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"\ <_).<"T~_,._$' w~,:t'er qua lity of the metropolitan s y stem is monitored 

._, ,,.~~~ sphi tary survey a n d continual inspe ction of the total 
, <:~--'syy;->f em pl a n t , the inve s ti ga tio n o f c o ns m'.ler comp laints 

, o~ rticula r l v as r eqa r ds c o l o u r , t a ste e tc., and a s v stem 
•~ f bacteriologica l · test i ng . Th e tests a :ce made on ~amp les 

taken from catchme n t s, s tre a ms, storage s and through th e 
syste~ to the consume r . Th e s e notes r eview the significa n c e 
of the bacteriolog ica l test wh ich may con vey a da n ger si gna: 
calling for a need to identify an e x isting source of pollut ion . 
Guidelines and their r e lationsh ip to p ublic health are quote d . 
The notes set out a record of the bacteriological results 
obtained over recent y ears b y re9ular sampling in the catch.:.:e nt~ 
Th~se relate to four principal categories namely those taken 
from streams within virgin catchments, from within storages 
with a lengthy detention time , from those with a short 
detention time and finally samples taken in the vicinity of 
defined picnic sites. It concludes on a cautionary note. 

1. The significance of the bacteriological test 

Contamination by human e xcrement is the greatest danse r 
associated with drinking water. If such contamination has 
occurred recently and if among the contributors the r e a r e 
cases or carriers of such infectiou~ diseases as typho id 
or dysentry, .the water may contain th? living micro­
organisms which cause these diseases aRd the drinking of 
such water may result in fresh cases. ·sewage polluted 
water may also contain the viruses of poliomylitis, of 
infectious hepatitis etc. Animals and birds may also 
carry human intestinal organisms pathogenic to man. 

For many reasons the direct search for the oersons of 
specific pathogeni •.~ bacteria or viruses in \'later is 
impracticable for routine trial ournoses. As noted b v 
Jlf.ara(l) "safety in a bacteriological- context- means freEid:Jm frc 
those organisms which cause disease (pathogens}". 
Pathogenic bacteria belong to various groups whose 
cultural requirements are often complex and totally 
different. For this reason and since non-pathogenic 
bacteria vastly outrrum6er the pathogens in a water sample 
it is impossible to examine as routine all samples with 
a presence or absence of all pathogens. Not only is i t 
difficult but it is unnecessarv as well since a water 

• which contains pathogens wiil ilso contain much larger 
numbers of non-pathogenic bacteria which are th e norma l 
inhabitants of man and animals. These cornmensal bacteria 

Contd/ -



n 
.n 
:n 
·n 
n 

I ll 
· 1 il · h 

tJ 

fl 
ll 
l) 

Li 

u 
u 
Li 

·u 
u 
Li 

' Li 

2 • 

are a l ways shed in f ae c e s t oqethe r with any pa thogens 
prese nt. The pres e nce of these b a c te ri a in a wa t e r 
impli e s bevond doubt that the wate r::. ha s b een c o n taminate d 
and may therefore contain pa thogens as well. The wate r 
is always condemned on this possibility alone. 

E.coli is the most frequent type of coliform organism 
present in human und animal intestine being found in 
number s up to 100 million o r even 1000 million p er g ram 
of fr e sh faeces. Apart from e xcretal contamination it 
is rarely found in soil, vegetation or water. Coliform 
organisms other than E.Coli also occur in the intestina l 
canal but their coP.1bined numbers seldom e xceed 1 million 
organisms per gram. Outside the body these h a ve much 
greater powers of survival and do not appear to be limited 
to £aecally polluted sites. They can also be f6und in 
soil which appears to be unpolluted and which, on 
examination is found to be free of E.coli. Hi gh counts 
of E.Coli in a water sam?le equate to heavy and recent 
pollution, low counts equate to slight or relatively low 
pollution. One cannot distinguish whether these counts 
are of human or animal origin. In any case, ·there is 
evidence thit faece~ of birds, rodents and domestic 
animals may contain organisms of the salmonella group. 

The presence of other coliforms in the absence of E.Coli 
in a sample may indicate past excretal contamination; 
herald the onset of more dangerous pollution and yet thE, 
source may be decaying vegetation. Any coliform in a 
chlorinated water indicates inadequate treatment or the 
excess of undesirable materials after treatment. 

A rationale( 2 ) for the adoption of the standard for 
the level of coliform organisms has been reproduced 
at Appendix A. · 

2. · Bacteriological criteria for domestic water suoplies 
and raw' water quality 

In Australia as in Great Britain, no criteria for water 
quality has the force of law. Table 1 has been re­
produced from Australian Water Resources Council Technical 
Paper No.1(3). As a guideline criteria are set out 
therein for drinking and raw water. The criteria are 
eisentially those of the World Health Organization. It 
is to be noted that the specified criteria for drinking 
water apply following treatment of the water, i.e., 
disinfection or alternatively, coagulation, sedimentation, 
filtration and disinfection. The criteria given for 
raw water indicate the threshold level applicable 
either to disinfection (Type 1) or complete treatment 
(Type 2} . 
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3. 

Bactc r i o lo qica l s amp l es take n f r om M1'ffi c atc hments 

Fig s . l - 15 attached record the results of recent 
b a cter iologica l samp lin g in ~ 1B c a tchments for tota l 
and faecal coliform c o unts (MPN). On each figure a 
site description of the sam9ling point is given and 
the location of each of the sites is also contained 
on the map on fig.16. The figures fall . into the 
_following 5 categories : 

3.1 Figs. 1, 2 & 3 relate to sample$ from streams in 
virgin catchments i.e. prior to storage. They 
provide a sample of the pollutional level of 
tributary streams. 

3.2 Figs. 4, 5 & 6 relate to samples taken in storages 
with a long detention time, the samples are taken 
prior to release from the storage and disinfection. 

3.3 Figs. 7, 8, _9 & 10 show a much higher level of 
contamination, particularly in faecal coliforms. 
The Gooralong Catchment is approximately 10 % 
alienated and iarmed. The samples taken from the 
Canning Catchment disclose an undesirable level of 
pollution in these tributaries. 

3.4 Fig.11 relates to Dirk Brook Catchment Site No.2 
. downstream of the· Karnet Prison farm. At this point 
salmonella has been detected. The stream is not 
preseritly being used for public supply downstream of 
the Karne.t Prison farm. The figure shows a high . level 
of pollution. · 

3. 5 Figs. · 12 - 15 relate to sampling points in each of 
the two catch~ents. From each one sample is taken 
from the relatively short period storage and the 
second from a tributary. 

Water quality in ·the rhetrooolitan system 

Over a long time the quality of water of the system has 
been reviewed regularly by an Advisory Committee for the 
Purity of Water. This committee has representation on 
the departments of Health, Mines (Chemical Laboratories) 
Agriculture, Forests, in addition to representation from 
the water authorities. The intervals between successive 
routine examinations and the number of samples have been 
selected to conform with the criteria of t~e Bacteriologica 
Examination of Water Supplies(4). The total number of 
chlorinated samples taken th~oughout the system to include 
trunk mains, service reservoirs and the reticulation 
would be in the order of 400 per month. The integrity 
of the system plant is ensur~d by adequate maintenance. 
It has been found necessary to chlorinate the supply not 
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only as it is re l eased from headwo rks, but aga in wh e n 
it is drawn from unroofed service r e servoirs . Despite 
such measures the Board, like other Australian authoriti es , 
has been unable to comply with the standards for treated 
water as specifi e d in Tabl e 1. 

Future develooment of the system 

Proposals to develop water resources for the Perth s ys~em 
include the provision of pump back schemes from sites 
below existing dams such as presently exists on the 
Helena River. In particular early consideration will 
be given to such developments below the Serpentine Dams 
and the Canning Dam. These will not be supplied from 
virgin cafchments a nd the means of obtaining adequate 
detention will be necessary. These waters which will 
be drawn from the higher rainfall areas will have low 
total dissolved solids content. 

Th~ Univeis~ty of Western Australia is undertaking 
research into the questions of reservoir dynamics. In 
the first instance th~ Canning reservoir will be studie d 
as a further step from the works undertaken at the 
Wellington Dam. 

Conclusion 

It is noted the· Deoartment of Conservation and Environrr:ent 
will ask the Commissioner for Public Health to provide 
techn.ical advice on the reasons for prohibition of 
rec"reation in catchment areas. 

In the· pres·ent state ·of understandinq of catchment 
pollutional problems the Board's approach is well 
express·ed in the following extract from 11 Drinking Water 
and Health 1977" - · 

11 Good engineAring and public health practices 
emphasise the need for using raw water of the 
h~ghest possible quality. Bacteriological 
testing, or the imposition of bacteriological 
standards are adjunct to, not substitutes for, 
good raw water, proper water treatment, and 

· the· integrity of the distribution system 11
• 

l 
u 
Li 
Li 

~ JJr)i. 
~ I • L ,,;,Y,t i 

f.JIF . ,' ,(I e,i; 

,f ,~cl 
.~/) •l /-a, , 



c=: c= c=:: r.=: 

Hea lth or Aesthetic Effect 

Drinking 1·Ja ter : 

1: . Treated Supplies 

2. Untreate d Supplies 

Raw Water 

~~ 

(=: 
~ _____ __, '--.I r I 

BACTKRIOtc:fG-:tCAL CRITERIA FOR OOMESTIC WATER SUPPLIES 

Derived 
Working 
Level 

Coliform Organisms 
(organisms/100 ml) 

Indicator of possible 
contamination of water w.:; .th 
pathogens 

1) No coliform in at least 
95 % of samples for the 
year . 

2) No sample spould contain 
more than 10 coliform 
organisms per 100 ml 

3) Coliforms should not be 
detected in any two 
consecutive 100ml samples 

Object- No coliforms per 100 ml 
ive 
Level 

3 
3 to 10 
10 

Faecal Coliforms 
(organisms/100 ml) 

Indicator of recent faecal 
pollution. Indicator of 
possible contamination of 
water with pathogens 

No faecal coliforms (or E. 
coli) in any 100ml sample 

No faecal coliforms per 
100 ml 

0 

1 
1 

- :1 I . r 
'I"Jp e 1 Tr e a tme nt LC),:' U·V\. I"' e,;"-"1 100 ..: 10 

Type 2 Trea t ment LfVJ~ ~ b;( ''''"°'-...,-t) 5 000 100 

~ T o: J l ...=:::J _J 

Remarks 

1) If any coliforrns a r e fc u,·!::3, 
the minimum a ction is im.-nediat, 
re-sampling. 
2) If 1 to 10 co liform o rsani s~ 
per 100 ml are rep eat edl y fo~~ c 
measures should b e taken at 
once to discov er a nd i f possib] 
remove the source of pollution . 

Sati s factory 
Suspicious 
Unsatisfactory 

A san ita r y survey o f the catch ­
a rec should be conducted to 
r e veal any potential source of 
c ontamination 

Limits no t to be exceeded by 
mo re tha n 5~ o f saqo~c 
Li mits not to b e exc e eded by 
more than 10% o f sa~ples 
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The Health Si~icance of th~ coliform Test 

several pathogens ,. notably those in the genus shiqella, a ·re , 
able to initiate infection in hwnans even when introduced in very 
low numbers. Because it is not feusible to assay for bacteriai 
pathogens directly in water, it is important to consider the 
utility of the coliform test in ~nsuring the bacteriologic safeti 
of drinking water. · 

A direct approach to assessing the significance of the 
coliform count would be to obtain evidence of a correlation 
between numbers of coliforms and numbers of pathogeni~ bacteria 
(e.g.,. salmonellae or shigellae). One attempt to seek such a 
correlation was the study of Kehr and Butterfield (1943). 
Although imperfect, this is the only study found that attempts to 
relate the coliform count directly to ·disease incidence. In the 
di~cussion below, this study is analyzed in some detail iri order 
to present a picture of the approach necessary to place the 
coliform standard on a firmer scie~tific basis. (It is perhaps 
of historical interest that the motivation for their study was an 
adverse decision by the Illinois Sufreme Court as to the · value of 
the coliform count in indicating that water is unsafe.) 

The approach used by Kehr and Butterfield involved two 
aspects. First, data on the relative pioportions of Salmo~ella 
tvphosa and coli forms in various ty_pes of water (such as river, 
sewage, .J.nd sludge) were obtained f rem ti1e literature, and the 
numbers of §...:_ tvphosa per 10 6 col if Orr.is were calculated. These 

. f ~ data, obtained from cities throughout the world, were then 
I l I plotted on the ordinate on log-log paper, with typhoid fever 
' morbidity on the 2bscissa (Fig. III-2). P..n approximately · l' straight line wc1s obtained. The poir:t here was that the _ . 
I J exc~etion rate.of coliforms would be the sa~e in a healthy as i~ 
: a sick population, but that the latter waula also excrete typhoid 

bacteria. Kehr and Butterfield then considered the stability of 
the E. coli-~ typhosa ratio and showed that~ tvohosa and 
coliform.s died off at approximately the same rate during sewage 
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treatment, during self-purification in streams and lakes, and 
during drinking-water purification. The stability of this ratio 
is not surprising~ when it is considered that§_. typhosa and 
coliforms are members of the same group of bacteria and are 
likely to .show similar tolerance and sensitivities to 
environme ntal influences. 

From the data in Fi.gure III-2 and from recorded waterborne 
outbreaks of typhoid fever r J,ehr and . Butterfield estimated a 
minimal infecting dose of~- typh o s~ for the general population 
and the perceniage of persons inf e cted by that dose. In doing 
this, these workers considered only epidemics of typhoid fever of 
a diffuse nature, i.e., characterized by a low attack rate but 
spread over a fairly large population. Kehr and Butterfield 
wrote that such e~idemics were conwon at the time. Outbreaks 
with high attack rates, in which infection could arise more or 
less directly from carrier or patient discharge, were not 
considered, in order to avoid situations not likely to involve 
drinking water. In the diffuse typhoid epidemics, a common 
observation is the additional widespread occurrence of non­
typhoid gastrointestinal disturbances. Considering the frE:quency 
of occurrence of the diffuse pattern of epidemics, and the data 
on concentrations of~- typhosa found· in sewage and polluted 
waters, (as given in Figure III-2) Kehr and Butterfield concluded 
that it would be W1likely in such an outbreak for a person to 
drink more than a single typhoid bacterium or at most only a few, 
a.nd that a single typhoid organism could produce infection in a 
small percentage of the general population. This conclusion is 
consistent with studies in experimental animals, which have shown 

.that infection can be initiated by single bacterial cells 
(Meynell, 1961; Meynell and Meynell, 1965). 

But this conclusion is not rmequivocal. Populations of 
bacteria, even if derived from the same clone, can have a range 
of infectivities, and populations of h\.:!.IT\ans have a range of 
susceptibilities. Thus, although a single cell may initiate an 
infection, not every cell-host contact will lead to infection. 
When the pathogenic bacterial population is diluted by a large 
volume of drinking water and spread over a large population of 
people, there is a non-zero probability that an appropriately 
virulent cell will reach a susceptible person. This is the 
situation that Kehr and Butterfield consicered in their analysis 
of diffuse waterbo~ne typhoid epidemics. 

If the hypothesis that a single typhoid bacterium is 
infective can be accepted , then it is possible to consider the 
significa nce of the typhi:coliform r a tio in drinking water. 
2\:ssume that a water plant is treating source water with a 
typh.i : coJ.i fo r m r:a.t:i o o f 10 : 1 0 6 e correspond i ng r oughly to th e 
ratio f o u nd i n many po l lui.:.e cl s u r f ac e ,'! c1tc J::-s. less urnin g equ.J. l 
destruc tion of ty p hoi d bacter ia a. n d c oli forms d urin g treatment, 
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Figure III-2. Ratio of Sal!)'lonclla typhi. per million 
coliforms for varying typhoid fever morbidity rates. 
From: Kehr and Butterfield (1943). 
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if the finished water contained one coliform/100 ml {a reasonable 
possibility,. even in many well-run plants}r then the probability 
of consuming one typhoid bacterium when drinl--:.ing a lite r of v,1c1ter 
wciuld be 10-s; or F put another way (i 10 people in a population of 
1 ~000 ,. 000 could be infected. In an attempt to verify this , Ke hr 
and Butterfield analyzed a number of epidemics of waterborne 
disease of the di ff:use type" and concluded that the observed 
incidence of infection was consistent with this hy~othesis. 
r.rhus, it ·was concluded that water ,._,,hich doe s not rne e t the 
coliform standard {one colj_form/100 ml) can be responsible for 
waterlx>rn e disease, both gastroenteritis and typhoid fever. 

Even more important, this analysis raises the question of 
whether water that meets the standar~ might bear disease-cau3ing 
organisms. It is a simple exercise in arith~etic to convince 
oneself that this could be the case~ inasmuch as drinking water 
with less than one coliform/100 ml, thus meeting the standards,. 
could well have pathogenic organismsa Suppose that, instead of 
analyzing 100 ml of water, 1 liter were analyzed, and one 
coliform ·was found. This would be a coliform count of O .1/100 
ml,· equivalent to one typhoid infection per lr000,000 people 
(assuming the same typhi: coliform ratio as in the previous 
paragraph). Since the incidence of nonspecific gastroenteritis 
can be ex pected to be higher than that of typhoid,. water that 
meets the present coliform standard ~~y be the bearer of disease. 
However,. existing epidemiologic data and reporting systems would 
not permit detection of such waterborne incidents,. because the 
number of organisms would be below the· detection limits of 
current surveillance methods. Although it is recognized that the 
above analysis is imperfect, it is the only one that has been 
done that this Committee is aware of. 

The epidemiologic work of Stevenson (1953} added much weight 
to the rationaJ.e of establishing a coliform standard for 
drinking-water sourcesa His analyses showed that if raw water 
has fewer than 1,000 coliforms/100 ml " then it would be likely 
that salmonellae in finished water would be below infective 
levels. 

Gallagher and Spino (1968) challenged the validity of the 
standards and stated that 11 summarized data from several stream 
surveys over the past few years showed little apparent 
correlation between quantities of total or fecal coliforms and 
the probable isolation of salmonellae . ii Geldreich (1970a) 
challenged their conclusion" on the basis of fecal coliform 
detections that 5howed a correlation between coliform numbers and 
s a. lmcmela. isolations e He showed from numerous orevious studies 
thatp when fecal coliforms were 200/100 ml o r m;re ~ there wa s a 
fin i te prob a bil i t y o f isolating sal monel lae. S mit.h c:i.nd Twe dt 
(l9 'il- 1 co,-.L-obo·1.- .., ;. c d t h n c- e d ·1<·• :--. · J-'1- , ., c::+- •·•n ) ' of' , . , . . --. !··'i·ic 11·i q··, n ;·· ·i -\ , r:, ·,· r-. I .)._ Q 1...,.... ....... - - i...:::::. V a. \.,, c.;_ - ... o . --.) \.. - LJ. ....... .. . L. • • \...J - .I, - C. l. - - - _,_ ._, C . . 
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There are weli-known epidemiologic histories of the presence 
of bacterial pathogens when the coliform index was low • . Boring 
et al. (1971} reported that Salmonella _!yphimurium outnumbered 
coliforms by a factor of 10 in the Riverside, California. 
outbreak. Similarly~ a report by Seligmann and Reitter (1965) 
Ed1owed that index organisms can be low in the presence of 
pathogens. These sporadic reports of the failure of the index­
org~nism concept emphasize the need for more research on pathogen 
detection. 

'· - ~· .. - i · -: , •,- .-;-.·2-i.:..'..lt..-

Indicator Organisms 

The term "indicator organism"" as used in water microbiology, 
means: a microorganism whose presence is evidence that pollution 
(associated with fecal contamination from man or other warm­
blooded animals) has occurred. ·Indicator organisms may be 
accompani_ed by pathogens,, but do not necessarily cause disease 
themselves .. -. 

· As noted above; pathogens are usually more difficult to grow, 
isolate" and identify than indicator organisms, and often require 
special media and procedures. Indicator organisms, rather than 
the actual pathogensr are used to assess water quality because 
their detection is more reli2ble and less time-consuming. 
Pathogens appear in smaller numbers than indicator organisms and 
are therefore less likely to be isolated. An indicator organism 
should have ·the following characteristics: 
0 Applicable to all types of water. 
o Present in sewage and polluted waters when pathogen-s are 

present. 
a Number is correlated with the amount of pollution. 
6 Present in greater numbers than pathogens. 
e No aftergrowth in water. 
(';j Greater survival time than pathogens. 
e Absent from unpolluted waters. 
0 Easily detected by simple lacora tory tests- in the 

shortest time consistent with accurate results. 
"' Has constant characteristics. 
~ Harmless to man and animal. 

No organism or group of organisms meets all these criteria, 
but the 11 coliform groupir of organisms fulfills most of them. 
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BAC TE l~IOLOGIC/\L r:'.UALITY m· '.·!ATEP COLLF:CTED OH JJILLS C/1 TCHi'-'lF.i JTS 

ME1' F/OP OLITAN \·//\ 'l'Ef: BOAR]), PER'l'H 

RESULTS FROM BOARD'S SAMPLING 

This paper presents evidence that the bacteriolo~ical quality 
of wate r.. being col lecte d from the Metropolitan \fa ter Bo::1.rd' s 
Hills Catchments is s.11 :3c e p tiblc to polluti.on of Public h eo l th 
si'.:.nificance from human a.ct i vi ty. ·q 
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A series of 15 sets of r esults are appended (fi g ure 1 - 15) 
which present in graph for m th e results of bacteriological sampling 
at some of the 500 monitoring sites (see fi gure 16) on 
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Ca tchments and in Dams. It is appreciated that these records 
have some short comings as to their leng th (2¼ y ear~and 
frequency of sampling (once per month) but they do show a 
picture of concern to the Board. 

For presentation purposes the graphs are divided into 4 groups: 

1. Figures 1 - 3 which show, in areas where little human 
or animal activity is known, that the water quality is of 
a certain standard. None of the examples, and they are 
by no means the worst sites, meets the Austra li ~n Wat e r 
Resources criteria for *Type 1 treatment. 

2. Figures 4 to 6 which show that the quality of surface water 

? 
f 

near the dam wall in the three main reservoirs has, by 
natural purification processes in the water body, reached 
acceptable standards for use with disinfection alone. 
Actually South Dandalup is marginally sub-standard and 
this is thought to be due to the illegal activities of marron 
fishermen and other illegal recreation. 

It is clear fro~ these graphs that the bacteriological 
quality of the streamwater is by no means perfect and thEJ.t 
to allow activities which would cause further degradation 
would be most foolhardy. 

3 ■ Figur es 7 to 11 which show that human activities in the 
vicinity of streams can cause a serious degradation in 
their bacteriolog ical quality. In some cases, as noted 

-,nr,voe l trc-:otme nt - involves only disinfection to upgra de the ·· 
biological quality of the raw water. Screenint:; to re:nove 
floating debri and coarse suspended matter may also be incorpora ted 
nfter this the treated wa ter will have almost the same quality as 
t .l1e source except in microbiological and perhaps colour, odour and 
t3 s te characteristics. 

J:,:tcte'riolog ica1 Cr:i te ria for 'I'yp e 1 Treatment 

s_:_0 1 iform 0 0 Dn:i s1 n.s /J 00111 )'~ F a C'c a J Col:i.f orms ,/'.1 OO n: J, Ren1_~rl~.'::'.. 

100 10 Li m i t .s li c t. i. o :, !.a; c ~--c: (:. 

by mor e i.. b:.rn '../ c,~· c3 . ..: 1j: 

<~ 11oted From "A compilP.t ion o f Au:3tralian \va t e r Qu a lity Cr:i. tcr:i. ,, 11 

--·- r I 

/\11 t,tr- :~ l :i. n . .':1 1.'later J~e.s ou r ces Cciuncil Tcc1m :i.c a 1 rape r Ifo. 7 1 9 i-'· 1• 
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on th H r e lev a nt fi c u ra s , s~l mo~c ll a have b een isola ted 
fro m 11 :noon=, .swab ::; 11 pl :;; ced in th e s tr eam s at thes e sites. 
Gen era lly the sere ty p es isolate d are of low public h ealt h 
s i ~ nifican c e . There are how e ver ex c ep tions , for examp l e 
.Salmonella De rby which has hi gh public h ealth significanc e 
wa s d etected at Dirk Brook Site 2 (figure 11.). 

Figures 12 - 15 which show that where res e rvoirs have 
relatively short ret ention tim es and a polluted st ~eam 
flow input th a t the quality of wate r a t th e dam wa ll 
near t he of f t ake frequently does not me e t t~ e criteria 
for Type 1 treatment. 

The nomi n a l retention tim es quoted on t he fi gures a re 
d e fin ed as the average volu~ e of the da m during 1976/77 
divided by the maximum monthly draw off rate. 

. l;;v r 
lr i ~a:° - );J1 
l -;?~r 

Both Victoria and Churchman's Brook Dams have relatively 
short nominal retention times of 18 and 31 days respecti 0 ' ely 
when compared with the large retention times of the main 
Da~s. (Canning Dam 130 days, Serpentine 220 days). rll 
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THE QUALITY OF WATER AFTER DISINFECTION 

The Board h a s as its bacteriologi c a l quality obj e stive for 
suppli ed water the World Health Organi sation (1971) standard 
but various practical constraints prevent achievement of the 
very hi gh standards which briefly are as follows: 

• throughout any year 95% of samples should not contain an 
coliform organisms in 100ml. 

• no sample should contain E-coli in a 100ml. 

• no sample should contain more than 10 coliform 
organisms per 100ml. 

coliform organisms should not be detectable in a 100ml 
of any 2 consecutive srunples. 

Fo r the y ea r 1977/78 the water in the dis tr ibution systems 
after disinf ec tion at the hills sources did not meet the 
standards. The reason for this state of affairs c an :ui pa :£_t _ 
be attributed to the bacteriological quality of the raw water 
in the damss It is evident that further loss in quality of 
water stored in th e da ms cannot be tolerated, on the contrary 
the Boa rd would like to press for improvement. 

HEALTH SIGNIFICANCE OF COLIFO~MS AND FAECAL COLIFO RMS 

Th e b as is for the adoption of coliforms and fa e cal coliforms 

:J~ 

as indic a tor orga nisms of the potent i a l exis t e n ce of pathog en ic 
b a cteri a in water is ,·Je ll establ i she d elsewhe re . Bri e fly 
however t h e rationale i s that severa l p athogens notably thos e 
in th e cenu s Shi Ge lla a re Ab l e t o i nitin t e infe ction in h 11n8 D S 

ev e n \·:hen i n trodu ced in v e r'y lo :•.r nt:.,!1bcrs . I t i s ho 0 
.. .1eveJ· n ol 

fe asab1 e to asso.y for b a ct e ria] o c; :i.ctd v,.thoc;c ns cl irE=!ct J. y j n 
wn lcn: o. nd thus it lrn s b ee n f ound :no:rc rra c t ic ~11Jle to rnon i t or 
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the, e): isl C' nC(: of noJJ-pa tlioc;enic Lacteri;:, ,:ith simili1r ch o. ruct 1::r i c t 
(for a mor e compleic rl c finition of indic a tor organism s s e c 
App end ix_£_) 

A r at ionale for the adoption of s tringent s t a ndards for the 
leve l of coJ.iform orcanisms is civen in a r ecent pubJicatioJJ 
under the auspices of the American Environmental Prot e ction 
Agency entitl e d Drinking Water and Health (1977) and the 
relevant section is quoted in the Appendix. Briefly it 
rea~ons that water that does not meet the standard of one 
coliform per 100ml can be responsible for water borne disease 
both gastroenteritis a nd ty~hoid. 

CONCLUSIOHS 

1 Th e evidenc e presented in this p a p e r while not conclusi ve 
·su gges ts the following conclusions may be made. However 
more raw data is necessa ry _to ~e collected and more analysis 
is required before these conclusions c~n be finally confirme d 
although they are consistent with a body of world experience 
in these matters. 

• Human activity on Catchments has a detrimental effect 

;,fa 
on the bacteriological quality of water flowing in streams . 

. The quality of water stored in a reservoir is influenced 
by the quality of stream inflow. The quality of water 
available for draw off is dependant on two factors 

(a) the length of retention time and 

(b) the quality of inflow. 

• There is strong indication that short residence times, 
such as those existing in Victoria and Churchman's Brook 
are insufficient to provide the necessary purification 
for polluted strea~ water inflow. Conversely it appears 
that long residence times have a significant self purifying 
effect on polluted inflows for exaople Canning, Serpentine 
and South Da ndalup~ This statement should not be regarded 
as accepting that there is sufficient self purification 
in the large dams to provide raw water acceptable for water 
supply a fter disinfection only. 

The water in the large transmission mains after disinfection 
does not meet World Health Organisation 1971 standa rds for 
bacteriological quality and this is in part due to the 
quality of water stored in the reservoirs. 

• The current legislation which seeks to restrict human 
activity on Catchments needs to be enforced more competent lya 

In conclusion it is appropria t e to quote fro m the Na ti onal Researcl 1 
Council's pape r entitled Drinking Water and He a lth (1 977) p~ge (i i i) 
- 65. 

" Cood encjJ1 c er i ng n nd pub:lic l1 ealtli pr~c: ticet; e;:1pl1 2,f.::~H, 

the E C8d for tl'sin c; ra1-: 1-Ja ter of th e hi ghest JW t;C:i.iJ 1 c 
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qua lity. Ba cteri olog ica l t e sting , or th e impo s i t ion 
o f ba c terioloc ic a l s t anda r d s a r i ad j unct to, not 
sub s t i tutes fo r , g ood r aw wa ter, p rope r wa ter tre a tment, 
and th e int eg rity of the di s tribution s y s t e m''• 
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BACTERIOLOGICAL SAMPLING RESULTS 

From sites on Catchment where there 
is little or no human activity. 
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BACTERIOLOGICAL SAMPLING RESULTS 
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