2,000 Pre - 8.05 6.44 27 299 5.5
treatment
Post- 8.15 3.24 23 299 48
treatment
Pre-
2,250 8.14 6.47 25 310 5.6
treatment
PoSt- 8.10 2.60 25 308 45
treatment
9/3/00 2,500 Pre - 8.08 6.79 44 307 6.2
treatment
Post- 8.12 2.98 29 306 53
treatment

Aesthetic aspects

The WHO regardsthat

“consumers have no way of judging the safety of drinking
water supply and the decison to drink a water will be
affected to a consderable extent by the aspectsof the water
guality that they are able to perceive with theirown senses. It
is natural for consumers to regard with suspicion water that
appears dirty or discoloured or that has an unpleasant taste
or smell, even though these characterigics may not in
themselvesbe of direct consequence to health.”

Any POU system should not adversely affect the physcal
characteristics of the water being treated so asto make it unpalatable
to drink. As part of a field evaluation (2000, Report reference 42/2)
those parameters regarded as of aesthetic dgnificance were
evaluated. The resultsare presented in Table 5.

Turbidity — the CW42 markedly reduced turbidity levels with a
mean of 70%.

Colour —reduction of colour will be determined by the cause of
the colour in the first place e.g. presence of high levels of
manganese or iron or presence of humic acids. In the study
colourlevelswere significantly reduced (mean 26%).

Othercomponents—these were little affected.



Inorganic chemical control

Many inorganic chemical constituentsin drinking water may have little
health significance, may not be of nuisance value and may even
contribute to itsgeneral aesthetic quality. However, some constituents,
e.g. metals, may pose a hazard to the consumer when present in
unacceptably high levelswhen they may have toxic effectse.g. lead,
arsenic, while in others the contamination is a nuisance e.g. iron and
manganese. The removal, or at least control, of such contaminantsto
acceptable levels is a required property of any potable water
treatment system.

The CW42 system hasbeen evaluated for its ability to remove specific
metals under laboratory conditions usng high level spikes both as
individual contaminants. These studies were conducted by CW42 in
collaboration with West of Scotland Water who conducted the analysis
of coded samples.

Sudies have also been conducted on the removal of metals when
present in a mixture of contaminants under laboratory conditions. In
these cases, the work was carried out by Babcock Scientific and East
of Scotland Water

In addition, removal of such constituents has been monitored under
field conditions (in collaboration with West of Scotland Water) when
treating a natural lake water.

Reduction of single metals — Up to 2,000L of tap water were
artificially contaminated with various metalsand processed through
the CW42 system.

0 Aluminium — one of the commonest elements in the Earth’s
makeup and readily appears in water sources. Some
concern hasbeen expressed asto the health significance of
consuming water with high levelsalthough the WHO doesnot
consder the evidence sufficiently robust to justify a firm
maximum value for drinking water. However, in the interim a
guideline standard of 2,000ug/L has been proposed. In a
study carried out by CW42 (2000, Report reference All) the
ability of the CW42 system to control levels of aluminium was
examined. The results presented in Table 6 indicate that
substantial control isachievable to maintain aluminium levels



well below guideline values. Asit isunlikely that many natural
source waters will have high aluminium levels, the CWA42
system would seem to be capable of adequate control.

Table 6: Efect of CWA42 treatment on levels of aluminium

Volume Aluminium levelspug/L %
(L) Pre-treatment Post-treatment change
0 267 22 -55.1
100 252 105 -58.3
200 251 119 -52.6
300 244 90 -63.1
400 247 103 -58.3
500 250 107 -57.2
600 269 38 -85.9
700 263 35 -86.7
800 255 31 -87.8
900 260 22 -91.5

1,000 271 22 -91.9
1,100 276 110 -60.1
1,200 276 118 -57.2
1,300 278 152 -45.3
1,400 270 169 -37.4
1,500 275 164 -40.4
1,600 259 148 -42.9
1,700 264 155 -41.3
1,800 259 200 -22.8
1,900 270 199 -25.6
2,000 273 204 -25.3

o Arsenic — while this element is widely found in soil, the
occurrence in natural waters is usually low (1-2ug/L, WHO).
However, in some stuations e.g. Bangladesh, arsenic levels
are very high in source watersleading to a substantial health
risk. The CW42 system hasbeen evaluated for its potential to
reduce levels of arsenic (V) in artificially contaminated water
(2000, Report reference Asl). The results presented in Table 7
indicate that the CW42 system iscapable of ssme control of
arsenic levels even when high spike concentrations have
been used. However, it isapparent from published research
that where arsenic isa major contamination issue, specialised
filtration is required. The adaptability of the CW42 system
allows for the addition of such specialist filters to enhance its
performance under specific circumstances.

Table 7: Efect of CWA42 treatment on levels of arsenic (V)

Volume Arsenic (V) levelspug/L %
(L) Pre-treatment Post-treatment change
0 63 3 -95.2
5 59 2 -96.6
10 56 3 -94.6
20 65 21 -67.7
30 48 29 -39.6
40 72 39 -45.8
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50 44 32 -27.3

60 46 41 -10.9
70 43 33 -23.3
80 45 33 -26.7
90 42 37 -11.9
100 49 38 -22.5

o Cadmium —a toxic element that accumulatesin the kidneys.
It has been classed as a carcinogen although there is no
evidence of such an effect through the consumption of
water. Although levels of cadmium in natural waters are
usually <1lpg/L, the WHO have set a guideline value of 3ug/L
making the need for effective removal syssemsessential when
unacceptable levelsare present in the source water.

The data presented in Table 8 (2000, Report reference Cd1l)
demonstrated that at high spike levels the CW42 system had
some removal capabilty which would be higher when
treating waterswith more realistic natural levelsof cadmium.

Table 8: Removal of cadmium by the CW42 system

Vol _Runl _Run2 _Run3
WL Treatment (Cd spike 87+11ug/L) (Cd spike 104+9ug/L) (Cd spjke 110+3ug/L)
Cd Cu Zn Cd Cu Zn Cd Cu Zn
0 Pre 87 <10 <10 99 <10 10 110 <10 <10
Post <1l <10 <10 <1l <10 12 1 <10 <10
5 Pre 60 <10 <10
Post <1l <10 <10
10 Pre 77 <10 <10
Post <1l <10 <10
20 Pre 94 <10 <10
Post <1l <10 <10
30 Pre 97 <10 <10
Post <1l <10 <10
40 Pre 96 <10 <10
Post <1l <10 <10
50 Pre 84 <10 <10 118 <10 31 114 <10 <10
Post <1l <10 <10 15 <10 <10 7 <10 <10
60 Pre 90 <10 <10
Post <1l <10 <10
70 Pre 76 <10 <10
Post <1l <10 <10
80 Pre 91 <10 <10
Post <1l <10 <10
90 Pre 100 <10 <10
Post <1l <10 <10
100 Pre 92 <10 <10 115 <10 <10 111 <10 <10
Post <1l <10 <10 72 <10 41 47 <10 <10
Pre 113 <10 <10
1215 Post 63 <10 23
Pre 116 <10 <10
125 Post 76 <10 92
Pre 108 <10 21
143 Post 72 <10 51
150 Pre 100 <10 <10
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Post 75 <10 154
Pre 110 <10 <10
164.5 Post 78 <10 90
Pre 99 <10 15
175 Post 75 <10 208
Pre 105 <10 <10
186 Post 74 <10 99
Pre 98 <10 11
200 Post 83 <10 250
Pre 106 <10 <10
207.5 Post 95 <10 143
Pre 98 10 11
225 Post 85 <10 303
Pre 107 <10 <10
229 Post 95 <10 173
250 Pre 94 <10 14 112 <10 <10
Post 91 <10 275 94 <10 192
o0 Chromium —a widely distributed element in the environment
with the long-term effects of its consumption as part of
drinking water being uncertain. It primarily exists in aquatic
systems as the trivalent or hexavalent state. WHO has set a
guideline value of 50Ag/L for total chromium. Adequately
treated drinking water usually has total chromium levels of
<2ug/Lalthough, on occasons, levelsashigh as120ug/L have
been reported. Chromium (VI), in particular, may have
carcinogenic properties when inhaled although there is no
evidence that consumption in water has a health outcome.
This from of the metal is usually an industrial contaminant of
water.
The results shown in Table 9 (2000, Report reference Crl) for
both chromium (lll) and chromium (VI) indicate that the
removal of the trivalent state is very effective. In contrast,
removal of the hexavalent state is poor. However, in the
latter case, avoidance of the use of industrially contaminated
water as a source would be the most effective way of
controlling exposure to the element.
Table 9: Removal of chromium by the CWA42 system
Vol Chromium (lll) pg/L Chromium (VI)
L Treatment Run 1 Run 2 pg/L
Cr Cu n Cr Cu Zn Cr Cu Zn
0 Pre 42 <10 11 51 <10 <10 52 11 <10
Post <5 <10 <10 <5 <10 <10 <5 <10 <10
125 Pre 43 <10 <10 52 <10 <10 53 12 <10
Post <5 <10 145 <5 <10 93 41 <10 233
250 Pre 42 10 13 53 <10 <10 52 12 12
Post <5 <10 129 <5 <10 159 44 <10 216
375 Pre 41 <10 <10 51 <10 <10 51 <10 <10
Post <5 <10 121 <5 <10 107 44 <10 211
500 Pre 44 <10 <10 49 <10 <10 51 <10 <10
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Post Sample lost <5 <10 102 47 <10 203
625 Pre 44 <10 <10 50 12 <10 52 <10 <10
Post <5 <10 77 <5 <10 84 47 <10 184
750 Pre 44 <10 <10 49 <10 <10 53 <10 <10
Post <5 <10 87 <5 <10 90 49 <10 192
875 Pre 39 <10 <10 53 <10 <10 52 <10 <10
Post 6 <10 75 <5 <10 87 48 <10 208
1000 Pre 40 <10 <10 56 <10 <10 51 <10 <10
Post 7 <10 77 <5 <10 86 48 <10 232
1125 Pre 37 <10 <10 54 <10 <10 47 <10 <10
Post 9 <10 71 <5 <10 65 44 <10 197
1250 Pre 47 <10 <10 56 <10 <10 48 <10 <10
Post 9 <10 <10 <5 <10 63 47 <10 208
1375 Pre 38 <10 <10 48 <10 <10 49 <10 <10
Post 7 <10 <10 <5 <10 67 49 <10 177
1500 Pre 48 <10 <10 48 <10 <10 49 <10 <10
Post 9 <10 64 7 <10 72 45 <10 198
1625 Pre 40 <10 <10 45 <10 <10 48 <10 <10
Post 6 <10 65 <5 <10 46 45 <10 181
1750 Pre 44 <10 <10 45 <10 <10 47 <10 <10
Post 7 <10 65 <5 <10 51 46 <10 178
1875 Pre 46 <10 <10 48 <10 <10 48 <10 <10
Post 8 <10 69 <5 <10 70 48 <10 190
2000 Pre 40 <10 <10 44 13 <10 49 <10 <10
Post 9 <10 68 7 <10 63 49 <10 184

0 Lead —rarely present in natural waters at levels that have a

health significance. However, where soft wateristransported
through lead pipes, plumbosolvency may occur i.e. lead is
released from the pipe into the water system. Wherever
possible, lead pipes should not be used in soft water areas
and, in particular, lead pipes should not be used in drinking
waters systems receiving water artificially softened because
of problemswith harness scaling. WHO have set a guideline
value of 10ug/L.

Where it isnecessary to ensure that lead doesnot appear at
health-significant levels in drinking water pending other
remedial approaches, the use of a water treatment system
that hasthe capability to control lead levelsis essential. The
CwW42 system has been evaluated wusing artificially
contaminated water with lead levels probably well in excess
of naturally occurring concentrations. Allowing for the high
levels used in the investigation, adequate control was
demonstrated (Table 10) (2000, Report reference Pb1).

Table 10: Hfect of CW42 treatment on levels of lead

Volume Lead levelspug/L %
(L) Pre-treatment Post-treatment reduction
0 36 1 90.9
125 39 5 73.7
250 36 7 65.0
375 35 11 52.2
500 35 14 46.2
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625 39 14 48.2

750 39 13 55.2
875 37 11 59.3
1000 35 10 64.3
1125 36 21 30.0
1250 36 24 25.0
1375 39 27 15.6
1500 36 27 18.2
1625 38 23 25.8
1750 36 22 24.1
1875 33 17 32.0
2000 33 18 35.7
0 Mercury — usually present in waters at levels <0.5ug/L

Organic-mercury compounds give special cause for concern
but are not considered a risk in terms of water consumption.
The WHO hasset a guideline value of 1ug/L.

Table 11: Mercury control by the CW42 system

Volume Mercury levelspug/L %
(L) Pre-treatment Post-treatment reduction
0 47.4 0.1 99.8
125 46.8 0.3 99.4
250 44.6 0.5 98.9
375 49.0 0.5 99.0
500 48.3 0.9 98.1
625 45.8 16 96.5
750 50.0 2.7 94.6
875 47.9 2.8 94.2

1000 46.5 34 92.7
1125 48.3 45 90.7
1250 49.4 25 94.9
1375 51.9 2.6 95.0
1500 49.1 4.2 91.5
1625 46.6 5.2 88.8
1750 47.6 6.2 87.0

Using artificially high spike levels of mercury, the CW42 system
effectively controlled the contaminant. At levels more likely
to be encountered in the natural state, total control of
mercury levels to acceptable levels is expected. The
experimental data are presented in Table 11 (2000, Report
reference Hgl).

Reduction of metals when present in mixtures — investigations have
examined the removal of metals when present in a mixture of
metals. These studies were carried out Babcock Scientific
(Edinburgh) and by East of Scotland Water on behalf of CW42.
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o Babcock study - this study (2000, Report reference P42/2)

examined the removal of individual metalsin the presence of
other metals. Table 12 detail the findingsfro each metal. The
investigation was carried out using acidic and neutral test
conditions.

There was no evidence that interference with removals
occurred when metalswere present in a mixture. Lead and
mercury were effectively removed throughout as eartlier
noted (TableslO & 11 respectively). Removal of cadmium
and chromium reflected the findings already reported in the
sngle metal invesigations (Tables8 & 9 respectively).
Aluminium was significantly reduced (as previously shown in
Table 6) while arsenic, as expected (Table 7), was only
removed poorly.

Table 12: Effect of CW42 system on metal removal in mixtures

Vol - ugll__ — -
WL Lead Cadmium Chromium Aluminium Arsenic
Pre Post Pre Post Pre Post Pre Post Pre Post
1 97.0 <1 19.0 <1 52.0 4.1 154 29 92 22
25 97.0 <1 19.0 <1 52.0 6.1 193 27 98 35
50 97.0 <1 19.0 <1 50.0 8.1 179 35 94 49
75 97.0 <1 19.0 3.6 53.0 9.4 178 30 98 57
100 97.0 <1 19.0 8.0 51.0 9.9 144 30 91 59
150 97.0 <1 19.0 13.0 51.0 11.2 110 28 88 64
200 97.0 <1 19.0 7.1 50.0 9.3 140 25 90 62
250 97.0 <1 19.0 17.0 50.0 15.0 222 41 97 67
300 99.0 <1 20.0 16.0 50.0 15.8 188 37 92 64
400 99.0 <1 20.0 18.0 51.0 18.8 141 44 87 67
500 99.0 <1 20.0 19.0 50.0 22.0 125 50 85 69
600 98.0 <1 19.0 15.0 53.0 21.0 177 52 94 63
700 98.0 <1 19.0 16.0 51.0 28.0 201 56 93 67
800 101.0 <1 21.0 16.0 51.0 31.0 115 43 87 66
900 101.0 <1 21.0 18.0 50.0 32.0 198 47 92 66
1000 101.0 <1 21.0 17.0 50.0 34.0 117 45 83 65
1250 96.0 <1 20.0 16.0 51.0 31.0 101 54 79 64
1500 98.0 <1 20.0 17.0 51.0 36.0 121 58 83 67
1750 97.0 <1 19.0 18.0 51.0 39.0 213 53 95 68
2000 95.0 <1 19.0 19.0 54.0 44.0 178 53 94 71
o East of Scotland study - this investigation (2000, Report

reference P42/3) examined the removal of selected metals
from 500L of artificially contaminated tapwater (2000, Report
reference P42/3). The results are presented in Table 13. The
resultsreflect those already given.

Table 13: Reduction of metals by the CW42 system when presented as a mixture
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Volume processed (litres)

Parameter Sample 0 100 300 500
Arsenic Pre-treatment 80 77 78 79
(nmg/L) Post-treatment 0.7 57 76 76
Aluminium Pre-treatment 368 373 372 362
(mg/L) Post-treatment 14 50 23 42
Cadmium Pre-treatment 90 89 88 89
(mg/L) Post-treatment <0.5 <0.5 54 30
Chromium Pre-treatment 84 93 94 94
(mg/L) Post-treatment <2.5 <25 <2.5 <25
Mercury Pre-treatment 42 30 47 39
(mg/L) Post-treatment 0.2 <0.06 <0.06 1.1
Lead Pre-treatment 166 176 177 177
(mg/L) Post-treatment <1 <1 <1 13

Reduction of metals when treating a natural lake water — this was
studied during the field trial of the CW42 system to produce potable
water from a natural lake water (2000, Report reference 42/2). The
resultsare shown in Table 14.

Aluminium reduction was consstent with other studies. Levels of
mercury, nickel and chromium were below the method limit of
detection. Reduction of iron, which can cause colour problems
when present at high levels, was significant.

Table 14: Hfect of CW42 on metal levels

Date Vol (L) Sample Al ng/L Hg ng/L Crnyg/L Fe ng/L Ni nmg/L Pb ng/L
pre - 493 <0.05 <5 613 <5 <2
250 treatment
t P‘;S" t 182 <0.05 <5 333 <5 <1
3/3/00 re";me”
re- 489 <0.05 <5 610 <5 <2
treatment
500 Post-
191 <0.05 <5 341 <5 <1
treatment
pre - 563 <0.05 <5 700 <5 <2
750 treatment
t P‘;S" t 180 <0.05 <5 273 <5 <1
6/3/00 re"; men
re- 540 <0.05 <5 685 <5 <1
treatment
1,000 gl
162 <0.05 <5 323 <5 <1
treatment
pre- 506 <0.05 <5 654 <5 <2
1,250 treatment
Post- 174 <0.05 <5 316 <5 <1
treatment
Pre-
t t t 505 <0.05 <5 665 <5 <1
7/3/00 1,500 re‘; ”;e”
ost- 230 <0.05 <5 401 <5 <1
treatment
Pre-
490 <0.05 <5 615 <5 <1
treatment
1,750 Pt
190 <0.05 <5 347 <5 <1
treatment
8/3/00 Pre- 481 <0.05 <5 699 <5 <1
2,000 treatment
Post- 313 <0.05 <5 499 <5 <1
treatment
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Pre-

489 <0.05 <5 687 <5 <1

treatment

2,250 o

257 <0.05 <5 433 <5 <1

treatment
. Ptre' . 493 <0.05 <5 628 <5 <1

9/3/00 2,500 "3‘; r;e”
ost- 288 <0.05 <5 431 <5 <1

treatment

Hfect of CW42 treatment on other inorganic constituents — where
other constituents of the test waterswere examined, little significant
changesin levelswere demonstrated. Thisindicatesthat the overall
balance of the water, the aesthetic aspects, had been satisfactorily
maintained.

Organic chemical control

The presence of undesrable organic chemicals in drinking waters has
lead to concern about the health effects of long-term exposure
through consumption of low levelsin water. Some of these chemicals
have been shown to have carcinogenic properties. The concern has
necessitated their effective removal, or at least control to acceptable
levels, by water treatment processes. To date, the most efficient
process seems to be activated carbon. The CW42 water treatment
system is unique in that it incorporates a fluid bed activated carbon
and a terminal solid block activated carbon. The former is a highly
active carbon derived from coconut shelland hasa large capacity for
adsorption of organic material.

Sudies have been carriesin cooperation with East of Scotland Water
to measure the efficacy of the CW42 system to remove organic
chemicals artificially added to tap water (2000, Report references
P42/22) the resultsof which are shown in Tables 15 & 16.

o Removal of herbicides and pesticides — Table 14 shows that
there was effective removal of these compounds. The spike
levelsare markedly higherthan may reasonably be expected
to be found in many source waters.

Table 15: Hfect of CWA42 treatment on levels of herbicides and pesticides

Hg/L
Vol (L | : — —_ :
ol(L) sample Atrazine Smazne Dieldrin gHCH op-DDT pp-DDT | Malathion
Pre - 30.0 30.3 25.1 31.7 11.9 12.7 12.4
0 treatment
PoSt- 0.04 <0.01 0.11 0.02 0.07 0.10 <0.01
treatment
100 pre - 31.8 32.3 15.3 23.9 10.2 12.5 13.3
treatment
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Post- <0.01 <0.01 0.05 <0.01 0.04 0.06 <0.01
treatment
pre - 38.3 35.3 20.5 31.2 11.4 12.4 25
200 treatment
Post- 0.04 <0.01 0.07 0.04 0.06 0.08 0.04
treatment
Pre-
44.2 30.1 13.6 28.4 7.1 75 9.4
300 treatment
Post- 0.02 <0.01 0.06 0.02 0.05 0.07 0.02
treatment
pre - 28.8 28.5 20.0 27.4 127 14.8 117
400 treatment
PoSt- 0.01 <0.01 0.05 0.01 0.04 0.06 <0.01
treatment
Pre - 36.3 34.8 20.4 453 11.5 12.4 21.4
500 treatment
Post- 0.01 <0.01 0.03 0.01 0.03 0.05 <0.01
treatment
Pre - 12.4 30.9 17.7 28.2 <25 <25 5.4
treatment
1,500 s
ost- 0.01 <0.01 0.36 <0.01 0.02 0.27 <0.01
treatment
pre - 36.8 32.9 30.9 54.6 16.7 18.1 54.4
2000 treatment
PoSt- 0.03 <0.01 0.11 <0.01 0.06 0.14 <0.01
treatment
Pre - 405 28.4 28.6 67.8 8.2 7.1 57.7
2500 treatment
Post- 0.03 <0.01 <0.01 <0.01 0.02 0.01 <25
treatment

o0 Removal of halogenated hydrocarbons— Table 15 showsthat
allexamined compoundswere effectively removed.

Table 16: Levels (my/L) of halogenated hydrocarbons (including THMs)

= 3 ©
©
e | £ | £ e | 5| o
© £ o S < c o
= 3 g = 3 o =
® o e ) c % Q
o =
g % o o g g o o
= o [3) = = o =
L © = o S < =t
= o = = o [3) ©
Vol (L) Sample Q = o Qo s = s
= o S F ) 2
= = e
s} [a}
Pre-
27.9 23.0 23.0 27.2 10.5 11.8 9.9
treatment
0 Post-
<2 <2 <2 <2 <0.3 <3 <1
treatment
Pre-
25.0 21.8 20.6 24.5 10.0 11.3 9.2
100 treatment
Post- 375 43 <K2 < <03 <3 <1
treatment
Pre -
27.3 235 22.2 <2 10.3 11.8 9.4
200 treatment
Post- <2 <2 <2 <2 <0.3 <3 <1
treatment
Pre- <2 <2 <2 <2 <0.3 <1 <1
treatment
300 Post
<2 <2 <2 <2 <0.3 <1 <1
treatment
Pre-
28.0 24.0 23.0 25.9 9.5 11.7 9.9
400 treatment
Post- <2 <2 <2 <2 <0.3 <3 <1
treatment
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pre- 28.5 21.2 211 25.0 8.2 <3 7.8
treatment
500 Sod
ost- <2 <2 <2 <2 <0.3 <3 <1
treatment
Pre- 27.7 20.6 19.9 24.1 12.6 12.8 11.3
treatment
1,500 Sod
ost- <2 <2 <2 <2 <0.3 <3 <1
treatment
pre- 40.7 29.0 27.0 318 18.2 185 15.7
treatment
2,000 Sod
ost- 3.9 <2 <2 <2 <03 <3 <1
treatment
pre - 35.5 22.0 20.7 25.5 123 13.0 111
2500 treatment
Post- 5.0 <2 <2 <2 <0.3 <3 <1
treatment

The result for the 100L post treatment sample for trichloromethane is regarded as spurious and due to
laboratory errorasno source, otherthan the spike, could be identified to justify the result.

0o Removal of pesticides when treating natural lake water — as

part of the field evaluation of the CW42 system (2000, Report
reference 42/2), levels of organic contaminants entering a
natural lake water were monitored asthe ste received some
agricultural and industrial run-off. The results are shown in
Table 17. Despite only low levels of pesticides being
encountered, the CW42 system reduced levelsto below the
method detection limit in all cases throughput the 2,500 test
run.

Table 17: Reduction of pesticides from a natural lake water by the CW42 system

Dieldrin pp-TDE pp-DDT Total pesticides
Date Vol (L) Sample /L /L /L /L
Pre- <0.01 0.0108 0.0246 <0.05
250 treatment
. P?St' ) <0.01 <0.01 <0.01 <0.05
3/3/00 re‘; men
re- 0.0186 <0.01 <0.01 <0.05
500 treatment
Post- <0.01 <0.01 <0.01 <0.05
treatment
Pre-
0.0198 <0.01 <0.01 <0.05
750 trePatment
ost-
41300 tregtmem <0.01 <0.01 <0.01 <0.05
re- 0.0126 0.0115 0.0198 <0.05
treatment
1,000 Post-
<0.01 <0.01 <0.01 <0.05
treatment
Pre-
0.0130 0.0106 0.0133 <0.05
1,250 treatment
Post- <0.01 <0.01 <0.01 <0.05
treatment
. Ptre' . 0.0122 <0.01 <0.01 <0.05
7/3/00 1,500 i mte”
ost- <0.01 <0.01 <0.01 <0.05
treatment
Pre- <0.01 <0.01 <0.01 <0.05
treatment
1,750 Post-
<0.01 <0.01 <0.01 <0.05
treatment
8/3/00 Pre- 0.0319 0.0610 0/0824 0.175
treatment
2,000 Post-
treatment <0.01 <0.01 <0.01 <0.05
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Pre-

0.0108 <0.01 0.0128 <0.05
treatment
2,250 Post-
<0.01 <0.01 <0.01 <0.05
treatment
Pre-
<0.01 <0.01 <0.01 <0.05
9/3/00 2,500 trestmtem
ost- <0.01 <0.01 <0.01 <0.05

treatment

Table 18: Reduction of total PAH in lake water treated by the CW42 system

ug/L Total PAH

Date Vol (L
© Pre-treatment Post-treatment
250 0.025 <0.020
3/3/00 500 0.026 <0.020
750 0.025 <0.020
6/3/00 1000 <0.020 <0.020
1250 0.022 <0.020
7/3/00 1500 <0.020 <0.020
1750 0.028 <0.020
2000 0.027 <0.020
8/3/00 2250 0.030 <0.020
9/3/00 2500 0.027 <0.020

o Reduction of polycyclic aromatic hydrocarbons (PAHS) — in
the same field evaluation, the waters were monitored for the
presence of PAHs (regarded as having carcinogenic
potential). WHO have recommended a guide value of
0.7pug/Lforone PAH [benzo(a)pyrene]. The findingsare given
in Table 18. The CW42 system effectively reduced total PAH
levels to below 0.2ug/L (the detection level of the
methodology)

Held studies

(a) A full-scale field study of the CW42 system (2000, Report
reference 42/2) was carried out in Scotland to determine the
overall perfformance characteristics of the unit when applied to
the treatment of a natural lake water to potable quality. Some
of the results have been used in the above discussons. The
investigation required the examination of test water and final
product to the current European Drinking Water Sandards with
74 parametersbeing measured.

The following conclusonswere drawn from thisinvestigation:
8 Faecalbacteriallevelswere totally removed

8 Background bacterial levelswere satisfactory

8§

Slver (a CW42 component) was not released into
treated water
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Copper (a CW42 component) was only marginally
released into treated water

Znc (a CW42 component) was released into the
treated water but not at levelswhich would give cause
forconcemn

Some metalswere substantially reduced
There was exceptional removal
contaminants.

of organic

The CW42 system performed well under adverse field conditions.

Drinking water

was produced from bacteriologically-contaminated

surface water which also showed levelsof organic pollution (evidence
of industrial and agricultural contamination).

(a) CWw42 units have been installed at numerous locations (2001,
Report references 22 &3) (Tables19 & 20).

Table 19: Performance of CWA42 systems in different rural locations

Location Sample Treatment Total Thermotolerant cozlﬁtt/emL Colour Turbidity
date colitkrmg/100mL coliforms/ 100mL @ 22°C Pt/L FTU
1 19/3/01 Pre 0 0 11 <5 0.37
Po st 0 0 45 <5 0.21
2 19/3/01 Pre 0 0 2,800 18 <5
Po st 0 0 90 <5 0.18
3 19/3/01 Pre 0 0 110 <5 0.86
Post 0 0 90 <5 0.15
4 19/3/01 Pre 0 0 580 21 1.22
Post 0 0 1,350 <5 0.22
5 26/3/01 Pre 0 0 3 39 0.26
Po st 0 0 450 <5 0.13
Table 20: Performance of the CW42 system at two schools
(a) Shooll
Quality cwa2 Sample date
parameter 29/9/2000 21/11/00 30/1/01
Total coliforms Pre-treatment 0 1 0
/100mL Post-treatment 0 0 0
Thermotolerant coliforms Pre-treatment 2 0 0
/100mL Post-treatment 0 0 0
Pre-treatment 160 130 93
0,
Plate Cg;ni @22°C Post-treatment 260 27 230
Post-treatment 3.5 2.9 3.5
Turbidity Pre-treatment 0.11 0.51 0.07
FTU Post-treatment 0.08 <0.05 0.05
Colour Pre-treatment 17 16 19
mg Pt/L Post-treatment 1 4 3
(b) Shool 2
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Sample date
Parameter CWA2 " 10/10/00 24/10/00 7/11/00 5/12/00 16/1/01 13/2/01  13/3/01

Pre-
Total treatment 0 13 0 0 0 0 0
lif -
coliforms/100mL Post 0 0 0 0 0 0 0
treatment
Pre-
Thermotolerant  treatment 0 6 L 0 0 L 0
lif s/100mL -
coliform m Post 0 0 0 0 0 0 0
treatment
Pre -
Plate count @  treatment 170 >300 220 199 107 260 >300
22°C/mL -
m FOst >300 17 100 109 68 139 3
treatment
Pre- Not Not
Plate count @ treatment L 23 3 L done done 6
0, -
37°C/mL Post 140 34 8 2 Not Not P
treatment done done
Pre-
Turbidity treatment 0.1 3.2 0.22 0.09 0.11 0.1 0.14
FTU -
Post <0.05 0.15 0.06 0.08 0.1 0.08 0.1
treatment
Pre -
Colour treatment 15 28 18 15 20 17 33
Pt/L -
mg Post 2 13 11 14 19 8 27
treatment

In no case did bacterial indicators of faecal contamination appear in the treated
water despite occasionally being found in the untreated water. Colour reduction
and turbidity was markedly improved by treatment with the CW42 system. On
occasions, there were dightly elevated levels of plate count bacteria (heterotrophic
plate count) probably due to incorrect flushing of the sysstem before being used after
periodsof stagnation. In some cases, substantial improvement in HPC levelswasalso
recorded.

Metal components of the CW42 treatment system

In order to ensure that no health significant release of metal
components of the CW42 system occurs, investigations have been
carried out to provide evid4nce that thisisindeed the case.

Siver — an integral part of the ceramic filter, silver has a
bactericidal/bacteriostatic action on microorganisms. Two
studies on the possble release of slver into the treated water
were undertaken.

0 Altwell study (2000, Report P42/31) — Altwell Laboratories
were commissioned by Fairey Ceramicsto assessthe levels
of silver in water after passage through the filter unit. The
resultsare shown in Table 21.

Table 21: Release of silver from the ceramic filter

Volume processed Siver levels (ug/L) in water before and aftereach ceramic filter
Feed water Ceramic #1 Ceramic #2 Ceramic #3
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0 1 <1 5 8

428 5 <5 <5 <5
2,553 <1 1 <1 <1l
4,798 <1 <1 <1 <1l

0 Held study (2000, Report reference 42/2) — levelsof silverin
treated water immediately after stagnation periods was
measured (Table 22). Provided the first flush water after
stagnation wasdiscarded, siver levelswere <1lug/L.

Table 22: Hfect of stagnation on silver levels

Frst flush
Volume treated (L) Mg/L Siver After stagnation for pg/L Siver

250 <1
500 <1

71.7 hours 3.0
750 <1
1000 <1

19.5 hours 11
1250 <1
1500 <1
1750 <1

16.0 hours 1.6
2000 <1
2250 <1

20.0 hours <1.0
2500 <1

Copper — an integral part of the KDF component of the CW42
system, this parameter was measured in most of the
investigations undertaken and reported above. Without fail, on
every occasion treated water had copper levels <10ug/L (data
too numerousto show).

Znc — also an integral part of the KDF component of the CW42
treatment system. Release of thismetal into the treated water was
alwaysobserved (again data too numerousto show). However, at
no time did levels rise to those which the WHO consdered would
result in the drinking water becoming unpalatable. Znc is an
essential dietary element and it is unlikely that the levels that may
be present in CW42 treated water would contribute as much znc
when compared to the human daily intake obtained from food.

Heterotrophic bacteria

Point-of-use systems that utilise activated carbon as part of the
treatment, are often reported as having elevated levels of
heterotrophic bacteria. There hasbeen concern expressed asto the
possible health significance of such raised levelsbut a recent review of
data by the WHO has concluded that “documented reports of
adverse health effectsdue to high numbers of heterotrophsin drinking
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water are scarce to non-existent”. It is also recommended by WHO
that “consumers who use POU treatment should flush their units
following periods of non-usage”. This recommendation has been
adopted for the CW42 water treatment system. A full review of the
relationship between water quality, health and heterotrophic bacteria
isappended.

Appendix

HETERO TROPHIC BACTERIA,
WATER QUALTY AND HEALTH

INTRODUCTION

Measurements of bacterial populations in drinking water have been
used since the beginning of sanitary bacteriology. The results of such
measurements have been used to assess the risk of acquiring disease
from consuming the water. In particular, the presence of faecal
organisms (such as Escherichia coli) in drinking water is considered
undesrable as they are regarded as being indicators of possble
contamination by pathogens (organismswhich usually cause disease).
Thus the aim of water treatment processes is to ensure that such
pathogens, asmonitored using Ecoli,do not occurin final waters

supplied to the consumer. This philosophy applies both to water

produced by large-scale public syssems or by small point-of-use
systems.

However, some bacteria are capable of surviving water treatment
processes, including disinfection, and may appear in the final water.
These are termed heterotrophic (or plate count) bacteria.

DEANITION OF HETEROTROPHIC BACTERIA

Heterotrophic bacteria (HPCs), asdetermined in the water context, are
obligate aerobic and facultative aerobic bacteria that are capable of
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growth on smple organic compounds (carbohydrates, amino acids
and peptides).

[Microorganisms can be separated into groups based upon their
requirement for or intolerance of oxygen. Obligate aerobic bacteria
must grow Iin the presence of molecular oxygen whilst facultative
aerobescan proliferate in reduced levelsof oxygen.]

USES OF HETERO TROPHS IN WATER QUALTY MONITORING

The measurement of heterotrophsin drinking waterisa useful meansof:

(a) monitoring the efficiency of water treatment processes, including
disinfection;

(b) obtaining supplementary information on levels of bacterial background that
may interfere with the detection and enumeration of faecal indicators such
asEcoli

(c) assessing the changes in finished water quality during distribution and
storage;

(d) assessing the cleanlinessof distribution systems;

(e) assessing the growth of bacteria on materialsused in the treatment process
and distribution system (biofilm formation);

(f) monitoring population changes of microbes following treatment
modificationssuch asa change of disinfectant.

Overall, the measurement of heterotrophic bacteria in water gives an
indication of the general microbiological state of the water but does
not necessarily imply a relationship with the presence of pathogensor
anincreased to the health of the consumer.

Monitoring of levels of heterotrophsis, at best, an operational tool that
gives a rule-of-thumb assessment of a water system. The UK Advisory
Committee on Drinking Water Quality (Anon, 1995) commentsthat:

“Countsof aerobic organismswhich grow ascolonieson platesof nutrient
agarunder defined conditions[HPCs| provide a useful means of assessing
the performance of water treatment processes. Such colony or plate
counts can also provide a general indication of the bacterial content
and hence the hygienic quality of water supplies, although the counts
themselves have little direct health sgnificance. In practice, changesin
the pattern of colony counts of samplesfrom a given supply are usually
more significant than actual numerical count of any particular sample. A
sudden marked change in the colony count of water in a supply may
give forewarning of more serious pollution, whereas deviations in the
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expected seasonal trend may indicate longer-term changes in the
supply.”

LIMITATIONS OF THEHETEROTROPHIC PLATECOUNT

RESTRICTIONS DU COMPTE DE PLAQUE HETEROTROPHIC

The methodsby which the levelsof heterotrophic countsare measured
in water are many and varied. The choice of isolation medium, the
way in which the bacteria are recovered from the sampled water, the
temperature of test incubation and even the duration of test
incubation can all affect the numbers detected. For instance,
Sandard Plate Count (SPC) agariswidely used but some laboratories
prefer to use R2A agar. This latter, often incubated for 7 days rather
than the usual 1 day or 3 days with SPC agar, results in higher counts
being detected often asmuch as 10--50 timeshigher.

The effect of method-choice for enumerating heterotrophs in waters
was extensively reviewed by Reasoner (1990). He considered that the
smple act of usng a pour plate method (which uses molten agar at
38°C) resulted in lower counts than if the sample had been spread
onto the cold surface of a set agar plate. In a comparison of agar
types and incubation temperatures, Reasoner & Geldreich (1985) had
earlier been able to demonstrate a wide range of bacterial numbers
being detected. The main concluson was that there was no single
colony formation method and set of conditions that would allow
enumeration of all bacteria that may be found in water. It was
considered that the chosen method should be influenced by the type
of waterbeing examined.

It is known that bacterial numbers tend increase in distribution and
storage, particularly true with bottled waters, being affected by the
bacterial quality of the treated water entering the system,
temperature, resdence time, presence or absence of disinfectant
resdual, construction materials and availability of nutrients for growth
of biofilms.

In a two-year study of the relationship between the levels of
heterotrophic bacteria in over 26,000 samples, no correlation could be
found with the presence or absence of the usual indicators of faecal
contamination (Edberg & Smith, 1989). As the presence of faecal
indicators is regarded as providing evidence of the possble influx of
pathogenic bacteria, the lack of a relationship with heterotrophs
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would seem to emphasis the unlikely association of the latter group
with the transmission of disease.

HETEROTROPHIC BACTERIA AND HEALTH

Although it isknown that, under the right conditions, high levels of HPCs
can develop in water systems, there is little data to establish the
significance of such levels in health terms. In some cases pathogens
such as Legionella, may proliferate in biofims but these are easly
controlled by correct maintenance procedures. However, Reasoner
(1990) considered that

“documented reports of adverse health effects due to high numbers of
heterotrophsin drinking water are scare to non-exisent”

A more recent review assessing the risk posed by opportunistic bacteria
in drinking water (Rusin et al., 1997) found that there wasno clear-cut
evidence that the heterotrophic bacteria present in drinking water
posed a public health risk. Of particular interest in this paper was the
presentation of calculated oral infective doses for some of the
commoner heterotrophs. Pseudomonas aeruginosa, for instance was
calculated to require the ingestion of over 100 million bacteria to
cause an infection whilst another, Xanthomonas maltophila, caused
infection when more than a milion had been consumed.

A postion paper by the Canadian Water Quality Association (CWQA,
2001) put the levels of heterotrophs found in drinking waters into
context by comparison with the exposure of consumers to other
sourcesof heterotrophs. Examplesare shown in the table below.

Product Heterotrophs
Milk Up to 20,000/ mL
Ready-to-eat, pre-cooked and frozen foods Up to 50,000/gram
Delicatessen foods Up to 100,000/gram
Ground beef 1,000,000/gram
Municipal tapwater after 10 daysstorage Up to 1,000,000/ mL

POINT-OFUSE WATER TREATMENT SYSTEM S

The installation of a point-of-use (POU) water treatment system allows
(a) the consumer to choose the water quality that they wish to drink,
(b) the provision of a treatment system where no other exists and (c)
the ability to treat poor quality water to potable standard under
stuationsof emergency or disaster. The range of POU systemsiswide -
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they range from smple manual filtration systemsto complex equipment
requiring a power supply. Some are designed to provide small
amounts of water on demand e.g. jug filters, whilst others are more
substantial in providing drinking water for a household or a small
community. Often these latter include ultra violet disinfection. POU
devices can be used anywhere, from the home to caravans, boats
etc.

Many POUs are effective at reducing microbial numbers whilst others
have only a marginal effect. Some devices may also be effective in
the removal of chemical contaminants such as pesticides or toxic
metals. In all cases, the need to provide a safe drinking water is
paramount if such devices are to have the confidence of the user. In
other words, they must not result in a drinking water that will cause
illnessor chemically poison the consumer.

A common factor of most of these devicesisthat they often used on a
regular basis but with irregular periods of stagnation. In some cases,
such non-use can be for substantial periods such as over-winter at
holiday cabins. In addition, as required with municipal treatment
processes, it is essential that regular maintenance of the apparatusis
carried out otherwise the system will become bacteriologically
contaminated. Hence, it isnot uncommon to see instructions to flush
the device after periodsof inactivity.

Where, a POU incorporates a disinfection stage, the likelihood of
pathogen penetration is minimised but only provided the system has
been operated and maintained correctly. In particular, where a
system is used to further treat a municipal water (that itself has been
treated and probably disinfected), it is unlikely that any pathogenic
bacteria are available to colonise and penetrate the POUdevice.

However, a range of heterotrophic bacteria are capable of surviving
treatment processes, including disnfection, allowing them to appearin
parts of the POU apparatus downstream and in the final product.
Often the levels of these heterotrophs are relatively low and do not
pose a risk to the health of the consumer. After periods of stagnation,
particularly under conditions of elevated temperatures, the levels of
heterotrophsmay increase substantially.

In such instances, it isimperative that flushing of the system is carried
out before drawing off water for drinking purposes (Geldreich &
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Reasoner, 1990; Shyder et al, 1995). In the latter case, it was
concluded that where a system incorporating activated carbon
elementshad remained static for any period of time

“consumers who use POU-PAC treatment should flush their units following
periodsof non-usage.”

HETERO TROPHS IN OTHER WA TERS
Bottled waters

HETERO TROPHS DANS D'AUTRES EAUX

There have been many surveys of bottled water quality mostly
concentrating on the growth of heterotrophsover time during storage.
In most cases, it would seem that levels of heterotrophs in
uncarbonated bottled waters rapidly increase whereas water which
hasbeen injected with carbon dioxide to produce a “fizzy” water are
devoid of any heterotrophs. In a comparative study in the UK, Fewtrell
et al (1997) showed heterotroph levelsin bottled still water ranging from
42 to over 32,000 (22°C test) and 3 to 1,950 (37°C test). A smaller study
in Canada (Sefcova, 1998) demonstrated levelsup to 10,000/mL in still
water whilst a Fench report (Defives et al, 1999) found that over a 6
day storage period, levelsrose to 100,000/mL. In the USA, levels were
found to range from lessthan 1 to more than 4,900/ mL (Lalumandier &
Ayers, 2000) and the authors concluded that the use of bottled water
based on assumption of purity can be misguided.

Vending machinesand water coolers

Vending machinesare increasingly being found in many public places
indicative of the “fast-food” society that we now live in. Some vending
machines dispense cold drinks, usually made by dilution of juice
concentrates. In a survey of vending machines (Hunter & Burge, 1986)
nearly half of the cold drinking watersproduced by the machine were
contaminated with coliform bacteria and 84% had heterotrophic
bacterial countsin excessof 1,000/mL. When mixed with concentrates
to give flavoured drinks, 6% still contained coliforms and 39% had
>1,000/mL heterotrophs. No association between these levels and
ilnesswasreported.

Smilar findings were found during a Canadian survey of the microbial

guality of waters from coolers (Levesque et al, 1994). In such systems
the potential for microbial contamination is increased because of (i)
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the cooling system itself may contribute contamination and (i) often
than not, the water is supplied aslarge plastic containers i.e. bottled
water. It is important that such equipment is regularly cleaned and
maintained to prevent build-up of microbial growth within the system.

CONCLUSIONS

Fully treated municipal waters rarely present a bacteriological health
hazard to consumers. When waterborne bacterial dissase occurs, this
can always be traced to a failure in treatment, usually inadequate
disinfection. However, to result in a disease outbreak, there must be a
substantial ingress of pathogens into the supply although usually only
relatively low numbers are required. All municipal supplies have
heterotrophic bacteria present at the outlet regardless of level of
treatment.

In contrast, bottled waters, for instance, tend to have high levels of
heterotrophs with often little evidence of faecal (i.e. pathogen)
presence. Such elevated levels are wusually associated with
inappropriate storage temperatures and long shelf life attributed to
many of these products. Even so, there is virtually no evidence of
bottled watersfrom good sourceshaving resulted in disease.

Point-of-use systems, with or without disinfection, are usually effective at
removing pathogensalthough, aswith municipal supplies, heterotrophs
will appear in the final treated product. However, as Geldreich &
Reasoner (1990) state:

“the potential for adverse human health effects by the user population
from ingestion of large numbers of heterotrophic bacteria in the product
waterappearsto be low. There have been no documented and verified
reports to date of waterborne illnesses resulting from consumption of
product water from any point-of-use devices.”

This was further emphassed in a report by the Drinking Water
Inspectorate in the UK (DWI, 1998) which concluded that

“if the organismscan produce dissase they would probably need to be
present in waterin high numbers”
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