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Introduc tion 
 
The app lic a tion of point-of-use systems to sa feguard  the qua lity of 
d rinking water is ga ining ground  in response to the demand  from the 
pub lic  c onsumer tha t wa ter qua lity for c onsumption is guaranteed  to 
be both hea lthy and  aesthetic a lly ac c eptab le. 
 
A w ide range of trea tment op tions a re ava ilab le, many of whic h 
add ress spec ific  aspec ts of wa ter qua lity.  For instanc e, some are 
designed  to remove a rsenic  where this is a  c onc ern (e.g . in 
Bangladesh) whilst others remove c olour and  turb id ity to g ive a  more 
p leasing appearanc e to the wa ter desp ite suc h pa rameters often 
having no hea lth signific anc e. 
 
POU systems may be simple (a  sing le filter) or c omplex (filtra tion systems 
with Ultra  Violet d isinfec tion).  Some are designed  to be a ttac hed  to 
the fauc et in a  kitc hen or used  as jug filters; others a im to p rovide muc h 
la rger volumes of trea ted  wa ter.  Some are to be used  within the home 
while others a re intended  for persona l use e.g . bac kpac kers or may be 
insta lled  in vend ing mac hines. 
 
 
The CW42 water treatment system  
 
The CW42 wa ter trea tment system a ims to p rovide the end -user w ith 
water of potab le qua lity (i.e. does not pose a  hea lth risk) and  is 
p leasing to d rink.  The system is unique in its c ombina tion of ac tive 
elements.  The basic  system c onsists of trea tment w ith KDF (w idely 
rec ognised  as being  a  useful wa ter trea tment in its own right), c oup led 
w ith a  p roprieta ry ac tiva ted  c arbon fluid  bed .  This unit is then followed 
by a  fine porosity c eramic  filter impregnated  w ith silver and  c onta ining  
a  further ac tiva ted  c arbon filter, this time as a  solid  b loc k.  The first filter 
(KDF+c arbon) helps to remove many toxic  meta ls and  organic  
materia ls, whilst the sec ond  (c eramic +c arbon) c ontrols levels of 
mic robes and  ac ts as a  fina l polishing filter for the remova l of trac e 
amounts of potentia lly harmful organic  c hemic a ls. 
 
 
The basic  CW42 system is designed  to be wall or mac hine mounted  
(a lthough it c an a lso be used  as a  mob ile wa ter trea tment p lant) and  
a ims to p rovide a  good  flow (depend ing upon the qua lity of the 
inc oming water requiring trea tment) and  c onsistently good  qua lity 
wa ter.  The system is designed  to (a ) remove or substantia lly c ontrol 
harmful c hemic a ls (both inorganic  and  organic ), (b ) p rovide a  
bac teriolog ic a lly safe d rinking wa ter (even from c ontamina ted  
sourc es) and  (c ) p rovide a  wa ter tha t is both p leasing to look a t (no 
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c olour or turb id ity) and  p leasant to d rink.  In the la tter c ase, a  streng th 
of the CW42 system is tha t remova l of inorganic  sa lts essentia l to 
p rovid ing the aesthetic  appea l of the fina l p roduc t (taste, odour) is 
minimised .  In this aspec t, the CW42 system has a  d istinc t advantage 
over systems tha t remove suc h essentia l sa lts e.g . reverse osmosis. 
 
 
Tec hnic al performanc e of the CW42 system  
 
Sinc e the development of the CW42 water trea tment system, 
substantia l performanc e eva lua tion has been c arried  out by the 
c ompany in c ollabora tion w ith other institutions.  Investiga tions have 
involved  labora tory stud ies on mic rob ia l removal and  on the c ontrol of 
inorganic  and  organic  c hemic a ls.  This work has been supp lemented  
by field  stud ies using na tura lly c ontamina ted  wa ters. 
 
The results p resented  in this overview are summaries of muc h more 
intensive eva lua tions of the performanc e of the d ifferent c omponents 
of the CW42 system, eac h of whic h p lays an important role in the 
overa ll effic ac y of the trea tment p roc ess. 
 
Eva lua tion of the system has been gauged  aga inst p reva iling 
“ Guidelines for Drinking Water Qua lity”  pub lished  by the World  Health 
Organisa tion.  In many c ases, these guidelines a re very simila r to 
na tiona l and  interna tiona l standards e.g . those p romulga ted  by the 
European Union. 
 
The review of p roc ess effic ienc y is organised  a long the following lines: 
La  révision d 'effic ac ité de p roc essus est organisée le long des lignes 
suivantes : 
 

·  Mic rob iolog ic a l aspec ts 
·  Aesthetic  aspec ts 
·  Inorganic  c hemic a l c ontrol 

o Meta ls 
o Other inorganic s 

·  Organic  c hemic a l c ontrol 
·  Field  stud ies 

 
 
Add itiona l sec tions have a lso been inc luded  whic h add ress suc h issues 
as release of silver from filters and  the signific anc e of the p resenc e of 
heterotrophic  bac teria  in trea ted  waters. 
 
 
Mic robiologic al aspec ts 
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Any wa ter trea tment p roc ess should  be c apab le of elim ina ting the risk 
of infec tion from pa thogenic  bac teria .  This is usua lly ac c omplished  
through the monitoring of the p resenc e of so-c a lled  “ faec a l ind ic a tor 
bac teria ”  (Esc heric hia  c oli, Enteroc oc c us faec a lis) the absenc e of 
whic h is usua lly taken to c onfirm tha t the p resenc e of pa thogenic  
spec ies is unlikely.  The remova l of ind ic a tor bac teria  has been the 
sub jec t of severa l investiga tions.    
 
 

·  Sunderland  University study (2000) (Report referenc e P42/ 24) 
·  L'étude Universita ire de Sunderland  (2000) (la  référenc e de 

Rapport P42/ 24) 
 

(a ) Artific ia lly c ontamina ted  tap  wa ter - small sc a le experiments 
were c onduc ted  by add ing pure c ultures of Esc heric hia  c oli and  
Enteroc oc c us faec a lis to tap  wa ter and  determining their 
removal during the p roc essing of 10 litres of wa ter.  The results a re 
shown in Tab le 1 where it is apparent tha t 100% remova l was 
ac hieved  for both test bac teria . 

 
 
 

Table 1: Reduc tion of bac teria spiked into drinking water 

 
Esc heric hia  

c oli 
Enteroc oc c us 

faec a lis 
Test 
da te 

Sampled  
volume  

(L) Log 10 input % reduc tion Log 10 input % reduc tion 
3 100 
5 100 22/ 10 
7 

5.24 
100 

3 100 
5 100 23/ 10 
7 

2.97 
100 

 

3 100 
5 100 24/ 10 
7 

2.37 
100 

3 100 
5 100 25/ 10 
7 

 

3.89 
100 

 
 

(b ) Na tura lly c ontamina ted  river wa ter – river wa ters taken on 
two sample da tes were monitored  for the remova l of ind ic a tor 
bac teria  (tota l c oliforms, faec a l strep toc oc c i).  The results a re 
p resented  in Tab le 2. 
 

 
 
Table 2:  Reduc tion of natura lly occurring faecal ind icator bac teria from river waters 

Table 2 : la  Réduc tion de bac téries d 'ind icateur fécales naturellement se produisant 
des eaux de rivière 
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Test da te Test organism 
Sampled  volume 

(L) 
Level in test wa ter 

(log 10) 
% reduc tion 

3 100 
5 100 Tota l c oliforms 
7 

3.18 
100 

3 100 
5 100 

29/ 10 
Faec a l 

strep toc oc c i 
7 

1.27 
100 

3 100 
5 100 Tota l c oliforms 
7 

3.04 
100 

3 100 
5 100 

31/ 10 
Faec a l 

strep toc oc c i 
7 

1.52 
100 

 
 
 
 

·  Da ta  p rovided  by Fa irey Ceramic s (2000) (Report referenc e 
P42/ 29) 

 
Fa irey Ceramic s eva lua ted  the remova l of Esc heric hia  c oli (input 
level of 106/ 100mL) from artific ia lly c ontamina ted  wa ter using  the 
c eramic -silver element as used  in the CW42 system (but not 
inc lud ing the c arbon insert).  The eva lua tion was based  upon 
intermittent usage with the system being run for 3 minutes and  
then left unused  for 12 minutes before rec ommenc ing trea tment.  
Remova l of the test bac terium was monitored  in this way over 27 
days a t a  ra te of 8 hours intermittent usage per day. 

  
 

The filter ac hieved  a  c onsistent 4-6 log 10 reduc tion over the test 
period  w ith a  tota l wa ter passage of 3,200L. 

 
 

·  SNDT Women’s University, Mumba i, Ind ia  (2000) (Report 
referenc e P42/ 30) 

 
A lim ited  eva lua tion of the CW42 system was c arried  out in 
Mumba i on behalf of the c ompany when the effec tiveness in 
removing two bac teria  (Esc heric hia  c oli and  Salmonella  typhi) 
was measured .  Desp ite faults w ith the experimenta l design, the 
evidenc e suggested  tha t a  minimum of 7 log 10 reduc tion was 
ac hieved  for both bac teria l spec ies. 
 
 

 
·  CW42 in c ollabora tion w ith West of Sc otland  Wa ter (2000) 

(Report referenc e 42/ 2) 
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As part of a  field  study of the app lic a tion of the CW42 system to 
trea t na tura l lake water to potab le standard , the removal of 
na tura lly-oc c urring bac teria  was monitored .  The p roc essing of 
lake wa ter in the field  was c arried  out by CW42 with a ll ana lyses 
being c arried  out by West of Sc otland  Wa ter.  Tab le 3 deta ils the 
results ob ta ined . 

 
The qua lity of the sourc e water was typ ic a l of a  lowland  water 
d ra ining an agric ultura l a rea  in the UK during w inter months 
showing some signs of faec a l c ontamina tion and  light industria l 
ac tivity.  Signific antly, the CW42 system tota lly removed the 
faec a l bac teria  (Esc heric hia  c oli and  Enteroc oc c us) as well as 
sulphite-reduc ing c lostrid ia  (c onsidered  an ind ic a tor of past 
faec a l c ontamina tion).  Substantia l remova l was a lso ob ta ined  
of bac kground  p la te c ounts tha t a re not used  as ind ic a tors of 
faec a l intrusion.   

 
Table 3: Removal of faec al ind icator bac teria (Loc h Ore field  evaluation) 

 

Date 
Vol (L) 

trea ted  
Sample 

Coliforms 
/ 100mL 

E c oli 
/ 100mL 

F Strep* 
/ 100mL 

1d  PC** 
/ mL 

3d  PC*** 
/ mL 

Clos**** 
/ 20mL 

Pre-
trea tment 

480 300 56 222 1,700 20 
250 

Post-
trea tment 

0 0 0 0 415 0 

Pre-
trea tment 

400 248 57 212 1,773 20 
3/ 3/ 00 

500 
Post-

trea tment 
5 0 0 14 811 0 

Pre-
trea tment 

1,200 153 60 349 1,415 62 
750 

Post-
trea tment 

0 0 0 42 7 0 

Pre-
trea tment 

1,000 182 60 275 1,313 40 
6/ 3/ 00 

1,000 
Post-

trea tment 
0 0 0 325 111 0 

Pre-
trea tment 

400 180 46 321 1,452 24 
1,250 

Post-
trea tment 

1 0 0 60 239 0 

Pre-
trea tment 

290 170 28 196 1.146 26 
1,500 

Post-
trea tment 

0 0 0 1 75 0 

Pre-
trea tment 

350 130 25 187 885 47 

7/ 3/ 00 

1,750 
Post-

trea tment 
0 0 1 5 32 0 

Pre-
trea tment 

440 120 19 219 1,238 45 
2,000 

Post-
trea tment 

1 0 5 33 175 1 

Pre-
trea tment 

420 250 31 313 1,217 29 
8/ 3/ 00 

2,250 
Post-

trea tment 
3 0 1 9 121 0 

Pre-
trea tment 

420 160 34 221 1,506 31 
9/ 3/ 00 2,500 

Post-
trea tment 

0 0 0 0 3 0 
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*Enteroc oc c us (faec a l strep toc oc c i); **1 day heterotrophic  bac teria  p la te c ount a t 37°C; ***3 day 
heterotrophic  bac teria  p la te count a t 22°C; **** Sulphite-reduc ing c lostrid ia  
 

·  Da ta  p rovided  by Fa irey Ceramic s on the remova l of 
Cryp tosporid ium (2000) (Report referenc e P42/ 32) 

 
Fa irey Ceramic s c ommissioned  WRc -NSF (UK) to determine the 
effic ac y of remova l of Cryp tosporid ium  by the c eramic  element 
used  in the CW42 system.  Low turb id ity wa ter c onta ining 
Cryp tosporid ium ooc ysts was passed  intermittently through the 
filter over a  period  of 5 days.  The initia l c ha llenge level was 6,250 
ooc ysts w ith a  fina l day c ha llenge of >48,000 ooc ysts.   

 
 

No penetra tion of the filter was observed  (Tab le 4).  These 
find ings would  a lso c onfirm tha t Gia rd ia  (and  other parasites of 
simila r size) removal would  be equally as effic ient. 
 

 
 
 

Table 4: Removal of Cryp tosporid ium oocysts 

 
 Cryp tosporid ium ooc yst levels  
 

Day 
Input Filtered wa ter 

% removal 
 

 1 6250 0 100  
 2 6250 0 100  
 3 6250 0 100  
 4 6250 0 100  
 5 48620 0 100  

 
Table 5: Effec t of CW42 treatment on aesthetic  parameters 

 

Date Vol (L) Sample pH 
Turb id ity 

(FTU) 
Colour 
(Hazen) 

Conduc tivity 
(mS/ c m) 

Oxid isab ility 
PI mg/ L 

3/ 3/ 00 250 
Pre-

trea tment 
7.81 6.87 23 327 5.7 

  
Post-

trea tment 
8.14 1.70 15 326 2.9 

 500 
Pre-

trea tment 
7.86 6.28 23 348 4.9 

  
Post-

trea tment 
8.00 1.75 18 353 4.0 

6/ 3/ 00 750 
Pre-

trea tment 
8.03 7.37 47 291 7.9 

  
Post-

trea tment 
8.10 1.85 21 298 3.9 

 1,000 
Pre-

trea tment 
8.07 7.31 48 297 6.6 

  
Post-

trea tment 
8.08 1.36 25 300 5.3 

7/ 3/ 00 1,250 
Pre-

trea tment 
8.07 6.18 29 294 7.2 

  
Post-

trea tment 
8.10 1.35 22 296 4.8 

 1,500 
Pre-

trea tment 
8.05 6.26 27 295 6.7 

  
Post-

trea tment 
8.17 1.84 24 298 4.1 
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 1,750 
Pre-

trea tment 
8.07 6.11 26 324 6.2 

  
Post-

trea tment 
8.10 1.44 22 317 5.8 

8/ 3/ 00 2,000 
Pre-

trea tment 
8.05 6.44 27 299 5.5 

  
Post-

trea tment 
8.15 3.24 23 299 4.8 

 2,250 
Pre-

trea tment 
8.14 6.47 25 310 5.6 

  
Post-

trea tment 
8.10 2.60 25 308 4.5 

9/ 3/ 00 2,500 
Pre-

trea tment 
8.08 6.79 44 307 6.2 

  
Post-

trea tment 
8.12 2.98 29 306 5.3 

 

 
 
 
 
 
 
Aesthetic  aspec ts 
 
The WHO regards tha t  
 

“ c onsumers have no way of judg ing the sa fety of d rinking 
wa ter supp ly and  the dec ision to d rink a  wa ter will be 
a ffec ted  to a  c onsiderab le extent by the aspec ts of the wa ter 
qua lity tha t they a re ab le to perc eive with their own senses.  It 
is na tura l for c onsumers to rega rd  with susp ic ion wa ter tha t 
appears d irty or d isc oloured  or tha t has an unp leasant taste 
or smell, even though these c ha rac teristic s may not in 
themselves be of d irec t consequenc e to hea lth.”  

 
 

Any POU system should  not adversely a ffec t the physic a l 
c harac teristic s of the water being trea ted  so as to make it unpala tab le 
to d rink.  As part of a  field  eva lua tion (2000, Report referenc e 42/ 2) 
those parameters regarded  as of aesthetic  signific anc e were 
eva lua ted .  The results a re p resented  in Tab le 5. 
 
 

·  Turb id ity – the CW42 marked ly reduc ed  turb id ity levels w ith a  
mean of 70%. 

 
·  Colour – reduc tion of c olour w ill be determined  by the c ause of 

the c olour in the first p lac e e.g . p resenc e of high levels of 
manganese or iron or p resenc e of humic  ac ids.  In the study 
c olour levels were signific antly reduc ed  (mean 26%). 

 
·  Other c omponents – these were little a ffec ted . 
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Inorganic  c hemical c ontrol 
 
Many inorganic  c hemic a l c onstituents in d rinking water may have little 
hea lth signific anc e, may not be of nuisanc e va lue and  may even 
c ontribute to its genera l aesthetic  qua lity.  However, some c onstituents, 
e.g . meta ls, may pose a  hazard  to the c onsumer when p resent in 
unac c ep tab ly high levels when they may have toxic  effec ts e.g . lead , 
a rsenic , while in others the c ontamina tion is a  nuisanc e e.g . iron and  
manganese.  The removal, or a t least c ontrol, of suc h c ontaminants to 
ac c ep tab le levels is a  required  p roperty of any potab le water 
trea tment system.   

 
The CW42 system has been eva lua ted  for its ab ility to remove spec ific  
meta ls under labora tory c ond itions using high level sp ikes both as 
ind ividua l c ontaminants.  These stud ies were c onduc ted  by CW42 in 
c ollabora tion w ith West of Sc otland  Wa ter who c onduc ted  the ana lysis 
of c oded  samples.  
 
Stud ies have a lso been c onduc ted  on the remova l of meta ls when 
p resent in a  mixture of c ontaminants under labora tory c ond itions.  In 
these c ases, the work was c arried  out by Babc oc k Sc ientific  and  East 
of Sc otland  Wa ter 
 
 
In add ition, remova l of suc h c onstituents has been monitored  under 
field  c ond itions (in c ollabora tion w ith West of Sc otland  Wa ter) when 
trea ting a  na tura l lake water. 
 
 
·  Reduc tion of single metals – Up to 2,000L of tap  wa ter were 

a rtific ia lly c ontamina ted  w ith va rious meta ls and  p roc essed  through 
the CW42 system.   
 
 

o Aluminium – one of the c ommonest elements in the Earth’ s 
makeup and  read ily appears in wa ter sourc es.  Some 
c onc ern has been expressed  as to the hea lth signific anc e of 
c onsuming water w ith high levels a lthough the WHO does not 
c onsider the evidenc e suffic iently robust to justify a  firm 
maximum va lue for d rinking water.  However, in the interim a  
guideline standard  of 2,000µg/ L has been p roposed .  In a  
study c arried  out by CW42 (2000, Report referenc e Al1) the 
ab ility of the CW42 system to c ontrol levels of a luminium was 
examined .  The results p resented  in Table 6 ind ic a te tha t 
substantia l c ontrol is ac hievab le to ma inta in a luminium levels 
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well below guideline va lues.  As it is unlikely tha t many na tura l 
sourc e waters w ill have high a luminium levels, the CW42 
system would  seem to be c apab le of adequa te c ontrol. 

 
 
 

Table 6: Effec t of CW42 treatment on levels of a luminium 
 
 Volume  Aluminium levels µg/ L %   
 (L) Pre-trea tment Post-trea tment c hange  
 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 w idely found  in soil, the 
oc c urrenc e in na tura l wa ters is usua lly low (1-2µg/ L, WHO).  
However, in some situa tions e.g . Bangladesh, a rsenic  levels 
a re very high in sourc e waters lead ing to a  substantia l hea lth 
risk.  The CW42 system has been eva lua ted  for its potentia l to 
reduc e levels of a rsenic  (V) in a rtific ia lly c ontamina ted  wa ter 
(2000, Report referenc e As1).  The results p resented  in Tab le 7 
ind ic a te tha t the CW42 system is c apable of some c ontrol of 
a rsenic  levels even when high sp ike c onc entra tions have 
been used .  However, it is apparent from published  researc h 
tha t where a rsenic  is a  ma jor c ontamina tion issue, spec ia lised  
filtra tion is required .  The adap tab ility of the CW42 system 
a llows for the add ition of suc h spec ia list filters to enhanc e its 
performanc e under spec ific  c irc umstanc es. 

 
Table 7: Effec t of CW42 treatment on levels of arsenic  (V) 

 
 Volume  Arsenic  (V) levels µg/ L %   
 (L) Pre-trea tment Post-trea tment c hange  
 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 tha t ac c umula tes in the kidneys.  
It has been c lassed  as a  c arc inogen a lthough there is no 
evidenc e of suc h an effec t through the c onsumption of 
wa ter.  Although levels of c admium in na tura l wa ters a re 
usually <1µg/ L, the WHO have set a  guideline va lue of 3µg/ L  
making the need  for effec tive remova l systems essentia l when 
unac c ep tab le levels a re p resent in the sourc e wa ter.   

 
 

The da ta  p resented  in Tab le 8 (2000, Report referenc e Cd1) 
demonstra ted  tha t a t high sp ike levels the CW42 system had  
some remova l c apab ility whic h would  be higher when 
trea ting wa ters w ith more rea listic  na tura l levels of c admium. 

 
 

 
Table 8: Removal of cadmium by the CW42 system 

 
Run 1 

(Cd  sp ike 87±11µg/ L) 
Run 2 

(Cd  sp ike 104±9µg/ L) 
Run 3 

(Cd  sp jke 110±3µg/ L) 
Vol 
(L) 

Trea tment 
Cd  Cu Zn Cd  Cu Zn Cd  Cu Zn 

Pre 87 <10 <10 99 <10 10 110 <10 <10 
0 

Post <1 <10 <10 <1 <10 12 1 <10 <10 
Pre 60 <10 <10       

5 
Post <1 <10 <10       
Pre 77 <10 <10       

10 
Post <1 <10 <10       
Pre 94 <10 <10       

20 
Post <1 <10 <10       
Pre 97 <10 <10       

30 
Post <1 <10 <10       
Pre 96 <10 <10       

40 
Post <1 <10 <10       
Pre 84 <10 <10 118 <10 31 114 <10 <10 

50 
Post <1 <10 <10 15 <10 <10 7 <10 <10 
Pre 90 <10 <10       

60 
Post <1 <10 <10       
Pre 76 <10 <10       

70 
Post <1 <10 <10       
Pre 91 <10 <10       

80 
Post <1 <10 <10       
Pre 100 <10 <10       

90 
Post <1 <10 <10       
Pre 92 <10 <10 115 <10 <10 111 <10 <10 

100 
Post <1 <10 <10 72 <10 41 47 <10 <10 
Pre       113 <10 <10 

121.5 
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 
Pre    94 <10 14 112 <10 <10 

250 
Post    91 <10 275 94 <10 192 

 
 

o Chromium – a  w idely d istributed  element in the environment 
w ith the long-term effec ts of its c onsumption as part of 
d rinking wa ter being unc erta in.  It p rimarily exists in aqua tic  
systems as the triva lent or hexava lent sta te.  WHO has set a  
guideline va lue of 50Ág/ L for tota l c hromium.  Adequa tely 
trea ted  d rinking water usua lly has tota l c hromium levels of 
<2µg/ L a lthough, on oc c asions, levels as high as 120µg/ L have 
been reported .  Chromium (VI), in partic ula r, may have 
c arc inogenic  p roperties when inha led  a lthough there is no 
evidenc e tha t c onsumption in wa ter has a  hea lth outc ome.  
This from of the meta l is usua lly an industria l c ontaminant of 
wa ter. 

 
 

The results shown in Tab le 9 (2000, Report referenc e Cr1) for 
both c hromium (III) and  c hromium (VI) ind ic a te tha t the 
removal of the triva lent sta te is very effec tive.  In c ontrast, 
removal of the hexava lent sta te is poor.  However, in the 
la tter c ase, avoidanc e of the use of industria lly c ontamina ted  
water as a  sourc e would  be the most effec tive way of 
c ontrolling  exposure to the element. 
 

 
Table 9: Removal of chromium by the CW42 system 

 
Chromium (III) µg / L 

Run 1 Run 2 
Chromium (VI)  

µg / L 
Vol  
(L) 

Trea tment 
Cr Cu Zn Cr Cu Zn Cr Cu Zn 

Pre 42 <10 11 51 <10 <10 52 11 <10 
0 

Post <5 <10 <10 <5 <10 <10 <5 <10 <10 
Pre 43 <10 <10 52 <10 <10 53 12 <10 

125 
Post <5 <10 145 <5 <10 93 41 <10 233 
Pre 42 10 13 53 <10 <10 52 12 12 

250 
Post <5 <10 129 <5 <10 159 44 <10 216 
Pre 41 <10 <10 51 <10 <10 51 <10 <10 

375 
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 
Pre 44 <10 <10 50 12 <10 52 <10 <10 

625 
Post <5 <10 77 <5 <10 84 47 <10 184 
Pre 44 <10 <10 49 <10 <10 53 <10 <10 

750 
Post <5 <10 87 <5 <10 90 49 <10 192 
Pre 39 <10 <10 53 <10 <10 52 <10 <10 

875 
Post 6 <10 75 <5 <10 87 48 <10 208 
Pre 40 <10 <10 56 <10 <10 51 <10 <10 

1000 
Post 7 <10 77 <5 <10 86 48 <10 232 
Pre 37 <10 <10 54 <10 <10 47 <10 <10 

1125 
Post 9 <10 71 <5 <10 65 44 <10 197 
Pre 47 <10 <10 56 <10 <10 48 <10 <10 

1250 
Post 9 <10 <10 <5 <10 63 47 <10 208 
Pre 38 <10 <10 48 <10 <10 49 <10 <10 

1375 
Post 7 <10 <10 <5 <10 67 49 <10 177 
Pre 48 <10 <10 48 <10 <10 49 <10 <10 

1500 
Post 9 <10 64 7 <10 72 45 <10 198 
Pre 40 <10 <10 45 <10 <10 48 <10 <10 

1625 
Post 6 <10 65 <5 <10 46 45 <10 181 
Pre 44 <10 <10 45 <10 <10 47 <10 <10 

1750 
Post 7 <10 65 <5 <10 51 46 <10 178 
Pre 46 <10 <10 48 <10 <10 48 <10 <10 

1875 
Post 8 <10 69 <5 <10 70 48 <10 190 
Pre 40 <10 <10 44 13 <10 49 <10 <10 

2000 
Post 9 <10 68 7 <10 63 49 <10 184 

 
 

o Lead  – ra rely p resent in na tura l wa ters a t levels tha t have a  
hea lth signific anc e.  However, where soft wa ter is transported  
through lead  p ipes, p lumbosolvenc y may oc c ur i.e. lead  is 
released  from the p ipe into the wa ter system.  Wherever 
possib le, lead  p ipes should  not be used  in soft wa ter a reas 
and , in partic ula r, lead  p ipes should  not be used  in d rinking 
waters systems rec eiving wa ter a rtific ia lly softened  bec ause 
of p rob lems with harness sc a ling.   WHO have set a  guideline 
va lue of 10µg/ L. 

 
Where it is nec essary to ensure tha t lead  does not appear a t 
hea lth-signific ant levels in d rinking wa ter pend ing other 
remed ia l approac hes, the use of a  water trea tment system 
tha t has the c apab ility to c ontrol lead  levels is essentia l.  The 
CW42 system has been eva lua ted  using a rtific ia lly 
c ontamina ted  wa ter w ith lead  levels p robab ly well in exc ess 
of na tura lly oc c urring c onc entra tions.  Allowing for the high 
levels used  in the investiga tion, adequa te c ontrol was 
demonstra ted  (Tab le 10) (2000, Report referenc e Pb1). 
 

                 
Table 10: Effec t of CW42 treatment on levels of lead 

 
 Lead  levels µg/ L  
 

Volume  
(L) Pre-trea tment Post-trea tment 

%  
reduc tion  

 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  

 

 
 

o Merc ury – usua lly p resent in wa ters a t levels <0.5µg/ L.  
Organic -merc ury c ompounds g ive spec ia l c ause for c onc ern 
but a re not c onsidered  a  risk in terms of wa ter c onsumption.  
The WHO has set a  guideline va lue of 1µg/ L. 

 
 

 
Table 11: Mercury control by the CW42 system 

 
 Mercury levels µg/ L  
 

Volume  
(L) Pre-trea tment Post-trea tment 

%  
reduc tion  

 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 1.6 96.5  
 750 50.0 2.7 94.6  
 875 47.9 2.8 94.2  
 1000 46.5 3.4 92.7  
 1125 48.3 4.5 90.7  
 1250 49.4 2.5 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 a rtific ia lly high sp ike levels of merc ury, the CW42 system 
effec tively c ontrolled  the c ontaminant.  At levels more likely 
to be enc ountered  in the na tura l sta te, tota l c ontrol of 
merc ury levels to ac c ep tab le levels is expec ted .  The 
experimenta l da ta  a re p resented  in Table 11 (2000, Report 
referenc e Hg1). 

  
 
·  Reduc tion of metals when present in mixtures – investiga tions have 

examined  the remova l of meta ls when p resent in a  mixture of 
meta ls.  These stud ies were c arried  out Babc oc k Sc ientific  
(Ed inburgh) and  by East of Sc otland  Wa ter on behalf of CW42. 
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o Babc oc k study – this study (2000, Report referenc e P42/ 2) 
examined  the removal of ind ividua l meta ls in the p resenc e of 
other meta ls.   Tab le 12 deta il the find ings fro eac h meta l.  The 
investiga tion was c arried  out using  ac id ic  and  neutra l test 
c ond itions. 

 
There was no evid enc e tha t interferenc e w ith remova ls 
oc c urred  when meta ls were p resent in a  mixture.  Lead  and  
merc ury were effec tively removed  throughout as earlier 
noted  (Tab les10 & 11 respec tively).  Removal of c admium 
and  c hromium reflec ted  the find ings a lready reported  in the 
single meta l investiga tions (Tab les8 & 9 respec tively).  
Aluminium was signific antly reduc ed  (as p reviously shown in 
Tab le 6) while a rsenic , as expec ted  (Tab le 7), was only 
removed  poorly.  

 
 
 
 

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

µg/ L 
Lead  Cadmium Chromium Aluminium Arsenic  

Vol 
(L) 

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 Sc otland  study – this investiga tion (2000, Report 

referenc e P42/ 3) examined  the remova l of selec ted  meta ls 
from 500L of a rtific ia lly c ontamina ted  tapwa ter (2000, Report 
referenc e P42/ 3).  The results a re p resented  in Tab le 13.  The 
results reflec t those a lready g iven. 

 
Table 13: Reduc tion of metals by the CW42 system when presented as a mixture 
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 Volume p rocessed  (litres)  
 

Pa rameter Sample 
0 100 300 500  

 Pre-trea tment 80 77 78 79  
 

Arsenic  
(mg/ L) Post-trea tment 0.7 57 76 76  

 Pre-trea tment 368 373 372 362  
 

Aluminium 
(mg/ L) Post-trea tment 14 50 23 42  

 Pre-trea tment 90 89 88 89  
 

Cadmium 
(mg/ L) Post-trea tment <0.5 <0.5 54 30  

 Pre-trea tment 84 93 94 94  
 

Chromium 
(mg/ L) Post-trea tment <2.5 <2.5 <2.5 <2.5  

 Pre-trea tment 42 30 47 39  
 

Mercury 
(mg/ L) Post-trea tment 0.2 <0.06 <0.06 1.1  

 Pre-trea tment 166 176 177 177  
 

Lead  
(mg/ L) Post-trea tment <1 <1 <1 13  

 
 
·  Reduc tion of metals when treating a natural lake water – this was 

stud ied  during the field  tria l of the CW42 system to p roduc e potab le 
water from a  na tura l lake water (2000, Report referenc e 42/ 2).   The 
results a re shown in Tab le 14. 

 
Aluminium reduc tion was c onsistent w ith other stud ies.  Levels of 
merc ury, nic kel and  c hromium were below the method  lim it of 
detec tion.  Reduc tion of iron, whic h c an c ause c olour p rob lems 
when p resent a t high levels, was signific ant. 
 

 
Table 14: Effec t of CW42 on metal levels 

 
Date Vol (L) Sample Al mg/ L Hg mg/ L Cr mg/ L Fe mg/ L Ni mg/ L Pb mg/ L 

Pre-
trea tment 

493 <0.05 <5 613 <5 <2 
250 

Post-
trea tment 

182 <0.05 <5 333 <5 <1 

Pre-
trea tment 

489 <0.05 <5 610 <5 <2 
3/ 3/ 00 

500 
Post-

trea tment 
191 <0.05 <5 341 <5 <1 

Pre-
trea tment 

563 <0.05 <5 700 <5 <2 
750 

Post-
trea tment 

180 <0.05 <5 273 <5 <1 

Pre-
trea tment 

540 <0.05 <5 685 <5 <1 
6/ 3/ 00 

1,000 
Post-

trea tment 
162 <0.05 <5 323 <5 <1 

Pre-
trea tment 

506 <0.05 <5 654 <5 <2 
1,250 

Post-
trea tment 

174 <0.05 <5 316 <5 <1 

Pre-
trea tment 

505 <0.05 <5 665 <5 <1 
1,500 

Post-
trea tment 

230 <0.05 <5 401 <5 <1 

Pre-
trea tment 

490 <0.05 <5 615 <5 <1 

7/ 3/ 00 

1,750 
Post-

trea tment 
190 <0.05 <5 347 <5 <1 

Pre-
trea tment 

481 <0.05 <5 699 <5 <1 8/ 3/ 00 
2,000 

Post-
trea tment 

313 <0.05 <5 499 <5 <1 
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Pre-
trea tment 

489 <0.05 <5 687 <5 <1 
 

2,250 
Post-

trea tment 
257 <0.05 <5 433 <5 <1 

Pre-
trea tment 

493 <0.05 <5 628 <5 <1 
9/ 3/ 00 2,500 

Post-
trea tment 

288 <0.05 <5 431 <5 <1 

 
 

·  Effec t of CW42 treatment on other inorganic  c onstituents – where 
other c onstituents of the test wa ters were examined , little signific ant 
c hanges in levels were demonstra ted .  This ind ic a tes tha t the overa ll 
ba lanc e of the wa ter, the aesthetic  aspec ts, had  been sa tisfac torily 
ma inta ined . 

 
 
Organic  c hemic al c ontrol 
 
The p resenc e of undesirab le organic  c hemic a ls in d rinking waters has 
lead  to c onc ern about the hea lth effec ts of long-term exposure 
through c onsumption of low levels in water.  Some of these c hemic a ls 
have been shown to have c arc inogenic  p roperties.  The c onc ern has 
nec essita ted  their effec tive remova l, or a t least c ontrol to ac c ep tab le 
levels, by wa ter trea tment p roc esses.  To da te, the most effic ient 
p roc ess seems to be ac tiva ted  c arbon.  The CW42 wa ter trea tment 
system is unique in tha t it inc orpora tes a  fluid  bed  ac tiva ted  c arbon 
and  a  termina l solid  b loc k ac tiva ted  c a rbon.  The former is a  highly 
ac tive c arbon derived  from c oc onut shell and  has a  la rge c apac ity for 
adsorp tion of organic  materia l. 
 
 
Stud ies have been c arries in c oopera tion w ith East of Sc otland  Wa ter 
to measure the effic ac y of the CW42 system to remove organic  
c hemic a ls a rtific ia lly added  to tap  wa ter (2000, Report referenc es 
P42/ 22) the results of whic h a re shown in Tab les 15 & 16. 
 
 

o Remova l of herb ic ides and  pestic ides – Tab le 14 shows tha t 
there was effec tive removal of these c ompounds.  The sp ike 
levels a re marked ly higher than may reasonab ly be expec ted  
to be found  in many sourc e waters. 

 
Table 15: Effec t of CW42 treatment on levels of herb ic ides and pestic ides 

 
µg/ L 

Vol (L) Sample 
Atrazine Simazine Dield rin g-HCH op -DDT pp -DDT Mala thion 

Pre-
trea tment 

30.0 30.3 25.1 31.7 11.9 12.7 12.4 
0 

Post-
trea tment 

0.04 <0.01 0.11 0.02 0.07 0.10 <0.01 

100 Pre-
trea tment 

31.8 32.3 15.3 23.9 10.2 12.5 13.3 
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 Post-
trea tment 

<0.01 <0.01 0.05 <0.01 0.04 0.06 <0.01 

Pre-
trea tment 

38.3 35.3 20.5 31.2 11.4 12.4 2.5 
200 

Post-
trea tment 

0.04 <0.01 0.07 0.04 0.06 0.08 0.04 

Pre-
trea tment 

44.2 30.1 13.6 28.4 7.1 7.5 9.4 
300 

Post-
trea tment 

0.02 <0.01 0.06 0.02 0.05 0.07 0.02 

Pre-
trea tment 

28.8 28.5 20.0 27.4 12.7 14.8 11.7 
400 

Post-
trea tment 

0.01 <0.01 0.05 0.01 0.04 0.06 <0.01 

Pre-
trea tment 

36.3 34.8 20.4 45.3 11.5 12.4 21.4 
500 

Post-
trea tment 

0.01 <0.01 0.03 0.01 0.03 0.05 <0.01 

Pre-
trea tment 

12.4 30.9 17.7 28.2 <2.5 <2.5 5.4 
1,500 

Post-
trea tment 

0.01 <0.01 0.36 <0.01 0.02 0.27 <0.01 

Pre-
trea tment 

36.8 32.9 30.9 54.6 16.7 18.1 54.4 
2,000 

Post-
trea tment 

0.03 <0.01 0.11 <0.01 0.06 0.14 <0.01 

Pre-
trea tment 

40.5 28.4 28.6 67.8 8.2 7.1 57.7 
2,500 

Post-
trea tment 

0.03 <0.01 <0.01 <0.01 0.02 0.01 <2.5 

 
 

o Remova l of ha logena ted  hyd roc arbons – Tab le 15 shows tha t 
a ll examined  c ompounds were effec tively removed .  

 
Table 16: Levels (mmmmg/ L) of halogenated hydrocarbons (inc luding THMs) 
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 Pre-
trea tment 

27.9 23.0 23.0 27.2 10.5 11.8 9.9  

 
0 

Post-
trea tment 

<2 <2 <2 <2 <0.3 <3 <1  

 Pre-
trea tment 

25.0 21.8 20.6 24.5 10.0 11.3 9.2  

 
100 

Post-
trea tment 

37.5 4.3 <K2 <2 <0.3 <3 <1  

 Pre-
trea tment 

27.3 23.5 22.2 <2 10.3 11.8 9.4  

 
200 

Post-
trea tment 

<2 <2 <2 <2 <0.3 <3 <1  

 Pre-
trea tment 

<2 <2 <2 <2 <0.3 <1 <1  

 
300 

Post-
trea tment 

<2 <2 <2 <2 <0.3 <1 <1  

 Pre-
trea tment 

28.0 24.0 23.0 25.9 9.5 11.7 9.9  

 
400 

Post-
trea tment 

<2 <2 <2 <2 <0.3 <3 <1  
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 Pre-
trea tment 

28.5 21.2 21.1 25.0 8.2 <3 7.8  

 
500 

Post-
trea tment 

<2 <2 <2 <2 <0.3 <3 <1  

 Pre-
trea tment 

27.7 20.6 19.9 24.1 12.6 12.8 11.3  

 
1,500 

Post-
trea tment 

<2 <2 <2 <2 <0.3 <3 <1  

 Pre-
trea tment 

40.7 29.0 27.0 31.8 18.2 18.5 15.7  

 
2,000 

Post-
trea tment 

3.9 <2 <2 <2 <0.3 <3 <1  

 Pre-
trea tment 

35.5 22.0 20.7 25.5 12.3 13.0 11.1  

 
2,500 

Post-
trea tment 

5.0 <2 <2 <2 <0.3 <3 <1  

The result for the 100L post trea tment sample for tric hloromethane is rega rded  as spurious and  due to 
labora tory error as no sourc e, other than the sp ike, c ould  be identified  to justify the result. 
 
 

o Remova l of pestic ides when trea ting  na tura l lake water – as 
part of the field  eva lua tion of the CW42 system (2000, Report 
referenc e 42/ 2), levels of organic  c ontaminants entering a  
na tura l lake wa ter were monitored  as the site rec eived  some 
agric ultura l and  industria l run-off.  The results a re shown in 
Tab le 17.  Desp ite only low levels of pestic ides being 
enc ountered , the CW42 system reduc ed  levels to below the 
method  detec tion lim it in a ll c ases throughput the 2,500 test 
run. 

 
Table 17: Reduc tion of pestic ides from a  natura l lake water by the CW42 system 

 

Date Vol (L) Sample 
Dieldrin 

mg/L 
pp-TDE 

mg/L 
pp-DDT 

mg/L 
Total pesticides 

mg/L 
Pre-

treatment 
<0.01 0.0108 0.0246 <0.05 

250 
Post-

treatment 
<0.01 <0.01 <0.01 <0.05 

Pre-
treatment 

0.0186 <0.01 <0.01 <0.05 
3/3/00 

500 Post-
treatment 

<0.01 <0.01 <0.01 <0.05 

Pre-
treatment 0.0198 <0.01 <0.01 <0.05 

750 
Post-

treatment <0.01 <0.01 <0.01 <0.05 

Pre-
treatment 

0.0126 0.0115 0.0198 <0.05 
6/3/00 

1,000 Post-
treatment 

<0.01 <0.01 <0.01 <0.05 

Pre-
treatment 0.0130 0.0106 0.0133 <0.05 

1,250 
Post-

treatment 
<0.01 <0.01 <0.01 <0.05 

Pre-
treatment 0.0122 <0.01 <0.01 <0.05 

1,500 Post-
treatment 

<0.01 <0.01 <0.01 <0.05 

Pre-
treatment 

<0.01 <0.01 <0.01 <0.05 

7/3/00 

1,750 
Post-

treatment <0.01 <0.01 <0.01 <0.05 

Pre-
treatment 

0.0319 0.0610 0/0824 0.175 8/3/00 
2,000 

Post-
treatment <0.01 <0.01 <0.01 <0.05 



 20

Pre-
treatment 

0.0108 <0.01 0.0128 <0.05  

2,250 Post-
treatment 

<0.01 <0.01 <0.01 <0.05 

Pre-
treatment <0.01 <0.01 <0.01 <0.05 

9/3/00 2,500 
Post-

treatment 
<0.01 <0.01 <0.01 <0.05 

 
 

Table 18: Reduc tion of tota l PAH in lake water treated by the CW42 system 
 

µg/ L Tota l PAH Da te Vol (L) 
Pre-trea tment Post-trea tment 

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 
1500 <0.020 <0.020 7/ 3/ 00 
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 Reduc tion of polyc yc lic  a roma tic  hyd roc arbons (PAHs) – in 
the same field  eva lua tion, the wa ters were monitored  for the 
p resenc e of PAHs (regarded  as having c arc inogenic  
potentia l).  WHO have rec ommended a  guide va lue of 
0.7µg/ L for one PAH [benzo(a )pyrene].  The find ings a re g iven 
in Tab le 18.  The CW42 system effec tively reduc ed  tota l PAH 
levels to below 0.2µg/ L (the detec tion level of the 
methodology) 

  

Field studies 
 

(a ) A full-sc a le field  study of the CW42 system (2000, Report 
referenc e 42/ 2) was c arried  out in Sc otland  to determine the 
overa ll performanc e c harac teristic s of the unit when applied  to 
the trea tment of a  na tura l lake water to potab le qua lity.  Some 
of the results have been used  in the above d isc ussions.  The 
investiga tion required  the examina tion of test wa ter and  fina l 
p roduc t to the c urrent European Drinking Wa ter Standards w ith 
74 parameters being  measured . 
 
 
The following c onc lusions were d rawn from this investiga tion: 

 
§ Faec a l bac teria l levels were tota lly removed  
§ Bac kground  bac teria l levels were sa tisfac tory 
§ Silver (a  CW42 c omponent) was not released  into 

trea ted  wa ter 
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§ Copper (a  CW42 c omponent) was only marg ina lly 
released  into trea ted  water 

§ Zinc  (a  CW42 c omponent) was released  into the 
trea ted  wa ter but not a t levels whic h would  g ive c ause 
for c onc ern 

§ Some meta ls were substantia lly reduc ed  
§ There was exc ep tiona l removal of organic  

c ontaminants. 
 
The CW42 system performed  well under adverse field  c ond itions.  
Drinking wa ter was p roduc ed  from bac teriolog ic a lly-c ontamina ted  
surfac e water whic h a lso showed levels of organic  pollution (evidenc e 
of industria l and  agric ultura l c ontamina tion).  
 
 

(a ) CW42 units have been insta lled  a t numerous loc a tions (2001, 
Report referenc es FE2 &3) (Tab les 19 & 20). 

 
 

Table 19: Performanc e of CW42 systems in d ifferent rura l locations 
 

Loc a tion 
Sample 

da te 
Trea tment 

Tota l 
c olifkrms/ 100mL 

Thermotolerant 
c oliforms/ 100mL 

Pla te 
c ount/ mL 

@ 22ºC 

Colour 
Pt/ L 

Turb id ity 
FTU 

Pre 0 0 11 <5 0.37 
1 19/ 3/ 01 

Post 0 0 45 <5 0.21 
Pre 0 0 2,800 18 <5 

2 19/ 3/ 01 
Post 0 0 90 <5 0.18 
Pre 0 0 110 <5 0.86 

3 19/ 3/ 01 
Post 0 0 90 <5 0.15 
Pre 0 0 580 21 1.22 

4 19/ 3/ 01 
Post 0 0 1,350 <5 0.22 
Pre 0 0 3 39 0.26 

5 26/ 3/ 01 
Post 0 0 450 <5 0.13 

 
 

Table 20: Performanc e of the CW42 system at two schools 
 

(a ) Sc hool 1 
 

Sample da te Quality 
pa rameter 

CW42 
29/ 9/ 2000 21/ 11/ 00 30/ 1/ 01 

Pre-trea tment 0 1 0 Tota l c oliforms 
/ 100mL Post-trea tment 0 0 0 

Pre-trea tment 2 0 0 Thermotolerant c oliforms 
/ 100mL Post-trea tment 0 0 0 

Pre-trea tment 160 130 93 
Post-trea tment 260 27 230 

Pla te Count @ 22ºC 
/ mL 

Post-trea tment 3.5 2.9 3.5 
Pre-trea tment 0.11 0.51 0.07 Turb id ity 

FTU Post-trea tment 0.08 <0.05 0.05 
Pre-trea tment 17 16 19 Colour 

mg Pt/ L Post-trea tment 1 4 3 

 
(b ) Sc hool 2 
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Sample da te Parameter CW42 

10/ 10/ 00 24/ 10/ 00 7/ 11/ 00 5/ 12/ 00 16/ 1/ 01 13/ 2/ 01 13/ 3/ 01 
Pre-

trea tment 
0 13 0 0 0 0 0 Tota l 

c oliforms/ 100mL Post-
trea tment 

0 0 0 0 0 0 0 

Pre-
trea tment 

0 6 1 0 0 1 0 Thermotolerant 
c oliforms/ 100mL Post-

trea tment 
0 0 0 0 0 0 0 

Pre-
trea tment 

170 >300 220 199 107 260 >300 Pla te c ount @  
22ºC/ mL Post-

trea tment 
>300 17 100 109 68 139 3 

Pre-
trea tment 

1 23 3 1 
Not 

done 
Not 

done 
6 Pla te c ount @  

37ºC/ mL Post-
trea tment 

140 34 8 2 
Not 

done 
Not 

done 
2 

Pre-
trea tment 

0.1 3.2 0.22 0.09 0.11 0.1 0.14 Turb id ity 
FTU Post-

trea tment 
<0.05 0.15 0.06 0.08 0.1 0.08 0.1 

Pre-
trea tment 

15 28 18 15 20 17 33 Colour 
mg Pt/ L Post-

trea tment 
2 13 11 14 19 8 27 

In no c ase d id  bac teria l ind ic a tors of faec a l c ontamination appear in the trea ted 
water desp ite oc c asiona lly being  found  in the untrea ted  water.  Colour reduc tion 
and  turb id ity was marked ly improved  by trea tment w ith the CW42 system.  On 
oc c asions, there were slightly eleva ted  levels of p la te c ount bac teria  (heterotrophic  
p la te c ount) p robab ly d ue to inc orrec t flushing  of the system before being  used  a fter 
periods of stagna tion.  In some c ases, substantia l improvement in HPC levels was a lso 
rec orded .   
 
 

Metal c omponents of the CW42 treatment system  
 
In order to ensure tha t no hea lth signific ant release of meta l 
c omponents of the CW42 system oc c urs, investiga tions have been 
c arried  out to p rovide evid4nc e tha t this is indeed  the c ase. 
 

·  Silver – an integra l part of the c eramic  filter, silver has a  
bac teric ida l/ bac teriosta tic  ac tion on mic roorganisms.  Two 
stud ies on the possib le release of silver into the trea ted  wa ter 
were undertaken. 

o Altwell study (2000, Report P42/ 31) – Altwell Labora tories 
were c ommissioned  by Fa irey Ceramic s to assess the levels 
of silver in wa ter a fter passage through the filter unit.  The 
results a re shown in Tab le 21. 

 
 
 

Table 21: Release of silver from the ceramic  filter 
 

Volume p rocessed  Silver levels (µg/ L) in wa ter before and a fter eac h c eramic  filter 
 Feed wa ter 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 <1 
4,798 <1 <1 <1 <1 

 
o Field  study (2000, Report referenc e 42/ 2) –  levels of silver in 

trea ted  wa ter immed ia tely a fter stagna tion periods was 
measured  (Tab le 22). Provided  the first flush water a fter 
stagna tion was d isc arded , silver levels were <1µg/ L. 

 
 

Table 22: Effec t of stagnation on silver levels 
 

First flush Volume trea ted (L) µg/ L Silver 
After stagna tion for µg/ L Silver 

250 <1   
500 <1   

  71.7 hours 3.0 
750 <1   

1000 <1   
  19.5 hours 1.1 

1250 <1   
1500 <1   
1750 <1   

  16.0 hours 1.6 
2000 <1   
2250 <1   

  20.0 hours <1.0 
2500 <1   

 

·  Copper – an integra l part of the KDF c omponent of the CW42 
system, this parameter was measured  in most of the 
investiga tions undertaken and  reported  above.  Without fa il, on 
every oc c asion trea ted  wa ter had  c opper levels <10µg/ L (da ta  
too numerous to show). 

 
 Zinc  – a lso an integra l part of the KDF c omponent of the CW42 
trea tment system.   Release of this meta l into the trea ted  water was 
a lways observed  (aga in da ta  too numerous to show).  However, a t 
no time d id  levels rise to those whic h the WHO c onsidered  would  
result in the d rinking water bec oming unpala tab le.  Zinc  is an 
essentia l d ieta ry element and  it is unlikely tha t the levels tha t may 
be p resent in CW42 trea ted  water would  c ontribute as muc h zinc  
when c ompared  to the human da ily intake ob ta ined  from food . 

 
 
Heterotrophic  bac teria 
 
Point-of-use systems tha t utilise ac tiva ted  c arbon as pa rt of the 
trea tment, a re often reported  as having eleva ted  levels of 
heterotrophic  bac teria .  There has been c onc ern expressed  as to the 
possib le hea lth signific anc e of suc h ra ised  levels but a  rec ent review of 
da ta  by the WHO has c onc luded  tha t “ doc umented  reports of 
adverse hea lth effec ts due to high numbers of heterotrophs in d rinking 
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water a re sc arc e to non-existent” .  It is a lso rec ommended by WHO 
tha t “ c onsumers who use POU treatment should  flush their units 
following periods of non-usage” .  This rec ommendation has been 
adop ted  for the CW42 wa ter trea tment system.  A full review of the 
rela tionship  between water qua lity, hea lth and  heterotrophic  bac teria  
is appended . 
 
 
 
 
 
Appendix 
 
 
 

HETEROTROPHIC BACTERIA,  
WATER QUALITY AND HEALTH 

 
 
 
INTRODUCTION 
 
Measurements of bac teria l popula tions in d rinking wa ter have been 
used  sinc e the beg inning of sanita ry bac teriology.  The results of suc h 
measurements have been used  to assess the risk of ac quiring d isease 
from c onsuming the water.  In partic ula r, the p resenc e of faec a l 
organisms (suc h as Esc heric hia  c oli) in d rinking wa ter is c onsidered  
undesirab le as they a re regarded  as being ind ic a tors of possib le 
c ontamina tion by pa thogens (organisms whic h usually c ause d isease).  
Thus the a im of wa ter trea tment p roc esses is to ensure tha t suc h 
pa thogens, as monitored  using E c oli, do not oc c ur in fina l waters  
 
supp lied  to the c onsumer.  This philosophy app lies both to wa ter 
p roduc ed  by la rge-sc a le pub lic  systems or by small point-of-use 
systems. 
 
 
However, some bac teria  a re c apab le of surviving wa ter trea tment 
p roc esses, inc lud ing d isinfec tion, and  may appear in the fina l wa ter.  
These a re termed  heterotrophic  (or p la te c ount) bac teria . 
 
 
DEFINITION OF HETEROTROPHIC BACTERIA 
 
Heterotrophic  bac teria  (HPCs), as determined  in the wa ter c ontext, a re 
ob liga te aerob ic  and  fac ulta tive aerob ic  bac teria  tha t a re c apab le of 
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growth on simple organic  c ompounds (c arbohyd ra tes, amino ac ids 
and  pep tides). 
 
 
[Mic roorganisms c an be separa ted  into groups based  upon their 
requirement for or intoleranc e of oxygen.  Obliga te aerob ic  bac teria  
must grow in the p resenc e of molec ula r oxygen whilst fac ulta tive 
aerobes c an p rolifera te in reduc ed  levels of oxygen.] 
 
 
 
USES OF HETEROTROPHS IN WATER QUALITY MONITORING    
 
 
The measurement of heterotrophs in d rinking water is a  useful means of: 
 

(a ) monitoring  the effic ienc y of wa ter trea tment p roc esses, inc lud ing  
d isinfec tion; 

(b ) ob ta ining supp lementa ry informa tion on levels of bac teria l bac kground  tha t 
may interfere w ith the detec tion and  enumera tion of faec a l ind ic a tors suc h 
as E c oli;  

(c ) assessing  the c hanges in finished  water qua lity during  d istribution and  
storage; 

(d ) assessing  the c leanliness of d istribution systems; 
(e) assessing  the growth of bac teria  on ma teria ls used  in the trea tment p roc ess 

and  d istribution system (b iofilm forma tion); 
(f) monitoring  popula tion c hanges of mic robes follow ing trea tment 

mod ific a tions suc h as a  c hange of d isinfec tant. 
 
 
Overa ll, the measurement of heterotrophic  bac teria  in wa ter g ives an 
ind ic a tion of the genera l mic rob iolog ic a l sta te of the wa ter but does 
not nec essarily imply a  rela tionship  w ith the p resenc e of pa thogens or 
an inc reased  to the hea lth of the c onsumer.   
 
 
Monitoring of levels of heterotrophs is, a t best, an opera tiona l tool tha t 
g ives a  rule-of-thumb assessment of a  wa ter system.  The UK Advisory 
Committee on Drinking Wa ter Qua lity (Anon, 1995) c omments tha t: 
 
 

“ Counts of aerob ic  organisms whic h grow a s c olonies on p la tes of nutrient 
aga r under defined  c ond itions [HPCs] p rovide a  useful means of assessing  
the performanc e of wa ter trea tment p roc esses.  Suc h c olony or p la te 
c ounts c an a lso p rovide a  genera l ind ic a tion of the bac teria l c ontent 
and  henc e the hygienic  qua lity of wa ter supp lies, a lthough the c ounts 
themselves have little d irec t hea lth signific anc e.  In p rac tic e, c hanges in 
the pattern of c olony c ounts of samp les from a  g iven supp ly a re usua lly 
more signific ant than ac tua l numeric a l c ount of any pa rtic ula r sample. A 
sudden marked  c hange in the c olony c ount of wa ter in a  supp ly may 
g ive forewarning  of more serious pollution, whereas devia tions in the 
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expec ted  seasona l trend  may ind ic a te longer-term c hanges in the 
supp ly.”  

 
  
LIMITATIONS OF THE HETEROTROPHIC PLATE COUNT 
 
RESTRICTIONS DU COMPTE DE PLAQUE HETEROTROPHIC 
 
The methods by whic h the levels of heterotrophic  c ounts a re measured  
in wa ter a re many and  varied .  The c hoic e of isola tion med ium, the 
way in whic h the bac teria  a re rec overed  from the sampled  wa ter, the 
tempera ture of test inc uba tion and  even the dura tion of test 
inc uba tion c an a ll a ffec t the numbers detec ted .  For instanc e, 
Standard  Pla te Count (SPC) agar is w idely used  but some labora tories 
p refer to use R2A agar.  This la tter, often inc uba ted  for 7 d ays ra ther 
than the usual 1 day or 3 days w ith SPC agar, results in higher c ounts 
being detec ted  often as muc h as 10--50 times higher.   
 
 
The effec t of method -c hoic e for enumera ting heterotrophs in wa ters 
was extensively reviewed by Reasoner (1990).  He c onsidered  tha t the 
simple ac t of using a  pour p la te method  (whic h uses molten agar a t 
38ºC) resulted  in lower c ounts than if the sample had  been spread  
onto the c old  surfac e of a  set agar p la te.  In a  c omparison of agar 
types and  inc uba tion tempera tures, Reasoner & Geld reic h (1985) had  
earlier been ab le to demonstra te a  w ide range of bac teria l numbers 
being detec ted .  The ma in c onc lusion was tha t there was no single 
c olony forma tion method  and  set of c ond itions tha t would  a llow 
enumera tion of a ll bac teria  tha t may be found  in wa ter.  It was 
c onsidered  tha t the c hosen method  should  be influenc ed  by the type 
of wa ter being examined . 
 
 
It is known tha t bac teria l numbers tend  inc rease in d istribution and  
storage, partic ula rly true w ith bottled  waters, being a ffec ted  by the 
bac teria l qua lity of the trea ted  water entering the system, 
tempera ture, residenc e time, p resenc e or absenc e of d isinfec tant 
residua l, c onstruc tion ma teria ls and  ava ilab ility of nutrients for growth 
of b iofilms. 
 

 
In a  two-year study of the rela tionship  between the levels of 
heterotrophic  bac teria  in over 26,000 samples, no c orrela tion c ould  be 
found  with the p resenc e or absenc e of the usua l ind ic a tors of faec a l 
c ontamina tion (Edberg & Smith, 1989).  As the p resenc e of faec a l 
ind ic a tors is regarded  as p rovid ing evidenc e of the possib le influx of 
pa thogenic  bac teria , the lac k of a  rela tionship  w ith heterotrophs 
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would  seem to emphasis the unlikely assoc ia tion of the la tter g roup  
w ith the transmission of d isease. 
 
 
HETEROTROPHIC BACTERIA AND HEALTH 
 
Although it is known tha t, under the right c ond itions, high levels of HPCs 
c an develop  in water systems, there is little da ta  to estab lish the 
signific anc e of suc h levels in hea lth terms.  In some c ases pa thogens 
suc h as Leg ionella , may p rolifera te in b iofilms but these a re easily 
c ontrolled  by c orrec t ma intenanc e p roc edures.  However, Reasoner 
(1990) c onsidered  tha t 
 

 “ doc umented  reports of adverse hea lth effec ts due to high numbers of 
heterotrophs in d rinking  wa ter a re sc a re to non-existent”  
 

 
A more rec ent review assessing the risk posed  by opportunistic  bac teria  
in d rinking wa ter (Rusin et a l., 1997) found  tha t there was no c lear-c ut 
evidenc e tha t the heterotrophic  bac teria  p resent in d rinking wa ter 
posed  a  pub lic  hea lth risk.  Of pa rtic ula r interest in this paper was the 
p resenta tion of c a lc ula ted  ora l infec tive doses for some of the 
c ommoner heterotrophs: Pseudomonas aerug inosa , for instanc e was 
c a lc ula ted  to require the ingestion of over 100 million bac teria  to 
c ause an infec tion whilst another, Xanthomonas ma ltophila , c aused  
infec tion when more than a  million had  been c onsumed .   
 
 
A position paper by the Canad ian Wa ter Qua lity Assoc ia tion (CWQA, 
2001) put the levels of heterotrophs found  in d rinking wa ters into 
c ontext by c omparison w ith the exposure of c onsumers to other 
sourc es of heterotrophs.  Examples a re shown in the tab le below. 
 
 
 Produc t Heterotrophs  
 Milk  Up to 20,000/ mL  
 Ready-to-ea t, p re-cooked and frozen foods Up  to 50,000/ gram  
 Delica tessen foods Up  to 100,000/ gram  
 Ground beef 1,000,000/ gram  
 Munic ipa l tapwa ter a fter 10 days storage Up  to 1,000,000/ mL  

 
 
POINT-OF-USE WATER TREATMENT SYSTEMS 
 
The insta lla tion of a  point-of-use (POU) water trea tment system a llows 
(a ) the c onsumer to c hoose the wa ter qua lity tha t they w ish to d rink, 
(b ) the p rovision of a  trea tment system where no other exists and  (c ) 
the ab ility to trea t poor qua lity wa ter to potab le standard  under 
situa tions of emergenc y or d isaster.  The range of POU systems is w ide - 
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they range from simple manual filtra tion systems to c omplex equipment 
requiring a  power supply.  Some are designed  to p rovide small 
amounts of wa ter on demand  e.g . jug filters, whilst others a re more 
substantia l in p rovid ing d rinking wa ter for a  household  or a  small 
c ommunity.  Often these la tter inc lude ultra  violet d isinfec tion.  POU 
devic es c an be used  anywhere, from the home to c aravans, boa ts 
etc .   
 
 
Many POUs are effec tive a t reduc ing mic rob ia l numbers whilst others 
have only a  marg ina l effec t.  Some devic es may a lso be effec tive in 
the remova l of c hemic a l c ontaminants suc h as pestic ides or toxic  
meta ls.  In a ll c ases, the need  to p rovide a  sa fe d rinking water is 
paramount if suc h devic es a re to have the c onfidenc e of the user.  In 
other words, they must not result in a  d rinking water tha t w ill c ause 
illness or c hemic a lly poison the c onsumer. 
 
 
A c ommon fac tor of most of these devic es is tha t they often used  on a  
regula r basis but w ith irregula r periods of stagna tion.  In some c ases, 
suc h non-use c an be for substantia l periods suc h as over-w inter a t 
holiday c ab ins.  In add ition, as required  w ith munic ipa l trea tment 
p roc esses, it is essentia l tha t regula r ma intenanc e of the appara tus is 
c a rried  out otherwise the system will bec ome bac teriolog ic a lly 
c ontamina ted .  Henc e, it is not unc ommon to see instruc tions to flush 
the devic e a fter periods of inac tivity.   
 
 
Where, a  POU inc orpora tes a  d isinfec tion stage, the likelihood  of 
pa thogen penetra tion is minimised  but only p rovided  the system has 
been opera ted  and  ma inta ined  c orrec tly.  In partic ula r, where a  
system is used  to further trea t a  munic ipa l wa ter (tha t itself has been 
trea ted  and  p robably d isinfec ted ), it is unlikely tha t any pa thogenic  
bac teria  a re ava ilab le to c olonise and  penetra te the POU devic e. 
 
 
However, a  range of heterotrophic  bac teria  a re c apab le of surviving 
trea tment p roc esses, inc lud ing d isinfec tion, a llowing them to appear in 
parts of the POU appara tus downstream and  in the fina l p roduc t.  
Often the levels of these heterotrophs a re rela tively low and  do not 
pose a  risk to the hea lth of the c onsumer.  After periods of stagna tion, 
partic ula rly under c ond itions of eleva ted  tempera tures, the levels of 
heterotrophs may inc rease substantia lly.   
 
 
In suc h instanc es, it is impera tive tha t flushing of the system is c a rried  
out before d rawing off wa ter for d rinking purposes (Geld reic h & 
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Reasoner, 1990; Snyder et a l, 1995).  In the la tter c ase, it was 
c onc luded  tha t where a  system inc orpora ting ac tiva ted  c arbon 
elements had  rema ined  sta tic  for any period  of time 
 

 
“ c onsumers who use POU-PAC trea tment should  flush their units following 
periods of non-usage.”  

 
HETEROTROPHS IN OTHER WATERS 

·  Bottled waters 
 
HETEROTROPHS DANS D'AUTRES EAUX 
 
 
There have been many surveys of bottled  wa ter qua lity mostly 
c onc entra ting  on the growth of heterotrophs over time during storage.  
In most c ases, it would  seem tha t levels of heterotrophs in 
unc arbona ted  bottled  wa ters rap id ly inc rease whereas water whic h 
has been injec ted  w ith c a rbon d ioxide to p roduc e a  “ fizzy”  wa ter a re 
devoid  of any heterotrophs.  In a  c ompara tive study in the UK, Fewtrell 
et a l (1997) showed  heterotroph levels in bottled  still wa ter rang ing from 
42 to over 32,000 (22ºC test) and  3 to 1,950 (37ºC test).  A smaller study 
in Canada  (Sefc ova , 1998) demonstra ted  levels up  to 10,000/ mL in still 
wa ter whilst a  Frenc h report (Defives et a l, 1999) found  tha t over a  6 
day storage period , levels rose to 100,000/ mL.  In the USA, levels were 
found  to range from less than 1 to more than 4,900/ mL (La lumand ier & 
Ayers, 2000) and  the authors c onc luded  tha t the use of bottled  wa ter 
based  on assumption of purity c an be misguided . 
 
 
 

·  Vending mac hines and water c oolers 
 
Vend ing mac hines a re inc reasingly being  found  in many pub lic  p lac es 
ind ic a tive of the “ fast-food ”  soc iety tha t we now live in.  Some vend ing 
mac hines d ispense c old  d rinks, usua lly made by d ilution of juic e 
c onc entra tes.  In a  survey of vend ing mac hines (Hunter & Burge, 1986) 
nearly ha lf of the c old  d rinking waters p roduc ed  by the mac hine were 
c ontamina ted  w ith c oliform bac teria  and  84% had  heterotrophic  
bac teria l c ounts in exc ess of 1,000/ mL.  When mixed  w ith c onc entra tes 
to g ive flavoured  d rinks, 6% still c onta ined  c oliforms and  39% had  
>1,000/ mL heterotrophs.  No assoc ia tion between these levels and  
illness was reported .   
 
Simila r find ings were found  during a  Canad ian survey of the mic rob ia l 
qua lity of wa ters from c oolers (Levesque et a l, 1994).  In suc h systems 
the potentia l for mic rob ia l c ontamina tion is inc reased  bec ause of (i) 
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the c ooling system itself may c ontribute c ontamina tion and  (ii) often 
than not, the wa ter is supplied  as la rge p lastic  c onta iners i.e. bottled  
water.  It is important tha t suc h equipment is regula rly c leaned  and  
ma inta ined  to p revent build -up  of mic rob ia l growth w ithin the system.   
 
 
CONCLUSIONS 
 
Fully trea ted  munic ipa l wa ters ra rely p resent a  bac teriolog ic a l hea lth 
hazard  to c onsumers.  When wa terborne bac teria l d isease oc c urs, this 
c an a lways be trac ed  to a  fa ilure in trea tment, usua lly inadequa te 
d isinfec tion.  However, to result in a  d isease outb reak, there must be a  
substantia l ingress of pa thogens into the supply a lthough usually only 
rela tively low numbers a re required .   All munic ipa l supp lies have 
heterotrophic  bac teria  p resent a t the outlet regard less of level of 
trea tment. 
 
 
In c ontrast, bottled  waters, for instanc e, tend  to have high levels of 
heterotrophs w ith often little evidenc e of faec a l (i.e. pa thogen) 
p resenc e.  Suc h eleva ted  levels a re usua lly assoc ia ted  w ith 
inappropria te storage tempera tures and  long shelf life a ttributed  to 
many of these p roduc ts.  Even so, there is virtua lly no evidenc e of 
bottled  waters from good  sourc es having  resulted  in d isease.   
 
 
Point-of-use systems, w ith or w ithout d isinfec tion, a re usua lly effec tive a t 
removing pa thogens a lthough, as w ith munic ipa l supp lies, heterotrophs 
w ill appear in the fina l trea ted  p roduc t.   However, as Geld reic h & 
Reasoner (1990) sta te: 
 
 

“ the potentia l for adverse human hea lth effec ts by the user popula tion 
from ingestion of la rge numbers of heterotrophic  bac teria  in the p roduc t 
wa ter appears to be low.  There have been no doc umented  and  verified  
reports to da te of wa terborne illnesses resulting  from c onsumption of 
p roduc t wa ter from any point-of-use devic es.”    

 
This was further emphasised  in a  report by the Drinking Wa ter 
Inspec tora te in the UK (DWI, 1998) whic h c onc luded  tha t 
 
 

“ if the organisms c an p roduc e d isease they would  p robab ly need  to be 
p resent in wa ter in high numbers.”  
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