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hydrophila isolates possess human virulence
factors.

3. There is little overall similarity between dimrheal
and waler isolates. Walcr isolates that can infect
humans are rare.

4. There sre many species of deromonas. Based on
isolates from cases of gastrocntetitis, A. fiydrophila
is the only one associated with human discase.
}*\f{.ﬁ within t%‘sﬁ spcuﬁs Hga’wpk rﬁ&, ﬁnﬁy a amaE%
éacmm m a.;auae d)ﬁﬁ%‘;ﬂ;ﬁu; Aayumdmgi ¥, 1‘1%}(}14{%}?
tests for Aeromongs must not only be specific for
the species but also the virulence factors.

5. deromonas, including 4. hydrophila, sre of low
virulence, Animal studies show it requircs large
numbers of bacteria inoculated intraperitoneally to
cause disease. Human feeding studies with in-

gestion of 10¥ cells have not produced disease.

6. No Aeromonas medium that has acceplable
sensifivity, ap&mﬁmiy, and r pm{hmbilgty for the
detection of A, Jipdrophila has been developed or
used sxtensively for drinking water. There has not
been widespread use or lesting of media for this
bacteria from drinking waler.

7. Aeromonas isolates exhibit no exceptional resist-
snee to chloring disinfection al concentrations and
exposure times typically found in public water
systems,

Based on these observations, there is insufficient
evidence thal A. hydrophile can be considered an
epportunistic pathogen when present in drinking wa-
ter, and it would be inappropriate to consider moni-
taring or regulating this organism at this time.

4, Significance of 11PC populations in drinking
water

Az mentioned proviously, the nwmber of HPC
weriz in drinking water varies widely. It depends
on the quality of the source water, the types end
-Efﬂe:zwy of trealment, the type and concentration of
disinfeetion residuals, the age and the condition of the
‘storage and distribution syster, {he concentration of
disgsulved ofganics in the treated dmi{n’gf{ water, the
arnbient temperature of the raw and fAnished water, the
clapsed time between the water treatment plant and
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sampling locations, and, of course, the HPU method
eemﬁ ting and %&W;}emtm‘c of incubation. These are just
some examples of variables that have 2 profound
effect on the cnumeration of HPC bacteria, With all
these of variables, it is obvious that the range of HPC
populations in drinking water is considerable, Le.,
<002 to 10 elwml or higher.

While there is a lack of health-based justificalion
for sciting an upper HPC limit in drinking water, a
number of countries have cstablished mandatory lim-
its for HPC bacteria in drinking water. As would be
a,:x;)ec;ts,d different countries use a variety ol terms to
deseribe their respective bacterial count method, spec-
ily different analytical procedures (media, tempera-
ture, time) that can be used, and cstablish different
miaximum acceplable counts, which can range [rom
20 1o 1000 ch'ml. Some have argued that is:swc? HPC
haterial populations in drinking waler are more
desirable than higher populations, but there is no
czzadummis)mcai gvidence that higher HPC popula-
tions have any public heallh significance. Typically,
public water systoms with conventional treatinent are
able to Hmit HPC bacterial populstions to below 100
cfiyml i the distribution system, slthough many
systems expericnce incrsased HPC populations
{500~ 1000 ciivml) duting the summer months, Bot-
tled water that has no disinfectant residual may have
much higher HPC populations. While & maximum
HPC population of 500 cfivm! in deinking water i
often cited as a health-based staz;ﬁmd this perception
is faliacious and not based on fact. As reviewed
below, there is no. health-based substantiation for
HPC regulations.

4.1, Origin of basis for establishing maximum HPC
popdations

The commonly used “level of concem™, 500 cft/
mil, originated [rom studies that examined the effect of
HPC populations on analytical recovery of total coli-
forms. It was never a health-based action level.

Possibly the first evidence that high HPC popula-
tions may intcrfete with the detection of coliforms by
the I}’m%E§§1&?~ih§bﬁvf§i‘%ﬂéﬁiﬁﬁf}n method (MTF) or the
membrane-filiration method (MF) wes suggested by
MeCabe et al. (1970}, In reviewing the bacteriological
resulis from a 1969 survey ol 969 public water
systerns in the 1S, the authors stated: “While bucteria
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enumerated by plate connt do not usually have & direct
health s:gmncaﬁm, hewy growths of bacteria and
other microorganisms do indicate the potential for
contamination. Also, rescarch findings (Geldreich,
1972) suggest that high plate counis inhibit the gaawth
of coliform bacteria on lﬁbmawry media, thereby
obscuring their presence”. They further examined
the question of interforence specifically and reporied
thai the 1969 survey data found the frequency of
detecting total and fecal coliforms by the membrane-
filtration method increased as the SPC levels in-
creased fo 500 cfuml, hut decreased in frcquency
when SPC levels exces {imi 1000 cfivfml.

“To further cxamine this interference phenomenon,
Geldreich ¢t al. (EQ?E} collected 613 samples from 32
dead-cnd water main flushing sites in the Cszammaﬁ‘
OH, distribution system. This study found 76 samples
contained coliforms by the MTF procedure, but only
19 by the MF procedure. Data analysis demonsirated a
comrelation between excess SPC densities and desen-
sitization of the MF method when SPC bacteria
exceeded 500 cfu/ml. Other rescarchers (Clark,
1980: Herson and Victoresn, 1980; Means and Olson,
1981; Seidler et al, 1981; Burlingame et al., 1984;
Franzblau et al, 393#%) have alse reporied method
«desensitization or coliform antagonism by HPC bac-

tetia clustering in the 500—1000 cfu/ml range. These
mmn&zgﬁmm demonstrated that high SPC (HPC)
densities can substantially interfere with both the
MTE method and especially the MF method, but that
this phenomenon may not occur consistently,

One of the co-authors of the 1978 report s also &
co-author here. From the mgmai analytical data
demonstrating interferences by HPQ on the recovery
of coliforms; to 25 vears later, the full owing have
been demonstrated:

1. There is no EPA, FDA, or WHO health-based 1IPC
regulation.

2. HPC concentrations are mentioned only twice in
EPA regulations: first, as & cause of falss-negative
coliform tests in whsc‘?@ lactose-based meeﬁza (t,e s
MTF and MF) are ampl&y%é and sccond, as & sur-

rogate for chlorine residuals in distribution systems.

3. Suppression of coliform recovery only occurs with
Taclosc-based media formulations, Defined Sub-
strate Technology methods (e.g., Coli ilert®, Col-
jsure®) do net suffor from [PC suppression.
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4.2. Significance and impact of HPC bacleria on
coliform detection methodology

The ramilications of HPC populations greater than
500 cfwml in drinking water arc significant because
they desensitize membrane-based coliform methods
that contain lactose, Given that rowtine analysis of
drinking water for coliforms and Escherichia coli is
the most common and the most important determi-
nation as to the microbiological safety of drinking
water, desensilization by HPC bacteria may have

kgi”a’s!c public health manumws For this reason,

it is imperative that HPC analysis be performed in
pazallel with each MF coliform/E.coli determination,
This quality assurance apmmmh ensurcs that coli-
form/F, coli data, especially negative resulls, accu-
mt&iy refleet the true microbiological quality of
drinking water.

Tn the late 1980s, the development of the Defined
Substeate Tochnology (Edberg ot al, 1988) for the
simultuneous enumeration of coliforms and Keolf
provided & methed that was not subject to HIPC
interfersnces, resulting in grealer confidence that
negative coliform/E.coli drinking water samgzlss cor-
rectly reflect their microbiological quality.

5, Uses of heterotrophic plate count measurements

Whim ﬂxm, i m &’alﬁﬁmﬁd ckmcai améem& tim

§eveia %’}f §-§§’€; bacteria g:sx)su; mcmasgd h@&iﬁi nsi:s
LIPC measurements do have value a8 & tool o cnsurc

drinking water quality. The pumose of water treatment

is to provide a safe water supply through the use of
unil processes that reduce turbidity, and chemical, andt

‘microbiclogical contaminants to desired levels, Be-

yond the water guality gaing as a result of treatment,
there remains the challenge of maintaining water
quality during storage and distribution prior lo reach-
ing conswmers.

‘According to Reasoner (1990}, H Ei‘iz is 2 useful
tool for

1. monitoring the efficiency of the water treatment
pmf:css including disinfection; '
. obtaining supp lements! information on HPC
lovels that may interfere with coliform detection
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in water samples collected for regulatory com-

pliance monitoring;

assessing changes in linished-water quality during

distribution and storage and distribution system

cleanliness;

4. assessing microbial growth on materials used in the
construction of polable waler treatment and dis-
wribution systems;

5. measuring bacterial regrowlh or after prowth
potential in treated drinking water;

6. moniloring bacterial population changes following
treatment modifications such as a change in (he
type of disinfectent used.

b

fi. Summary

1. While the fiteraturc documents the universal
‘pecurrence of HPC bacteria or autoghthonous flora
in amf, food, air, and all types of water, there is
insufficient aimml and epidemiological avidence
to conclude that HPC hacteria In drinking water
pose 2 health risk. For this reason, il is not possible
to establish health-bused standards for HPC
bacteria in drinking water,

. The varicus methods used :
bacteria differ significantly in the number and
geners detected, and 1IPC data from different
methods are not necessarily msagarﬁi ble.

3. HPC populations greaer that 500— Eé}z}% cfidml i zr«
drinking weater can interfore with coliform/E. cof
analysis by lactosc-based methods, which mu[uéﬁ
the membrane-filiration method.

. Kiebsiefla, Pseudomonas, and Aeromonns cannot
be considared ﬁg};zﬁriumqm paihf}ﬁgm when found
in drinking water, since there is no clinical or epi-
demiological evidence to support this designation,

- HPC determinations can be a uselil tool to the
monitor cfficacy of drinking water treaiment
processes and undesirable changes in bagtertal
witer quality during slorage and distribution, but
not boeause of health-risk reasons,

bl

to enumerate HPC
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Abstraet

The count of gereral or heterotvophic bacterial pn;}uiazimié in freated drinking water in the UK bes been undertaken since ths
18805, Counts of heterotrophic bacteria at 22 and 37 °C are used mde?y a3 part of an overll assessment of treated drinking
weater qualily. There were no legislated standands for water quality in the UK. until &cit:z:}ilm of the first EU Dirsctive in F989,
The UK has, however, never stipulated numerical standards or guidelines for heterotrophic bacteria, although thelr enumeration
has long been parl of the assessment of “wholesome® water, on which advice regarding microbiological quality was given in s
seriog of docurments known 4y ‘Report 717, The currsnt regisations stipulate enly that there shoulid be “nu shnormal changs” in
numbers normally sssociated with a given supply. This paper reviews the historicsl contex! regarding the enumeration, @nd
interpretation of results, of heterotrophic bacteria from treated drinking water, and infarmation regrrding current practices by
UK water supphers, The. appropriateness of using helerteophic bacteria counts as an operationsl ool or as & health parameter is
bricfly discussed in the light of the UK cxperience.
€3 2003 Elssvier BV, All rights reserved.
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Eepwonids: Heterotrophiv bacteria; Plate counts; Drinking water; UK standands

I. The use of heterotrophic plate eounts in the UK developing over the previous 5 yems. A lenpthy
{18853-2002) description of the method was also published in
the Lancet {Hamlin, 1990). Frankland, who was a

In the swmmer of 1884, Perey Faradey Frankland chemist by training and had an intcrest in the quality
visited the Infernational Health Exhibition at South of water being supplied to London, appreciated that
Kensinglon in London, and saw a demonstration of the technigue could be applied w culturing and
the technigue for the cultivetion of bacteria on solid counting bucterfa [rom untreated and treated water,
nuirient gelatine medium that Robert Koch had been and together with his wife, Grace, adapted the

method. One millilitte of waler was added t0 2
molien mixture of ﬁelutmﬁ and [ltered meat broth
and incubated at 18-22 °C ({basically at room

“ Prosentod 98 tﬁg‘ 35 §xs§§§z?§ fonslWorld Tlealil i‘)s‘g«t}r:@ emperature) for a fow 'éa:ys,, counting colonics as
tio S*smg\ e on 11PC Bacterts i D méwi? Water, April 2224, o N , e g g o
2002, Geneve, Switzerland ' they developed (Frankland and Frankiand, 1894} At

* Tel: +44-1743-265765; finx: +44-1743-265043. the beginning of 1885, Frankland started testing

E-mail address: david ssctory@severnirent.oo sk (1115 Sartory), various waters supplied to Londen and, in the

D68-1605/S - sco front pralter © 2003 Elscvier BV, All rights reserved.
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process, inaugurated the first menthly systematic
bacteriological examination ﬁ% the sug}gﬁm {Gamer,
19483, The results of this testing were soon to be
pﬁhkxh&:e} by the then official “Water Examiner’
Colonel Francis Belton, In mid-1885, Frankland also
applied the technique to testing water before and
after sand filtration, employed by some London
water companies, recording reductions in numbers
of bacteria of greater than §%%, and to testing the
effectivencss of different filter materials {Frankiand
and Frankland, 1894). With this work, the couttting
of general bacterial populations (subsequently termed
plate counts, then colony counts, and now heterolro-
phic plate counts (HPC)) in drinking water became
firmly established as an important parameter for the
assessment of water quality.

The use of plate counts became widely used and
an incubation temperature of 18-22 “C became the
rotn with daily examination of plates for up to 3
days (Horrocks, 1901). Additional counts of bacteria
after incubating a second sel of plates for 40-48 h at
36-38 °C were recommended in 1904 (Royal Insti-
tute of Public Health, 1204), as these were consid-
cred more likely to represent those that could grow
in the human body and, therefore; could be indica-
tive of fascal confamination, dlth{mg’h it was recog-
niscd that many other naturally oceurring bacteris
were alse capable ol growing at this lemperature
(Savage, i(’*ﬁ{x} E)uung this time, counts at 18-22 or
20-22 *C were typically conducted using nuiti ient
gelatine plates, and those at 37 *C using nutrient
agar plales (Royal institute of Public Hlealth, 1904;
Bavaga} 1506). Formal guidance on the bacteriolog-
ical examination of water supplies and the interpre-
fation of results was first published by the UK
Minisiry of Health in 1934 (Anon, 1934) as what
was to become unwer‘ﬁﬁy known as ‘Report 717
The recommended method involved dispensing of 1

m! aliquots of water, mixing with nutrient agar and
’Iﬁcubatmn of onc set of plates al 20-22 °C for 3
days and another set at 37 °C for 2 days, which,
aparl from a change of medium, has continued to
today and is. mdely used (hroughont the world, The
number of é}a«r terla enumerated 8t 20-22 O was

said fo give ‘some indication of (1) the amount of

food substance available for bacterial ftrition and
{2} the amount ol soil, dust and other mtsamem&
material that had gained access to the water” whilst
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“ever, led to a

processes, providing

the count gt 37 °C ‘affords more information as 1o
dangerous pollution’ as ‘the orpanisms developing at
thig mmmm%m& are chiefly thosc of soil, sewage, or
intestinal origin, and their number, %hﬂi‘ﬁf@%“ﬁ, may be

‘used as an index of the degree of purity of the water’

(Anon., 1934}, The Report also stated that the colony
count of a single samg&iu had mmgmaraﬁw:ky fittle
significance and that ‘it is difficult to statc limits
which, if exceeded, involve unfavourable comment
on the hygienic quality of the water’, The ratio of
the count at 22 °C to that al 37 °C was said fo be
helpful in explaining sudden fluctnations, with high
ratios being associated with bacteria of clean soil or
water saprophyle origin *md therefore, of ‘small
sagazafiuaﬂce {Anon., 1924} This approach was re-
alfirmed in the sccond edition of "Repont 71,
;ﬁubhshcé 5 years later {Anmz, 1939

E?pmemﬁ guined over the next 17 years, how-
changs of emphasis in the third edition
{Anon., 1?% Society for Water Treatment ﬁn{}
Examination, 1956) which stated that “although plate
counts at 22 °C and 37 °C reflect by an increase in
the numbers, particularly at the highor temperature,
the access of faccat pollution, they arc not now
usually employed for this purpose’. Their principal
use was now ong of a more f{anemi detection of ‘any
form of ¢ mtﬁmmaiim maintaining their role as
indicators and not a hmlt%g parameter in their own
right. The Report presenied a seview of the agar
plate count (writlen by E. Windle Taylor, then
Director of Water Hxamination of the Mﬂtmmiatm
Water Emr{f London} which discussed the wide
variability of numbers of bacteria from differing

water types and sources and teck hmical aspects of

the method, concluding that ‘hegh plate counts at
either temperatwre, even if confirmed, do nol neces-

guily indicate that & waler is a ‘danger i heallth”.

They were, however, “undesirable since the presence
of large numbers of bacteria in water may cause food
bg&ziawg “The key value of plate counts was their
use. in assessing lhe mfm&cy of waler (reatmont
an C“ostimate of the gencral
hygisnic quality of & water” {‘Qﬁhteiﬁaf‘g v with regand
1o food Ifmmmizm} and that ‘a rising g}i'&te count:
may give the eardicst sign of ;mlfuismz {e.z. inwalls)
(Anon., 1956). This interpretation of the value of
plafc counts was reitcrated in the fourth and filth
editions of ‘Report 71° (Anon., 1969, 1982 '} which
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aiso stated thst “colony counts arc not cssential for
assessing the safety of domestic waler supplies”. The
fourth edition also infroduced veast extract agar
[YEA) as the medium of choice for the enumeration
of colony counts, and confirmed an incubation time
of only 24 k for counts at 37 °C, introduced in the
1956 third cdilion. The 1982 fifth edition also noted
that ‘organiems which prow best at 37 °C usually
grow less readily in water and arc more likely to
liave gamezi access from external sources” and that ‘a
sudden increase. . ... would call for immediate inves-
tigation since it might be an sarly sign of more
specific or scrious pollution® (Anen., 1982). All
reference to potentially indicating fagcal contamina-
tion had been dropped. ,
Significant strides in the understanding of micro-
bial behaviour, particularly with regard to hetorofro-
phic bacterial populations, in water suppiies during
the 1980z and 1990s were reflected in the sixth edition
ol *Report 717 published in 1994 (Standing Comnit-
tee of Analysts, 1994). The three key areas where
plale counts were of value, outlined in the 1956 third
edition, remained, but multiplication of bacteria with-
in distribution systems due to available nutrients
{assimilable organic carbon) in the water or fixtures
and fittings, and the growth of biofilms and their
potential role in taste and odour problems were also
recognised {interestingly a relationship betwaen avail-
able nutricats and bacterial growth had been alluded
to in the 1934 and 1939 editions of ‘Rﬁpmt 17, but
not since). The Repott stated that ‘in g}: actice, L%ﬁiﬂ’%ﬁ%
in the pattern ol colony counts of samples from a
given water supply are usually more significant than
the actual numerical count of any partieular sample’
and that ‘the counts themselves have Hutde dircet
health significance’. T he Report recognised that some
potentially opportunistic pathogens (e.g. Psendomo-
;mé: aeruginose and deromonas sp.) may be partt of
e uﬂmay count papulation, and “their appearance in
%%13::, numbers in water indicates that conditions in the

distribution system have become suitable for growth.

as opposed Lo survival of these organisms’, However,
it concluded that without cvidence of fascal contam-
ination ‘elevated colomy counts should not be viewed
mnh concern in terms of the hﬁai& of the ;:ampu}aimn
as & whole”. Repular enumerstion of colony counis
Lr&m a distribution system did, however, provide
useful data with which to assess any long-term trends

Iternntiood Jaeroal af Ferod ;%ffsgkmﬁ‘mzz&;*
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in the general microbiological quality of drinking
WaICE

This interpretation of the usc of colony counts is
retained in the seventh edition of the geidance {Stand-
g Commiltes of Analysts, 2002a,b) propared with

regard to the new UK legislation (Anon., 2000)

arising from the 1998 EU Directive {Bumptsﬁﬁ Union,
1998). The gmdazwa re-emphasises that ‘it is not the
absolute numbers of colony count bacteria enumerat-
ed from & supply that are of importance, but whether
there are significant changes or long-term trends in
those numbers”. Although the requirement 1o cnumer-

ate colony counts al 37 °C i3 no longer stipulated in

the EU Dirsetive, it hax been retained in the UK
legislation, and is still considered to be of some value
‘in that it can provide an early indication of a
significant detsrioration in guality before coliform
bacteria or other indicator bacteria are detected (for
cxample, due to ingress into a distribution system)’
(Standing Committee of Analysts, 2002a). Coliform
bacterta are also no longer reparded as indicators of
faecal comtamination, but are of use as indicators of
general microbial quality. This acknowledges that
some coliform bacteria may be part of the natural
bacterial flora in water and prolifersle in biofilms.

Coliforms are also considersd useful for monitoring

treatment processes and assessing the disinfection of
new of repaired mains, This edition also re-introduced
lhe option. of incubating 37 *C plates for up to 48
h {Standing Committee of Analysts, 2002b), as had
been the norm prior to 1956, and is also in agreement
with the IS0 standard IS0 6222 11999 (International
Organisation for %mnddidvm;@n, 1999} stipulated by
the 1998 ELI Directive (Europesn Union, 1998) as the
method to be used, E;a lower 22 °C incubation range
in the ISO standard is 22 + 2 °C, which is a wider
range (han the 2022 ] ‘?hmt@lémﬁy used in the UK
and recommended by the UK guidance {Standing
Committies of %mi}wg 2R
The use of counts of heterotophic bacteria ka

therefore, a long history in the UK, The count at 2
°C has been used es a gencral indicator of ,ratar
quality since 1885, The count at 3 "*? °C was originally
introduced with the beliel that i could indicate po-
tential faccal contamination, but thiy was sooen dis-
regarded, although it is still used for operational
management in the UK, despite being dropped in

hq’:’
the EU Dircctive,
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2. Current use of heterotrophie plate counts in
the UK

There are 35 public supplicrs of watcr in the UK
(Table 1), all of whom participated in a survey
regarding the monitoring of HPC populations. The
supplicrs were asked for information regarding their
HPC monitoring wnder the UK regulations and for
nonregulated operational purposes (e.g. customer
complaint znd allied investigations, new mains and
rehabilitation work acceplanee).

2.1, Use of data from regulatory monitoring

The UK regulations (Avon, 2000) stipulate fre-
guencics for analysis of plate counts from treatment
works [i nal walcrs, service reservoirs aud water sup-
ply zones. These ate as follows:

{a) Water treatment wmks——depmidmg upon the size
of works (in terms of vohune supplied) these range
from daily (large works) to weekly (small works),

(b) Service reservoirs—weckly,

{¢) Water supply zones—depending upon the pop-
ulation served; these range from twice & wcsk to
’mm‘}th%

Reduced [requencics of analyses can be applied to
water treatment works and water supply zones
depending upon previous resulis.

The principal use of the data gathered from regu-
latory monitoring is to monitor trends or deferforation
{in terms of tising counts) in quality. Many suppliers
iaffgc:ia{% trend mﬁnsm;mg with data from service
reservoirs. Other uses of the data included:

{a) chiorine managemen,
(b} microbial populations modelling,

Tabls 1

Number of public water supplisrs in UK by legistative region
England 24
Wales 2
Hentland 3
Northern Trstand g
Channel Tzles 3
Isle of Man !
Tsles of Scilly !
“Total 35
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{¢) teatment works ;:{:rk}mmsu AS5CASIMICH,

(d) assessment for planned maintcnance of infra-
structure (e.g. cleaning of service reservoirs), and

() secondary indicators of quality following iselation
of coliforms or other primary indicators.

Many gupplicrs reviewed plate count data for a
supply area whenever an unusual result was Lemréed
Most suppliers also had regular review periods, typ-
ically monthly, half yearly or antually, some under-
taking reviews on both a regular basis and by an
unmsual result, Most supplisrs under take these reviews
on an informal basis, but several have a formal
DEOEIAM, STING linked in with their Quality Assurance
procedures (e.g. 18O 9002, International Organisation
for Standardization, 1994, ‘

2.2 Use of plate county in operational moniloring

All bar two suppliers undertuke plate count testing
for various aress of operational monitoring (Table 2).
Undertaking plate counts as part of a suite of analyses
when responding to ciaims of ill health is the most
widesproad usc, with most suppliers doing counts at
both 37 and 22 °C, but a few only at 37 °C. The
ralionale is (hat platc counds may indicate a siguifi-
cant event within the distribution system, and not that
HPC bacteria may be related o the ill health, Plate
counts are also widely used when invesiigating com-
plaints of off-testes or odowrs, as changes in HPC
populations may indicate pmhi@mﬁm& %:sf biofilms,
which can be associated with microbially mediated
generalion of some organoleptic compounds (Stand-
ing Commillee of Analysts, 1998). Operational g}iais:‘
counts are. ,;ﬂsg) commonly used as part of acceptance
griteria for new mains prior to being put into supply,
and in assessing water quality following mains reha-
bilitation work.

2.3, What iy an ‘abnormal change’ in plate comis?

When the UK adopted the first European Directive
on drinking water (Huropsan Union, 1980), the
guideline va alues for plate counts (10/ml at 37 °C
and 100/mi at 22 °C) were not formally anchtfie.,é
Tristead, the regulations stated that there should be *no
significant increase over that normally observed’
(Anon., 1989a). Guidancce from the regulators
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“Tuble 2
Use of plate counts for uperational monitoring by 33 UK supplicrs

Mamber of suppdiers

Cipevalional pefivity :
vonducting plate eosnts ot

37 220
Acceptance ol aew nmins 3 xl
Testing. aftey k] 20
rehabilitation work
Taste and odonr % 25
investigathons
Health compdaing 1 3t
investigations
Riofin investinations 4 15
Followtag repalr of maius. i 3
Coher investigations g &
Fawy waler manioring 4 i

{Anon., 1980} stated that ‘continuous review is
needed of colony counts’ and further investigation
should be taken if *thers is & sudden and unexpecied
increase in a colony count, patticularly the 37 °C
vount, compared with that normally found”® or ‘there
is # significant trend of inereasing colony counts in

the supply over a period of 2 few years’. Both the

current iU Direetive {Eumnman Union, 1998} and
UK regulations (Anon., 20000 do not sct sumerical
standards or guidsline values for the colony counts,

which are defined as indicator paramoters, but state

that there should be ‘no abnornal change’, This is in
keeping with the csppmaaéa that colony counts are an
operational tool for the management of water quality
in distribution systems. It does, howsver, beg the
quesézm “‘what is an abnormal ﬂhangc “There s,

currently, no official guidance on this in the UK (nr
Hurope) and, consequently, there are several ap-
gmmcha.a that have been adopted by the water sup-

oliers (Tuble 3,

}»*fauy supplices employ simple numerical values
fur an indication of an abnormal c;m;gﬁ in counig
from regulatory samples, some based on the w;éa—
line values of the first EU Direclive (Bur opean

Union; %9’5{3}} whilst some have adopted higher
values (Table 3). These values generally serve as
triggers to review previous data and make an sssess
ment of eny significance of the incrcase. Several
lactors appertsin to the use of these numerical
values, such as type of source (pristine groundwater
sourced supplies generally have lower valuss allo-

cated than lowland river sourced mpﬁkes} seasonal
variation and local knowledge of water quahﬁy
behaviour in the sug}a}iv area. In practice, since
counts of heterotrophic bacteria in UK public water
supplies are penerally kzw COTS cm“‘{hng, these
himits would represent a marked rise in bacterial
populations. Several supph&m however, have cstab-
lished arbitrary levels of increase ranging from (1.5 to
=2 log increases over provieus results (Table 3). This
has the advantage that it automatically takes into
account the natural rise and fall in heterotrophic
bacterial populations that occor during the seasons.
A few supplicrs have adopted a statistical approach
{several others indicated that they were also investi-
gaténg a statistical approach), based upon a compar-
ison fo mean counts, The time-base of the data for
which mean counts are caleulated can vary, depend-
ing upon the seasonal vatiation in the counts and the
frequency of analysis, with soms covering the pre-
vious few weeks and others @ period of year or more,
Generally, those thal are derived for groundwater
sourced supplics can be caleulated from annual or
more data as the counts tend to be more stable in the
less biologically active water. When applied to more
nutricnt-rich surface water derived (and thus more
variable) %aﬁg}hm@, shorter data periods would tend 1o
be used.

Talle 3
D&ﬂmmﬁﬂ‘ of
eounts used E;V UK. mgphrrs

Type of definition 37 50 230

Tumericat limits. =10, 220, »50, =100,  >50, =100,
tor regulatory =HI0, =300, »300 “ii >3500
sampes {cfivimll

Mumerical change 0.5 log, »! fog,
in counts for w7 fog, $23 Ing

regulatory sanpres
Siatistival ﬁ&éﬂ'@}g&

ir counts for

regulatory satnples

{8} >3 standard doviztion fom previous
six rowults

ibi 20 fimes 3oyonr mean

{3 215 fimes 12-moath rolling wess

{d} =98 prreentife of rollieg sannual wesn
22 °0)

= w =50, “‘1%’3
300, =300, > 1000

=50, >, =300,

gﬁgm;:méi Hinits
#3500, > 100

for pperstional
sgonples (ohveal)
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2.4, Limits for plaie counts for operational samples

‘Many UK suppliers have also established working
limits for samples taken for operational reasons,
whilst others have no limits, but rely on previous
knowledge of the e:imtui:miim system (basically a
local risk assessment ag}gwach} Far heslth complaint
and similar samples, the ‘abnormal change’ criteria
described above tend to be used. For other samples
(e g, new mains acceptance, {apdimd tmaing testing),
arbitrary values have been adopted, some in formal
procedures, often at a higher level than those. applied
to regulatory samples {Table 3}.

3. Heterotrophic plate count bacteria in EJEi{ public
water supplies

Counts of heterotrophic bacterial populations in
UK. water supplies are, thus, used as secondary
indicators of general water guality. The counts
obtained at 22 °C are faken to be representative of
the bacterial dynamics within distribution systems,
with increases indicating growth of biofilm or similar
events. Sudden changes in the count at 37 °C are
mﬁaail\f taken to fndicate pm‘cﬂmf ﬁs;zmpefzzfic intru-
sion into the mambuu{m systein, although riscs are
also associated with growlh in river derived &upg}lm
during seasons when the water temperalure rises,
Typically, counts in UK public water supplies are
low and elevated counts at either incubation temper-
ature uncominon. For example, the date fiom regula-
tory monitoring for Severn Trent Water {ih& second
largest supplier in the UK, supplying 7.4 million
people) for the year 2000 shows thal, out of 44174
samples from servics reservolrs and customer laps,

Tabie 4
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95.4% of counts at 37 “C did not exeeed 10/ml {the

1980 iU gtzad%imf: value) and only 0. 3% af sumples
had counts of 100 or more (Table 4). The higher
coutits were associated with periods of warm water
temperature for some surface water dorived supplies.
Sixty-seven percent of Severn Trent Water’s supplics
are sourced from surface waters. For counts at 22 °C,
98.1% did not exceed 100/ml (the 1980 EU guideline
value) (Table 4}, with higher counts being primarily
associated with some service reservoirs during periods
ol higher waler lemperature and low volume turnover,
during which pmhﬁzmmﬂ of biofilms and associated
heterotrophic bacleria is enhanced.

Tdentification of bacteriz enumerated in plate
counts is not routinely undertaken in the UK and
published information is hmited. Anecdotal infirma-
tion from suppliers, when identifications have been
undertaken, indicates that the same bacteria ave

cocountered as those that have been reported fram

USA and European supplies (c.g. LeChevalier of al.,
1980; Gambassini ot al, 1990; Rusin ¢t al, 1%’39?}
Typically, specics of Psendomonas and rclated
genera (8.4 Burkholderia and Spim:gﬁmmms} Fla-
vobacterium, ;‘éﬁ?lﬂﬁf@ﬁ&&fﬁg Clromobacterium  and
Bactllus ave cited us ocowring. A study of & supply
smxwaé from a eutrophic reservoir in the sast of
g’lm‘ad (Gibbs and Hayes, 1989) identified five
sp-cm@s from the Pseudomonas group, and strains
ol deromanas, jﬁmﬁggszi}s and ﬁ&&fﬁff& It is not
surprising that these same groups of bacteria are
being recorded from distribution systems, as these
represent those bacteria that grow well on standard
mﬁd@a and are amensble to ;{iannﬁwimn b}f the
commonly used commercial minfaturised identifics-

tion systems {e.z. the AP1 20NE or BBL Crystal B/

NF sysicms). In an investigation in 1997 of two

Levels of plate counts from regulatory monitoriag of swater. in supply for Sevem Trent Watcr during 2000

Percent of results

= =1-10 =11 100 =3 100
Servive Teservoirs. 375 5% O 37% 0.3%
1=31,278 22°C S 13% 81 % 24 %
Customer taps 37°C 20% AE% 03%
= 17,896 ay e MA% o SoY 0.7%
Total 37 167 % A3 03%
=44 17 23 5 BTEY% 0H% T4 19%

Shaded boxes are counts within the 1980 EU Dircetive guidelings (Cusopesrs Union, 1980).
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Table 5
Spevivs of heterotraphic bacteri identificd from two suwrfhice waler
derived supplies in the Severn Trent Weiter rogion

Treatment works Service reservoirs Distribulion systom

Acinetobacier boaffi

Aeinetobacter beofli Agrobacterium sp.

Awrpmiongs Banitfus Bacilluz Muvis
hydropdita Tichenifomisix

Bueilly brevis Baeillus sulsilis Bacilius lcheniformis

Bciliny Flasimoneaz Buwriholderia cepacin

aryzihalbitong
Flavebacterinm:.

adoranun’
Elavabacterinn st

Hehaniforms
Haeillug suliilis Corvnebacterium sp.
Flavobaoterium

ndloyener

Cenynebucieriim sp,

Ffm*ifm)éﬁs Kiethomenoy Flavebacterinm 3%
orvzifahitan arltoplilia
Flavabacrerium sp. z‘{;?gzrff;ﬁmagmw
heorescens®

Prewdomnmas sp.”
Fibrio s
Kanthowoue spt

Preudomonas sp.

® Mentificaion eundinmed by ribotyping.

surface watcr derived supply areas by Scvemn Trent
Water, isolales were identified by conventional bio-
chemical testing and by ribotyping (Table 5). Again,
specics of Bacillus, Flavobacterium, Psevdononas
and Psendomonas-related genera are the principal
strains identified, with'a greater range of identifiable
cies being recorded from samples taken from the
mhurmn system customer laps compared to those
‘I"mm service reservoirs,

A more recent study conducted for the UK regu-
lators (Drinking Water Inspectorate, 1998; Surman et
al., 1998} altempted to charscterise over 1000 isolates

from 1§ drinking watsr systems in England and
Walcs. Samples were taken from taps prior to flushing
and disinfection of the 1ap (Le. Tepresenting the
standing water in the tap and immediste pzpewml&
and after flushing and disinfection of the tap {ie
representing water from the distribution network). As
would be expected, counts from pre-flush samples

were consistently higher than those from post-flush
samples, OF 1127 isolates, 902 were {%mizwhmed of

which 376 (41.6%) were Gram-ne egative bacilli and
442 (49.0%) were Gram-positive cocel. One ?zm‘;dmd
gl ﬁmw»swml isnlates of Gram-negalive bacilli
were idenlified using either APT 20NE or BBL Crystal

EMNF systems {Table 6). The identification of some
isolates as Listonells damsela o Shigella sp. high-
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lights the caution that needs to be taken with the
identification of environmental bacteria with such
systems. A tauch greater range of species, however,
was identified from the pre-flush tap samples (26
speeies) than from the post-Hush samples (17 species),
probably reflecting the impact of external contamina-
tion and growth of natural and contaminating hacteria

Table G

Tentative identification of plate count isolates from pre-flusk and
post-flush tap water ssmples rom I8 supphics in England and Wales
{iﬁmjlia el from i ik Waler Inspociorate, 1998

Idemtification

Frequency of identifiention

Pre-flush.  Post-fluzh  Toul

Sefnetobaeter hvaflii - 7 g
Aeromongs sabmonisidy 3 7
Agrobacterium mmefoelesy: i i
Agrobacteriam rafiobacser I i
Cleprmebucterinm violeosun i 1
{ Chrysromonnas faveola & 1

seferinm breve 3 4
Flavobgeterivee glem ! !
Flavobacteriunt indolosenes & 7
Flavobacterium mysingosepticm 2 2
Flavebacreriun edovatum 1 i
Listoncila damsella® 20 45

Livtpnelia sp.

Meswrelle phempdpyravica
Maoravella sp.

Meisreria vineren

fjmrezéﬁx‘&f{
Faendom
Powdomeaes pistidi
sﬁs«r«r-s&’f}e:zmm t?&!ﬁzﬁ?"?

Shingobacteriun wultivarom
Splingoionas ;}:;mmme’zxm

] veila W}fwfmm
Armfﬁmmmzm imeeltaphilia
Tolsl %3{:@15&. zdﬂmsf' =d

B R T B T S AT P

,m
!;:'-x

e

[ﬂqugzmg—aw,m b ] B e i L R G s e

H&Qm&mmhm@«wmmxmwm{ﬁkwwmm

g

s Listonelfa damselia is 2 marine Laﬂffzmsm %!. i identifics-

ton iz pz’ﬁi}s‘ﬂ;)l _f mwmon::t

* Filwda ;;:esz;:farm&miﬁ ey ds A p'it%anems, i‘i‘z%;“%%‘iﬁ e i
associated with s2albods, I the idontity is cowec, the most Hkely
souren is cantamisation of the tap during food proparation,
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in the standing water. In this study, isolates were zlso
tested for potential virulence (eytotoxins and enter-
otoxins, adhesive and invasive factors, and haemoly-
sins). OF 585 isolates tested for at least onc virnlence
marker, 127 (21.7%) showed some loxin or hacmo-
lytic activity (Drinking Water Inspeclorate, 1998).

Ninety-five (16%) isolates exhibited a §mamﬁ2yamg
21 (4.5% of 466 i;aated} were verotoxic und 4 (2.5% of
151 tested) were cytotoxic. Twelve isolates (2.6% of
469 tested) were invasive into Hep-2 cells. Very few
isolates dernonstrated more than one virulcnce factor.

These results are in accordance with those of Edberg

gt al. (1997) who also reported 2 low incidence of
cytotoxicity and virulence ch&mctﬁﬂstsm for HPC
hacteria isolated on blood agar These virulence
markers were not associated with any ;?as’ixwi ar spe-
cies or phenctypic group of beacteria or recognised
m}tﬂfepaﬂmg&ni& species. It was coneluded that if any

{ these bacteria could produce disease they would
; nec»:i {o be present in drinking water in high numbers
and thal the Fequency of isolation of heterotrophic
species wﬁﬁ the capabilily to causc pasirocnioritis
symptoms is too low to be of significant concern to
health authorities orwiter Lamgjmm&.s (Drinking Water
hwpef,ii}a ate, 1998; Summan et al, 1998), concuning
with the conclusions of Edberg et ‘aim {1997}

4, Heferotrophic plate counts: a useful operational
tool '

From the preceding discussion, il can be seen that
in the UK the use of plate counts for asséssing water
quality has @ long history. From an operational per
speciive, these counts are useful for assessing trends

in changss of water quality and some distribution
management issues (e.g. biofilm development, stag-
nation and reduced chiorine levels). Populations of
heterotrophic bacteria in freated water supplies are

‘exiromely heterogencouns, and population profiles will

be dependent upon & nuniber of factors including the
nalure of the source water, feﬂzdem% time in the
system and disinfectant used. General heterotrophic
bacteria populations are not considered to be of
significant health concern { i}rigaicmg Water Inspector-
ate, 1998; Standing Committce of mlaiysﬁs 2002a),

even though cerlain members may be oppottusgistic or
potential pathogens. I it were considered that these
bacteria merit investigation or control, then specific
attention wonld be paid to them. The number of
heterotrophic bacteria with putative virulence charac-
teristics that have been isolated from treated water is
very low, and does not represent a significant risk to
public health (dberg et al, 1997, Surman ct al,

1998). The number of }wm@tmphw bacteria cmmtszd

from UK (émakmg water 8 1§pmalﬁy very low {a
azgmﬁsam maiority being = 10/ml and very fow Emmg
>100/ml}, although occasional counts up o 10%ml
can be encountsred. These are markﬂéiy lower than
counts of uerobic bacteria permitted in ready-to-eat
foods where agrobic colony counts up to 107 cfu/g can
be considered to be acceptable (Tzble 7) (PHLS
,&dvzsm‘y Committes for Food and Dairy Products,
2000). In the UK, it is estimated that the average
consamption of drinking water is 1.138 Vday (Drink-
ing Watcr Inspoctorale, 1996}, The survey indicaled
thal, on average, 81.5% of tap waler consumed is
drunk as tea, coffee or other hot drink. Assuming that
umwmpimn can, on average, be aseribed pro-rata,
this gives a mean consumption of wiboiled tap water

' Yaide 7
fmi{%slsms for asrabic eolony count (30 (4% ) for various ready-to-sat fonds {PHLS g‘&dmm}f Committes Tor Food and Uaiy Products,
2000)
Foud wategory Example foods Count {olufg)
Earisfactory Aecopiable Ensatisfaciory
] Pork pies, sausage roll, raw pickled fish, mousse <1 1 <10t =10t
2 foe gream, '33§;§~;£a¥ cakes aud pastries (withowt dadry orears, <1t ot 1t =
mym aise;, cooked vegetables . ; , o
¥ Sliced beef imx% ponkiry, seafod meals, cakes-and pastrles L 107 < 10" =1F
{with dairy creamy); difed Fuiz, coleslaw ‘ ) B -
4 ‘Sliced ham, smoked fish, prepared mixed salads, <t 1f— =1’ =107

‘sandwiches and filled mé}sz
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of 18.5% or 210 ml. "This is similer o the median
value of 1533 ml reported from the Netherlands (Teunis

et al, 1997} Thus the contribution to ingestion of

HFC bacteria from drinking water, even with excep-
tionally high counis fea. 10%ml), iy minimal com-
parcd to that potentially contributed from foods and
other cnvironmental sources. In this regard, setting of
a numerical standard for gensval heterotrophic bacte-
riz counts in public water supplies would not enbance
public health protection.
In conclusion, the use of plate counts in the TUK is
seen as & usciul tool in the managemsnt of the
reatment and disiribution of drinking water, but in
*Imnscivm are not to be taken as mdlt’:atﬁh of dircet
healih risk, Should specific members of this group of
bam}ria become of increased significance, if transmit-
ted via the water supply, then specific standards of
codes of practice for their control would be appropri-
ate, rather than a general limitation of lotal heterotro-
phic bacteria numbers.
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