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NESIREC:I

This rcpoL.t sumadses available Lnformatim on t&e
behavior of basteria tn urte arain* slntanrs. fu
reort has beeo preparea as a perininarv step tmrrr.s
the rcdelrtug of basteria frr ICgrtO '"|c|lcE glm, tbe
-=Fr _flcr rluality rcders cuaz€otty r*r *velreit at
ttydrarlics researrch rdetted rn cmJrrctro $rith tbe ltater
research celrtrc as pa*, of tbe IIK River Basin r.raag@t
no{trrarrc. rt ts atlctpatea that srrnrratim of bacterial
quaffty ntll be rcqufa€d to oordlnate !,rith receivi$
mteg iryact rcdels d rscrsatloal rmter qualltf
stadads such as the E Whing Beac$es Directtve.

&e lack of data oollected tn tb t K l&ic:h $nrld be
suitable for rcdel develo[reot is highlisted, ard tb
drffica{ties associated }rith data coffectio are
descibed. Ilata ortected elsel&ee are srmarised in
tetils of sa.rlces of bacteria, likely bacterial
pqpulati$s in cdined ana separaie selcrr 

-systrc, 
ard

f*tors r&idh affect, basterdaL leUri.,qrr

l.EtHs of rodellrng bacteria are &scribed, and eristing
rcdels t&tcs simrlate basteria @nts rn urtil drainage
systems are rerrlened.





QIfIEDTXS

1 nrmongrc![

1.1 Brcl€nomd

1.2 ObJectives

1.3 Bacterial Idlcators

1.4 Enrerati.o of Bacterda

1.5 lbaltb llazaad and l{ater euality Standards

2 $NEACE fiREER, STISIEI|S

2.1 Sqrres of l{lcroorgfanlsns ln Strrtre
I{ater S1rst€ms

2.2 Bactertal noprfatfms in Surfar:e
lftater $yst#
2.2.L average Oganisn Delrsities
2.2.2 Variatim Within Ms
2.2.3 rehtioshg to Other parreters
2.2.4 Idicator Ratios
2.2.5 gmnrf

2.3 Fatos Affecting Bacterial no[rrlatitrs in
$rr:fae l{ater flrstffi

3 o'aINED SttSlEttS

3.1 Fqrl S€ilira(F

3.2 Bacterial noprfatlms il Cqrilri-ned qrsteos
3.2.L nverage O€laisn Densities
3.2.2 Variatim Within EVeots
3.2.3 rebtioship to Otber par:areters

3.3 Factors Affestfg Bacterial FoSndatios i.n
Adined gfstsrc

4 rcDETJIJIC EIE BEx|AU[ot'R OF BRCIERIA I}I
I'NBAN IIRAIMGE SI]SEIIS

4. 1 !,tathemtical gproactres for prredicting
Follutant Discharsbs

1

1

2

3

4

6

7
7
I

u
u2
13

L4

IT

18
18
20
2A

2A

28



4.2 hrild-qt and Washoff of B**eria fim
Catcrneqt Sur:faes

4.3 Cbagg in bacterial pq[xrhtnms i-n
urte drafunge systrc

4.4 Ooclusios

5 orcuxsr€lGi

5 REFENEIGI

29

32

33

35



1 INKUgtor

1.1 Bak9rqnd

IIDSQIIO I is ttre initial vension of a se\n€r flow quality
nrdel beirrg developed by Hydraulics Research Ltd. and ttre
$hter Researdl Oentre as paft of ttre IIK River Basin
ldanaggnent programre.

ftre rationale betrind tlte nrrdel, its develc6nent and its
stnrcture have been desejbed jn detail eGen*rere (lbys
et al, 1988).

IOSQIIO sinnrlates ttre time-varyilg behavior:r of
trnllutants on catctnrent surfaces ana j-n ssrer systens,
and prr&roes disdlarEe pollu@r:a1*rs lifuich can be useO as
irytrt to a riven waier quality nndel. Determinands
sinnrlated in ttre initial vers-ion of l,llSettO are:

suspended solids (SS)
biodlefidcal o><ygen denrand (mD)
dlenical o><ygen denrand (mO)
amprriacal nitrogen (ArrF-N)

the enhand version of MO6QIIO, due for release jn
L990/9L' Iril1 sirrulate ttre betraviour of additional
detenninands; pssibly including netals and bacteria.

Before attsrpti::g to rcdel ttre betravior:r of bacteria in
urtan drainage systons (and possibly receivj_ng r*aters), a
rerzienr of curr:ent lmcnrledge has beell underLaken.

1.2 dcjectirrcs

Ttrc objectives of ttris ocercise are as foIlq,ys:

(1) Identify ttre sources of bacteria in urtan drainage
systenls

(2) Determine ttre nr_urbers of bacteria liJcely to be
present in urban drainage systens

(3) Investigate ttrc betraviour of bacteria in udtan
drainage systenrs

(4) Identify the factors influencing ttre belraviour of
bacteria in udcan systerns



(5) Review previous nettrods of nrcdelling bacteria in
ur"ban drairage systens.

1.3 Bacterial Indicator:s

l4arry pathogenic and non4athogenic mimoorganisns are
present, in storm se$rage and urJcan rr:noff. pattrogens carr
enten streams and water bodies vtrene ttrey onstitute a
health hazard.

lbnitoring for the presenae of specific patlrcgens is
inqrractical for :ouLine sarples. lltre nnst @rlTtln aperoactr
for determinjag ttre trnssible presen€ of pthogens in
$ater is ttre detscLion of an indicator o4Fnisn. lfrre
presenae of indicator organisns is indicative of faecal
pllution, and tlrenefore of ttre potenti,al presene of
intestinal pathogens. Indicator organisns are prefelrd
prinarily because ttrey are rnrre abundant ard ttrcnefore
easien to detect than ttre pattroqens themselves.

Ste ideal idicator of an intestinal pattrogen rnrst aloays
be preserrt r*ren ttre paLhogen is present ard absent v,hen
the trEtbogen is absent. It should be easlr to detect and
quantify. ltre only ideal jndicator is ttre patlpEen
itself, Acr no organisr can onsi-stently reet all the
eiteria for ttre ideal indicator. Itre orEpnisns used as
jndicators are widely acceptd as adequate indicators in
clean mter.

Bacteria of ttre oliform g::oup are tlre nost frequently
used jrdicators of faecal pollution. llhe total olj-form
grotp includes E. Co1i, all ottrer faecal oliforms, and
rnny of non-faecal origin. Faecal streptoocci are also
euronly used. Faecal streptoocci often die off less
rapidly than E.Coli and in ttre absence of ttre latter
their presene can jadicate rerpte or intermittent faecal
trnllution. They can be used in oonjr:nction witJl faecal
o1i-form ounts to determine ttrs liJcely source of
trnl1rrb,ion (celdreictr, L978), alttnugh ttris is not always
reliable (Ganeson, 1978).

The limitations of ol-iform bacberia as i:rdicators of the
presence of pattngens are remgnised, and alternative
irdicators have been protrnsd. Despite ttris, coliform
bacteria ard faecal streptooocci ounts are the nost
mmrnly quoted indices of microbiological quality in
uater quality standards.



l-.4 hrreratio of Bacteria

lnmbers of ildicator organ_iars
eittren by ttre "Mrltiple Tube,,
filtration" npttrod.

are usually estirnated
or by tlre "llhrnbrane

In the mrltiple tube nretiod, a selective enriclunent
nedium is inoculated raittr serial dilutions of sanurle and
ttren inculcated

statistical tables are used to give ttre npst parouaure
ntnrdcer (l,IPhI) of organisns per 10&nl sanple foffo^ring
their detection in ttre rmrtiple tube nrethod. ntre netnoa
is loourrr to have a large sarp:-ing elrcr. For eucarple, jn
ttre 11-tube and 15-tube tests, ttre r4pen limit, of ttre
nnrber of onganians 1ike1y to be present is about ttrree
tines ttre MPN va1ue, and ttre Is,rer timit is betl,een a
third and a quarter of it. (StanOing Ccnnrittee of
Analysts, 1983).

alteraatively, ttre rrenbrane firter tectrrique, !,ihictr
*yof*: separation of bacteri"a fmn suspension by
filtration, can be used. Ttre filtration is io[od by
jncr:bation with a nutrj_ent rredirm and or:nting oi
mliform olonies. Results frqn ttris nethod are reSnr*,eO
a€i @unts pen 100m1 sanple.

Replicate nenbrane tests on seurples & not yield
identical results, but ttre range of oor:nts obitained vroura
lie within statistically catcutatea lirnits. l4ecrbrane
filb:ation ounts should ttrerefore be regarded as
estirnates subject to statistical .uariation

Both rethods rely on bacterial grrfirth. Ooli-form bacteria
have ttre ability to fernent lactose and produce acid ard
F9: The prcduction of acid and gas lntfrin 4g hours
folloring inculcation at 3?oC inlicates the presence of
oliform bacteria. ooliform bacteria rrhictr have ttre sane
properties at 44oC are known as 'tlrernptolerant', and are
usually refened to as ,faecal oliforms, alttrough ttris
is not' strictly @rrect si-rtce not all ttresn*plerant
oliforrn bacteria are of faecal origin. E. Coli are
therrurtolerant oliform orgarrisns which proauce Jcia ano
gas wittrin 24 hours and r^rhictr also form i_n&le ftsn
trypbphan.

Because ttrc rettrods used to enumerate bacteria are
dependent on the ability of ttre bacteria to multiply, ttre
results wiil depend on ttre mnditions of ttre test
(tenperature, nutrient nedirrn used etc. ) and on ttre
physiological state of the bacteria present. Ttre accurac,lz
of suctr nettrods is therefore difflcult, to assess ana



aff)arently slight procedural differenaes can
significantly affect. results.

flrrttier problenrs are caused by ttre effect. of delays
befirteen sarpling and analysis. Ttris nay be particrrlarly
ilrportant rdrere autsnatic sarplens are enployed and
analysis is defen:d. British data exarnined by Garreson
(1978) irdicate that oliform ounts irr sevnge jao:ease
by a factor of atrproxirnately 2 during ttre first day of
storage, and that ttrere is an initial rise in ount
d:rfug the first fen^r hor:rs, follorped by a decline. It
follows that, any delay in analysis is crtrcial. Flor
drinking watetr, it is reqnnended that sarples should be
euandned within six lror:rs of ollection (pltrS, L9S2l. Fror
semtge sarples, even thi.s delay will affect results.
Storage tenper:anre also affects ounts : Ganreson found
tlat, storing sff{F for four hor-rrs at 6oC resuLted in a
4Ot decr:ease irt oliform ount, ntrcreas storage at 20oC
resulted in a 60t incr:ease.

llhe rtifficulties associatcd wittl
bacteria rrust
iaterprctation

onsidered irr
data interded

enuneration of
ollection arxJ
use i:r rcdel

the
ttrc
for

be
of

denreloprcnt and verification.

L.5 lGalth tlazard ad ?*ater AuaEty Stdards

Indicator bacteria ard pttrogens are onsistently
det-ectd in udcan n:noff , blrt in relatively 1ow
oncentrations rrrtrictr are r:nlikely to cause disease r:n1ess
large quantities are ingested (Olivieri, 1980). A
trnssible t}reat ercists fron onstuni:rg oontamilatecl
she[fish jn oastal areas, tnrt, ttre risk of i-nfection
frun reeeatior:al ontacb wittr waten is low.

In ttrc case of aombined dis&arges tlre risk is greaten,
altttough eu<isting standards have not been suported tryr
data on heal& effects. Ttre trliCI ttrerefore reowrend that
j-ttdividual ountries develop ttreir cturn healttr-related
quality aitenia to suit particular onditions (Cher:ng et
a1,  1988) .



The E€ bathing water directive (Council of the Eurcpean
Conrunities, L976) requirenrent is for fortnightly
sanplirtg and analysis for total and faecal oliforrns, and
analysis for faecal stretrrtoocci, salnonellae and entero-
vir:uses if quality deteriorates. ttre guide val:es for
total and faecal oliform ounts are 500 and 100 per
100m1 respectively, and 80t of sanples should onform to
tttis staruCarrl. Ihe nrandatory limits set in ttre Dinective
are 101000 total oliforms ard 2000 faecal oUforns per
10On1. 95t of sanples should onfor:n to this standard.

l{o starxlards have yet been set for recreational riven
water quality, blrt it is liJcety tlrat ttrey will be based
on the existiag bathing water directive.



2 stnnecE IWIER sUsIEttS

Itrere is little idorrnation on tlre bacterial quality of
uatan n:noff in the UK. Several studies have been carzied
out in the IJS ard Canada htrich indicate that urban n:noff
ontributes significantly to bacfenia ounts in sewerage
systsfts.

2.1 Soues of l,ttcrporgmisns in Surfae Water S1rstff

Rairnnten ontains insignificant nr.ubens of bacteria
(Geldrei& d d, 1968) so it follorps ttrat ontanrinat^ion
with bacteria takes plaoe on ontact r,rith tlle uaJcan lard
envi:rorunent.

Surface sdrr@s irrclude ontaninated soils, faeces of
pets arxt rodents, and accurulations of fuiest'ic litten jn
streets (Olivieri, 1980).

Within flirfaoe rdater seliers, additional ontamination
frqn fottl serirage can ocqlr as a result, of overflorns frqn
the foul systern, illegal onnections and spillages.

Geldreidr et. a1 (1968) related non-faecal olijorms in
rurpff to levels il soiI, and faecal oli-forrns to cat,
(dog and rcdent, faeces on the catclurent srrrface; based on
the occur::ene of rrifferent oliform t1pes.

0:reshi and Drtka (1979, onducted a study on a 23.3 ha
section of Burlirrgton, Ontario $hich ttrey dessjbe as
100t separately ssrered. Sanples of infiltration r,rater
(presunably frqn ontarninatcd gror:ndwater ard iUeqal
onnections) uene collected and analysed for total
oliforms (TC), faecal oliforrns (Ie) aflC faecal
st::eptoocci (FS) . Cor:nts up to 5600/100n1 ($C),
L800/L00mt (FC), and 900/100m1 (rS) u,ere remeded.
Infiltration lnters ue!:e oncluded to be a ontinuous
sour€ of lonrgrade trnllution. lbre detailed scamination
of the infiltration sangrles indicated 'faecal pollution
wittr nrrre regrowttr wittrjn tlrc systern'.

Olivieri et al (l-98S) found lor oncentrations of
indicators in n:noff frcrn areas with lor poSnrlation
densilies, and trigher oncentrations jn hi$ lnprlation
density areas withr poor sanitarlr conditions. Ttre
'dirtiness' of ttre areas studied, and jn Snrtiorlar ttre
presence of unovered n:bish, was ooncluded to have a
significant effect on the bacteriological qualiqr of ttre
rr:noff .



2.2 Bacterial Fqgrulati@s in Surdrc frhter Syst€os

2.2.L Average Organisn Densities

An eu<tensive stu$r of rnio:oorganimr.s i-n sewer systens $as
ca:ried out irr Baltinnre, Maryland anC has been retrnrted
by Olivieri (1980) and otters (Olivieni et al, L977r.
Sanples rrere taken and analysed over a 12 nrmttr period
fron sites including 5 surface water storm se\rer
outfalls. Sdre ctraracteristics of ttre catctunents are
given in Table 2.1.

TAEII,E 2.1 CMRACIER.ISTICS OF SAI,'PLED CATIXTMEbTTS

sarpling catclsnent
station area (ha)

pr&ninant rernarks
land use

Stoney Rxr

Glen Ave.

Jones Falls

Bush St.

lbrthrcod

residential

residertial

residential

residerrtial
/parkland

residential
/industrial

/mnrercial

3 overflois*

1 overflor#

1 overflcnrt*

storm only

storm only

s58

80

253

440

50

* Intentional overflon frqn foul ssrer to storm drainage
systen

lhe Stoney Rn, Glen Avenue and iones Falts systerns were
knolvn to be ontani-nated with foul sehrage fron overflors
f::om the foul systern. Secage ontamination in ttre Bush
Street systern was also sustrnctd. ltre lbftf$rlood systenr
luas believed to be storm on1y. The geonetric n€an
densities of 1€, FC and FS are given in iaUfe 2.2, wLth
data for raw sehrage ollected as part of the sane studlr.

the retrnrted figures sugEest heaw contamjration at eactr
site, with orrgarrisn densities atrproactri:rg ttrose fou:d jn
renv sqi/age. The lbrttniood site, vfticfi was believed to be
unontani-nated, ontained onsistently lcnrer levels of
indicators than ttre other sites.



TABI,E 2.2 MEAN DESISITIES OF INDICATORS ]N T]RBAN RT]IOFT.
(after Olivieri, 1980)

sarylinq
station

total faecal faecal
oliform oliform stretrrtoocci
MPNr/lOOml MPN/10&n1 no.,/100m1

Stoney Rrr

Glen Ave.

Jones Fal1s

Bush St,.

l,Iorttnpod

Ravr Sennage

4.8  x  1d

2.4 x LO5

2.9  x  Ld

3 .8  x  ld

3 .8  x  1d

2.3 x LO7

1 .9  x  L04

8 .1  x  1d

1 .2  x  105

8 .3  x  104

6 .9  x  103

6 .3  x  106

4 .1  x  104

6 .6  x  105

2 .8  x  105

5 .6  x  105

5 .0  x  104

L .2  x  106

Sjmilar str-rdies have been reported by Geldreictr et a1
(1968), Ihlrns and Vaugtrn (1956), Benzie and Oor:rctraine
(1966), EteU'ilitrpi ard Shih (1921), anl Olivieri et a1
(1988). A srrnnarlr of ttrese results is given i:r Table 2.3.
lllrene is rri& rrariation in retrnrted ounts, with rnarlced
seasonal effects as ounts rise in surmer anC autuTrr.
Seasonal effects are firrttrer discassed i_n section 2.3.

2.2.2 Variation Within EVents

Oureshi ard Dutka (t979) observed na).irnnn bacterial
trntrnrlations in sanples talcen dr:ring ttre 60 to l-05 mi.:rute
period of nrrst storms, although they do not relate ttrese
to fIqn.

OeFilippi- ant Shih (19?1) obsei:ved a fj-rst flush effect
for total olifonns, faecal ooliforns and faecal
streSrtoocci-. In one everrt the bacberj_a oounts in ttre
early 5:art of ttre stosn re::e 1.34 ini11ion, L.3 mi11ion,
ard 31rO00 per 100ml for TC, FC ard FS respectively. In
tbe rernainder of ttre storm the average counts fe11 to
5401000, 1601000 and t7 t4O0 per 10ftn1. F1orrc \dere
reasured in ttris studlr but the flrst flush effect was
relnrted il terms of organisn densities.

Blunberg ard Be1l (1984) found a f.irst flush for total
ard faecal oliforms irr runoff fron a 29 acr:e residential
catchnent. Ttre first flush rras reported in terns of
organian densities.



TABLE 2.3 I}TDICATOR ORGANI$4S IN URBAN RUNOTT'

Catdrert Perlod Total TbtaL Faecal Faecal Ronartcs
Saples Ooliforn 0oliform Streptococci

lboded hillside, sprirg 278 z 400 l9o 940 orga.rism/ltui
Cirninrati S\xrrpr 79 mO I 900 27 ffi l{edi.sr va}rs

Autwn 180 0@ 430 13 000 (celdreich er a1,l968)
Winter Z@ n 950

street Qrtters, sprir€ 177 I 400 ao 3 l@ orgardsg/r0onr
CirrCrrstl surrer 90 OOO 6 400 l5O OOO l&dtan vahes

Atrhrr, 290 @0 47 0s 140 ooo (caldrcirh et e1, 196g
tfinter I 600 50 2 @

Bsirpss District, s!'dry m4 22 w 2 500 ljt m eg d.$s/lenl
Circjrnati s\rrg 172 0@ A OO0 5f OOO lGdl"srva}s

tuturt l90 m0 40 000 56 000 (Geldreidr et al, 196S
I{inter 46 OOO 4 3OO 28 000

Al1en Geek, April - 340 OO0 l0 0@ 20 OOO
lnn Arbor Xay - 510 000 5t 0OO m mO Orgsnisr/l00n1

nr"E - 4000 000 78 000 120 @0 (Bsd€ sd Ocurdraire,
Jr.rly - 40OO 000 120 000 390 0m 1966)
Aueust - 1700 000 350 000 310 O@

cood llcPe tur, April. to Orgardsrg/l00n]
District of Septerber - 600 0OO 310 0@ 2i 000 Med, \ralues
colwbia (Denilippi ard shjh,

reTl)

lise1ard, lbvgrber to UrN/10On1
Baltirore JwE 26 2N 33 790 (n/loQd for FS)

Bo]tcn lli}I, tbvsrber to

l&an va}:es
(Olivieri, l9BB)

IGN/100nl
Baltirnre nre 26 I @0 170 3 @ (n/loonl for fs)

l4aan values
(Olivj€ri, 1988)

Reseryoir llill, lbvsrber to MnVl0Onl
Baltirpre 24 lto OOO 49 000 6 5m (r/fmtrl fs FS)

t{ean valLes
(OUvieri, 19BB)



FTGIRE 2.1 pLCnS OF TCIAL @LTFORM, FAECAL oLTFORM A]irD
FTfrf D<HIBTTI]W PArIERN-O{E POLLT]IGRAPHS
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FIqJRE 2.3 PIOTS OF TCIAL COLTFCIRM, FAECAL COLTFORM A]ID
FT.CW EXHIBITING PATTERN-TT{RM POLLUTOGRAPHS
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Three generaL trnllutograph patterns lrere identi-fied (Figs
2.1 to 2.3). Tbtal ooliforms orhibited Z pattern-one, 4
pattern-b,E and 13 trnttern-three po[utographs. Faecal
oliforns e>ftibited 6 pattern{ne, ? pattern-tr"o, and 10
pattern-three. Ttris was the only study vrhich attenslted to
establish any pattern for bacterial disctrarge. No sucfr
patterns v,ere reported by other studies.

11



2.2.3 Relationship to O'ttren paraneters

In sttd.ies rrtrere chentical as uell as bacteriological
analyses vrere ca:rried out, no orrelation befi,een
jndicator densities and ottrer qr:ality paraneters has
been retrnrted. Collins ard Ridgtray (1980) pooled data
fron surfaae water systen sun/eys and for:nd that faecal
oli-form did rpt or::elate wltfr onoentrations of
suspended solids.

Sdrillirrgen and Gannon (1985) for:nj no str:ong
orr:elations betri,een ttre bacteriologrical arxl ottren
rteasurenents nade on tlre Allen C?eek surfae uaten
system. A ;nssi-ble trnsitive relationstrip r*as obeenred
bebreen faecal oliforms and suspended solids, tnrt this
uas not aluays present.

lthe Detroit study (Benzj-e arut Oourctraine, L966, looked
for a relationship beh,een bacteriological +ralier and
total rainfall but none vns for:nd.

Olivieri (1977, failed to fbd any relationship bt$,€n
instantaneous disctrarye arlC faecal oliform levels.
Similarly, ounts s,ere for:nl to be i:rdependent of ttre
anteedent dry rreattrer period.

2.2.4 Indicator Ratios

Geldreidr and Kenner (1969) suggested that tlre ratio of
faecal oliform to faecal streSrtoocci \r,as an indication
of the sor:re of faecal ontamination. An IC:FS ratio
greter than 4.0 indicates human faecal rnatter, and a
ratio less than 0.? indicates faecal ontanilation frun
ottren animals. lltris ratio is used in sqne cor:ntries in an
attenqt, to assess ttre nature of recent faecal trn11ution,
alihough rnany variables suctr as tiJrl-., tsrperature, and
diffesieneial sunrival of or:ganisns affect its validity.

Despite doub'Es orrer ttre aSplicability of the FC:FS ratio
to urtan situations, it can be used as a quide to ttre
degree of ontamination of surface water systenrs. Values
of the ratio for ttre sites considered above are given in
Table 2.4. Ttre values are aIJ- low, as tould be opeceed
in storm only systens. Ttre faecal ooliform ontent of
sarples as a percentage of ttre total coliform pogrlation
can be used similarly.
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gBilg 2.4 INDICATOR RATIOS IN SURFACE 9ATER SYSIEI,XS

catdurent period FC/FS FClrc x 100

lboded hillside,
Ci-rrcinnati

Street gutters,
Cincirnati

Allen Creek,
Ann Arbor

Business distri-ct, spring
Cincjanati sumner

auturr
winter

spr]-ng
sumer
auturrr
winter

spring
STNTIET
auturrr
rdater

April
l4ay
Jtrne
July
Augiust

0 .20
0 .70
0.30
0.02

0 .07
0.04
0.34
0.02

0 .19
o .26
0 .71
0 .15

0 .s0
0 .30
0 .70
0 .30
1.1_0

7 .9
2 .4
0 .2
7 .7

t6.4
7 .L

16.2
3 .1

11 .4
7 .6

2L.6
9 .4

2 .9
10.0
2 .0
3 .0

20.s

2.2.5 Stmrna4t

similar onclusions uere reachd in nnst of ttre reported
studies and these are srnunrised beIor.

a) separate storm disctrarges ontain onsiderable
quanLit'ies of total oriforrns, faecal oliforms, and
faecal strepto@cci.

b) uo relationships $,ere obsenred bet!,reen bacterial
g1_uality and ctrenLical quality, total rainfall,
flqs in tlre sen^rcr or arrtecedent drlr weathen gr"i"a.

c) ltrere \das no predictable pattern for nr-urrbers of
bacfenia disctrarged with$ i-ndivid'ar events.

d) Bacteria murrts varlr wittr disctrarge flornr rates wittr a
tendenc.y for a fj_rst flush effe*]

e) Marked seasonal effects roere obsenred, with peak
bacterja ounts occurring in sr-unrer and autunn.
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2.3 Fators Affec*,i-g Bacterlal Fqgnrlatios
ln Sur:frc t{at€r Slrstrems

{he factors vlhictr have been identified as affecting ttrc
nurbers of bacteria present in surface water systerns are:

a) 'Dirtiless' of ttre catdrnent surface

b) Season, probably due to tenperatr:re

c) Degree of ontamination bryr foul serralp

{fie dirtirtess of catctrnents is diffictrlt to assess, tnrt
an approrimaeion can be nrade using ttre socio-eoncrnic
grct4l as a gnride to ttre lilcely sanitary oalitions.

Substantial seasonal variation in oliform ount rrl.as
obsented at sits par{icipating j:: ttre US EFA's
Nationrride U:can Rmoff Prcgran (US E,A, 1983). Wa::n-
llieattrer @unts are reportd aa aSproxinntely 20 tjJles
hi$ter than old-r,ieattren ounts, and ttris is attribtrtd
to teperattre and non-faecal soures of oliJorm.

Geldreidr et al (1968) onducted bacterial sunrival
studies on 52 sarples of runoff ollected over a tno-year
period. lttrese sanples had widely differing drernical
dtaracteristj-cs. lb relationship $as for:nd betr,rcert
sunrirral rate of bactenia and ch€rnical oorgnsition of the
n:noff, btrt a lnsitive orrelation was found bebreen
sunritral and vaater Lenperatr:re (figs. 2.4 and 2.5).
Organim persi-stene uas genenally tr-iSrer for wirrter
sarples kept at 10oC than for sumner sanples kept at
200c.

Schilfinger and Gannon (1985) investigated adsorSrtion of
bacteria to suspended sedinent sr:rfaoes in urlcan n:noff.
ftrey for:nd ttrat retention and settlilg was of sufficierrt
rnagrdtuCe to war::ant further study for rrdelli:rg
atrplications. They also relnrted loner adsorption of
faecaL olifonns than other baderia, and suggesLd that
faecal oliforms may not be ttre best j::dicators of
pathogen adsorStion and sedi-nentation.
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FIqJRE 2.4 PERSISTM'TCE OF SET,RSIED E}ITERTC BACIERTA IN
STOR}&IATER STORED AT ]-OOC
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FTqJRE 2.5 PERSISTM{CE OF SF"J,trCTED ENIERTC BACTERTA IN
STOR}&ATER STORED AT 2OOC
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3 (nailED srHrEus

the rnajority of published data frsn cdrbined systenrs is
fmn Anerican studies. sdre British data have been
retrnrted by C'ameson (19?8) wtlich relate to oastal
rfisctrarges.

3.1 Fanl SeiilagE

llrst of ttre oliJorm bactenia in foul seil,age are derived
frun ttre faees of ttre hrman poprlation. Adit:ional
souroes are dsnestic and GTrnercial kitdrsr ant laundrtr
taastes, rrtrich have been stgln to ontain high nurhens of
oliforms (Kitrell and Furfari, 1963)

F. C"li is tbe nrlst abundant oli-form jl ttre
hurnn intestine, and is p::esent j.t: fresh faeces i.tr
ntnrbers agprcadrilg 1000 nillion per gram. Otlren oliform
orEpniffis arri faeal streptoocci are present in faeaes
in snller nunibers, tpically q) to one rnillion per grdn
(StanCing Cqnrittee of Analysts, fg8g).

ttte nrmdcers of oliform bacteria in ser^rage are far
gneat-en than rcu1d be opected i-f hr:man faeaes rriere t.tre
ctry source. Ttris is a direct. resurt of nmltiplication
wittrin ttre system. Raw serrage fron large US cities is
regnrted to have a o1i-form ount of 15 to fO million per
100rnl in sr-unner and 5 to 10 million i-n wirrten (ritreD
anC ft:r:fari, 1963). Counts are lqren in $nal1 tcwns wtrere
th9 9qryr systerns do not prordde long detention tjnes for
multiplication.

Factors lifuich affect ttre density of bacteria in se*aage
inchrde ttre size of ttre mrrnrrity ser.rred, ttre prevalence
of rri sese, trlrysical and cfrcmical ctrarac.Leristics of ttre
ssrrge, retention tirc in tlre systen, season, and tine of
day (Gareson, 1978). Disctrarge-ot inau*riai wastes also
affect's bacterial trnpulations - sorrp vastes are toxic to
bacteria and others are rictr in nutrients and prorote
nmltiplication.

Ganeson regnrted total oliform ounts risi-ng frsn
approcimtely 5 rnillion per 1Oftrll i-n vrirrter to 50 mitlion
at the end of Augiust for gritish @astal sites. Ttri-s uas
attrilruted to tenperature variations and tourist
trnpulation increases. An inland site e:ctribitd a similar
hrt 1es prronounced suwner i:rcrease, probably due to
tenperature variation alone.
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3.2 BasterLal noeufatims ln Codlined Slrst€os

3.2.1 Average Organisn Densities

Thre Anenican studies have looked at ildicator organisns
in osrhjned systenrs. A sunnarlr of tlre organim densities
observed is given in Table 3.1.

Oonner Creek, a 8500ha area of Detroit, v,as saryfed at
LriD overflq*s to ttre Detroit River (Benzie ard
Oourchaine, 1966r. L€nd use in the Oonner Creels district
rras as follorrrs:

streets 28.0 I
qrrercial 3.4 *
recrrealional L0.3 t
intustrial 19.0 t
residential 39.3 t

lhe systern was nonitored frun lrhy 1963 to October L964
ard 727 sanples vrere ollected during 45 periods of
overflor.

llhe Holaard Park drainage area in Baltinpre is a 3i-.6ha
site with a trntrnrlation densitlr of 739 personsTha. llhe
catctsnent is tostly residentj-al, wittr a golf @urse nftictl
occtpie alntrst one quarten of ttre totaf area. Sarples
uere taken over a 12 nonttr period.

Ttle 94 arll G4 ser*er districts of ttre Oistrict of
Colurbia serye areas of 45 and 10?ha respectively, wittr
Sngrlation densities of 107 and 130 persons,/tn. lthe
caLcJrnents were npnitored frron April to SepUenber L969,
dring hfuictr tiJre data were ollected on seven stornrs irt
district 84 arxl 1? storrns in district, G4.

Ccrqnrison of organign densities i:r odnbined samage and
udcan runoff is rtifflsul't because of tlre roide yarialion
in both ard because of differenes jn sarpli-ng ard
regn*ing of results. the highest, retrnrbed total oliform
munt in oqrbined sslaal1e is 3210001000 (Conner Oreek,
July). Ttris is alnnst ten tines ttre trigtrest ount in
trdran runoff of 410001000 vrhid $as also neasured jn
July. In general, uaJcan n:noff ontains total oliform
poprlations of alproxirnately 10t of ttpse in odrbind
semage.
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TABI,E 3.1 INDICATOR ORGANISVTS IN oc[,IBlNED sElGGE

CatchEot Perlod Total. Faecal Faecal

Gollforo Collforr Str€ptococcl

Conne r  C reek ,  Ap r i l  2 , 400 ,000  890 .000

De t ro i t l , lay 4 ,400.000 I  ,500.000 320 ,000

June  12 ,000 ,000  2 .700 ,000  740 .000

Ju ly  37 ,000.000 7 ,600 ,000 350,000

Augus t  26 ,000 ,000  4 ,400 ,000  530 ,000

lemrte

Orgaolsre /lOOo1

(Benzie aod Courchaloe,  1966)

i lPN/100n1 (ol lo0ot  for  FS) Hean values

( O l l v t e r t . 1 9 8 0 )

Horard Park I  2 nonths I  ,200 .000 450,000 240,000

Ba l t l no re

84 & G4 Apr. t l  to 2 ,800,000 2 ,400,00 17 ,2OO Orgaolsns/ lo0nl  Mean values

sep tenbe r  (DeF l l f pp l  and  Sh lh ,  l 97 l )
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3.2.2 Variation Wittri-rr Events

Oenilipi and Shih (1971) found ttr,at total oliform,
faecal oliform and faecal st:eptoocci ounts varied
wittr ttre flar rate during each storm, wiltr a first flush
obsen/ed in all storrns (Fig. 3.1).

Coliform or:nts fron one of tlre British oastal sites
for a 24 trour period during rrrhich heary rainfall occu:red
are given in Fig. 3.2. D:ring ttre tirst part of ttre
storm, oliform ounts incr:eased r,rittr flqr; tnrt tryr the
end of ttre storm ttre oliform ounts had fallen even
though ttre flow rms still high. It is suggested that ttris
first flush is dre to resu4:ension of-taecal rmterial
@nsited in tlre systern or to ttre intrcduction of
olifosrs frun sources other than seumge.

3.2.3 Relatiouhip to OLtren paraneters

liRr flotrrs rere retrnrted by ttre study of ttre Oonner systen
in Detroit. Bacteriological qrnfiry of salrqlles wEls
ocrpareA vrittr storm ctraracteristics, and no relationship
rrilas found rrdttr intensity, duration, or total rainfa11.
Efanple spring and srmner stonns are strqrn i:r figs. 3.3
and 3.4.

3.3 Fator Affectfug BactaCal noplatirms
tn Oonbined $rstess

The factors r{tridl have been identified as affectirrg t}re
nur0cers of bacteria present jn asTbi-tred systenrs are:

a) ltenperafure

b) Detention tirre in the systenr

c) Tine of day

A liJnited annunt of data ollected dr:ring ttre winter firqn
ttre Oonner s14steln shorred a rnarked decli_ne jn mliform
levels ocrpareA wittr ottrer tines of tie year. Fig. 3.5
shors data for a winter storm. The air tengleratr:re on tfie
day of ttre storm ranged fron -1.7oC to 4.4"C. Ttre redian
total and faecal- oliform ounts were about one to trio
and for:r to eight percent reE>ectively of ttre
on:estrnnding July values. ftre protrnrtion of t3ta1
oliforne acounted for by faecal mlifornrs also differed
- in July alprcxirnately 22| of oliforms were faecal
oliforms, uiheneas in .lanuary ttre figure was ?5t.
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Ganeson obsenred seasonal differences in oliform counts
for dry weattrer flows at Briti_sh ooastal sites. fte rise
in oliform levels in suftnar rrras att-riJmted to higtrer

s and i:rq:eases in population durinqr holiday
periods. Ttre retention period of s€rdage wltfrin fta
system, as rrell as the t€nperature, is like1y to affecb
ounts.

Ganeson also retrnrts dillrnal variations in total
oliforms (fiq. 3.6). Oor:nts tended to be hiqher in ttre
early afternoon. After 1800-2100hrs sarples rcne kept for
analysis ttre follcming norning, ard riJes at tlrese tines
nay.b.due to grrcfiirth of bacteria dr:ring storage. Diurnal
variations cbsen/ed for faecal streptoocci 

-anf 
faecal

olifornrs alre illustratd in figu. 3.T and 3.S.

Van Donsel and Geldreidr (1970) studied ttre sun/i\ral of
total ollform, faecal oliform, arul faecal stregto@cci
in md sarples at 20oC. Sur:vi\ral rates after seven days
neorc.2st (Te), 109 (Fe) and 409 (rs). {hese fign:res are
onsiderably hiSren than those in n:noff vatens,

that indicators nay pensist j:r sdi^nrents
witfdn selers. Ttris ould acrcr:nC for the first flush
obselrd in studies vitrene bacterial densities were
IlDnitored for individr:al events.

Inring (L9771 retrnrEed incr:eased sunrival of enteric
bacLeria in sea water vrtren silt nlas present, due to
xedud penetration of solar radiation. Alttrough
bacteria vene obenred to accrnnrlate in sediJrents, ttt
bact€ria or:nts in ttre orrerlying r,rater lere also high and
it uas oncluded that resuspension of sdirent uas
unlikely to furthen inpair ttre rrrater quality at tfiis
location.

Adsorption and settling lead to high concentrations of
bacteria in sedi:rents, v,trictr may be of @n€rn in
receiving st::eanrs vtrere sffi bacberia are
prctected fiiqn ttre destnrctive action of sunlight ard
fron predators, with ttre effect tlrat ttreir sr::rrival is
enhaned.

2t



FIq]RE 3.1 BASIERIOIOGICAL DATA VM.SUS SIORM TIME F'OR
M{B]NED VIASTEVAIM.
(@n x 0.0631=1,/s; jn. x 2.54=crn)
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FIGJRE 3.2 IEIIAL @LIFCIRMS IN STORM SEIGGE A3 !.MST BAY
PUMPING STATICD{

Bars and circles (ooliform ounts) and broken crlr/e
(flov) refer to 1-2 March \97t. Continuous curve
(olifot:n ounts) and dotted surve (flqo) refer to 16
Februarlr - 4 l4ardt 1971.
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FIqJRE 3.3 RAINFAIT AND BACTERTA UJ}TTS DURNG SUMMER
sToRM, CO{Nm. CREn(

FIqJRE 3.4 RAINEAI.L AND @LITORM ffiJbIT€ DTJRIIC
SPRIIG STORM, Co{NER CRffi<
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3.5 RAINFAIT AI.ID BASIERIAL MUNTS DURING WI}ITER
sToRM, OONNm. CREEK
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FIqJRE 3.6 DIURT,IAL \ARIATIONS IN TUIAL MLIFOR}4S IN
M4MINL]TED SEI.AGE SAI.{PLED AUTCN4ATIC3I;LY

!

t
6 5 0

'9

-
6
IJ

e 2 0
I
!

*(,)

r 0

0600 1200
T IME

26



FISIRE 3.7 DIIJRI\AL \ARIATIO{S IN CCUITIS OF FAECAL
STREE{IOOOCCI AT THRM MASTAL SITES

0000

FIqIRE 3.8 DIURNAL \iARi^HrIO[s IN FAECAL SLITORM
CCIJNI OF SET\Affi A3 THRM COASTAL SIIES
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4. IIDIIELIJIG EIE BEINVIq'R S BACIERIA IN I'RBAII
DRAIMGE SIISIEI4S

lhere has been Iitt1e r,lork oncerned wittr ttre rodelling
of bacteria jn urban drairnge systens. Of ttre various
operational water quality rurdels, four (SId!SE, QQS, $IORM
arrC SAI,IBA; Huber, 1983; Geiger and Dorsctr, 1980; IJS Army
Corps of Engineers, L977; Johansen, L985) appear catrnble
of prediceing bacterial discharges fron urban systems.
these nodels diffen nrarlcedly i-n ttre oorple:<ier with wtlicfr
tttey deseibe prcoesses wittrix ttre catcJunent,
brt rliffer' litt1e in usage. the folloning paragraphs
discuss an a;propriate approa.ctr for npdelting bacterial
discharrges frqn urban catclunents.

{t.l l{atbryttcaf lppoacUes for erednstir{t bllutet
Disc$argbs

ltre nrdels nrentioned above are all detenniaistic nodels,
in that for a given set of irput, onditjons rodel
predictions will rsnain onstant. nxftreerrore, in use
each nodel is similar as a ontinuous sjnmlation alproactr
is follolred. H6,ever, ttte nndels do rti ffer significantly
jrl the oarplexity wift rihich ttrepr represent the behavior:r
of pllrtants vrithin ttre catcl:irent and over the tiJne-
scale at lrtlidt prdictions are rnade. Ot this basis a
bd $rbdivision can be reoqnised.

Fi-rst, rodels i:n rrrtlich ttre rmjor sour€s of trnllutants
(catduent surfacres, foul ilflovrs and sedirrents in
serers) are fuTped toEetner. These rndels are also
ocronly event-basedi no attenqrt is rnade to predict tjne-
varYiag pllutant restrDrlse. ftris 'blacJc-bo<' atrproach
has been used in ttre SAI|BA rcdel vrtlich atrplies a onstant
onerrtration at ttre outfall incespecLive of ttre anbient
hyd:ofog:ical and hydraulic onditions. Different
onentrations are applied dependent on vitrettrer ttre
systen is setrnrate or osnbined. A similar atrproach has
been devised for use in ttre U.K. in onjr:ncaion wittr the
IGSS:P sjmilation nndel. This nethod, lcroon as ttre 'lrlRc
Interim hocedr:re' (WRc, 1986), also uses a onstant
oncrentralion at ttre outfall but can only be alplied at
present to oombined systerns rirhidl are differentiated on
ttrc basis of average catctsrent slope. Witll ttre
availability of nore data frqn a variety of catcturent
tlpes it can be envisagd ttrat nmltivariate statistical
techniques will be used to allocate a particular
oncentration to a particular catchnent t1pe. This
aproach ould be logica11y o<tended to jnclude ttre
dis&arge of bacterial jndicators suctr as total
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oliforms, faecal oliforms and faecal stretrrtoocci.
Data rr,ould be required to derive atrpropriate onstant
oncentrations frqn a ranEe of catctrnent tfees.

ltre se@nC class of npdels are tlrose vtrictr atterqrE, to
onsider ttre soure or sourqes of Snlrutants wittrirt 

-uraan

catdurents. Tlpically ttrese nodels wi1l atteupt to
produoe trnllutographs r or pofutant,
behavior:r \,e'ithh an event. Included in tttis-category are
the s{d[r[ft, QQS ard stoRM rndels. Generally, ttrese nooets
onsjden tbe inprt of lnrlutants fisn catctnnent surfaes,
foul lrater ard infiltration into ttre drainage systenr.
less erphasj-s is placed on ttre prccesses oper:ative in ttre
drainage sys@n itself. STOFI,I is ttre sinplest of tlre
ttree nodels as no hydraulic or trnIlutant, rcuting
calctrlations are carzied out (ttris- rrode1 does noi
ttrcrefore predict pollu@rapLrs btrt, event loadings). OOS
rcutes trnllutants ttuough the drainage systen- lxrt in-
seliteir sedinent depsits are largely ignord (it is
gd\tised, saneiltrat qrdroticalJy, 

- 
to jnclude ttresejnfluences aE part of the sdiinerrt mshoff ). SIfrOf|

allows sedfunent and associ-ated lnllutants to be deposited
ard re-entrained within ttre drainage systen aur:ng a
storm errent. rn all- of ttre nndels, rrdilever, ttrere are no
rputirres dealirrg elq>licitly with bacterial itisctrarges nor
js ttre influenoe of sedirnent detrnsits present before ttre
onset of ttre storm event onsiOered :n hetaif . It is also
assmed that bacteri-a behave largely as a onseinrative
trnllutant d:ring ttreir passage 

-ttrrougr 
ttre drair:age

systen.

4-2 Bufld-rqt :qd t{asbff of Bacttria fim €tcfwt,
$rfae.

A nurben of rriffsgent relationships have been used in
**p"_yutq quality nodels to reSrresent the buildup and
washoff of bacteria frsn catctnrent surfaces. In al1
cases ttrese relationshitrx uere derived using data for
pllutants suctr as suspended solids and BoD; none of ttrem
hatre been develo@ usilg data of build-rp or
washoff.

Five ri'ifferent functions have been usd to represent
bacteria bldfdup on catctrnent surfaces (Fig.4.1):-

i) linear build-up (ST!ORM, Stl6n43);

ii) linear txrild-r:p to a threshold (Stw0fi|);

ii-i) oqnnential build-up (slriun4l);
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iv) lbnod hrild-r4g (Sr,tr6dl);

v) trnlynonial buitd-up (aQs).

ftrene have not been any direct, studies justifying ttre use
of any of ttre aborre relationshitrx. lthe grrcnrth of
bacteria jn laboratory envircnnrents has been rrndelled
using lbnod kinetic functions (Mitchell and Charnberlil,
1978). Hene, ttris night justify ttre use of ttris form of
firncLion for representing bacterial build-up on catclunent
surfaes. Ilorrerrer, build-tp on catctrnent sur:faes does
not just reflect, ttre g:s'rth of bacteria, brt also
reflects ttreix initial detrnsition ard redistrjln-rtion
wittrin ttre catctunent.
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FIq]RE 4.1 BASIMIAL BUILDUP ON CAtC}IMENI SUMACES
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In a sjmilar nanner to build-up, attenpts to nndel ttre
washoff of bacteria frqn catcfunent strrfLces have relied
lpon agproactrcs developed for suspended sedinents and
trnllutants such as BOD. ThD tlpical exanples are
provided by ttre SII:[OC] and QQS nnCets. $Wn4l uses an
eqnnential r,yashoff eqr:ation to represent renpval fron
jlleervious catdunent surfaes. ttris rndel has only been
strictly validated for uae wift suspended solids ani
always pnedicts tri$ onertrations at ttre start of a
storm with oncentrations falling off as rnterial is
rerorred fron ttre catctrrrent surfae. Ttre ,unit
poUutogreh' approach used in QeS i-s rore versatile in
that diffenent distribrtions of oneftration can ocsur
d:rinq a storm. Bottr of ttrese onepEr:al apearca.cfres rely
qnn lnl1utant obsewations with uhich to calibrate rcdel
pardrEters.

A rajor deficienc.y in usiag eittrer of ttrese atrprcaches
i-s the assrnption that bacteria are not fjxked to any
ottren gnllutant, paraneter. It is uell lalsoEr tbat,
bacteria can adhene to particles dispensed in reirater and
wastewaten (IaBelle et a1., 1980; Sdrillinger ard C;annon,
L985). The adsortrrtion of bac.Leria to sedi-nents my not
be fu ortant in ttre prdiction of bacterial discfrarges
fron urtan catclrrents, tut my be of e:ctrecne inportance
in ttre trrediction of bacterial inpa€ts withjn ttre
reeiving r*ater due to settling processes. Hence, for
irpact, rrcdelling it is essential 

-to-represent 
tlre linlcage

of bacteni-a to sedirT€nts in sore rrnrlner.

4.3 ChF"{tes Ln bacterial trpgnrlatlos in
arainage systm

Bacterial die-off rates varlz wittr species qpe and
envj-rcnnent. Reported values of die-off rate 

-wittrjrr

stosruraater \rarjr frsn 0.1 to 1.5 per day for faecal
streptoocci (Celdreidr and Kenner t L96gr. Spressed in
tel:rs of ttre 90* nr:rtality tilre, te', this gives a range
of 23 to 1.5 days. If we assurre a-Une of mncentration
for a catclunent of t hour ttren for a bacteria wi_th a die
of rate of 1.5/day ttren 93t of ttre bacberia vrill renrain
after passagp through ttre drairnge systern assr_rning no
detrnsition of tlre bacteria. It nay ttrerefore noi be
necessary to include bacteria die-off wittrin ttre

equations due to its relatively minor
influence. Hcnrever, this mnclusion depends heavily on
the die-off rate whictl nay varlr rnarkedly fron tlre values
quoted above.
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4.4 Omcluslqrs

Ttris brief revieqr of ualcan vater ql:ality npdels in
relation to bacterial trnlIution i1lust-rates ttre
sfuplicity of ttre atrproaches thus far adopbed. Ttris
reflects not only ttre lack of basic lmodedge @ncerni.rrg
ttrc behaviour of bacteria in urban drainage systsns, but
also, the p:roblenrs irl caliJrrating anC verifyiag a orple<
rrDdel due to ttre err:ors inplicit in bacteria ernanenation.

If a pollu@raptr rcde1 is to be usd ttren it is clear
that crrrrent nrcdels are deficient in their ignorance of
t}re ;nssi-ble influenes of ontaminated seh,er sedirrcnts.
If a sirple event loading rodel, wittr event nean
oncentrations aplid at the outfa11, is required ttren
the cun:ent nrcdels are sufficient ttre prcblenr ttren
resolves into a data ollection scercise in order to
define appr:ropriate outfall onertrations in relation to
influencing factors suctr as systsr trce and
ciharacteristics.
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5 $rrcursrots

1. Ttrere is verT little pr:blished inforrnation on ttre
bacterial qr:a1ity of urban n:noff or odrbined storm
dischanqes in ttre UK.

2. Shrdies in the US and Canada have for:nd total
oliform &nsities of 1 to 37 million per l00mt in
asrbiJ'red storm disdrarges. Densities in urban n:noff are
apmcirnately 10t of those irr qrbined systerns.

3. Thene is a tendencry for a first flush effect for ttre
@Irlten irrCicator organisns (tota1 oliforrrs, faecal
olifonns and faecal stregtoocei) j.n €rbjned and
separste sehrer systerns.

4. l{o reliable relationships have been established
betv,een bacterial Etafity and ctre*r-ical quality or stot:n
event charactenistics, for @rbined or separate sener
systerns.

5. Ihene are nrarked seasonal differenes in bacteria
rcunts in both separate and @rbined systeurs. hk values
ocsl,lr in surrer and auturrr ard differences have been
attributed to tenpeenture variation.

6. Bacterial surrzirml is enhanred in sedir€nts r,rtrere
organisrs are prctected frcm ttte destructive action of
sunlight (in receiving waters) and fron predators.

7. The sfupficity of ttre treatrnent of bacferia in
eu.isting vater quality npdels reflects a lacls of
knCIrtledge of bacferial behavioirr i:: urban drainage
systems.

8. A najor pr:oblenr in ttre develotrrnmrt of a rrrdel to
sinnrlate ttre betraviour of bacLeria is ttre difficulty of
obtaining reliable data. this arises because of 

- 
ttre

prcblenrs associated wittr ttle enrmeration of bacteria.

9. Althougtr a receivi-ng uater inpact rnrdel nay not
require bacterial po11u@raph ingrts, event loadi::gs are
unlikely to be sufficient in a rodel vfuich is to be used
to assess the effecbs of retrabilitation npasures. lttris i-s
prticularly true if there i-s a first flush of bacteria
rdhidr is to be ontrolled.
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