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On the Variation of Residual Chlorine in Water
Toshikatsu TSUYUKI

An experimental study was made of variation' of residual chlorine in water at T. W. M.
C. School of Nursmg from July, 1998 to July, 1997, Free and total residual chlorine were
determinéd by means of chloring colorimeter using DPD method.

The results were as follows

1 Both the residual chlorine were: low concentration Lill outflow of about one lifer water,
then varied greatly. After water bad been flowed about three liter, the concentration
of residual chlorine were nearly equal to that of water in the tank on roof of the
scloolbuilding. '

‘9) I January, the concentration of residual chlorine were higher than Regutations for the
Enforcement of the Law of Water. In April, the residual chilorine were about # third
of mlmmum value of the Regulations. On and after the latter part of May, free were
helow Oﬂlmg! £ and total were below 0,11mg/ ¢ . Therefore both the residual chiorine
are much lower than the Regulahons for the major part of a year.
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Heterotrophic plate count bacteria—what is their significance
in drinking water?™

Martin I, Allen™™

*, Stephen C. Edberg”, Donald J. Reasoner®

" dvrwn Reseorel Fe oundaiion, (056 IF Outs o Aveng, Dranver, €O 80235, US4

‘“},;. :

é’mwzx%m’ School of Medicine, New Heven, CT, US4

% x’,m“sz:z;;mm! e tion Agenen Cinchman, OHF U84

Provented al the NSF lntemational/World Health Ohgamization symposiun o HPC Bacieda in Dirinking Water, April 2224, 2002,
Geneva, Switzeramd,

Adbstract

While the literature documents the universsl vceurrence of heterotrophic plate count (HPC) bacieria i soils, foods, iz, snd
ﬂ:ll sources of water, there 1s.a lingering question as to whether this groug of organisms may signal an increased health risk when

evated populations are present in drinking wa
.1?** Iack of clinical evidence that szmuéuE pop
any scgment of the population, and
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fevwards: HPC Drinking water; Heterotrophis Bacicria

er, This paper 1

Aews the relevant Hemture on T 1P %asa.fem 1 drinking water,
ulations or specitic genera within the [IPC flore pose an inceeased health risk to
= approprizte uses of TIPC data as a tool to monitor drinking water quality chanzes
ng trestment, It finds no awdmw to snpport health-based regulations of HPC concenlyations.

i, Introduction
LI Terminology

The term “heterstrophic bacteria™ includes all
bacteria that use organic nutrients for growth, These
bacteria are wniversally present in all Wpﬁa of water,
food, soil, vogetation, and air. Under this broad
definition, primary and secondary bacterial pa ithogens
are jnc ﬁs{%@fi as are coliforms (Eschericlia, Klebsiel-
le, Enterohactes: Citrobecter, Serratia).

© The views expressed are those.of thesuthors end do not
ssarily reflect thase of the Awwa Research Poundulion or the
irprmental Protection Ao 1Y,

* Coresponding authos,

© All rights reserved,

Heterotrophic plate count (HPC) bacteria ‘*pz';fqmi
those microbes isolated by a particular method, whose
variables include media wmpmtaoﬁ time of incuba-
tion, temperature of iricubation, and means of medinm
inoculation,

Other terms (hat have been used to describe this
group of bacteria i water mt,lm.a “standard plate
count”, “total viable count™, “total count™, “plate
count”, “otal bacterial cownt™, “water ;‘ifcﬁc’; count”,
“eolony count”, “acrobic mesophilic viuble count”,
and “autochthonous lora™. All of these terms describe
the same gencral bacterial group, i.e., the population of
bacterial colenies produced on an agar-based medivm
under defined incubation temperature and time, With

the 16th sdition of Standard Methods for the Exami-
nation of Water and Waste ewater, “Hetcrolrophic Plate
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Count™ was he torm selected to designate this group
of bacteria in waler. .

It is important to understand that while the term
"“E}eimﬂtmphan bacteria” denotes all bacteria requiring
organic nutrients for growth, all HPC methods enu-
merate only a fraction or subpopulation of heterotro-
phic bacteria in any water, food, soil, vegetation, air,
ste. Furlher, it is not possible to know which p{:meazt-
age of the subpopulation of heterotrophic bacteria is
enumerated by any HPC method, and it is not possible
to differentiate which of the subpopulation includes
potential pathogens.

1.2. HPC media and methods

Through the years, many “gtandard methods”™
have besn used to csmmemte the very broad range
of genera that comprisc HPC popu%&mm in drinking
water. Examples of such methods and their respective
developmental histories arc deseribed in “Mzmﬂermg
Heterotrophic Bacteria in Potable Water™ {Reusoner,
1990,

Based on decades of rescarch with a variety of
HPC media and methods, the mii{)wm;, ohservations
have beon made:

1, Although ofien referred to as non-selective media,
all media used for HPC determinations, along with
respective time and temperature conditions, are
“selective™ for those bacteria that can grow under
those spacéﬁn conditions.

2. There is no single medium or method that will
fecover or enumierate all bacteria in the water being
analyzed.

3, Many heterotrophic bacteria thal are present in
water are not culturable at present,

4, The chuice of culture medium, temperature, and
incubation time are impottant with regard to HPC
rosults fiom s given water samplo.

+ Both high-nutrient and ow-nutricnt media are
used Tor HPC determinations.

¢ [figh-nutrient media are better for enumeration
of bacteriz from animals and humans,

s Low-nutrient media ave better for enumeration of
watcr-based bacteria (autochthonous) found in
agualic systems, including drinking water. The
most commonly emp%wd heterotrophic me-
dium is R2A. It was designed spccifically as a

54

lowe-nutriens, low-ionic strength formulation to
isolate bacteria that have a water-based, rather
than mammalian Hlestyle (Reasoner, 1990).

+ Mew methods that employ Huorescent substiates
have Deen developed (Jackson ct al, 2000),
Fluorcseence permits more rapid results and has
the potential for automation.

5. Time and temperastore of incubation are very
:sigwﬁmm variables. Table 1 presents examples
of variable differences on the resulting cfu/ml
(Rc:asmm{ 19903,

e High-temperaturs incubation (35-37 “C7) and
short incubation time (34-48 h) favor the
growth of bacteria from animals and humans.

' L{aw-iempcramiﬁ incubation (2028 “C} and
longer incubation time (‘1—-*}’ day jb} favor the
growth of water-based bacteria

6. All bacterial pathogens and s::pg}zi%mumm patho-
gens are heterotrophic bacteria, some of which can
grow on media used for determining standard plate
eounts or 2135.::;{}2}%1{3311& plale counts in drinking
water, Howsver, it is necessary 1o usc sclective or

Teblp
ﬁmmp’sﬁs@n af HPC msults using. differsnt media {dﬂ}‘iﬁ%{i framn
Bessoner, 1390

Temperanwe  Method {elu/ml)
e pr sp MF
35 33T (SPC) e 4273 (m-HP
20 170 {SP0) 440 (R2AY 510 {m-HP
20 - 4000 (R24% 12 {*ryﬁ% a
: 1090 (R2A) ) #
35 20 {RIA}
- 4 {R2A} 1 {m-1100
35 277 (5PC) - m @ Ié%"{,}
0 1123 (MA) - *zvsf {m- aﬁ{,}
1182 (NA)
33 22 (SPC) 200 {R}iﬁ} }?ﬁ {m- zsm:}
i 80 (SPC) 360 (R2AY 140 {m-HPC)
n 23 {SPCY B (R2A) 47 (m-HPC)
35 33 {SPCY — 6.7 tm-HPO)
, 53 (SPC) L ST.L(R2A)
25 S00(SPCY 1350 {R2A) -
22 10 (YEA) TI0 {YEA) -
440 (R2A} -
100 (YEA) 3000 {R2A) -

YHA = yeast ox 2?«&! agar

ol mit}ny—mmsmg uls,

Mefﬁm "%S‘{u—smndmﬂ plate count agsn NA=nutriont agar]
224 modien; n-lIPC ;nm%mma m»I—H‘*m

WES gmbiw;}% ariginally 58 m- 5B medmm
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differentizl media to distinguish pathopens and
gpportunistic p(azhemﬁs from non-pathogens.

7. There are differences between pour-plate, spread-
plate, and membrane fliration methods,
o The pour plate method generally yields lower

bacterial counts regerdless of medium or time of

incubation and is generally limited to 0.1 fo 1.0
mil sample volume,

» The spread plate method gencrally viclds higher
counts than other methods but is Emited 1o a 0.1
to 1.0 ml sample volume.

s The membrane Qliration method i3 more flexible
because it allows for the analysis of sample
volumes grester than 1.0 ml

= Different znetiw{iﬂ and media will produce
markedly different 1IPC concentrations (sce
Table 13,

2, Heterotrophic bacteria genera

As described above, the genews enumerated by
any LPC method are highly variable sinee the
cultivation medium of choice, incubation tempera-
ture, incubation time, origin {river, sutface water
reservoir, treated and disinfocted drinking water,
ete.), scason of the year, and age of the waler sample
have a significant eflect on which genera will grow
under these seleeted conditions. This same variabil ity
applies to the wnalysis of food, dairy, and other
environmental determinations.

As mantioned above, the bacteria that fit the
seientific -
organic nutricnts as the energy source) include Myco-
bacteriun avian complex and Legionella and may not
grow on HPC mediz. Accordingly, if one wishes to
deternine if these genera ave present in drinking
water, specific methods tailored to their specific
growth requircments must be cmploved,

2.4 HPC genera fmoud in drinking water

There is 2 significant body of information in the
literalure on genera that comprise HPC populations
cnumerated in drinking waler using different methods,
Table 2 includes genera often reported in the Fteratura
(LeChavallier et al,, 1980; Herson and Victoreen,
1980 Brigant and Wacker, 1995

’J%
*";"'

Laterobacter clonvae

inition of heterotrophic bacteria (use of

Tublc 2

HPC peners commonly frumd B deinking water
Acinetshocter Metlylononas
Actinomypceles® Microcoecus
Abcalipenes Myeobactarium®
Aevomonas® Morevella
Aeromonas Npdvophtle® Nitrabacter
Artleabacter HNitrazowonas
Breilhe Hocqrdia®
Begglatoa Proteuz
Citrobacter frovsdi Pyseudomonns
Corynebactering & vepucia
Crenothrix P fworescens
Desulfavibrio P madtondeilic

Seerativ fyuelciens
Spherotilag.
Stliingomonas

Enterabacter agglomerans

Dicherichin coli

Flavebactering Stephlacnscus
Flavalucteriug meningosepticum Streprovoccis
Gailionelly Streptougeces

Hafnia alvel Tevzinia entorocolitica.

Eleheislta prewapnine.

b addition fo the sbove geners, HPC populstions from drinking
water include rsey plondnied fusange, yn%iﬂm pmh} DrEEnisnis
that are difficalt o speciate;
" General iy wot recovassd by TIPC methinds ad referenced in
Standard Methods fov the Fyomination w‘ Weter ool 5%{!525};*{?5&3
208 edition.

2.2. HPC genera found in food

All of the HPC gencra found in drinking water are
alse common in fi}@ﬁ& and humans ingest large
mumbers of these microorganisms daily, While the
upper range. of HPC populations in drinking water
RVCIAge | 5000--10,000 efu/iml {Reasoner, 1990}, HPC
@&pﬁ%hii&f‘? in food are consistently log coneentra-
tions higher (Wadhwa et al., in press). This difference
is because food provides C§1§i§ﬁ{2ﬁ}’ different physicsl
and physiological conditions than drinking water.
With higher concentrations of carbohydrates, protein,
and ionic strength, food is much closer to the humean
physiological state than drinking water, which is
essentially devoid of nutrients and ionic strength.
Accordingly, microbes that can multiply in humans
and causc discase can grow in foods but do not
rultiply in dm&hmg water. Virtually all foods contain
many thoussnds times mors bacteria than drinking
water. Table 3 provides examples of microbial gencra
and densities found in foods.

Wadivwa et al. {in press) concluded, based on both
observed microbial content and the potential presence
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Fable 3
Mgmyzéc& of mwicrobial indicators and densities found n food

{Wadhws, 2007}

Indicufor/gerzs Fond Bmm (ot «}
Acrobic plate count groued beef Ea iy
Acrobic mesophilic  setsil whit cabbage lﬁ}f
besteria relai! lettuce S
retail cucumber 1’
relail green pepper iy
Avromonss 5pp. green leaf letuee 7.3 % 10°
- spinach 51 % 107

Avrobic plate count phckaged csmol sticks 108

of large numbers of pathogens or their indicators in
food, that food is more of a health risk than drinking
water. They slso stated that naturally occurring bac-
teria (HPC or autochthonous flora) do not have
virulence Izctors, making their numbers in cirm%qmg
water irrelovant to health risk sxwpt in the most
severely immunocompromised subpopulations, who
arg %ﬂ%}r aware of their medical condition and need to
excreise appropriate (iaetﬁsry and other preventive
measures. (Edberg, 1997).

3. Assgciation of health visk and HPC hucteria

As noted earlier, (he broad &biimtmu of HPC
bacterta mui&;das 4 wide range of bacterial geners,
which may include primary and secondary patiaogﬁna
Specﬁ;{; HPC genera thal some con dder ‘as opportu-
nistic pathogens cnumerated by 1IPU methods include
Aeromonas, Klebsi eff«z, end Pseudomonas. Beoause
of this fact, regulatory hea th agencies and some
mmﬁbméwa&s suggested thet HPC bacteria be con-
ﬁidﬁlﬂd & health-based drinking waler parameter. In
1984, the U.8. Environmental Protection Agency
{i:PA} Office of Drinking Water, drafied the docu-
ment “Drinking Water Criteria Document on Hetero-
trophic Eimtema”{ngﬁ% ished). EPA did not move
forward on pmm@igﬁ?mg an ﬂ?&hamﬂ regulation
because thore was insufficient clinical cvidence thal
the addition of & maximum limit on HPC populations
Wr}uld provide a higher level of public health protec-
tion than that afforded by existing regulations (Rea-
soner, personal tmmmmsamn}

The 1S, Food and Drug Administration (FDA)
examined the possible health effects of HPC concen-
trations in regards to botiled water. The FDA first
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examined the role of HPC human disease in 1973 and
failed 1o issue 2 regulation. In 1993, the FDA
reviewed the subject again in detail and wrote:
SEFDA still believes that, when bottled waters are free
of microorganisms that are of public health signifi-
cance (1.e., indicated by the absence of coliforms) and
are bollled under sanitary conditions in compliance
with good manufacturing practices {CGMP) wg;,ﬁa-
tions, the presence of heleratrophic bacteria that are
part of the flora in those botlled waters normally will
not pose a health risk because these organisms do nof
colonize the digestive tract of humans” (Federal
Register, 1993}
The guestion remains, since the 1984 EPA drafl
document, whether there is more recent and compel-
ling chinically based information to consider HPC
bacteria as an ivdicator of increased health risk.
Several epidemiological studies (Cal ideron, 193%
1991 Payment cf al,, 1991) examined the concentra-
tion of HPC bacteria in dr inking water and possible
health effects. In 2 point-of-use study (Calderon and
Mood, 1988) and & point-of-entry study (Ca lderon and
Mood, 1991), no association between adverse hea 4111
and HPC was m%@d Payment et al. {1991} found that
there was an association between HPC and gast oen-
teritis bul not between the amount of drinking water
and disease. Colford (2002) suggssts that this anomaly
mey have been the result of the lack of double blinding
(i.c., each consumer knew which group they were a
imcmber of—drinking water treated or not trealed) of
the study, A more focent Australian epidemiological
study (Hellard et al., 2001) ﬁmﬂd no clinical correla-
tion with clevated HPC populations in {%vmicmg Water,
but earlicr studies yielded equivocal results.

3.1. Cytotoxicily and invasiveness of HPC hacteria

For a heterotrophic bacterium to pose a health risk

when consumed in drinking water, it must be present

at an inlectious dose fle., sufficient concentrations)

and be capable of infecting & human host. The

capabil ity of a mmmmwm&m {0 CHESE dssmsc is
olicn referred to as virulence. Frank or primary
pathogons possess a wide range of virlence factors,
which cnable them to circumvent humen defense
mechanisms gi}uﬁmn and Hdberg, }QS} Hecause
z;:a;éemw%ugmai and animal infe ,"vg?}f studies are
complex, difficult to control, cxpensive, and yaelé
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circumstantial cvidence, Edberg et al. (1997) directly
examined HPC bacteria with regard to cytotoxicity
end invasiveness factors thal dimct v relafc fo the
probability of & microorganisms successfully causing
disease.
HPC bacteria in tap water and botiled water were
enumerated using R2A medivm. RZA isolates were
u@mqszmﬁy inocuiated onto 5% sheep blood agar,
siiice it is physiologically equivalent to the human
condition and HPC bacteria capable of causing infec-
tion (possessing virulence factors) should grow on
piood agar Those R2A isolates that did grow on
biood agar were moculated into the human colonic
,zgciﬁné}cammmzm cell line (CACO-2ppe (C2ape) 10
Jetermine their invasiveness, With respect to cytotox-
mw the cfi'ml counts on blood agar were between
10~ % and 107 * less on bluod agar than found on H2A
apar. Of the 85 R2A isolates that grew on blood agat,
only 10 demonstrated invasivencss. The bactcria iso-
lated in this study did not pﬂ‘hﬁ&ﬁ significant virulence
chavacteristics associated with » human health threat,
Other investigators (Lye and Dufour, 1991; Pay-
ment et al., [994; i*di:mfg, 1996; Edberg st al, i?%}
reported sitmilar results, Le., few vimlence faclors
such as o, [, ¥ hemolysis, adherence, and invasive-
ness, Smith et al, {2{1{92} exatnined the ability of HPC
o express virulence in highly immunosuppressed
mice and found these factors lacking,

22, Dpporiunistic pathogens

Certain heterotrophic bacteria are considered -op-
portunistic pathogens, i.e., capable of causing disease

cnly in compromised fmmaz& hosts, Several of these

microorganisms ean be found in source waters and in
treated drinking water and can be umzmsmgsd on HPC
mediz, Mmm@rgamsmﬁ most often called opportunis-
lic pathogens in drinking water include Peeudomonas,
Elebisella, and Aeromonas. It is imporlant to under-
stand that the basis for these genera being opportunis-
tic pathogens is associated entircly with nosocomial
{hczmﬁdl-amqmre@} infections, not ingestion from con-

sisption of drinking water. In hospitals, the route of

transmission is not drinking water but medical devices.
Duncan (1988) provides an excellent review of this
difforcnee and can be ussd as & model for other
poteniial opportunistic pathogens that may be found
in drinking water,

The determination that a specific microorganism is
truly an (}pg}i}fmﬁsstw pathogen associated with
drinking waler and the éems;m; by public health
apencies to regulate specific microorganisms that
may be found in drinking water can only be made
if specific criteria indicete that a microorganism
poses a healih risk,

“These eriteria include the following:

1. There is & elinical history of an organism causing
disease from ingestion of drinking water,

2. There is epidemiological evidence that drinking

wates, rather than lood or other vectors, is & major

source of disease.

There is sufficient evidence that the t@%m organism,

i.e., opportunistic pathogen, is found in water in

%uf’fimzni coneentrations. and g}mae&sns virufence

factors capable of causing disease in humans.

4, There iz sufficient svidence that the larzet or-
ganism is not readily removed or inactivated by
conventional water treatment processes (soagula-
tion~filteation--disinfection).

5. There is sufficient evidence that the target organism,
if surviving conventional eatment, will be viable,
virulent, and present in sufficient nimbers to cause
digease.

6. Thers are robust analytical methods for the target
organism, which have acceptable sensitivity, spe-
cificity, and reproducibilily to accurately measure
the presence of the targsl organism in treated
drinking water.

7. The pﬂfmmam@ criterin of analytical method(s)
for (he terget organism have been certified by the
public health agency, and theie is intra-laboratory
performance on which lo base this certification.

8. There is sufficient evidence that the target or-
ganisin i present in high concentrations in these
same waters.

"

Om the basis of these criteria, Klebsielly, Pseudo-
sonas, and deromonas should not be considersd
opportunistic pathogens in &rmm% walen

3.2 1. Klebsiella

While the genus Klebsiella i enumerated by
HPC methods and is a geliform, it does not falfill
the criteria noted above and should not be consid-
ercd ‘an opporlunistic pathogen from drinking wa-
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ter, In a review of watcrbarne Klebsiella and hu-
man disease (Duncan, 1988), the author stated the
following:

Kiebsiella ovours widely in nmature and is aften
present in surlace water used for human consemp-
tion or for recreational purposes. The organism can
survive in waler distribution %yaiems despile

chlorination. M*my siraing ,giwz rise to positive
focal coliform tests, event when they ave the only
organisms present in the water ﬁamglﬂ‘ The public
heaith significance of Klebsiella in water is there-
fore an important concern. In the past, Klebsiella
was thought lo be ,s.kgmf“ icant pathogen in the
conunumnity causing scrious primary pnsumonia,
but such cases arc now extremely rare. Serious
Klebsiclla infections arc today commonly seen only
in haspatgf patze?tz-» whose msxafsc‘gm has been
11rmmmd by their primary diseasc condition. There
is no evidence that waterbome Klebsiella play any
stgnificant part in the q}tdsm;ﬁlﬁgy of these
hospital-acquired infections. Klebsiella in wator
supplies should therefore not be considered a
hazard to human health.,

Duncan's analysis of Kiébsiella applies to other
poicntial opportunistie drinking water pathogens.

'3.2.2. Preudomonas

The genus Pswedomonas 1§ also routinely cnumer-
ated in HPC determinations and considered by some
to be an @ppﬂrmm&fxﬁ paé ogen when found in drink-
ing water. In a 1997 roview, “Pseudomonas aerugi-
nosa: Assessment of Risk from Drinking Water™
(Hardalo and Edberg, 1997) analyzed all reports of
this bacterium as a Umtmmimmaf pathogen and

concludad:

Psandomonas aeruginosa is an ubigquitous environ-
mental bacterium. It can be recovered, often in
‘high numbers, in common food, t:spmalﬁ? vege-
labics. Moreover, it can be recovercd in low
numbers in drinking water, A small percentage of
clomes of B aernginosu possess the reguired
number of virulence factors 10 cause infection.
lowsvel, P seruginosa will not proliferate on
normal tissue but requires previously dsmaged
organs, Further narrowing the risk to human hiealth
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is that only certain specific hosis arc at risk,
including patients with profound netropeaia, cystic
fibrosis, severe burns, and those subject lo forcign
device installation. Other than these very well
defined groups, the gencral population is refractory
to infection. Because ol its ubiquitous nature, it is
not practical to eliminate P agruginesa from our
food and drinking water, but attempts to do so
would produce disinfection byproducts more
hazardous than the species itselll Morcover,
because there is no readily available sensitive and
specific means to detect and identify 77 aeruginosa
available in the field, any pofential regulation
governing its control would not have a defined
laboratory test measure of oulcome. A{:smémgay
attcmipts to regulate P aeruginosa in drinking
water would not yield public health protection
benefits and could, in fact, be counterproductive in
this regard.

3.2.3. deromonas

Agromonas is another genus naturally found in
drinking water, Tt may or may not be iselated on
HPC media (Payment et al,, 1994 mcthods and has
boon suggestaé 88 8 wppmﬁmmm pathogen when
srsent in drinking water. Similar o the above anal-
ysis as to why neither Klebsiella nor Pseudomonas is

an opporlunistic pathogen when present in drinking

water, Aeromonas also fails to mest most; Ifm}i all, of
the ubove criteria as a gastrointestinal pathogen by
ingestion. ' -
In a revisw paper by Edberg and Allen {in prepa-
ration) entitted “lssues for I’vimmhmi Regulations:

Aeramonas as a Model,” 1&@ authors provide data to

make the following cbservations;

1. A small percentage of Aderomonas hydropiila
isolates can cause gastroenteritis and enteritiy and
produce modest, seif-limited infection, Although
most cases are food-bome, the fow swaterborne
cases were associated with ngestion of unfidated
drinking water from shallow wells, These waters
are also very high in assimilable organic carbon
concentrations. '

2. The concentration of A hydrophile from food is
much higher, by several logs, when compared to
watcs sources. The species 4. hydrophile is the
most important. Only 2 small perecntage: of A




