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C O M P A R IS O N  O F  B A C T E R IO L O G IC A L  M E T H O D S  F O R  D E T E C T IN G  
T O T A L  C O L IF O R M S  A N D  ESCH ERICH IA C O L I  IN  W A T E R

W .M .G .C .K . M an n ap p eru m a
D epartm ent o f  B otany  

U niversity  o f  Peraden iya, Sri Lanka.

B acterio log ical analysis  o f  w ater, using  indicator bacte ria  is a  ro u tin e  p rac tice  a round  the 

w orld  to  assu re  th e  m icrob io log ica l quality  o f  w ater. T he cu rren t study investigated  the 

perfo rm ance o f  fou r a lternative  m ethods com pared  w ith  the  re fe rence  Sri L anka S tandard- 

M ultip le  T ube F erm en ta tion  (S L S-M T F) m ethod, fo r the  detec tion  and  enum eration  o f  to ta l 

co liform s and E sch erich ia  co li in d ifferent w a ter sources (tap  w ater, bo ttled  w ater, w ell 

w ater, su rface  w a te r and  effluen t w ater-to  cover a  w ide  ran g e  o f  con tam ination  levels), 

co llected  from  d ifferen t geograph ica l areas. T he four a lternative  m ethods w ere A m erican  

Public  H ealth  A ssoc ia tion  (A P H A )-M T F  m ethod, C olilert-M T F  m ethod , Sri L anka S tandard  

-M em brane F iltra tion  (S L S-M F ) m ethod  and m -C oliB lue24-M F  m ethod . C olilert and m - 

C oliB lue24 , w h ich  are enzym atic  m ethods, detect to ta l co lifo rm s and  E. coli s im ultaneously , 

by  the  activ ity  o f  enzym es p -D  galactosidase (in to ta l co lifo rm s) and  p -D  g lucuron idase (in  

E. coli), w h ile  the  o ther m ethods are based  on lactose ferm entation.

V ariance analy sis  resu lts  revealed  tha t C olilert, m -C oliB lue24  and SL S-M F m ethods 

detected  sign ifican tly  h igher (p  <  0 .05) to tal co lifo rm  counts, com pared  to  the  S L S -M T F  

m ethod. In E. co li d e tec tion , C o lilert (p <  0.05) and m -C o liB lue24  (p <  0 .1) m ethods 

detected  sign ifican tly  h ig h er counts com pared  to S L S -M T F  m ethod . S im ple L inear M odel 

show ed, th e  th ree a lternative  m ethods detected  several fo lds h ig h e r to ta l co lifo rm s counts 

than  S L S -M T F  m ethod  (3.8, 1.75 and  1.55 tim es h ig h er co un ts  w ere  detec ted  by C olilert, m - 

C o liB lue24  and SL S-M F m ethods respectively). F o r E. coli, 2 .93 , 1.83 and  1.35 tim es 

h igher co un ts  (than  S L S -M T F ) w ere  detected  by  m -C o liB lue24 , C o lilert and  SL S-M F 

m ethods respective ly . ISO  perfo rm ance criteria  (sensitiv ity , spec ific ity , effic iency , fa lse  

positive  and  false negative  ratios), show ed  the  tw o  enzym atic  and SL S-M F m ethods w ere  

superio r to  th e  conventional SL S-M T F m ethod. M ethod  perfo rm an ces  by pa ired  co u n t 

evaluations show ed  inconclusive  resu lts  due to  inadequate  v a lid  d a ta  resu lted  by  

con tam inations and  m issin g  d a ta  during  subculturing .
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C onflrm ational ra tes  ob ta ined  fo r bo th  bacteria l types w ere h ig h e r in three a lternative 

m ethods, than  SL S-M T F m ethod. V alues being: fo r  co lifo rm s, C o lile rt (78.2  % ), SL S-M F 

(75.2 % ), m -C oIiB lue24  (72.1 % ) and SLS-M TF (71 % ) and fo r E. coli, C o lile rt (66.6 % ), 

m -C oIiB lue24  (50 % ), SL S-M F (50 % ) and SL S-M T F (37.5 % ).

C ost com parison  show ed  tha t M T F m ethods (S L S , APFIA and  C olilert) w ere  m ore  

expensive com pared  to  M F, for drinking  w ater analysis. T he m o st econom ical m ethod  for 

drinking  w ater analysis  w as SLS-M F m ethod (6.7 tim es cheaper th an  SL S-M T F); fo llow ed 

by m -C o!iB lue24  (2.1 tim es cheaper). F or surface w ater analysis  SL S-M F m ethod  w as the 

cheapest (4.3 tim es cheaper), fo llow ed by the C olilert m ethod  (2.1 tim es cheaper) than  the 

SL S-M TF m ethod.

C onventional M TF m ethods (SLS and  A P H A ) show ed several d raw backs such as, need for 

longer incubational periods, confirm ational tests, m ore labour and  subjective nature o f  

results in terpreta tion . In com parison, C olilert w as very  effic ien t in all aspects. A m ong  M F 

m ethods, m -C oliB lue24  w as m ore effic ien t than  th e  conventional SL S-M F m ethod  w ith  the 

advantages o f  s im ultaneous detection  o f  both  types o f  bacte ria , absence o f  heavy  

background  grow th  o r atypical co lony  form ation, easy  p rep ara tio n s  and  easy resu lt 

in terpreta tions, less tim e  and labour requirem ent, etc.

B acterio log ica l iden tifica tions revealed  60 %  identifications o f  non-co lifo rm s by  the SL S- 

M TF m ethod . In contrast, C olilert, m -C oliB lue24 and  SL S-M F m ethods identified  m ore 

than 60 %  o f  co liform  bacteria . Identifications show ed that, even  th e  d rink ing  w ater sources 

tested  w ere  con tam inated  w ith  fecal (pathogenic) o rganism s, suggesting  threats on drinking  

w ater qua lity  in Sri Lanka.

In conclusion , resu lts o f  the  cu rren t study  revealed  th a t th e  conven tional S L S-M T F m ethod  

is less effic ien t, com pared  to  th e  C olilert, m -C oliB lue24  and  S L S-M F m ethods. S L S-M F 

m ethod w as th e  m ost econom ical m ethod  for analyzing  b o th  d rin k in g  and  su rface  w a ter 

sam ples. m -C o!iB lue24  and C o lilert m ethods, w ith  the ir superio r perfo rm ance cou ld  be  

recom m ended  as a lternative m ethods fo r analyzing  d rink ing  w a te r and surface w a te r 

sam ples respective ly , w hen  cost is n o t th e  lim iting  factor.
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C H A P T E R  1

IN T R O D U C T IO N  A N D  L IT E R A T U R E  R E V IE W

1. IN T R O D U C T IO N

W ate r can  b e  co n sid ered  the  fo o d s tu ff  consum ed  in  the g rea test q u an tity  around  the  w orld . 

T herefo re , it com es as no su rp rise  th a t the  h ealth  risk s  asso c ia ted  w ith  co n su m p tio n  o f  

co n tam in a ted  w ater a re  o f  g rea t in terest (E ckner, 1998). M an y  o f  the  w a te r bo rn e  

in fec tious d iseases are  caused  d ue  to  pathogen ic  b ac te ria  ex cre ted  by  peo p le  su ffe rin g  

from  o r carry in g  the  d isease  (T ebutt, 1983). A m ong  the  p a th o g en s  d issem ina ted  in  w a te r 

sources, en teric  pa th o g en s a re  the  m o st frequen tly  en co un tered  (R om pre  e t a l., 2002). 

Som e o f  them  lead  to  severe  and  som etim es life-th rea ten ing  in fec tio n s  such  as ty pho id , 

cho lera, hep atitis  caused  b y  h ep atitis  A  v irus and  d iseases caused  b y  S h ig e lla  species  an d  

E sch erich ia  co li 0 1 5 7 :H 7 . O thers  a re  ty p ica lly  assoc iated  w ith  less severe  o u tcom es, such  

as d iarrhoea l d iseases (W H O , 2008). A s  a  consequence , sou rces o f  fecal p o llu tio n  in  

w aters  d ev o ted  to  hum an  activ itie s  m u st b e  stric tly  co n tro lled  (R o m p re  e t al., 2002 ).

In  add ition , one o f  th e  m o st im p o rtan t assignm ents, from  a  p ub lic  h ea lth  p e rsp ec tiv e , in  

w a te r safe ty  assu rance  is to  a ssess  th a t effective  p ro cessin g  steps h av e  been  fo llo w ed  to 

assu re  m an ag em en t o f  w a terb o rn e  d isease  ou tb reaks w ith  a  m ic ro b ia l e tio logy . T h e re fo re , 

assessing  m ic ro b ia l co n tam in a tio n  in  a  w ater supp ly , w h e th er d is trib u ted  b y  p ip e lin e  o r  

b o ttled , co nstitu tes  a m a jo r co m m itm en t o f  p ub lic  h ea lth  p ro fessio n als . T h e  success o f  

such  e ffo rt is d em onstra ted  b y  the  v irtu a l d isappearance  o f  w a terb o rn e  d isease  o u tb reak s  

such  as ch o lera  and  ty p h o id  fev e r th a t w ere  once  a m enace  to  th e  pub lic . W o rld w id e  

reg u la tio n s  h av e  been  p ro m u lg a ted  tha t ensure  th e  im p lem en ta tion  o f  na tu ra l and  a rtific ia l 

b a rrie rs  to  con tro l w a terb o rn e  pa th o g en s and m o n ito rin g  sy stem s fo r a sse ss in g  th e  

efficacy  o f  th e  adop ted  in te rven tion  stra teg y  rap id ly  and  re liab ly  (L ec le rc  et a l ., 2001).

A s T eb u tt (1983) suggested , d e tec tion  o f  the  spec ific  p a th o g en ic  b ac te ria  ex cre ted  by  

in fec ted  p eo p le , is n o t easy  since  it is  necessary  to  u tilize  its ch arac te ris tic  b e h av io r b y  

su p p ly in g  special selec tive  m ed ia  an d /o r in cubation  co n d itions app ro p ria te ly . F u rth e r, as



2

G erba e t al. (2000) exp la in , th is  is o ften  a ted ious, d ifficu lt and  tim e -co n su m in g  task . 

T h ere fo re , ra th e r than  test sp ec ifica lly  fo r ind iv idua l p a th o g en s, reg u la to ry  ag en c ie s  an d  

trea tm en t fac ilities test fo r ‘in d ica to r o rg an ism s’, w h o se  p resen ce  su g g ests  th e  p o ss ib ility  

o f  co n tam in atio n  w ith  h u m an  feces  (C o v ert e t a l., 1989). T hese  in d ica to r o rg an ism s are  

n o rm ally  p resen t in h ig h  n u m b ers  in th e  feces o f  h u m an s and  o th e r w arm  b lo o d e d  

an im als. T h e ir occu rren ce  a t spec ified  levels in  d rin k in g  w a te r  p o in ts  to  in ad eq u a te  

d eco n tam in a tio n  o f  w a ter o r  its reco n tam in a tio n  (M ossel, 1982). It is due to loss o f  

d is in fec tan t, b reak -th rough , in tru sion  o f  co n tam in a ted  w a te r in to  th e  p o tab le  w a te r supp ly  

o r reg ro w th  p rob lem s in  the  d is trib u tio n  system s (R om pre  e t a l., 2002 ). T he  m o s t w id e ly  

u sed  o f  th ese  ind ica to rs  are ‘co lifo rm  b a c te ria ’ in  g enera l (C overt e t al, 1989), ‘fecal 

c o lifo rm s’, (L ew is and  M ak  1989; A P H A , e t al., 1998; D oy le  and  E rickson , 2 0 0 6 ) an d  

m o re  spec ifica lly  the  hom io th erm  en teric  bacte riu m , E sch er ich ia  co li (F lic k e r  an d  

F lick e r, 1996; N iem i e t a l., 2001; R o m p re  e t a l., 2002).

T h e  co n cep t o f  in d ica to r b ac te ria  fo r  m o n ito ring  b ac te rio lo g ica l q u a lity  o f  w a te r  h as  a 

cen tu ry  o ld  h is to ry  (E ckner, 1998; N iem i e t a l., 2001; N R C , 2004), and  la te r it w as  

au th en tica ted  b y  th e  w o rld s  lead in g  reg u la to ry  agenc ies su ch  as W o rld  H ea lth  

O rg an iza tio n  (W H O ), U n ited  S ta tes  E nv ironm en tal P ro tec tio n  A g en cy  (U S E P A ), 

E u ro p ean  U n io n  D rin k in g  W ate r D irec tive  (E U  D W D ), e tc ., fo r  d rin k in g  w a te r 

m on ito ring . F urther, th e  u se  o f  co lifo rm s w as la te r ex p an d ed  an d  ad o p ted  fo r am b ien t, 

rec rea tio n a l, and  shellfish  w a ters  and  con tinues to  focus on  id en tifica tio n  o f  fecal 

co n tam in a tio n  in w a te r  (N R C , 2004). R egu la to ry  agenc ies o f  in d iv id u a l coun tries  h av e  th e  

au th o rity  fo r reg u la riz in g  th e  s tandards fo r w a te r q u a lity  a ssessm en t fo r each  cou n try . In  

Sri L anka, b ac te rio lo g ica l q u a lity  o f  w a te r is d e tec ted  acco rd in g  to  th e  reco m m en d a tio n s  

p u b lish ed  b y  the  Sri L an k a  S tandards B ureau , u n d e r the  g u idance  o f  th e  W H O  (S L S  614: 

P art 2: 1983). T he  u se  o f  co lifo rm s w as  la te r ex p an d ed  and  ad o p ted  fo r am b ien t, 

rec rea tio n a l, and  shellfish  w a te rs  an d  con tinues to  focus o n  id en tifica tio n  o f  fecal 

co n tam in atio n  in w a te r (N R C , 20 0 4 ). W astew ate r trea tm en t fac ilitie s  around  th e  w o rld  

a lso  m o n ito r th e ir  e ffluen ts  to  ensu re  th a t th e ir d is in fec tio n  p ro ced u re  is  e ffec tiv e  a n d  th e  

trea ted  w astew ate r is p a th o g en  free b e fo re  re leasin g  in to  th e  rece iv in g  w aters.
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1.1. C o liform  b acteria  as in d ica tors o f  w ater  q u a lity

1.1 .1 . A p p lica tio n  o f  in d icator  b a cter ia  con cep t for  w a ter  q u a lity  m on itor in g

T he first ep idem io log ical o u tb reak  cau sin g  cho lera  in  L ondon , E ng land , w as fo u n d  to be 

due  to  consum ption  o f  sew age co n tam in ated  w ell w a te r (John  Snow , 1854). L ec lerc  e t al. 

(2001), reports  on  sim ila r o u tb reaks d u e  to  co n tam in ated  d rink ing  w a te r th ro u g h o u t th e  

w orld : S w eden  (in 1966); U S A  (in  1968 and  1975); Japan  (in  1977), lead ing  to in vestiga te  

on causa tive  pa thogen ic  agents. H o w ev er, som e ch arac te ris tic  fea tu res o f  pa th o g en s, such  

as excretion  in  low  num bers, low  su rv iva l ra tes in  th e  env ironm ent, d iscre te  d ispersion  in  

w ater, c lum ped  natu re , e tc., have  m ad e  th em  d ifficu lt to  cu ltu re  in  artific ia l m ed ia  (W H O , 

2008). A s a  resu lt, an a lte rnative  approach  w as req u ired  to  d e tec t pa th o g en ic  

co n tam ination  in  w ater. T h is  w as th e  m ain  rea so n  o f  in tro d u cin g  ind ica to r b ac te ria  

co n cep t fo r m icrob io log ica l w a te r qu a lity  assessm ent. A s B o n d e  (1966) has suggested , an 

ideal in d ica to r m u st p o ssess  som e specific  c rite ria  such  as, s im ultaneous p resen ce  in  

h ig h e r concen tra tions; h ig h e r resistance  to d isin fec tan ts  and  to  the  aqueous env ironm en t; 

g row th  p erfo rm an ce  in  sim ple  m edia; characteris tic  and  sim ple  reactions fo r u n am b ig u o u s 

iden tifica tion ; random  d is tribu tion  in  the  sam ple; in d ep en d en t g row th  w ith  o th e r 

o rgan ism s; spec ific ity  to  d esired  ta rg e t o rganism ; p rec isio n  and  ad equate  sensitiv ity . 

C o lifo rm s have  b een  id en tified  as m o re  reliab le  ind ica to r o rgan ism s in  th is  reg ard , since 

th ey  show  m any  o f  the  above c rite ria  (N R C , 2004).

A cco rd ing  to  L eclerc  e t al. (2001), th e  first ro u tin e  ex am in a tio n  o f  w a te r h a s  b een  

rep o rted  as early  as 1885, an d  fo r th e  first tim e, th e  bacte ria l ind ica to r concep t h as  b een  

in troduced  in  1891 in L ondon , E ng land . T he term  co lifo rm  or co li-aerogenes  b ac te ria  to  

desig n a te  the  ind ica to rs  o f  fecally  con tam inated  w a te r  h av e  b een  firs t u sed  by  B ritish  

b ac te rio lo g ists  (L ew is, 1917). S ince  then , term s co m m o n ly  and  in d isc rim in a te ly  u sed  

w ere  co lifo rm s, co lon  group , E sch erich ia -A ero b a cter  g roup  o r  co li-aerogenes  g roup . 

L ater, th e rm o to le ran t o r  fecal co lifo rm s, in  add ition  to  E. co li, h av e  b een  d iffe ren tia ted  

from  to ta l co lifo rm s, as m o re  specific  ind ica to rs o f  fecal p o llu tio n  (L eclerc  e t a l, 2001). 

T h e  u se  o f  the  co lifo rm  group  and  m ore  sp ec ifica lly  E. co li  as in d ica to rs  o f  

m icrob io log ica l w a ter q u a lity  dates fro m  th e ir first iso la tion  from  feces  a t the  e n d  o f  th e
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19th cen tu ry  (R o m p re  e t a l., 2 0 0 2 ). F o r  m o re  th an  100 y e a rs , U .S . p u b lic  h e a lth  p e rso n n e l 

h a v e  re lie d  ex ten s iv e ly  on an  in d ic a to r o rg an ism  a p p ro a c h  to  a sse ss  th e  m ic ro b io lo g ica l 

q u a lity  o f  d rin k in g  w a te r  (N R C , 2 0 0 4 ). In  1914 , th e  U .S . P u b lic  H ea lth  S e rv ic e  h as  

a d o p ted  the  en u m era tio n  o f  co lifo rm s  as a  m o re  c o n v en ie n t s tan d a rd  o f  san ita ry  

s ig n ific a n ce  (F eng  e t a l ., 2002 ).

A lth o u g h  co lifo rm  is n o t a ta x o n o m ic  c lass ific a tio n , th e  te rm  is u se d  to  d e sc rib e  a  g ro u p  

o f  b a c te r ia  sh o w in g  co m m o n  b io ch em ica l ch a rac te ris tic s . T h e re fo re , m o s t d e fin itio n s  o f  

co lifo rm s  a re  e ssen tia lly  b a se d  o n  b io ch em ica l c h a rac te riza tio n . A c c o rd in g  to  S tan d a rd  

m e th o d s  fo r  th e  e x am in a tio n  o f  w a te r  an d  w a s te w a te r  (P a rt 9221 an d  9 222 ; A P H A  e t a l , 

2 0 0 5 ), co lifo rm  g ro u p  m em b ers  a re  d e sc rib ed  as;

1. a ll ae ro b ic  an d  facu lta tiv e  an aero b ic , G ram  n eg a tiv e , n o n - sp o re  fo rm in g , ro d ­

sh ap ed  b a c te ria  th a t fe rm e n t lac to se  w ith  g as  an d  ac id  fo rm a tio n  w ith in  48  h o u rs  a t 

35 °C (m u ltip le -tu b e  fe rm e n ta tio n  tech n iq u e ; S ec tio n  3 .1). o r

2 . a ll ae ro b ic  a n d  m an y  fa c u lta tiv e  an aero b ic , G ra m -n e g a tiv e , n o n -sp o re -fo rm in g , 

ro d -sh a p ed  b a c te ria  th a t d e v e lo p  a  red  co lo n y  w ith  a m e ta llic  sh een  w ith in  24 

h o u rs  at 35 °C  on  a n  E n d o -ty p e  m ed iu m  c o n ta in in g  lac to se  (m em b ran e  filte r  

te ch n iq u e ; S ec tio n  3 .2 ).

T h e  d e fin itio n s  o f  m e m b e rs  o f  th e  co lifo rm  g ro u p  h a v e  re c en tly  b e e n  e x ten d e d  to  

in c lu d e  o th e r ch a rac te ris tic s , su ch  as p -g a lac to s id a se -p o s itiv e  re a c tio n s  (P art 9223 ; 

A P H A  e t a l., 1998) (en zy m e  su b stra te  test, S ec tio n  4 .2 ). A c co rd in g  to  R o m p re  e t al. 

(2 0 0 2 ), th e  d e fin itio n  o f  co lifo rm  b a c te r ia  d iffe rs  s lig h tly  o n  th e  c o u n try  o r  o n  th e  

o rg a n iz a tio n  in  ch arg e  o f  th e  m ic ro b io lo g ica l m o n ito r in g  reg u la tio n s . A s h e  h a s  s ta ted , 

in  C an ad a , th e  d e fin itio n  is  th e  sam e  as in  th e  U S , an d  d iffe rs  in  so m e E u ro p ean  

co u n tie s . Eg: the  F ren ch  S tan d a rd iza tio n  A sso c ia tio n  (N F T 9 0 -4 1 3  an d  N F T 9 0 -4 1 4 ; 

A F N O R  (1990), in  R o m p re  e t  a l., 2002). A F N O R  (A sso c ia tio n  D e  F ran c e  

N o rm a liz a tio n ) d esc rib es  to ta l c o lifo rm s  as; ro d -sh a p ed , n o n -sp o re  fo rm in g , G ram  

n eg a tiv e , o x id ase -n eg tiv e , a e ro b ic  o r  facu ta tiv e ly  a n ae ro b ic  b a c te r ia  th a t a re  ab le  to  

g ro w  in  th e  p re sen ce  o f  b ile  sa lts  o r  o th e r re p la ce m e n t su rface  a c tiv e  ag en ts  h a v in g  an  

an a lo g o u s  g ro w th  in h ib ito ry  e ffec t an d  th a t fe rm e n t la c to se  w ith  g as  an d  ac id  (o r



a ldehyde) fo rm atio n  w ith  48 h o u rs  a t 37 ±  1 °C. F u rth e r, th e rm o to len t co lifo rm s h a v e  th e  

sam e fe rm en ta tio n  p ro p e rtie s  as to ta l co lifo rm s b u t a t a  tem p era tu re  o f  44  ±  0.5 °C  and  

E. co li as a  th e rm o to le ran t co lifo rm  w h ich  p ro d u ces  in d o le  fro m  try p to p h an e  a t a  

tem p era tu re  o f  44  ±  0.5 °C , g iv in g  a p o s itiv e  m e th y l red  te s t an d  u n ab le  to  p ro d u c e  

ace ty l-m eth y l carb ino l and  n o t u s in g  c itra te  as the  so le  carb o n  source.

T h ese  co lifo rm  b a c te ria  are  in c lu d ed  in  th e  fam ily  E n te ro b ac te riaceae , w h ich  co n sis ts  o f  

th irty  g en era  an d  o ne  h u n d red  and  fif teen  species and  sub  species (H o lt e t a l ., 2000).

1 .1 .2 . F a m ily  E n tero b a cter ia cea e

A cco rd in g  to  the 9 th ed ition  o f  B e rg e y ’s M anual o f  D e te rm in a tiv e  B ac te rio lo g y  (2 000), 

th ese  b a c te ria  are  G ram -n eg ativ e  s tra ig h t rods, w h ich  a re  m o tile  by  p e ritr ich o u s  flag e lla . 

E n te ro b ac te riaceae  are facu lta tiv e ly  an aero b ic  and  ch em o o rg an o tro p h ic , h av in g  b o th  a 

re sp ira to ry  and  a  fe rm en ta tiv e  ty p e  o f  m etabo lism . M o st species g ro w  w ell a t 37  °C; 

w h ile  som e sp ec ie s  g ro w  b e tte r  at 2 5 -3 0  °C  and  a re  o ften  m o re  ac tiv e  m e tab o lica lly  a t 

th e se  tem p era tu res . D -g lu co se  a n d  o th e r carb o h y d ra tes  are ca tab o lized  w ith  the  

p ro d u c tio n  o f  ac id  an d  gas. E n te ro b ac te riaceae  a re  o x id ase  n eg a tiv e  an d  ca ta la se  p o s itiv e  

and  red u ce  n itra tes . T h ey  are  d is trib u ted  w o rld w id e  and  can  b e  fo u n d  in so il, w a ter, 

fru its , v eg e tab le s, g ra in s, flo w erin g  p lan ts  and  trees, and  an im als  ran g in g  fro m  w o rm s 

an d  in sec ts  to  h u m an s. T h e re  is su b stan tia l h e te ro g en e ity  in  eco lo g y , h o s t ran g e  and  

p a th o g en ic  p o ten tia l fo r  h u m an s  a n d  an im als, in sec ts  and  p lan ts . A  n u m b e r o f  sp ec ies  

cau se  d ia rrh ea l d isea ses  in c lu d in g  ty p h o id  fev er an d  b ac illa ry  d y sen te ry . M an y  sp ec ie s  

n o t n o rm a lly  a sso c ia ted  w ith  d ia rrh ea l d isease  a re  o ften  re fe rred  to  as o p p o rtu n is tic  

p a th o g en s. M o st o f  these , a s  w ell as th e  species cau sin g  d ia rrhea l d isease , can  cau se  a 

va rie ty  o f  ex tra  in tes tin a l in fec tio n s  in c lu d in g  b ac te rem ia , m en in g itis  and  u rin a ry  trac t, 

re sp ira to ry , and  w o u n d  in fec tions. E n te ro b ac te riaceae  a re  re sp o n sib le  fo r  a b o u t 50 %  o f  

n o so co m ia l in fec tio n s , m o st freq u en tly  cau sed  b y  E. coli, K leb s ie lla  sp , E n te ro b a c te r  sp, 

P ro teu s  sp, P ro v id en c ia  sp, an d  S erra tia  m arcescens. H o w ev er, d iffe ren tia tio n  o f  g en era  

in  E n te ro b ac te riaceae  co u ld  n o t b e  easily  d ep ic ted  u s in g  a s in g le  tab le , s in ce  la rg e  

n u m b er o f  b io ch em ica l tests  a re  in v o lv ed  in  th e  id en tific a tio n  o f  m o re  th an  115 n am ed  

spec ies  an d  su b sp ec ies  (H o lt e t a l., 200 0 ). I f  an  o rg an ism  is n o t id en tified  w ith  ce rta in ty ,



add itional tests  are  availab le  to d ifferen tia te  am ong  subspec ies  an d  species  w ith in  a 

g iven  genus, o r genera. A p p ro p ria te  iden tifica tion  can  be  p e rfo rm ed  w ith  m in ia tu rized , 

m ulti-b iochem ica l reactions such  as api 20 E, since they  allow  a  re liab le  d iffe ren tia tio n  

b e tw een  th e  various m em bers o f  the  co lifo rm  group  (W illcox  et a l., 1980).

1.1 .3 . C o liform s o f  in testin a l or feca l origin

T he gastro in testina l trac t o f  h u m ans and  anim als is co lon ized  by  com plex  m icrob ia l 

popu la tio n s , re fe rred  to  as m ic ro b io ta  (L eclerc e t a l., 2001). T he co m position  o f  the  

no rm al m ic ro b io ta  o f  the  gastro in testina l tract o f  hu m an  an d  an im als  is a c lim ax  

co m m u n ity  (A non, 1976). In  m an , the  num bers o f  in testinal bacte ria l ce lls  w hen  coun ted  

m ic ro scop ica lly  is co nstan tly  in  excess o f  1011 p e r m l, con tain ing  up  to  500 d iffe ren t 

stra ins. B y  using  stric tly  anaerob ic  techn iques and  ap p ro p ria te  m ed ia , abou t 6 0 -9 0 %  o f  

the  in testinal bacteria l cells hav e  been  iso lated  in p u re  cu ltu re  (C onw ay , 1997). B y  u sin g  

m ore  advanced  detec tion  and  en u m era tio n  techn iques such  as m o lecu la r p h y logenetic  

m ethods, it has been  found  th a t th e  h u m an  m icro b io ta  show  a  ch arac te ris tic  association  

co m p ared  to o ther an im als (L ec le rc  e t al., 2001). S tud ies conducted  b y  F inego ld  in 1983, 

on  the  com position  o f  hum an  co lo n  flo ra , have illu s tra ted  th a t the  b ac te ria  iso la ted  from  

lum en  con ten ts  w ere  p red o m in an tly  o f  ob liga te  anaerob ic  b ac te ria  (be lo n g in g  to the  tax a  

B a ctero id es , E ubacterium , B ifid o b a cter iu m , L a c to b a c illu s , and  C lostrid ium )  and  

facu lta tiv e  bacte ria , in c lud ing  E n tero co ccu s  and E. coli. T h is s tu d y  has also  rep o rted  

that, co lifo rm s are the  m o st co m m o n  o f  the  G ram -negative  facu lta tiv e  anaerobes fo u n d  

in  h u m an  stools. T he com m ensa l E. co li strains th a t inhab it the  la rg e  in testine  o f  all 

hum ans an d  w arm  b looded  an im als  com prise  abou t 1 %  o f  the  to ta l b iom ass and  a re  in  

co n stan t flux  in the  en teric  lum en  as w ell as a ttach ed  to  w all en terocy tes. N ev erth e less , 

they  co n sisten tly  exceed  the  less num ero u s C itrobacter, K leb sie lla , and  E n tero b a c ter  

species. T he stab ility  o f  m ic ro b io ta  com position  is ev iden t a t th e  level o f  b ac te ria l 

species: E. co li are  p e rm an en t m em bers o f  the  in testina l co m m u n ity , w h ereas  the  

p resen ce  o f  o ther genera, C itrobacter, K lebsie lla , and  E n tero b a cter , b ears  a tran s ien t 

ch arac te r (L eclerc  e t a l., 2001).
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1.1 .3 .1 . Escherichia coli as fecal ind icators

T he un ique , fecal E. co li, w hich  is the  classical inhab itan t o f  the  in testinal trac t o f  w arm ­

b looded  an im als is restric ted  to  th is hab ita t and m ay  n o t o r  only  very  poorly  g row s in 

receiv ing  w aters, a lthough  it is quite adap ted  to  g row  in  foods w ith  pH  7 (M ossel, 1995). 

E. co li w as first iso lated  by  T heodor E scherich  in 1885 and  nam ed  as “B acterium  coli 

com m u n e” . A lthough  m ost strains o f  E. coli are n o t regarded  as pa thogens, they  can  be 

opportun istic  pa thogens tha t cause in fec tions in  im m uno  com prom ised  hosts. T h e re  are 

also  pathogen ic  strains o f  E. co li th a t w hen  ingested , causes gastro in testina l illness in 

healthy  hum ans, eg. E. co li 0 1 5 7 :H 7 . In  1892, Shard inger p roposed  the use o f  E. co li as 

an  ind ica to r o f  fecal con tam ination  (F eng  et al., 2002). E. co li is excreted  in feces an d  can 

su rv ive  in  fecal partic les, dust and  w ater fo r w eeks o r m onths (Q u inn  et a l., 1999). 

F urtherm ore , since E. co li cou ld  be easily  detected  by  its ab ility  to  fe rm en t g lucose (la ter 

ch an g ed  to  lactose), it  w as  easier to  iso la te  than  know n gastro in testinal pa thogens. H ence , 

th e  p resence  o f  E. co li in  food o r w a te r becam e accep ted  as ind ica tive  o f  recen t fecal 

con tam ination  and the possib le  p resence  o f  pa thogens (R ice  et a l., 1991; Feng e t al., 

2002). M any  authors have  show ed  th a t p ro lific  grow th  at an  e leva ted  tem pera tu re  is  

charac te ris tic  o f  E. coli. H ow ever, as L eclerc et al. (2001) have  stated , the  op tim um  

g row th  tem peratu re  is  37—38 °C and  the m ax im um  is 47 °C, w hereas the  m ost 

d iscrim ina ting  is 41^12  °C. A ccord ing  to  D ufour (1977), aerogenesis is n o t a  characteristic  

u n iq u e  to  E. co li at an e levated  tem peratu re  (44^16 °C). A naerogen ic  (do no t p roduce  gas 

in  the  ferm entation  o f  carbohydrates) strains are  as com m on in  E. co li as in o th e r 

co lifo rm s. T h e  appropria te  iden tifica tion  can be  easily  perfo rm ed  w ith  th e  m in ia tu rized , 

m ulti-b iochem ical reactions such as api 20E  (W illcox  et a l., 1995), w h en  they  a llow  a 

re liab le  d ifferen tia tion  be tw een  the  various m em bers o f  the  co lifo rm  g ro u p  (L eclerc  e t al., 

2001).

P rop erties  o f  Escherichia coli

E. co li is o ften  subdiv ided  sero log ica lly  o r by  the  p resence  o f  v iru lence  fac to rs  to 

iden tify  an d  characterize  ep idem io log ically  pathogen ic  strains. C om ple te  sero typ ing  

inc ludes som atic  (O ), capsu la r (K ), and  flagellar (H ) an tigens. T yp ical E scherich ia
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spec ies  co u ld  also  be  easily  d ifferen tia ted  from  o th e r gen era  b y  chem ica l testing . 

H ow ever, it is d ifficu lt to  d ifferen tia te  m etabo lica lly  inactive  E. c o li  s tra in s from  

sh igellae , w h ich  are m etab o lica lly  inactive, non m o tile  b io g ro u p s. E sp ec ia lly  fo r a 

b io g ro u p  o f  E. co li stra ins th a t a re  a typ ically  lac to se  n eg ativ e , non m o tile  and  

an aerogen ic . A n o th er b io g ro u p  o f  E. co li is neg ativ e  in reac tio n s  fo r ly s in e  

d ecarb o x y lase , a rg in in e  d ihyd ro lase , and  o rn ith ine  decarboxy lase , w h ich  m ak es th em  

sim ila r to  E n tero b a c ter  (P antoea) agg lom erans  an d  o th er species th a t are  n eg a tiv e  in 

th ese  tests  (L ec le rc  e t a l ., 2001). D ifferen tia l reac tio n s  fo r sep ara ting  E. co li an d  o th e r 

E sch erich ia  species from  th ese  genera  are  dep icted  in  the  9th ed ition  o f  B e rg ey ’s M anual 

o f  D e term in ativ e  B ac te rio logy  (1994). E. co li s tra in s som etim es ex h ib it a typ ical 

reac tio n s  in  a  varie ty  o f  te sts  in c lud ing  H2S, citrate , u rease , K C N , ad o n ito l, inocito l, and  

indo le , m ak in g  it essen tia l to  co n sid e r the  overall b io ch em ica l p ro file  ra th e r than  specific  

“k ey ” reactions b e fo re  e lim ina ting  E. c o li  from  considera tion .

P a th o g en ic ity  o f  E scherich ia  coli

G enera lly , E. co li strains th a t co lo n ize  the  hum an  b ow el are h a rm less  com m ensa ls . 

H ow ever, w ith in  th e  species  th e re  are  fully  p a th o g en ic  stra in s th a t cause  d is tin c t 

sy n d rom es o f  d iarrheal d isease  b ecause  they  p o ssess  v iru len ce  fac to rs  such  as 

en te ro ad h esin s  o r en tero tox ins (L ec le rc  e t al., 2001). H ow ever, in  o th e r pa rts  o f  th e  b o d y  

E. co li can  cause serious d iseases, such  as u rin a ry  trac t in fec tions, b ac te raem ia  an d  

m en ing itis . Several c lasses  o f  en teropathogen ic  E. co li h av e  b een  iden tified  on  the  b asis  o f  

d iffe ren t v iru len ce  facto rs, inc lud ing  en terohaem orrhag ic  E. co li (E H E C ), en te ro to x ig en ic  

E. co li (E T E C ), en tero p ath o g en ic  E. co li (E P E C ), en te ro in v asiv e  E. co li (E IE C ), 

en te ro ag g reg a tiv e  E. co li (E A E C ) an d  d iffuse ly  ad h eren t E. co li (D A E C ) (W H O , 2008).

H u m an  h ea lth  effects

E H E C  sero types, such  as E. co li 0 1 5 7 :H 7  and E. co li O l l l ,  cau se  d ia rrh o ea  th a t ran g es  

from  m ild  and no n -b lo o d y  to h ig h ly  b loody , w h ich  is in d is tin g u ish ab le  from  

h aem o rrh ag ic  colitis. B etw een  2%  an d  7%  o f  cases  can  d ev e lo p  th e  p o ten tia lly  fa ta l 

h aem o ly tic  u raem ic  sy nd rom e (H U S ), w h ich  is ch arac te rized  by  acu te  renal fa ilu re  and
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haem oly tic  anaem ia. C hildren under 5 years o f  age are a t m ost risk o f  developing  H U S. 

The in fectiv ity  o f  EH EC strains is substantially  h igher than  tha t o f  the o ther strains. ETEC 

produces heat-labile  o r heat-stab le E. co li enterotoxin , or bo th  toxins sim ultaneously , and 

is an im portan t cause o f  d iarrhoea in developing countries, especially  in young children. 

Sym ptom s o f  ETEC infection include m ild  w atery  d iarrhoea, abdom inal cram ps, nausea  

and headache. Infection w ith  EPEC  has been associated  w ith  severe, chronic, non-b loody  

diarrhoea, vom iting  and fever in infants. EPEC infections are rare in developed countries, 

b u t occur com m only in developing countries, w ith  infants p resenting  w ith  m alnutrition , 

w eigh t loss and grow th retardation. EIEC causes w atery  and occasionally  b loody  

d iarrhoea w here strains invade colon cells by a pathogen ic  m echanism  sim ilar to tha t o f  

Shigella  (W H O , 2008). In m ost w ell studied w aterborne outbreaks, described in the 

U nited  States and in Sw eden, the  causal organism s belonged  to the  en teropathogenic E. 

coli class. In  developed countries contam ination o f  w ater have occasionally  also led to 

ou tbreaks o f  enterotoxigenic E. co li infections (L eclerc et al, 2001).

1.2. W ater  quality guidelines and regulations

W ater quality  guidelines and regulations have been  established, to ensure that all hum an 

beings w ith in  a  country  have access to safe drinking w ater. T hese guidelines (benchm arks 

tha t should  be  follow ed) and regulations (enforceable by  law), pu t forw ard b y  the 

in ternational and national regularity  agencies are subjected  to continuous periodical 

rev isions to im prove the sanitary  quality  o f  w ater.

T he quality  o f  potable w ater is generally  controlled  th rough  a com bination o f  p ro tection  o f  

w a ter sources, control o f  trea tm ent processes and m anagem ent o f  the d istribution  and 

handling  o f  the w ater. G uidelines are appropriate  fo r national, regional and local 

c ircum stances, w hich require adaptation to environm ental, social, econom ic and  cultural 

c ircum stances and priority  setting  (W H O , 2004). T he use o f  ind icato r b acte ria  for 

m onito ring  fecal contam ination o f  w ater is subject to strict governm ental regulations 

(R om pre et al., 2002).
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1 .2 .1 . W o rld  H ea lth  O rg a n iza tion  (W H O ) gu id elin es

T h e  W H O  gu id e lin es  o u tline  a p rev en tiv e  m an ag em en t fram ew ork  fo r safe  d rin k in g  

w a te r’ th a t co m prises five  key  com ponen ts: health  b ased  ta rg e ts  (b ased  on  an ev a lu a tio n  

o f  health  concerns); system  assessm en t (from  so u rce  th ro u g h  trea tm en t to  th e  p o in t o f  

co n su m p tio n ); opera tional m o n ito rin g  in  the d rink ing  w a te r supp ly ; m an ag em en t p lan s  for 

sy stem  assessm en t, m on ito ring , opera tional, sy stem  im p ro v em en t and  a  sy stem  o f  

in d ep en d en t su rve illance  to verify  com ponents. M icro b ia l quality  is one o f  th e  m ost 

im p o rtan t aspects o f  W H O  w a te r qu a lity  gu idelines. W H O  has in tro d u ced  ‘W ate r safety  

p la n s ’ (W S P ), fo r m o n ito rin g  the e ffic iency  o f  con tro l m easu res  u s in g  ap p ro p ria te ly  

se lec ted  de term inan ts. W H O  has recom m ended  a  fina l ve rifica tio n  o f  w a ter, u sing  

m e th o d s , p ro ced u res  o r  tests  un d ertak en  by  th e  supp lier, su rv e illan ce  ag en c ies  o r 

co m b in a tio n  o f  the  tw o. It inc ludes testing  o f  so u rce  w ater, w a te r im m ed ia te ly  a fte r 

tre a tm en t and  in d is trib u tio n  system s o r sto red  h o u seh o ld  w ater. F o r v e rifica tio n  o f  the 

m ic ro b ia l quality  o f  d rink ing  w ater, W H O  recom m ends te stin g  fo r E. co li as an  in d ica to r 

o f  fecal p o llu tio n , since  it p ro v id es  conclusive  ev id en ce  o f  recen t fecal p o llu tion  (T ab le  

1.1). H o w ev er, to ta l co lifo rm s w ere  a lso  accep ted  w a te r quality  in d ica to rs  in  the  1980s 

an d  1990s (W H O , 1983 an d  1996) (A ppendix  1: T ab les  1, 2). Such  w a ter q ua lity  

v e rifica tio n  co m plem en ts  opera tional m on ito ring  an d  assessm en ts  o f  co n tam in a tio n  risks. 

T es tin g  fo r th erm o to le ran t co lifo rm  b ac te ria  is a lso  reco m m en d ed  as an  accep tab le  

a lte rn a tiv e  in  m any  c ircum stances. In  th e  m ajo rity  o f  cases, m o n ito rin g  fo r in d ica to r 

b ac te ria  p ro v ides a  h igh  d eg ree  o f  safe ty  b ecause  o f  th e ir  la rge  n u m b ers  in p o llu ted  w aters  

(A p p en d ix  1: T ab le  3). H o w ev er, u n d e r certain  c ircu m stan ces , p a th o g en s  m o re  re s is tan t to  

co n v en tio n a l env ironm enta l con d itio n s  o r trea tm en t tech n o lo g ies  m ay  b e  p re sen t in  

trea ted  d rin k in g  w a te r in  the  absence  o f  E. coli. T h erefo re , W H O  has a lso  reco m m en d ed  

th e  u se  o f  res is tan t m ic ro o rg an ism  such  as en terococc i, C lostrid ium  p er fr in g e n s  (spores) 

an d  bacte rio p h ag es  as fecal in d ica to rs  o f  w a ter (W H O , 2004 ; 2008).



11

Table 1.1 T he current W H O  guideline values for verification o f  m icrobial quality  a

Organisms

All water directly intended for drinking

E. coli or thermotolerant coliform bacteria b,c

Treated water entering the distribution system

E. coli or thermotolerant coliform bacteria b

Treated water in the distribution system

E. coli or thermotolerant coliform bacteriab

Guideline value

Must not be detectable in any 100-ml sample

Must not be detectable in any 1 OO-ml sample

Must not be detectable in any 100-ml sample

(W H O , 2008)

a Imm ediate investigative action must be taken if  E. coli are detected.
b Although E. coli is the more precise indicator o f fecal pollution, the count o f thermotolerant 
coliform bacteria is an acceptable alternative. I f  necessary, proper confirmatory tests must be 
carried out. Total coliform bacteria are not acceptable indicators o f the sanitary quality o f water 
supplies, particularly in tropical areas, where many bacteria o f no sanitary significance occur in 
almost all untreated supplies.
c It is recognized that in the great majority o f rural w ater supplies, especially in developing 
countries, fecal contamination is widespread. Especially under these conditions, medium-term 
targets for the progressive improvement o f water supplies should be set.

1.2 .1 . U S E n viron m en ta l P ro tection  A gen cy  (E P A ) gu id elin es

A cco rd in g  to  U S E P A  regu la tions, a  system  that o p era tes  a t least 60 days p e r year, and  

serves 25 p eop le  o r  m o re  o r has 15 o r m ore  serv ice  connections, is regu la ted  as a p u b lic  

w a ter system  in the U S , u n d e r the  safe  drinking  w a te r ac t (o rig inally  passed  b y  the  U S 

C ongress in  1974). I f  a  system  is n o t a public  w a te r system  as d e fin ed  b y  U S E P A 's 

regu la tions, it is n o t regu la ted  u n d e r th e  safe d rink ing  w a ter act, a lthough  it m ay  be  

regu la ted  b y  state  o r local au thorities (E PA , 1990).

U n d er th e  safe  d rink ing  w a ter act, E P A  requ ires pu b lic  w a te r system s to  m o n ito r  fo r 

co lifo rm  bacteria . I f  any  is p ositive  fo r to ta l co lifo rm , the  sam e sam ple  m ust be  analyzed  

fo r e ither fecal co lifo rm  or E. co li, w h ich  are ind ica to rs  o f  con tam ination  w ith  an im al 

w aste  o r hum an  sew age (E PA , 1990).
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1 .2 .1 .1 . T o ta l C o lifo rm  R u le  (T C R )

T h e  T o ta l C o lifo rm  R u le  w h ich  w as  p u b lish ed  in  1989 h a s  b een  re v ise d  as: C o rre c tio n s  

a n d  T ech n ica l A m en d m en ts , 6 /1 9 /9 0  a n d  P a r tia l S ta y  o f  C erta in  P ro v is io n s  (V a ria n c e  

C riter ia ) 5 6  F R  1556-1 5 5 7 , V ol 56, N o  10. T h is  re v is io n  h a s  b een  d o n e  w ith  th e  p u rp o se  

o f  im p ro v in g  p u b lic  h e a lth  p ro te c tio n  b y  re d u c in g  feca l p a th o g en s  to  m in im a l lev e ls  

th ro u g h  co n tro l o f  to ta l co lifo rm  b a c te r ia , in c lu d in g  feca l co lifo rm s  an d  E sc h er ic h ia  c o li  

a n d  h a s  b e c o m e  e ffe c tiv e  in 1990. T h e  ru le  co n sis ts  o f  b o th  h ea lth  g o a ls  (M C L G s) an d  

leg a l lim its  (M C L s) fo r  th e  p re sen c e  o f  to ta l co lifo rm s in  d r in k in g  w a te r  (T ab le  1.2).

T a b le  1.2 US E P A  gu id elin es for b acterio log ica l q uality  o f  d r in k in g  w ater

C o n ta m in a n t M C L G * M C L b P o ten tia l h ea lth  e ffec ts  

fr o m  in g estio n  o f  w a te r

S o u rces  o f  

c o n ta m in a n t in  

d r in k in g  w a ter

T otal co liform s 

(inc lud ing  fecal 

co lifo rm  and. 

E.coli)

zero  5 .0% c N o t a  health  th rea t in  itself; it 

is  u sed  to ind icate  w h eth er 

o the r po ten tially  harm fu l 

bac teria  m ay be  p resen td

C olifo rm s are natu ra lly  

p resen t in the  

env ironm ent; as w ell as 

in feces; fecal co lifo rm s 

and  E. coli on ly  com e 

from  hum an and  anim al 

fecal w aste.

U S  E P A , 1990

a M axim um  C ontam inan t L evel G oal (M C L G ) - T he level o f  a  con tam inan t in  d rink ing  w ate r 
below  w hich  there is no  know n o r expected  risk  to  health . M C L G s allow  for a  m arg in  o f  safety  
and  are non-enforceab le  pub lic  health  goals.

b M ax im um  C ontam inan t L evel (M C L ) - T h e  h ighest level o f  a con tam inan t tha t is a llow ed  in  
d rink ing  w ater.

c m ore  than  5 .0%  sam ples to tal co lifo rm -positive  in a m onth . (F o r w ate r sy stem s tha t co llec t few er 
than  40 rou tine  sam ples per m onth , no m o re  than one sam ple  can  be to ta l co lifo rm -positive  p e r 
m onth .). E very  sam ple th a t has to ta l co lifo rm  m ust be  an a lyzed  fo r e ither fecal co lifo rm s o r E. coli 
i f  tw o  consecu tive  T C -positive  sam ples, and  one is a lso  p o sitiv e  fo r E.coli fecal co lifo rm s, system  
has an  acu te  M C L  violation.
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d Fecal coliform  and E. coli are bacteria  w hose p resence indicates that the w ater m ay be 
con tam inated  w ith  hum an or anim al w astes. D isease-causing  m icrobes (pathogens) in these  w astes 
can cause d iarrhea, cram ps, nausea, headaches, o r o ther sym ptom s. T hese  pathogens m ay pose a  
special health  risk  for infants, young children, and p eop le  w ith  severely  com prom ised  im m une 
system s.

1989  T o ta l C o lifo rm  R u le  (T C R )

T h e  T C R  (54  F R  2 7 5 4 4 -2 7 5 6 8 , Ju n e  29 , 1989, V o l. 54 , N o . 124) req u ire s  all p u b lic  w a te r  

sy stem s to  m o n ito r fo r  th e  p re sen ce  o f  to ta l co lifo rm s in  the  d is trib u tio n  system . F o r 

d rin k in g  w ater, to ta l co lifo rm s a re  u sed  to  de te rm in e  th e  ad eq u acy  o f  w a te r  tre a tm e n t an d  

the  in teg rity  o f  th e  d is trib u tio n  system . T h e  ab sen ce  o f  to ta l co lifo rm s in  the  d is trib u tio n  

sy stem  m in im izes  th e  lik e lih o o d  th a t fecal p a th o g en s  a re  p re sen t. T h u s , to ta l co lifo rm s  a re  

u sed  to d e te rm in e  th e  v u ln e rab ility  o f  a  sy stem  to fecal co n tam in a tio n . T h e  T C R  req u ire s  

sy stem s to  m o n ito r  fo r  to ta l co lifo rm s a t a freq u en cy  p ro p o rtio n a l to  th e  n u m b e r o f  p eo p le  

se rv ed  (A p p en d ix  1: T ab le  4 ). I f  an y  sam p le  te sts  p o s itiv e  fo r  to ta l co lifo rm s, th e  sy stem  

m u s t p e rfo rm  the  tw o  ad d itio n a l tests;

• F u rth e r te s t th a t cu ltu re  fo r  the  p re sen ce  o f  e ith e r feca l co lifo rm s o r  E. coli;

• T a k e  one  se t o f  3 -4  rep ea t sam p les  a t sites lo ca ted  w ith in  5 o r  fe w er sam p lin g  sites  

ad jacen t to  th e  lo ca tio n  o f  the  ro u tin e  p o s itiv e  sam p le  w ith in  24  h ou rs; an d  tak e  a t 

leas t 5 ro u tin e  sam p les  d u rin g  th e  n ex t m o n th  o f  opera tion .

1 .2 .3 . S r i L a n k a  S ta n d a rd  (S L S ) b u rea u  gu id e lin es

T h is  Sri L an k a  S tan d ard  has b een  au th o rized  fo r ad o p tio n  an d  p u b lica tio n  b y  th e  co u n c il 

o f  th e  b u reau  o f  C ey lo n  s tan d a rd s  o n  2 0 .1 2 .1 9 8 3 , a f te r  the  d ra ft f in a liz e d  b y  th e  D ra ftin g  

C o m m ittee  on  p o tab le  w a te r  a p p ro v ed  b y  th e  A g ricu ltu ra l an d  F o o d  P ro d u c ts  D iv is io n a l 

c o m m ittee  w ith  th e  a ss is tan ce  fro m  W H O  and  th e  D ep artm en t o f  H ealth  an d  S o c ie ty  

S ecu rity  o f  th e  M in istry  o f  H o u sin g  a n d  local G o v e rn m en t o f  th e  U n ite d  K ingdom .
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1 .2 3 .1 . S p ec ifica tio n  fo r  p o ta b le  w ater

T h is  spec ifica tio n  co vers  th e  q ua lity  o f  w a ter u sed  fo r d rin k in g  p u rp o ses . A s sp ec ified  in  

the  P a rt 2  (S L S  614: P a rt 2: 1983), o f  th is standard , b ac te rio lo g ica l ex am in a tio n  o f  w a te r 

is n ecessa ry  in  d e te rm in in g  its fitness fo r use fo r h u m an  co n su m p tio n , and  fo r  fo o d  

p ro cess in g  industries.

P a rt 2: B a cter io lo g ica l req u irem en ts

T h e  b ac te rio lo g ica l req u irem en ts  fo r  po tab le  w a te r are  b a sed  on  th e  ex am in a tio n  o f  

severa l sam p les  tak en  from  th e  supp ly  source u n d e r d ifferen t co n d itio n s . T h e  sam p les  

o b ta in ed  as p re sc rib ed  in  sec tio n  4  o f  the  standard , w h en  ex am in ed  b y  th e  m eth o d s g iv en  

in  A p p en d ix  A  (S L S  614: P a rt 2: 1983) o f  the  s tandard , shall co m p ly  w ith  th e  fo llo w in g  

req u ire m e n ts ;

a) P ip e  b o rn e  p u b lic  w a ter  su p p lies

- T h ro u g h o u t any  year, 95 p e rcen t o f  the  sam ples shall n o t co n ta in  any  co lifo rm  

o rg an ism s in  100 ml.

- N o n e  o f  th e  sam ples ex am in ed  shall con tain  m o re  th an  3 co lifo rm  o rg an ism s p e r 

100 m l (A m en d m en t N o . 1 A p p ro v ed  on  0 7 .06 .1988).

- N o n e  o f  the  sam ples ex am in ed  shall con ta in  E. co li  in  100 m l.

b ) In d iv id u a l or  sm all co m m u n ity  su p p lies

- N o n e  o f  the  sam ples ex am in ed  shall con ta in  m o re  th an  10 co lifo rm  o rg an ism s p e r

100 m l on rep eated  ex am in a tio n  (A m en d m en t N o . 1 A p p ro v ed  on  0 7 .06 .1988).

- N o  sam p le  shall con ta in  E. co li in  100 m l
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1.3. D ifferen t m eth od s u sed  to  d etect co liform  b a cter ia

M o st o f  th e  in d ica to r ap p lica tio n s  re ly  on  b io lo g ica l m easu rem en ts  o f  b ac te ria . T h e  

c lass ica l labo ra to ry  tech n iq u es  p resen tly  u sed  fo r  th e se  m easu rem en ts  are  p rim arily  

cu ltu re  b ased , invo lv ing  quan tifica tio n  o f  a m etab o lic  o r g ro w th  re sp o n se  a fte r a su itab le  

in cu b atio n  p erio d  in  an  ap p ro p ria te  substrate . C u ltu re  b a sed  m eth o d s h av e  b een  u se d  fo r 

m o re  th an  100 y ears  in  w a te r  and  re la ted  areas o f  en v iro n m en ta l m ic ro b io lo g y  and  have  

b een  co n sid e red  ad eq u a te  to  p ro v id e  quan tifica tio n  o f  in d ica to r b a c te ria  (N R C , 2004). A s 

E ck n e r (1998) reports , th ese  m e th o d s  h av e  been  d ev e lo p ed  in  th e  ea r ly  1900s to  assess  

w a te r q u a lity  w ith  reg a rd  to  pu b lic  health  by  en u m era tin g  co lifo rm s. C o lifo rm s w h ich  

n o rm a lly  o ccu r in  th e  in testines o f  all w arm  b lo o d ed  an im als  a re  ex cre ted  in  g rea t 

n u m b ers  in  feces. T h is  g roup  o f  bac te ria  inc ludes E scherich ia , C itrobacter, E n te ro b a c te r  

an d  K leb sie lla  species, w h ich  are  re la tiv e ly  easy  to  detect. S p ec ifica lly  th is  g roup  in c lu d es  

a ll aerob ic  an d  facu lta tiv e ly  anaerob ic , g ram -negative , n o n -sp o re -fo rm in g , ro d  sh ap ed  

b ac te ria  th a t p ro d u ce  gas u p o n  lac to se  fe rm en ta tio n  in  p re sc rib ed  cu ltu re  m e d ia  a t 

spec ified  in cu b atio n  tem p era tu res  (G erb a  e t a l., 2000).

T h e  U S E P A  (1990) and  A P H A  et al. (1995; 1998; 2000) h av e  ap p ro v ed  several m eth o d s 

fo r co lifo rm  detection : M u ltip le  T u b e  F erm en ta tion  (M T F ) a lso  te rm ed  as M o st P ro b ab le  

N u m b e r (M P N ) and  M em b ran e  F iltra tion  (M F) are  th e  m o s t co m m o n ly  u sed  tw o  s tan d a rd  

m e th o d s , b ased  on  lactose  fe rm en ta tion . W H O  (2008) has a lso  ap p ro v ed  th e se  tw o  

m e th o d s  acco rd in g  to  IS O  stan d ard s , 9308-1 :1990  D e tec tio n  and  en u m era tio n  o f  co lifo rm  

o rg an ism s, th e rm o to le ran t co lifo rm  organ ism s and  p resu m p tiv e  E sch er ich ia  co li  — P art 

l:M e m b ra n e  filtra tion  m e th o d  an d  9 308-2 :1990  D e tec tio n  and  en u m era tio n  o f  co lifo rm  

o rg an ism s, th e rm o to le ran t co lifo rm  o rgan ism s an d  p re su m p tiv e  E sch er ich ia  co li — P a rt 2: 

M u ltip le  tube  (m ost p ro b ab le  nu m b er) m ethod . In  ad d itio n  to  th e se  tw o  co n v en tio n a l 

m eth o d s, o th e r m ethods b ased  on  defin ed  substra te  te ch n o lo g y  b y  u s in g  ch ro m o g en ic  and  

flu o ro g en ic  m ed ia  b ased  on  th e  d e tec tio n  o f  en zy m atic  ac tiv itie s  p re sen t in  co lifo rm s and  

E. co li b ac te ria  have  a lso  b een  ap p ro v ed  by  the  U S E P A  (1990) and  A P H A  e t a l. (1995 ; 

1998; 2000).
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1.3.1. C on ven tion a l T ech n iq u es

1.3 .1 .1 . M u ltip le  T u b e F erm en tation  (M T F ) techn iq ue

In  th e  early  20 th century , E ijckm an u sed  th is m ethod  fo r the  first tim e, to  de tec t E. co li by 

observ ing  gas p roduction  in  g lucose b ro th s at e levated  tem pera tu res (B uckalew  e t al., 

2006). L ater, it has b een  approved  as a standard  b acte rio log ica l analy tical m eth o d  

th ro u g h o u t th e  w orld  (U S EPA , 1990; A P H A  e t a l., 1995, 1998 and 2000). In  Sri L anka, 

B ureau  o f  C eylon  S tandards (1983) has also p u b lished  M ultip le  T ube F erm en ta tion  

(M T F) techn ique  as a s tandard  m ethod  to  detect b acte rio log ica l quality  o f  w a te r in  Sri 

Lanka. T he  M TF is a statistical, m u lti-step  assay  consisting  o f  p resum ptive , con firm ed  

and  com ple ted  phases (R om pre  e t al., 2002). R esu lts  o f  the  exam ination  o f  rep licate  tubes 

and  d ilu tions are repo rted  in  M ost P robab le  N u m b er (M P N ) o f  o rgan ism s presen t. This 

n u m b er b ased  on certa in  p robab ility  form ulas, is an estim ate  o f  the  m ean  density  o f  

co lifo rm s in  th e  sam ple. T he  p rec ision  o f  each m ethod  depends on  the  n u m b er o f  tubes 

used . B acteria l density  can  b e  ob ta ined  b y  a fo rm ula o r  from  a  M P N  tab le  (fo rm ed  b ased  

on  th e  assum ption  o f  a  P o ison  d istribu tion) using  th e  n u m ber o f  positive  tubes in  the 

sam ple d ilu tions. T he 3-tube M T F te st is u sed  for testing  m o st foods. T he 5-tube M T F  is 

used  fo r w ater, shellfish  and  shellfish  harvest w a ter testing  and there  is  also a  10-tube 

M T F m eth o d  tha t is u sed  to  test bo ttled  w a ter o r sam ples tha t a re  n o t expected  to  be  

h igh ly  con tam inated  (A PH A  e t a l., 1998; 2000).

T h e  m eth o d  consists o f  inocu la ting  a  series o f  tubes (filled  w ith  lau ry l tryp tose  b ro th ) w ith  

ap p rop ria te  decim al d ilu tions o f  th e  w a te r sam ple. P roduction  o f  gas, acid  fo rm ation  o r 

abundan t g row th  in the  test tubes a fte r 48 hours o f  incubation  at 35 °C constitu tes  a 

p ositive  p resum ptive  reaction  (A P H A  et a l., 1995; 1998; 2000). A ll tubes w ith  a positive  

p resu m p tiv e  reaction  are  subsequen tly  subjected  to  a  con firm ation  test. T he fo rm ation  o f  

gas in  b rillian t g reen  lactose b ile  b ro th  ferm en ta tion  tube a t any  tim e w ith in  48 h o u rs  at 35 

°C constitu tes  a positive  confirm ation  test fo r to ta l co lifo rm s. F o r p resu m p tiv e  to tal 

co lifo rm  test, bo th  lactose and  laury l tryp tose  b ro th s cou ld  b e  used  as p resum ptive  m edia . 

H ow ever, lactose b ro th  m ed ia  are rep o rted  to  have in te rfe rence  w ith  h ig h  num b er o f  non- 

co lifo rm  b acte ria  (E vans et a l, 1981).
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S im u ltan eo u s in cu b atio n  o f  p ep to n e  w a te r tubes at 4 4  °C fo r 24 h o u rs  fo r the  fo rm atio n  o f  

gas, fo llo w ed  b y  in d o le  reac tio n  w ith  K o v a c ’s reag en t co n stitu tes  a  p o s itiv e  te s t fo r E. co li  

(A P H A  e t al., 1998; 2000 ; Sri L an k a  S tandards 1983). T h e  fecal c o lifo rm  te s t u s in g  EC  

m ed iu m  can  d e term ine  to ta l co lifo rm s th a t are o f  fecal orig in : the  p ro d u c tio n  o f  gas  a fte r 

24  h o u rs  o f  in o cu la tio n  at 44 .5  °C in  an  EC  b ro th  m ed iu m  is co n sid e red  as  a  p o s itiv e  

resu lt. U se  o f  E C  -4 -m eth y lu m b ellife ry l [3-D g lu cu ro n id e  (M U G ) b ro th , in cu b a ted  a t  44 .5  

°C fo r 24 h o u rs  w ill con firm  E. co li b y  exh ib iting  flu o rescen ce  u n d e r  a long  w av e len g th  

U V  lig h t (A P H A  e t a l., 1998; 2000).

T h e  resu lts  o f  the  M T F  tech n iq u e  ex p ressed  in term s o f  the  m o s t p ro b ab le  n u m b er (M P N ) 

is a  s ta tis tica l e stim ate  o f  the  m ean  n u m b er o f  co lifo rm s in  th e  sam p le  (R o m p re  e t al., 

2002 ). It is a ssum ed  th a t each  v iab le  o rg an ism  w ill show  g ro w th  an d  d iffe ren tia l reac tio n  

ap p ro p ria te  to  the  o rgan ism  an d  th e  m ed iu m  used  (S ri L an k a  S tandards, 1983). T h e  M P N  

o f  the  o rg an ism s in  th e  o rig inal sam p le  could  b e  e stim ated  from  th e  n u m b er o f  tu b es  

g iv in g  p o s itiv e  reaction . S ta tis tica l tab le s  o f  p ro b ab ility  are  u sed  fo r th is  p u rp o se  (S ri 

L an k a  S tandards, 1983).

1 .3 .1 .2 . M em b ra n e  F iltra tio n  (M F ) tech n iq u e

T h e  M em b ran e  F iltra tio n  (M F) tech n iq u e  is  d esc rib ed  as a  h ig h ly  rep ro d u c ib le  m e th o d , 

w h ich  co u ld  b e  u sed  to  test re la tiv e ly  la rg e  sam ple  v o lu m es th an  M T F  p ro ced u re  (A P H A  

e t a l., 1995; 1998; 2000). In  th is  m eth o d , a  w a ter sam p le  is  filte red  th ro u g h  a sterile  f ilte r  

h av in g  a  p o re  size  o f  0 .4 5 p m , on  w h ich , th e  b ac te ria l ce lls  w ill b e  re ta in ed . B y  in cu b a tin g  

th e  filte r  on  a  se lec tive  m ed iu m  ty p ica l countab le  co lo n ie s  can  b e  o b serv ed  (R o m p re  e t  

al., 2002 ). H ence , M F  m eth o d  y ie ld s  nu m erica l re su lts  m o re  rap id ly  (A P H A  e t a l., 1995; 

1998, 2000). M any  m ed ia  an d  in cu b atio n  cond itions fo r th e  M F  m e th o d  h av e  b een  te s ted  

fo r o p tim al reco v ery  o f  co lifo rm s fro m  w a te r sam p les  (R ice  e t a l., 1996; S che ts  e t a l., 

2002 ; N ie m e la  e t a l., 2003 ). A m o n g  th e se  the  m o s t w id e ly  u sed  m e d ia  are  th e  M -E n d o - 

ty p e  m ed iu m  in N o rth  A m erica  (A P H A  et a l., 1995) and  th e  T e rg ito l-T T C  m ed iu m  in  

E u ro p e  (N iem ela  e t a l., 2003 ). In  Sri L anka , LES E n d o  m ed iu m  is u se d  as reco m m en d ed  

b y  th e  B u reau  o f  C ey lo n  S tan d ard  (S ri L anka  S tandards, 1983). C o lifo rm  b a c te r ia  fo rm  

red  co lo n ies  w ith  m eta llic  sheen  on  an  E ndo-type  m ed iu m  co n ta in in g  lac to se  (in cu b a tio n  

a t 35 °C /24  hours fo r to ta l co lifo rm s) (A P H A  e t a l, 1995; 1998; 2 0 0 0 ); o r  y e llo w -o ra n g e
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co lon ies on  T erg ito l-T T C  m edia  (incubation  at 37 °C fo r 24  hours to  d e tec t to tal co lifo rm s 

and  a t 44 .5  °C fo r 48 ho u rs  to  d e tec t fecal co liform s re sp ec tiv e ly ) (acco rd in g  to  ISO  9 3 0 8 ­

1, S chets et a l., 2002). In cubation  o f  filters  at 44 .5  °C fo r 24  h o u rs  on  en rich ed  lac to se  

m ed iu m  (M -F C ) w as p rop o sed  b y  A P H A  et a l  (1995; 1998; 2000) fo r the d e tec tio n  o f  

fecal co lifo rm s. B ecau se  o f  the  add ition  o f  roso lic  ac id  salt re ag en t and  the e lev a ted  

in cu b atio n  tem pera tu re  a llow s on ly  few  non co lifo rm  co lo n ies  to  d ev e lo p  on  th e  M -F C  

m ed ium  (A P H A  e t a l., 1995; 1998; 2000), w hile  en h an c in g  the  g ro w th  o f  fecal co lifo rm s.

V erifica tio n  o f  to ta l co lifo rm s is recom m ended  b y  lac to se  fe rm en ta tio n  o r b y  using  

cy to ch ro m e  oxydase  te s t and  O N P G  (o rth o -n itro p h en y l-p -D  galac topy ranoside) to  av o id  

fa lse -p o sitiv e  and  fa lse-nega tive  resu lts . (A PH A  e t al., 1995; 1998). F ecal co lifo rm s and  

E. co li spec ifica lly  are v e rified  b y  inocu la ting  in to  EC  b ro th  (incubation  a t 44 .5  °C fo r 24 

ho u rs) and  E C -M U G  bro th  (in cu b a tio n  a t 35 °C fo r 24 h o u rs) respective ly .

1 .3 .1 .3 . D ra w b a ck s o f  co n ven tion a l m eth ods

T h e  conven tional labora to ry  techn iques u sed  fo r b ac te ria l de tec tion  an d  id en tifica tion  are 

p rim arily  cu ltu re  b ased  m ethods, invo lv ing  q u an tifica tio n  o f  a m etab o lic  o r  g ro w th  

re sp o n se  a fte r a su itab le  in cu b atio n  p eriod  in an  ap p ro p ria te  substra te  (N R C , 2004). 

F urther, these  conven tional cu ltu re  b ased  m ethods m ay  b e  lim ited  by  th e ir in cu bation  

p e rio d , s ince  m ost req u ire  24 h o u rs  o r longer, during  w h ich  tim e th e  p u b lic  is  p o ten tia lly  

exp o sed  to  a  h ealth  risk  (N R C , 2004). S ince the  b io ch em ica l te sts  u sed  in  these  

con v en tio n al m ethods a re  n o t fu lly  specific , m an y  ad d itio n a l tests  a re  req u ired  to  ob ta in  

spec ific  con firm ation  resu lts  (R om pre  e t a l., 2002). F urther, the  id en tifica tio n  up  to  

sp ec ies  level is not possib le . H ence , a  com plete  an a ly sis  req u ires  an  add itiona l 24 to  72 

h o u rs  fo r  th e  final re su lt (E dberg  e t a l., 1988). In  add itio n , th e  p ro d u c tio n  o f  gas in  lacto se  

fe rm en ta tio n  is no t a lw ays re levan t, s in ce  m any  stra ins (inc lud ing  E. co li), m ay  o r m ay  n o t 

fe rm en t lac to se , due  to  v arious en v ironm en ta l fac to rs  (F lic k e r e t a l., 1996; E dberg  e t a l., 

1997 and  2000; L eclerc  e t a l., 2001 ). F urther, lac to se -p o sitiv e  and  lac to se -n eg a tiv e  

b io ty p es  h av e  been  iso la ted  irresp ectiv e  o f  th e ir o rig in  (L ec le rc  e t a l., 2001). F u rth erm o re , 

a  s ig n ifican t p ro p o rtion  o f  th e  co lifo rm s are  rep o rted  to  b e  an aerogen ic  (fail to  p ro d u ce  

gas w h en  ferm en ting  lactose) (E dberg  et al., 1997 an d  2000; F lic k e r  e t a l., 1996) and  

acco rd in g  to F lick e r et a l  (1994) ap p rox im ate ly  10 %  o f  co lifo rm s do  n o t fe rm en t lactose.
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1 .3 .2 . O th e r  m eth o d s

R e c e n t a n d  fo recas ted  ad v an ces  in  m ic ro b io lo g y , m o le c u la r  b io lo g y , an d  a n a ly tic a l 

c h e m is try  h a s  m a d e  it t im e ly  to  in v es tig a te  on  n e w  a n d  e m erg in g  a d v a n c e  te c h n o lo g ie s  to  

fa c ilita te  ra p id  an d  a cc u ra te  d e tec tio n  o f  in d ic a to r  b ac te ria . A s  a  re su lt, a lte rn a tiv e  

te c h n iq u e s  b a se d  o n  p a r tic u la r  en zy m a tic  re a c tio n s  (F lic k e r  e t a l., 1997 ; E ck n e r, 1998), 

m o le c u la r  te c h n iq u e s  (su ch  as  im m u n o lo g ica l, p o ly m e ra se  ch a in  re a c tio n  an d  in -s itu  

h y b rid iz a tio n ) , d ire c t c e ll co u n tin g  m e th o d s , e tc ., w e re  d e v e lo p e d  fo r  ra p id  a n d  sen s itiv e  

d e te c tio n  a n d  e n u m era tio n  o f  co lifo rm  b ac te ria  c o m p a re d  to  c o n v en tio n a l te c h n iq u e s  

(R o m p re  e t a l., 20 0 2 ).

1 .3 .2 .1 . E n z y m a tic  m eth o d s

T h e  u se  o f  m ic ro b ia l e n z y m e  p ro file s  to  d e tec t in d ic a to r  b a c te ria  w a s  fo u n d  to  b e  an  

a ttra c tiv e  a lte rn a tiv e  to  th e  co n v en tio n a l M T F  an d  M F  m e th o d s  w ith  v a r io u s  lim ita tio n s . 

E n z y m a tic  re a c tio n s  a re  ra p id  an d  sen s itiv e , an d  c an  b e  g ro u p , g en u s  o r  sp ec ie s  sp ec if ic , 

d e p e n d in g  o n  th e  en zy m e  ta rg e te d  (R o m p re  e t a l., 2 0 0 2 ). T h e  m o s t co m m o n ly  u se d  

e n z y m e s  a re  p -D  g a lac to s id a se , P -D  g a lac to s id a se  p e rm e a se  a n d  p -D  g lu c u ro n id a se  

(F ric k e r  e t a l., 1997; E c k n e r., 1998; R o m p re  e t a l., 2 0 0 2 ; P itk an e n  e t  a l., 2 0 0 7 ) p re s e n t in  

th e  ce lls  o f  c o lifo rm  b a c te r ia . In  th is  m eth o d , sp ec ific  c h ro m o g e n ic  an d  flu o ro g en ic  

su b s tra te s  u se d  in  th is  m e th o d  (E d b erg  e t a l., 1988; E d b e rg  e t a l., 1989 ) a re  re p o r te d  to  

p ro d u c e  c o lo u r  an d  fru o re sc en c e , re sp ec tiv e ly  u p o n  c lea v a g e  b y  sp ec ific  e n z y m e s  

(R o m p re  e t al., 2 0 0 2 ). T h e  en zy m a tic  te ch n iq u es  fo r  b a c te r io lo g ic a l a n a ly s is  a re  a lso  

d e s ig n a te d  as  au to an a ly s is  s in ce  a  c o lo u r  ch an g e  (ch ro m o g e n ic )  is  p ro d u c e d  b y  th e  ta rg e t 

m ic ro b e (s )  w ith  n o  n e c e ss ity  fo r  co firm a to ry  tests  o r  te c h n o lo g is t lab o u r. P e rfo rm in g  th e  

te s t is s im p le  w ith o u t in v o lv in g  so p h is tica te d  e q u ip m e n t o r  c o m p le x  p ro c e d u re s . T h e  

sp ec ific  c o lo u r  ch an g es  d en o te  th e  ta rg e t m ic ro b e (s ) (E d b e rg  e t a l., 1988).

D e te c tio n  a n d  en u m era tio n  o f  E. c o li  an d  to ta l c o lifo rm s  a re  re p o r te d  e lse w h e re  in  th e  

w o rld , u s in g  th e  e n zy m e s  P~D g lu c u ro n id a se  an d  P -D  g a lac to s id a se  re sp e c tiv e ly  (F r ic k e r  

a n d  F rick e r, 1996). T h e  e n z y m e  P -D  g lu c u ro n id a se  (G U S ) d isc o v e re d  in  th e  b a c te r iu m  E. 

c o li  c a ta ly se s  th e  h y d ro ly s is  o f  P -D  g lu c o p y ra n o s id u ro n ic  d e r iv a tiv e s  in to  th e ir  

c o rre sp o n d in g  ag ly co n s  an d  D -g lu c u ro n ic  acid . F u r th e r , P -D  g lu c u ro n id a se  c a ta ly se s  th e
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b reak d o w n  o f  lacto se  in to  g a lac to se  and  g lu co se  and  has been  u sed  m o stly  fo r 

en u m era tin g  the  co lifo rm  g ro u p  (R om pre  e t a l ., 2002 ). D iffe ren t ch ro m o g en ic  and  

flu o ro g en ic  substra tes  hav e  b een  u sed  fo r bacteria l d iag n o stics  (T rip e ta  an d  E dberg , 1984; 

P isc ico tta  e t al., 2002). T hey  have observed  tha t the  u se  o f  these  sub stra tes  h a s  led  to  

im p ro v ed  accu racy  and  fas te r de tec tio n  b y  using  a s in g le  m ed ium  in s tead  o f  u s in g  severa l 

m ed ia  a t d iffe ren t s teps o f  the  p rocedu re . F o r the  d e tec tio n  o f  P~D g lu cu ro n id ase  in E. c o li  

severa l ch ro m ogen ic  su b stra tes  h av e  b een  used. p -n itro p h en y l-P  (P N B G ) (T rip e ta  and  

E d b erg , 1984), indoxy l-. P-D  g lu cu ro n id e  (IB G ) (H aines e t a l., 1993), th e  co m m erc ia l 

ch ro m o g en ic  m ed ium  C H R O M ag arE C C , have  b e en  u sed  to d e tec t b o th  E. co li and  

co lifo rm s s im u ltan eo u sly  (A lonso  e t a l., 2004). F u rth er, G e iss ie r e t al. in  2 0 0 0  h av e  

s tu d ied  th e  u se  o f  tw o  com m ercial p repara tions o f  ch rom ogen ic  C h ro m o cu lt C o lifo rm  

ag ar an d  fluo rogen ic  F lu o ro cu lt L M X  b ro th  fo r the  s im u ltan eo u s de tec tio n  o f  to ta l 

co lifo rm s an d  E. coli. M o st freq u en tly , the  fluo rogen ic  su b stra te  4 -m e th y lu m b e llife ry l P­

D  g lu cu ro n id e  (M U G ) an d  th e  ch rom ogen ic  substra te  o -n itro p h en y l P-D  

g a lac to p y ran is id e  (O N P G ) h av e  b e en  u sed  (T repeta  and  E dberg , 1984; E dberg  e t a l., 

1988; C o v ert e t a l., 1989; E d berg  e t a l., 1989; L ew is and  M ak, 1989; P a lm er e t a l., 1993; 

F lic k e r  e t a l., 1997; E ckner, 1998; P isc ico tta  e t a l., 2002 ; N iem ela  e t a l., 2003; P ittk an en  

e t a l., 2 007 , e tc .,) to  d e tec t E. co li an d  to ta l co lifo rm s respec tive ly .

P resen ce /a b sen ce  tech n iq u es an d  en u m eration  by m u lti-tu b e  tech n iq u es u s in g  

en zy m a tic  m eth od s

T h e  in co rp o ra tio n  o f  4 -m eth y lu m b ellife ry l P-D  g lu cu ro n id e  (M U G ) in to  Iauryl try p to se  

b ro th  in  M T F  tech n iq u e  fo r th e  ra p id  d e tec tion  and  im m ed ia te  co n firm a tio n  o f  E. c o li in  

w a te r  is rep o rted  b y  A P H A  e t al. (1998 ) and  F eng  an d  H artm en  (1982). V isu a liza tio n  o f  

b lu e -w h ite  fluo rescence  in  m eth y lu m b ellife ro n e  fo rm ed  d u e  to  th e  h y d ro ly s is  o f  M U G  in  

E. co li p o s itiv e  tubes h as  b een  th e  to o l fo r id en tifica tio n . E d berg  an d  E d berg  (1988) 

p ro p o sed  u s in g  a co m bined  su b stra te  tech n o lo g y  w ith  su b stra te  O N P G  fo r the  co n stitu tiv e  

en zy m e  p -D  ga lac to sid ase  p re sen t in  a ll co lifo rm s a n d  th e  su b stra te  M U G  fo r the  sp ec ific  

d e tec tion  o f  E. coli. T h e  d e fin ed  substra te  m e th o d  w as  b asica lly  co n stitu ted  as a 

p re sen ce /ab sen ce  test. C o lo u r ch an g e  from  co lo u rless  to y e llo w  a fte r in cu b a tio n  at 35 °C 

is tak en  as a p o sitive  te s t fo r to ta l co lifo rm s, due to  th e  h y d ro ly s is  o f  O N P G . A n y  y e llo w
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co lo u r tubes fluo resc ing  u n d e r long w ave  (365nm ), ind ica tes  the p re sen ce  o f  E. co li. N o  

ad d itiona l confirm ato ry  tests  are  needed. A lso , the sen sitiv ity  has p ro v ed  equal sen sitiv ity  

w ith  c lassica l m ethods w ith  g rea ter specific ity  (R o m p re  e t a l., 2002). F u rth er s tud ies 

rep o rted  b y  several scien tists  (E dberg  e t a l., 1988; E dberg  e t a l., 1989; C overt e t a l., 1989; 

L ew is and  M ak, 1989; G e iss le r et a l., 1989; N iem ela , 2003) have  p roven  the sensitiv ity  

and  e ffic ien cy  o f  using  defined  substrate  techno logy  (D S T ) fo r b acte rio lo g ica l s tu d ies  o f  

w ater.

L ater, several com m ercial m ed ia  h av e  been  d eveloped  b ased  on  the  defined  substra te  

tech n o lo g y ; C o lilert [ID E X X  labora to ries, W estb rook , M aine , U SA ]; C o lisu re  [M illipo re  

C o rp o ra tio n , B edford , M A , U SA ]; C o liqu ick  [H ach, L ove lan d , C O , U S A ] (R om pre  e t al., 

2002). M o st o f  these are  availab le  fo r a  p resence/absence  response  and  fo r enum eration  by  

M T F  techn ique. T he m o st w ide ly  u sed  am ong them  is th e  C o lile rt test, w h ich  u tilizes  the  

O N P G  and  M U G  (R om pre e t a l., 2002). T he de tec tio n  tests  using  D S T , u sing  

ch rom ogen ic  and fluo rogen ic  substrates are m o re  rap id , sensitive  and  n e ed  no 

co n firm ato ry  steps (P itkanen  e t al., 2006). Since, D S T  n eeds less labour, they  are  rep o rted  

to  b e  co st e ffective  than  conventional m ethods (F lick e r and  F lick er, 1996).

M em b ran e filtration  tech n iq u e  con ju gated  to en zym atic  d etection  o f  co liform s

R eports  a re  availab le  fo r th e  in co rpo ra tion  o f  M U G  in to  ag a r m ed ia  to  d e tec t th e  p re sen ce  

o f  P~D g lucu ron idase  activ ity  o f  E. co li (E ntis an d  B o leszczuk , 1990; B ren n er e t a l., 

1993). A n o th e r study  rep o rted  b y  T rep e ta  and  E d b erg  (1983) suggests th e  d irec t 

in co rpo ra tion  o f  M U G  in  to  m o d ified  M acC onkey  a g a r to  d irec tly  de tec t the p re sen ce  o f  

P -D  g lucu ron idase  in  E. coli. T h e  m e th o d s  w ere  sh ow n  to  b e  sensitive , rap id , se lec tive  

and  spec ific  (T repeta  and  E dberg , 1983; B renner e t a l., 1996).

C o m m erc ia l p reparations o f  m od ified  M F agar m ed ia  w ith  specific  ch rom ogen ic  an d /o r 

flu o ro g en ic  substrates fo r the d e tec tion  o f  P-D  g lu cu ro n id ase  and  o f  p -D  g a lac to sid ase  

now  av ailab le  around the  w o rld  include, C hrom ocu lt C o lifo rm  ag ar (M erck , D arm stag t, 

G erm eny) (S chets e t a l., 2002; P ittkanen  e t al., 2007), F lu o ro cu lt E. co li D irec t ag ar 

(M erck , G erm eny) (R om pre  e t a l., 2002). F urther, m o d ified  liqu id  cu ltu re  m ed ia  

co n sis tin g  o f  chrom ogen ic  substra tes  to  de tec t th o se  tw o  sp ec ific  en zy m es are
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c o m m e rc ia lly  av a ilab le ; m -C o liB lu e2 4  b ro th  (H ach , U S A ) (S c h a u e r  et a l., 2 0 0 7 ) is  o n e  

su ch  co m m e rc ia l p re p a ra tio n . R ap id , a ccu ra te  se n s itiv e  e s tim a te s  a n d  s im u lta n e o u s  

d e te c tio n  o f  to ta l c o lifo rm s  an d  E. c o li  a re  som e o f  th e  a d v a n ta g e s  o f  th e se  p la te  c o u n t 

m e th o d s  c o m p ared  to  th e  co n v en tio n a l M F  m ethods.

D ir e c t  d e term in a tio n  o f  en zy m a tic  a c tiv ity  b y  flu o ro m etry

R a p id  a ssa y s  w ith  (3-D g lu c u ro n id a se  an d  (3-D g a lac to s id a se  fo r  th e  d e tec tio n  o f  E. co li 

a n d  to ta l co lifo rm s  w ith o u t an y  cu ltiv a tio n  s tep s  h a v e  b e en  re p o rte d  (T rep e ta  an d  E d b e rg  

1984; G e o rg e  e t a l., 2 0 0 0 ). D irec t e n zy m a tic  d e tec tio n  o f  fecal c o lifo rm s  w ith in  30  

m in u te s  a lso  h a s  b e e n  su ccess fu l u s in g  f lu o ro g en ic  su b s tra te  M U G  (G e o rg e  e t a l, 2 0 0 0 ). 

In  ad d itio n , an  a u to m a ted  a n a ly z e r  (C o lifas t C A -1 0 0  [C o lifa s t sy stem s, O slo , 

N o rw a y )]h a s  b een  d e v e lo p e d  on  th e  b a s is  o f  e n zy m a tic  p ro p e rtie s  o f  c o lifo rm s, w h ich  

ta k e s  o n ly  tw o  h o u rs  fo r  d e tec tio n  (B e rg  e t a l., 1998). H o w e v e r , th is  au to m a ted  C o lifa s t 

te s t  is u su a lly  re c o m m en d e d  fo r  b a th in g  w a te r  an a ly sis . T h e re fo re , f lu o ro m etric  m e th o d  is 

th u s  a  d ire c t d e te rm in a tio n  o f  th e  en zy m a tic  ac tiv ity  w ith  h ig h  c o lifo rm  a b u n d an c e  

(su rfa c e  w a te r) an d  in v o lv es  a  g ro w th  p h a se  fo r sam p les  w ith  lo w  co lifo rm  a b u n d a n c e  

[d r in k in g  w ater] (R o m p re  e t a l., 2 0 0 2 ).

T h e  a b o v e  m e n tio n e d  e n zy m a tic  m e th o d s  in v o lv e  in c o rp o ra tio n  o f  c h ro m o g e n ic  o r  

f lu o ro g e n ic  su b s tra te s  to  a g a r  o r  to  liq u id  m ed ia . M o st o f  th e se  m e th o d s  a re  rap id , 

a cc u ra te  a n d  m o re  sen s itiv e  c o m p ared  to  co n v en tio n a l m e th o d s . F u rth e rm o re , th e  a d v en t 

o f  in c re a s in g ly  so p h is tica te d  a n d  p o w e rfu l m o le c u la r  b io lo g y  te c h n iq u e s  p ro v id e  new  

o p p o rtu n itie s  an d  a lte rn a tiv e  ap p ro a ch e s  to  im p ro v e  u p o n  p re se n t in d ic a to rs  b o th  cu ltu re  

a n d  n o n -c u ltu re  m e th o d s  (N R C , 2 0 0 4 ).

1 .3 .2 .2 . M o lec u la r  m eth o d s

M o le c u la r  m e th o d s  h a v e  b e e n  d e v e lo p e d  fo r th e  d e tec tio n  o f  c o lifo rm s  w ith  h ig h  d e g re e  

o f  s en s itiv ity  an d  sp ec ific ity  w ith o u t th e  n eed  fo r a  c o m p le x  c u ltiv a tio n  an d  ad d itio n a l 

c o n firm a tio n  s tep s  (R o m p re  e t a l., 2 0 0 2 ). T h ey  do  n o t re q u ire  in c u b a tio n  to  c u ltu re  

b a c te r ia  b e ca u se  th ey  can  d irec tly  q u a n tify  e x is tin g  c e llu la r  o r  su b -c e llu la r  s tru c tu ra l 

p ro p e rtie s  o f  cells. T h e re fo re , th e se  m e th o d s  h a v e  th e  p o te n tia l to  b e  m o re  ra p id  th a n
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cu ltu re  m ethods, p ro v id in g  resu lts  in  as little  as m in u tes  to  a few  h o u rs  ra th e r th an  the  

typ ica l o v ern ig h t incubation  tim e fo r cu ltu re  m ethods (N R C , 2004). F urther, the p re sen ce  

o f  b ac te ria l cells in v iab le  b u t non  cu ltu rab le  (V B N C ) sta tes  w h ich  can  no t b e  d e tec ted  

u sing  ro u tine  cu ltu re  based -m eth o d s co u ld  be d e tec ted  u sin g  m o lecu la r m eth o d s (B au d art 

e t a l., 2002 ). Som e o f  these  n uc le ic  acid -based  m eth o d s em p lo y  am p lifica tio n  sch em es in 

w h ich  a sm all am ount o f  in d ica to r genetic  m ateria l is  rep lica ted  up  to  a b illio n  fo ld  fo r 

easy  detec tion . T h ey  also  hav e  the  po ten tia l to  b e  less ex p en siv e , m ak ing  d irec t 

m easu rem en t o f  pa th o g en s m o re  econom ica lly  feasib le . F urtherm ore , m o lecu lar m e th o d s 

can  b e  co u p led  w ith  o r linked  to  m icrob ia l cu ltu re  m e th o d s in w ay s  th a t can in crease  

sensitiv ity , decrease  detec tion  tim e, an d  p rov ide  co n c lu siv e  and  ra p id  co n firm atio n  o f  

id en tity  and  in fec tiv ity  (N R C , 2004). Severa l m o lecu la r b ased  tech n iq u es  are av a ilab le  fo r 

th e  spec ific  de tec tio n  o f  co lifo rm s o v er th e  w orld . H o w ev er, the  u se  o f  m o lecu lar m e th o d s 

in  d ev elop ing  coun tries  is still m in im um , due to  p o o r labo ra to ry  fac ilities, lack o f  sk illed  

tech n ica l s ta f f  and  h ig h e r chem ical costs.

1 .3 .2 .3 . Im m u n o lo g ica l m eth od s

Im m u n o lo g ica l m ethods are b ased  on  th e  specific  reco g n itio n  be tw een  an tibod ies an d  the  

an tig en s  and  the  h igh  a ffin ity  th a t is charac te ris tic  o f  th is  reco g n itio n  reaction . T h is  

ch arac te ris tic  fea tu re  is be ing  u sed  to  d e tec t an tigens a t fam ily , genus, species o r sero type  

levels  (R o m p re  e t al., 2002). T h e  p ro p ertie s  o f  the  an tig en -an tib o d y  com plex  is u sed ; to  

p e rfo rm  im m u n o cap tu re  o f  ce lls  o r an tigens by  en zy m e-lin k ed  im m u n o so rb an t assay  

(IM S  o r E L IS A ), o r to  d e tec t ta rg e ted  cells b y  im m u n o flu o rescen ce  assay  (IF A ) o r 

im m u n o -en zy m e assay  (IE A ). A n  E L IS A  tech n iq u e  has b een  d eveloped  u s in g  a 

m o n o c lo n a l an tibody  ag ainst the  en tero b ac te ria l co m m o n  an tigen  (E C A ) fo r the  d e tec tio n  

o f  co lifo rm s (R om pre  e t a l., 2002). Im m u n o flu o rescen ce  assay  (IF A ), w h ich  a llo w s the  

id en tifica tio n  and  en um eration  o f  a  s ing le  specific  cell, has b een  p erfo rm ed  fo r the  

d e tec tion  o f  fecal co lifo rm s b y  ap p ly in g  a d irec t im m u n o flu o rescen ce  m ic ro sco p y  

tech n iq u e  (Z accone  e t a l., 1995).
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I .3 .2 .4 . N u c le ic  a c id -b a sed  m eth o d s

M o st o f  th e  n u c le ic  a c id  m e th o d s  u se  m o le c u la r  h y b rid iz a tio n  p ro p e rtie s , w h ic h  in v o lv e  

th e  c o m p le m en ta ry  seq u en ce  reco g n itio n  b e tw ee n  a n u c le ic  p ro b e  an d  a  n u c le ic  ta rg e t. 

T h e  P o ly m e ra se  ch a in  reac tio n  (P C R ) an d  the in  s itu  h y b rid iz a tio n  (IS H ) m e th o d s  a re  

m o re  freq u e n tly  u sed  n u c lic  ac id  b a se d  m e th o d s  fo r th e  d e tec tio n  o f  co lifo rm s  in  w a te r  

sam p les  (N R C , 2004).

P o ly m e r a se  C h a in  R ea ctio n  (P C R ) m e th o d

A m p lif ic a tio n  o f  a  ta rg e ted  D N A  frag m e n t is a c h ie v e d  in  P C R  b y  c y c lic  re p lic a tio n  ( in  

v itro  o r  in  s itu )  w ith  o ly g o n u c le o tid e  p rim ers  c a ta ly z e d  b y  a  D N A  p o y m e ra se  ( Taq  

p o ly m e ra se ) . T h is  te ch n iq u e  h a s  b e e n  d e sc rib e d  fo r  th e  d e tec tio n  o f  to ta l co lifo rm s  a n d  E. 

c o li  (R o m p re  e t a l ., 2 0 0 2 ).

In  s itu  H y b r id iza tio n  (IS H ) te ch n iq u es

In  th is  m e th o d , o lig o n u c le o tid e  p ro b es  a re  u sed  to  d e te c t th e  c o m p le m e n ta ry  n u c le ic  a c id  

seq u e n c es . S in ce  th e se  p ro b e s  are  sp ec ific  to  se le c ted  n u c le ic  ac id  seq u en ces  o f  a  g iv en  

m ic ro o rg a n ism , sp ec ie s  o r g ro u p , d e tec tio n  o f  sp ec if ic  m ic ro o rg a n ism s  is p o ss ib le . 

S ev e ra l co m m erc ia l p re p a ra tio n s  o f  o lig o n u c le o tid e  p ro b es  a re  a v a ilab le  fo r  

b a c tre r io lo g ic a l a n a ly s is  (R o m p re  e t a l., 2002 ). E a rlie r , in  s itu  h y b rid iz a tio n  re lie d  on  

ra d io a c tiv e  p ro b e s  to  d e tec t th e  p ro b e  ta rg e t h y b rid . L a te r  w o rk  o n  r  R N A  in  s itu  

h y b rid iz a tio n  u sed  flu o re sc en t- lab e le d  n u c leo tid e  p ro b e s  to  d e tec t h y b rid iz a tio n  (F IS H ), 

w h ic h  is  a  h ig h ly  sp ec ific  d e tec tio n  m e th o d  a t a c e llu la r  lev e l (P e m th a le r  a n d  A m m a n , 

2 0 0 4 ). H o w ev e r, F IS H  can  h a v e  so m e  lim ita tio n s  in  d e tec tin g  en te r ic  b a c te r ia  u n d e r  

e n v iro n m e n ta l p re ssu re s  su ch  as s ta rv a tio n  an d  o x id a tiv e  s tress . T h e re fo re , c o m b in e d  

D ire c t V ia b le  C o u n t m e th o d  (D V C ) an d  F IS H  h as  b e e n  su ccessfu l in  d e tec tin g  v ia b le  b u t 

n o n c u ltu ra b le  (V B N C ) en te ro b ac e ria l c e lls  in  fre sh  w a te r  an d  d rin k in g  w a te r  sy s te m s  

(B a u d a r t e t a l., 20 0 2 ). A lth o u g h  F IS H  is cu rre n tly  c o n s id e re d  as a  h ig h ly  sp e c if ic  a n d  

e a s ie r  c e llu la r  d e tec tio n  m e th o d , th e  id en tific a tio n  o f  th e  ta rg e t seq u e n c e  is d iff icu lt. A lso  

its  u se  in  d e tec tio n  o f  n o n -p h y lo g e n e tic a lly  id e n tif ie d  o rg a n ism s  su ch  a s  c o lifo rm s  is  n o t 

su ccess fu l.
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1.4. D e tec tio n  a n d  e n u m er a tio n  o f  co lifo rm s a n d  E sch erich ia  co li  fo r  b a c te r io lo g ic a l  

q u a lity  o f  w a te r  in  S r i L a n k a

B ac te rio lo g ic a l an a ly s is  o f  w a te r  is  o n e  o f  th e  m o s t s e n s itiv e  an a ly tic a l p a ra m e te r, w h ic h  

is  u sed  in  a ssu rin g  th e  q u a lity  o f  d rin k in g  w a te r in  Sri L an k a . In  Sri L an k a , b a c te r io lo g ic a l 

an a ly s is  is  co n d u c ted  to  a ssu re  a n d  co n firm  th e  S ri L a n k a  S ta n d a rd s  (S L S ) o f  w a te r  

q u a lity .

1 .4 .1 . S r i L a n k a  s ta n d a rd s  fo r  w a te r  q u a lity  a sse ssm e n t

A s d e sc rib e d  in th e  sec tio n  1.2.3, th e  Sri L a n k a  S tan d a rd s  B u re au  has  p u b lish e d  

sp e c if ic a tio n s  on  b a c te r io lo g ic a l q u a lity  fo r  p ip e  b o rn e  d rin k in g  w a te r . T h is  sec tio n  c o v e rs  

th e  sp ec if ic a tio n s  fo r  p u b lic  w a te r  su p p lie s  and  c o m m u n ity  w a te r  su p p lie s  (S L S  614 : P a rt 

2 : 1983), in  a cc o rd a n ce  w ith  th e  W H O  w a te r  q u a lity  g u id e lin e s  (W H O , 1983). L a te r, in  

1988 th is  s tan d a rd  h a s  b e e n  a m en d e d  fo r  the  p u b lic  an d  sm all c o m m u n ity  p o ta b le  w a te r  

su p p lie s  as d ep ic ted  in  th e  T a b le  1.3.

1 .4 .2  A m e n d m en t (N o .l  a p p ro v e d  on  0 7 .0 6 .1 9 8 8 ) o f  S L S  614: P a r t  2: 1983  

T a b le  1 .3 . S L S  s ta n d a rd s  fo r  p ip e  b o rn e  w a ter , A m e n d m e n t N o . 1

C a te g o ry C la u se O r ig in a l v a lu e A m e n d e d  v a lu e

P ublic  w ate r 3.1 .2 m ax im um  10 co lifo rm s/100 m l m ax im um  3 co lifo rm s/100 m l

supp lies

S m all com m unity 3.2.3 m ax im um  20  co lifo rm s/100 m l m ax im um  10 co lifo rm s/100 ml

supp lies (on  repea ted  exam ination)

A fte r  th is  rev is io n , no  o th e r a m en d m en ts  h av e  b e e n  in tro d u ce d  to  th e  p o ta b le  w a te r  

s ta n d a rd s  in  Sri L an k a , a lth o u g h  th e  W H O  g u id e lin e s  h a v e  b e e n  m o d if ie d  in  2 0 0 4  (W H O  

1990 ; 2 0 0 4 ).

In  ad d itio n  to  th ese  s tan d a rd s , in 200 3  th e  SLS h a s  a lso  e s ta b lish e d  s tan d a rd s  fo r  b o ttle  

w a te r  q u a lity  (T ab le  1.4).
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T ab le  1.4. SLS standards fo r  bottled  w ater

S ta n d a rd n c m M M eth o d

P a c k ed  b o ttle d  d rin k in g  w a te r

SL S  894: 2003

T o ta l co lifo rm s/ 100 m l 10 1 0 10 SL S 61 4  P a rt 2

E. c o li /  100 m l 10 0 0 - SL S 6 1 4  P a rt 2

A ero b ic  P la te  co u n t (A P C )/m l 

a t 37  °C fo r 72  h rs

5 4 100 1 X  104 SL S 516  P a rt 1

N a tu ra l m in e ra l w ater:

S L S  1038:2003

T o ta l co lifo rm s/ 250  m l 4 1 0 2 SLS 614  P a rt 2

E . c o l i /  25 0  m l 4 0 0 . - SL S 6 1 4  P art 2

A e ro b ic  P la te  coun t (A P C )/m l 4 0 100 - SL S  516  P a rt 1

a t 2 0 -2 2  °C fo r  72 h rs  (250  m l) 

A e ro b ic  P la te  co u n t (A P C )/m l 

a t 37 °C ±1 fo r  24  h rs  (2 5 0  m l)

4 0 20 - SL S  5 16  P a rt 1

F eca l s trep to co cc i (200  m l) 4 1 0 2 SL S 5 16  P a rt 1

P se u d o m o n a s  a eru g in o sa  (250  m l) 4 1 0 2 SL S 516  P a rt 1

A n ae ro b ic  ch lo strid ia  (50  m l) 4 1 0 2 SL S 51 6  P a rt 1

n  - n u m b er o f  sam p les  to  b e  te s ted
c - m ax im u m  a llo w ab le  sam p les  y ie ld in g  v a lu e s  b e tw ee n  m  an d  M  
m  - lim it b e lo w  w h ich  a c o u n t is accep tab le  fo r  a n y  sam p le  
M  - lim it ab o v e  w h ich  a co u n t is  u n accep tab le  fo r  an y  sam p le

1 .4 .3 . C u rren tly  p ra c ticed  te c h n iq u e s  in  Sri L a n k a

Sri L an k a  S tandards B u reau  (S L S  614: P a rt 2: 1983) re c o m m en d s  tw o  s tan d a rd  m e th o d s  

to  d e tec t th e  p re sen ce  o f  co lifo rm  b ac te ria . V iz ; th e  M u ltip le  T u b e  F e rm e n ta tio n  (M T F ) 

an d  th e  M em b ran e  F iltra tio n  (M F ) m e th o d  b a se d  o n  la c to se  fe rm e n ta tio n  ab ility  o f  the  

co lifo rm  g ro u p . SLS 614 : P art 2: 1983 stan d ard  c o v e rs  th e  d e ta ils  o f  sam p lin g  te ch n iq u es ,
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m ed ia  p reparation , m eth o d o lo g y  and  cu ltu re  req u irem en ts  e tc . A ll g o v e rn m en t and  n o n ­

g o v e rn m en t institu tes are  s tric tly  ad h ered  to  the  SL S stan d ard s  an d  fo llow  the  

reco m m en d ed  M T F o r M F p ro ced u res  fo r d e tec ting  b ac te rio lo g ica l q u a lity  o f  w ater. 

A cco rd in g  to  SLS 614, the  resu lts  o b ta ined  by  th ese  tw o  m eth o d s a re  n o t co m p arab le , 

s in ce  M F  does no t ind ica te  gas fo rm atio n  from  lac to se  fe rm en ta tion . H o w ev er, sav in g  o f  

tim e , lab o u r and  g lassw are  in  th e  M F  are  co n sidered  as ad v an tag es  co m p ared  to  the  M T F  

m e th o d  (S L S  614: P art 2: 1983).
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C H A P T E R  2

C O M P A R IS O N  O F  D IF F E R E N T  B A C T E R IO L O G IC A L  M E T H O D S

P A R T -A

P R E L IM IN A R Y  S T U D Y  O N  C O M P A R IS O N  O F  F IV E  B A C T E R IO L O G IC A L  

M E T H O D S  F O R  D E T E C T IN G  A N D  E N U M E R A T IO N  O F  

T O T A L  C O L IF O R M S  A N D  E. C O L I

2 .1 . INTRODUCTION

A s rep o rted  e lsew here , th e  M F  an d  M T F  tech n iq u es  b a se d  on  fe rm en ta tio n  o f  lac to se , 

p ro d u c in g  sheen  co lon ies, gas, o r ac id  an d  gas, are th e  m o s t co m m o n ly  u se d  co n v en tio n a l 

m e th o d s  fo r  d e tec tin g  and  en u m era tio n  o f  co lifo rm  b a c te r ia  fo r  w a te r  qua lity  a ssessm en t 

a ro u n d  the  w orld . H o w ev er, b o th  m ethods req u ire  m u lti step  co n firm a tio n a l and  

c o m p le ted  tests  a fte r th e  in itia l o b serv a tio n  o f  a p o s itiv e  p re su m p tiv e  re su lt (E dberg  e t  a l ., 

1988; C o v ert e t a l., 1989; E d b erg  e t a l., 1989; L ew is  and  M ak , 1989; E ckner, 1998). 

T h ese  te s ts  w ill req u ire  a n  add itiona l 24-72  hou rs, m ak in g  a w a te r an a ly s is  ex ten d in g  u p  

to  2-4. day s  to  ob ta in  a co m p le te  final resu lt (E dberg  e t a l., 1988; E d b e rg  e t a l., 1989). 

T h e re fo re , th ese  con v en tio n al te s ts  are  con sid ered  as  tim e-co n su m in g  m e th o d s  (L ew is  and  

M ak , 1989; G eissle r, e t al., 2000 ; B au d a rt e t a l., 2 0 0 2 ). F u rther, th ese  co n v en tio n a l 

m e th o d s  are  labo rious w h ic h  req u ire  m ed ia  p rep a ra tio n , s te riliza tion , e tc., an d  also  

in v o lv e d  w ith  han d lin g  o f  la rg e  am o u n ts  o f  g lassw are  an d  eq u ip m en t (esp ec ia lly  in M T F  

m eth o d ).

T rad itio n a lly , the  d e tec tio n  o f  E. co li h a s  b een  b a se d  o n  lac to se  fe rm en ta tio n  w ith  gas 

p ro d u c tio n  a t an  e lev a ted  tem p era tu re  (44  °C) and  b y  in d o le  reac tio n  N iem i e t a l. (2001 ). 

A lth o u g h  p ro lific  g ro w th  a t an  e lev a ted  tem p e ra tu re  is  ch arac te ris tic  o f  E. co li, 

a n ae ro g en ic  s tra in s  a re  also  co m m o n  (L eclerc  e t a l., 2 0 0 1 ). A cco rd in g  to N iem i e t al 

(2 0 0 1 ), th e  v a lu e  o f  gas p ro d u c tio n  as the  c rite rion  fo r co n firm a tio n  o f  E. co li is  n o t very  

ap p ro p ria te  due  to the  p re sen ce  o f  anaerogen ic  E. co li. N o n -g a s-p ro d u c in g  s tra in s  o f  E.
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co li have been  reported  to approach  10% o f  the E. co li popula tion  (E dberg  e t a l ., 1997). 

Further, the  iden tification  o f  anaerogen ic  lactose-ferm enting  co lifo rm s, reported  b y  the 

sam e author, has revealed  tha t m ore than  90%  b e longed  to  one o f  the four co lifo rm  

genera, E sch erich ia , K leb sie lla , E n terobacter , and C itrobacter. T he p roduction  o f  indo le  

at 44 °C is no t exclusive to  E. co li since som e stains o f  K lebsiella , no tab ly  K. oxyco ta  are 

kno w n  to  p roduce  a positive  reaction  in  th is test (F ricker e t al., 1996). In  o rder to  reso lve  

th is , N iem ela  e t al. (2003) have  p roposed  the use o f  gas p roduction  at 44.5 °C as one  o f  

the  E. co li confirm ation  tests. H ow ever, som e strains o f  E. coli have  b een  reported  to  be  

indole  negative  (F ricker e t al., 1996). A s they  fu rther stated , no t all E. co li have the  ab ility  

to  grow  at e levated  tem peratu res and in particu lar, EC 0 1 5 7 :H 7 , w hich  causes 

haem orrhag ic  co litis  in hum ans cannot grow  o r grow  poorly  at th is e levated  tem peratu res. 

T herefore , the  conventional techn iques are m ore confusing  in  detec ting  E. coli. The 

public  health  im plications o f  these  findings continue to be debated, b u t m ost specialists 

argue th a t anaerogenic co lifo rm s are  o f  no m ore, n o r less, san itary  sign ificance than  

aerogen ic  ones (E dberg e t al., 1997; 2000).

In  addition , the  subjective natu re  o f  resu lts  in terpreta tion  in  analysis (E dberg  e t al., 1988) 

is ano ther lim itation  found am ong conventional m ethods. A s Evans, e t al. (1981) has 

stated , w hen  using  conventional m ethods, the estim ates o f  co liform  density  from  a single  

sam ple m ay show  variab ility . In  addition , the  dura tion  o f  incubation , in terference  from  

an tagonistic  organism s, lack o f  specific ity  to  the  co liform  group an d  a w eak  level o f  

de tec tion  o f  slow  grow ing  o r stressed  coliform s are som e o f  the  o ther lim itations found  in 

these  tw o m ethods (R om pre e t a l., 2002).

Further, accord ing  to  E dberg  e t al. (1988), several inheren t properties o f  the  tw o m ethods 

have  lim ited  the  ability  o f  pub lic  health  officials to  m ake decisions regard ing  the  health  

risk . M ost restric ting  w ere the  tim e requ ired  to obtain  a  defin itive  h ealth  based  answ er, the 

inab ility  to  d ifferentia te  fecal from  to tal coliform s w ithou t e ither the perfo rm ance  o f  tests 

spec ifica lly  fo r fecal co liform s o r iden tifica tion  o f  b acte ria  and  the  sub jective n a tu re  o f  

in terp re ta tion  o f  the analytical m ethods.

In  response  to  the above-m en tioned  lim itations, new  techn iques w ere  developed  b ased  on  

techno logy  orig inally  designed  to iden tify  m icrobes by  the analysis  o f  th e ir constitu tive
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en zy m es u s in g  d efin ed  su b stra te s  (D S ) (E d b erg  e t a l., 1988). T h e  in co rp o ra tio n  o f  d e fin e d  

su b stra te s  such  as p a ra  n itro p h en y l (3-D g lu cu ro n id e  (P N B G ) (T rep e ta  an d  E d b erg , 1984), 

4 -m e th y lu m b e llife ry l P -D  g lu cu ro n id e  (M U G ) (S h ad ix  an d  R ice , 1991; F en g  an d  

H artm an , 1982; M o b erg , 1985) in  to  co n v en tio n a l M T F  an d  M F m ed ia  a lso  g a in ed  

p o p u la rity  fro m  1990s u p  to date . O th e r de tec tion  m e th o d s  a lso  ex is t in v a rio u s  le v e ls  o f  

d e v e lo p m en t and  ap p lica tion . H o w ev er, as R o m p re  e t a l., (2 002 ) h as  su g g es ted  th a t, 

c r ite ria  lik e  de tec tio n  lim it an d  sen sitiv ity , tim e  re q u ire d  fo r re su lts  an d  lab  o u tla y s  

(sk illed  la b o u r and  cost) sh o u ld  b e  co n sid e red  w h en  in tro d u c in g  th e se  n ew  te ch n iq u es  in  

to  ro u tin e  an a ly sis  o f  w a te r  sam p les .

T h e  firs t co m p ariso n  s tu d y  c o n d u c te d  b y  E dberg  et al. in  1988 in v o lv ed  co m p ariso n  o f  the  

s tan d a rd  M T F  m e th o d  w ith  a  D S  m e th o d  (A u to an a ly sis  C o lile rt /A C ) fo r s im u ltan eo u s  

e n u m era tio n  o f  to ta l co lifo rm s an d  E. co li. T hey  h a v e  fo u n d  th a t th e  A C  w as sen s itiv e  as 

th e  s tan d a rd  M T F ; m o re  accu ra te ; n o t in te rfe red  b y  h e te ro tro p h ic  b ac te ria ; e a sy  to  

in o cu la te  an d  in te rp re t an d  ab le  to  a n a ly ze  bo th  to ta l co lifo rm s  a n d  E. c o li  s im u ltan eo u sly , 

w ith o u t fu r th e r con firm atio n a l steps. In  1989 they  w e re  ab le  to  g e t th e  ap p ro v a l fro m  th e  

U S  E P A  fo r th e  u se  o f  A u to a n a ly s is  C o lile rt (A C ) as  an  a lte rn a te  sy stem  fo r d e tec tin g  

co lifo rm  b ac te ria . S w edac th e  S w ed ish  lab o ra to ry  a cc red ita tio n  b o d y  a lso  ap p ro v ed  th e  

u se  o f  C o lile rt fo r an a ly sis  o f  all w a te r  sou rces in  S w ed en  (E ck n er, 1998). F u rth e r, it 

(co lile rt) h a s  a lso  b een  in c lu d ed  in  th e  S tandard  M eth o d s  fo r  th e  A n a ly sis  o f  W a te r  an d  

W as te w a te r  (A P H A  e t a l., 1995; 1998; 2000).

M o re  co m p ariso n  s tu d ies  in v o lv in g  d e fin ed  su b stra te  te ch n o lo g y /en zy m a tic  a c tiv itie s  o f  

co lifo rm  b a c te r ia  h av e  b e en  c o n d u c te d  ex ten siv e ly  th ro u g h o u t th e  p a s t few  d ecad es  (T ab le  

2 .1 ). M o s t o f  th ese  co m p ariso n s  w e re  b a se d  on  s im p le  an a ly s is  o n  v arian ce  s ta tis tic s  

(L ig h tfo o t an d  M aier, 1998).



31

T able 2.1 L iterature review  on  m ethod  com parison  for d etectin g  and  en u m eration  o f  total co liform  
bacteria  and E. co li in d ifferen t w ater sources

M eth o d s/m ed ia T y p es  o f  w a ter R esea rch  o u tco m e R eferen ce

co m p a red so u rces  u sed  for

co m p a r iso n

L T B , B G L B / D eep  an d  shallow N o s ta tis tic a l d iffe ren ce E dberg , e t

M T F , w ith w e lls , sp rin g s , rivers, b e tw een  A C  an d  M T F. a l ., 1988

A u to an a ly sis su rface  rese rv o irs C o lile rt w as  sen s itiv e  as

C o lile rt (A C ) s tan d a rd  M T F ,

/M T F sp ec ifica lly  en u m era ted  1 

to ta l co lifo rm  p e r  100 m l 

w ith in  24  h

S tan d ard  m ethod D eep  an d  shallow N o s ta tis tic a l d iffe ren ce E dberg , e t

(S M ) P resence- w ells , sp rin g s , rivers, b e tw een  A C  an d  SM . a l ., 1989

A b sen ce  (P -A ) su rface  rese rv o irs O v era ll ag reem en t ra te

m e th o d  w ith b e tw een  A C  P -A  an d  SM

A u to an a ly sis P -A  w as  94 % .

C o lile rt (A C ) P -A S u b cu ltu rin g  co n firm ed

m e th o d to ta l co lifo rm s  fo r ye llo w  

tubes a n d  E. c o li  fo r
i

flu o resc in g  tu b es . N o  

e ffec t fro m  h e te ro tro p h ic  

p la te  c o u n t b a c te r ia  in  

C o lile rt m e th o d

C o lile rt /M T F , N a tu ra l sp rin g s , su rface A ll the  m e th o d s  w ere C overt, e t

C o lile rt (A C ) P- w a te rs , w e ll w aters, co m p arab le  in  de tec tin g al., 1989

A , M -E ndo c iste rn s , tre a ted to ta l co lifo rm s;

L E S /M F , L T B , co ag u la ted  settles H e te ro tro p h ic  b ac te ria

B G L B /M T F , w a te r , p u b lic  d rink ing did  n o t in te rfe re  in

L T B  P -A  m ethod w a te r supp ly C o lile rt m e th o d ; N o

d is trib u tio n  system sta tis tica l d iffe ren ce  in
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precision o f  all m ethods
M -endo  L E S/M F 

w ith  C o lile rt 

(A C ) P _A  

m ethod

Sam ples from  build ing 

fixtures and fire 

hydrants after flushing 

procedures.

Presum ptive total 

coliform  results o f  tw o 

tests agreed 97 %  and 

confirm ation test 98.5 %. 

N o  statistical d ifference 

in detecting total 

coliform s; E. co li could  

not be isolated  from  

fluorescing tubes

Lew is and 

M ak, 1989

L M X  b ro th  (P-A ) 

m eth o d  w ith  

C o lile rt (A C ) P-A  

m ethod

G round and surface 

w ater supplies, partially  

treated  w ater, 

m arginally  chlorinate 

w ater, final distribution 

w ater

N o statistical difference 

in detecting total 

coliform s and E. co li by 

both m ethods; Total 

coliform  detection 

LM X > AC; E. coli 

detection A C > LM X . 

C onfirm ation rates fo r 

total coliform s A C 100 

% , LM X  84.3 %; F o r E. 

coli AC 100 % , LM X  

90.4 %

F lick e r and

F licker,

1996.

M L S B /M F , 

C o lile rt-24 /M T F , 

C o lile rt-18 /M T F

D rinking w ater, 

d isinfected  sew age 

effluent

Total coliform  detection: 

Colilert>  M L SB; E. coli 

detection: C olilert = 

M LSB; no significant 

difference betw een 

C olilert-24 and C olilert- 

18. C olilert is easier, less 

tim e consum ing

F licker, et 

a l. , 1997.

M -E ndo-L E S D rinking w ater, bathing C olilert w as m ore E ckner,
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ag ar/M F  and 

lac to se

b ro th /M P N  w ith  

C o lile rt m ethod

w ater sensitive than M F and 

M TF and equally  

sensitive for E. co li to 

M F and M TF for 

drinking w ater; coliform  

detection in bath ing  

w ater w as anom alous due 

to confirm ation 

difficulties; E. co li 

detection in bath ing  

w ater w as sim ilar b y  all 3 

m ethods

1998

LS b ro th /M T F , M arine w ater C oliform  detection: LM X , G eissier, et

L M X  bro th /M T F , 

C C  agar/M F , C C - 

C F S /M F

CC, LS bro th  recovered  

2.63, 1.95, 1.90 tim es as 

C C-CFS. E. co li detection: 

no statistical d ifference 

am ong m ethods, 

background g row th  w as les 

on CC-CFS
0 to o o o

D ifferen tia l Shallow  w ell w aters N um ber o f  typical N iem i, e t

co lifo rm  

agar/M F , L E S 

endo  agar/M F , 

L ac to se  T erg ito l 

T T C  agar/M F

colonies: D ifferen tia l 

coliform >LES 

endo>Lactose T erg ito l 

TTC; confirm ation  ra tes- 

LES endo (92 % ),

L actose T ergito l T T C  (75 

% ), D ifferential co lifo rm  

(74 %)

al., 2001

L T T C /M F  w ith Surface w ater, h a lf LTTC had  heavy S chets et

C olile rt-18 /M T F , treated  d rinking  w ater, background grow th; a l ,  2002
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L aury l S u lfate  

A g ar (L S A )/M F , 

C h ro m o cu lt 

C o lifo rm  

agar/M F , E. co li 

D irec t P la tin g  

(D P )/M F  m ethod

fu lly  treated drinking 

w a ter spiked w ith 

surface w ater

C o lile rt-18 h igher counts 

w ith  w ide group o f  

coliform s; For E. coli,

D P w as the best; C olilert 

produced low counts and 

false negative resu lts

IS O  9308.1 

(T erg ito l 

T T C )/M F  w ith  

C o lile rt/Q uan ti- 

T ray /M T F

T reated  drinking w ater, 

g roundw ater, surface 

w ater

C olilert detected 

significantly  h ig h er total 

coliform  and E. co li 

counts; R ecovery o f  E. 

co li w as significantly  

h igher and no 

confirm ation needed w ith  

Colilert.

N iem ela , et 

al., 2003

M F and M T F  

(A P H A , 9221 

B ,C ; 9222B ,D ; 

9230B ,C )

B each w ater sam ples Total coliform  counts 

w ere high w ith  C olilert 

and Colilert-18 than  M F 

and M TF m ethods; fecal 

coliform s 12 %  low er in 

C olilert (due to 

specificity); C olilert had  

90%  agreem ent w ith  

M TF/M F w hen data  w ere  

categorical analyzed.

N oble  et 

a l ,  2004

M -E ndo , M -FC  

/M F  ,

L T B /B G L B /M P  

N , w ith  C o lile rt 

m ethod  (Q uati- 

T ray  2000 ,

O pen  m arine beach 

w ater, estuary  w ater, 

w a ter from  flow ing 

creeks.

Total coliform  detection: 

C olilert>  M F/M TF; 40 %  

false positives in 

verification; Fecal 

coliform s: C olilert 10 %  

less than M F/M TF

G riffith , et 

al., 2006
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C o lile rt-18 )

IS O  9308-1 G roundw ater, bathing Coliform  counts in LE S Pitkanen , et
(L T T C )/M F  w ith w ater, spiked tap w ater Endo, Colilert, CC, a l 2006
LE S E ndo /M F , 

C o lile r t-18/M TF, 

C C  agar/M F , 

H E C M /M F , 

C E C M /M F

and  well w ater H ECM  and C EC M  w ere 

h igher than LTTC ; E. 

coli counts w ere h ig h er 

in LTTC; background  

grow th highest on  LT TC ; 

Colilert, CC and C E C M  

suggested as po ten tia l 

alternative m edia

M -F C /M F , Environm ental w aters E. coli counts by  C olilert B uckalew ,

C o lie rt/M F w ere positively correla ted  

w ith  M -FC confirm ed 

counts; Colilert is sim ple, 

quick, easy to quantify , tha 

M -FC. Therefore, C olilert 

precise and a versatile  

m ethod

et al., 

2006

C olilert/M T F , G round w ater from T est m ethods varied  in Schauer, et

C o lile r t-18/M TF, three geographically their ability to  recover al., 2007

C olisu re /M T F , and chem ically specific coliform

m C o lib lu e- d ifferent sources; organism s; A t low  pH

24/M F , spiked w ith  Serratia, E. and alkalinity and w ith

R ead y cu lt coli, K lebsiella, high heterotrophic

C o lifo rm  m edium Citrobacter, bacterial grow th affected

100/M F, 

C o liscan , 

E *C o lite , 

C hrom ocu lt/M F , 

M I agar/M F ,

E nterobacter the grow th o f  co liform s 

in Colisure and m - 

Coliblue 24, C olilert and 

M I agar could suppress 

the grow th o f
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C olitag Aerom onas, w hile  o ther 

m edia could not; 

chem ical characteristics 

o f  m edia and 

heterotrophic grow th

affected the perform ance 

o f  media.

M TF- M ultiple Tube Fermentation 
M F- M em brane Filtration 
LTB- Lauryl Tryptose Broth 
BG LB- Brilliant G reen Lactose Broth 
M LSB- M em brane Lactose Sulfate Broth 
LS- Lactose Sulfate

CC- Chromocult Coliform  agar 
ISO-International Standards O rganization 
APHA-American Public H ealth A ssociation 
LTTC- Lactose Tergotol-7 agar 
HECM- Harlequin 1M E. coli/Coliform  M edium 
CECM- Chromogenic E. coli/Coliform  M edium

2.1 .1 . C u rren tly  availab le bacteriological analytical m ethods in  Sri L an k a  and th eir  

lim ita tion s

Sri L anka S tandards B ureau (SLS 614: Part 2: 1983) recom m ends tw o standard  m ethods 

to  de tec t the p resence  o f  coliform  bacteria  nam ely, the  M ultip le  T ube Ferm entation 

(M T F )/M ost P robab le  N um ber (M PN ) m ethod and the M em brane F iltra tion  (M F) 

m ethod , based  on  lactose ferm entation ability  o f  the coliform  group. SLS 614: Part 2: 

1983 standard  covers the details o f  sam pling techniques, m edia  p reparation , m ethodology, 

cu ltu re  requ irem en ts, etc. A ll governm ent and non-governm ent institu tes are strictly 

ad h ered  to  the SLS standards and follow  the recom m ended M T F o r M F procedures for 

de tec ting  bacterio log ical quality o f  water. H ence, the Sri L anka  N ational W ater Supply 

and  D rainage B oard , all universities, other governm ental and non-governm ental institutes 

invo lved  in w a te r quality  testing (eg: M RI, ITI, SGS Laboratories) cu rren tly  use the tw o 

standard  m ethods as stipulated by  the Sri Lanka Standards B ureau  (T able  2.2).

H ow ever, these  tw o m ethods are conventional m ethods, consisting  o f  lo t o f  inherent 

lim ita tions as described above (C hapter 2, Section 2.1). T herefore, analysis  o f  large 

n u m b er o f  sam ples at the sam e tim e is a tedious task , especially  in cases like 

ep idem io log ical outbreaks and o ther em ergency conditions due to  natural disasters (eg: 

T sunam i outbreaks, flood conditions, etc.,) o r other physical dam ages occurring  in the
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distribu tion  system s. A s a result, m anagem ent o f  epidem iological outbreaks and other 

sanitary  problem s from  contam inated w ater is com plicated in Sri Lanka, due to  delaying 

o f  test results.

H ow ever, these tw o techniques have not been properly investigated for their accuracy in 

Sri Lanka. Further, com parison studies betw een the two m ethods have not been  done 

fo llow ing  standard  procedures (personal com m unications w ith governm ent officials, 

2006, 2007). In addition, different laboratories use different brands o f  m edia and different 

p rocedures fo r m edia  preparation and even different practices in the sam e detection 

p rocedure  (personal com m unications w ith  laboratory staff o f  d ifferent institutions). A s an 

exam ple, d ifferen t regional laboratories o f  the Sri Lanka N ational W ater Supply and 

D rainage B oard  use either M TF or M F in their routine analysis using m edia from  different 

m anufacturers. Therefore, uniform ity am ong laboratories in  Sri Lanka is another 

im portan t facto r to be considered for quality assurance among w ater testing laboratories.

Table 2.2 Bacteriological analytical methods used in different institutes o f Sri Lanka

Institute Method used

Sri Lanka Standard Institute MPN MF *

Industrial Training Institute (ITI) MPN MF *

N ational w ater Supply and Drainage Board (NWS & DB) 

Rathm alana (Central Laboratory) MPN

A m bathale MPN

BO I (Colombo) MF

Sarasaviuyana (Peradeniya) MF

BO I (Awissawella) MF

Kegalle MF

Bandarawela M F

A nuradhapura M F

M edical Research Institute (MRI) MPN MF

N ational Institute o f Health Services, Kaluthara MPN

National Building and Research Organization (NBRO) MPN

City A nalysts’ Laboratory, Municipal Council, Kandy MPN

City A nalysts’ Laboratory, Municipal Council, Colombo MPN

* only on request by customers
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A nother fac to r no ticed  during lab visits w as the inadequate practical know ledge o f  the 

involved laboratory  staff. For example, determ ining o f  proper dilutions w hile perform ing 

M F m ethod  w as no t clear to m ost o f  the laboratory staff. M ajority  o f  them  are not 

properly  tra ined  and they are not updated on currently em erging technologies in w ater 

m icrobiology. Further, the conventional w ay o f  thinking and the ir attitudes tow ards the 

m odem  technology  is not satisfactory, com pared to other countries o f  the  world. It is very 

unfortunate that, sharing o f  know ledge or collaborative work am ong w ater laboratories in 

Sri L anka is very poor. A nother com m on weakness identified w as, the lack o f  

confirm atory  testing  w hen testing w ith M F m ethod. During the enum eration o f  bacteria, 

typ ical/atypical colonies and background grow th are not. considered  as im portant. 

Therefore, there  is a tendency o f  obtaining misleading data due to  inaccurate 

in terpretations. Lacking o f  expertized technical s taff and training program m es on this 

specialized a rea  are m ajor constraints in developing quality assurance o f  bacteriological 

testing in  Sri Lanka. H ow ever, m ost o f  the technical staff involved in w ater quality  testing 

in d ifferen t institu tes is keen on adopting m ore efficient, rapid and easy m ethods (personal 

com m unications w ith  laboratory m anagem ent and technical s ta ff m em bers in  selected 

institutes, 2007). M ost o f  them  com plained about the tim e lag, in tense preparations 

required  and o ther difficulties encountered w ith the conventional m ethods.

Further, sensitiv ity  testing o f  the two conventional methods for analyzing different source
i '

w ater types under various conditions has not been  properly investigated in  Sri Lanka. Up 

to now , in troducing  o f  new techniques in bacteriological testing in Sri L anka has not been 

reported  a t N ational level. Therefore, this study investigated the perform ance o f  currently 

available conventional bacteriological m ethods com pared w ith other alternative m ethods 

for de tec ting  and enum eration o f  total coliform  bacteria and Escherichia  coli for an 

efficient bacterio log ica l quality assurance in Sri Lanka.
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2.2. O B JE C T IV E S  O F  T H E  STUDY

The m ain  ob jective  o f  this study w as to investigate the m ost appropriate and  sensitive 

bacte rio log ica l analy tical m ethod/s for detecting and enum eration o f  total co liform  

bacte ria  and  E scherich ia  coli for bacteriological quality assurance o f  w a ter and to 

recom m end  the  b est alternative m ethod/s to the Sri Lanka Standards Institute.

In o rder to  ach ieve th is  m ain objective, the research w as conducted w ith the fo llow ing 

specific  objectives;

1. T o  com pare  four d ifferent bacteriological analytical m ethods w ith  the conventional SLS 

reference m ethod  (M PN , SLS 614; Part 2: 1983) fo r the detection and enum eration  o f  total 

co liform s and  E scherich ia  coli.

2. T o recom m end  the m ost sensitive and accurate m icrobiological m ethods fo r different 

types o f  analysis;

a) R ou tine  drinking w ater sam ples

b) F o r d ifferen t types o f  o ther w ater sources (bottled w ater, w ell w ater, surface 

w ater, sew age effluent)

O th er scop es o f  th e  study;

1. T o  investigate  the sensitivity  o f  each m ethod for detecting total co lifo rm s and 

E scherich ia  co li by  com paring their confirm ation rates.

3. T o  iden tify  the lim itations (tim e required, other practical aspects, sk illed  labour, 

e tc .,) invo lved  w ith each m ethod.

4 . T o  do  a  cost benefit analysis fo r each m ethod in order to find ou t the m ost 

econom ica lly  feasible, efficient m ethod.

5. Iden tifica tion  o f  certain  bacterial species in d ifferent sources (by using 

b iochem ica l tests  and api 20 E identification strips).

6. T o  find  ou t the  relationship betw een api 20E identification strips and conventional 

b iochem ical tests in identification o f  bacteria.
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2.3. M A T E R IA L S A N D  M ETH O D S

A pre lim inary  study w as conducted to exam ine the perform ance o f  several alternative 

m ethods com pared  to  the Sri Lanka Standard M TF m ethod (by rev iew ing previous studies 

by o ther researches as described in the Table 2.1 on com parison o f  m icrobio logical 

m ethods), using  sim ple statistical analysis o f  variance.

2.3.1. S am p les used for  analysis

Sam ples w ere  co llected  from  different sources in Kandy, the hill capital o f  Sri L anka 

(betw een 7° 18’ N  and 80° 3 9 ’ E; elevation: 510 m  from  m ean sea level; average m onth ly  

tem perature: 23 °C- 27.5 °C; annual rainfall: 1500 mm), w ith the objective o f  obtain ing  a 

w ide  ran g e  o f  bacteria l populations. The selected sources w ere; tap w ater, bottled drinking 

w ater, w ell w ater, river w ater and w astew ater effluent.

Tap w ater w as co llected  from  the U niversity w ater supply schem e from  a tap  a t the 

D epartm en t o f  B otany, U niversity o f  Peradeniya and confirm ed fo r residual chlorination 

by  using  D PD  tablets (H ach Com pany, U SA). 1 1 plastic drinking bo ttled  w ater sam ples o f  

one particu la r b rand  com m only available in K andy district, p reviously  found to be 

con tam inated  w ith  fecal bacteria (unpublished data, D epartm ent o f  B otany, F aculty  o f  

Science, U n iversity  o f  Peradeniya, 2007) were collected as bottled  w ater sam ples. N on- 

d isin fected  w ell w ater sam ples w ere collected from  an open w ell (in K andy) w ith  no cover 

bu t p ro tec ted  w ith  a  90 cm high outer ring wall. R iver w ater sam ples w ere collected  from  

R iver M ahaw eli at the  Peradeniya w ater intake o f  the N ational W ater Supply  and 

D rainage B oard , near Kandy. Effluent sam ples w ere collected from  H anthana W astew ater 

T reatm en t P lant, K andy, p rior to  final disinfection.

W ater sam ples w ere collected regularly  on a m onthly basis from  February  2007 to M arch 

2008, fo llow ing  the guidelines described by the Standard M ethods for the Exam ination o f  

W ater and W astew ater (APHA et al., 1995) and Sri Lanka Standard  614: Part 2: 1983 

(B ureau o f  C eylon Standards, 1983). 1 1 sterilized glass bottles w ere used  fo r co llecting  

tap w a te r and  w ell w ater sam ples. R iver w ater and effluent w ater w ere co lle ted  in to
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sterilized 250  m l glass bottles and bottled drinking w ater in 1 1 plastic bottles w as used  for 

analysis.

2.3.2. B acterio log ica l analysis using different bacteriological m ethods

C ollected  sam ples w ere transported to the laboratory under cold conditions (4 °C) and  the 

analysis w as done w ith in  24 hours after collection.

F our bacterio log ica l analytical m ethods w ere com pared w ith  the M ultip le  Tube 

F erm enta tion  (M TF)-SL S reference m ethod (SLS 614: Part 2: 1983) fo r the detection and 

enum eration  o f  total coliform s and E. coli. The alternative m ethods included, tw o M TF 

m ethods (A m erican  Standards M ethod, A PH A  et a l ,  1995; C olilert m ethod, ID EX X , 

2000) and  tw o M F m ethods, the SLS-M F (SLS 614: Part 2: 1983) and m -coliB lue24 

m ethod  (H ach , U SA ). Each sam ple w as analysed in two replicates w ith  appropriate 

d ilu tions as exp lained  in  Table 2.3. D ifferent sam ple volum es o f  w ater w ere m ixed  w ith 

d ifferen t volum es/w eights o f  m edia appropriately (Table 2.3). To obtain the  correct 

d ilu tion  fo r d ifferen t w ater types, several trial experim ents w ere conducted and  obtained 

readab le  counts. Therefore, the dilutions given in the table 2.3 w ere found to be correct for 

each w ater type.

2 .3 .2 .I . M u ltip le  T u b e Ferm entation (M TF) techniques 

SLS referen ce m ethod (SLS 614: Part 2: 1983)

Sri L an k a  S tandards M TF m ethod (SLS 614: Part 2: 1983) w as u sed  as the reference 

m ethod. It consists  o f  tw o basic tests; a  presum ptive test follow ed by a confirm ed test for 

detecting  to tal co liform  and E. coli bacteria in water.

P resu m p tive test

D ifferen t sam ple volum es w ith appropriate dilutions w ere inoculated in to tubes o f  double 

strength  (D S)/sing le  strength (SS) M acC onkey (H im edia, India) m edium  (T able 2 .3) w ith 

inverted  D urham  tubes (five-tube M PN). A ll the tests w ere conducted in replicates. 

Inocu lated  ferm entation  tubes w ere then incubated at 36.0 C ±  0.5 C (G enlab IN C  190 C
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U K ) and  w ere  exam ined for the production o f  acid (by changing its co lour from  red  to 

o range y e llow ) and gas in inverted D urham  tubes, after 24 to 48 ±  2 hours o r earlier. All 

tubes show ing  acid  and gas (or gas only) at the top o f  the D urham  tube  w ere recorded  as 

p resum ptive  positives and continued for the confirm ation step. A ll the tubes w ith  no acid 

and  gas (o r gas) form ation  w ere recorded as presum ptive negative tests.

Table 2.3 D ifferent sam ple and media volum es used in M TF methods

M TF

Sou rce SLS APH A C olilert

V ol./m l Tubes V ol./m l Tubes V ol./m l T ube

s

sam ple M ac

Conkey

sample LTB sam ple

Tap 50 50 (DS) 1 x 2 10 10 (DS) 1 0 x 2 20 5 x 2

B ottle 50 50 (DS) 1 x 2 - - - 10 3 x 2

10 10 (DS) 5 x 2 10 10 (DS) 1 0 x 2 1 3 x 2

1 5 (SS) 5 x 2 - - - 0.1 3 x 2

W ell 10 10 (DS) 5 x 2 10 10 (DS) 5 x 2 10 3 x 2

1 5 (SS) 5 x 2 1 10 (SS) 5 x 2 1 3 x 2

0.1 5 (SS) 5 x 2 0.1 10 (SS) 5 x 2 0.1 3 x 2

0.01 5 (SS) 5 x 2 0.1 10 (SS) 5 x 2 0.1 3 x 2

R iver 0.1 5 (SS) 5 x 2 0.1 10 (SS) 5 x 2 0.1 3 x 2

0.01 5 (SS) 5 x 2 0.01 10 (SS) 5 x 2 0.01 3 x 2

0.001 5 (SS) 5 x 2 0.001 10 (SS) 5 x 2 0.001 3 x 2

0.0001 5 (SS) 5 x 2 0.0001 10 (SS) 5 x 2 0.0001 3 x 2

E ffluen 0.01 5 (SS) 5 x 2 0.01 10 (SS) 5 x 2 0.01 3 x 2

t 0.001 5 (SS) 5 x 2 0.001 10 (SS) 5 x 2 0.001 3 x 2

0.0001 5 (SS) 5 x 2 0.0001 10 (SS) 5 x 2 0.0001 3 x 2

0.0000 0.0000 0.0000

1 5 (SS) 5 x 2 1 10 (SS) 5 x 2 1 3 x 2

DS- double strength m edium  SS- single strength medium
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Tw o o r th ree  loopfulls from  each o f  the presum ptive positive tubes w ere subcultured  into 

tw o sets o f  B rillian t green lactose bile broth  (BGLB, H im edia, India)) tubes and peptone 

w ater tubes (preheated  to  44.5 °C). One set o f  the inoculated BG LB and pep tone w ater 

(H im edia, India) tubes w as incubated for 6-24 hours at 44.5 ± 0.1 °C, and the o ther set o f  

B G L B  tubes w as incubated at 36 ±  1 °C for 24 to 48 ±  2 hours. Tubes w ere exam ined for 

the p roduction  o f  gas fo r the confirm ation o f  total coliform s in B G LB  tubes. C onfirm ation  

o f  E. co li w as done using  the Indole reaction, by adding 0.2-0.3 ml o f  K ovac’s reagent 

(H im edia, India) to the  peptone w ater tubes. Im m ediate appearance o f  a red co lour ring  on 

the u p p e r lay er w as considered as a positive indole reaction. N um ber o f  positive tubes for 

each set o f  the  appropriate  volum es o f the sam ple was recorded and the re levan t M PN  

value  w as calcu la ted  per 100 ml o f  the sam ple by  using M PN  tables for total coliform s 

and E. co li separately.

A m erican  Standards m ethod (APH A et al., 1998)

P resu m p tive  test

D ifferen t sam ple volum es w ith appropriate dilutions were inoculated in to double strength 

(D S )/sing le  streng th  (SS) Lauryl tryptose broth (LTB, H im edia, India) tubes (T able 2.3) 

w ith  inverted  D urham  tubes (five-tube M PN). All the tests w ere conducted replicated. 

Inocu la ted  ferm entation  tubes w ere then incubated at 36.0 °C ±  0.5 °C (G enlab IN C  190C, 

U K ) and  w ere  exam ined for the grow th (turbidity change) and gas in inverted  D urham  

tubes, a fte r 24  to  48 ±  2 hours or earlier. A ll tubes showing acid and gas sufficien t to  fill 

the concav ity  a t the top o f  the D urham  tube w ere recorded as presum ptive positives w ere 

fo llow ed  w ith  the confirm ation step. A ll the tubes w ith no acid and gas (or gas) form ation 

w ere recorded  as presum ptive negative tests.
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T w o to  th ree  loop  fulls from  each o f  the presum ptive positive tubes w ere sub-cultured  into 

B rillian t g reen  lactose  b ile  broth  (BG LB) and w ere incubated for 24-48 hours at 36 ±  0.5 

C. F orm ation  o f  gas in any am ount in the inverted vial w as considered  a positive  

confirm ed  resu lt fo r total coliform s. G row th from  Lauryl tryptose tubes w ere inoculated  to 

E C -M U G  b ro th  (H ach, U SA ) and the tubes w ere incubated fo r 24±  2 hours at 4 4 .5± 0.1 

°C. T ubes show ing fluorescence after keeping under long w ave (366nm ) ultra  v io le t (U V ) 

illum ination  w ere  confirm ed as E.coli positive tubes.

N u m b er o f  p ositive  tubes for each set o f  the appropriate quantities o f  inoculum  fo r total 

co lifo rm s and  E .co li w ere  recorded and the relevant M PN value w as calculated  p e r 100 ml 

o f  the sam ple  b y  using  M PN  tables for total coliform s and E. co li separately.

C olilert m eth od  (ID E X X , USA)

T hree  tube  M P N  technique w as follow ed as described in the S tandard  M ethods f o r  the 

E xam ina tion  o f  W ater and W astewater  (A PH A  et al., 1995) by  using C olilert m edium  

(ID E X X , U S A ) using  the sam e dilutions used in the other tw o M TF m ethods. C olilert 

pow d er w as m ixed  w ith  appropriate volum es o f  w ater sam ples (Table 2.3). A ppropriate  

w eigh ts o f  C o lilert pow der (ID EX X ) w ere m ixed with appropriate volum es o f  each  

d ilu tion  o f  the test sam ples. S terilized distilled w ater w as added to each tube to  obtain  the 

final vo lu m e and m ixed  w ell (colourless after m ixing) and w ere incubated at 36 ±  0.5 °C 

fo r 24  hours o r less.

A  ye llow  co lo u r a fter incubation w as considered as a positive to tal coliform  test and 

flo rescence  u n d er U V  illum ination (366 nm ) w as considered as E. coli positive.

C on firm ation  o f  to ta l coliform s and E. coli

A lthough  fu rth er confirm ation is no t required according to the m anufacturer, a percen tage  

o f  to tal co lifo rm  and E. coli positive tubes w ere further confirm ed using conventional 

b iochem ical tests. 20 % o f  the total coliform  positive tubes (w hich changed  from  

co lourless to  ye llow ) w ere confirm ed fo r total coliform s by inoculating 2 to 3 loop  fulls o f  

the cu ltu re  in to  B G LB  (H im edia, India) tubes incubated at 36 ±  1 °C for 22 ±  2 h. All 

tubes show ing  gas form ation w ere considered as total coliform  bacteria. 20 % o f  the
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yellow  and  fluo resc ing  tubes (total coliform  and E. coli positive) w ere confirm ed fo r E. 

coh  by  inocu la ting  in to  B G LB  and peptone w ater tubes and incubated a t 44 .0  - 44.5 °C for 

22 ±  2 h. S im ilarly , 10 %  o f  the yellow  bu t non-fluorescing tubes (to tal coliform  positive  

bu t E. coli negative) w ere tested for false negative E. coli confirm ation. C onfirm ation  o f  

E. co li w as done  by  observ ing  gas in BG LB and by  the indole reaction  as described above. 

N u m b er o f  ye llow  co lou r and fluorescing tubes w ere converted in  to M PN  counts using 

M PN  tab les and  reco rded  as cfu per 100 ml o f  w ater for total co liform s, and for E. coli 

respectively .

2.3 .2 .2 . M em b ran e F iltration  (M F) techniques  

SLS -M F  m eth o d  (S L S  614: Part 2: 1983)

M ost o f  the  m ajo r laboratories o f  the Sri Lanka N ational W ater Supply and D rainage 

B oard  fo llow  the M F technique as stipulated by  the Sri Lanka S tandards B ureau (SLS 

614: P a rt 2: 1983). Therefore, th is m ethod w as considered as one o f  the a lternative 

m ethods com pared  to  the  SLS-M TF m ethod and referred to as SL S-M F m ethod in  this 

study. M ed ia  p reparation  and inoculation w ere conducted according  to  the  SLS 614. 

A pprop ria te  vo lum es and  dilutions o f  w ater sam ples (Table 2.4) w ere filtered  th rough  the 

m em brane filtra tion  apparatus (Pyrex, G erm any) using sterilized m em brane filters 

(S arto rius, G erm any) w ith  0.45 Jim pore sizes. (A ppropriate vo lum es o f  sam ple w ere 

selec ted  b y  conducting  trial experim ents for different source w a ter types). M em brane 

filters w ere  asep tically  p laced on pre sterilized absorbent pads (Sartorius, G erm any), 

sa tu rated  w ith  3 m l o f  M -endo m edium  (H im edia, India) and 3 m l o f  M -FC  m edium  

(H im edia , India) and  w ere  incubated at 36 ±  1 °C and at 44.5 °C (for 24 hours), fo r the 

detec tion  o f  to tal co lifo rm s and E. co li respectively.
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Table 2.4 D ifferent sam ple and media volum es used in MF methods

M F m ethods

SL S-M F m -C oliblue24
M -endo M -FC

Source sam ple/m l sam ple/m l sam ple/m l
T ap 100 100 100
W ell 5 10 10

10 20 0.1
0.01

B ottle 100 100 100
R iver 0.01 0.01 0.01

0.001 0.001 0.001
0.0001 0.0001 0.0001

E fflu en t 0.0001 0.0001 0.0001
0.00001 0.00001 0.00001

E n u m eration  o f  to ta l coliform s and E. coli

T ypical red  co lo u r co lonies w ith  m etallic sheen on M -endo m edium  w ere  counted  as total 

co liform s. B o th  p ink /red  colour colonies w ithout m etallic sheen w ere also considered  as 

total co lifo rm s. P resence  o f  atypical colonies w hich were cream  or w hite  in  co lou r w as 

recorded . I f  any  background  grow th w as observed it was also recorded. B lue co lour 

co lon ies fo rm ed  on  M -FC  m edium  w ere counted as E. coli colonies. A typical co lon ies o f  

d ifferen t co lours  w ere also recorded. B oth  total coliform  and E. co li coun ts w ere 

converted  in  to  co lony  form ing units (cfu)/cells per 100 ml o f  w ater.

m -C oliB lu e24  m eth od  (H ach, 2000)

A pprop ria te  vo lum es and dilutions o f  w ater sam ples were filtered  through  the m em brane 

filter as d escribed  in 2 3 .2 .2  and the m em branes w ere placed on  pre sterilized  absorben t 

pads sa tu ra ted  w ith  2.5 m l o f  m -C oliB lue24 (pre prepared) m edium  (H ach. 2000). Since 

the ab so rb en t p ad  w as not fully soaked w ith the  m edium  it w as fu rther soaked by  using 

sterilized  d istilled  w ater (about 1 m l) and w ere incubated at 36 ±  1 C (fo r 24 hours).
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E n u m eration  o f  to ta l coliform s and E. coli

T ypical red  co lou r co lonies and  blue colour colonies appeared on the m em branes w ere 

coun ted  and  recorded  as total coliform s (red + blue colonies) and  E. coli (blue), in c fu  per 

100 m l o f  w ater.

2.3 .2 .3 . C on firm ation  o f  total coliform s and E. coli in M F m ethods

20 %  o f  selec ted  typical colonies form ed on M -endo and m -C oliB lue24 m edia  w ere 

confirm ed  fo r total coliform s. T est w as perform ed by using the conventional total 

co liform  confirm ational test, by  inoculating small portions o f  colonies in to  B G L B  tubes 

and in cu b atin g  a t 37 °C for 24-48 hours. Form ation o f  gas in  the D urham  tube  w as 

considered  as positive  total coliform  confirm ed tests. In addition to typical colonies, 

a typical co lon ies and  background grow th on M -endo also w ere checked fo r confirm tion  

using  the  sam e procedure.

S im ilarly  20  %  o f  typical colonies form ed on M -FC and m -C oliB lue24 m edia  w ere 

subjected  to  confirm ation . In confirm ation, small portions o f  blue colour co lonies form ed 

on M -FC  and  m -C oliB lue24 m edia w ere inoculated in to peptone w ater and incubated  at 

37 °C fo r 24h. 0 .2-0 .3  m l o f  K ovac’s reagent w ere added to the pep tone cu ltu re  and

m ixed  gen tly . Im m edia te  appearance o f  a  red  colour in the upper layer w as recorded  as a 

positive  indo le  reaction  fo r the confirm ation o f  E. coli. A typical colonies and background 

grow th  fo rm ed  on M -FC  m edium  w ere also confirm ed for E. coli.

C on firm ation  rates

C onfirm ation  R ate o f  each  m ethod w as calculated as follows;

M PN  C o n firm atio n  rate  =  N um ber o f  positive confirm ation tubes x 100 ............. (a)
N um ber o f  positive presum ptive tubes

M F C onfirm ation  ra te  =  N um ber o f  positive confirm ation tests x 1 0 0 ............. (b)
N um ber o f  colonies tested for confirm ation



2.3 .3 . S ea so n a l varia tion  o f  bacterial counts

V aria tion  o f  bacte rio log ica l counts w as recorded in  relation to the rainfall and  

tem pera tu re  v a ria tio n  during  the experim ental tim e period.

2.3 .4 . C o st com p arison  am ong different m ethods

C hem ical cost, p reparation  tim e, equipm ent and glassw are requ irem ent and  labour 

hours w as  calcu la ted  fo r each m ethod  and a  com parison w as m ade (The cost da ta  are 

for the  years  2007-2009).
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2.4. R E S U L T S

2.4.1. B a cter io log ica l counts obtained w ith  different m ethods o f  analysis

Total co lifo rm  and E. co li counts present in  each sam ple, collected from  d ifferent sources 

w ere o b ta in ed  by  averag ing  the counts o f  two replicates w hen analyzed  by  d ifferen t 

m ethods a t each  sam pling  tim e (different m onths). Table 2.5 show s the m ean total 

co lifo rm  co u n ts  ob ta ined  throughout the experim ental period by d ifferen t m ethods, w hen 

all the  w a te r  sources w ere grouped together. M ean (arithm etic) values w ere obtained  by 

d iv id ing  th e  sum s o f  counts in each m ethod by, the num ber o f  sam ples w ith  valid  results.

Table 2.5 Sum m ary o f  total coliform  counts in all water types by different m ethods 
(P relim inary study)

M ethod T o ta l n u m b er o f  

an a lysis  (#  =  600)

*M ean o f  total 

coliform  counts 

(cfu /100 ml)

Standard M in im um  M axim um  

Deviation (cfu / 100 m l)

SLS 40 x 2 <b=8) 1.1 xlO* ±  3.4 x 104 2.5 1.9 x 10s

APHA 40  x 2 (a=2>b=6> 1.5 x  105 ±  5.0 x 104 2.2 2.5 x 105

C olilert 46 x  2 (a=2) 3.1 x  105 ±  7.9 x 104 0.55 3.4 x 106

M -endo 38 x 2 (a=5’b==5) 3.9 x  105 ±  1.1 x 10s 0.5 6.6 x 106

M -coli 43 x  2 (a=5) 2.7 x  10s ±  5.0 x 104 6.0 1.9 x 106

T otal num ber o f  sam ples (N) =  600; (sources — 5; replicates — 2); (m ethods — 5); trials — 12 
Tap w ater sam ples ( 1 2 x 2 )  excluded (duo to lack o f  contamination)
N um ber o f  sam ples included in analysis n  =  48 (60 — 12) 
a=  m issing values due to  too numerous to count (TNTC) values 
b =  m issing values due to experimental errors 
* =  arithm etic m ean

A lthough  600  num bers o f  analyses w ere done for total coliform  bacteria , the to tal events 

could n o t b e  inc luded  in  data  analysis due to several reasons. A s depicted  in the tab le 2.5, 

only 414  analy tica l da ta  w ere used in the analysis. This w as due to  excluding  tap  w ater 

sam ples (12 x  2), as contam ination  by  coliform  bacteria  was absent in the sam ples tested  

th roughou t th e  experim ental tim e. In  a few  cases, the counts w ere no t readab le  due to too
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num erous to  co u n t values ( ). In such cases, all the  tubes w ere positive  in M PN  m ethods, 

or the  p la tes  w ere  overgrow n by  coliform  bacteria  in  M F m ethods. In a few  o ther cases, 

the p lates w ere  covered  b y  background grow th as a m at. Further, in  o ther p la tes, a typ ical 

colonies w ere  overg row n on  typical colonies, m aking it d ifficult to  coun t typical colonies. 

Such observ a tio n  cou ld  also be due to selection o f  low er d ilu tions fo r the analysis. I f  

further d ilu tions w ere  done, countable num bers o f  tubes and co lonies cou ld  have  been  

obtained. In  a  few  o th er sam ples, the counts w ere not readable possib ly  due to  som e 

experim ental erro rs (b) such as m edia perform ance problem s (d ifferences observed  w ith  

the recom m ended  pH  values, recom m ended am ounts o f  m edium , etc.,) and  the quality  o f  

d istilled  w a te r u sed  in  the  laboratory, experienced at the beginning o f  the  experim ents. 

The above experim en tal errors w ere overcom e in the subsequent studies.

D ata o b ta in ed  fo r to tal coliform  bacteriological counts in w ater sam ples w ere d ifferen t 

w hen analyzed  by  five different m ethods (Table 2.5). Zero counts ob ta ined  by  tap  w ater 

(th roughout th e  study  period) and  few  bottle  w ater sam ples w ere excluded  in the analysis. 

B oth m in im u m  (fo r bo ttle  water) and m axim um  countable to tal co lifo rm  values w ere 

ob tained  b y  M -endo  m edium , in  com parison to other m ethods. W hen  considering  the 

m ean to ta l co lifo rm  counts in all w ater sources, SLS m ethod gave the m in im um  num bers 

(1.1 x 105), w h ile  the m axim um  was obtained by  M -endo m ethod (3.9 x 105) (T ab le  2.5).

T he d ifferences o f  a lternative m ethods com pared to  the reference SL S-M TF m ethod  w as 

statistically  an alyzed  using  L east Squares M ean separation test as described  in the  section

2.4.1.2.

T able 2 .6  sh o w s the  m ean  E. co li counts obtained throughout the  experim ental tim e by  

d ifferent m ethods, w hen  all the w ater sources were grouped together.

M inim um  E. co li  counts w ere obtained by  A PH A  m ethod and the  m ax im um  w as recorded  

by M -F C , in  com parison  to  the  o ther m ethods. W hen considering the m ean  E. co li counts 

in all w a ter sources, SLS m ethod gave the m inim um  counts (4.4 x 10 ), and  the m axim um  

o f  1.5 x  105 w ere  obtained  by  the two enzym atic m ethods C olilert and  m -C oliB lue24  

(Table 2 .6).
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Table 2.6 Sum m ary o f  E. co li counts in all water types by different m ethods (P relim inary study)

M eth od s T o ta l n u m b er  o f  

an alysis  

(#  =  600)

*M ean E . co li 

counts  

(cfu /100 ml)

Standard

D eviation

M in im u m  M a x im u m  

(c fu / 100 m l)

SLS 40 x 2 (b=8) 4.4 x 104 ±  2.4 x 104 4 .0 1.3 x 10s

APHA 40  x  2  (a=4, b==4) 9.6 x 104 ±  3.4 x 104 1.0 1.4 x  105

C olilert 46  x  2 (a=4) 1.5 x 105 ± 3 .1  x 104 4.1 1.1 x 106

M -FC 38 x 2 (a=5>b=5) 8.7 x  104 ± 2 .8  x 104 86.0 1.2 x  106

M -coli 43 x  2 (a=5) 1.5 x 105 ±  5.0 x 104 12.5 1.0 x  106

T otal num ber o f  sam ples (N)= 600; (sources=5); (replicates 2); (m ethods = 5); trials = 1 2  
T ap  w ate r sam ples ( 1 2 x 2 )  excluded (duo to  absence o f  contam ination)
N u m b er o f  sam ples included in analysis n  =  48 (60 — 12) 
a =  m issing values due to too numerous to count (TNTC) values 
b = m issing  values due to experim ental errors 
* =  arithm etic  m ean

2.4.1.1. B a cter io lo g ica l counts in  d ifferent sources by different m eth od s

To study  th e  m e th o d  perfo rm ance in  re la tion  to  d ifferent w ater source, th e  counts o f  bo th  

bacterial ty pes de tec ted  b y  d ifferent m ethods w ere considered separa te ly  fo r each  w a ter 

source and  an a ly zed  separately.

T otal co lifo rm  cou n ts in d ifferent sources by d ifferent m ethods

A s d esc rib ed  b e fo re , there  w as no total co liform  contam ination  in  tap  w a ter sam ples, 

th roughou t th e  experim en ta l tim e period. T otal values o f  the total co lifo rm  counts d e tec ted  

in d iffe ren t so u rce  w a te r types, th roughout experim ental tim e period , w hen  analyzed  b y  

five d ifferen t m eth o d s, are presented  in F igure 2.1. M eans, S tandard  dev iations, m in im um  

and the  m ax im u m  co u n ts  in d ifferen t w ater sources by  different m ethods are  dep ic ted  in 

Table 2 .7

B ottled  w a ter  sam p les: T otal co liform  counts varied  from  0 — 3.3 x 10 cfu /100  m l in 

rep licate  coun ting . T o tal counts w ere d ifferently  enum erated by  fiv e  m ethods. T h e  

m inim um  c o u n tab le  value w as detected  by  A PH A  (1.1 x 10 cfu /100  m l), and  the 

m axim um , b y  m -C o liB lue24  (4.9 x 102 cfu/100 m l). m -C oliB lue24 m ethod  enum erated
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m ore th an  25 tim es h ig h e r coun ts  than  th a t o f  th e  SLS and  A P H A  m eth o d s (F ig u re  2 .1-a). 

S im ilarly , th e  h ig h e s t m ean  counts w ere  detec ted  b y  m -C oliB lue24  m eth o d  w h ich  is 40  

tim es h ig h e r th an  th a t o f  th e  SLS and  A P H A  m ethods (T ab le  2.7).

W ell w a ter  sa m p les: T o ta l co lifo rm  counts ran g ed  from  1.1 c fu /100  m l (A P H A ) to  9  x 

103 c fu /100  m l (m -C o liB lu e2 4 ) during  the experim en tal tim e  period . M ean  and  to ta l 

counts w e re  h ig h es t in  m -C oliB Iue24  m ethod  com pared  to o ther m ethods. M ean  co un ts  

w ere nearly  10 tim es  h ig h e r (T ab le  2 .7 ), w h ile  to ta l counts w ere nearly  7 tim es h ig h e r 

SLS and  A P H A  m e th o d s  (F igu re  2.1-b).

R iver w a ter  sam p les: T h e  counts ran g ed  from  4.0 x 102 (A PH A ) to  1.0 x  106 (M -endo), 

during th e  an a ly s is . T h e  h ig h est m ean  counts w ere  g iven  by  m -C oliB lue24 , w h ich  w as 7 

tim es h ig h e r th a n  the  lo w est coun ts g iven  by  A P H A  and  SLS m ethods. T o tal coun ts g iv en  

by m -C o liB lu e2 4  m e th o d  w as 6 tim es h ig h er th an  the SLS counts (F igure  2 .1 -c).

E ffluent w a te r  sa m p les: T he h ighest total co lifo rm  counts w ere  de tec ted  in  e fflu en t 

sam ples an d  it ra n g e d  from  2.0  x  103 (SLS) to  6.6 x  106 (M -endo), du rin g  the analysis . 

The h ig h est an d  th e  lo w est m ean  counts w ere  detected  b y  SLS and  M -endo  (T ab le  2 .7 ), 

w hich w as n e a r ly  3 tim es  h ig h e r than  th e  SLS. T he h ighest total coun ts w ere  g iven  b y  M - 

endo, w h ich  w a s  n early  3 tim es h igher th an  the  low est SLS counts (F igure  2 .1 -c).

The d iffe ren ces  w ere  s ta tis tica lly  analyzed  and p resen ted  in the sec tion  2 .4 .1 .2 .
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Table 2.7. S u m m ary  o f  total coliform  counts in d ifferent w ater types by d ifferent m ethods  
(Prelim inary stu d y)

Source M eth o d s S a m p le  # M ean  tota l 

co liform  counts  

(cfu /100 m l)

S tan d ard

D evia tion

M in im u m  M a x im u m  

(c fu / 100 m l)

B ottle S L S 1 2 x 2 1.0 ±  1.6 0 9.0

A P H A 1 2 x 2 0.9 ±  1.5 0 5.5

C o liler t 1 2 x 2 (a=1> 1.9 x 10 ± 5 . 4 x  10 0 1.9 x  102

M -en d o 1 2 x 2  (a=3) 1.2 x  10 ±  2.5 x  10 0 8.2 x 10

M -co li 1 2 x 2 4.1 x 10 ±  9.1 x  10 0 4 .9  x  102

W ell S L S 12 x 2 5.3 x  102 ..±  6.8 x 102 5.0 1.8 x  103

A P H A 1 2 x 2 2.7  x  102 ± 4 .3  x  102 1.1 1.7 x 103

C o lile r t 1 2 x 2 1.7 x  103 ± 2 .1  x 103 8.0 1.6 x  103

M -en d o 12 x  2  (a=3) 3.1 x  103 ±  3.6 x  103 1.3 x  102 7.0 x 103

M -colI 1 2 x 2  (a=2) 4.3  x 103 ± 6 .8  x  102 1.2 x 102 9.0 x  103

R iver S L S 1 2 x 2 2.3 x  104 ± 4 .4  x 104 7.0 x  102 1.6 x 105

A P H A 1 2 x 2 9.3 x  103 ±  9.9 x  103 4 .0  x 102 3.0 x  104

C o liler t 12 x  2(a=1) 9 .7  x  104 ±  1.4 x  105 4 .0  x  103 4.6 x  105

M -en d o 1 2 x 2  (a=3) 1.4 x  10s ±  3.0 x  105 8.0 x 103 1.0 x 106

M -co li 12 x  2  (a=1) 1.8 x 105 ±  3.1 x  105 1.5 x  104 1.0 x 105

E ffluent S L S 12 x  2 (a=2> 4.5 x  106 ±  5.9 x 103 2.0  x 103 2.5 x 106

A P H A 12 x  2 (a=1) 7.1 x  105 ± 9 .1  x 105 4.0  x  103 3.2  x 106

C o lile r t 12 x  2 (a=2) 1.3 x  106 ±  1.2 x  106 9.0  x  103 4 .6  x  106

M -en d o 1 2 x 2  (a=3) 1.4 x  106 ± 2 .1  x 106 3.0  x  104 6.6  x 106

M -co li 1 2 x 2  (a=,) 8.9 x  105 ±  6.2 x  105 2 .0  x 104 2.0  x  106

a~  m issing values d u e  to  too  num erous to count (TNTC) values m issing values due to
experim ental errors
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8

£

M eth o d s

W

(a) Bottle water
(b) Well water
(c) River water
(d) Effluent water

Figure 2.1 Total values of total coliform counts (log l0 values) in different w ater sources obtained by 
five different w ater testing methods (Prelim inary study)
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T h ere  w as no E. co li contam ination  in  tap  w ater sam ples, th ro u g h o u t the  experim en ta l 

tim e. T o ta l E. co li coun ts de tec ted  in d ifferent source w aters th ro u g h o u t the experim en ta l 

tim e  w ere  p lo tted  in F igure  2.2 a-d. Sum m ary ofi? . co li counts are  g iven  in  T ab le  2.8.

B ottled  w a ter  sam ples: E. coli w ere presen t in on ly  3 occasions and  d e tec ted  b y  on ly  tw o  

m e th o d s (C o lile rt and  M -F C ) throughout the experim ented  tim e fram e  and  the counts 

ran g ed  from  0 — 1.5 x  102 cfu/100 m l in rep licate  counting. M ean  counts and  the  to tal 

co u n ts  w e re  h igher in M -FC  than  in  C olilert (T able 2.8 and  F ig u re  2.2 a). S ince  m - 

C o liB lu e2 4  p la tes show ed  too num erous counts, ob tain ing  v a lid  data  w as no t p o ssib le  fo r 

analy sis . In  con trast, bo th  A P H A  and the SLS m ethods w ere un ab le  to  de tec t any  E. co li 

b ac te riu m , p resen t in bo ttle  w ater sam ples th roughout the p re lim inary  study.

W ell w a ter  sam ples: E. co li counts ranged from  1.0 c fu /100  m l (C olilert) to  6 x 102 

ce lls /c fu /1 0 0  m l (M -co lib liue-24) during the experim ental tim e  period . H ighest and  the  

lo w est m ean  counts w ere recorded  m -C oliB lue24 and SLS resp ec tive ly  (T ab le  2 .8 ). T he 

lo w est to ta l counts w ere  recorded  by  A P H A  and SLS, w hile  th e  h ig h est w as g iv en  by  m - 

C o liB lu e2 4  (F igure 2 .2-b).

R iv er  w a ter  sam ples: T he counts ranged from  4 .0  x 102 (A P H A ) to  1.0 x  105 (M -FC ), 

du ring  the  analysis. T he h ighest and the  low est m ean  counts w ere  g iv en  b y  SLS and M ­

FC  resp ec tiv e ly  (T ab le  2.8). T o tal counts w ere also  h ighest in  M -FC  m ethod , w h ile  SLS 

sho w ed  the  low est coun t (F igure 2.2-c).

E fflu en t w ater  sam ples: T he h ighest E. co li coun ts w ere a lso  reco rd ed  from  effluen t 

sam ples an d  it ran g ed  from  2.0 x 103 (SLS) to  4 .0  x 106 (m -C oliB lue24), du ring  the  

analy sis . T h e  h ighest and the  low est m ean  counts w ere detec ted  b y  m -C o liB lu e2 4  and 

SLS (T ab le  2 .8) respectively . T he h ighest and the  low est to ta l counts w ere a lso  detec ted  

b y  m -C oliB lue24  and SLS m ethods respectively  (F igure 2.2-d).
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T able 2.8 Sum m ary o f  E  coli counts in different w ater types by different m ethods (P relim inary study)

S ou rce M eth od s Sam ple #  M ean E . co li 

counts  

(cfu /100 m l)

S tandard

D eviation

M in im u m  M a x im u m  

(cfu / 100 m l)

B ottle S L S 1 2 x 2 0 0 0

A P H A 1 2 x 2 0 0 0

C o liler t 1 2 x 2 1.1 ± 2 .9 1.1 6.9

M -F C 1 2 x 2 1.9 x 10 ± 4 .5  x 10 8.6 x 10 1.5 x 102

M -co li 1 2 x 2  (a=2) - - 0 -

W ell S L S 12 x 2 (b=3) 6.5 x 10 ±  5.8 x  10 1.8 1.3 x  10

A P H A 1 2 x 2  <a=1) 6 .7  x  10 ±  5.0 x 10 3.5 1.8 x  102

C o liler t 12 x 2 (a=1) 1.2 x 10-2 ±  1.5 x 102 1.0 1.7 x  102

M -F C 1 2 x 2  (a=1’b=2) 3.2 x  10 ±  2.4 x 102 2.6 4 . lx  102

M -co li 12 x  2 (a=I) 2.3 x 102 ± 2 .8  x 102 5.0 x  10 6 .0  x 102

R iv er S L S 1 2 x 2  (b=3) 3.7 x  1 O'3 ± 3 .1  x  103 1.0 x  102 1.1 x  104

A P H A 1 2 x 2  (a=1’b=2) 4.5 x 103 ± 4 .7  x 103 4.0  x 102 1.4 x  104

C o liler t 1 2 x 2  (a=1) 6.6 x 103 ±  8.3x 103 9.0 x 102 2.8 x 104

M -F C 1 2 x 2  (a=2’b=2) 1.4 x  104 ±  1.1 x 104 3.0 x 103 1.0 x  105

M -co li 12 x  2 {a=1) 6.1 x  103 ±  5.2x 102 1.0 x 102 2 .0  x  104

E fflu en t S L S 1 2 x 2 ^ ^ " 3.4 x  10s ± 4 .2  x 103 2.0 x 103 1.3 x 10b

A P H A 1 2 x 2 {a=2lb=2) 4.8 x 105 ±  5.2 x  105 4 .0  x 103 1.4 x  106

C o liler t 12 x  2 (a=2) 4.5 x 10s ± 4 .2  x  105 2.3 x 103 1.1 x  106

M -F C 12 x  2 (a=2, *~iy 4.9  x  105 ±  6.1 x 10s 3.0 x 103 1.4 x  106

M -co li 12 x  2 (a=1) 5.9 x 105 ±  7.6 x 105 3.0 x  103 4 .0  x  106

a=  m issing  values due to too numerous to count (TNTC) values 

b =  m issing  values due to experim ental errors
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(a) B ottle w ater
(b) W ell w ater
(c) R iver w ater
(d) E ffluents

F igure 2.2 T otal E. coli counts (log i0 values) in d ifferent w ater sources
w ater testing m ethods (Prelim inary study)

M —coli

obtained  by five d ifferent

T h e  d ifferences w ere statistically  analyzed  and  p resen ted  in  th e  section  2 .4 .1 .2 .
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2 .4 .1 .2 . S ta tistica l analysis

SA S System  fo r W indow s V 8 softw are (SAS Institu te  Inc., SA S O nline  Doc®’ V ersion  8, 

C ary , N C ) w as used  fo r statistical analysis o f  data.

A n alysis  o f  v a r ian ce  am ong source w ater typ es in d etectin g  total co liform s and  

E . c o li :

T o  test w h e th er the  source w ater types used  in  the study w ere  d ifferen t o r n o t (w ith  

resp ec t to  con tam ination  level), the data w ere analyzed using  G enera l L in ea r M odel 

(G L M ) test. T he N u ll H ypothesis used  w as, ‘T here  is no e ffec t from  source w a te r  types, 

on  bacte rio log ica l co u n ts’. I f  the probability  values (p) ob ta ined  w ere, p  <  0 .05 , the  

d ifferences w ere  considered  statistically  significant. F o r analysis, bo th  to tal co lifo rm  and  

E. co li coun ts ob ta ined  fo r d ifferent w ater sources, during  the  w ho le  experim en tal tim e  

p eriod  w ere  considered  separately. Tap w ater source has been  excluded  by  the m odel, due 

to  zero  con tam inations. T he probability  values obtained fo r to tal co lifo rm  b ac te ria  and E. 

coli, w ere  <50.05.

A n alysis  o f  var ian ce  am ong different m ethods in  d etectin g  to ta l co liform s and  

E . c o li:

G enera l L inear M odel (G LM ) te s t w as used to  test w hether the  five m ethods u sed  in  the 

s tudy  w ere  sign ifican tly  d ifferen t o r not. T h e  N ull H ypothesis  u sed  w as, ‘T h e re  is no 

e ffec t from  m ethods used, on  bacterio logical co u n ts’. I f  the  p ro b ab ility  values (p) ob ta ined  

w ere , p  < 0 .0 5 , the  d ifferences w ere considered  statistically  sign ifican t. F o r an aly sis , bo th  

to ta l co liform  and  E. coli counts obtained by  five d ifferent m ethods, du rin g  th e  w ho le  

experim en tal tim e  period  w ere considered  separately . The p ro b ab ility  values ob ta in ed  fo r 

to ta l co lifo rm  b acte ria  and E. coli, w ere below  0.05.

M eth od  com p arison  for  the detection  and enum eration  o f  bacteria

T o ob ta in  the m ost reliab le m ethod, am ong the  five d ifferen t m ethods to  d e tec t and  

enum erate  bacteria , the  p robability  d ifferences o f  the d ifferen t m ethods w ere an a ly sed  by
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u sin g  L east S quares M ean Separation  T e s t T he analysis w as perfo rm ed  as a p re -p lan n ed  

test, b y  co m p arin g  four a lternative  m ethods w ith  the SL S-M TF reference  m ethod . F o r the  

analy sis , all w a te r types w ere g rouped together and  b locked. T h e  m ean  v a lu es  o f  five  

m eth o d s w ere  com pared  by  using  C om plete R andom ized  B lock  D esign  (C R B D ), to  

observe  w h e th er th e  a lternative  m ethods used w ere s ign ifican tly  d ifferen t w ith  th e  SL S- 

M T F  refe ren ce  m ethod  in  enum erating  both  bacteria l types separately .

C o m p a riso n  o f  a ltern ative  fou r  m ethods w ith  the reference S L S -M T F  m eth od  for  th e  

d etectio n  o f  b acteria

R eferen ce  S L S -M T F  m ethod  w as com pared w ith  the  four a lte rn ativ e  m eth o d s b y  u sing  

L east S quares M ean  Separation  Test fo r the  detection  and  en um eration  o f  the  to ta l 

co lifo rm  b ac te ria  and  E. co li p resen t in all w a ter types. The d ifferences w ere  considered  

s ta tistica lly  sign ifican t, in  cases w here the  p-value w as <0 .05 . B o th  C F U  and  M P N  resu lts  

w ere  tran sfo rm ed  in  to logarithm ic values for statistical analysis. R esu lts  are  su m m arized  

in  T ab le  2.9.

A cco rd in g  to  th e  p -va lues in  the  tab le 2.9, th ree m ethods (C olilert, N W S & D B  and  m - 

C o liB lue24 ) w ere  sign ifican tly  d ifferent w ith  the  SLS-M TF re fe ren ce  m eth o d  in  d e tec ting  

b o th  to ta l co lifo rm s and  E. co li, w hen all w ater sources w ere g rouped  together. H ow ever, 

A P H A  m eth o d  d id  n o t show  significant d ifferences in de tec ting  to ta l co lifo rm s o r E. coli, 

w h en  all w a te r sou rces w ere g rouped  together.

T able 2.9 R esults o f  the least squares mean separation test to com pare alternative m ethods w ith  SLS- 
M T F reference m ethod  (Prelim inary study)

C om p arison p-value for  com p arison  w ith  SL S  

T otal coliform s E. coli

SL S /A P H A 0.8226 0.1436

S L S  /C o lilert 0.0025* 0.0002*

SL S /M -en d o 0.0014* < .0001*

SL S /M -coliB lu e24 <.0001* < .0001*

* p <0.05
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C om p arison s o f  b acterio log ica l counts in  d ifferent w ater sources

T he d ifferences o f  alternative four m ethods in  com parison  to the reference  S L S -M T F  

m ethod  in d ifferen t sources, w as perform ed separately  by using the sam e m ean sep ara tion  

test (T ab le  2 10). In analysis, each  w ater source w as blocked and analyzed  separa te ly  by  

using a  com ple te  random ized  b lock  design. The d ifferences w ere considered  s ign ifican t 

w hen p < 0 .05 .

T ota l co liform  counts in  d ifferent w ater sources

A s d ep ic ted  in  the  T ab le  2.10, C olilert, SLS-M F (M -endo m edium ) and  m -C o iB lue24  

m ethods w ere  significantly  d ifferent w ith  the reference SL S-M TF m ethod in de tec ting  

total co lifo rm  bacteria  in bottle  w ater, w ell w ater and river w a ter sources. A PH A  m ethod  

w as no t sign ifican tly  d ifferent w ith  the reference m ethod in detec ting  total co lifo rm s in 

any o f  the w ater sources tested. In effluent sam ples, only m -C oiB lue24  m ethod  show ed  a 

s ign ifican t d ifference w ith  the reference m ethod. A ll other a lternative m ethods sh ow ed  no 

sign ifican t d ifference  w ith  SLS-M TF m ethod in detecting very  high  concen tra tions o f  

total co lifo rm  counts in effluent sam ples.

E. co li cou n ts in  d ifferen t w ater sources

In b o ttle  w a ter sam ples, C olilert and SLS-M F (M -FC  m edium ) m ethods w ere s ign ifican tly  

d ifferen t w ith  the SL S-M TF reference m ethod fo r enum erating  E. co li (T ab le  2 .10). 

H ow ever, m -C oiB lue24  m ethod w as no t included in the statistical analysis, due  to too 

num erous to count (T N TC ) colony num bers w ere observed on plates. In  w ell w a ter 

sam ples, all the a lternative m ethods, except A PH A  m ethod detec ted  sign ifican tly  h ig h er 

counts o f  E. co li than  the SLS-M TF reference m ethod. In river w ater sam ples M -FC  and 

m -C o iB lue24  m ethods w ere significantly  different at 95%  confidence  levels (p< 0 .05), 

w h ile  the C olilert m ethod w as significantly  d ifferen t w ith  SL S-M TF, a t 9 0 %  o f  

confidence  level (p<0.1). APA w as not significantly  d ifferent w it SL S-M TF. In e fflu en t 

sam ples, on ly  tw o enzym atic  m ethods C olilert and  m -C oiB lue24 w as ab le  to d e tec t E. co li 

coun ts at s ign ifican tly  h igher levels than the SL S-M TF m ethod, w hile  the A PH A  and the
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S L S -M F  m ethods w ere  not significantly  d ifferent w ith  the  re ference  m ethod  in d e tec tin g  

E. co li.

T able 2.10 R esults o f m ean separation test for com parison o f  four m ethods with SL S-M T F reference  
m ethod for enum eration  o f bacteria in different sources (Prelim inary study)

W a ter

so u rce

C om parison p -valu e for com p arison  w ith  S L S  

T ota l co liform s E . co li

B o ttle

S L S /A P H A 0.1714

SL S/C olilert 0 .0100* 0.0009*

SL S/M -endoV M -FC 2 0.0003* < .0001*

S L S /M -coliB lue24 0.0016* -

W ell

S L S/A PH A 0.3049 0 .2134

S L S /C olilert 0 .0064* 0.0104*

S L S /M -endo1/M -F C 2 0.0001* < .0001*

SL S/M -coliB lue24 < 0 0 0 1 * < .0001*

R iv e r

SL S /A P H A 0.4512 0.7593

S L S /C olilert 0 .0016* 0 .0928**

SL S/M -endo  VM F-C2 0.0055* < 0 0 0 1 *

S L S /M -coliB lue24 < .0001* 0.0003*

E fflu en t

S L S/A PH A 0.7253 0.7238

S L S/C olilert 0 .1220 0 .0259*

SL S/M -endoV M -FC 2 0.3591 0 .1229

S L S /M -coliB lue24 0.0427* 0 .0008*

* *  p <0.1 1 M -endo m edium  -  fo r total coliform s 2 M -FC m edium  -  for E. coli
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S im p le  lin ear  m od el fo r  analyzing the relationsh ips betw een S L S  and  the o th er  

a ltern ative  m eth od s

T he re la tio n sh ip s  b e tw een  d ifferen t alternative m ethods w ith  the SL S-M T F reference  

m ethod , w as an aly zed  by  using the Sim ple L inear M odel test. T he re la tio n sh ip  w as 

ob ta ined  by , y  =  m x + c  equation and the relationship  w as considered  e ffic ien t w h en  the 

R 2 v a lue  w as c lo ser to  1.0.

S im p le  lin ea r  re la tion sh ip s betw een SLS and th e  o th er a ltern ative  m eth o d s in 

d etectin g  to ta l co liform  bacteria

T he lin ea r re la tionsh ips betw een  SLS-M TF reference m ethod w ith  the o ther a lte rn a tiv e  

m ethods are  show n  in  F igure  2.3. A s depicted in  the F igure  2 .3-a , a lthough  there  is a 

linear re la tio n sh ip  b e tw een  SLS-M TF and A PH A  (R2 = 0 .9526), the counts o b ta in ed  by 

A P H A  are  low er th an  th e  SLS counts (y = 0.866x). In  con trast, all the  o ther a lte rn a tiv e  

m e th o d s show ed  sign ifican tly  positive linear re la tionships w ith  the  re ference  S L S -M T F  

m e th o d  (F igure  2.3 —b, c, d and e respectively  fo r C olilert, M -endo  and m -C o iiB lue24  

m ethods). A m o n g  them , the m ost efficient positively  sign ifican t re la tionsh ip  w as observed  

b e tw een  S L S -M T F  and  the m -C o!iB lue24 m ethod, having  a R 2 value  o f  0 .9463 , w h ich  

m eans th a t the  v a ria tio n  o f  SLS counts could  explain  the varia tion  o f  C o lile rt coun ts  by  

m ore  than  94  %  accu racy  and m -C oliB lue24 could detect 1.8333 tim es h ig h er coun ts  (y =  

1 .8333x), th an  the SL S-M T F counts. M -endo m edium  also  cou ld  d e tec t 1.3693 tim es 

h ig h er coun ts  than  SL S- M TF. H ow ever the h ighest total co lifo rm  counts co u ld  be  

ob ta ined  b y  th e  C o lile rt m ethod, w hich w as 3 .2447 tim es h ig h er than  the S L S -M T F

counts.
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(a)

T ota l co liform  counts by SLS (c fii/100  m l)

(b)

200000 400000 600000 800000 1000000 1200000 1400000j

S L S  (c lu / 10 0  m l)
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(c)

(d)

0 100000  2 0 0 0 0 0  3 0 0 0 0 0  4 0 0 0 0 0  5 0 0 0 0 0  6 0 0 0 0 0

Total coliform  counts by SLS (cfu /100 ml)

(a) —SLS/A PH A
(b) —SLS/C olilert
(c) —SLS/M -endo
(d) —SLS/M -coli

Figure 2.3 Sim ple L inear M odel for com paring SLS and alternative m ethods for detecting total

conforms (Prelim inary study)



Sim ple lin ea r  rela tion sh ip s betw een SL.S and the other a ltern ative  m eth od s in  

d etectin g  E. coli

T he lin ea r re la tio n sh ip  betw een  SLS-M TF reference m ethod w ith  the o ther a lte rnative  

m ethods a re  sh o w n  in F igu re  2.4. In contrast to  to tal eoliform  detec tion , all the  a lte rnative  

m ethods in c lu d in g  A P H A , show ed positive linear re la tionships w ith  S L S -M T F  m eth o d  in 

de tec ting  E. co li  b ac te ria  F igure 2.7 - a, b , c and  d  fo r A PH A , C olilert, M -FC  and  m - 

C o liB lue24  respec tive ly ). A m ong them  the m ost effic ien t m odel w as show n b y  C o lile rt 

and  S L S -M T F  h av in g  a R 2 o f  0 .9911, w hich  m eans tha t 99%  o f  the SLS varia tion  cou ld  

explain  the  v a ria tio n  o f  C o lilert counts in the relationship  y  =  1,833x. F urther, the  h ig h est 

counts w ere  d e tec ted  b y  the  m -C oliB lue24 m ethod, .w hich w as 2 .27  fo ld  h ig h er th an  tha t 

o f  th e  S L S -M T F  counts.

(a)

E. coli counts by APHA (cfu/100 ml)
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(b)

E. coli counts by SLS (cfu/100 ml)

(c)
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(d)

(a) —SLS/A PH A
(b) —SLS/C olilert
(c) —SL S/M -endo
(d) —SLS/M -coli

F igure 2.4 S im ple L inear M odel for com paring SLS and alternative m ethods for detecting E. coli
(Prelim inary study)

2.4 .2 . C on firm ation  rates o f  bacteria  in d ifferent m ethods

2 .4 .2 .1 . C o n firm ation  rates o f  to ta l coliform s

C o n firm atio n  ra tes  fo r to ta l coliform  bacteria  w ere  obtained  as described  in th e  section  

2 .3 .2 .3  u n d e r  M ateria ls  and  M ethods. In  the th ree M PN  m ethods (SLS, A P H A  and  

C olilert), confirm ation  rates w ere obtained by  using  num bers o f  p resum ptive ly  p o sitive  

to tal co lifo rm  tubes (P late2 .1) and  the  confirm ed num ber o f  to ta l co lifo rm  tu b es  (P late  

2 .2) as described  in  the  equation  (a) in section 2.3 .2 .3 . In  SLS and  A P H A  m ethods, all the 

p resu m p tiv e ly  po sitiv e  tubes and all the confirm ed positive  tubes w ere  included  in  the 

calcu la tion . H ow ever, in  C olilert m ethod, only  20 %  o f  the positive  yellow  tubes w ere  

used  fo r add itional confirm ation  test using  B G LB  m edium  (conventional co n firm atio n  

test) as desc rib ed  in  2 .3 .2 .1 . C onfirm ation test resu lts  o f  M PN  m ethods are show n  in 

T ab le  2.11 (a)
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In  M F  m e th o d s , a  p e rcen tag e  (20 % ) o f  typ ica l (P late  2 .3-a.) an d  a typ ica l c o lo n ie s  (P la te  

2 .3 -b .) w e re  u sed  fo r co n firm atio n  testing . A typ ical co lony  fo rm atio n  and  b a ck g ro u n d  

g ro w th  w e re  o b serv ed  o n ly  on  M -endo  m edium . T h e re  w as n o  such  o b serv a tio n  on  m - 

C o liB lu e2 4  p la te s  (P la te  2 .4 ). R esu lts  ob ta ined  a re  show n in T ab le  2.11 (b). T h e  w a te r  

so u rces  w e re  co n sid e red  to g e th e r in  confirm ation  testing .

A m o n g  M P N  m eth o d s , th e  h ig h est confirm ation  ra te  w as g iv en  b y  C o lile rt m e th o d  (92.8  

% .). A m o n g  M F  m eth o d s, m -C oliB lue24  m ethod  show ed th e  h ig h est to tal co lifo rm  

p e rc en ta g e  fro m  th e  to ta l b acte rio log ica l count. O n  the o th e r h an d , M -en d o  m ed iu m  

fo rm ed  a ty p ica l co lo n ie s  w h ich  w ere  a lso  confirm ed  as to ta l co lifo rm  b ac te ria . F u rth e r, 

the  d is tu rb in g  b a ck g ro u n d  g row th  appeared  on  M -endo  a lso  co n ta in ed  55 %  o f  to ta l 

co lifo rm  b a c te r ia  d ep ic tin g  th e  low  sensitiv ity  o f  M -endo  m ed iu m  in  d e tec tin g  to ta l 

co lifo rm  b a c te r ia  c o m p ared  to  the  m -C oliB lue24  m ethod.

T ab le  2.11 C on firm ation  test results for detecting total coliform s (P relim inary study)

(a) M PN M ethods

M eth o d T o ta l n u m b er  o f N u m b er o f  con firm ed C o n firm a tio n

p resu m p tiv e  tu b es tubes ra te  %

S L S 480 370 77 .0

A P H A 303 245 80.8

M eth o d N u m b er  o f  ye llow  tu bes N u m b er  o f  con firm ed C o n firm a tio n

u sed  fo r  con firm ation tu bes rate  %

C o lile r t 84 78 92.8
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(b) MF M ethods

M eth o d  N u m b er  o f  co lon ies used for  con firm ation  #  C o n firm ed  C o n firm a tio n

tests ra te  %
S L S -M F T y p ica l (red  m eta llic  sheen/red/pink) 108 88 81.4

(M -E ndo) A ty p ica l (cream ) 20 15 75.0

B ack g ro u n d  grow th 20 11 55.0

m -C o liB lu e2 4  T y p ica l re d 144 128 88.8

2 .4 .2 .2 . C o n firm a tio n  rates o f  E. coli

A m o n g  M P N  m eth o d s, E. co li positive  confirm ed tubes o f  SLS an d  A P H A  m eth o d s w ere  

n o t re co n firm ed  b y  the  conven tional Indo le  test, w here  as 20 %  o f  the  flu o rescen t E. co li 

p o s itiv e  tu b es  an d  1 %  o f  no n  fluorescen t tubes (P late  2 .5) o f  C o lile rt m e th o d  w ere  

reco n firm ed  fo r E. co li (using Indo le  test) (P late  2 .7). A m ong  M F m eth o d s [on M -F C  

(P la te  2 .6 ) an d  M -co lib lue-24  m edia], 20 %  o f  typ ical an d  a typ ical co lo n ies  w ere  

c o n firm ed  fo r E. coli. A typ ical co lony form ation  w as observed  on ly  o n  M -F C  m ed iu m  

(P la te  2 .8 ), w h ile  th e re  w ere  no  such  observations on  m -C oliB lue24  m ed ium . R esu lts  o f  

E. c o li co n firm a tio n  tests  are show n in  T ab le  2.12.

E. co li w e re  p re sen t in  80 .8%  o f  the  yellow  fluoresc ing  tubes in C o lile rt m ethod . 

H o w ev er, in ad d itio n  to  these  typical yellow  fluoresc ing  tubes, yellow , b u t n o n ­

flu o resc in g  tubes a lso  co n ta in ed  E. co li (25 %).

A m o n g  M F m eth o d s, m -C oliB lue24  show ed the h ighest E. co li ra te  be ing  93.5  %. 

H o w ev er, in M -F C  p la tes  atypical co lonies and backg round  g ro w th  w ere also  co n firm ed  

as E. c o li , in  ad d itio n  to  the typical b lue co lour co lon ies hav ing  a 67.2 %  o f  E. co li. T h is 

in d ica tes  th a t th e  M -F C  m edium  is less sensitive com pared  to  m -C o iiB lue24  m ed iu m  in 

de tec tin g  E. co li in w a te r  sam ples.
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(a) Positive tube w ith M ac C onkey broth Plate 2.2 C on firm ed  total co liform  tu b e

(b) Positive tube w ith  Lauryl tryptose broth

(c) Positive tube (y e llo w  colour) with Colilert medium

Plate 2.1 P resu m p tiv e ly  p o sitiv e  total coliform  tubes

red co lou r co lo n ies  
w ith  m eta llic  sheen

(a)
(a) Typical colonies (red with metallic sheen)
(b) Atypical colonies (cream colour)

cream colour  
colon ies

black colour  
co lo n ies

(b)

P late 2.3 T otal coliform  results on M -endo plates
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b lue co lo u r 
co lon ies

red co lo u r 
co lon ies

P late 2.4 m -ColiBlu24 plate with typical colonies

b lue  co lo u r co lon ies
yellow  colour  
colon ies

cream  co lo u r 
co lonies

(a) <b>

(a) Typical blue colour colonies

(b) Atypical colonies (yellow  and cream colour)

Plate 2.5 Fecal coliform results on M -FC plates
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Plate 2.6 £  co li positive C olilert tube Plate 2.7 Confirm ed E. coli test result (Indole reaction)
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Table 2.12 C o n firm a tio n  test resu lts  for d etectin g  E. c o l i  ( P r e l im in a r y  study)

(a) C olilert M e t h o d

N u m b e r  o f  tu b e s  u se d  fo r  N u m b e r  o f  C o n fir m a tio n

c o n f ir m a t io n  c o n f i r m e d  tu b e s  r a te  %

Y e llo w  w ith  f lu o re sc e n c e  68  5 5  80 .8

Y e llo w  w ith o u t f lu o re sc en c e  8 2  2 5 .0

b) M F M e t h o d s

M ethod N u m b e r  o f  c o lo n ie s  u sed  for  

c o n fir m a tio n

N u m b e r  o f  C o n fir m a tio n  

c o n fir m e d  te s ts  r a te  °/o

SL S -M F T y p ic a l (b lu e ) 5 8 39 67 .2

(M -FC ) A ty p ic a l (c ream ) 2 8 16 57.1

B a c k g ro u n d  g ro w th 2 7 10 37 .0

m -C o liB lu e2 4  T y p ic a l b lu e 7 8 73 93 .5

2.4 .3 . S e a so n a l v a r ia t io n  o f  b a c ter ia l co u n ts

2 .4 .3 .1 . S e a so n a l v a r ia t io n  o f  to ta l co lifo rm  c o u n t s

E ffect o f  r a in fa ll  o n  se a so n a l v a r ia tio n  o f  t o t a l  c o l i f o r m  co u n ts

A s sh o w n  in  F ig u re  2 .5 , m e a n  m o n th ly  ra in fa ll i n  K L an d y , v a ried  b e tw e e n  50 — 3 5 0  m m , 

(data o b ta in e d  d u r in g  a  n in e  y ea rs  tim e  p e rio d  from year 2000  to  2 0 0 8 ). T w o  d ry  sea so n s  

(ra in fall, <  1 5 0 m m ) fro m  M arch  to M ay  a n d  from O c to b e r  to  N o v e m b e r; a n d  tw o  w e t 

seasons (ra in fa ll  150 -350  m m ) from  Ju n e  to  September an d  D e ce m b e r to  F eb ru a ry  w e re  

observed  d u r in g  th e  e x p e r im e n te d  tim e  p e rio d . T o t a l  c o lifo rm  c o u n ts  in  each  w a te r  ty p e  

varied w ith  tim e  d u r in g  th e  12 m o n th s  p e rio d  (Figure 2 .5 .  a and b).
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(a)

(b)

(a) B ottle w ater and well w ater (b) R iver w ater and effluent w ater

F igure 2 .5  Effect o f  rainfall on seasonal variation o f  total coliform  bacteria

E ffe c t o f  tem p era tu re  on  season al variation  o f  tota l coliform  co u n ts

A s sh o w n  in  fig u re  2 .6 , variation  o f  m ean m onthly  tem peratu re  w as on ly  2 .16  °C , w ith in  a  

y e a r (d a ta  o b ta in ed  during  a  nine years tim e period  from  2000 to  2 0 0 8 ) in K andy . F rom  

M arch  to  Ju n e , tem pera tu re  values w ere  h igher (around 26 C  co m p ared  to  o th e r m onths
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(b e tw een  24-25  C). V ariation o f  to tal co liform  counts in d ifferen t so u rces in re la tio n  to  

tem p e ra tu re  v a ria tio n  is show n in F igure  2.6 (a  and  b).

(a)

10000

M ean  total coliform counts in bottle water and well w ater  
by all five methods (from February 2007 to M arch 2008)

^  ^ 3 ^  Vs* ^  ^  ^  ^flrrjgs^-^  — -— ^  ^  - - 20

Time (months)

I___ J well
t .. bo ttle  
—* — tem perature

(b )

M e a n  total coliform counts in river w ater and w astew ater effluent by all five 
m ethods (from February 2007 to M arch 2008)

10000000

1 -
tm  f H

£  S

13 ?  
H ^

1000000

100000
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1000

3>

Time (months)

1 effluent 
1 river
- tem perature

(a) B ottle w ater and w ell w ater (b) R iver w ater and effluent w ater

F igu re 2 .6  E ffect o f  tem perature on seasonal variation o f  total co liform  bacteria
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2 .4 .3 .2 . S ea son a l variation  o f  E. co li counts

E ffec t o f  ra in fa ll on seasonal varia tion  o f  E. co li counts

V aria tio n  o f  E. co li counts in d ifferen t sources in re la tion  to  ra in fa ll an d  tem pera tu re  

v a ria tio n  a re  sh ow n  in F igures 2 .7  (a and  b), and  F igure 2.8 (a  an d  b) respec tive ly .

(a)

M ean E .co li counts In bottle water and well water by all five methods 
(from February 2007 to March 2008)

1000 T----------------- — -------------------------------------------------------------------------------------------------------- T 350

c3O
S8ts

^  ^  ^  ^

Time (months)

1—1 bottle 
i i well 

■ —rainfall

(b)

(a) B ottle w ater and w ell w ater (b) R iver w ater and effluent w ater

F igure 2.7 E ffect o f  rainfall on seasonal variation o f  E . co li bacteria



79

(a)

(a) B ottle  w ater and w ell w ater (b) R iver w ater and  effluent w ater

F igu re 2 .8  E ffect o f  tem perature on seasonal variation  o f  E. c o li bacteria
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C o m p ariso n  o f  chem ical cost, p reparation  tim e, g lassw are req u irem en t and  lab o u r 

h o u rs  req u ired  fo r a d rinking  w ater sam ple and  a surface w a ter sam ple  b y  each  

m e th o d  is tab u la ted  in  T able  2 .13.

T o ta l co st req u ired  fo r analyzing  a  drinking  w ater sam ple and a su rface  w a te r sam p le  

b y  fiv e  m e th o d s  a re  show n in  F igures 2 .9  and 2 .10 respectively .

P ro p o rtio n  o f  costs  fo r analysing  a  drinking w ater sam ple b y  five  m eth o d s are  

d ep ic ted  in  p ie  charts  separately  (F igure 2.11- a and b for M T F  m eth o d s an d  M F 

m e th o d s resp ec tiv e ly ).

E lec tric ity  an d  lab o u r costs w ere  calcu lated  considering  the costs  fo r  a  m ed iu m  scale  

lab o ra to ry , w h ich  analyses abou t 20  sam ples p e r day.

A s d e p ic ted  in  tab le  2 .14  and fig u re  2.9, the least to tal cost fo r an a ly z in g  a d rin k in g  w ater 

sam p le  co u ld  b e  ob ta ined  b y  th e  cu rren t SLS-M F m ethod, w h ich  is seven  tim es less than  

th a t o f  th e  S L S -M T F  m ethod. m -C oliB lue24  m ethod  w as m ore  th an  tw o  tim es less  costly  

th an  the  S L S -M T F  m ethod. H ow ever, the  o ther tw o M PN  m eth o d s w ere  co stly  th an  the 

S L S- M T F  m e th o d  in analyzing  a d rinking  w ater sam ple.

S im ila rly  w h e n  considering  the  analysis o f  a surface w ater sam ple, S L S -M F  m eth o d  is the  

m o s t co st e ffec tiv e  m ethod  com pared  to all o ther m ethods. It is, fo u r tim es less  th an  SL S- 

M T F  m e th o d . C o lile rt m ethod  is tw o tim es less costly  th an  S L S -M T F  m e th o d  fo r 

an a ly z in g  a  su rface  w a ter sam ple, w h ile  o ther tw o  m ethods are  no t co st e ffec tiv e  than  

S L S -M T F . T h e  h ig h est cost is show n b y  the A P H A  m ethod (F ig u re  2 .10).

W h en  co m p arin g  th e  to ta l tim e requ ired  for a d rink ing  w ater sam p le  analy sis , th e  longest 

d u ra tio n  is  sh ow n  by  the tw o M T F m ethods, SLS and A PH A . T h e  sho rtest tim e  du ra tion  

is re q u ired  b y  th e  C o lilert m ethod, sim ilar resu lts w ere given fo r an a ly z in g  a su rface  w a ter 

sam p le  (T ab le  2 .13).
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A m o u n t o f  g lassw are  requ irem en t is m uch  h ig h er in both s tandard  M T F  m e th o d s  (SLS 

an d  A P H A ), com pared  to all o ther m ethods. T he  m inim um  am o u n t is o f  g lassw are  

req u ired  b y  the  ch rom ogen ic  m -C oliB lue24  m ethod  for bo th  d rink ing  w a ter an d  su rface  

w a te r an aly sis  (T ab le  2.13).

T able 2.13 C om parison  and cost analysis per sam ple by the use o f five d ifferent test m ethods 

(2007-2009)

SLS-M TF APHA C O LIL ER T S L S -M F M -C O L I

D S D S D S D S D S

C ost (Rs/=)

C hem icals 1479 2408 2532 3460 2500 1125 30 90 600 1800

M em brane filters 180 270 90 270

T im e/h rs .

Preparation  o f 2.5 2.5 2.5 2.5 1.5 1.5 1.5 1.5 1.5 1.5

glassw are 

P reparation  o f  

m edia

2.5 2.5 2.5 2.5 0.08 0.25 2.5 2.5 - -

Inoculation 0.16 0.25 0.16 0.25 0.08 0.24 0.16 0.48 0.08 0.24

R esu lts  reco rd in g 24 24 48 48 36 36

a. P resum ptive test 48 48 48 48

b. C onfirm ation  test 48 48 48 48

E lec tr ic ity  n eed ed  tim e/h rs.

Sterilizing

glassw are

1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Steriliz ing m edia 1.5 1.5 1.5 1.5 1.5

G la ssw a re  rea u ired

Tubes 22 30 10 30 10 30

Petri dishes 4 12 2 6

D - D rinking w ater S- Surface w ater



Figure 2.9 Total cost for analyzing a Drinking Water sample by five different methods

M ethods

Figure 2.10 Total cost for analyzing a Surface Water sample by different methods
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W h en  c o n sid e rin g  th e  p ropo rtions o f  each  cost item s fo r an a ly z in g  a  d rin k in g  w a te r  

sam p le , th e  h ig h e s t p ro p o rtio n  w as requ ired  fo r chem icals in  all fiv e  m e th o d s. 

H o w ev er, th e  ra te  o f  th is  p ro p o rtio n  v aried  am ong m ethods; th e  m in im u m  a n d  th e  

m a x im u m  w ere  reco rd ed  b y  SL S-M F and  C o lile rt m ethods re sp ec tiv e ly . C o lile rt 

m e th o d  w a s  le ss  lab o r-in tensive , com pared  to all o ther m ethods.

T able 2 .14  P rop ortion  o f  total cost per drinking w ater sam ple

M eth od

S L S -M T F  A P H A  C olilert S L S -M F M -co li

E lec tr ic ity /R s 15.00 15.00 3.00 3 .00 3 .00
S k illed  lab o u r/R s . 5.00 5.00 2.50 2 .50 2 .5 0
U n sk ille d  lab o u r/R s. 5 .00 5.00 2.50 5 .00 2 .5 0
C h em ica ls  +  (m em b ran e

filte rs  in  M F  m e th o d s) /R s 1454.00 2532.00 2500.00 21 0 .0 0 690 .00
T o ta l c o s t p e r  sam p le /R s 1479.00 2557.00 2508.00 220 .50 698 .00
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sk illed

SLS Method
unskilled  

lab o u r 
1%

ch em ica ls
96%

e le c tr ic ity
1%

APIIA  Method

j

i

sk illed

2%

unskilled
lab o u r

1% e le c tr ic ity
1%

ch em ica ls
96%

sk illed
lab o u r
0.4%

Colilert Method
unskilled

lab o u r
0.3%

e le c tr ic ity
0.3%

ch e m ic a ls
99%

(a) M PN  M ethods
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S L S -M F  M ethod
skilled
labour

1%

unskilled
labour

1% electricity 
2%

skilled

m -ColiBlue24 M ethod
unskilled

chemicals
97%

labour
electricity

1%

(b) M F M ethods

Figure 2. 11 Proportions o f  the total cost in five m ethods
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P A R T -B

C O M P A R IS O N  O F  SLS M E T H O D  F O R  W A T E R  T E S T IN G  W IT H  T H R E E  

O T H E R  A L T E R N A T IV E  M E T H O D S  F O L L O W IN G  T H E  IS O  C R IT E R IA  F O R  

C O M P A R IS O N  O F  B A C T E R IO L O G IC A L  M E T H O D S

2.5 . IN T R O D U C T IO N

A s d e sc rib e d  in  P art-A  (S ection  2 .10 ), m o st stud ies conducted  fo r  co m p ariso n  o f  m e th o d  

p e rfo rm a n c e  fo r de tec ting  and  en um erating  o f  co lifo rm  b ac te ria  w ere  m a in ly  b a se d  on 

s im p le  v a ria n c e  statistics. H o w ev er, as  N iem i e t al. (2001) su g g es ts  it is d iff icu lt to 

in tro d u ce  n e w  m eth o d s in to  ro u tin e  u se  w hen  th e ir va lida tion  d o e sn ’t co v er a ll ty pes o f  

sam p les  a n d  d iffe ren t techn ica l aspects. A s they  have fu rth er s ta ted  the ta sk  beco m es 

c o m p lic a te d  w h en  th e  ta rget g roup  o f  bac te ria  consists  o f  severa l sp ec ie s  as in  th e  case  o f  

co lifo rm s. H o w ev er, m any  m ethods used  w idely  in w a te r m ic ro b io lo g y  h a v e  n o t 

u n d e rg o n e  fu ll va lid a tio n  o f  th e ir  perfo rm ance  since m ost lab o ra to rie s  h av e  accep ted  

p e rfo rm an c e  c la im s in  p ub lished  sc ien tific  papers  o r from  m an u fac tu re rs  (S arto ry , 2005). 

A s h e  fu r th e r  d esc rib es  these  m ethods w ill no t perfo rm  as c la im ed  in  ev ery  la b o ra to ry  and  

fo r  ev ery  ty p e  o f  m atrix . T herefo re , v e rifica tion  o f  the c la im ed  p e rfo rm an ce , an d  w h ere  

a p p ro p ria te , d em o n stra tio n  o f  eq u iv a len t o r in ferio r/superio r p e rfo rm an c e  co m p ared  to  the  

m e th o d  in  c u rre n t u se  are req u ired  (S arto ry , 2005).

H o w ev e r, th e  g u id an ce  on  a ssessm en t o f  p erfo rm ance  ch arac te ris tic s  fo r w a te r 

m ic ro b io lo g ica l m ethods on  co m p arin g  the  p erfo rm ance  o f  tw o  m eth o d s is v e ry  lim ited . 

U S E P A  (1 9 9 5 ) h as  pub lished  a  p ro ced u re  fo r com parison  o f  tw o  p re sen ce /ab sen ce  (P /A ) 

m e th o d s  (U S E P A , 1995). T h ese  approaches h av e  been  su ccessfu lly  em p lo y ed  fo r P /A  

m e th o d s  w h e re  th e  resu lts  a re  sim ply  p o sitiv e  o r negative  and  o n ly  a  lim ited  se t o f  d a ta  is 

re q u ire d  fo r  s ta tis tica l analysis to  d em onstra te  su p erio r o r in fe rio r p e rfo rm an ce  o f  one  

m e th o d  a g a in s t ano ther. H ow ever, com paring  tw o  q u an tita tiv e  m e th o d s is m ore  

c o m p lic a te d  sin ce  d istribu tion  o f  m icrobes is n o t hom og en o u s. F u rth er, th e  s tag e  o f  

g ro w th , s ta te  o f  stress response an d  m etabo lic  sta tus at the  tim e o f  an a ly s is  w ill im p ac t on  

th e  re sp o n se  o f  ta rg e t bacte ria  in  quan tita tive  m ethods req u irin g  se lec tiv e  g ro w th . A ll 

th e se  fa c to rs  re su lt in  a s ign ifican t na tu ra l variab ility  in recovery  o f  m ic ro -o rg an ism s  from
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w ater w h ich  m u st be  taken  into account w hen devising  analy tical and  sta tistica l p ro to co ls  

for co m p arin g  quan tita tive  m ethods, particu larly  w hen  the num bers th a t are en co u n te red  

in ro u tin e  sam p les  ten d  to  b e  v ery  low , as in the case o f  d rink ing  w a te r m on ito ring  

(S arto ry , 200 5 ).

H ow ever, in  1980s o r early  90s there  w ere no pub lished  p rocedures fo r dem onstra ting  

eq u iv a len cy  b e tw een  various m ethods. Later, in the  year 2000, the  In te rna tiona l S tandard  

O rg an iza tio n  (ISO ) pub lished , a techn ical report on W ater quality -G u ide line  on  V alidation  

o f  M icro b io lo g ica l M ethods ([ISO/TR 13843). T he standard  describes the in fo rm ation  

req u ired  fo r  th e  d e riv a tio n  o f  the num erical and descrip tive spec ifica tio n s  o f  a  m ethod. 

T h ese  d ev e lo p m en ts  h av e  p rovided  a sound fram ew ork fo r the v a lid a tio n  and  verifica tion  

o f  p e rfo rm an ce  o f  new  m ethods p rio r to  adoption by a  w ater m ic ro b io lo g y  labora to ry  

(S arto ry , 2 0 0 5 ).

T he  IS O /T R  13843 (IS O  2000E) defines several term s;

a) P r im a ry  V alidation: an  exp lorato ry  process w ith the  aim  o f  estab lish in g  the 

o p e ra tio n a l lim its  and perform ance characteristics o f  a new , m od ified  o r o therw ise  

in ad eq u a te ly  characterized  m ethod.

b) S eco n d a ry  V alid ation  (“V erifica tion ”): w ill find o u t th e  su itab ility  o f  a  new  

m e th o d  in troduced  in to a  particu la r laboratory.

F o r v e rifica tio n  o f  m ethods, a num ber o f  natural sam ples, an alyzed  as sp lit 

sam p les  o r  rep lica te  d ilu tion  series w ith  duplicate  counting  w ere  req u ired  to  verify  

ex p ec ted  co u n ting  perform ance. T here w as no recom m endation  on  the n u m b er o f  

n a tu ra l sam ples that should  b e  analyzed  for verification  o f  p e rfo rm an ce, b u t abou t 

30, co v erin g  the  range o f  w ater types o r m atrices typ ica lly  an alyzed  b y  the 

lab o ra to ry , is reasonable.

c) C on firm ation : confirm ation  o f  ta rge t bacteria  are  essential and  IS O /T R  13843  has 

reco m m en d ed  th a t 100 p resum ptive  positives and up to  50 n o n -ta rg e t p resu m p tiv e  

iso la tes  shou ld  be verified  (using  appropriate  b io ch em ica l o r  sero log ica l 

p ro to co ls).
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P erfo rm ance c h a rac te ris tic s  re la te  to  th e  re la tive  p roportions o f  co lon ies o r  tubes assu m ed  

positive o r  n e g a tiv e  o n  th e  basis  o f  th e  first im pression  (presum ptive) co m p ared  w ith  the  

‘tru th ’ a f te r  v e rific a tio n . A fte r  n  v e rifica tio n  tests  h av e  been  m ade resu lts  a re  d iv id ed  in  to  

four ca teg o ries :

a) n u m b e r o f  p resu m p tiv e  p o sitiv es  found  positive  (true p o sitives)

b )  n u m b e r o f  p resu m p tiv e  neg ativ es  found  positive (false  negatives)

c) n u m b e r o f  p re su m p tiv e  p o sitiv es  found negative (fa lse  p o sitives)

d) n u m b e r o f  p resu m p tiv e  negatives found negative (true negatives)

F req u en cy  tab le

P resu m ptive

count

+ -

a  b a  +  b
C o n firm ed  cou n t

c d c +  d

a  +  c b  +  d n

P erfo rm a n ce  ch a ra c ter is tic s

1) s e n s it iv ity  =  a /(a  +  b), th e  frac tion  o f  the  to ta l positives co rrec tly  assigned  in  the  

p re su m p tiv e  co u n t
2) sp e c if ic ity  =  d /(c  +  d), the  frac tion  o f  the  to ta l negatives co rrec tly  assigned  in  the  

p re su m p tiv e  co u n t
3) fa lse  p o s it iv e  r a te  =  c /(a  + c ), the  fraction  o f  the o bserved  p o s itiv es  w ro n g ly  

a ss ig n e d
fa lse  n e g a tiv e  ra te  =  b/(b +  d), the  fraction  o f  the observ ed  neg ativ es  w ro n g ly

a ss ig n e d  [to tal no . o f  tests =  a +  b +  c +  d  =  n]

4) e ff ic ie n c y  E =  (a  +  d)/n  fraction  o f  co lon ies o r tubes co rrec tly  ass ig n ed
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T herefo re , ad o p tio n  o f  a  new  m ethod  in  a labora to ry  cou ld  only b e  reco m m en d ed  a fte r  the  

successfu l p e rfo rm an c e  o f  a new  m ethod  satisfy ing  the  verifica tion  exercise . If, th e  new  

m ethod w e re  to  rep lace  the  one a lready  b e in g  u sed  b y  a  laborato ry  it is reco m m en d ed  to  

assess th e  n ew  m eth o d  ag ainst the  cu rren t m ethod, and to genera te  v e rifica tio n  o f  p e r­

fo rm ance d a ta  a t th e  sam e tim e. U sing  this ty p e  o f  data  it w ould b e  b en efic ia l to ex p la in  to 

the c u s to m ers  to  ch an g e  the  ex isting  m ethod  due to g rea te r reco v ery  o r 

sp ec ific ity /se lec tiv ity  o r  rap id  testing  o f  the  new  m ethod (ISO /T R  13843, IS O  2000E ).

Later, in  y e a r  2 0 0 4 , IS O  has estab lished  the  criteria  fo r com parison  o f  m ic rob io log ica l 

m ethods b y  th e  IS O  standard  17994: 2004 , w hich  specifies the basic  requ irem en ts  fo r  an  

equ iv alen cy  ex p e rim en t

2.5.1. IS O  cr iter ia  fo r  estab lish in g  eq u iva len ce betw een  m icro b io log ica l 

m eth od s (IS O  17994: 2004)

2.5 .1 .1 . S a m p les

The m o st im p o rtan t basic  requ irem en t o f  equivalency  trials is a  w id e  ran g e  o f  sam ples, 

co llected  fro m  d iffe ren t geograph ica l areas. Participation o f  severa l labo ra to ries  is 

reco m m en d ed . R esu lts  o f  the  com parison  a re  only  valid  w ith in  th e  ran g e  o f  sam ple  types 

studied. S am p les  sho u ld  b e  p re-selec ted  and  they  m ust contain  en o u g h  bac te ria  s in ce  the  

like lihood  o f  sco rin g  a  zero  coun t is  sm all. Sam ple should rep resen t types th a t are  

inc luded  in  th e  sco p e  o f  b o th  m ethods. N atu ra l sam ples are ideal. A p p ro p ria te  sam ple  also  

be p re p a red  b y  d ilu tio n , sp ik ing , o r m ix ing  o f  d ifferen t k inds o f  w a te r to ach iev e  the 

desired  p o p u la tio n  in  a  su itab le  density .

It is d iff ic u lt to  de term in e  the exact nu m b er o f  sam ples req u ired  fo r a v a lid  

com parison . It w ill d ep en d  on the  actual d ifference  observed , on  the experim en ta l 

s tandard  d e v ia tio n  an d  on  the  d ifference  considered  sign ifican tly . In troduced  

‘m ax im u m  accep tab le  dev ia tio n ’ and  th e  expanded  uncerta in ity  w ill decide  the 

requ ired  n u m b e r o f  sam ples. I f  the data  a re  found  inadequate fo r d ec id in g  tha t the 

m ethods a re  ‘n o t d ifferen t, m ore sam ples w ill be  needed  for co m p ariso n . H ow ever,
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the m in im u m  sam p le  num ber specified  fo r a com parison study is 30 (ISO  17994: 

2004).

2.5.1.2. M eth o d s

For co m p ariso n  s tud ies, tw o  M F m ethods, tw o M TF m ethods o r tw o  P /A  m ethods could  

be used . A lso  co m p ariso n s  betw een M F m ethod and a M TF m ethod  o r counting  m ethod  

(M F o r M T F ) w ith  a  P /A  m ethod  is described. Selecting appropriate  num bers o f  sam ples 

could  b e  d o n e  b y  ap p ly ing  appropriate  form ulas. T he m inim um  specified  num ber is 30.

2.5 .1 .3 . C o n firm a tio n  testin g

T here sh o u ld  b e  w ell-separa ted  10-30 colonies fo r confirm ation. O therw ise  d ilu tions 

should b e  ca rrie d  ou t. F o r M TF and P/A  confirm ation o f  all p resum ptive  resu lts  is 

reco m m en d ed . C on firm atio n  o f  bacteria  should b e  done using standard  con firm ation  tests.

2.6. M A T E R IA L S  A N D  M ETH O D S

2.6 .1 . S a m p les  for  analysis

W ater sam p les  w ere  co llected  from  seven selected  districts (situated in five  p rov inces), in 

o rder to  co v e r w id e  geograph ical areas o f  the country. Sources w ere  selec ted  fo llow ing 

the IS O  c rite ria  17994 (2004) fo r establishing equivalence be tw een  m icrob io log ical 

m ethods. S e lec ted  sources w ere; bottled  drinking w ater, w ell w ater, su rface w ater 

(riv ers/s tream s/lak es) and  effluents from  d ifferent w astew ater trea tm en t p lan ts,

Selected  d is tr ic ts  w ere; K andy, N uw araeliya (in Central P rov ince), R atnapura  

(S ab arag am u w a P rov ince); K urunegala (N orth W estern p rov ince); A nuradhapura, 

D am bu lla  (N o rth  C en tra l P rovince) and C olom bo (W estern p rov ince). G eographical 

in fo rm ation  o f  th e  fiv e  selected  provinces are  g iven in the table 2.15.
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Table 2 .15  G eograp h ica l inform ation  o f  the five provinces

P rovin ce L ocation Soil type R ainfall

(yearly

/in ch es

M ean  m o n th ly  

tem p eratu re

r  c
C entral K an d y red  yellow  podsolic  soils, 

im m ature  b row n loam s and 

redd ish  b row n latosolic soils

50-60 23

N u w arae liy a red  yellow  podsolic  soils w ith  

dark  B  horizon  and red yellow  

podso lic  so ils w ith  prom inent A1 

horizon

50-60 15

D am b u lla redd ish  b row n earths and 

im m ature  b row n loam s

<  30 28

N orth  C en tra l A n u rad h ap u ra  redd ish  b row n earths and 

im m ature  b row n loam s

< 3 0 28

N orth  W este rn K u ru n eg ala red  yellow  podsolic  soils w ith  

strong ly  m ottled  sub soils, low 

hum ic  glay soils, red  yellow  

podso lic  soils w ith  soft and hard  

laterite , regosols on o ld  red  and 

ye llow  sands

35-40 27

S ab arag am u w a R atn ap u ra red  ye llow  podsolic  soils and  red >125 25

W estern C o lom bo

A w issaw ella

red  yellow  podsolic  soils w ith  

so ft and  hard  laterite soils and 

bog  to  h a lf  bog soil 

ye llow  podsolic  soils w ith  sem i 

p rom inen t A1 horizon

40-50

100-125

27

Department o f  Meteorology, Sri Lanka, 2009
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S am p lin g

S am pling  w as  ca rried  o u t in  all se lec ted  d istric ts (P late  2.8) from  v a rio u s  so u rces  as in 

tab le  2 .1 6 . S am p lin g  w as  done from  random ly  d istribu ted  sites in  a  p a rticu la r p ro v in ce  by  

using  a  g rid  w ith  eq u a l squares, k ep t on d istric t m aps. Sam ples w ere  co llec ted  fo llo w in g  

the s tan d a rd  m e th o d s  described  in  th e  sec tion  2.3 o f  C hapter 2 . W ate r sam ples w ere  

co llected  fro m  3 su rface  w a te r bo d ies  and  3 d rink ing  w ater w ells from  each  d istric t. W h en  

co llec ting  b o ttle  w a te r  sam ples, d is tric t from  w h ich  the  bo ttle  w a s  p u rch ased  w as n o t 

co n sid e red  s in ce  th e  source  o f  o rig in  w as m ore  im portan t fo r b ac te rio log ica l 

co n tam in a tio n  o f  w a ter. E ffluen t sam ples w ere collected  m a in ly  from  w astew ate r 

trea tm en t fac ilitie s  o f  lead ing  ho te ls  and  o th er dom estic  w astew ater trea tm en t facilities. 

S am p lin g  w a s  co n d u c ted  from  Ju ly  2008 to  June 2009.

Table 2 .16  W a ter  sam p les collected from  different geographical areas of the country

P ro v in ce D istr ic t B ottle

w ater

W ell

w ater

S u rface  w ater E fflu en t

s

C en tral K an d y 15 3 river/s tream   ̂2 5

N u w arae liy a 3

la k e s -1 

lakes-2

N o rth  C en tra l A n u rad h ap u ra _ 3 lakes_3

D am b u lla

1 (tube 

w ell) 2

N o rth  W es te rn K u ru n eg ala _ 3 lakes-2
—

S ab arag am u w

a R atn ap u ra 5 3 riv e r/s tream _  4 1

W este rn C o lo m b o 5 1 riv e r/s tream _  3
—

25 17 17 8T o ta l



Plate 2 .8 D istribution o f  sam pling districts
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B o ttled  w a te r  sa m p les

D iffe re n t b ra n d s  o f  d rin k in g  b o ttle  w a ter w ere co llec ted  from  sh o p s irre sp e c tiv e  o f  th e ir 

m a n u fa c tu re d  o r  se llin g  d istric t. T w en ty  five  b rands w ere  co llec ted  w h ich  w ere  filled  from  

d iffe ren t so u rc e s  su ch  as na tu ra l sp rings o r dug w ells  from  d iffe ren t d is tric ts , (sam p les  

w ere  c o lle c te d  w ith in  one  m o n th  o f  bo ttling). A ll b rands co n sis ted  o f  SL S  ce rtif ic a tio n  

(S L S  8 9 4 ) fo r  w a te r  qua lity . S am ples w ere  p re  checked fo r th e  p re sen c e  o f  co lifo rm  

c o n tam in a tio n  b y  co n d u ctin g  one  o r  tw o analy tical m ethods in itia lly  a n d  fu r th e r an a ly s is  

w as c o n d u c te d  w ith  a ll fo u r m e th o d s on ly  i f  con tam ination  w as  d e tec te d  b y  p re lim in a ry  

testin g .

W ell w a te r  sa m p les

S am p les  w e re  co lle c te d  from  shallow  d rink ing  w a te r w ells  (d ep th  3 - 10m ) co v erin g  

d iffe ren t g e o g ra p h ica l areas o f  th e  coun try  (T able  2 .17). C o llec ted  sam p les  w e re  an a ly zed  

b y  fo u r  m e th o d s  u s in g  ap p rop ria te  d ilu tions. In  add ition  to  sh a llo w  w e ll w a te r sam p les , 

o n e  tu b e  w e ll w a te r  sam ple, co llec ted  from  D am bulla , in th e  C en tra l p ro v in c e  w as 

an a ly z e d  (o n  req u est) . S am pling  w as  d o n e  b y  fo llow ing  the  g u id e lin e s  sp ec ified  in  the  

A P H A  a n d  th e  SL S .

S u rfa ce  w a te r  sa m p les

R iv e r/s tre am /lak e  w a te r  sam ples w ere  co llec ted  to  rep resen t su rface  w a te r  so u rces , a t 

v a rio u s  lo c a tio n s  (T ab le  2 .18), acco rd in g  to  the  A P H A  and  SLS g u id e lin es . E ach  su rface  

w a te r  sam p le  w as  an a ly zed  u s in g  approp ria te  d ilu tions by  all fo u r m e th o d s  as d e sc rib e d  in  

C h ap te r  2 , S e c tio n  2 .1 .
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Table 2-17 W ell W ater samples collected from different geographical areas o f the country

Distritct Location Sam ple

nam e

Description  

closed/ with  

a ring wall 

(height/m)

Soil type

Kandy G elioya KD1 0.9 Reddish brow n latosolic,

K ossinna KD2 0.8 immature brow n loams, low

G annoruw a KD3 Closed humic glay and red yellow

podsolic

N uw araeliya M eepilim ana NE1 0.9 Red yellow podsolic soils w ith

A m bew ela NE2 1 prominenet A1 horizon and red

Pattipola NE3 1 yellow podsolic w ith  dark brow n

B horizon

Dambulla K andalam a TW1 tube well Reddish brow n earth and low

(closed) humic glay soils

A nuradhapura Jaffna June. A PI 1

M ihinthale AP2 0.9

M atale June. AP3 1

K urunegala K alugam uw a KG1 1 Red yellow podsolic soils w ith

G epallaw a KG2 1 strongly m ottled sub-soil, red

M alkaduw aw a KG3 0.9 yellow podsolic, low  hum ic gly,

reddish brow n latosolic and

regosol soils

Ratnapura A tale RP1 1 Red yellow podsolic, red yellow

Seethaw aka RP2 1 podsolic soils w ith semi

D ehiow ita RP3 0.8 prom inent A1 horizon and low

humic glay soils

Colombo D ehiw ala CB1 1 Red yellow podsolic w ith soft

Pitakotte CB2 1 and hard laterite, low hum ic gley

M alabe CB3 0.9 and regosol solis



Table 2. 18 S u rfa ce  w ater sam ples co llected  from different geographical areas o f  the country

D is tr ic t  T y p e  S am p le  Sou rce S am p lin g  lo ca tio n

n am e

K a n d y riv e r K D R1 M ahaw eli G annoruw a b rid g e

stream  K D S1 M ahaoya N ear ‘G a ja s in g h e ’ b ridge

lak e  K D L1 K andy  Lake O pposite  to  ‘ A w an h a la ’ 

restau ran t

N u w a ra e liy a lak e  N EL1 G regory  L ake N ear the  m a in  road

lak e  N E L 2 B lack  Pool N ear the  m a in  ro ad

s tream  N ES1 N o t know n 

(M alabe)

M alam be b rid g e

A n u ra d h a p u ra la k e  A PL1 B asaw akku lam a

L ake

N ear the  arm y cam p

lak e  A PL 2 N u w ara  W ew a N ear the  ‘S o ro w w a’

stream  A PS 1 M alw athu  oya N ear the  b rid g e  (on  the 

w ay  to Je th aw an aram ay a)

K u n m e g a la lak e  K G L1 K urunegala  Lake C loser to  th e  w a te r in take

lak e  K G L 2 Jayaw adane

W ew a

C loser to  th e  b a th in g  area

steam  K G S1 N o t know n 

(G epallaw a)

B ridge  a t G ep a llaw a

A w issa w e lla s tream  R P S 1 R itiga la  O ya N ear the  R itig a la  b rid g e

stream  R P S 2 G urugoda  O ya N ear the G u ru g o d a  b ridge

R a tn e p u ra s tream  R PS3 Seethaw aka

G anga

N ear the  S ee th aw ak a  

b ridge

C o lo m b o riv e r CBR1 K elan i river K elani b rid g e

s tream  C B S 2 D iyaw annaw a

oya

O pposite  to  the  P arliam en t 

bu ild ing

s tream  C BS3 N o t know n 

(N ugegoda)

N u g egoda  tow n



E ffluent w a te r  sa m p les
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E ffluent sam p le s  w e re  co llec ted  from  n u m b er o f  w astew ater trea tm en t p lan ts , d esig n ed  fo r 

treating d o m e stic  w a ste w a te r  (T ab le  2 .19). F ive  sam ples w ere co llec ted  from  K andy; th ree  

sam ples o f  th em  w e re  fro m  w astew ater trea tm en t p lan ts estab lished  in lead ing  ho te ls  in 

K andy, o n e  sam p le  fro m  a  dom estic  w astew ater treatm ent p lan t, d esigned  fo r trea ting  

w astew ater f ro m  a h o u sin g  schem e in  K andy  and  the  o ther fro m  a  trea tm en t fac ility , 

treating  w a s te w a te r  re leased  from  a  u n iv ers ity  dorm itory . O f the  o th e r th ree  sam ples, one 

was co lle c te d  fro m  an industria l zone, w here  industrial w astew ater d irec ted  to th e  sam e 

dom estic  w a s te w a te r  trea tm en t p lan t afte r on-site  pre-treatm ent. O th e r tw o  sam ples w ere  

co llected  fro m  h o te l w astew ate r trea tm en t p lan ts located  in D am b u lla  area. A pprop ria te  

d ilu tions w e re  a n a ly zed  u s in g  four m ethods as described  in C hap ter 2 , S ection  2.2.

Table 2. 19 E fflu en t w ater sam ples

D istr ict T y p e O rigin Sam ple

nam e

K andy A n aero b ic  filter 

P a c k ag e  trea tm en t p lan t

hotel K D E1

(aerob ic  an d  anaerob ic) 

P ack ag e  trea tm en t p lan t

hotel K D E2

(ae ro b ic  and  anaerob ic) hotel K D E3

T rick lin g  filter H anthana housing schem e K D E 4

C o n stru c ted  w etland U niversity  dorm itory K D E5

A n u rad h ap u ra A c tiv a ted  sludge hotel A PE1

A ctiv a ted  sludge hotel A PE 2

R atn ap u ra O x id a tio n  ditch B O I Industrial zone RPE1



98
2.6.2. B a cter io lo g ica l exam in ation  o f  w ater

C ollec ted  sam p les  w ere  transpo rted  to  the laborato ry  under cold co n d itio n s  (4 °C) an d  the  

analysis  w as  d o n e  a fte r the  tem peratu res o f  w ater reached room  tem peratu re . E ach  sam p le  

w as a n a ly se d  in  tw o rep lica tes  w ith  appropria te  d ilu tions (Section 2.3 o f  C h ap ter 2).

T hree b ac te rio lo g ica l analy tica l m ethods w ere  com pared  w ith  the  S L S-M T F re fe ren ce  

m ethod  (S L S  614: P a rt 2: 1983) fo r the  detec tion  and enum eration  o f  to ta l co lifo rm s and  

E sch er ich ia  co li. C o nsidering  the  resu lts obtained in  the p re lim in a ry  study  o f  th is 

research , A P H A  m eth o d  w as om itted  in com parison , since it w as n o t sign ifican tly  

d ifferen t w ith  S L S -M T F  m ethod  fo r the detection o f  total co lifo rm  bacteria . F u rther, 

A P H A  is a co n v en tio n a l m ethod  consisting  o f  inherited  d isadvan tages charac te ris tic  to 

M PN  m e th o d s . O th e r a lternative  m ethods included, C olilert-M T F and  tw o  M F m ethods; 

S L S -M F  m e th o d  and  th e  m -C o liB lue24  m ethod.

B ac te rio lo g ica l an a ly sis  w as  conducted  as described  in  Section 2 .3  o f  C h ap ter 2.

2 .6 .3 . C o n firm a tio n  o f  b acteria

Pure iso la te d  co lon ies w ere  used  fo r confirm ation  o f  bacteria. P u re  co lo n ies  w ere o b ta in ed  

by  su b cu ltu rin g  on  T ry p tic  Soy A g a r (T SA ) (O xoid) p lates. L oopfu lls  tak en  from  se lec ted  

p re su m p tiv e  p o s itiv e  tubes o f  M T F  m ethods w ere streaked on T S A  and  incubated  fo r 24 

hours a t 37±1 °C. S elected  (iso lated) p resum ptive  positive  co lon ies on  m em b ran e  filters 

w ere  su b cu ltu red  b y  streak ing  as described  above and  isolated  co lo n ies  w ere  ob ta in ed  on 

TSA . A t le a s t th ree  tubes from  each  M PN  m ethod and  at least fiv e  co lon ies from  a  M F 

p la te  w e re  su b cu ltu red  (p e r sam ple) several tim es on TSA , un til sep ara ted  co lon ies w ith  

s im ila r m o rp h o lo g ica l fea tu res appeared . T hose  w ere  considered  as p u re  cu ltu res an d  they  

w ere  te s ted  w ith  th ree  basic  b iochem ical tests, done fo r confirm ing  th e  b ac te ria  b e lo n g in g  

to fam ily  E n tero b ac te riaceae . T hey  w ere, G ram ’s, C atalase and O x id ase  tests.

G ram ’s te s t w as  done  by  p lacing  a d rop  o f  3 %  po tassium  hydro x id e  on  a  g lass slide , on  to  

w h ich  an  iso la ted  co lony  from  a T S A  p late  w as gently  m ixed . A  po sitiv e  te s t w as 

in d ica ted  b y  th e  fo rm ation  o f  a  con tinuous string like  appearance  w hen  ra ised  up w ith  the 

w ire  loop . C a ta la se  te s t w as perfo rm ed  b y  m ix ing  up  a  colony fro m  a cu ltu re  p la te  w ith  a
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w ire  loop  on  to  a d rop  o f  3 %  H ydrogen peroxide. E m ergence o f  oxygen  b u bb les w as 

considered  a po sitiv e  reaction . O xidase test w as perform ed  by app ly ing  a  sm all p o rtio n  o f  

a pure  co lo n y  on  an O xidase  strip  w ith  a sterilized toothpick. Purp le  co loura tion  w ith in  10 

seconds w as  considered  a  positive  reaction.

2.6.3.1 C on firm ation  o f  to ta l coliform  bacteria

A ll G ram  negative , C atalase  positive  and O xidase negative co lon ies w ere  confirm ed  as 

co lifo rm  b ac te ria  inc luded  in the fam ily  Enterobacteriaceae.

2 .6 .3 .2  C on firm a tio n  o f  E. co li bacteria

P ure  cu ltu re s  show ing  positive  reactions fo r all th ree  tests iso lated  from  p resum ptive  E. 

coli p o s itiv e  tubes and  m em branes w ere tested  w ith  indole reaction  b y  inocu la ting  in  to 

try p to n e  w a te r  tubes. A fte r incubation at 37±1 °C, 2 to 3 drops o f  K o v ac ’s reag en t w as 

added  an d  po sitiv e  confirm ed  tests w ere obtained by  form ation  o f  a red  co lour ring  o ver 

try p to n e  w ater.

A ll p o s itiv e ly  con firm ed  cultures and  som e negatively confirm ed cu ltu res w ere s to red  by 

freezin g  fo r fu rther studies. F o r storing, cultures w ere  inocu lated  in  to E p p en d o rf tubes, 

co n ta in ing  doub le  streng th  B rain  H eart Infusion  b ro th  (O xoid) o r doub le  strength  T ryptic  

Soy B ro th  (M erk) and  incubated  fo r 24 hours at 37 °C. The cultures w ere  stored at - 2 0  °C, 

a fte r o v e rlay in g  w ith  40  %  g lycerol on the broth.

2.7. R E SU L T S

B acte rio lo g ica l data  obtained  fo r d ifferen t source w ater types, co llected  from  d ifferen t 

geo g rap h ica l areas w ere  analysed  b y  follow ing the sam e p rocedures as described  in the 

sec tio n  2.3 (P art-A ), o f  th is chapter. In addition, the  results w ere  a lso  analysed  u sing  the 

ISO  c rite ria  fo r com parison  o f  bacterio logical m ethods (A ppendix  2. Sections 2 .1 , 2.2). 

S ections 2.7.1 and  2 .7 .2  describes the  data  in terpretation and analysis  fo llow ing  th e  sam e 

p rin c ip les  as described  in  the section  2.4.



2.7.1. B acterio logical counts by different m ethods
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Total co liform  and E. coli counts present in each sample, from different sources collected 

from  d ifferen t geographical areas were obtained by averaging the counts enum erated o f  

two rep licates fo r each sam ple. Summ ary o f  total coliform  and E. coli counts are 

presented in  tables 2.20 and 2.21 respectively.

For to tal co liform  analysis, 314 valid data, out o f  344 analyses w ere rem ained (Table 

2.20) due to  too num erous to count (TNTC) data, however, there w ere no m issing data 

due to  experim ental errors. In this experim ent also, the total coliform  bacteriological 

counts in  w a te r sam ples w ere different w hen analyzed by four d ifferent m ethods like in 

the case  o f  the  prelim inary  test. M inim um  (2 cfu/100 ml) and the m axim um  (1.1 x 106 

cfu/100 m l) total coliform  counts w ere obtained by SLS and C olilert m ethods 

respectively . T he low est m ean count w as detected by SLS, as in the case o f  the 

prelim inary  study. H ow ever, the highest m ean count was recorded by C olilert, com pared 

to M -endo in  the prelim inary study.

Table 2.20 Sum m ary o f total coliform counts in all water types by different methods

M ethod T otal num ber  

o f analysis  

(# =  344)

M ean of total 

coliform  counts 

(cfu/100 m l)

Standard

Deviation

M inim um ** M axim um  

(cfu/100 ml)

SLS 41 x 2  C z) 7.3 x 104 ±  1.6 x 104 2.0 7.8 x 104

C olilert 40 x 2 (a=3) 9.8 x 105 ±  2.6 x 105 9.5 1.1 x  106

M -endo 38 x 2 (a=5) 2.9 x 105 ±  3.9 x 105 3.5 x 10 1.2 x  105

M -coli 3 8 x 2  (a=5) 5.7 x 105 ±  1.3 x 105 3.7 x 10 7.2 x 105

Total number o f samples (N= 43); (sources = 4; replicates — 2), (methods — 4) 
a = missing values due to too numerous to count (TNTC) values 

** = Zero counts were excluded

In respect to  E. coli enum eration there w ere 314 valid data (Table 2.21) for analysis due to 

sam e reasons explained above. The m inim um  E. coli count (1.0 cfu/100 m l) was 

enum erated  by  SLS, and the m axim um  (7.2 x 105) was enum erated by m -C oliB lue24
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m ed iu m . W h en  co n sid erin g  the  m ean s o f  E. coli coun ts, the  low est coun t w as re c o rd ed  by 

SLS (3 .4  x  10 ) an d  th e  h ig h est E. co li counts (3.3 x 105) w ere  o b ta in ed  by  C o lile rt 

m e th o d  re p ro d u c in g  th e  sam e re su lts  as in  the p re lim inary  test. F u rther, m -C o liB lu e2 4  

m e th o d  p ro d u c e d  s im ila r coun ts  w ith  C olilert in  th e  p re lim in ary  s tu d y , w h ile  it w as 

c o m p ara tiv e ly  less  in  th is  study.

T able 2.21 S u m m ary  o f  E . co li counts in all w ater types by d ifferent m ethods

M eth o d  T o ta l n u m b er  o f  Su m  o f  to ta l S tan d ard  M in im u m * *  M a x im u m

a n a ly sis  (#  =  344) co liform  counts D ev ia tion  (c fu / 100 m l)

(cfu /100 m l)

SLS 41 x  2 (a=2) 9.3 x 103 ± 2 . 6 x  103 1.0 1.5 x  10'

C o lile rt 40  x 2 (a=3) 8.8 x 104 ±  2.7 x 104 1.1 1.5 x  10

M -en d o 3 8 x 2  (a=5) 2.5 x 104 ±  7.4 x 103 2.0 1.2 x  10:

M -co li 38 x 2 (a=5) 3 .9  x 104 ±  1.4 x  104 8.0 7 .2  x 10:

Total number o f samples (N= 43); (sources = 4; replicates = 2); (methods = 4) 
a = missing values due to too numerous to count (TNTC) values 

** = Zero counts excluded

2 .7 .2 . B a c ter io lo g ic a l cou n ts in  d ifferen t sources b y  d ifferen t m eth o d s

T o ta l co lifo r m  cou n ts  in  d ifferen t w a ter  sources b y  d ifferen t m eth o d s

T o ta l v a lu e s  o f  th e  to ta l co lifo rm  counts ob tained  fo r d iffe ren t w a te r  so u rces , w h en  

an a ly zed  b y  fo u r  d iffe ren t m ethods are dep icted  in  figure  2 .12 - a, b , c, d. M ean  co u n ts , 

s tan d a rd  d ev ia tio n s , m in im u m  an d  m ax im um  co un ts  de tec ted  b y  d iffe ren t m e th o d s  fo r 

each  so u rc e s  w a te r  ty p e  are  p re sen ted  in  th e  tab le  2 .22.

B o ttled  w a te r  sam p les: A m ong  th e  b o ttle  w a ter sam ples (25 b ran d s) tested , o n ly  one  

b ran d  p u rc h a se d  fro m  K andy , w as con tam inated  b y  to tal co lifo rm s. T w o  o th e r b ran d s , 

w h ich  sh o w e d  co n tam in a tio n  in  p re lim in ary  tests, w ere  n eg a tiv e  w h en  an a ly zed  b y  all 

fo u r m e th o d s . A ll th e  o ther rem ain in g  b rands (22 n u m b ers), an a ly zed  w ith in  the  

ex p e rim en ta l tim e  p erio d , w ere  no t con tam inated  by  to ta l co lifo rm  bacte ria .
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Total c o lifo rm  coun ts  varied  from  2.0 — 2.3 x 103 cfu /100 m l in  rep lica te  co u n tin g  by 

d ifferen t m e th o d s . T he  h ighest m ean  counts w ere  detec ted  by  m -C o liB lu e2 4  m eth o d  (2 .3x

103 c fu /1 0 0  m l), w h ich  is th ousand  tim es h igher th an  tha t o f  the SL S m ethod  (T ab le  2 .22). 

H ow ever, th e  d iffe ren ces  am ong  the  C olilert, M -endo  and m -C o liB lue24  m ethods w ere  

neg lig ib le , co m p ared  to  coun ts o f  those th ree m ethods w ith  tha t o f  S L S -M T F  counts.

W ell w a te r  sam p les: T otal co lifo rm  counts ranged  from  2.0 cfu /100  m l (SLS) to 3.1 x

104 c fu /1 0 0  m l (m -C o liB lue24 ) during  th e  experim ental period. T h e  h ig h est m ean  counts 

w ere  d e tec te d  b y  m -C o liB lue24  m ethod  com pared  to o ther m ethods. It w as  nearly  6 tim es 

h ig h e r th an  SL S m ethod  (T ab le  2 .22), w hich  w as a  sim ilar re su lt w ith  the p re lim in ary  

study. H o w ev e r, b o th  M -endo  and  m -C oliB lue24  m ethods g av e  sim ila r coun ts  w hen  

add ing  all v a lu es  to g e th e r (total count) (F igure  2 .12-b).

S u rfa ce  w a te r  sam p les: T he coun ts ranged  from  1.4 x 10 (SL S) to  3.8  x 10 (M -endo), 

du ring  th e  analy sis . T h e  h ig h est and  th e  low est m ean  and  to ta l coun ts w ere  g iv en  by 

C o lile rt an d  SLS m e th o d s  respec tive ly  (T ab le  2 .22  and  F igure 2 .12-c). T h e  d ifferen ce  w as 

m o re  th a n  8 tim es h igher.

E fflu en t w a te r  sam p les: T he h ighest to tal co lifo rm  counts w ere  d e tec ted  in  e fflu en t 

sam ples. C o u n ts  ran g ed  from  7.0 x  10 (SLS) to  7.2 x 106 (m -C o liB lue24 ), du rin g  the 

analysis . T h e  h ig h est and  the  low est m ean  coun ts w ere d e tec ted  b y  SLS and  m - 

C o liB lu e2 4  (T ab le  2 .2 2 ) B oth  C olilert and  m -C oliB lue24  m eth o d s show ed  th e  h ig h est 

to ta l c o u n ts  (F ig u re  2 .1 -c). T o tal va lue  o f  m -C oliB lue24  w as 8 tim es h ig h e r th an  th e  S L S - 

M T F  v a lu e .
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Table 2.22 S um m ary o f  total coliform  counts in different w ater types by different m ethods

S ou rce  M eth o d s Sam p le # M ean tota l coliform Standard M in .** M ax.

counts (cfu /100 m l) D eviation (cfu / 100 m l)

B ottle  SL S 1 x 2 2.0 ± 0 2.0 2.0

C o lile rt 1 x 2 1.1 x  103 ±  0 1.1 x 103 1.1 x 103

M -en d o 1 x 2 1.5 x 103 ± 2 .8  x 10 1.9 x 103 2 .0  x 103

M -co li 1 x 2 2.0  x 103 ±  3.6 x  102 1.7 x 103 2.3 x 103

W ell S L S 1 2 x 2 1.1 x 102 ± 9 .3  x 10 2.0 2.4  x 102

C o lile rt 1 2 x 2 1.8 x 103 ±  2 .9  x 103 1.8 x 10 l . l x l O 4

M -en d o 1 2 x 2  (a=1) 5.5 x 103 ± 6.1 x 103 3.5 x 102 2 .Ox 104

M -co li 12 x 2 (a=1) 6.0 x 103 ±  8.5 x 103 3.7 x 102 3.1 x 104

S u rface  SL S 1 7 x 2 7.5 x 104 ±  1.3 x 10s 1 .4 x  102 4 .6  x l W

C o lile rt 17 x 2 (a=1) 1.5 x 106 ±  3.5 x 106 1.6 x 102 1.1 x  107

M -en d o 1 7 x 2  (a=1) 5.2 x 105 ±  4.6 x  105 5.5 x 102 1.2 x 106

M -co li 1 7 x 2  (a=2) 6.5 x 105 ±  6.5 x 105 1.2 x 103 3.8 x  106

E fflu en t SL S 8 x 2 {a=2) 1.8 x 10* ± 2.6 x  1 0 ^ 7.0  x 10 7.8 x 10s

C o lile rt 8 x 2  (a=1) 1.3 x 106 ±  2.2 x  106 1.1 x 104 6.0  x  106

M -en d o 8 x 2  (a=3) 2.5 x 105 ± 2 .1  x  105 9 .9  x 102 5.9 x  105

M -co li 8 x 2  (a=1) 1.5 x 106 ± 2 .3  x  106 1.3 x 103 7.2  x 106

a = missing values due to too numerous to count (TNTC) values 
** = Zero counts excluded
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(a) B ottled  w ater
(b) W ell w ater
(c) R iver w ater
(d) E ffluents

F igu re 2.12 T otal values o f total coliform  counts (log ,0 values) in d ifferent w ater sources

by different m ethods
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T he d iffe re n c e s  w ere  s ta tistica lly  analyzed  and p resen ted  in the  sec tio n  2 .4 .1 .2 . b y  using  

L east S q u a re s  M ean  S epara tion  T est.

E. c o li c o u n ts  in  d ifferen t w a ter  sources b y  d ifferen t m eth ods

Sum  o f  th e  E. c o li  co u n ts  o b ta ined  fo r d iffe ren t w a te r sources, w h en  an aly zed  b y  fo u r 

d iffe ren t m e th o d s  a re  dep ic ted  b y  figu re  2 .13-a , b, c, d.

B o ttled  w a te r  sa m p les: E. co li w as  de tec ted  in on ly  on e  b rand  o f  b o ttle  w a te r  sam p les , as 

in th e  c a se  o f  to ta l co lifo rm s. S L S -M T F  cou ld  no t de tec t any E. co li b ac te riu m  in  b o ttle  

w a te r sam p le s , w h e re  as o th e r th ree  a lternative  m ethods d e tec ted  a t d iffe ren t 

c o n cen tra tio n s . A m o n g  them , m -C o liB lu e2 4  p lates show ed  th e  h ig h e s t ty p ica l E. co li 

co lo n y  c o u n ts  (1 .6  x 103 cfu /100  m l) com pared  to  o th e r tw o m ethods. H o w ev er, m ean  and  

the  to ta l c o u n ts  am o n g  th e  th ree  m eth o d s w ere n o t m uch d iffe ren t (T ab le  2 .23 , F ig u re  

2 .13-a).

W ell w a te r  sa m p les: E. co li co u n ts  ran g ed  from  1.1 cfu /100  m l (C o lile rt) to 1.3 x  102 

c fu /1 0 0  m l (M -F C ) d u rin g  the  experim en ta l tim e period . H ig h est and  the  lo w est m ean  

co un ts  w e re  re c o rd e d  b y  M -F C  and  SLS resp ec tive ly  (T ab le  2 .23). T h e  sam e p a tte rn  w as 

o b se rv ed  w ith  to ta l co u n ts  and  M -F C  co un ts  w ere  h ig h er than  8 tim e s  than  S L S -M T F  

co u n ts  (F ig u re  2 .1 3 -b ).

Surface w ater samples: T he coun ts  ran g ed  from  3.0 (M -FC ) to  6.1 x  105 (C o lile rt) , in 

su rface  w a te r  sam p les  co llec ted  from  d ifferen t locations in the  co u n try . T h e  h ig h e s t and 

the  lo w e s t m e a n  th e  to ta l coun ts w ere  g iven  by  C o lile rt and S L S -M T F  (T ab le  2 .23  and  

F ig u re  2 . 13-c) re sp ec tiv e ly . T he d ifference  w as m ore  th an  4 tim es h ig h er.

E fflu en t w a te r  sam p les: T he h ig h est E. co li coun ts w ere  reco rd ed  fro m  efflu en t sam p les  

as in  th e  p re lim in a ry  s tudy , and  the  it  ranged  from  3.2 x  10 (S L S) to  1.6 x  10 (C o lile rt) , in  

d iffe ren t e ff lu e n t sam ples. T he h ig h est an d  the lo w est m ean  co u n ts  w ere  d e tec ted  by  

C o lile rt a n d  S L S -M T F  (T ab le  2 .23). C o lile rt w as 8 tim es h ig h e r th an  the  SLS m ethod . 

S im ila rly  th e  h ig h e s t an d  the low est to tal coun ts  w ere  g iven  by  C o lile rt an d  SLS m ethods. 

(T ab le  2 .23  a n d  F ig u re  2 .13-d).
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Table 2.23 Summary o f E. coli counts in different water types by different methods

Source M ethods Sample # Mean E. coli Standard Min. Max.

counts Deviation (cfu/ 100 ml)

(efu/100 ml)

Bottle SLS 1 x 2 0.0 - 0 0

Colilert 1 x 2 3.4 x 102 ±  1.7 x 102 2.2 x 102 4.6 x 102

M -FC 1 x 2 5.2 x 102 ± 6.0 x 102 9.0 x 10 9.4 x 102

M -coli 1 x 2 1.3 x 103 ± 4.3 x 102 1.0 x 103 1.6 x 103

Well SLS 1 2 x 2 4.4 x 10 ± 4 .0 x  10 2.0 1.3 x 102

Colilert 12 x 2 2.4 x 102 ± 3.9 x 102 1.1 1.1 x 103

M -endo 12 x 2 (a==) 3.6 x 102 ± 4.9 x 102 2 1.3 x 103

M -coli 1 2 x 2  (a=) 2.3 x 102 ± 2.4 x 102 2.5 6.8 x 102

Surface SLS 1 7 x 2 4.4 x 103 ± 7.5 x 103 4.0 2.7 x 104

C olilert 1 7 x 2 (a=1) 5.9 x 104 ± 1.5 x 10s 2.3 x 10 6.1 x 105

M -endo 1 7 x 2  (a=1) 1.8 x 104 ± 4.7 x 104 3.0 1.5 x 105

M -coli 1 7 x 2  (a=2) 6.8 x 103 ± 1.1 x 104 5.9 x 10 3.9 x 104

Effluent SLS 8 x 2 ^ 5 “ 3.5 x 104 ± 4.9 x 104 3.2 x 10 1.5 x 103

Colilert 8 x 2  (a=1) 2.9 x 105 ± 5.3 x 10s 2.2 x 102 1.6 x 106

M -endo 8 x 2  (a=3) 8.7 x 104 ± 1.4 x 10s1 3.0 x 102 4.2 x 105

M -coli 8 x 2  (a=1) 1.7 x 105 ± 3.0 x 10s 4.5 x 102 8.7 x 105
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7

SLS Colilert M-endo M-coli
Methods

(a) Bottled w a ter
(b) W ell w ater
(c) R iver w a ter
(d) E ffluents

F igu re 2.13 T otal E. co li counts in d ifferent w ater sources by d ifferent m ethods
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The d iffe ren c es  o f  E. c o li  c o u n ts  d e tec ted  by  d iffe ren t m ethods in  fo u r so u rce  w a te r  ty p es  

were s ta tis tic a lly  a n a ly z e d  b y  u s in g  least squares m ean  separa tion  test.

Comparison o f alternative four methods with the reference S L S -M T F  method for  the 

detection o f total coliform  bacteria and E. coli

R eference SLS-1VITF m e th o d  w as  com pared  w ith  the fo u r a lte rnative  m e th o d s by  u s in g  

Least S q u a re s  M e a n  S ep a ra tio n  T es t fo r th e  de tec tion  and en u m era tio n  o f  th e  to ta l 

coliform  b a c te r ia  a n d  E. c o li  p re sen t in  a ll w a te r  types (T ab le  2 .24). T h e  d iffe ren ces  w ere  

considered  s ta tis tic a lly  s ig n ific an t, in  cases  w h ere  the p -v a lu e  w as < 0 .0 5 . B o th  M F  and  

M PN re su lts  w e re  tra n s fo rm e d  in  to  logarithm ic  values fo r statistical an a ly sis .

As d ep ic ted  in  th e  tab le  2 .2 4 , all th ree  a lternative  m ethods (C o lile rt, S L S -M F  and  m - 

C o liB lue24) w e re  s ig n ific a n tly  d iffe ren t w ith  th e  S L S-M T F reference  m e th o d  in  d e tec tin g  

total c o lifo rm s  b a c te r ia , w h e n  all w a te r  sources w ere  g rouped  to g e th e r ( p <  0 .05). 

H ow ever, in  e n u m e ra tin g  E. co li, o n ly  C o lile rt and  m ethod  w as ab le  to  d e tec t s ig n ifican tly  

h igher c o u n ts  c o m p a re d  to  S L S -M T F  re fe ren ce  m ethod  a t a 95 %  co n fid en ce  level, w h ile  

m -C o liB lu e2 4  m e th o d  w a s  s ig n ifican tly  h ig h e r at a confidence  level o f  90 %  (p < 0 .1 ) .  In  

contrast, S L S -M F  (M -F C  m ed iu m ) w as n o t s ign ifican tly  d ifferen t w ith  S L S -M T F  m eth o d  

(p = 0 .1 5 ), w h e n  a ll w a te r  ty p es  w e re  g rouped  together, w hich  w as n o t th e  case  fo u n d  in 

the p re lim in a ry  s tu d y .

Table 2 .24  R esu lts  o f  th e L east S quares M ean Separation  test to com pare alternative m ethods w ith  
SLS-M TF re feren ce  m ethod

C o m p a r iso n p -va lu e  fo r  com p arison  w ith  S L S

T o ta l co liform s E. co li

S L S /C o lile r t 0 .0021* 0 .0280*

S L S /M -e n d o /M F C < .0001* 0.1581

S L S /M -c o liB lu e2 4 < 0 0 0 1 * 0 .0 8 2 3 * *

* p<0.05. **  p<0.1
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C om parison  o f  fo u r  a lte rn a tiv e  m e th o d s  w ith  the re fe rence  S L S -M T F  m e th o d  fo r the  

detection o i  b o th  to ta l c o lifo rm  b ac te ria  and  E. co li  in d ifferen t w a te r  so u rces  w as 

perform ed  s im ila r ly  as e x p la in ed  in  th e  sec tion  2.3 o f  th is  chapter. R esu lts  a re  show n  in 

the T ab le  2 .2 5 .

T otal c o lifo r m  c o u n ts  in  d iffe re n t w a ter  sou rces

A ccord ing  to  T a b le  2 .2 5 , all th e  a lte rn a tiv e  m ethods (C olilert, S L S -M F  (M -endo  m ed ium ) 

and m -C o liB lu e 2 4 m e th o d s )  w ere  s ig n ifican tly  d ifferen t w ith  the  re fe ren ce  S L S -M T F  

m ethod in d e te c tin g  to ta l c o lifo rm  b a c te ria  in  bo ttle  w ater, w ell w a ter and  in su rface  w a te r 

sources. In c o n tra s t, n o n  o f  th e  a lte rn a tiv e  m ethods w ere sign ifican tly  d iffe ren t w ith  SL S- 

M TF m e th o d  in d e tec tin g  to ta l co lifo rm s in  e ffluen t sam ples a t 95 %  co n fid en ce  level. 

Flow ever, th e  tw o -e n z y m a tic  m eth o d s (C o lile rt and  m -C o liB lue24 ) w ere  ab le  to  d e tec t 

s ign ifican tly  h ig h e r  to ta l co lifo rm  co u n ts  at 90  %  confidence  level in e fflu en t sam ples, 

w here M -F C  c o u ld  n o t d e te c t any  h ig h e r counts a t least at 10 %  co n fid en ce  level (p  =

0.3659).

E. coli c o u n ts  In d if fe re n t w a ter  so u rces

W hen c o n s id e r in g  th e  d e tec tio n  and  en u m eratio n  o f  E. co li, all th ree  a lte rn a tiv e  m e th o d s  

were ab le  to  d e te c t s ig n ific an tly  h ig h e r E. co li concen tra tions at a 95%  co n fid en ce  level in  

bottle w a te r  so u rc e , co m p ared  to the  conv en tio n al S L S -M T F  m eth o d  H o w ev er, in non  o f  

the o th e r w a te r  so u rces  a lte rn a tiv e  m eth o d s cou ld  n o t d e tec t s ign ifican tly  h ig h e r coun ts  o f  

E. <coli a t 9 5 %  co n fid e n ce  level, w h ere  as, M -endo  and  m -C o liB lu e2 4  m e th o d s  in w ell 

w ater sam p le s , and  C o lile r t m e th o d  in su rface  w a ter sam ples w ere  ab le  to d e tec t 

s ig n ifican tly  h ig h e r  c o u n ts  at a  co n fid en ce  level o f  only  90%  resp ec tiv e ly . In the  

p re lim in ary  s tu d y , co u n ts  o n  M -F C  m ed ium  w ere  s ta tistica lly  d iffe ren t w ith  S L S -M T F  in 

surface w a te r  sam p le s , a t 90  %  co n fid en ce  level. In  e fflu en t sam ples, E. co li en u m era tio n  

was no t s ta tis tic a lly  d iffe ren t b y  any  o f  th e  a lte rnative  m ethods co m p ared  to th e  S L S -M T F  

m ethod. H o w e v e r , in th e  p re lim in a ry  study, tw o  enzym atic  m ethods w ere  ab le  to  d e tec t
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high c o n c e n tra tio n s  o f  E. co li  at s ig n ifican t levels  co m p ared  to the co n v en tio n a l S L S -M T F  

m ethod

Table 2 .25  R e su lts  o f  the L east Squares M ean Separation  T est for C om parison  o f  three m ethods w ith  
SLS-M TF re feren ce  m ethod

W a te r C o m p a r iso n p -v a lu e  fo r  co m p arison  w ith  S L S

so u r ce T o ta l co liform s E . co li

B o ttle

S L S /C o lile rt < 0 0 0 1 * < .0001*

S L S /M -e n d o '/M -F C 2 <.0001* < 0 0 0 1 *

S L S /M -e n d o 1/M -F C 2 < .0001* < .0001*

W ell

S L S /C o lile rt 0 .0017* 0 .1806

S L  S /M -e n d o 1 /M -F  C 2 < .0001* 0 .0980**

S L S /M -co liB lu e2 4 < .0001* 0 .0695**

S u rfa ce

S L S /C o lile rt 0 .0189* 0 .0807  **

S L S /M -e n d o 1 /M -F  C 2 0 .0012* 0.5316

S L S /M -co liB lu e2 4 0 .0007* 0.4065

E fflu e n t

S L S /C o lile rt 0 .0678** 0.1308

S L S /M -e n d o 1/M -F C 2 0.3659 0 .5934

S L S /M -co liB  lue24 0 .0843** 0 .2337

*p<0.05 ** p  <0.1 1 M -endo m edium  — fo r total coliform s 2 M -FC  m edium  — for E. co li
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Simple linear m odel fo r analyzing the relationships between different methods

The relationship betw een  d ifferent alternative methods with the S L S -M T F  reference 

m ethod, w a s  a n a ly z e d  b y  u s in g  th e  S im ple  L in ea r M odel te s t as d e sc rib e d  in  sec tio n

2.4.1.2 o f  th is  c h a p te r . R esu lts  o f  th e  lin ea r re la tio n sh ip s  b e tw een  S L S -M T F  re fe ren ce  

m ethod w ith  th e  o th e r  a lte rn a tiv e  m e th o d s  fo r  the d e tec tio n  and  e n u m era tio n  o f  to ta l 

coliform  b a c te r ia  a n d  E. c o li  a re  sh o w n  in  F ig u res  2 .1 4 .and  2.15 re sp ec tiv e ly . F ig u res  a, b , 

and c d e p ic t th e  l in e a r  re la tio n sh ip s  fo r  C o lile rt, M -endo  (fo r to ta l co lifo rm s)/M -F C  (fo r 

E. co li), a n d  M -c o li  w ith  S L S -M T F  re fe ren ce  m eth o d  respec tive ly .

Sim ple l in e a r  r e la t io n sh ip s  fo r  d e te c tin g  to ta l co liform  bacteria

As d e p ic te d  in  th e  F ig u re  2 .1 4 -a , b  and  c, all th ree  a lte rnative  m e th o d s  sh o w ed  p o sitiv e  

sign ifican t l in e a r  re la tio n sh ip s  w h en  co m p u ted  w ith S L S -M T F  re fe ren ce  m eth o d . A m o n g  

them , th e  l in e a r  re la tio n sh ip  b e tw ee n  S L S -M T F  w ith  M -endo  w as th e  m o s t s ig n ifican t 

re la tio n sh ip  (R 2 =  0 .9 9 4 8 ), c o m p ared  to  o th e r tw o re la tionsh ips. H o w ev e r, a cco rd in g  to  

the s im p le  l in e a r  m o d e l th e  h ig h es t co u n ts  com pared  to  S L S -M T F  co u n ts  cou ld  b e  

ob ta ined  b y  th e  C o lile r t  m e th o d , w h e n  ap p lied  to  the equation  y  =  3 .8 5 3 4 x . T h e re fo re , th e  

C olilert c o u n ts  a re  m o re  th an  3 .8534  tim es  h ig h e r than  th a t o f  the  S L S -M T F  m ethod . M - 

C o liB lue24  c o u ld  d e te c t 1 .7534  tim es  h ig h e r counts and  M -endo  co u ld  d e tec t 1.5528 

tim es h ig h e r  to ta l c o lifo rm  co u n ts  th a n  th e  S L S -M T F  m eth o d  respec tive ly .
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Total collform counts by SLS (cfii/100

(a) - S L S -M T F /C o lilert
(b) - S L S -M T F /M -en d o
(c) - S L S -M T F /M -co lib lu e24

Figure 2 .14  S im p le  L in ear  M odel for com paring SLS m ethod and alternative m ethods for detecting
total coliform s

Sim ple lin e a r  r e la t io n sh ip s  fo r  d e tec tin g  E. coli

As sho w n  in  F ig u re  2 .1 5 , all th e  a lternative  m ethods resu lted  in positive  lin ea r 

re la tionsh ips w ith  S L S -M T F  m ethod  in  detec ting  E. co li bacteria  (F igu re  2 .15  - a, b, and  c 

for C o lile rt, M -F C  an d  m -C o liB lu e2 4  respectively ). A m ong  th em  th e  m ost e ffic ien t 

re la tionsh ips w e re  sh o w n  by  C o lile rt and  m -C oliB lue24  having  R  va lues 0 .9856  and  

0-9835 re sp e c tiv e ly . C o m p ared  to o th e r tw o  m ethods the h ighest co u n ts  w ere  g iven  by  m - 

C o liB lue24  m e th o d , w h en  all the w a ter sources w ere g rouped  to g e th e r (y  =  2 .9355x). 

C olilert m e th o d  d e te c te d  1.8371 tim es h ig h er counts and  M -FC  d e tec ted  1.3558 tim es 

higher E. co li c o u n ts  th a t th e  conv en tio n al SL S-M TF m ethod.
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E. coli counts by SLS (cells/Ccfii/lOO ml)
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(a) - S L S -M T F /C olilert
(b) - S L S -M T F /M -en d o
(c) - S L S -M T F /M -co lib lu e24

F igu re 2 .15  S im p le  L inear M odel for com paring SLS m ethod and alternative m ethods for
detecting E. coli

2.8.3. C o n firm a tio n  ra tes o f  bacteria  by d ifferent m ethods

C onfirm ation  ra te s  fo r  to ta l co liform  b acte ria  w ere obtained as d escribed  in  the  sec tion  

2.6.3 u n d e r  M a te ria ls  and  M ethods in  th is  chapter. C alculations w ere  do n e  fo llow ing  th e  

equations ‘a ’ (fo r  M P N  m eth o d s) and  ‘b ’ (fo r M F  m ethods) in section  2 .3 .2 .3  in Part-A  o f  

this ch ap te r. C o n firm a tio n  test resu lts  fo r  to tal coliform s (negative O x id ase  test) and  E. 

coli (n eg a tiv e  O x id a se  te s t and  positive  Indole test) by  d ifferen t m e th o d s  are show n in 

Tables 2 .2 6  an d  2 .2 7  respec tive ly .

Confirmation rates of total coliforms

W hen c o n s id e rin g  to ta l co lifo rm  bacteria , the  h ighest confirm ation  ra te  (78.2  % ) w as 

given b y  C o lile r t  m ethod . In contrast, the  low est confirm ation  ra te  w as g iv en  by  S L S - 

M TF m e th o d  (7 1 .1 % ). A  sim ila r observation  w as m ade in the p re lim in a ry  study, w ith
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highest v a lu e s  in  C o lile r t and. th e  lo w est va lues in  SL S -M T F  m e th o d s  re sp ec tiv e ly . 

H ow ever, th e  c o n f irm a tio n  ra te s  w e re  lo w er in  th is  experim en ts  co m p ared  to  th e  v a lu es  

obtained in  th e  p re lim in a ry  s tudy . In  th is  experim ent, th e  con firm atio n  te s t w a s  p e rfo rm ed  

only fo r  is o la te d  p u re  c o lo n ie s  g ro w n  on T ryp tic  S oy  A g ar p la te s , w h e rea s , in  th e  

p re lim inary  s tu d y , it  w a s  d o n e  d irec tly  from  th e  p o sitiv e  p re su m p tiv e  te s t tu b es  o r  fo r  

colonies th a t  a p p e a re d  o n  p la te s . F u rth e r, the  confirm ation  test p ro ced u res  fo llo w ed  in  th e  

two e x p e r im e n ts  w e re  a lso  d iffe ren t as desc rib ed  in th e  sections 2 .3 .3  and  2 .5 .3  o f  th is  

chapter. F o r  c o n f irm a tio n  o f  to ta l co lifo rm  co lon ies, B rillian t G reen  L ac to se  B ile  B ro th  

(co n v en tio n a l m e th o d )  w as  u sed  in  th e  p re lim inary  study, w h ile  th e  O x id ase  te s t u s in g  

O xidase re a g e n t  (IS O  m e th o d ) w a s  u sed  in  th e  subsequen t experim en t.

In th is  e x p e r im e n t, ty p ic a l a n d  a ty p ica l co lon ies fo rm ed  on M -endo  w e re  iso la ted  by  

streak ing  o n  T S A  p la te s  an d  th e  iso la ted  co lon ies w ere  te sted  fo r  co n firm atio n . 

C o n firm atio n  te s ts  sh o w e d , b o th  ty p ica l and  a typ ical p resum ptive  co lo n ie s  th a t ap p ea r o n  

M -endo m e d ia  c o n s is ts  o f  b o th  to ta l co lifo rm  bacte ria  an d  n o n -co lifo rm  b ac te ria . A m o n g  

the a ty p ic a l c re a m  c o lo u r  co lo n ie s  iso la ted , 6 0%  w ere  con firm ed  as to ta l co lifo rm s, w h ile  

the ty p ic a l re d  m e ta llic  sh ee n /p in k  c o lo u r co lon ies consisted  o f  74  %  o f  to ta l co lifo rm  

bacteria , b e lo n g in g  to  th e  fam ily  E n terobac teriaceae . In  contrast, th e re  w as  no  a typ ica l 

colony fo rm a tio n  o n  m -C o liB lu e 2 4  p la tes. T otal co lifo rm  c o n firm a tio n  ra te  in m - 

C o liB lu e2 4  m e th o d  w a s  72 .1  %  (T ab le  2 .26).

Table 2 .26 . C o n firm a tio n  test resu lts  for detectin g  total coliform s

M e th o d T y p e  o f  o b serv a tio n C o n firm a tio n  ra te  %

S L S G as fo rm a tio n /(a n d  ac id  form ation) 71 .0

C o lile r t Y e llo w  co lo u ra tio n 78.2

C o lo u rle ss 0 .0

M -e n d o T y p ica l re d  m e ta llic  sheen /p ink  co lon ies 75.1

A ty p ic a l c ream 60 .0

M -c o li T y p ica l re d 72.1
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C o n firm a tio n  r a te s  o f  E. co li

C om pared  w ith  th e  p re lim in a ry  te s t resu lts , E. co li confirm ation  ra tes  w ere  co m p ara tiv e ly  

low er in th is  e x p e r im e n t. H ow ever, du rin g  th e  p re lim inary  study, E. co li  p o sitiv e  SL S- 

M TF tu b e s  w e re  n o t fu r th e r con firm ed , w h ere  as in  th is  experim en t, co n firm ed  E. co li  

tubes (In d o le  p o s itiv e )  w e re  fu r th e r reco n firm ed  fo llow ing  the ISO  co n firm a tio n  test. In 

the IS O  c o n f irm a tio n  te st, iso la ted  cu ltu res shou ld  b e  O xidase  n eg a tiv e  w ith  a Indo le  

positive  re a c tio n . T h e  ta b le  2 .2 7  show s th e  con firm ation  te s t resu lts, a f te r  p e rfo rm in g  b o th  

reactions. A c c o rd in g  to  th e  resu lts , the h ig h est confirm ation  ra tes w e re  g iv en  by  C o lile rt 

m ethod (6 6 .6  % ). F u rth e r, in  C o lile rt m ethod , ye llow  b u t non - flu o resc in g  tu b es  d id  n o t 

contain  an y  E. c o li. T h a t m e an s  on ly  typ ica l p o sitive  tubes (yellow  an d  flu o resc in g ) tubes 

con tained  E . c o li  b ac te ria . H o w ev er, in  th e  p re lim inary  study, ye llow  b u t n o n -flu o resc in g  

tubes a lso  c o n ta in e d  25 %  o f  E. coli. m -C o liB lue24  and  S L S -M F  (M -F C  m ed iu m ) 

m ethods sh o w e d  50 %  o f  co n firm ed  E. coli, ou t o f  th e  typ ical b lu e  co lo u r co lon ies. 

H ow ever, th e  a ty p ic a l c o lo n ie s  (c ream  co lo u r and  yellow  co lour co lo n ies) fo rm ed  on M - 

FC p la te s  w e re  n o t c o n firm e d  as E. co li (con firm ation  rate 0 % ).T h e  lo w est E. co li 

con firm atio n  ra te  w a s  re c o rd ed  b y  the  S L S -M T F  m eth o d  (37.5 % ), s im ila r w ith  the to ta l 

co lifo rm  c o n f irm a tio n  te s t resu lts.

Table 2 .27 . C o n firm a tio n  test resu lts for  detecting E. coli

M eth o d T y p e  o f  o b serv a tio n C o n firm a tio n  rate  %

S L S P o s itiv e  In d o le  reac tio n 37.5

C o lile r t F lu o rescen ce 66.6

N o n  flu o resc in g  ye llow 0.0

M -F C T y p ic a l b lu e  co lo n ies 50 .0

A ty p ic a l c ream 0.0

A ty p ic a l ye llo w 0.0

M -c o li T y p ica l b lue 50 .0
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P erfo rm ance o f  m e th o d s  w as  assessed  b y  fo llow ing  th e  ISO  c rite ria  fo r  G u id an ce  on  

validation  o f  m ic ro b io lo g ic a l M eth o d s (IS O /T R  13843). A s described  in  the  sec tion  2 .5 in  

this ch ap te r, th e  p e rfo rm an c e  ch arac te ris tic s  o f  fo u r m ethods w ere  a n a ly zed  using  the  

observations m a d e  in  d iffe ren t m eth o d s fo r tw o types o f  b acte ria  separa te ly . F o r an a ly z in g  

p erfo rm ance  c h a ra c te r is tic s , th e  fo llow ing  param eters w ere  u sed  (sec tio n  2.5. o f  th is  

chapter).

a ) n u m b e r  o f  p re su m p tiv e  po sitiv es  found p ositive  (true p o s itiv es)

b) n u m b e r  o f  p re su m p tiv e  n eg ative  found  positive  (false n eg a tiv es)

c) n u m b e r  o f  p re su m p tiv e  positives found  negative  (fa lse  p o sitiv es)

d) n u m b e r  o f  p re su m p tiv e  neg a tiv es  found negative  (true n eg a tiv es) 

n) to ta l n u m b e r o f  tests

O b serva tions d o n e  w ith  fo u r  m ethods w h en  analyzing  to ta l co lifo rm  b a c te ria  are  p re sen ted  

in the ta b le  2 .2 8 .

Table 2 .28 O b serv a tio n s  d one fo r  total coliform  bacteria by d ifferent m ethods

P a ra m eter SL S C olilert M -endo M -co li

a 54 61 56 62

b _* 0 A 6 0 A

c 22 11 18 24

d 10 4 0 A

n 76 82 84 86

* p re su m p tiv e  nega tives w ere no t confirm ed A presum ptive negatives w ere absent

The m in im u m  n u m b e r  o f  co n firm atio n  tests done fo r confirm ing  to ta l co lifo rm s in fo u r 

m ethod w a s  100 (T ab le  2 .29 ). H ow ever, som e o f  the  cu ltu res s treak ed  on T S A  (T ryp tic
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S oy  A g ar) d id  n o t show  su ffic ien t g row th  to  ob tain  p u re  cu ltu res, ev en  w ith  severa l 

a tte m p ts  o f  su b  cu ltu ring . In  add itio n , a considerab le  p ro p o rtio n  o f  the  p la te s  h ad  to  be  

d isca rd e d  d u e  to  con tam inations (17 % , 18 % , 20.5  %  and 15 %  in S L S -M T F , C o lile rt, M - 

en d o  a n d  m -C o liB lu e2 4  m ethods respec tive ly ). C on tam in atio n  w as d iff icu lt to  o v e rco m e  

d u rin g  th e  iso la tio n  p rocedure  even  w ith  several p recau tions (such  as fu m ig a tin g  the  lab , 

ta k in g  sev e ra l p recau tio n s  in c lean ing  and  s teriliz ing  p la tes  and  n eed le s , ta k in g  ex tra  

p re c a u tio n s  in  sub  cu ltu ring  p rocess and  m ed ia  p repara tion , etc.,).

T ab le  2 .29  Sum m ary  o f  total coliform  data

D escrip tion  M eth o d

S L S  C o liler t M -en d o  M -co li

n u m b e r o f  sam p les  analyzed 42 42 42 42

sum  o f  p re su m p tiv e  tubes o r  co lon ies 

n u m b e r o f  tu b es  o r  co lon ies inc luded  in  the

614 554 3181 3 004

co n firm a tio n 102 100 102 106

n u m b e r  o f  co n firm ed  cu ltu res (ox idase  negative/O -) 54 61 56 62

n u m b e r  o f  co n tam in a ted  cu ltu res,

n u m b e r  o f  d isca rd ed  cu ltu res d u e  to  p o o r iso la tion /no

18 18 21 16

g ro w th 8 10 7 6

P e r fo r m a n c e  o f  m eth od s in  d etectin g  to ta l co liform s

O b ta in in g  all p e rfo rm an ce  crite ria  w as n o t p o ssib le  fo r each  m eth o d , a cc o rd in g  to  the  IS O  

c rite ria , s in ce  ev ery  requ ired  p a ram ete r could  n o t b e  an aly zed  in  each  m e th o d  d u rin g  the  

s tu d y , d u e  to  p rac tica l d ifficu lties. In  S L S -M T F  m eth o d , n eg a tiv e  p re su m p tiv e  tu b es  w ere  

n o t u se d  in  co n firm a tio n  testing . T h erefo re , th e re  w ere  no  v a lid  re su lts  fo r  b  an d  d 

p a ra m e te rs . F u rth e r, there  w as no a typ ical co lo n y  fo rm atio n  in m -C o liB lu e 2 4  m eth o d , 

m a k in g  no  v a lid  resu lts  fo r b  and  d (T ab le  2 .28). T h ere  w ere  no a ty p ica l re su lts  w ith  th e  

u se  o f  th e  C o lile rt m ethod  because  a ll positive  tubes sh o w ed  a c o lo u r ch an g e . T h e re fo re ,
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o b ta in in g  perfo rm an ce  criteria  such as ‘sensitiv ity , specific ity  and  fa lse  n eg a tiv e  ra tes 

w ere  no t successfu l fo r all m ethods concerned  (T able  2.30).

H o w ev er, w ith  th e  availab le data, certa in  perfo rm ance crite ria  w ere  o b ta in ed  as dep ic ted  

in  th e  tab le  2 .30 . A ccording  to  the resu lts, m -C oliB Iue24 m ed iu m  h as th e  h ighest 

sen sitiv ity  (1 .0 ), and  M -endo show ed  0.9 o f  sensitiv ity . S pec ific ity  v a lu es  w ere  a lso  

o b ta in ed  o n ly  fo r C olilert and  SLS-M F (M -endo) m ethods. T he sp ec ific ity  o f  C o lile rt 

m e th o d  (0 .47) w as h igher than that o f  the M -endo  m edium  (specific ity  =  0 .18). False  

p o s itiv e  ra te  w as h ighest in  SL S-M T F m ethod , w hich ind ica tes the  low  perfo rm an ce  

co m p ared  to  o th e r m ethods. F alse  positive  rate  w as low est in C o lile rt m ethod  w hen  

d e tec tin g  to ta l co lifo rm  bacteria , w h ich  is a good perfo rm ance ch arac te r o f  th e  m ethod . 

F u rth er, th e  fa lse  negative rate  w as zero  in  b o th  enzym atic  m ethods (C o lile rt an d  the m - 

co lib lu e -2 4 ) as the  tw o m ethods d id  not show  any p resu m p tiv e ly  n eg a tiv e  result. 

F u rth erm o re , th e  h ighest effic iency  am ong th e  m ethods w as show n  by C o lile rt m ethod, 

co m p ared  to  th e  o th er m ethods. M -endo show ed a 0.64 effic iency , w h ich  is co n sid erab ly  a 

low  value. m -C oliB lue24  m ethod  show ed  a 0.73 effic iency , w h ich  is in be tw een . 

H o w ev er, th e  effic iency  o f  SL S-M TF could  no t be  p red ic ted  accu ra te ly  due to  lack  v a lues 

fo r th e  ‘d ’ p a ram e te r (T able 2.28).

T able 2.30 Perform ance o f different m ethods for total coliform  bacteria

P erform an ce  character
M eth od

SL S-M T F C olilert M -en d o M -co li

S en sitiv ity  =  a/(a +  b) _ * 1A 0.90 1A

S p ecific ity  =  d/(c +  d) - * 0.47 0.18 _ /V

F alse  p o sitiv e  rate =  c/(a  + c) 0.29 0.15 0 .24 0.28

F a lse  neg a tiv e  rate =  b /(b  + d) 0 0.6 0

E ffic ien cy  E = (a  +  d)/n 0.71* 0.81 0 .64 0 .7 3 a

* p resum ptive negatives were not confirm ed A presum ptive negatives (atypical co lonies) w ere absent
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P er fo r m a n c e  o f  m ethods in d etectin g  E. coli

O b se rv a tio n s  d one  w ith  four m ethods w hen  analyzing  E. co li a re  p re sen ted  in  th e  tab le  

2 .31 .

T able 2.31 O bservations done for E. co li by d ifferent m ethods

P aram eter S L S -M T F C olilert M -FC M -co li

a 3 8 8 8

b 0* 0 0 0 A

c 19 28 18 21

d 0* 10 2 0A

n 22 46 28 29

* p resum ptive  negatives w ere not confirm ed A presum ptive negatives (a typical colonies) w ere  absent

T h e  m in im u m  nu m b er o f  confirm ation  tests done for co n firm in g  E. co li b y  the fou r 

m e th o d s  w as 46  (T able  2 .32). H ow ever, as in the case o f  to ta l co lifo rm s, so m e o f  the 

cu ltu re s  s treak ed  on  T SA  (T ryp tic  Soy A gar), d id  no t re su lted  in  su ffic ien t g row th  to  

o b ta in  p u re  cu ltu res, even  w ith  several a ttem pts o f  sub cu ltu ring . F u rth er, co n tam in a tio n s  

(20 .8  % , 28 .0  % , 17.4 %  and 26.5 %  in  SL S-M T F, C o lilert, M -endo  and  m -C o liB lu e2 4  

m e th o d s  re sp ec tiv e ly ) by  o ther con tam inan ts w ere  also ob serv ed  in  E. co li iso la tio n  tests

too .
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T able 2.32 Sum m ary o f E. coli data

D escrip tion M eth od

SL S-M T F  C o liler t M -FC M -co li
n u m b e r o f  sam ples 42 42 42 42

sum  o f  p re su m p tiv e  tubes o r co lonies 

n u m b er o f  tu b es  o r co lonies included  in the

309 313 2602 1764

co n firm a tio n 48 51 46 49

n u m b e r o f  O x id ase  negative cultures 8 12 16 16

n u m b e r o f  In d o le  positive  cu ltu res 3 8 8 8

n u m b e r o f  co n tam in ated  cultures, 

n u m b e r o f  d isca rd ed  cultures d ue  to poor

10 16 8 13

iso la tio n /n o  g row th 6 7 4 7

A s in  th e  case  o f  to ta l co liform s, it w as d ifficu lt to  obtain  all p e rfo rm an ce  c rite ria  fo r each  

m e th o d  ev en  w ith  E. coli. In  SL S-M TF m ethod, negative p resu m p tiv e  tubes w ere  no t u sed  

in  co n firm a tio n  testing . T herefore , there w ere no valid  resu lts  fo r ‘b ’ and ‘d ’ param eters . 

T h e re  w ere  no  a typ ica l co lony  form ation in  m -C oiB lue24  m ethod , c rea ting  zero  values fo r 

‘b ’ an d  ‘d ’ (T ab le  2 .31). T herefore , ob tain ing  perfo rm ance c rite ria  ‘sensitiv ity , sp ec ific ity  

an d  ‘fa lse  n eg a tiv e  ra te ’ w ere  not successfu l w hen  all m e thods w ere  co n cern ed , w h en  

te s tin g  fo r is. co li  (T able  2 .33).

F ro m  th e  av a ilab le  data, certain  perform ance c rite ria  w ere ob ta in ed  as in th e  case  o f  to ta l 

co lifo rm s. A s d ep ic ted  in  the tab le  2 .33 , all a lternative m ethods o b ta in ed  a  v a lu e  o f  1.0 for 

sen s itiv ity . In  S L S -M T F  m ethod , i f  p resum ptive  negative  cu ltu res  w ere  te s ted  a va lid  

re su lt co u ld  h ave  been  obtained. Specific ity  in E. co li d e tec tio n  w as 0 .26  in C o lilert, 

w h ere  as  it w as  on ly  0.1 in  M -FC  m edium .

T h e  h ig h e s t fa lse  positive  rate  w as ob ta ined  by  SL S-M T F m eth o d , w h ich  in d ica tes  the 

low  p e rfo rm an ce  com pared  to  o ther m ethods. F urther, the  m in im u m  fa lse  p o s itiv e  ra te  

w as g iv en  by  C o lile rt m ethod as in  the case o f  detecting  to tal co lifo rm  b ac te ria . F alse  

p o s itiv e  ra tes  w ere  0.72 and 0.68 in  m -C oiB lue24  and  M -F C  respec tive ly . F u rth erm o re ,
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th e  fa lse  n eg a tiv e  ra te  w as zero  in  all a lte rnative  m ethods w h ich  is ag a in  a  g o o d  

p e rfo rm an c e  ch arac te r o f  a  m ethod. T h e  h ig h est efficiency  am ong  th e  m ethods w as sh ow n  

w ith  C o lile rt m e th o d  (0.39), com pared  to  the  o th e r m ethods. It w as  0 .36  and 0 .28  in M -FC  

and  m -C o liB lu e2 4  m ethods respective ly , w h ile  the m inim um  rate  w as o b ta in ed  w ith  the  

re fe re n ce  S L S -M T F  m ethod.

Table 2.33 Perform ance o f  d ifferent m ethods for E. co li

P erfo rm a n ce  character
M eth od

S L S -M T F C olilert M -F C M -co li

S en sitiv ity  =  a/(a  +  b) * 1.0 1.0 1 .0-

S p ec ific ity  =  d/(c +  d) * 0.26 0.1 A

F a lse  p o s itiv e  ra te  =  c /(a  +  c) 0 .86 0.60 0.68 0 .72

F a lse  n eg a tiv e  rate  =  b /(b  + d) - 0 0 0

E ffic ien c y  E  =  (a  +  d )/n 0.13* 0.39 0 .36 0 .2 8 -

* p resum ptive  negatives w ere not confirm ed -  presum ptive negatives (atypical colonies) w ere absent

2 .8 .4 .1 . D e tec tio n  o f  d ifferent groups o f  bacteria  by d ifferen t m eth od s

C o n firm a tio n  te s ts  show ed  that, to ta l co lifo rm s and E. co li w ere  d e tec ted  in  d iffe ren t 

a m o u n ts  b y  d iffe ren t m ethods (T ables 2 .26  and  2.27). F u rther, o th e r  g ro u p s o f  bac te ria  

su ch  a s  O x id ase  positive  bacte ria  and  G ram  positive  bac te ria  w e re  also  d e tec ted  b y  all 

te s ted  m e th o d s , in  add ition  to the  co lifo rm  g roup  o f  bacteria . C o n firm atio n  ra te s  gave  the  

p ro p o rtio n s  o f  d ifferen t bacteria l g roups de tec ted  by  d ifferen t m ethods.

C o n firm a tio n  rates o f  d ifferen t grou p s o f  bacteria

A s d ep ic ted  in  th e  tab le  2 .34, the  h ighest to ta l co lifo rm  de tec tion  ra te  (78 .2  % ) w as  show n 

b y  C o lile rt m ethod , w hile  the S L S -M T F  m ethod  has sh o w n  the lo w est (71% ) 

c o n firm a tio n  rate . Further, the SL S-M T F m eth o d  detected  4 %  o f  G ram  p o s itiv e  bac te ria ,
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w h e re  as n one  o f  the  a lternative m eth o d s detec ted  G ram  p o sitiv e  b ac te ria  d u rin g  to ta l 

c o lifo rm  d e tec tio n s . W hen considering  O x idase  positive  bac te ria l ra tes, th e  h ig h est 

p ro p o r tio n  w as  reco rd ed  by the m -C o liB lue24  m ethod , w h ile  S L S -M T F  b e in g  the  seco n d  

h ig h est. T h e  lo w est am ount o f  O x idase  po sitiv es  w as d e tec ted  by  th e  C o lile rt m e th o d  

(18.1 % ) A lto g e th e r, the h ig h est n o n -co lifo rm  ra tio  w as reco rd ed  w ith  th e  S L S -M T F  

m e th o d , c o m p ared  to  the a lternative  m ethods. T he low est p ro p o rtio n  o f  n o n -co lifo rm  

b a c te r ia  w as  d e tec ted  by  the C o lilert m ethod .

T ab le  2 .3 4  P ercentages o f  confirm ed coliform  and non-coliform  bacteria  detected  by d ifferen t 
m eth od s

M eth o d s  O x id a se  (-)/ to ta l co liform  O xid ase  (+) G ra m  (+) T o ta l n o n -

con firm ation  rate % rate % ra te  % co lifo rm  rate  %

S L S -M T F 71.0 25.0 4 .0 29 .0

C o lile rt 78.2 18.1 0 18.1

M -en d o 75.7 24.3 0 24.3

M -co li 72.1 27.9 0 2 7 .9

A s d e p ic ted  in  th e  tab le  2 .35 , M -FC  m ed ium  w as able to  d e tec t the  h ig h e s t O x id ase  

n e g a tiv e  b ac te ria l percen tage  (61 .5), com pared  to  the o th er th ree  m e th o d s in  d e tec tin g  E. 

co li. T h e  lo w est (36 .3  % ) w as reco rded  by  th e  conven tional S L S -M T F  m ethod . In  co n trast 

to  th e  re su lts  o b ta in ed  fo r to ta l co liform s, th e  h ig h est O x id ase  p o s itiv e  ra te  (53 .5  % ) w as 

sh o w n  b y  C o lile rt m ethod , w h ile  the  lo w est w as reco rd ed  b y  th e  M -F C  (38 .4  % ). 

H o w ev e r, th e  h ig h est G ram -positive  rate  (13.6  % ) w as a lso  g iv en  by  S L S -M T F , s im ila r 

w ith  to ta l co lifo rm  detec tion  resu lts. A lthough  C olilert m e th o d  a lso  rep o rted  a  v e ry  little  

a m o u n t o f  G ram  positives (3.5 % ), M -F C  and  m -C o liB lue24  d id  n o t d e tec t an y  G ram ­

p o s itiv e  b a c te ria  in  the  p rocess o f  E. co li de tec tion .
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M eth o d s O xid ase (-) rate % O xid ase  (+) G ram  (+) 

rate % rate %

T ota l n on  

co lifo rm  ra te  %

S L S -M T F 36.3 50.0 . 13.6 63.6

C o lile rt 42.8 53.5 3.5 57.0

M -F C 61.5 38.4 0 38.4

M -co li 55.1 44.8 0 44.8

2 .8 .4 .2 . C o m p a r iso n  o f  m ethods accord in g  to ISO  criteria

E ach  a lte rn a tiv e  m ethod  w as com pared  w ith  the reference S L S -M T F  m eth o d  for the 

d e tec tio n  o f  to ta l co lifo rm  bacteria  and  E. co li separately , fo llo w in g  the IS O  c rite ria  fo r 

e s tab lish in g  eq u iv a len ce  betw een  m icrob io log ica l m ethods (IS O  17994: 2004).

In  each  co m p ariso n , confirm ed  counts from  the  sam e sam ple  o b ta in ed  on th e  a lte rnative  

m e th o d  w ere  p a ired  to  confirm ed  coun ts ob ta ined  on the re fe ren ce  m ed ium  (S L S -M T F ). 

B o th  M F  and  M P N  resu lts  w ere rounded  up  to  the n eares t w h o le  n u m b e r b efo re  

ca lcu la tio n s . A fte r natu ral logarithm  transfo rm ation  o f  the p a ired  coun ts  d a ta , the  re la tive  

d iffe ren c e  b e tw een  com pared  m ethods in  each  sam ple w ere  ca lcu la ted  u s in g  th e  eq u a tio n

2 .1 .1 .(A p p en d ix  2 , Section  2 .1 ), (w ith  ai and  bi being  the  p a ired  co u n ts) a s  w ell as the  

m e an  re la tiv e  d ifference , using  the equation  2 .1 .4 .(A ppendix  2, S ec tion  2 .1 ) (th e  sum  o f  

re la tiv e  d iffe ren ces  d iv ided  by  the n u m b er o f  sam ples) and  ex p an d ed  u n certa in ty , u sing  

th e  eq u a tio n  2 .1 .7 . (A ppendix  2, Section  2.1) and  the  standard  u n certa in ty  o f  th e  m ean  (s) 

w e re  ca lcu la ted , u s in g  the  equation  2 .1 .6 . (A ppend ix  2, Section  2 .1 ) (IS O  17994, 2004 , as 

e x p la in ed  in  A ppend ix  2, sec tion  2.1.).

R esu lts  o b ta in ed  w ith  m ethod  com parison  using  paired  co u n ts  a re  show n  in  tab les  2 .36  

and  2 .3 7  fo r to ta l co liform  counts and  E. co li coun ts  respective ly .



E va lu a tio n  o f  M ethod  com parison

For e v a lu a tio n  o f  th e  perform an ce o f  a ltern a tive  m eth od s, in re la tion  to the r e fe r en ce  SI S- 

M 11- method for the enumeration o f two bacterial types, was done by using the equations 
given m the section 2.2 (Appendix 2).

Expanded Uncertainty (equation 2.1.7, Appendix 2, Section 2 1) and the Confidence 

intervals (o f the expanded uncertainty around the mean) (equations 2.1 .8 and 

Appendix 2, Section 2.1), were obtained as explained in the ISO standard (Section 2.2. 
Appendix 2).

A value o f  10 % as the maximum acceptable deviation from zero (I)) was used m this 

study and the evaluations were done two-sided as explained in ISO standard (ISO I 7l>‘>4 
2004).

Evaluation was done by using the calculated confidence interval values (xi and \n). 
following the relationships given in the ISO standard ( ‘Method Evaluation' in section 2 2. 

Appendix 2).

Results o f  evaluation with method comparison according to ISO criteria arc given in 

tables 2.38 and 2.39, for total coliforms and E. coti respectively.

According to the comparison results for total coliform detection ( T able 2 36). the highest 

mean relative difference (6.33) was obtained in the comparison o f  SI S-M IT with the 

SI.S-MI (M-endo). Highest standard uncertainty (85.2), highest standard uncertainty of 

the mean (14.4) and the expanded uncertainty (28.8) were found in the comparison o f  

SLS-MTF with the Colilert method, compared to other three comparisons.
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T able 2 .3 6  R esu lts o f  the M ethod com parison w ith SLS m ethods for enum eration  o f  total coliform  
b acteria

P a r a m e te r

S L S -M T F /C olilert

M ethod  com p arison  

S L S -M T F /M -en d o  S L S -M T F /M -co li

X 2.97 6.33 0 .70

s 85.2 67.77 69 .67

s i r 14.4 12.97 6.08

u 28.8 24.74 22 .90

X — M ean R elative differences; s =  Standard uncertain ty;

S :T= Standard uncertainty o f  the mean; U — E xpanded  uncertain ty;

L o o k in g  a t th e  m e th o d  com parison  resu lts  fo r E. co li d e tec tion  (T ab le  2 .3 7 ), th e  h ig h est 

m e a n  re la tiv e  d iffe ren ce  (27 .72) w as found  in  the  com parison  o f  S L S -M T F  w ith  th e  SL S- 

M F  (M -F C ), s im ila rly  to  the  to ta l co lifo rm  detec tion  results. In  co n tra s t to re su lts  o b ta in ed  

fo r  to ta l c o lifo rm s, fo r  E. co li d e tec tions, th e  h ighest s tandard  u n certa in ty  (1 5 .2 ), h ig h est 

s tan d a rd  u n c e r ta in ty  o f  the  m ean  (40 .01) and  the expanded  u n certa in ty  (3 0 .2 5 ) too  w ere  

fo u n d  in  th e  co m p ariso n  o f  S L S -M T F  w ith  the  SLS-M F (M -F C ) m e th o d , co m p ared  to 

o th e r th re e  co m p ariso n s .

T ab le  2 .37  R esu lts  o f  the M ethod com parison w ith SLS m ethod for en u m eration  o f  E. co li

P a ra m eter  IVIethod com p arison

S L S -M T F /C olilert S L S-M T F /M -FC  S L S -M T F /M -co li

X 17.32 27.72 19.8

s 13.39 15.12 13.09

s x 34.65 40.01 34 .65

u 26.19 30.25 26 .19

X  = M ean R elative differences; s =  Standard uncertain ty;

s : f  =  Standard uncertainty o f  the mean; U= E xpanded uncertain ty ;
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E v a lu a tio n  re su lts  ob ta ined  for the  m ethod  com parison  in  de tec tin g  to ta l co lifo rm  bac te ria  

are  d e p ic ted  in  th e  T able 2.38. In  all th ree  com parisons, the  lo w er lim its  ( X l )  are  h av in g  

m in u s v a lu e s  (<  0 ) an d  the upper lim its (X H) exceed  the accep tab le  10 %  (+ D ). W hen  th is  

s itu a tio n  is re la ted  to  the m ethod  evaluation, it agrees w ith  th e  eq u a tio n  2 .2 .4  (A p p en d ix  

2). A s it e x p la in s , th e  evaluation  fo r th is  type o f  re la tionsh ip  is “ In co n c lu siv e” .

It a lso  su g g es ts  th a t even  though  there  is a varia tion  o f  all a lte rn a tiv e  m e th o d s  w ith  th e  

re fe re n c e  S L S -M T F  m ethod , the  varia tion  exceeds the  accep tab le  ran g e  (D v a lu e  >  10 % ).

In  th e  c u rre n t s tu d y  even w ith  m ore  than  30 com parison resu lts  (w h ich  sa tisfy  the  ISO  

re q u ire m e n t) , (IS O , 17994, 2004), th e  evaluation  results o b ta in ed  w ere  ‘in co n c lu s iv e ’ 

(m ean in g , d a ta  a re  insuffic ien t fo r a decision) in all th ree  co m p ariso n s , b ecau se  th e  range  

o f  th e  d e v ia tio n  (D ) exceeded  10 %. T herefore , to  overcom e th is  lim ita tio n , IS O  criteria , 

re c o m m en d s  in c reasin g  the n u m ber o f  sam ples exam ined lead in g  to  n a rro w  dow n th e  

v a ria tio n  ran g e  b e lo w  10 % . T hen  it w ill be  able to  ob ta in  a final co n c lu sio n  on  the  

co m p ariso n  s tu d y  (rela ting  to the  evaluation  rela tionsh ips ex p la in ed  in  the  sec tio n  2.2. 

(A p p en d ix  2 ), u s in g  the com pared  bacterio log ical m ethods to  d e tec t to ta l co lifo rm  

b a c te r ia  in  w a ter.

T ab le  2 .3 8  R esu lts  o f  th e evaluation test for com parison o f alternative m ethods w ith  S L S  reference  

m eth od  fo r  n um eration  o f total coliform  bacteria

P a ra m e te r

SL S -M T F /C olilert

M ethod  com parison  

SL S-M T F /M -en do S L S -M T F /M -co li

xL -25 .8 -25.83 -22 .20

XH 31.8 31.78 23.61

E v a lu a tio n Inconclusive Inconclusive In co n c lu siv e

xL = Low er limit; *h =  U pper limit
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S im ila rly  w ith  to ta l coliform  evaluation  results, com parison  resu lts  w ere  an a ly zed  fo r E. 

co li  d e tec tio n  b y  th ree  a lternative  m ethods in com parison  to  th e  re fe ren ce  S L S -M T F  

m e th o d  (T ab le  2 .39). A ccord ing  to th e  table 2 .39 , the evalua tions o b ta in ed  fo r E. co li  

d e tec tio n  w e re  a lso  inconclusive’ as in  the case o f  total co lifo rm  bacte ria . H o w ev er, in 

a n a ly z in g  E. co li  de tections, the n um ber o f  com pared  paired  co u n ts  w as n o t ex ceed in g  30 

c o m p ariso n s  d u e  to  several unavo idab le  circum stances (such  as o b ta in in g  p la te s  w ith  

in su ffic ie n t g ro w th , w ithou t pure  co lonies o r w ith con tam in a tio n s), lead in g  to 

c o m p ara tiv e ly  lo w  num ber in  confirm ation  testing (com pared  to  to tal co lifo rm s). 

T h e re fo re , th e  ra n g e  o f  th e  lo w er lim its and the up p er lim its w ere  ex ceed in g  the  10 %  o f  

m a x im u m  a ccep tab le  dev iation  from  zero  (D ), suggesting th a t even  th e re  is a  v a ria tio n  o f  

all th e  a lte rn a tiv e  m ethods w ith  the reference SLS-M TF m ethod , in  d e tec tin g  E. c o li , the 

ran g e  is  to o  w id e . T herefore , s im ilarly  as w ith  total co lifo rm s, th e  range  o f  v aria tion  

sh o u ld  b e  fu r th e r  narrow ed  dow n to  obtain valid  evaluation  resu lts. In o rd e r to  o b ta in  

v a lid  e v a lu a tio n  data, the  n um ber o f  sam ples should  be  fu rth e r in c reased  (as 

re c o m m en d e d  b y  th e  ISO , 17994, 2004), w h ich  w ill fac ilita te  th e  in c reasin g  o f  v a lid  

p a ired  c o u n ts  fo r  com parisons. Therefore, the final conclusion  o f  th is  co m p ariso n  study  

(u s in g  IS O  c rite ria  fo r de tec ting  E. co li  bacteria  in m ethod  co m p ariso n ) w as tha t, m ore  

p re c ise  re su lts  co u ld  be  ob ta ined  in  m ethod  com parison, i f  th e  n u m b er o f  sam ples is 

in c re a se d  fo r te s tin g  w ith  d ifferen t m ethods fo r the detection  and  en u m era tio n  o f  E. co li 

fo r  w a te r  q u a lity  assessm en t in  S ri Lanka.

T able 2 3 9  R esu lts o f  th e evaluation test for com parison o f alternative m ethods STS reference  

m eth od  for en u m eration  o f E  .co li

P a ra m eter M ethod  com parison

SL S-M T F /C olilert SL S-M T F /M -F C  S L S -M T F /M -co li

XL -8.86 -2.52 -6.39

x H 43.52 57.97 46.00

E v a lu a tio n Inconclusive Inconclusive Inconclusive

xL=  L ow er limit; xH = U pper lim it
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2 .8 . D IS C U S S IO N

M eth o d  com p a riso n

B o th  th e  p re lim in a ry  and the secondary  phases o f  th is study , sh o w ed  th a t the  d iffe ren t 

m e th o d s  u se d  to  analyze  to ta l co lifo rm  bacteria  and E. coli in  d iffe ren t w a te r sou rces h ave  

e n u m era te d  b o th  bacteria l types in  d ifferen t am ounts, regard less o f  th e  sam pling  locations. 

T h is  o b se rv a tio n  show s tha t the  m ethods selected  in this s tu d y  th o u g h  n o t a t sam e  level 

b u t h a v e  d em o n stra ted  the ir perform ances favorably , in enum erating  bo th  b ac te ria l types, 

from  a  g eo g rap h ica lly  d iverse se t o f  sam ples, in  Sri Lanka.

W h en  c o n sid e rin g  bacte rio log ica l counts in bo th  phases o f  the  study , the lo w est m ean  

co u n ts  in  d e tec tin g  bo th  to ta l co lifo rm s and E. co li w ere show n  by  th e  con v en tio n a l S L S - 

M T F  re fe re n ce  m ethod. T he  m ethod  com parison  done w ith  th e  least squ ares  m ean  

sep a ra tio n  te s t h a s  a lso  p roved  tha t all the  a lternative m ethods u sed  (C o lile rt, S L S -M F , m - 

C o liB lu e2 4 , in  b o th  phases), excep t the A PH A -M T F m eth o d  (in c lu d ed  o n ly  in the  

p re lim in a ry  s tudy ), w ere sign ifican tly  d ifferen t w ith  the S L S -M T F  re fe ren ce  m eth o d  in  

d e tec tin g  to ta l co lifo rm  b ac te ria  w hen  all the  w ater sources w ere  g ro u p ed  to ge ther. T h ere  

a re  sev e ra l p o ss ib le  reasons fo r  this observation . O ne p o ssib ility  m ig h t be, d ue  to  the  

p re sen c e  o f  an aero g en ic  (w ithou t producing  gas) lactose fe rm en tin g  co lifo rm s in  m o st o f  

th e  sam p les  an aly zed , as suggested  by E ckner (1998). T herefo re , th e  SLS and  A P H A - 

M T F  m e th o d s , w h ich  are based  on conventional lactose fe rm en ta tion , m ig h t n o t b e  ab le  to  

d e tec t a ll co lifo rm s, in  w a ter sam ples, especially  the ones tha t can n o t p ro d u ce  gas in 

fe rm e n tin g  la c to se  (L eclerc, et a l., 2002). T h is observation  w as fu r th e r co n firm ed  by the  

w e ak  re la tio n sh ip  ob tained  by  the sim ple linear m odel b e tw een  S L S -M T F  and  A P H A - 

M T F  m e th o d s .

In  co n tra s t, the  s im p le  linear re la tionsh ip  resu lts fo r enzym atic  m eth o d s, C o lile rt and  th e  

m -C o liB lu e 2 4  m ethods p roduced  m u ch  be tte r resu lts in to ta l co lifo rm  d e tec tio n s  w ith  

sev era l fo ld s  h ig h e r counts, in re la tion  to  th e  SL S-M T F m ethod . (3 .85 and  1.75 fo ld
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h ig h e r  co u n ts  b y  C o lilert and m -C oliB lue24 m ethods respective ly ) S im ilar o b serv a tio n s  

w e re  a lso  re c o rd ed  by  N oble , e t a l., (2004), in w hich they  have  found 1.8 tim es h ig h e r 

co u n ts  w ith  C o lile rt com pared  to  the conventional M TF (A P H A ) m ethod  (using  laury l 

try p to se  b ro th ). F urther, Schets, e t al., (2004) has also reported  com parative ly  h ig h er to ta l 

co lifo rm  c o u n ts  b y  C o lilert m ethod than the lactose con tain ing  M F  m edium . A s E ckner, 

(1 9 9 4 ) re p o rte d , the  C o lilert m ethod  has enum erated sign ifican tly  h ig h er (p =  0 .1) to ta l 

co lifo rm  c o u n ts  com pared  to  Sw edish M TF m ethod, w hen  analyzing  d iffe ren t w a te r 

so u rc e s  in c lu d in g  environm ental w ater sam ples. S im ilar resu lts  w ere also  ob ta ined  by  

C o v ert, e t al., (1989), w here  they have observed significantly  h ig h er to ta l co lifo rm  co u n ts  

b y  th e  C o lile r t m e th o d , com pared  to  the conventional 10-tube M T F  (A PH A ) m ethod , fo r  

a n a ly z in g  d iffe ren t ty p es  o f  w ater sources including drinking w ater.

T h e  e n zy m a tic  m eth o d  C olilert, can  detect P-D galactosidase enzym e p resen t abundan tly  

in  to ta l co lifo rm  b ac te ria  (P ikanen, e t al., 2006, Edberg, e t al., 1988)) in  w ater. A cco rd in g  

to  S ch e ts , e t a l  (2004), co liform  bacteria  have both  la cY  (fo r P -galac to sideperm ease  

en zy m e) a n d  la c Z  (fo r P —galactosidase enzym e) genes. C erta in  co lifo rm s have  only  la c Y  

g en e , w h ic h  is re sp o n sib le  fo r lactose ferm entation, w hile , the o ther co lifo rm s do n o t h av e  

lacY , b u t do  h av e  lacZ. T hose  bacteria  do not ferm ent lactose, b u t can  use C o lile rt 

su b s tra te  O N P G  (o -n itropheny l p-D  galactopyranoside). In  th e ir study, la rg er p ro p o rtio n  

o f  b a c te r ia  h a v e  con ta ined  on ly  la cZ  gene, resulting in h ig h er to tal co lifo rm  counts w ith  

C o lile rt.

A n o th e r  re a so n  fo r h ig h e r recoveries o f  total coliform s and  E. coli w ith  the  enzym atic  

m e th o d s  in  p re sen t study , could  be  due to  the presence o f  stressed  cells, w h ich  are u n ab le  

to  g ro w  in  cu ltu re  m edia; bu t w hich  m aintain their v iab ility  (v iab le  b u t n o n -cu ltu rab le  

b a c te ria ), a n d  still capab le  o f  m etabolic  activity (N iakaeen, et a l., 2009). S everal s tu d ies  

h a v e  sh o w n  tha t, the  b ac te ria  could  be  m etabolically  active, even  they  w ere  no t d e tec ted  

b y  th e  cu ltiv a tio n  techn iques com m only used (G eorge, e t a l., 2000; C aruso , e t a l., 2002). 

C o m p a riso n  o f  an enzym atic  assay (C olisure test) w ith standard  m ethods techn iques fo r 

d e tec tin g  b a c te ria  sub jec t to  chlorine stress by M cF eters et al., (1997) has d em o n stra ted  

m o re  re c o v e ry  o f  ch lorine-in ju red  total coliform  and E. co li by  enzym atic  assay , re su ltin g



134
in  a  m o re  rea lis tic  e stim ate  o f  the  actual population o f  ind ica to r bacteria  in  tested  w a ter 
su p p lies .

H o w ev e r, th e  cu rren t study , the M -endo m edium , w hich is no t an enzym atic  m ethod , w as 

a lso  ab le  to  d e tec t significantly  h igher counts o f  total co lifo rm s com pared  to  S L S -M T F  

m e th o d , in  b o th  the p re lim inary  and  detailed study. S im ple linear m odel show ed  that, M - 

endo  an d  S L S -M T F  m ethods had  positive relationships dem onstrating  h ig h e r counts by  

M -en d o , in re la tio n  to  SLS-M TF m ethod during both  p re lim inary  and de tailed  studies. 

A m o n g  th e  m em b ran e  filter m edia, M -endo has been reported  to  show  su p erio r sensitiv ity  

an d  se lec tiv ity , by  p roducing  equivalent results to M T F (A PH A ), even  w ith  ch lo rine- 

s tre ssed  co lifo rm s (T obin  et at., 1980). A lthough there  is no  recorded  in fo m iatio n  

av a ilab le  o n  co m p ariso n s  o f  M -endo w ith  M ac Conkey m edium  (S L S-M T F), the resu lts o f  

th is  s tu d y  co u ld  be  a ttributed  to the efficiency o f  detecting the  acid reaction  by M -endo  

m e d iu m , d u e  to  its h igher specificity  and sensitivity than  the  M ac C onkey  m edium  in  

d e tec tin g  th e  lac to se  ferm entation  reaction.

In  th e  c u rre n t study , m -C oliB lue24 m ethod also show ed a sim ilar trend  w ith  M -endo  

m ed iu m , in  de tec tin g  to tal co liform  bacteria  in both phases o f  the study. B oth  M -endo 

m ed iu m  an d  m -C o liB lue24  show ed significantly h igher (p<0.05), to tal co lifo rm  coun ts  

c o m p a re d  to  the  S L S-M T F m ethod during both phases, and  also th e  sim ple  linear 

re la tio n sh ip  w ith  SL S-M T F w ere also positive w ith  these  tw o m ethods. S im ilar 

o b se rv a tio n s  h av e  b een  dem onstrated  by G rant, (1997), in com parison  o f  M -endo  w ith  m - 

C o liB lu e2 4 , fo r  de tec ting  total coliform  bacteria from  a  geograph ica lly  d iverse  se t o f  

sam p les . In  h is  study, also  M -endo and m -C oliB lue24 have perfo rm ed  sim ilarly  in  

d e tec tin g  to ta l co lifo rm  bacteria  w ith  no significant d ifferences betw een  th e  tw o m ethods. 

H o w ev e r, co m p ariso n s  done w ith  standard M TF w ith m -C oliB lue24 , fo r de tec ting  to ta l 

co lifo rm  b a c te r ia  w ere  n o t available. m -C oliB lue24, is an  enzym atic  m ethod  w hich  is 

su p p lem en te d  w ith  a  chrom ogen to detect E. coli sim ultaneously  w ith  to ta l co lifo rm s on  

th e  sam e  m em b ran e  filter (G rant, 1997, Schauer, et a l ,  2007).

F u rth e rm o re , in  SL S-M T F m ethod, m ostly , a positive test w as based  on d e tec tm g  gas 

fo rm atio n , s in ce  th e  acid reaction w as not prom inent in m ost o f  the  tubes. G en era lly  in
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A P H A  m e th o d  on ly  gas fo rm ation  w ith  turbidity  in luaryl tryp tose  b ro th  is m en tio n ed  as a 

p o s itiv e  p re su m p tiv e  test, w hile  acid  form ation is n o t ind ica ted  (A P H A , e t a l ,  1998). 

T h e re fo re , ab sen ce  o f  gas form ation  in tubes is u su ally  co n sid ered  as n eg a tiv e  

p re su m p tiv e  te s ts  causing  false negative results in conventional M TF m eth o d s, in c lu d in g  
SL S an d  A P H A .

In  c o n tra s t to  th is  o b servation  occurring  in lactose-based m ed ia , enzy m atic  m ethods su ch  

as  C o lile r t sh o w  d is tin c t co lo u r reactions (colourless to ye llow ) in  to tal co lifo rm  p o s itiv e  

tu b e s  d u e  to  th e  d e tec tio n  o f  the  enzym e (3-D galactosidase p resen t in m o st to ta l co lifo rm  

b a c te r ia  (E d b erg , e t a l., 1998, Eckner, 1998). A ccording to N iem ela , e t al. (2003), C o lile rt 

c an  sh o w  h ig h e r  to ta l co lifo rm  counts due to the detection  o f  (3—g alac to sid ase  in ce lls  as 

so m e  to ta l co lifo rm s co u ld  no t ferm ent lactose by  p rim ary  iso la tion  due  to  th e  p resen ce  o f  

in h ib ito ry  ag en ts  in  th e  conventional culture m edia. Further, as E dberg , e t a l., (1 988 ) 

d e sc rib e s , in  co n v en tio n a l m edia, several secondary reactions m ust o ccu r b e fo re  a ch an g e  

in  th e  in d ic a to r  is v isib le . T he target m icrobe m ust transpo rt th e  substra te  (e .g ., lac to se) 

th ro u g h  th e  c e ll m em b ran e, transform  the substrate to g lucose, m etabo lize  g lucose  th ro u g h  

th e  g ly c o ly tic  cycle  to  py ru v a te , and then  convert p y ruva te  to  the  d esired  en d  p ro d u c t, 

e ith e r a c id  o r  gas. B ecause  conventional testing requires the  m icrobe to  go  th ro u g h  m an y  

s tep s  to  y ie ld  a  p o s itiv e  v is ib le  end  point, a  num ber o f  anom alous resu lts  m ay  occur, su ch  

as  fa lse -n e g a tiv e  gas p ro d u ce rs  (i.e., anaerogenic E. co li) or fa lse-p o sitiv e  te sts  (i.e ., ac id  

fro m  la c to se  b y  som e c lones o f  A erom onas hydroph ilia ). H ow ever, O N P G -p o sitiv e  

n o n c o lifo rm s  d o  n o t y ie ld  a positive  C olilert test, because  the  fo rm ula d oes not su p p o rt 

th e ir  m e ta b o lism . T h ere fo re , th e  detection  o f  the (3-galactosidase system  o f  h e te ro tro p h s  

w ill o c c u r  o n ly  a t ex trem ely  h igh  m icrobial concen trations (>20 to  100 ,000/m l). T h is  

p h e n o m e n o n  is  seen  w ith  approxim ately  10% o f  m em bers o f  the g en u s A ero m o n a s  

(E d b e rg , e t a l.,  1988). A s Edberg , e t a l  (1989) suggests, un like  o -n itro p h en y l-4 -D - 

g a lac to p y ra n o s id e  te sts  u sed  fo r species identification , w h ich  d ep en d  on  b ac te ria l 

in o c u la tio n s  o f  107/m l and  m easure  passive {3-galactosidase, the  C o lile rt test u ses  o- 

n itro p h en y l- |3 -D -g a lac to p y ran o sid e  as a defined substrate  (E dberg  and  E dberg , 1988). 

T h e re fo re , u n le ss  th e re  are  very  large num bers o f  A ero m o n o a s  spp. (> 1 0 4 to  105/m l) 

p re se n t in  th e  in itia l d rink ing-w ater sam ple, fa lse-positive  C o lilert te sts  w ill n o t b e  

fo rm ed . T h is  n u m b er o f  A erom onas  spp. is norm ally  un like ly  to  b e  en co u n te red  in
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d rin k in g -w a te r  sam ples b u t i f  found, should  be  considered  a pub lic  health  th rea t b e ca u se  

o f  th e  a sso c ia tio n  o f  A ero m o n a s  spp. w ith w aterborne d isease  (M oyer, e t a l ., 1987). 

A n o th e r re a so n  fo r h ig h er counts produced by C olilert m igh t be due to  the  ab ility  o f  

C o lile rt to  d e tec t in ju red  coliform s, w hich  are v iable b u t unab le  to g row  w ith in  24  h, 

(B u ck lo w , 2 0 0 6 ; E d b erg  and  Edberg , 1989). Therefore, M T F  m ethods b ased  on en zy m atic  

m e th o d s  c an  d e tec t h ig h er total co liform  concentrations com pared  to  th e  con v en tio n al 

la c to se  b a se d  m eth o d s (G riffith , e t a l., 2006, N oble, et a l ,  2004).

E. c o li  e n u m era tio n  te s t resu lts  also show ed that, the SL S-M T F m ethod  and  the A P H A - 

M T F  m e th o d s  d e tec ted  th e  low est m ean counts com pared  to o ther m ethods, w hen  all 

w a te r  so u rc e s  w ere  g ro uped  together in bo th  phases o f  the study. L east squares m ean  

sep a ra tio n  te s t  re su lts  show ed  th a t all alternative m ethods, excep t the  A P H A -M T F  m eth o d  

w ere  s ig n ific a n tly  d ifferen t w ith  SLS-M TF m ethod, in defecting  E. co li du ring  th e  

p re lim in a ry  s tudy . H ow ever, A PH A -M T F detected com paratively  h ig h er E. co li co u n ts  

th an  th e  S L S -M T F  m eth o d  w hen  all w ater sources w ere  considered . T h e  sim ple  lin ea r 

re la tio n sh ip  a lso  show ed  1.06 tim es h igher counts in A P H A -M T F , than  the  S L S -M T F  

m eth o d . D u rin g  the  second  p hase  o f  the  study, only the  tw o enzym atic  m ethods sh o w ed  

s ig n ific a n t d iffe ren ce  in  de tec ting  E. coli. A m ong the tw o , only  C o lile rt w as s ig n ifican tly  

d iffe re n t a t 95 %  confidence  level, w here as m -C oliB lue24 w as sign ifican tly  d iffe ren t 

o n ly  a t 9 0  %  co n fid en ce  level. M -FC  m edium  has no t m easu red  sign ifican tly  d iffe ren t 

c o u n ts  c o m p a re d  to  S L S -M T F  m ethod, w hen all the  sources w ere  g ro u p ed  toge ther. 

S im p le  lin e a r  m o d e l show ed  that, the  m -C oliB lue24 m ethod  de tec ted  2 .93  tim es h ig h e r E. 

c o li  co u n ts , w h ile  M -F C  show ed  1.35 tim es higher E. co li coun ts than  S L S -M T F  m ethod .

T h e  co n v en tio n a l SLS m ethod  uses the  ability  o f  E. co li  to  hyd ro lyze  the am ino  acid , 

try p to p h an , in  to  indo le , py ruv ic  acid  and am m onia by  tryp tophanase  enzym e p resen t in E. 

co li ce lls . P e p to n e  w ater, used  in the  confirm ation tests  con tains try p to p h an , w h ich  is 

u tiliz ed  b y  E. c o li  an d  p roduce  a  red  colour, in reaction w ith  the  K ovac s reag en t (p a ra - 

d im e th y lam in o b en za ld eh y d e  in  alcohol) after incubating  at 44 .5  C  (o r 35-37  C 

a cc o rd in g  to  lite ra tu re) fo r 24-48 hours. H ow ever, the  low  detec tion  levels o f  E. co li in  

S L S  m e th o d , m ig h t b e  du e  to  the m issed  E. coli, by  the fa lse  neg a tiv e  resu lts  (gas 

n e g a tiv e ), sh o w n  in the  presum ptive tests. A nother reason  m igh t be  the low  p e rfo rm an ce
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o f th e  p e p to n e  w a te r  b ro th . In  co n tra s t to  th e  S L S-M T F m ethod , A P H A -M T F  m eth o d  w as 

able to  d e te c t  c o n s id e ra b ly  h ig h e r  concen tra tion  o f  E. co li (5 .2  x  103 ce ll/100  m l) 

co m pared  to  S L S -M T F  m eth o d , ev en  th o u g h  the d ifference  w as n o t s ig n ifican t (a t p> 0 .5 ). 

In A P H A  m e th o d , E. co li  is d e tec ted  b y  th e  E C -M U G  broth , w h ich  can  d e tec t th e  E. co li 

by c le a v in g  th e  su b s tra te  4 -m eth y lu m b ellife ry l (3-D g lu cu ro n id e  (M U G ) in  to  a 

flu o ro g en ic  p ro d u c t, b y  th e  ac tiv ity  o f  (3-glucuronidase p resen t in  E. co li cells. T here fo re , 

the d e te c tio n  o f  E. c o li  u s in g  E C -M U G  shou ld  possib ly  be  h ig h e r co m pared  to  th e  SLS- 

M TF . H o w e v e r , d u e  to  th e  fa lse  n eg a tiv e  resu lts  show n in th e  p re su m p tiv e  co lifo rm  test 

w ith la u ry l try p to se  b ro th , o b se rv a tio n s  m igh t have  m issed  th e  to ta l E. co li cells u sed  in 

the E. c o li  c o n f irm a tio n  test, p ro d u c in g  lo w er counts in  this study.

C o lilert m e th o d  d e te c te d  s ig n ifican tly  h ig h er (1.83 tim es h ig h e r counts during  bo th  

phases o f  th e  s tu d y ) co u n ts  o f  E. co li in  th is  study. A  few  p rev io u s  researches have 

co m pared  th e  co n v en tio n a l M T F  m eth o d s w ith  the enzym atic  m ethods fo r the 

en u m era tio n  o f  E. co li. In  m o st o f  th e  repo rted  studies, E. co li concen tra tions d e tec ted  by 

C o lile rt m e th o d  s h o w e d  n o  s ig n ifican t d ifferences w ith  the conven tional M T F m eth o d s, in 

con trast to  th e  re s u lts  o b ta in ed  in  th e  cu rren t study  (eg: A P H A -M T F  m ethod: E d b erg , et 

al., 1990 fo r  su rfa c e  w a te r; N o b le , e t a l., 2004  fo r beach  w ater sam ples; G riffith , e t al., 

2006 fo r a m b ie n t w a te r  sam p les  an d  the  Sw edish-M T F  m ethod: E ckner, 1994 fo r d ifferen t 

w ater so u rc e s  in c lu d in g  en v iro n m en ta l w aters). H ow ever, the  d ifferen ce  observed  in  the 

cu rren t s tu d y , m a y  b e  d u e  to  th e  h ig h  ra te  o f  de tec tion  o f  E. co li by  the enzym atic  activ ity . 

A n o th er p o s s ib le  re a so n  co u ld  b e  d u e  to  the detection o f  fa lse  p o sitives from  the 

in te rfe ren ce  b y  n o n -c o lifo rm  o rgan ism s, such  as A erom onas, Vibrio, P seu d o m o n a s , and  

E la vo b a c te r ia  sp p ., (G riffith , e t a l., 2006), w h ich  are kno w n  to  m etab o lize  M U G  

(P isc io tta , e t a l., 2 0 0 2 , L an d re , e t al., 1998, D avies, e t al., 1995, H ida lgo , e t al., 1977), 

and fo u n d  a b u n d a n tly  in  tro p ica l env ironm enta l w aters, w ith  h ig h  tem pera tu res (F ricker, 

et a l., 1 9 9 6 ). H o w e v e r , as E d b erg , e t a l., (1989) suggested, C o lile rt h as n o t p ro d u ced  

fa lse -p o s itiv e  E. c o li  te s ts  d u rin g  th e ir  survey  fo r drinking w a te r sam ples. T h e  resu lts  

rep o rted  h a v e  sh o w n  th a t th e  C o lile rt m ethod w as sensitive  and  specific  fo r the 

s im u lta n eo u s  d e te c tio n  o f  to ta l co lifo rm s and  E. co li in  d rink ing  w a te r sam ples in  th e ir 

study.
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W h en  co n sid e rin g  the  detection  o f  E. coli by  the M -FC m edium , conven tional S L S-M T F 

m eth o d , M -F C  w as ab le  to  detect significantly  higher counts o f  E  coli, o n ly  during  the 

first p h a se , w h ile  it fa iled  during the  second phase. It m igh t be  due  to the  e ffec t o f  m edia  

p e rfo rm an ce  on  w ater sam ples collected from  different geograph ical locations w ith  

d iffe ren t p h y s io lo g ica l features o f  w ater, w hich could not b e  analyzed  du rin g  this study. 

H o w ev er, th is  sam e  observation has been also reported by G riffith , e t al., (2006), w hen 

co m p arin g  th e  m eth o d  perform ance o f  M -FC , w ith the standard  A P H A -M T F  m ethod, to 

d e tec t E. coli, p re sen t in am bient coastal w ater sam ples. S im ilarly  acco rd ing  to the ir 

f in d in g s, E. co li  counts, by  the tw o m ethods w ere not sign ifican tly  d ifferen t w ith  each 

o ther. A n o th e r  com parison  study b y  N oble, et a l (2004) also p roved  the sam e as G riffith , 

e t a l., w h e n  u s in g  sto rm  w ater affected coastal waters.

T h e  e n zy m a tic  m ethod , m -C oliB lue24 was able to enum erate sign ifican tly  h ig h er counts 

o f  E. co li, d u rin g  bo th  phases o f  the  study. The sim ple linear re la tionsh ips a lso  proved, 

2 .27  tim e s  a n d  2.93 tim es h igher counts (during the two phases o f  the  study) o f  E. co li by  

m -C o liB lu e 2 4 , than  the conventional SLS-M TF m ethod. This could  be due  to the 

d e tec tio n  o f  th e  enzym e (5-glucuronidase present in E. co li cells, by  the ch rom ogen , 5- 

b rom o-4-ch lo ro -3 -indo ly l-b -D -g lucu ron ic  acid present in m -C oliB lue24  m ed ium  (G rant, 

1997). T h is  ob serv a tio n  also proves the explanation by  P itkanen , et a l  (2007) that the 

en zy m atic  d e tec tio n  o f  E. co li is m ostly h igher than the lactose ferm en ta tion  reaction  

d e tec ted  b y  th e  conventional M TF m ethods. A lthough reports on sim ilar w ork  using  M ac 

C o n k ey  b ro th  an d  the m -C oliB lue24 w as not available in literature, the resu lts  o f  the 

cu rren t s tu d y  ind ica ted  tha t the m -C oliB lue24 is an a lternative approach  th a t cou ld  

p ro v id e  b e tte r  an d  m ore rap id  inform ation for the assessm ent o f  m icrob ial quality  o f  

w ater. I t c o u ld  s im ultaneously  detect total coliform s and  E, co li from  a w a te r sam ple 

w ith in  2 4  h  a n d  hence , w ill provide utilities a quick m easure o f  w hether a  sam ple  has been  

su b jec ted  to  feca l contam ination.

F u rther, th is  f in d in g  is in agreem ent w ith o ther studies, w h ich  have com pared  the  c lassical 

s ta n d a rd  m e th o d s  p rocedures w ith enzym atic com m ercial kits. M I ag ar is one com m ercial 

p rep a ra tio n  w h ich  has also show n higher perform ances com pared  to the  conven tional 

M T F  m e th o d s  (E dberg  e t al., 1990; C lark e t al., 1991; B renner e t a l., 1993; B ren n er e t a l..
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1996). T h e  re su lts  o f  a study  by  N ikaeen, e t a l (2004), have  ind icated  tha t the enzym atic  

L M X  b ro th  a ssay  w as com parab le  to the M TF m ethod fo r th e  detection  o f  to ta l co lifo rm s 

and  E. co li in  d rin k in g  w ater. T he overall results for total co lifo rm s and E. co li tests have  

sh o w ed  th a t L M X  has recovered  1.4 and 1.18 tim es as m any  to tal co lifo rm s an d  E. co li, 

re sp ec tiv e ly , a s  the  M T F  m ethod. H ow ever, statistical analysis  dem o n stra ted  no 

s ig n ific a n t d iffe ren ce  betw een  the tw o m ethods. A  sim ilar find ing  has been  no ted  in the 

q u a n tita tiv e  d e te rm in a tio n  o f  total coliform s and E. coli in m arine  w aters by  G eissler, e t a l 

(2000 ). T h e  h ig h e r  recovery  level o f  total coliform s and  E. co li by  the L M X  has been  

e x p la in ed  b y  th e  p resence  o f  stressed cells w hich w ere unab le  to grow th  in cu ltu re  m edia; 

b u t w h ic h  m a in ta in  th e ir v iab ility  (viable b u t non-culturable bacteria) and still capab le  o f  

m e ta b o lic  ac tiv ity . A  nu m b er o f  chem ical and physical facto rs invo lved  in d rink ing  w ater 

tre a tm en t, in c lu d in g  d isin fection , can cause sublethal in jury  to  co lifo rm  bac te ria  (R om pre  

e t a l ., 2 0 0 2 ; B itton , 2005). Several studies have show n that b ac te ria  could  be  

m e ta b o lica lly  ac tiv e  even  w hen  they  w ere not detected b y  the  cu ltiva tion  techn iques 

c o m m o n ly  u se d  (P om m epuy  e t a l., 1996; George et al., 2000; C aruso  e t a l., 2002). 

C o m p a riso n  o f  an  enzym atic  assay (C olisure test) w ith standard  m ethods techn iques fo r 

d e tec tin g  b a c te ria  sub jec t to  chlorine stress by M cFeters e t a l., (1997) show ed  m ore  

re c o v e ry  o f  ch lo rin e -in ju red  total coliform s and E. coli b y  enzym atic  assay, resu lting  in  a  

m o re  re a lis tic  e stim ate  o f  th e  actual population o f  indicator bacteria  in w a te r supplies.

C o n firm a tio n  o f  bacteria

W h en  co n sid e rin g  th e  confirm ation  rates o f  both total co liform s and E. co li, a d istinc t 

d e c rea se  w a s  o b serv ed  du ring  the second phase o f  the study. A s exp lained  in  th e  M ateria ls 

a n d  M eth o d s  sec tion  o f  th is  chapter, the confirm ation testing  o f  the second  phase  w as 

d o n e , fo llo w in g  the  ISO  m ethods, com pared to the conventional procedure fo llow ed  in the  

first p h ase . In  th e  ISO  m ethod , isolation o f  bacteria by streak ing  on agar p la te s  (T S A ) is 

an e sse n tia l s tep , w hich  w as n o t done in the  first phase. T his w ou ld  have  b een  a m a jo r 

reaso n  to  se le c t bac te ria  in isolation, w here as in the p re lim inary  study, th e  chance o f  

o b ta in in g  a  to ta l co lifo rm  bacterium  or an E. coli cell is qu ite  easy , by ino cu la tin g  loop fu ls
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from  M T F  tu b es  o r  d irectly  inculcating from  colonies on M F pates in to con firm ation  test 

tubes. T h e re fo re , the  confirm ation results obtained by the detailed  study w ere  considered  

as m o re  accu ra te  than  in  the  prelim inary  study. Hence, the resu lts ob tained  by  the detailed  
study  w ill b e  d iscu ssed  below .

T o tal c o lifo rm  confirm ation  rates w ere different am ong the m ethods, and th e  h ighest (78.2 

% ) w as  sh o w n  b y  the positive  yellow  tubes o f  the Colilert m ethod, w hen all w a ter sources 

w ere  g ro u p ed  together. The results o f  this study w as com paratively  low er w ith  m ost o f  the 

p rev io u s  s tu d ie s  in  confirm ing o f  total coliform  bacteria detected  by  C o lilert m ethod in 

d iffe ren t ty p es  o f  w ater sources: 93.7%  in subtropical fresh  w ater sam ples (C hao, et a l., 

2004; 100%  in  d ifferen t w ater sources including, ground and surface w a ter supplies, 

p a rtia lly  tre a ted  w ater, m arginally  chlorinated w ater and final d istribution  w ater (F licker 

and  F lick e r, 1996); 98 .5%  fo r w ater sam ples from  building fix tures and fire hydrants after 

flu sh in g  p ro c e d u res  (L ew is and M ak, 1989); 90%  in d ifferent w ater sources including , 

g ro u n d  w a te r , w e ll w ater, bath ing  w ater and spiked tap w ater sam ples (P ikanen, et al., 

2007). In  th e  cu rren t study, false positive rate o f  Colilert w as 15 %. Further, the co lourless 

tubes d id  n o t h av e  any  to tal coliform  bacteria m aking the false negative ra te  zero. H ence, 

the sen s itiv ity  o f  the C olilert m ethod w as 100 % in detecting total co lifo rm  bacteria. 

H o w ev er, in  th e  current study, 18.1 % o f  yellow tubes contained  O xidase  positive  

bacte ria . T h is  p h enom ena  m ight be due to the presence o f  non-co lifo rm  O xidase  positive 

b acte ria l sp ec ie s  such as Aerom onas, Pseudom onas and F lavobacteria  spp. w hich  are 

co m m o n ly  fo u n d  in  trop ical w aters and can give a positive C olilert test (P iscico tta , et al., 

2002 , D av ies , e t al., 1995, Edberg, et al., 1988). A ccording to  Landre, et a l  (1998), 

ae ro m o n ad s, w h ich  are know n to constitute a fraction o f  th e  aquatic hetero troph ic  

p o p u la tio n , a re  n o t effic ien tly  suppressed by Colilert reagent w ith in  4 w eeks o f  shelf-life  

exp iry . F u rth er, it is show n that very low  levels o f  aerom onads are capab le  o f  g iv ing  a 

fa lse  p o s itiv e  reaction  a t longer incubation periods. Therefore, they  have concluded  tha t 

the p re sen c e  o f  A erom onas  could m ediate a false-positive C olilert reaction  w hen  

ex am in in g  d rin k in g  w ater sam ples. Covert, e t a l (1989) found tha t Serra tia  spp., H affn ia  

a lvei, V ibrio jlu v ia lis , and A erom onas  spp. constituted 25 %  o f  isolates a fte r 24 hours and 

40 .8  %  o f  iso la tes  a fte r 28 hours o f  incubation w ith  Colilert. T hese fou r g roups o f  

n o n co lifo rm s  constitu te  the m ain sources o f  false positive results in C olilert. H ow ever, in
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the  c u rre n t s tu d y  the C o lilert m ethod did not detect any  G ram  p o sitives bacteria , 

co n firm in g  p re v io u s  resu lts  obtained  by Pikanen, et a l  (2007). Further, com p ared  to all 

o th e r m e th o d s , C o lile rt detected  the low est rate (18.1% ) o f  non-co lifo rm  b ac te ria  in the  

cu rre n t s tu d y , w h en  all w ater sources w ere grouped together.

M -en d o  m e d iu m  detected  the second highest confirm ed to ta l co lifo rm s (75.1 % ), 

co m p ared  to  m -C o liB lue24  m ethod  and the conventional-SL S-M T F m ethods. B eing  a 

sp ec ific  a n d  sen sitiv e  m edium , M -endo m ight have specifica lly  d e tec t m ore to tal 

co lifo rm s  th a n  th e  o ther lactose  based  media. However, the a typ ical c ream  co lo u r co lon ies 

fo rm ed  o n  M -en d o  p lates w ere  also  confirm ed as total co lifo rm s (60% ). T herefo re , even  

th o u g h  M -e n d o  w as sensitive  (0.9) in detecting total co liform s, its specific ity  w as 0.18 in 

th is  s tu d y . F u rth e r, it show ed  a  false positive rate o f  24 % , w hich  is still low er rate, 

c o m p ared  to  th e  p rev ious record  26.8 % , by Grant (1997), bu t h ig h er than  th e  11.7 %  

o b ta in e d  b y  C en c i, et a l  (1993) and  the 14.9 %  obtained b y  E vans, et a l  (1981). A ccord ing  

to  C o v ert, e t a l  (1989), Serra tia  spp., H affnia alvei, Vibrio flu v ia lis , and A erom onas  spp. 

are th e  m a in  reasons o f  th e  fa lse  positive results ob tained  in  to tal co lifo rm  m ed ia  

in c lu d in g  M -en d o  m edium . In  p resent study, the efficiency o f  the M -endo  m ed ium  in 

d e tec tin g  to ta l co lifo rm s w as 0.64, w hich is com paratively low  w ith  the C o lile rt m ethod.

T h e  to ta l c o lifo rm  confirm ation  ra te  detected in m -C oliB lue24 m ethod  w as 72.1 % in  th is 

s tudy . H o w ev e r, there  w ere  no atypical colony form ation observed  in this s tudy , com pared  

to  th e  fo rm e r fin d in g  done by  G ran t (1997), in which he has observed  1.6 %  o f  un ta rge ted  

co lo rle ss  co lo n ies. H ow ever, no  other report w as found  on  studies don e  w ith  m - 

C o liB lu e2 4  co n firm a tio n  rates. D ue to the absence o f  a typical co lon ies on  m -C oliB lue24  

p la te s , th e  sen s itiv ity  w as 100 %  in detecting total coliform s in  p resen t study. H ow ever, it 

sh o w ed  28  %  fa lse  positive  to ta l coliform s, which is very  c lose  to  29 /o in th e  fo rm er 

re p o rt b y  G ra n t (1997). T hese  fa lse  positive results m ight b e  due to  the detec tion  o f  non- 

co lifo rm  sp ec ie s  as described  above by Covert, et a l (1989). H ow ever, in the cu rren t 

s tu d y , th e re  w e re  no  G ram  positives detected by m -C oliB lue24 m ethod, w h ich  is a s im ila r 

o b se rv a tio n  d o n e  w ith  C o lilert and  M -endo m edia in this study. It show s th a t the  m - 

C o liB lu e2 4  is  specific  on ly  to  gram  negative bacteria, w h ich  is a  positive  fea tu re  observed  

by  th is  m e th o d . H ow ever, the efficiency o f  m -C oliB lue24 in detec ting  to ta l co lifo rm s in
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th is s tu d y  w a s  0 .7 3 , w hich  w as com paratively low er w ith  the C o lilert m ethod , b u t h ig h e r 
the  o th e r la c to se  based  m ethods.

W h en  c o n sid e rin g  E. co li confirm ation rates, the highest rate  (66.6 % ) w as g iven  by  the 

C o lile rt m e th o d . m -C oliB lue24  and M -FC m edium  (o f the  SL S-M F m ethod), en um erated  

50 /o o f  E. c o li, o u t o f  the detected  blue colour typical colonies, w h ile  the  m in im um  (37.5 

% ), w a s  c o n firm e d  b y  the  conventional SLS-M TF m ethod. T he com parative ly  lo w er E. 

co li ra te s  in  en zy m atic  m ethods observed in the current study, m igh t b e  due to the 

p re sen ce  o f  con tam inan ts , such as hum ic acids and suspended so lids, w h ich  have the  

p o ten tia l to  in te rfe re  w ith  th is  m ethod in natural am bient w ater sam ples (G riffith , e t a l., 

20 0 4 ). F u rth e r , th e  natu ra l sam ples also contain native bacteria , such as A erom onas, 

Vibrio, P seu d o m o n a s, and  Flavobacteria spp., w hich have b een  show n to p roduce  

p o s itiv e  re a c tio n s  in  substrates containing 4- m ethylum belliferyl- P -g lucu ron ide  (M U G ) 

and  c an  le ad  to  false positives in  the  C olilert test (P isciotta, e t al. 2002, L andre, e t al. 

1998, D av ies , e t al. 1995, H idalgo  e t al. 1977). Further, as D avies, e t al. (1994) suggested , 

som e a lg a  a n d  p lan t m ateria l at h igh  concentrations m ay sign ifican tly  in terfere  w ith  the 

d e tec tio n  a n d  enum eration  o f  coliform  bacteria by m ethods, w h ich  are b a sed  on  the  

p ro d u c tio n  o f, P -D -galactosidase and P-D -glucuronidase enzym es. F or a lgae, th is w ill 

d ep en d  o n  th e  n u m bers o f  cells present and m ay be sign ifican t w hen  there  are a lgal 

b lo o m s. T h e  sig n ifican ce  o f  the production o f  p-galactosidase and , p -D -g lucu ron idase  

en zy m es b y  aq u a tic  p lan ts  and  m acroalgae is less easily  in terpreted , as it is  d ifficu lt to 

e s tim ate  co n cen tra tio n s  a t w hich  plants m ay realistically  re lease  the enzym es into the 

e n v iro n m e n t.

C o m p a ra tiv e ly  low  E. co li ra tes given by M -FC m ethod in  th is study  m ig h t also be  due to 

the  d e tec tio n  o f  non  target bacteria by M -FC m edium . T he non -co lifo rm  percen tage  

d e tec ted  b y  M -F C  w as 50 %, w hich  consisted w ith the  O xidase  p o sitive  bacteria . A s 

d e sc rib ed  ab o v e  fo r C o lilert m ethod, the O xidase positive  non-co lifo rm  b ac te ria  such  as 

A ero m o n a s, P seudom onas, Vibrio  and Flavobacteria  m igh t be  de tec ted  by  M FC 

m ed iu m , in  ad d itio n  to  the  fecal E. coli bacteria. Further non-typ ical co lony  fo rm ation  w as 

a lso  o b se rv ed  in M -FC  m edium , though they w ere not confirm ed  as E. co li. T h a t m eans, 

m o s t o f  th e  fecal bacte ria  other than E. coli, such as K lebsiella , C itro b a cter  and



143

E nterobacter  spp . (L ec le rc , e t al., 2 0 0 2 ), m igh t h av e  been  d e tec ted  b y  th e  M -F C  m ed iu m . 

However, G ram -p o sitiv e  b a c te ria  h av e  n o t been  iso lated  b y  M -F C  m ethod , in  th is  s tu d y , 

which is a p o s itiv e  ch arac te ris tic  fea tu re  o f  the  m ethod. H ence , th e  sen s itiv ity  o f  M -F C  

was 1.0 in  d e tec tin g  E. co li, w h ich  is a lso  s im ilar w ith  C o lile rt. H ow ever, th e  fa lse  

positive ra te  68 %  w a s  co m p ara tiv e ly  h ig h er than  the C o lile rt m e th o d . E ffic ien cy  o f  th e  

method w as a lso  low  co m p ared  to  th e  C o lile rt m ethod.

The overall E. co li  co n firm a tio n  ra te  de tec ted  b y  m -C o liB lu e2 4  w as 50  % , w h ich  is  

similar w ith  M -F C , and  c lo se r to  C o lile rt. A lthough  E. co li  co n firm a tio n  ra te s  b y  m - 

C oliB lue24 m e th o d  w ere  n o t fo u n d  (in  num bers) from  p rev io u s  s tu d ies, m -C o liB lu e2 4  

m ethod w as rep o rted  su p erio r in  d e tec tin g  E. co li from  a g eo g rap h ica lly  d iv e rse  se t o f  

samples (G ran t, 1997), co m p ared  to  o th e r lactose based  M F  m ed ia . m -C o liB lu e -2 4  h as  

perform ed b e tte r  th an  those  m ed ia , as m easu red  by  sensitiv ity , sp ec ific ity , fa lse  p o s itiv e  

and false n eg a tiv e  ra tes. F u rth er, as h e  rep o rts  detection  o f  E. c o li  co lo n ies  h av e  b een  

easier w ith  m -C o liB lu e2 4 , b ecau se  i t  w as  n o t necessary  to  tra n sfe r  filte rs  e ith e r from  o n e  

m edium  to  a n o th e r o r  b e tw een  in cu b ato rs  o r  to  use  a  U V  lam p, in  th e ir  study . T h e re fo re , 

he suggests th a t m -C o liB lu e2 4  is  a  u sefu l m ed ium  fo r co lifo rm  an a ly sis  b ecau se  o f  its 

ease o f  use  and  n o m in a l cost.

The low est c o n firm a tio n  ra te  o f  E. co li w as  g iven  b y  the  c lass ica l S L S -M T F  m eth o d . 

Further, it sh o w ed  th e  h ig h est fa lse  p o s itiv e  ra te  (86 % ) co m p ared  to  all o th e r m eth o d s. 

A lthough d e ta ils  o f  co n firm a tio n  ra te s  in  M ac  C onkey  b ro th  w ere  n o t av a ilab le , th e  low  

specificity o f  th e  m ed iu m  to  d e tec t E. co li m igh t be  one  rea so n  fo r  th o se  ob serv a tio n s . 

Therefore, th is  m ed iu m  m ig h t h av e  d e tec ted  m ore  non -co lifo rm  b a c te ria  th an  th e  co lifo rm  

bacteria. It is a lso  in d ica ted  b y  the  h ig h e r rates o f  ox id ase  p o s itiv e  b ac te ria  (50 % ). 

Further, su rp ris in g ly  h ig h est p ro p o rtio n  (13.6  % ) o f  G ram -p o sitiv e  b a c te ria  w as a lso  

detected b y  th is  m ed iu m  in  p re sen t study. U nfortunately , th ese  resu lts  co u ld  n o t b e  

com pared w ith  o th e r s im ila r w ork , d u e  to  lack  o f  in fo rm ation . H o w ev er, th is  m e th o d  w as  

found to  d e tec t m o re  o f  n o n -co lifo rm  bacte ria  w hen  using  fo r  E. c o li  en u m era tio n s, in th e  

current study . T h e  overa ll n o n -co lifo rm  bacteria l p e rcen tage  w as 63 .6 % , w h ich  w as the  

highest am ong  th e  fo u r m e th o d s  com pared .



144

Seasonal variation o f bacteria

In bottled w a ter sam p les  an d  w ell w a te r  sam ples, total co lifo rm  co u n ts  w ere h ig h e r d u rin g  

wet periods th an  th a t o f  th e  d ry  periods. A  sim ilar p a tte rn  w as o bserved  in  riv e r w a te r  

sam ples, du ring  th e  seco n d  w e t p e rio d  w here  as it w as no t c lea rly  observ ed  d u rin g  the  firs t 

wet period. F urther, in  riv e r w a te r  sam ples, the  counts w ere  low  du rin g  b o th  d ry  seasons 

com pared to w et seasons. T h is  p a tte rn  w as no t observed  in  e fflu en t sam ples. T h e  coun ts  

rem ained h igh  d u rin g  the d ry  seaso n s as w ell.

In bottled  w a ter sam p les , to ta l co lifo rm  counts w ere co m p ara tiv e ly  h ig h e r d u rin g  th e  

m onths w ith  h ig h  tem p era tu res . H ow ever, in  w ell w ater sam ples, th e  coun ts  w e re  re la ted  

to increase o f  tem p era tu re  o n ly  du rin g  the  first few  m onths o f  th e  y ear, w h ereas  th e  coun ts  

increased w ith  tim e  a lth o u g h  th e  tem pera tu res w ere re la tive ly  low . In  riv e r w a te r  sam ples, 

total co lifo rm  co u n ts  w e re  lo w er in  h igh  tem pera tu re  m o n th s  com p ared  to  low  

tem perature m o n th s . H o w ev er, th e re  w ere no  considerab le  p o s itiv e  re la tio n sh ip s  b e tw een  

counts and  the  tem p era tu re . S im ila rly  in  e ffluen t sam ples, the  co un ts  w ere  h ig h e r ev en  

when the tem p era tu re  v a lu es  w ere  low . T hese resu lts show  tha t th e  to tal co lifo rm  coun ts  

are in fluenced  m o re  by  the ra in fa ll, than  the tem pera tu re  co m pared  to  o th e r s tu d ies  

conducted in  tem p e ra te  co u n tries  (N iem i, et ah, 1997), w h ere  th e  tem p era tu re  v a ria tio n s  

are m uch g rea te r (fro m  -10 °C to  25 °C) than  in the  trop ica l coun tries. F urther, the  

tem perature v a ria tio n  in K an d y , w h ere  the sam pling  w as co n d u cted  w as lim ited  to a  sm all 

range show ing  n o  e ffec t o n  th e  bacte rio log ica l quality  o f  w a ter, in c lud ing  riv e r and  w ell 

w ater sources.

E. coli counts in  each  w a te r type  v aried  w ith  tim e during  th e  12 m o n th s  period . A s sho w n  

in F igure 2 .10 , in b o ttled  w a te r  sam ples, E. co li con tam ination  w as observ ed  in  the ra in y  

seasons o f  the  y ear, w h ile  no con tam ination  w as de tec ted  du rin g  dry  pe rio d s , by  all five  

m ethods (bo ttled  w a te r sam p les  w ere  co llected  w ith in  o ne  m o n th  o f  m an u fac tu re). A  

sim ilar pa ttern  w as o b serv ed  in  w ell w ater sam ples and  r iv e r w a te r  sam ples, w here  E. c o li  

counts w ere re la tiv e ly  h ig h e r du rin g  w et seasons com pared  to  th e  d ry  seasons. In  con trast, 

E. coli coun ts d id  n o t show  a re la tionsh ip  to the ra infall p a tte rn  in w astew ate r e fflu en t
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samples th ro u g h o u t th e  ex p e rim en ted  tim e period. A s d ep ic ted  in F ig u re  2 .1 1 , E. c o li  

contam ination o f  b o ttle d  w a te r  sam p les  w ere not m u ch  a ffec ted  b y  te m p e ra tu re  

throughout th e  y e a r  s in ce  E. co li w e re  detec ted  in h ig h  tem p e ra tu re  and  low  tem p e ra tu re  

months. H o w ev e r, in  w ell w a te r sam ples E. coli co u n ts  w e re  in c reas in g  w ith  th e  

increasing o f  te m p e ra tu re  d u rin g  the  f irs t few  m onths o f  th e  y ear. S u b seq u en tly  th e  co u n ts  

decreased w ith  tim e  an d  th e  n e x t in c rease  w as observed  in  re la tio n  to  th e  in c reas in g  o f  

tem perature a t th e  b e g in n in g  o f  the  y e a r  2008. In  river w a te r  sam p les , E. co li  co u n ts  w ere  

lower in  h ig h  te m p e ra tu re  m o n th s  th an  in  low  tem peratu re  m on th s . H o w ev er, th e re  w as an  

increase w ith  in c reas in g  o f  th e  tem p era tu re  a t the  b eg in n in g  o f  th e  y e a r 2008 . E. c o li  

counts in  w a s te w a te r  e fflu en t sam p les  w ere  n o t m uch  a ffec ted  b y  tem p e ra tu re , s in ce  ev en  

during low  te m p e ra tu re  m o n th s  th e  coun ts w ere h igh . F u rth er, the  co u n ts  w ere  

com paratively  low  d u rin g  h ig h  tem p era tu re  m onths. A s d e sc rib ed  ab o v e  fo r to ta l co lifo rm  

observations, E. c o li  a re  a lso  n o t a ffec ted  m u ch  by tem p era tu re  in  a  tro p ica l co u n try  lik e  

Sri Lanka, in  c o n tra s t to  tem p e ra te  co u n tries  (N iem i, et al., 200 2 ), H o w ev er, th e  ra in fa ll 

could h av e  c o n tam in a te d  so u rce  w a te rs  due  to  surface ru n  o f f  w ith  h eav y  ra in  falls. 

Sim ilarly, in  w e ll w a te r  sam p les , ra in fa ll co u ld  enhance th e  g ro u n d  flo w  o f  w a te r  w ith  

bacterial co n tam in a tio n s , c au s in g  h ig h  coun ts  during  the ra in y  seasons. It em p h asizes  tha t, 

there is a  n eed  to  p ro te c t th e  d rin k in g  w e lls  from  surface co n tam in a tio n .

C ost-benefit a n a ly s is  o f  th e  m eth o d s tested

Tables 2 .14 , 2 .15  a n d  fig u res  2 .9  an d  2 .10  show  the  resu lts  o b ta in ed  fo r th e  co st-b en e fit 

analysis o f  th e  f iv e  m e th o d s.

The study su g g es ts , th a t th e  m o s t eco n o m ica l m ethod  to  an a ly ze  b ac te rio lo g ica l q u a lity  o f  

a drinking w a te r  sam p le  is, th e  S L S -M F  m eth o d  in  the Sri L a n k a ’s co n tex t, co m p ared  to  

all o ther m eth o d s. A n y h o w , w ith  th e  less labour, e lec tric ity  an d  less  tim e  req u irem en t, th e  

enzym atic m e th o d  m -C o liB lu e2 4  m eth o d  w as p laced  second . C o n sid e rin g  the  easy  

handing, easy  in te rp re ta tio n s  and  esp ec ia lly  the rap id n ess  o f  th e  test, m -C o liB lu e2 4  

m ethod is  the  m o s t e ffic ien t m eth o d , w h ich  cou ld  be  re c o m m en d e d  fo r sp ec ia l d rin k in g  

w ater an a ly sis  su ch  as b o ttle d  w ater. F urther, th is m e th o d  h as  p ro v ed  g re a te r  d e tec tio n  

limits o f  to ta l co lifo rm  an d  E. c o li , co m p ared  to  the  S L S -M F  m eth o d , in  th is  s tu d y .
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However, fo r ro u tin e  analy sis , S L S -M F  m ethod  m igh t b e  b en efic ia l, co m p ared  w ith  th e  

high cost, longer tim e  and  co m p lex ity  o f  the conventional M T F  m ethods. M o reo v er, w h en  

considering easy  han d lin g , red u ced  sk illed  labour, easy  in te rp re ta tion , h ig h e r accu racy  an d  

higher de tec tion  lev els, C o lile rt m e th o d  is the m ost e ffic ien t m eth o d  am o n g  the  M T F  

methods. F u rther, th e  C o lile rt m eth o d  w ith  added ad v an tages co m p ared  to  all o th e r 

methods, cou ld  m easu re  even  very  low  concentrations o f  b ac te ria  p re sen t in  d rin k in g  

waters w ith  less  co n tam in a tio n s  like  bo ttled  w ater. H ow ever, i t ’s com p ara tiv e ly  h ig h e r 

cost m ust b e  tak en  in  to  co n sid era tio n  in  rep lacing  m ethods fo r d rink ing  w a te r  analysis .

W hen considering  analysis  o f  su rface  w a ter sam ples also, S L S -M F  m ethod  is th e  ch eap est 

method. H ow ever, b e in g  m o re  accu ra te  and  w ith  m ore advan tages as d esc rib ed  above, th e  

Colilert m ethod  b eco m es th e  n ex t econom ical m ethod  in  Sri L a n k a ’s co n d itio n s  fo r 

analyzing su rface  w a te r sam ples. T herefo re , the  C olilert m eth o d  co u ld  b e  u se d  e ffic ien tly  

for bacterio log ica l q u a lity  an a ly sis  in  surface w ater sam ples w ith  h ig h  co n tam in atio n s. In  

contrast, h igh ly  co n tam in a ted  w a te r w ill increase the chem ical co st and  th e  w o rk lo ad  in  

SLS-M F m ethod . I t  a lso  can  cause  loss o f  data, due to  inapp rop ria te  d ilu tio n s  u sed  

generally in M F  m ethods. H o w ev er, since C olilert p re-p repared  m ed ium  can  b e  u sed  as  a  

MTF m ethod , th ese  erro rs w ill n o t o ccu r w ith  the C olilert m ethod.

M ethod co m p a riso n  b y  ISO  cr iter ia

The observations m ad e  fo llo w in g  th e  IS O  criteria rev ea led  th a t all th e  co m p ariso n s  

resulted in  ‘in co n c lu s iv e ’ evalua tions. E ven  though m ore  th an  h u n d red  co n firm atio n  te s ts  

were coducted  a s  p rescrib ed , p ro b lem s such as con tam ination  o f  p la tes, lo ss  o f  cu ltu res  

due to p o o r g ro w th  o r  p o o r iso la tio n  caused  low ering o f  p a ired  coun t da ta , w h ich  w as th e  

major co nstra in t in  the  co m p ariso n  study causing in co n clu siv e  evalua tions. S im ila r 

problem s w ere  en co u n te red  w ith  E. coli confirm ation  tests. T hese  re su lts  su g g ested  a 

requirem ent fo r  in c reas in g  th e  n u m b er o f  sam ples b y  all fo u r m eth o d s, as  d e sc rib ed  b y  

ISO criteria . S ince  th e re  w ere  no p rev ious records on  s im ila r w o rk  d one  b y  using  S L S - 

MTF m ethod , re su lts  ob ta ined  in  th is  study cou ld  no t be co m p ared  w ith  any  o th e r s tud ies. 

H ow ever, one su ch  study  d one  p rev iously , by  P itkanen, et a l  (2007) b y  fo llo w in g  the  IS O
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criteria, has re p o rted  in co n c lu siv e  evalua tions even  w ith  co m p ara tiv e ly  h ig h e r  sam p le  

numbers.

Since th is ty p es  o f  re sea rch  w as  co n d u cted  in  a  d ev e lo p in g  co u n try  lik e  Sri L a n k a  

(probably fo r th e  firs t tim e), th e  ab o v e  m en tio n ed  p rac tica l p ro b lem s co u ld  n o t b e  e as ily  

overcom e w ith  th e  av a ilab le  lim ited  facilities. H ow ever, i f  th e se  p ro b lem s cou ld  b e  

successfully ad d re ssed  in  th e  fu tu re , v a lid ity  and e ffic ien cy  o f  m ic ro b io lo g ica l m e th o d  

com parisons w o u ld  b e  enh an ced . T h erefo re , co llabo ra tion  w ith  d iffe ren t in s titu te s  

involved in  w a te r  q u a lity  in d u stry  w o u ld  b e  very  im portan t fo r im p ro v in g  fu tu re  w o rk , 

since th is  in v o lv es  co m p lica ted  w o rk , w h ich  m ay  no t be p o ssib le  to  be  u n d e rta k en  b y  a  

single labora to ry . H o w ev er, s in ce  it  is ev iden t th a t the  co n v en tio n a l m e th o d s  cu rren tly  

used in  Sri L an k a  a re  m o re  co stly  an d  ineffic ien t, it is v e ry  essen tia l to  c o n d u c t fu rth e r 

research w ith  n e w ly  em erg in g , e ffic ien t and low  cost m ic ro b io lo g ica l m e th o d s  in  the  

world.
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C H A P T E R  3

IS O L A T IO N  A N D  ID E N T IF IC A T IO N  O F B A C T E R IA  F R O M  

D IF F E R E N T  W A T E R  S O U R C E S

3.1. IN T R O D U C T IO N

As discussed, th e  co n v en tio n a l b ac te rio log ica l m ethods av ailab le  fo r  te stin g  fecal 

contam ination en u m era te  co lifo rm  b ac te ria  by  detecting  gas  an d /o r ac id  b y  th e  lac to se  

ferm entation reac tio n . In  th ese  m e th o d s  o f  testing , B ile, sod ium  deso x y ch o la te , B rillian t 

green, de tergen ts  and  o th e r in g red ien ts  are u sed  to lim it th e  g ro w th  o f  o th e r bacte ria , 

especially the  d e tec tio n  o f  G ram -p o sitiv e  bacte ria  (N iem i e t  a l., 2001). H o w ev er, th e  

recently dev e lo p ed  m e th o d s  re ly  on  (i-D  galac tosidadse  and  p -D  g lu cu ro n id ase  ac tiv ity  fo r  

detections in stead  o f  lac to se  fe rm en ta tio n  (M anafi et al., 1991). T h ese  new  m ed ia  are  a lso  

supplem ented w ith  ch em ica ls  in h ib itin g  the g row th  o f  n o n -co lifo rm  b acte ria  (F rick er and  

Flicker, 1996). A c co rd in g  to  S chauer, et a l ., (2007), s ince  2002 , th e  U n ited  S tates 

Environm ental P ro tec tio n  A g en cy  (U S E P A ) has approved  ten  new  en zy m e-b ased  m eth o d s 

for the de tec tion  o f  to ta l co lifo rm s an d  E. co li in  drink ing  w ater. H ow ever, th ese  enzym e- 

based m ethods a lso  show  d iffe ren ces  in de tecting  co lifo rm s and  also , in  sa id  to  b e  

suppressing n o n -co lifo rm  b ac te ria  such  as A erom anas  spp., a  co m m o n  cause  fo r  p ro d u c in g  

‘false p o s itiv e ’ re su lts  (S chauer, e t  a l., 2007).

The current s tu d y  in c lu d ed  tw o  enzym e-based  m ethods, to g e th e r w ith  th e  con v en tio n a l 

lactose-based m e th o d s  se lec ted  fo r the  com parison . H o w ev er, the  se lec ted  fo u r 

bacteriological m e th o d s  (S L S -M T F , C olilert, SL S-M F and  m -C o liB u e2 4  m e th o d ), th o u g h  

intended to  d e tec t b ac te ria  o f  the  co lifo rm  group, a lso  d e tec ted  certa in  n o n -co lifo rm  

bacteria, as rev ea led  b y  th e  co n firm atio n  tests. A s su g g ested  b y  N iem i e t a l  (2001), th e  

reliability and  accu racy  o f  a m e th o d  in  detecting  co lifo rm  b ac te ria  is a  co n cern  w h en  

introducing new  m eth o d s. F u rther, in troducing  new  m eth o d s in to  ro u tin e  u se  is  d ifficu lt, 

when th e ir v a lid a tio n  beco m es m u ch  com plicated  in d e tec tin g  co lifo rm  b ac te ria , co n sis tin g  

of num erous n u m b ers  o f  species. F urtherm ore , resu lt in te rp re ta tio n  b eco m e d iff icu lt w h en  

methods y ie ld  d iffe ren t sp ec tra  o f  co lifo rm  species (N iem i, e t a l., 2001).
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Therefore, several stud ies h av e  b een  conducted  in the p ast to  e lucidate  th e  s treng ths and  

weaknesses o f  b o th  en zy m e-b ased  m ethods and  lactose b ased  m ethods, in  d e tec tin g  

coliform b acte ria  b y  iso la tion  an d  iden tifica tion  o f  bacteria  from  d ifferen t w a te r  sources. 

Table 3.1 show s th e  d e ta ils  o f  certa in  reported  studies.

Table 3.1 L iterature review  on bacteriological identification studies

Com parison

m ethods/m edia

so u rces  o f  w ater  

u sed  for  

co m p arison

R esults R eferen ce

Colilert /M TF, 

Colilert (A C ) P ­

A, M -Endo 

LES/MF, LTB , 

BGLB/M TF,

LTB P-A m ethod

N atu ra l sp rings, 

su rface  w aters, 

w ell w aters, 

c istern s , trea ted  

co ag u la ted  

se ttled  w ater, 

p u b lic  d rin k in g  

w a te r  supp ly

api 20E  tests have id en tified  48 

iso lates from  w hich  44  w ere 

coliform s and 4 non-co lifo rm s from  

the positive  C olilert tests. 

(Identifications have  n o t b een  done 

w ith  the  o ther m edia).

C overt, e t a l., 

1989

Standard m ethod  

(SM) Presence- 

Absence (P-A ) 

method w ith  

A uto-analysis 

Colilert (A C) P ­

A method

D eep  an d  

sh allow  w ells , 

sp rig s, rivers  and 

su rface  reservo irs

api 20E  system  has iden tified  100 

o f  them  54 co liform  b ac te ria  from  

the isolates detected  b y  C o lile rt 

(A C ), and  SM -P/A  m ethod , 

respectively

E dberg , e t 

a l., 1989

m-ColiBlue24 

and M -endo

S u rface  w a ter, 

o n e  e ffluen t 

source, o n e  

p o tab le  w a te r 

source

api 20E  tests have id en tified  25 .2  %  

and 11.4 % coliform  b ac te ria  and 

26.8 %  and 29  %  n o n -co lifo rm  

bacteria  from  m -C oliB lue24  and  M - 

endo m edia respectively .

G ran t, 1997

LMX broth, 

Chromocult

M arin e  w a te r api 20E  iden tification  has rev ealed  

83 %  total co liform s and  17%

G eiss ie r, et 

a l., 2000
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Coliform (C C ) 

agar, S tandard  -  

MTF m ethod

A erom onas  species in  L M X  b ro th  

and, 40  %  total co lifo rm s and  53 %  

A erom onas  species in  C C  agar.

Differential 

coliform 

agar/MF, LES 

endo agar/M F, 

Lactose T erg ito l 

TTC agar/M F

S hallow  w ell 

w aters

C olifo rm  iden tifica tion  ra tes  w ere  

81.6 % , 68.1%  and 77 .6  %  in 

T erg ito l, D ifferen tia l co lifo rm , and  

LES endo m edia  re sp ec tiv e ly , w hen  

iden tified  by  A P I20E  tests.

N iem i, e t a l., 

2001

Colilert-18 R iv e r w a te r 

sam ples

F atty  acid  m ethyl e s te r (F A M E ) 

pro file  has iden tified  64.5  % , and  

the  api 20E  strips h av e  id en tified  

76 .5%  as E. co li from  th e  p o sitive  

C olilert-18  w ells.

C h ao , et a l ., 

2004

10 enzym e-based 

methods:

Colilert, C oliert- 

18, C olisure, m - 

ColiBlue24, 

Readycult 

Coliforms 100, 

Coliscan, 

E*Colite, 

Chromocult, M I 

agar, and C olitag

G eo g rap h ica lly  

an d  chem ica lly  

d iffe ren t g ro u n d  

w a te r  so u rces  in 

th e  U S

In  P resence/A bsence testing , 

C olilert-18 , C olisure, m - 

C oliB lue24 , R eadycu lt and 

E *C olite  m ethods fa iled  to  d e tec t E. 

co li a t vary ing  fa ilu re  rates. 

A erom onas  suppression  ra te s  w ere  

d iffered  am ong the 10 m ethods, 

depending  on the  stra in .

S chauer, e t  

a l., 2007

German S tandard  

MTF, ISO  9308- 

U Colilert-18

D rin k in g  w a te r 

re se rv o irs  in  

G erm an y

api 20E  iden tifica tion  re su lted  in  

95% , 29%  and 15%  co lifo rm  

detections by  C o lile rt-18, IS O  

9308-1 and  conven tional G erm an  

S tandard  m ethod respec tive ly .

K am pfer, e t 

al., 2008
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In addition, N iem i, e t al., (2 0 0 1 ) have  dem onstra ted  tha t, c e rta in  O x id ase  n eg a tiv e  co lo n ie s  

confirm ed to  b e  co lifo rm s, h a v e  been  iden tified  as O x id ase  p o s itiv es  b y  b ac te rio lo g ica l 

identification te sts  u s in g  ap i 2 0 E  te s t kits. T h is o b serv a tio n  h ig h lig h ts  th e  fac t th a t 

reliability o f  th e  c o n firm a tio n  tests  should  also b e  h an d led  w ith  care. T h e re fo re , 

bacteriological id en tifica tio n  w ill b e  a  m u ch  m ore  re liab le  so u rce  o f  in te rp re ta tio n  as reg a rd  

to perform ance, th a n  th a t o f  th e  g enera l confirm ation  tests , in  assess in g  b ac te rio lo g ica l 

quality o f  w ater.

3.2. O B JE C T IV E S

C onsidering th e  fac to rs  m en tio n ed  above, th e  cu rren t study  a ttem p ted ;

1. To iden tify  b ac te ria l iso la tes  for each  m eth o d  to ob tain  a  c lea r  p ic tu re  reg a rd in g  th e ir  

perform ance, re liab ility  an d  the  spec ific ity  in  detecting  b ac te ria  in  th e  co lifo rm  group .

2. To study th e  d iffe ren ces  am o n g  th e  sp ec tra  o f  co lifo rm  b a c te ria  d e tec ted  b y  each  m ethod .

3. To inv estig a te  th e  in te rfe ren ce  fro m  o th e r non-co lifo rm  b ac te ria , g iv ing  rise  to  fa lse  

positive re su lts  in  each  m e th o d  to  id en tify  the  bacterial sp ec tra  p re sen t in  d iffe ren t w a te r  

sources.

3.3. M A T E R IA L S  A N D  M E T H O D S

3.3.1. Iso la tion  o f  b a c ter ia

Bacterial iso la tio n  w as p e rfo rm ed  u s in g  T ryp tic  Soy ag ar (T S A , O x o id , U K ) as ex p la in ed  

in the sec tion  2 .5 .3 , o f  C h ap te r  2. T h e  th ree basic  standard  co n firm a tio n  te s ts  (G ra m ’s te st, 

oxidase te s t and  ca ta la se  te sts) co n d u cted  fo r co lifo rm  b ac te ria , w e re  p e rfo rm ed  w ith  each  

isolate from  d iffe ren t sou rces  b y  the fo u r m ethods.

Stock cu ltu res o f  all iso la tes  w e re  m ad e  as fo llow s, fo r fu rth e r iden tifica tio n . In  p rep a rin g  

stock cu ltu res, the  iso la ted  p u re  co lon ies w ere  inoculated  in  to  E p p e n d o rf  tu b es, c o n ta in in g  

Brain H eart In fu sio n  b ro th  (O x o id , U K ) or doub le  streng th  T ry p tic  S oy  b ro th  (O x o id , U K ), 

and incubated fo r 24  h ou rs a t 37  °C. F o u r rep licate  stock cu ltu re s  w ere  p re p a red  from  each  

isolate, an d  s to red  a t - 2 0  °C , a fte r overlay ing  w ith  40 %  g lycero l.
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3.3.2 Id en tifica tio n  o f  b a c ter ia

One or tw o  E p p e n d o rf  tu b es  from  each  stock  culture w ere  th aw ed , and  th e  tu b es  w e re  

centrifuged fo r a  few  seconds to  ob ta in  a concen trated  cell m ass . S u b seq u en tly  the  T S A  

(Oxoid, U K ) p la te s  w ere  s treak ed  from  the concen trated  cell m ass  to  o b ta in  p u re  co lo n ies  

required fo r id en tifica tio n  tests . A ll p la tes  w ere  incubated  at 37 °C fo r 24 h o u rs  to  o b ta in  

pure cultures. T he  th ree  b asic  confirm ation  tests, the G ra m ’s te s t, O x idase  te s t and  the  

Catalase te st w ere  p e rfo rm ed  fo r fu rth er clarification . S u b seq u en tly  th e  o th e r s tan d ard  

biochem ical te sts  u se d  fo r id en tifica tio n  o f  bacteria  w ere  p e rfo rm ed  as d esc rib ed  b e lo w  

(3.1.3). Id en tifica tio n  o f  b ac te ria  w as also  perfo rm ed  by  u s in g  co m m erc ia lly  av a ilab le  api 

20E (b ioM erieux) rap id  id en tifica tio n  strips. R esu lts o f  b o th  th e se  tests  w e re  reco rded . 

However, due to  co n tam in a tio n  issues a t th e  laboratory , and  a lso  d ue  to  m issin g  iso la tes  in  

the iden tification  p ro ced u re , each  and  every  sam ple analyzed  b y  all m ethods co u ld  n o t b e  

identified s im u ltaneously . T here fo re , iden tifications w ere  p e rfo rm ed  o n ly  w ith  th e  

successfully iso la ted  co lo n ies  o f  certa in  sam ples and no t a lw ay s w ith  all fo u r m ethods.

3.3.2.I. B io ch em ica l tests

The com m on b io ch em ica l te sts , generally  perfo rm ed  fo r the  iso la ted  pure  co lo n ies  on  T S A  

plates, fo r id en tifica tio n  o f  b ac te ria  be long ing  to  the  fam ily  E n tero b ac te riaceae  w e re  

conducted fo r b ac te ria l iden tifica tion . T hose tests include; T S I, U rease, M R -V P , C itra te  

utilization, H y d ro g en  S u lp h id e  p roduction , Indo le  p roduction , O N P G  and  the  M o tility  tests. 

However, w h en  th e  id en tifica tio n  w as found  to  be non -co lifo rm s (w h ich  g av e  o x id ase  

positive test), ce rta in  add itio n a l tests  such  as G elatin  liquefaction  test, P ig m en t test, G ro w th  

at different tem p era tu res , e tc ., w ere  perform ed. In  add ition  to th ese  tests , an  ad d itio n a l 

Gram sta in ing  w as a lso  p e rfo rm ed  fo r certa in  cultures, w h ich  sh o w ed  an o m alo u s resu lts . 

All b iochem ical tests  w ere  perfo rm ed  by  fo llow ing  the  s tan d ard  m ic ro b io lo g ica l 

procedures.

T T riple S u gar Ion  A g a r  (T S I) test

This test w as u sed  as th e  in itia l test, to  d ifferen tia te  co lifo rm  b ac te ria  w ith  n o n -co lifo rm  

bacteria, d ep en d in g  o n  th e  reactio n  g iven. T he m edia w e re  p o u red  as s lan ts  and  w as
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inoculated b y  s tab b in g  to  th e  b u tt fo llo w ed  by  streak ing  o f  th e  s lan t su rface . T h e  b a c te ria  

therefore w ere  ex p o sed  b o th  to  a n ae ro b ic  co nd itions (butt) and  a e ro b ic  co n d itio n s  (slan t). 

Phenol red  w a s  u sed  as a n  in d ica to r. C ap s o f  the  tubes w ere  n o t tig h tly  c lo sed  in  o rd e r to  

facilitate gas ex ch an g e . D ep en d in g  on  th e  reac tio n s  show n w ith  T S I slan ts  (O x o id , U K ), 

further tests w e re  co n d u cted .

T able 3 .2  R eaction s show n on TSI m edium

R eaction T S I  rea ctio n C o n c lu sio n s

G ro w th S la n t B u tt G as H 2S

1 + ac id ac id + P e rfo rm  fu rth e r te s ts  fo r 

en te ric  b ac te ria

2 + a lk a lin e (ac id ) + + >5

3 + a lk a lin e a c id variab le -

4 + ac id (acid) + +

5 + a lk a lin e a lk a lin e - ~ P erfo rm  fu rth e r te s ts  fo r  n o n ­

en te r ic  b ac te ria

6 + ac id ac id - - yy

7 - - - - - yy

( ) o b scu red  b y  H2S in  b u tt

2. U rease te s t

Urease ag ar (O x o id , U K ) s lan ts  w e re  in o cu la ted  an d  observed  fo r  th e  h y d ro ly s is  o f  u rea  b y  

the enzym e u re a se  (c o lo u r c h an g e  to  p in k ), p re sen t in  p a rtic u la r  sp ec ies  in  th e  fam ily  

E nterobacteriaceae.

3. M ethyl R ed  a n d  V o g es-p ro sk a u er  tests

The M R -V P  b ro th  (O x o id , U K ) con ta in in g  dex tro se  as th e  ca rb o h y d ra te  so u rce , w as 

inoculated and  o b se rv ed  fo r the  m e th y l red  and  V o g es-p ro sk au er reac tio n s  sep a ra te ly .
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4. M ethyl R ed  test: M eth y l red  in d ica to r w as added  to  a  o ne  h a lf  o f  the  M R -V P  b ro th  

after incubation  a t 37 °C fo r 24  hours. F erm en ta tion  o f  dex tro se  w as o b serv ed  b y  th e  co lo u r 

change to  red , d ue  to  th e  lo w erin g  o f  pH , b e lo w  5.

5. Voges-Proskauer test: T h e  o th e r h a lf  o f  the  M R -V P  b ro th  w as  in cu b a ted  fo r a  fu rth er 

48 hours at 37 °C, an d  th e  B u tan ed io l ferm en ta tion  w as o bserved  b y  ad d in g  V P  1 an d  V P  

11 reagents. T he  d ev e lo p m en t o f  a  p in k  or a red  co lour a fte r ag ita tio n  w as c o n sid e red  a  

positive reactio n  fo r th e  p ro d u c tio n  o f  aceto in .

6. C itrate u tiliza tio n

Simmons C itra te  a g a r  (O xoid , U K ) con ta in ing  citrate  as th e  so le  carbon  so u rce  and  

am m onium  sa lts  as th e  so le  n itro g en  source, w as used  for in o cu la tio n  a t 37 °C fo r 24  hours. 

A positive reac tio n  w as  n o ted  b y  a co lo u r change from  green to  deep  b lu e  (in d ica to r- b rom o  

thymol b lue), d u e  to  th e  in c rease  o f  pH  b y  m etabo liz ing  c itra te  an d  re leas in g  am m o n ia  in  to 

the m edium .

7. Indole te st (T ry p to p h a n  h y d ro ly sis)

Here the T ry p to n e  w a te r  (O xo id , U K ) tu b es  w ere inoculated  and  in cu b a ted  a t 37  °C. A fte r 

24 hours o f  in cu b a tio n , few  d ro p s o f  K ovac 's  reagen t (p a ra -d im e th y lam in o b en za ld eh y d e  in  

alcohol) w ere  ad d ed  to  o b serve  th e  p ro d u c tio n  o f  a red  co lo u r rin g  in  th e  re a g en t layer, 

resulting from  th e  p ro d u c tio n  o f  Indo le , due  to  hydro lyzing  try p to p h an  (p resen t in  try p to n e  

water), by  th e  ac tiv ity  o f  try p to p h an ase  enzym e p resen t in  ce rta in  b ac te ria l sp ec ies  o f  

family E n tero b ac te riaceae .

8. H2S p ro d u ctio n

H2S production  w as  o b serv ed  in  the  in o cu la ted  TSI ag ar (O x o id , U K ) s lan ts , a fte r 

incubation a t 37 °C fo r 24  hours. A  positive  reactio n  w as in d ica ted  w ith  a  co lo u r change  

from yellow  to  b lack , d e tec ted  by  ferrous su lfa te  inc lu d ed  in th e  T S I m ed ium .
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9. O N P G  te s t

ONPG test w as  p e rfo rm ed  by  in o cu la tin g  in  to tubes w ith  C o lile rt m e d iu m  (ID E X X , M aine , 

USA), co n ta in in g  O N P G  (o -n itro p h en y l (3-D ga lac to p y ran o sid e), as a su b stra te . T h e  

bacteria co n sis tin g  o f  the  en zy m e  p -D  galac tosidase , tu rned  C o lile rt tu b es  from  co lo u rle ss  

to yellow.

10. M o tility  te s t

Bacteria m o tility  w as  o b serv ed  u s in g  the  ‘hanging  d ro p ’ m e th o d . A  sm all p o rtio n  o f  a 24 

hours g ro w n  cu ltu re  w as taken  w ith  a s terilized  w ire  loop an d  d isp e rsed  in  a  d ro p  o f  

distilled w a te r , on  a cov er-slip . V ase lin e  w as app lied  on  the fo u r c o m ers  o f  th e  cover-slip . 

Then, a cav ity  s lid e  (in  in v erted  p o s itio n ) w as carefu lly  kep t o n  th e  co v er-s lip  to  stick  at the  

comers o f  th e  c o v e r  slip . T he  cav ity  slide  w as then  tu rned  to  th e  w rite  p o s itio n  (upw ard ) 

and the m o tility  o f  b a c te r ia  w as o b serv ed  u n d e r a ligh t m ic ro sco p e  (10 x 40).

11. G ela tin  liq u e fa c tio n

Oxidase p o s itiv e  cu ltu re s  g ro w n  o n  T S A  p la tes (p roducing  a b lu ish  c o lo u r o r  n o t), w ere  

suspected to  b e  P seu d o m o n a s. T h is  w as confirm ed  w ith  th e  g e la tin  liq u e fac tio n  test. 

Pseudom onas  sp ec ie s  h av e  th e  ab ility  to  p roduce  p ro teo litic  en zy m es u n d e r th is  te s t and  

inoculating th e m  in n u trien t g e la tin  tubes, incubated  at 37 °C fo r 2 4 -48  ho u rs  c an  co n firm  

this as un d er re frig e ra tio n , th e  p o s itiv e  cu ltu res did  n o t solid ify .

12. P igm en t test

The bacte ria l cu ltu re s , su sp ec ted  to  b e  in  the  genus P se u d o m o n a s , w e re  te s ted  fo r th e  

Pigments too . T h is  fac ilita tes  th e  id en tifica tion  o f  th e ir species. 2-3  m l o f  ch lo ro fo rm  w as 

added to a w e ll-g ro w n  cu ltu re  (3-5  days) and w as shaken  v ig o ro u sly . T h e  p ig m en ts  p re sen t 

in each cu ltu re  w ere  d e tec ted  in  th e  ch lo ro fo rm  lay er and  a lso  o b se rv ed  fo r f lu o rescen ce , 

under a U V  ligh t.
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13. Growth at different temperatures

Suspected P se u d o m o n a s  cu ltu res  w ere  inocu la ted  on  T S A  p la te s  a n d  th e ir  g ro w th  w as 

observed a t d iffe ren t tem p e ra tu res , by incubating  at 5 °C, 25 ° -  30 ° C an d  42  °C 

respectively fo r sp ec ie s  d iffe ren tia tio n .

3.3.2.2. Identification using api 20 E identification strips

Pure co lon ies (w ell sep a ra ted ) on  T S A  p la tes  w ere  selected  and  e m u ls if ie d  in  5 m l s te rilized  

distilled w a te r , in  a s te riliz ed  tu b e  and  m ixed  w ell using  a  v o rtex  m ach in e  (F ish e r FB 

65000, U K ) to  o b ta in  a  h o m o g en o u s  suspension . U sing  a m ic ro p ip e tte , th is  b ac te ria l 

suspension w as  in o cu la ted  into tw en ty  m in i test tubes o f  the  ap i 20  E strip , fo llo w in g  the  

m anufacturer’s in s tru c tio n s ; b o th  th e  tube and  th e  cupu le  w ere filled  fo r  th e  tests  m a rk ed  as 

CIT, V P and  G E L . O n ly  the tu b e  w as filled  in  the  rem ain in g  tubes; an ae ro b io s is  w as 

created for th e  te sts  A D H , L D C , O D C , H 2S and U R E  by  o v erlay in g  w ith  s terilized  m in e ra l 

oil. To create  a  h u m id  a tm o sp h ere , 5 m l o f  sterilized  d istilled  w a te r  w as d is trib u ted  in 

honey-com bed w e lls  o n  th e  tray . In cu b a tio n  box w as c losed  w ith  the  lid  an d  in cu b a ted  at 37 

°C for 18-24 hours.

After incu b atio n , th e  s trip  w as read  re ferring  the ‘read in g  ta b le ’ p ro v id ed  b y  th e  

B iom erieux, Inc, U S A . R eac tio n s  o f  th e  spon taneous reac tio n s  w e re  reco rd ed , an d  th e  

TDA, V P an d  IN D  te s ts  w ere  p e rfo rm ed  by add ition  o f  T D A , V P  1 +  V P  2 an d  IN D  

reagents re sp ec tiv e ly , an d  the  re su lts  w e re  recorded . O n th e  re su lts  sheet, th e  te s ts  w ere  

separated in to  g ro u p s  o f  3 se ts  an d  va lu es  w ere  sum m arized  as in s tru c ted . B y  ad d in g  

together, th e  v a lu es  co rre sp o n d in g  to  p o sitive  reactions w ith in  each  g ro u p , a 7 -d ig it p ro file  

number w as o b ta in ed  fo r the  20 tests  o f  th e  api 20  E  strip.

After this, the  id en tific a tio n  w as p erfo rm ed  using  the d a tabase  (V  4 .0 ). T he  n u m erica l 

profile w as lo o k ed  up  in the  A n a ly tica l P ro file  Index. T he 7 -d ig it n u m erica l p ro file  w as 

entered m an u a lly  v ia  th e  k ey b o ard  in  to  the  Iden tifica tion  so ftw are  and  subm itted .
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3.4. R E S U L T S

Results ob ta ined  for b ac te rio lo g ica l iden tifica tion , w hen  p e rfo rm ed  w ith  con v en tio n al 

biochem ical te s ts  and  the  api 20E  rap id  iden tification  system  are  sho w n  in T ab le  3.3. 

Biochemical tests  w ere  p e rfo rm ed  fo r 59 isolates from  w hich  54 iden tifica tio n s  w ere  

successful, api 20E  tests  w ere  p e rfo rm ed  fo r 71 iso lates o f  w h ich , 50 successfu l 

identifications w ere  ob ta ined . M o st o f  the  unsuccessfu l iden tifica tions ob ta ined  in ap i 20 E 

tests w ere w ith  O x id ase  p o sitiv e  iso lates.

By using the  tw o  id en tifica tio n  system s, d ifferen t spectra o f  co lifo rm  b ac te ria  d e tec ted  by  

each m ethod w ere  fu rth e r studied . In  addition , the  in terferences from  o th er n o n -co lifo rm  

bacteria, g iv in g  rise  to  fa lse  p o s itiv e  resu lts  in each m ethod w ere  investigated . F ina lly , the  

bacterial sp ec tra  p re sen t in  d ifferen t w a te r sources tested  during th is  s tu d y  w ere iden tified .

3.4.1. D ifferen t b a cter ia l sp ectra  id en tified  by d ifferent m eth od s

As depicted  in  the  tab le  3.3, all fo u r m ethods identified  24 b ac te ria l species in c lu d in g  13 

coliform sp ec ies  and  11 n o n -co lifo rm  species. O ut o f  the co lifo rm  b acte ria l id en tifica tio n s , 

8 were fecal co lifo rm  spec ies  id en tified  by  api 20E  and/or b io ch em ica l tests. P ro p o rtio n s  o f  

different b ac te ria l ty p es  w ere ca lcu la ted  as percen tage values, as g iven  in  the tab le  3 .4 . T he  

different bacte ria l ty p es  (such  as  co lifo rm s and non-co lifo rm s) d e tec ted  by  each  m ethod  

were counted , d iv id ed  by  the  to ta l n u m b er o f  species detected  and  m u ltip lied  b y  100, to  

obtain a pe rcen tag e  value.

When com p arin g  the d iffe ren t b acte ria l spectra  identified  b y  each  m ethod , SL S m eth o d  

identified o ne  to ta l co lifo rm  spec ies, th ree  fecal co liform  spec ies  and  five n o n -co lifo rm  

species in all w a te r sources. A s a  p ropo rtion  from  the to tal n u m b e r o f  d e tec tions, SLS 

detected o n ly  40  %  co lifo rm s, w ith  60 %  non-coliform s (T ab le  3 .4). C o lile rt m e th o d  has 

detected tw o  fecal co lifo rm  spec ies, one to tal co liform  species an d  o n ly  tw o n o n -co lifo rm  

species. A s p ro p o rtio n s , the  co lifo rm s w ere  60 %  and the non- co lifo rm s w ere  40  %. In M - 

endo m edium , th e  bacte ria l spec trum  consisted  o f  three fecal co lifo rm  spec ies, one  to ta l 

coliform sp ec ies  and  four n o n -co lifo rm  species, w ith  p roportions o f  73.3 %  co lifo rm s and  

26.7 °/0 n o n -co lifo rm s. B acteria l spectrum  detec ted  by M -F C , consisted  o f  fo u r fecal
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coliform species, one co lifo rm s species and five non -co lifo rm  species. A s p ro po rtions, 

coliforms and  n o n -co lifo rm  w ere, 76 %  and 24 %  respectively . In  m -C o liB lue24  m ethod , 

bacterial spectrum  co n sis ted  o f  one total co lifo rm  species, four fecal co lifo rm s, and  12-non- 

coliform species. In p ropo rtion , the  co lifo rm s w ere 64.7 % and the  non-co lifo rm s w ere  35.3 

%.



Table 3.3 Numbers of bacterial isolates detected by different methods

Identified bacterial isolate SLS Colilert M -endo M-FC M -coliB lue24 Total
Bioch. API Bioch. API Bioch. API Bioch. API Bioch. API Bioch. API

Klebsiella pneumoniae 1 0 1 0 3 0 4 0 3 0 12 0
Klebsiella pneumoniae ssp. 0 1 0 1 0 3 0 5 0 3 0 13
pneumoniae 
Klebsiella oxicota 0 0 0 0 0 0 1 2 0 0 1 3
E. coli 2 0 4 0 0 0 0 0 0 0 6 0
E. coli 1 0 4 0 2 0 1 3 3 0 0 0 10
Enterobacter sp. 0 0 0 0 0 0 0 0 1 0 1 0
Enterobacter sakazaki 0 0 0 0 0 0 0 1 0 1 0 2
Enterobcter cloacae 0 0 0 0 0 0 0 0 1 1 1 1
Citrobacter braakii 0 1 0 0 0 0 0 0 0 0 0 1
Citrobacter freundii 1 0 0 0 1 1 0 0 0 0 2 1
Kluyvera spp. 0 0 0 0 0 2 0 0 0 0 0 2
Pantoea sp.3 0 1 0 0 0 0 0 0 0 0 0 1
Rautella ornithinolytica 0 0 0 1 0 0 0 0 0 1 0 2
Serratia liquifaciens 0 1 0 0 0 0 2 0 0 0 2 1
Pseudomonas spp. 2 0 0 0 1 0 0 0 0 0 3 0
Pseudomonas aeruginosa 2 5 2 1 1 0 1 0 1 0 7 6
Pseudomonas fluorescence 2 0 0 0 1 0 0 0 0 0 3 0
Pseudomonas oryzihabitans 0 0 0 1 0 0 0 0 0 0 0 1
Aeromonas spp. 3 1 0 0 0 0 0 0 3 0 6 1
Aeromonas hydrophila 2 0 0 0 0 0 1 0 0 0 3 0
Aeromonas hydrophila ssp. hydrophila 1 0 0 0 0 0 0 0 0 0 1 0
Aeromonas salmonicida ssp. 0 0 0 0 0 0 1 0 0 0 1 0
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salmonicida
Salmonella spp. 0 0
Salmonella arizonae 0 0
Salmonella choleraesuis ssp. arizonae 0 0
Acinetobacter spp. 0 0
Acinetobacter baumanii 0 0
Unidentified 2 8
Total identified
Total coliform  species 5
Fecal coliform  species 8
N on-coliform  species 11
Total num ber o f species 24

O
 

C
O

 
o

 
<

o 1 0 0 0 0 0 0 0 1
0 0 0 0 0 1 0 1 0

1 0 1 1 0 0 1 1 3

0 0 0 1 0 0 0 1 0

0 0 0 0 1 0 0 0 1
4 2 3 0 3 0 3 4 21

54 50
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Table 3.4 P e rc e n ta g e s  o f  d if fe re n t  b a c te r ia l  types iso la ted  by d iffe ren t m ethods

% B acterial iso lates

M e th o d
T otal

co liform s
Fecal

coliform s
N on

co liform s
SL S 6.7 33.3 60

C o lile r t 6.7 53.3 40
M -e n d o 13.3 60 26.7
M -F C 12 64 24

m -B o liB lu e 2 4 11.8 52.9 35.3

Among th e  c o lifo rm  b a c te ria  iden tified , the  dom inant species w as K leb sie lla  p n eu m o n ia e , 

which w as  a  feca l c o lifo rm  species, detected  by  all four m ethods. M -endo , M -F C  and  m - 

C oliB lue24 m e th o d s  d e tec te d  th e  h ighest percentages o f  K lebsiella  p n e u m o n ia e ,  co m pared  

to o ther tw o  m e th o d s  (T ab le  3 .5). T he n ex t abundant species detected  w as E. co li, w hich  is 

again a  fecal c o lifo rm  bacte riu m . E. co li w as detected m ostly  by the  C o lile rt m eth o d  

(percentage d e te c tio n  3 3 %  - T ab le  3.5), com pared to o ther m ethods. A m o n g  the non - 

coliform  f lo ra , th e  d o m in a n t spec ies  w as P seudom onas aeruginosa, m o stly  w as detected  by  

the SLS m e th o d  (T a b le  3 .5). T h e  nex t abundant species w as A erom onas  spp ., again  m o stly  

detected b y  th e  S L S , C o lile rt and  the m -C oliB lue24 m ethods.

During th e  p re s e n t s tu d y , th e  w idest spectra  o f  coliform  bacteria  w ere  de tec ted  by  M -FC  

and m -C o liB lu e 2 4  m e th o d s  co m pared  to o ther m ethods. T he w idest sp ec tra  of n o n -co lifo rm  

bacteria w e re  d e te c te d  b y  SL S , m -C olib lue24  and  M -FC  m ethods.

Specificity of methods in detecting coliform bacteria

A ccording  to  a b o v e  re su lts  a n d  the resu lts  depicted  in tab le  3.4, the spec ific ity  o f  m eth o d s 

in de tec tin g  c o lifo rm  b a c te ria  is in the  o rder of; M -FC , M -endo, m -C o liB lue24 , C o lile rt an d  

finally th e  S L S , b a se d  on  the  p roportions o f  coliform  bacteria  detected  in the w a te r  sou rces

tested in th is  s tu d y .
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3 .4 .2  B a cter ia l sp ectra  iso la ted  from  d ifferen t sou rces

D uring  th e  s tu d y , d iffe ren t bacteria l spectra  be long ing  to bothcoliform g roup  and o th e r 

n o n -co lifo rm  g ro u p s  w ere  iso la ted  from  d ifferen t w a te r sources (id en tified  b y  api 20E  

an d /o r b io c h em ica l tests). Iden tified  d ifferen t spectra  and their numbers (as d e tec ted  b y  

d iffe ren t m e th o d s) are  d ep ic ted  in tab les 3.6 and  3.7 respectively.

B o ttled  w a te r  sou rce:

In b o ttle d  w a te r  sam ples on ly  tw o  species be long ing  to the same genus w ere  iden tified . 

B oth  w e re  feca l co lifo rm  spec ies  be long ing  to  the  genus Enterobacter. Iso lations done w ith  

m -C o liB lu e2 4  an d  SLS m eth o d s w ere  able to detect these  organisms.

E n te ro b a c te r  c lo a ca e  w as  iden tified  bo th  w ith  the api 20E snips and the  con v en tio n a l 

b io ch em ica l te s ts  (P late  3 .2 ), w h ile  E n terobacter sakazak i was detected on ly  w ith  th e  api 

20E  s trip s . T h e  p ara lle l b io chem ica l tests iden tified  o n ly  to the genus level.

W ell w a te r  sou rce:

W ell w a te r  sam p les  had  the  b roadest spectrum  o f  b acte ria  amongall w ater sources te s ted  in 

this s tu d y . It in c lu d ed  five  fecal co lifo rm  species, th ree  to ta l coliform species a n d  e ig h t non- 

co lifo rm  sp ec ies . A m o n g  th e  fecal bacte ria l flora, K lebsie lla  pneumoniae (P late3 .3 ) w as the  

m o st c o m m o n ly  iso la ted  species b y  all m ethods. B iochem ical tests iden tified  the  sp ec ies, 

w h ile  ap i 2 0 E  test k its iden tified  species to its subspecies level. N ex t ab u n d an t sp ec ies  

d e tec ted  w as E. co li (P late  3.4), confirm ing  the fecal contamination o f  w ell w ater, co llec ted  

from  in d ic a te d  p ro v in ces  in  Sri Lanka. E. co li species w as identified as  E. co li 1, b y  ap i 20E  

tests. In a d d itio n  to  these  dom inan t species, fecal co liform s such as K leb sie lla  oxicota , 

C itro b a c te r  braakii, C itrobacter fr e u n d ii , E n tero b a cter  sakazaki and total co lifo rm  sp ec ies  

R a u te lla  orn ith ino ly tica , P an toea  spp. 3 and  K luyvera  spp. too w ere  identified . A m o n g  

n o n -co lifo rm  b acte ria , P seudom onas aerug inosa  w as the dominant species found  in  w ell 

w a te r sam p les  id en tified  b y  both  b iochem ical and api 20E  tests. Other non-co lifo rm  sp ec ie s  

in c lu d e  P seu d o m o n a s  spp., P seudom onas oryzihabitans, Aeromonas spp., A ero m o n a s
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hydrophila , A ero m o n a s hydrophila  ssp. hydrophila , Salmonella spp., Sa lm onella  arizonae, 

Sa lm onella  cho leraesu is  ssp. arizonae  and A cin e to b a c ter  spp.

Su rface w ater  source:

B acterial spectrum  iden tified  in surface w a ter sam ples was not diverse as in  w ell w a te r  

sam ples. O n ly  th ree fecal coliform  species w ere identified. Among the  three iden tified  

co lifo rm  species, E. co li w as the dom inan t species. Other than E. co li, K leb sie lla  

p n e u m o n ia s  and  C itrobacter fr e u n d ii  too w ere present as fecal contam inants. Further, 

Serra tia  liqu ifac iens  and R autella  o m ith in o ly tica  are the two total coliform  spec ies  

identified . H ow ever, the  detection  o f  non-co lifo rm  species was com paratively  h igher, w ith  

a d iv e rse  spec trum  o f  seven  species identified  o f  which, Pseudomonas aerug inosa  (P la te  

3.5) b e in g  the  dom inan t species. In  addition, Pseudomonas fluorescence, A erom onas  spp., 

A ero m o n a s sa lm on ic ida  ssp. salm onicida , Acinetobam  baumanii and Sa lm onella  

ch o leraesu is  ssp. arizonae  w ere present. Further, a Gram" bacterium w as isolated  from  

tw o su rface  w a te r bodies, w hich  w as n o t iden tified  at the present study.

E fflu en t w ater  source:

T hree co lifo rm  and th ree non-co lifo rm  species w ere identified from effluent w ater sam ples. 

K lebsie lla  p n e u m o n ia e  and E. coli w ere the dominant fecal coliform  species, w h ile  

K lu yvera  spp. w as identified  as the  total co liform  species. The three non-co lifo rm  spec ies  

b e long ing  to  the genus P seudom onas  w ere identified as Pseudom onas aeruginosa , 

P seu d o m o n a s oryzihab itans  and ano ther P seudom onas  spp



Table 3.5 Percentages of dominant bacterial species isolated by different methods

_ _ _ _ _ _ _ _ _ _ _ _ _ Percentage detection %_ _ _ _ _ _ _ _ _ _ _ _ _
Bacterial species SLS C olilert M -endo M -FC m -ColiBlue24

Bioch. API Bioch. API Bioch. API Bioch. API Bioch. API
Klebsiella pneumoniae 5 - 8 - 27 - 16 - 20 -

Klebsiella pneumoniae su b sp . Pneumoniae - 5 - 8 - 20 - 22 - 23
E. coli 10 - 33 - - - 12 - -

E. coli\ - 18 - 17 - 7 - 13 - -

Pseudomonas aeruginosa 10 23 17 8 9 0 4 0 7 0
Aeromonas sp. 15 5 0 0 0 0 0 0 20 0
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api 20 E  strip

Plate 3.2 Id en tifica tion  resu lts  fo r  C itro b a cter fre u n d ii
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api 20 E  strip

Plate 3 3  Identification  results for K lebsiella  pneum oniae  ssp. pneum oniae



T ab le  3 .6  D iffe re n t b a c te r ia l  sp e c tra  iso la ted  from  d iffe re n t sources
167

B acteria l S ou rce

Id en tified  b a c ter ia l stra in s type B ottle W ell S u rface E fflu en t

K leb sie lla  p n e u m o n ia e FC J J J

K leb sie lla  p n e u m o n ia e  ssp. p n eum on iae FC J J J

K leb sie lla  o x ico ta FC J

E. co li FC J J J

E. co li 1 FC J J J

E n te ro b a c te r  spp. FC J

E n te ro b a c te r  sa ka za k i FC J J

E n tero b a c te r  c lo a ca e FC J

C itro b a c te r  b ra a k ii FC J _

C itro b a c le r  fr e u n d ii FC —
J J —

K lu yvera  spp . TC
—

J
—

J

P a n to ea  sp.3 TC —
J

— —

R a u te lla  o rn ith in o ly tica TC —
J J

—

S erra tia  liq u ifa c ien s TC — — J -

P seu d o m o n a s  sp. N C
—

J J J

P seu d o m o n a s  aeru g in o sa N C
—

J y J

P se u d o m o n a s  flu o re sc e n c e N C — - j —

P seu d o m o n a s  o ryzih a b ita n s N C — J — J

A e ro m o n a s  sp. N C — J j —

A ero m o n a s  h yd ro p h ila N C — J - -

A e ro m o n a s  h yd ro p h ila  ssp. hydrophila N C - J — -

A e ro m o n a s  sa lm o n ic id a  ssp. .sa lm onicida N C — - j -

S a lm o n e lla  spp . N C — J - -

S a lm o n e lla  a rizo n a e N C - J - -

S a lm o n e lla  c h o le ra esu is  ssp. arizonae N C — J j -

A c in e to b a c te r  spp. N C — J j -

A c in e to b a c te r  b a u m a n ii N C - - j -

T C -to tal co lifo rm FC - fecal coliform s N C - non colilorm s



Table 3.7 Numbers of different bacterial species isolated from different sources

1 1
S L S C o l i le r t M - e n d o M - F C M - T o ta l

S o u r c e B acterial isolate coliB lue24
Bioch A P Bioch AP Bioch AP Bioch AP Bioch Bio AP

I , I I I • A PI ch. I
B o tt le Enterobacter cloacae 1 1 1 2 1

Enterobacter sakazaki 1 0 1

Enterobacter spp. 1 - - - — 1 2 0

W e ll
Klebsiella pneumoniae ssp. 
pneumoniae

-

1 1 2 2 1 0 7

Klebsiella pneumoniae 1 2 1 1 5 0

E. coli 1 1 2 3 2 0 0 0 4 4
Klebsiella oxicota - 0 - 0 0 1 2 0 1 2

Pantoea sp.3 - 1 - 0 0 0 0 0 1

Citrobacter braakii - 1 - 0 0 0 0 0 1

Enterobacter sakazaki - 0 - 0 0 1 0 0 1

Rautella ornithinolytica - 0 - 1 0 0 0 0 1
Citrobacter freundii - 0 * 0 1 1 0 0 1 1
Kluyvera spp. - 0 - 0 1 0 0 0 1

0+ Pseudomonas aeruginosa 1 3 1 1 0 0 1 0 3 4
Pseudomonas sp. 2 - 2 0
Pseudomonas oryzihabitans - 0 - 1 0 0 0 0 1
Aeromonas sp. 1 1 - 0 0 0 1 0 2 1
Aeromonas hydrophila 2 - 1 3 0
Aeromonas hydrophila ssp. 
hydrophila

1 -
1 0
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• ocumoneuu un~ohu& 
Salmonella choleraesuis ssp 
arizonae

— .

0 1 0 0

J.

0 0 1

Acinetobacter spp. 1 1 0

Unidentified 2 4 0 1 0 0 0 2 1 3 8

Surface E. coli 1 1 1 - 0 1 2 3 0 3 5

Serratia liquifaciens 1 - 0 0 0 0 0 I

Citrobacter freundii 1 0 - 0 0 0 0 1 0

Klebsiella pneumoniae 1 1 2 0
Klebsiella pneumoniae ssp 
pneumoniae 0 1 0 0 1 0 2
Rautella ornithinolytica 1 0 1

0+ Pseudomonas aeruginosa 1 1 1 1 1 0 1 0 0 4 2

Pseudomonas fluorescence 2 - 1 3
Salmonella choleraesuis ssp 
arizonae 0 1 1 0 1 0 3
Acinetobacter spp. 1 1 0
Acinetobacter baumanii 0 0 0 1 0 0 1
Aeromonas spp. 2 2 4 0
Aeromonas salmonicida ssp. 
Salmonicida 2 2 0

Unidentified 0 4 0 0 2 2 0 0 1 2 7
Effluent E. coli 1 1 1 1 0 1 0 1 0 3 2

Klebsiella pneumoniae 1 3 1 5
Klebsiella pneumoniae ssp. 
pneumoniae 0 0 1 3 1 0 5
Kluyvera spp. 0 0 1 0 0 0 1

0+ Pseudomonas spp. 1 1 0

Pseudomonas aeruginosa 1 0 0 0 0 0 1

Pseudomonas oryzihabitans 0 1 0 0 0 0 1
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3.4 3 C om p arison  o f  b iochem ical tests and  api 20E tests in identification o f  isolates

B oth b io ch em ica l tests and api 20E tests w ere  not perform ed sim ilarly in iden tification  o f  

bacte ria , a t certain  instances o f  the study. D uring parallel identifications done by both 

id en tifica tio n  system s, only 59.5 %  gave sim ilar identification results, at least to genus level 

from  the  47  tests  perform ed (T able 3.8). This w as m ainly due to the  oxidase positive 

iso la tes tested  in the present study. M ost o f  the m isidentifications or inconclusive results 

o b ta in ed  by  api 20E  strips w ere fo r the O xidase positive cultures, w hereas conventional 

b io ch em ica l tests w ere able to identify m ost o f  those isolates at least to the  genus level. 

H ow ever, the  conventional b iochem ical tests failed in identify ing som e O xidase negative 

co lifo rm  bacteria , w hich  w ere identified  by  the api 20E strips (Table 3.8).

T able 3.8  Perform ance o f biochemical tests and api 20E tests in parallel identifications

T o ta l n u m b er o f  identifications done by  both  biochem ical tests and api 20E tests 47 

P e rcen tag e  isolates identified to the  species level by both tests 53.2 %

P ercen tag e  isolates identified to the  genus level by both tests 6.3 %

P ercen tag e  isolates (O xidase +) iden tified  only by biochem ical tests 27.6  %

P ercen tag e  iso lates (O xidase -) identified  only by  api tests 8.5 %

3 .5 . D IS C U S S IO N

T he y ie ld  and  the spectra o f  coliform  bacteria  varied am ong the m ethods adop ted  in the 

cu rren t study . E ach  m ethod com pared had  a characteristic species distribution o f  target 

b ac te ria  and  a typical level o f  non target bacteria. These observations confirm  the previous 

resu lts  observed  by Edberg, e t al. (1989); Lew is, et al. (1989), G eisser, et al. (2000), 

P isc ico tta , el al. (2002) and K am pfer, e t al. (2008). A study conducted by N iem i, e t al. 

(2001) on determ ining  the num bers and  distribution o f  coliform  bacteria  in w ell w ater 

sam ples, has revealed  that each m ethod com pared had a characteristic species distribution 

o f  ta rg e t bacte ria  and a typical level o f  in terference o f  non-target bactena. Further, they 

have  rep o rted  tha t a high y ield  and a  sufficient selectivity are difficult to achieve

sim ultaneously .
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In the  cu rren t study, the h ighest percen tage o f  coliform  flora w as show n by the M -FC 

m ed ium  o f  th e  SL S-M F m ethod, suggesting  the h igher specificity  o f  M -FC  m edium  for the 

co lifo rm  group . Therefore, it could be suggested  tha t the inhibitory  substances used in the 

M -FC  m ed iu m  fo r suppressing the grow th o f  non-coliform  bacteria  is effective. H ow ever 

to con firm  th is observation, further studies w ill be needed. T here  w ere  no such  prev ious 

reco rds av a ilab le  in literature. The next specific  m edium  in detecting co lifo rm  bacte ria  w as 

M -endo o f  the  SL S-M F m ethod, w hich has detected  73.3 %  o f  co lifo rm  bacteria , w hich  is 

in co n tra s t w ith  the  11.4 % observed  by G rant (1997). This m igh t be  due to the re la tively  

h ig h e r ab u n d an ce  o f  coliform  bacteria  in tropical w aters com pared  to the tem perate  

b acte ria l flo ra. A no ther reason m ight be the h igher detection rates o f  tropical co liform  

b ac te ria , th an  the  tem perate bacteria  by M -endo m edium . H ow ever, fu rther studies w ill be 

req u ired  to  confirm  these ideas. W hen m -C oliB lue24 w as used, the percen tage  detection 

w as 64.8 %  . This resu lt is also com paratively  h igher com pared to  the 25.2 %  reported  by 

G ran t (1997). T he reasons for this observation m ight also be sim ilar w ith  the explanation  

fo r M -en d o  m edium .

C o lile rt m e th o d  detected  60 %  o f  coliform  bacteria  during the current study. T h is w as a 

co m p ara tiv e ly  low  value com pared w ith the 76.5 %  reported by C hao, e t al. (2004) and 95 

% , rep o rte d  by  K am pfer, et al. (2008). T h is m ight be due to the detection  o f  m ore O xidase 

p o s itiv e  non-co lifo rm  species found abundantly  in tropical w aters as suggested  by  Fricker, 

et al. (1998). T he low est percentage (40 % ) o f  coliform  bacteria was detec ted  b y  the SLS- 

M T F  m ethod . T his could be attributed due to the fact that M ac C onkey  m ed ium  is 

co m p ara tiv e ly  less specific for coliform s, than the other m edia tested  in  th is study. A no ther 

fac to r m ig h t be, the  high rate o f  false negatives due to the anaerogenic  co lifo rm  bacteria  

p re sen t in the  sam ples tested. T he detection o f  O xidase positive non-co lifo rm s presen t 

ab u n d an tly  in tropical w aters, m ight b e  the o ther possible reason  for this observation . 

T h ere fo re , it cou ld  be concluded tha t the  least specific m edium  for the detection  o f  co liform  

b ac te ria  in  the  tropical w aters tested  in  th is study is M ac C onkey broth  o f  the SL S-M TF 

m ethod . A ll the o ther alternative m ethods perform ed com paratively better than the SLS- 

M T F  m eth o d  in detecting coliform  bacteria  in the current study.

In  b o ttle  w ater sam ples, only tw o species w ere identified by the SLS and the m -C oliB lue24 

m ethods. H ow ever, this result does not im ply that the other m ethods cannot detect them.
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This o b se rv a tio n  w as due to the fact that, successful isolations w ere  possib le only  w ith  

those tw o  m ethods. Inadequacy o f  d ifferent brands w ith con tam inations w as a reason  for 

b ru ited  iso la tio n s  done from bottle w ater sam ples. H ow ever, there  are reports on various 

b ac te ria l iso la tions done from  bottle  w ater sam ples around the w orld.

H ow ever, a  surprising ly  higher d iversity  o f  bacterial flora w as observed  in w ell w ater 

sam ples, co llec ted  from  different p rovinces o f  Sri Lanka in th is study. T he fecal bacteria l 

flora co n sis ted  o f  five species, com pared to 6 fecal coliform  species iden tified  by N iem i, et 

a l ., (2 0 0 1 ), in w ell w ater sam ples collected from  different locations in Finland. H ow ever, 

the  co u n ts  o f  fecal bacteria  w ere very  low  in th e ir study, com pared to  the  h igher counts in 

the  c u rren t study. A ccording to their explanation, the reported low  counts are due to the dry 

w eath er and  lack o f  surface ru n -o ff during the ir study. H ow ever, h igh  counts o f  fecal 

b ac te ria  w ere  observed  throughout the current study, even though m ost o f  the w ells 

co n sis ted  o f  ring  w alls, preventing from  surface run-off. T herefore , the  fecal 

co n tam in a tio n s  o f  w ell w ater in Sri Lanka m ight m ainly be  due to  the con tam inated  

su b te rran ean  w a ter flow , through the to ilet pits built relatively c loser to the w ells. Further, 

the  h eav y  ra in fa ll and  the sloping terrain  patterns could have a  d irect effect on the h igh  rate 

o f  co n tam in a tio n s  o f  fecal flora to the  shallow  w ells in Sri Lanka. H ow ever, this 

o b se rv a tio n  should  be  further studied in detail to m ake a final conclusion  on w ell w ater 

co n tam in a tio n  in  Sri Lanka. Further, the w ater abstraction rate from  the w ell a lso  has an 

e ffec t on  th e  contam ination. W hen the abstraction  is higher, the po llu tion  by  to tal coliform s 

co u ld  a lso  b e  h ig h er (personal com m unications w ith Dr. D .R .I.B . W erellagam a, 2010).

S ince  som e o f  these fecal flora are pathogenic (eg: some strains o f  E. co li, K lebsie lla  

p n e u m o n ia e  and  E nterobacter sakazaki), consum ption o f  well w ater as a  source o f  drinking  

w ater, sh o u ld  be m ore o f  a concern. Therefore, in m ost o f  the developed countries, w ell 

w a te r  so u rces supplying drinking w ater fo r sm all com m unities are d isin fected  by 

ch lo rin a tio n  (N iem i, et al., 2001). H ow ever, being a developing country, boiling  before 

co n su m p tio n  w ould  be the m ost safe w ay o f  using well w ater fo r drinking  purposes in Sri

L anka.
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In addition to the fecal flora, total coliform species commonly isolated from tropical water 

were also present in the well water samples tested. However, the total coliforms identified 

m temperate countries were Ervinia spp., Hafnia alvei, rahnella aquitilis, Serracia 

fanticola, Serracia liquifaciens, Serracia enterolitica, Yersinia enterolitica and Yersinia 

spp. (Niemi, et al,, 2001), compared to Rautella ornithinolytica, Citrobacter freundii and 

Kluyvera spp. identified in collected well water samples in the current study.

Niemi, et al., (2001) have isolated 13.4 %, Oxidase positive non-coliform bacterial 

population, compared to 34%, identified in the present study. However, Niemi, et al., have 

not identified the isolated non-coliform species, while nine species were identified in the 

present study, while most o f them were environmental species. However, among them 

certain pathogenic species such as Pseudomonas spp., Aeromonas spp., Salmonella spp., 

Salmonella arizonae, Salmonella choleraesuis ssp. arizonae and Acinetobacter spp. were 

also present.

When considering two identification systems used in this study, similarities as well as 

certain differences were observed in bacteriological identifications. Conventional 

biochemical tests were successful in 93.2 % o f identifications, at least to the genus level, 

including Oxidase positive non-coliform species. The api 20E rapid identification system 

was able to identify 80.6 % bacterial species from the total identifications performed. The 

failed percentage was mostly due to the Oxidase positive bacteria. Although api 20E system 

is manufactured for the identification o f members of the family Enterbacteriaceae, certain 

Oxidase positive bacteria could also be identified using the same system. According to the 

manufacturer’s instructions, about 32 Oxidase positive species could be identified 

accurately by these test kits. Therefore, Oxidase positive isolates were also identified using 

the api 20E system in the present study (However, for identification o f non-coliforms, use 

of api 20NE strips (if available) is more appropriate). In the present study oxidase positive 

bacterial species such as Pseudomonas aeruginosa was identified with accuracy of 99.9 %. 

Further, the Oxidase negative isolates accurately resembled the profiles described for 

different Enteroacteriaceae species by the manufacturer of the api 20E galleries and the 

absolute identification’ was therefore excellent. However, in few cases identification to 

distinct species was hampered by the slight differences between the species when using the 

vests included in the galleries, resulting in ‘low discrimination .
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CHAPTER 4

GENERAL DISCUSSSION

Bacteriological quality assurance is one of the prime issues with the current rate of water 

pollution. Investigations on sensitive and reliable bacteriological analytical methods are 

intensively being conducted around the world to overcome the weaknesses associated with 

the conventional bacteriological methods. Hence, newly emerging methods have been 

approved by the regulatory agencies such as United States Environmental Protection 

Agency (US EPA), and included in the standard methods published by American Public 

Health Association (APHA), etc. Further, most developed countries have already adopted 

the currently emerging methods (such as enzymatic methods), by comparing them with the 

available conventional bacteriological analytical methods (Griffith, et al., 2006. Pitkanen, et 

al., 2007, Noble, et al. 2003, Eckner, 1998, Palmer, et al. 1993, Edberg, et al. 1990, Covert, 

et al. 1 9 8 9 ) .  These investigations have resulted in valuable information on the weaknesses 

and the strengths of different methods used to detect total coliforms and E. coli, especially 

in water samples collected from temperate countries. However, such infonnation are very 

limited in the tropics, especially in Asia.

Therefore, the current study investigated the performance of different conventional and 

enzymatic methods, using tropical drinking and environmental water sources, in Sri Lanka. 

Results o f the current study revealed that the different methods performed differently in 

detecting total coliform bacteria and E. coli in tropical water samples tested. Further, the 

bacteriological identifications showed that the bacterial spectra detected during the study, 

also differed with different methods. The results obtained in the preliminary study, when 

analyzed by variance statistics, revealed that the five methods tested were statistically 

different with each other and also the conventional SLS-MTF method was significantly 

different at p<0.05, with all alternative methods except with the APHA-MTF, which is also 

a conventional method. Based on these results, a detailed study was conducted by excluding 

the APHA-MTF method, during the second phase of the study. 1 his step allowed a 

comparison study, by following the ISO criteria for comparison of bacteriological methods
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m Lanka and probably this being the initial such study in Asia. Bacteriological 

comparisons, following the ISO criteria was first reported by Niemela, et cil in 2003 using 

.fabricated samples created primarily from laboratory strains o f bacteria seeded into clean 

matiices and then, by Pitkanen, et al. (2007), using natural non-disinfected water samples. 

Both studies were carried out in Europe.

The current study compared conventional methods as well as currently available enzymatic 

methods. The two enzymatic methods, Colilert and m-CofiBIue24 were selected based on 

their performance as reported in other similar studies, affordability and the availability in 

the market at the time of the commencement of work. The Sri Lanka Standard (SLS)-MTF 

method, using Mac Conkey and Brilliant Green Lactose Bile Broth, based on lactose 

fermentation was selected as the ‘reference method’ with the other ‘alternative methods’ 

during both phases o f the study. Comparisons done at the preliminary phase o f the study 

showed the strengths and the weaknesses of each method in detecting total coliforms and E, 

coli, in addition to the quantitative data on bacteriological counts. Based on these 

observations, certain positive and negative features of the methods were revealed.

When considering MTF methods, the interpretation of positive presumptive tubes were 

subjective in conventional SLS and APHA methods, compared to the enzymatic Colilert 

method. This was because, the detection o f growth (turbidity), gas production and acid 

reaction were not distinctly clear in certain trials for SLS and APHA methods. On the other 

hand, Colilert gave a distinct yellow colour in total coliform positive tubes. The detection of 

fluorescence in Colilert tubes was comparatively easier than in EC-MUG tubes in APHA 

method, due to the turbidity of EC-MUG tubes. This observation confirms the previous 

results obtained by Shadix and Rice (1991), when they observed difficulty in detecting the 

fluorescence o f the fvIUG reaction in lactose based MUG media due to turbidity caused by 

the heavy bacterial growth. Further, the Colilert method required less time and labour, less 

equipment and confirmation steps than SLS and APHA methods. Simultaneous detection of 

total coliforms and E. coli using Colilert was rapid, easy and efficient, which is very 

important when analyzing potable water samples. However, in this study, Colilert method 

was tested by the usual 3-tube MPN method and not by using the device QUANTRITRAY 

which converts the observations in to final MPN values. If this device could have been 

used, the Colilert system would have been much easier and faster.
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Findings o f  the current study agree with the early findings made by Edberg, et al. (1988), 

who compared the conventional MTF method with Autoanalysis Colilert (AC) in a field 

trial. The autoanalytical nature of Colilert method is said to be more practical and efficient 

than the current coliform methods and less subjective than the Standard methods 

procedures. Availability of medium in powder form; shelf life for one year at room 

temperature; easy interpretation of results; user friendliness in the field; longer survival of 

bacteria (up to seven days) in Colilert tubes, are other advantages o f Colilert method. Thus 

findings o f the current study is similar to the observations of Edberg, et al. (1989), who 

have proved that the Colilert medium was sensitive, specific and easier than the 

conventional methods to detect total coliforms and E. coli in drinking water and other 

environmental waters. Shadix and Rice (1991) showed that the enzyme (5-glucuronidase 

posses the accuracy and specificity required for the detection o f E. coli in environmental 

waters. Their findings have also been corroborated with the results o f other investigators 

(Robinson, 1984; Moberg, 1985), who have found 90 % or more E. coli from a variety of 

sources when using (5-glucuronidase containing media. The strains of E. coli isolated from 

environmental samples in the study have showed a 95 % positivity rate for (5-glucuronidase 

by the AC method. Further, they have also concluded that the AC system is a more rapid 

test procedure than the lactose fermentation method which produces results within 24 hours 

o f initial inoculation. In addition, AC tubes have also detected anaerogenic strains of E. 

coli, which might be missed due to failure to produce gas in the presumptive phase of the 

conventional test. Flicker and Flicker (1996) have suggested that Colilert could even be 

used in small laboratories with limited facilities and resources. Results obtained by 

Pitkanen, et al. (2007) state that Colilert did not require confirmation with most types o f 

water samples except bathing water, in their study.

Among MF methods, atypical colony formation and background flora on membranes 

incubated on different culture media have been reported in previous studies (Schauer, et al., 

2007, Pitkanen, et al., 2007, Schets, et al., 2002, Niemi, et al., 2001, Grant, 1997). The 

background growth on M-endo and M-FC media poses disadvantages, since it appeared as a 

continuous mat on the membranes. In contrast, uniform red colour total coliform and blue 

colour E. coli colonies on m-ColiBlue24 medium made counting easier compared to 

colonies formed on M-endo and M-FC media with different morphologies throughout the 

current study. However, a comparison study done by Grant (1997), has reported atypical,
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light pink coloured colonies on m-ColiBlue24 plates, in contrast to the observations in the 

current study. However, it should still be noted that many atypical colonies and 

background colonies were confirmed as total coliforms and E. coli, on M-endo and M-FC 

media respectively, in the current study. Further, as Pitkanen, et al. (2007) reported, 

Harlequin E. co///coliform (HECM) medium and LES Endo media have formed very 

few background flora compared to Chromocult Coliform agar (CC) and LTTC (Lactose 

based Tergitol-7 Agar) media. Further, colonies formed on Chromogenic Escherichia 

coli/Coliform  (CECM) plates have exhibited bright colours, making it easy to differentiate 

between E. coli, coliforms and background flora. Counting on CC plates has been easier 

compared to LTTC plates due to colour reactions on CC medium.

One o f  the advantages observed in MF methods is that, large sample sizes as much as one 

litre could be analyzed by the MF method, while only much smaller aliquots can be 

analyzed by the MTF method. On the other hand, clogging o f filters is a drawback in MF 

methods. In addition, the need o f several dilutions in MF methods, makes additional effort 

and cost. Moreover, m-ColiBlue24 medium needed more dilutions compared to M-endo 

and M -FC media, due to its high sensitivity.

Variance analysis done separately with different water types gave an idea about the type of 

method suitable to detect indicator bacteria in different water sources. In bottle water 

samples, all alternative methods, (except the APHA-MTF) detected significantly higher 

total coliform counts compared to the SLS-MTF method, during both phases o f the study. 

Further, the SLS-MTF method was not able to detect any total coliform bacteria in the 

bottled water samples during the first phase o f the study. Further in detecting E. coli in 

bottle water samples, SLS-MTF (in both preliminary and secondary phases) and the APHA- 

M TF (preliminary study) failed to detect any E. coli in bottle water samples tested. 

Similarly in total coliform detection all the alternative methods, except APHA-MTF, were 

able to detect significantly higher E. coli counts in bottle water samples tested. Therefore, it 

can be concluded that, using SLS-MTF, to detect total coliform bacteria and E. coli in 

oottied water samples is not reliable. Unfortunately, all the bottle water samples tested in 

Sri Lanka, obtain their certification through the Sri Lanka Standards Institute, which uses 

■he standard MTF method to analyze bacteriological quality of the bottle water samples. 

Therefore, it is probable that, relying on such conventional methods on continuing
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bacteriological quality of bottle water posses a high risk factor in Sri Lanka, at present. 

Unpublished data by a research group currently working at the University of Peradeniya, 

using M-endo, M-FC_and m-ColiBue24 methods revealed contamination of bottled water, 

further confirming the results o f the current study (Personal communications with 
W.H.M.A.T. Herath, 2010).

Considering well water samples, total coliform counts were significantly higher (p <0.05) 

with all alternative methods (except APHA-MTF), compared to the SLS-MTF in both 

phases of the study. However, the E. coli counts of all alternative methods (except APHA- 

MTF), were significantly different at p <0.05, dunng the preliminary phase of the study. In 

the secondary phase, SLS-MF and m-ColiBue24 methods showed significantly higher 

counts at p <0.1. Although the counts obtained by Colilert method were higher than SLS- 

MTF, the difference was not significant when the samples contained water from different 

geographical areas of the country. The reason for this observation must be due to the 

presence o f  different bacterial flora in different samples used in the study. Another reason 

might be due to the presence of E. coli strains which do not produce fluorescence (Fricker, 

et al., 1982) in Colilert tubes. However, as described before, if  TNTC values were included 

in the analysis, alternative methods would have shown significantly higher E. coli counts 

than the SLS method. As results revealed, even without incorporating TNTC values, in 

analyzing bacteriological quality o f well water samples, all alternative methods (except the 

APHA-MTF), performed better than the SLS-MTF method. Therefore, for obtaining 

accurate bacteriological counts in well water, which is also being used widely as a drinking 

water source in Sri Lanka, it is advantageous to use more sensitive and economical methods 

compared to the conventional, less sensitive, complex and more costly SLS-MTF method. 

However, depending on the severity of contamination, SLS-MF method or Colilert method 

could be proposed as better options for analyzing well water samples in Sri Lanka.

W hen considering the total coliform detection in surface water samples, all alternative 

methods except APHA-MTF showed significantly higher counts (p <0.05), than the SLS- 

MTF method. In E. coli detection, Colilert method showed significantly higher counts (p <  

0.1) compared to the SLS-MTF, during both phases of the study. However, SLS-MF 

method and m-ColiBlue24 method detected significantly higher E. coli counts only during 

the preliminary study, while the differences were not significant in the second phase, fhis
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might be due to the differences in method performances in different water samples 

collected from different geographical areas. Further, when detecting very high 

concentrations of bacteria, differences o f method performances could not be observed due 

co a unknown reason. However, these findings should still need clarifications for making 

conclusions. According to results obtained in the current study, in detecting bacteriological 

quality ol surface water samples, Colilert method might be a better alternative method with 

its superior qualities such as sensitivity, simplicity and rapidity compared to the SLS-MF 

method.

The same observation was made with the effluent samples, where the counts exceeded 

lx l  05 cfu per 100 ml o f water. Therefore, when analyzing total coliform bacteria, only the 

two enzymatic methods showed significantly different higher counts (p <0.1), to the SLS- 

MTF method. Other methods were not significantly different, although the counts were 

higher. Similar results were obtained for E. coli detections at the preliminary study, while 

there were no significant differences among methods during the second phase. Therefore, 

for analyzing bacteriological quality o f effluents, any optional method could be used 

depending on the simplicity and the cost effectiveness of the method. However, Colilert 

method could be proposed as an alternative method for effluent analysis too.

Based on the bacteriological counts obtained in both phases o f the study, certain interesting 

findings were obtained. As revealed by the variance statistics during both phases, all the 

alternative methods used were able to detect higher counts of total coliform bacteria and the 

mean counts were significantly different (p <0.05) with the conventional SLS-MTF 

method. Most probably this would be the first comparison attempt, which revealed the 

deficiencies o f the currently used SLS-MTF method with other current methods using 

lactose fermentation and also with the newly emerging enzymatic methods in Sri Lanka. 

Similar observations were obtained with E. coli detections (when all water samples were 

grouped together) during the preliminary study, where the differences were significant at p 

<0.05  with all the alternative methods. However, during the second phase, where water 

samples were collected from different geographical areas of the country, similar 

observation was achieved only with Colilert method at p <0.05. With m-ColiBlue24, the 

difference was significant at p <0.1 but, with M-FC the difference was not significanl even



180

at P —01.  However, the E. coli counts were comparatively higher compared with the 
conventional SLS-MTF method.

However, this observation would certainly be different and will confirm the efficiency of 

the alternative methods, if the Too Numerous To Count (TNTC) values were also included 

in the analysis. TNTC values were mainly obtained with the alternative methods other than 

the SLS method (Chapter 2, sections 2.3 and 2.6), confirming the higher detection levels of 

the alternative methods compared with to SLS. Therefore, if  the TNTC values were 

included in the analysis, it will increase the mean and the total bacteriological counts of the 

alternative methods, probably affecting the significance values of the statistical analysis. 

Hence, the methods which showed higher p values (p > 0.05), will possibly show low 

probability values (p <0.05). If so, all alternative methods at both phases of the study will 

show significantly higher counts than the reference SLS method.

Further analysis done by using simple linear relationships of all methods with the SLS- 

MTF method showed that all the alternative methods, except APHA-MTF, showed positive 

linear relationships with the SLS methods in detecting total coliform bacteria in both phases 

o f the study. In detecting total coliform bacteria Colilert method detected more than three 

times higher counts than SLS-MTF method in both phases o f the study. This amount was 

much higher magnitude compared with the SLS-MF and m-ColiBlue24 methods. Similarly 

in detecting E. coli, Colilert measured more than two times (on average, in two phases of 

the study) higher counts, than the SLS-MTF counts. Both SLS-MF and m-ColiBlue24 

methods were also able to measure much higher counts than SLS-MTF, although the counts 

were less than two times higher. Therefore, in detecting total coliform bacteria and E. coli, 

Colilert method was superior to all other alternative methods. In detecting E. coli, both 

SLS-MF and m-ColiBiue24 methods performed quite similarly, according to the simple 

linear relationship analysis.

With the basic information gathered by the preliminary study on the method performance, 

the detailed study revealed more details on method performance criteria such as sensitivity, 

specificity, efficiency and other aspects of the tested methods. According to the results 

obtained by following the ISO criteria in the current study, the highest sensitivity in 

detecting total coliform bacteria was recorded by Colilert and m-ColiBlue24 methods.
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Similar observations were obtained by Turki and Ziney (2009), in a comparison study w'ith 

VTTF and MF versus Colilert method, in analyzing drinking water samples. They have 

round that Colilert method as the most sensitive method among the three. However, 

compared to Colilert, MF method has shown higher specificity, in the same study (Turki 

and Ziney 2009), while the highest specificity for total coliforms was shown by the Colilert 

method during the current study

Moreover, the highest false positive rate when detecting total coliforms was reported by the 

SLS-MTF method, compared to all other methods proving its less specificity to the 

coliform group. The highest false negative rate was shown by the M-endo medium of the 

SLS-MF method. This was because, most of the light pink or cream colour colonies also 

proved to contain total coliform bacteria in confirmation testing. Due to an unidentified 

reason these colonies did not appear as typical red colonies with a metallic sheen. Most of 

the total coliform colonies did not show the metallic sheen, even though, they were red in 

colour. According to APHA (APHA, et al.t 1998) and SLS 614 (Sri Lanka Standards 

Bureau, 1982), typical total coliform colonies are defined as red colour colonies with 

metallic sheen (on the whole colony/on the centre/on the periphery). However, the SLS 614 

also recommends counting both typical (pink to dark red with metallic sheen) and atypical 

colonies (no explanation) to be counted as presumptive total coliform colonies.

The two enzymatic methods Colilert and m-ColiBlue24 methods did not produce any false 

negatives, since all positive total coliforms gave the distinct yellow colour or the red colour 

colonies in Colilert and m-ColiBlue24 methods respectively. However, the false negative 

rate could not be calculated in SLS-MTF method as the tubes without gas formation were 

not confirmed for the presence o f total coliform bacteria, in this study. Therefore, this step 

couId be recommended to be followed in a similar future research, since this information is 

important in assessing the method performance. Further, the current study revealed the most 

efficient method in detecting total coliform bacteria, as the Colilert method and secondly, 

the m-ColiBlue24 method. Therefore, the current study was able to find that the two 

enzymatic methods, Colilert and m-CohBlue24 showed the best performance in detecting 

total coliform bacteria, compared to the lactose based SLS-MTF and the SLS-MF methods 

that are presently been used in Sri Lanka.
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ISO performance criteria, analyzed to test the detection of E. coli bacteria proved that, 

Cohlert, m-ColiBlue24 and SLS-MF methods showed the highest sensitivity for E. coli; the 

highest specificity was recorded with the Colilert method. According to the findings 

reported by Turki and Ziney (2009), Colilert was the most sensitive method, while the MF 

method showed the highest specificity for E. coli in their study. In the current study, the 

highest false positive rate in detecting E. coli, was also reported by the SLS-MTF method, 

as in the case of total coliforms. Colilert method reported the lowest false positive rates, 

confirming its higher performance in detecting E. coli, as reported by Shadix and Rice 

(1991). Furthermore, false negative rates were zero in Colilert, m-ColiBlue24 and the SLS- 

MF methods, for detecting E. coli. This was because, there were no E. coli in non­

fluorescing yellow colour tubes in Colilert; no other colonies except blue colour colonies on 

m-ColiBiue24 plates and no E. coli in atypical cream colour or yellow colour colonies on 

M-FC plates (SLS-MF method). However, as previous studies report, Colilert has shown 30 

% (Pitkanen, et al., 2007) and 20 % (Schets, et al., 2002) false negative rates, when 

detecting E. coli bacteria. According to the results of the current study, SLS-MTF method 

was the most weakly performing method, in detecting E. coli bacteria in water.

Further, the confirmation testing also proved the specificity of the enzymatic methods and 

SLS-MF method compared to the SLS-MTF methods. The lowest confirmation rates for 

both types o f bacteria were recorded by the reference SLS-MTF method compared to 

Colilert, m-ColiBlue24 and SLS-MF method. Further, the highest non-coliform rate was 

reported with the SLS-MTF method, confirming its less specificity in detecting coliform 

bacteria. The lowest non-coliform percentage was recorded with the M-endo medium of the 

SLS-MF method. It agrees with the previous finding by Grant (1997), who has described 

the specificity of the M-endo medium in detecting total coliform bacteria. Moreover, the 

highest percentage of Gram positive bacteria was also reported by the SLS-MTF method, 

suggesting its low performance in detecting E. coli bacteria.

Therefore, when considering the qualitative and quantitative analytical information, all 

alternative methods, except APHA-MTF performed better than the SLS-MTF method in 

detecting and enumeration of both total coliform bacteria and E. coli in the water samples

tested in the current study.
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The bacteriological identification tests done in the current study, revealed that the bacterial 

flora detected may be dependant on the method, based on the characteristic features o f 

m ethod performance in detecting specific bacterial spectra. Further, the bacterial isolates 

identified by biochemical tests or api 20E tests depended on the sample o f origin. However, 

in the current study, the selected isolates did not come from the same sample analyzed by 

all four methods, due to the limited number o f pure bacterial cultures that remained as a 

result o f  the laboratory contaminations and missing isolates when sub culturing, I f  the same 

sample, analyzed by all methods was used for identifications, more fruitful information on 

m ethod performance could have been obtained. However, identification results revealed 

that the proportion o f non-coliforms were higher than that o f the coliforms detected with 

SLS-M TF method. Therefore, even the bacteriological identification studies confirmed the 

less specificity and poor performance o f  SLS-MTF method in detecting coliform bacteria in 

water.

Cost-benefit analysis o f the methods showed that, MF methods were more cost efficient 

than the MTF methods. The lowest total cost per sample for both drinking water and 

surface w ater samples was reported by the SLS-MF method, which is also a MF method. 

m-ColiBlue24 method was the next cost effective method in analyzing drinking water 

samples. Further, this method proved greater detection levels o f total coliforms and E. coli, 

com pared to the SLS-MF method, in this study. Moreover, when considering its easy 

handing, easy interpretations and especially the rapidness o f the test, m-ColiBlue24 method 

could be proposed as one o f the most efficient alternative methods, to analyze drinking 

w ater samples in Sri Lanka.

SLS-MF method was the cheapest method for analyzing surface water samples. The 

enzymatic Colilert method, even being a MTF method, was placed second, which is also a 

less labour-intensive, rapid, user-friendly and easy handling method Therefore, Colilert 

m ethod would be one o f the best alternative methods, to be used efficiently for 

bacteriological quality analysis in surface water and in other highly contaminated water

samples in Sri Lanka.

As per the information gathered during this study, Sn Lanka National Water Supply and 

Drainage Board (NWS & DB) charges a reasonable price (Rs. 350/=) for analyzing
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bacteriological quality of a water sample, which is very close to the cost obtained in this 

study. However, certain private institutions charge very high amounts, even for MF 

methods, which are generally less costly than MTF methods. For instance, a particular 

institute charges Rs. 2800/= per sample for MTF method, which is reasonable. However, 

the same institute charges Rs. 2000/= per sample even for MF method, which is very 

unreasonable.

In conclusion, the bacteriological methods examined in the current study performed 

differently, independent on the water source or the sampling location. Different strengths 

and weaknesses o f the methods in detecting total coliform bacteria and E. coli were 

identified. Qualitative and quantitative analyses of the current study proved that the existing 

conventional SLS-MTF method has many limitations in detecting and enumeration o f total 

coliform bacteria and E. coli in water. In contrast, other alternative methods showed 

superior performance in detecting both bacterial types accurately. These alternative 

methods were more sensitive, specific, efficient and also cost efficient in certain instances. 

Further, based on the contamination level and water sources, appropriate methods could be 

selected depending on cost effectiveness and the other performance criteria such as 

sensitivity, specificity, efficiency and other common features like simplicity, speediness o f 

the test, user-friendliness, etc. In comparison, the currently existing MF method, which is 

been practiced by the NWS & DB also proved many advantages compared to the SLS-MTF 

method in the current study. Therefore, for routine bacteriological quality analysis, SLS-MF 

method, which is currently in use, might be a better alternative than the conventional SLS- 

MTF method.
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C H A P T E R  5

FUTURE ASPECTS AND RECOMMMENDATIONS 

5.1 INTRODUCTION

Bacteriological quality assurance o f water sources, using indicator bacteria is one of the top 

priorities in the world including Sri Lanka. The main water related regulatory bodies in Sri 

Lanka, are currently adhered to conventional methods for water quality testing. However, 

many weaknesses and limitations involved with these conventional methods were identified 

during this study.

Further, certain information gathered on water quality analysis during this study revealed 

that, several problems are currently involved at present in Sri Lanka. One factor noticed 

during laboratory visits was the inadequate practical knowledge o f the laboratory staff. For 

example, determining of proper dilutions while performing MF method was not clear to 

most o f  the laboratory staff. Majority o f them are not properly trained and they are not 

updated on currently emerging technologies in water microbiology. Further, the 

conventional way o f thinking and their attitudes towards modem technology is not 

satisfactory, compared to other countries of the world. It is very unfortunate that, sharing of 

knowledge and conducting collaborative work among water laboratories is very poor or 

absent in Sri Lanka. Another common weakness identified was, the lack o f confirmatory 

testing, when performing MF method. During the enumeration of bacteria, typical/atypical 

colonies and background growth are not considered as important in laboratories visited. 

Therefore, there is a tendency for obtaining misleading data due to inaccurate 

interpretations. Lack of expert technical staff and training programmes on this specialized 

area are major constraints in developing quality assurance of bacteriological testing in Sri 

Lanka. However, most of the technical staff involved in water quality testing in different 

institutes are keen on adopting more efficient, rapid and easy methods (personal 

communications with laboratory staff members in selected institutes, 2007). Most o f them 

complained about the time taken, intense preparations and other difficulties encountered 

with the conventional methods.
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5.2. Future aspects 

Research and development

Results o f this research revealed that the currently practiced methods for bacteriological 

water quality assessment in Sri Lanka suffer from several drawbacks compared to the 

newly emerging technologies. Further, the conventional methods are relatively complex by 

nature, which are labour intense, require more glassware, more preparations, confirmational 

steps, longer time periods (at least 3-4 days in MTF method) leading to inefficient and slow 

processes, compared with the modem technologies which require less labour, limited 

amount o f  glassware, less preparations due to readily available media, ability to obtain 

results within one day for both total coliforms and E. coli simultaneously leading to rapid 

efficient possesses.

Moreover, as revealed by the current study (and also revealed by many previous work, as 

discussed in other chapters of this thesis), the ISO performance criteria such as sensitivity, 

specificity, efficiency and detection levels are also comparatively higher with the newly 

emerging methods, than the currently available methods in Sri Lanka. Therefore, it is 

timely that the methods currently in use in Sri Lanka be replaced in order to obtain more 

accurate results within a relatively less time period (probably, even at a low cost). Further, 

these efficient methods are also simple and can even be handled by unskilled personnel. 

Furthermore, the latest technologies could even easily be used in the field, in cases where 

laboratory facilities are not available, or even during epidemiological out breaks or in 

certain natural disasters such as Tsunami situations or flood conditions, where proper 

disinfection facilities are not available and water quality problems are veiy frequent. If 

early warning o f water quality deterioration could be announced by using the above 

motioned bacteriological testing methods in the field, officials could take immediate action 

to prevent further contamination o f source waters.
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Need for National field evaluation studies

Considering the above mentioned facts, it could be suggested to conduct research, based on 

national field evaluations. In order to achieve this, collaboration o f related institutes such as 

Sri Lanka Standards Institute, National Water Supply and Drainage Board, Ministry o f 

Health and other bodies such as universities, research institutes (eg. MRI, IFS, etc) and 

water quality testing laboratories (eg. ITI, NBRO, CEA, etc.) would be necessary.

a) Intercalibration studies

Conducting intercalibration studies for comparability o f the currently available methods 

practiced by all institutes, for routine bacterial monitoring o f water could be suggested. 

Assessm ent o f  comparability o f results among different laboratories that conduct routine 

bacterial monitoring using two bacterial indicator (total coliforms and E. coli) measurement 

methods would be possible (since the methods are not uniform around the country). For 

instance, as mentioned in previous chapters, the procedures, brands o f the media used, 

obtaining and interpretation of results are different from laboratory to laboratory. Therefore, 

it is recommended to have standard uniform procedures, same brands o f media (could be 

selected after conducting research on media performance and cost effectiveness), uniform 

way o f  results interpretation, etc. This type o f work will evaluate the reliability o f  methods 

through verification o f target organisms, and identified common causes o f  error in 

determ ining bacterial concentrations for water quality monitoring purposes.

b) Com parison studies

Further comparison studies could be conducted with other different enzymatic methods 

(Colisure, MI agar, LMX agar, etc.) or any other newly introduced cost effective methods 

using different types o f water sources collected from different geographical areas o f the 

country. It will also enable to investigate further new methods with superior qualities. 

Further, the cost benefit analysis will investigate their cost effectiveness compared to the

conventional methods.
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Technology development of laboratories

As discussed earlier, most of the laboratory staff involved in water quality monitoring is not 

updated with the emerging technologies around the world. Although the laboratories are not 

as equipped like in developed countries, technology development with the existing facilities 

will be possible. To facilitate this proper guidance for all laboratory staff should be given. 

Workshops, skill development laboratory training programs and seminars could be 

organized, in order to disseminate the knowledge on standard technologies and currently 

emerging techniques with the help o f local as well as foreign resource persons. Participation 

in foreign training programs could be encouraged and facilitated by the government. All 

these activities will enhance the dissemination of updated knowledge, while sharing 

experiences from different working environments. The final aim o f these activities will be 

to introduce uniform laboratory techniques, which could be more reliable than the existing 

different laboratory procedures.

Improvements of national water quality monitoring schemes

As discussed in previous chapters, the most versatile standard indicator organisms used to 

detect contamination of water are, coliform bacteria. Although several novel technologies 

are being developed and are being currently in use around the world, Sri Lanka has not 

adopted any new technology, after introducing the bacteriological water quality standards 

by the Sri Lanka Standards Bureau in 1982. After 28 years of introduction, the standards 

and the methods that exist are same, without any major revisions or updates, compared to 

other countries. For instance, WHO and the US EPA have revised their water quality 

standards and guidelines, for drinking water and other source waters. Further, they have 

already introduced new criteria for different water sources such as beach water, swimming 

pools water intakes (providing raw water for drinking water facilities), and other water 

bodies used for recreational purposes. Therefore, introducing new water quality guidelines 

and standards should be recommended by the SLS and other accepted bodies for these

sources as well.
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Furthermore, revisions (in the least once in 10 years) and introducing of new criteria for 

water quality assurance in Sri Lanka should be considered with more attention and also 
need to be addressed immediately.

This must include guidelines, standards and also technologies for improving water quality 

assurance in Sri Lanka. Based on the information gathered and findings obtained during the 

current study, a few recommendations and suggestions could be forwarded for 

consideration.

5.3 Recommendations for water quality testing in Sri Lanka

As mentioned earlier, Sri Lanka Standards bureau, being the standardization institute of Sri 

Lanka, is adhered to the water quality standards stipulated as early as 1980 s by the Word 

Health Organization. However, WHO and other regularity agencies like US EPA, are 

revising and updating their water quality standards and guidelines appropriately with new 

technological developments, the current rate of environmental pollution and increased rates 

o f population expansion causing contamination of water resources. Furthermore, these 

agencies are also recommending the use of currently emerging modem technologies for 

water quality monitoring in the world. Therefore, based on the results o f the current study, 

it is timely that Sri Lanka identified the most appropriate methods for bacteriological 

testing o f water, particularly for different types o f water sources.

Recommendations for different water sources

Based on results obtained in the current study, following appropriate methods were 

identified depending on their efficiency and cost benefits to assess different types o f water 

sources for bacteriological testing in Sri Lanka.

a) Drinking water analysis

According to the cost benefit analysis in the current study, the most economical method 

identified for drinking water assessment was, SLS-MF method (currently in use by the
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NW S & DB, Sri Lanka), which is 7 times cheaper than the currently used SLS-MTF 

method. The drinking water sources tested in the current study were bottled water and well 

water (since tap water was free o f contamination). For both drinking water sources, 

detection levels of SLS-MF method were not much different compared with the two 
enzymatic methods.

However, the ISO criteria for method performances were superior with the Colilert and m- 

ColiBlue24, compared to the SLS-MF method. Further, when considering the cost 

efficiency, m-ColiBlue24 method obtained the second place (3 times cheaper than SLS- 

MTF). Therefore, considering the performance criteria, cost efficiency and added 

advantages such as requirement for less labour, less time, less electricity and user 

friendliness, m-ColiBlue24 method could be recommended as the most appropriate method 

for analyzing drinking water samples in Sri Lanka, based on the outcome of the current 

study.

Although Colilert method showed superior method performances and other added 

advantages compared to the conventional methods, it was costly compared to the m- 

ColiBlue24 method for analyzing drinking water samples. However, if  the cost factor is not 

considered, Colilert method could also be recommended as a more sensitive, specific and 

efficient method than the conventional MTF or MF methods currently in use, in Sri Lanka.

b) Surface water analysis

According to the cost comparison, the most economical method for surface water analysis 

was found to be SLS-MF method, with the cost being 5 times lower compared to the SLS- 

MTF method. The next economical method identified was the enzymatic, Colilert method 

with more superior qualities compared to the conventional MTF or MF methods. Further, 

according to the detection levels, Colilert was able detect comparable or even higher 

(results obtained in the detailed study) total coliform and E. coli counts than the SLS-MTF, 

SLS-MF or enzymatic m-ColiBlue24 methods. Therefore, considering its added advantages 

such as user-friendliness, requirement for less labour, less time and less electricity, easy 

results interpretation and also its superior method performance (according to ISO criteria),
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Colilert method could be recommended for the surface water analysis in Sri Lanka, based 

on results o f  the current study.

c) W astewater effluent analysis

The contamination levels of effluent water samples (before final disinfection) were not very 

high compared with the surface water source in this study. Based on the cost benefit 

analysis, the most economical method for analyzing effluent water was also, SLS-MF 

method. Therefore, SLS-MF method could be recommended for effluent water sample 

analysis However, with the difficulties o f obtaining correct dilutions in MF methods, use o f 

MTF with Colilert would be more advantageous, minimizing the additional costs with SLS- 

MF method. Therefore, for analyzing highly contaminated water sources such as 

wastewater effluents, Colilert would be a good alternative method, compared to the 

conventional methods.

Table 5.1 summarizes the recommendations, based on the results o f the current study.

Table 5.1 Recommeudations for analyzing bacteriological quality of different water sources

W ater source Most economical Most efficient method * Cost comparison

method

Drinking water SLS-MF m-ColiBlue24 3 times as SLS-MF

Surface water SLS-MF Colilert 2 times as SLS-MF

W astewater
effluent

SLS-MF Colilert 2 times as SLS-MF

* Based on user friendliness, requirement for less labour and time, no media preparation, efficiency, 
better result interpretation, superior method performance (ISO criteria) and higher bacterial detection 
levels
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A P P E N D I X  1

W ater quality guidelines

Table 1 WHO guidelines for bacteriological quality of drinking water (WHO, 1983)

O rganism s Unit G uideline value

A) Piped water supplies

1. Treated water entering the distribution system

Fecal coliform bacteria number/100 ml 0

Coliform bacteria number/100 ml 0

2. Untreated water entering the distribution system

Fecal coliform bacteria number/100 ml 0

Coliform bacteria number/100 ml o'
Coliform bacteria number/100 ml 32

3. W ater in the distribution system

Fecal coliform bacteria number/100 ml 0

Coliform bacteria number/100 ml o3

Coliform bacteria number/100 ml 32

4. Un piped water supplies

Fecal coliform bacteria number/100 ml 0

Coliform bacteria number/100 ml 104

(WHO, 1983)

1 in 98% of samples taken throughout any 12-month period 

- in an occasional sample, but not in consecutive samples 

3 in 95% of samples taken throughout any 12-month period

4 should not occur frequently
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Table 2 WHO guidelines for bacteriological quality of drinking water (WHO, 19961)

Organisms Guideline value

All water directly intended for drinking

E. coli or therm otolerant coliform bacteria b,c 

Total coliform  bacteria

M ust not be detectable in any 100-ml sample 

M ust not be detectable in any 100-ml sample

Treated water entering the distribution system
E. coli or therm otolerant coliform bacteria b 

Total coliform  bacteria

M ust not be detectable in any 100-ml sample 

M ust not be detectable in any 100-ml sample

Treated water in the distribution system

E. coli or therm otolerant coliform bacteriab 

Total coliform  bacteria

M ust not be detectable in any 100-ml sample 

M ust not be detectable in any 100-ml sample 

In the case o f large supplies, where sufficient 

samples are examined, m ust not be present 

in 95% o f samples taken throughout any 

12-month period

(WHO, 1996)

1. Immediate investigative action must be taken if either E. coli or total coliform bacteria are detected. 

The minimum action in the case of total coliform bacteria is repeat sampling; If these bacteria are 

detected in the repeat sample, the cause must be determined by immediate further investigation.

2. Although E. coli is the more precise indicator of fecal pollution, the count o f thermotolerant coliform 

bacteria is an acceptable alternative. If necessary, proper confirmatory tests must be carried out. Total 

coliform bacteria are not acceptable indicators o f the sanitary quality o f rural water supplies, 

particularly in tropical areas where many bacteria of no sanitary significance occur in almost all 

untreated supplies.

It is recognized that, in majority o f rural water supplies in developing countries, fecal contamination is 

widespread. Under these conditions, the national surveillance agency should set medium-term targets for the 

progressive improvement of water supplies (WHO, 1996).
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Table 3 Examples of high detectable concentration (cfu per litre) of enteric pathogens and fecal 

indicators in different types of source waters (WHO, 2008).

Pathogen or 

indicator group
Lakes and 
reservoirs

Impacted rivers 
and streams

Wilderness rivers 
and streams

Groundwater

Campylobacter 20-500 90-2500 0-1100 0-10

Salmonella — 3-58000 1-4 —

E. coll 10000-10000000 30000-1000000 6000-30000 0-1000

Viruses 1-10 30-60 0-3 0-2

Cryptosporidium 4-290 2-480 2-240 0-1

Giardia 2-30 1-470 1-2 0-1

Table 4 US EPA guidelines for routine water monitoring frequencies in public water systems (TCR, 

1989)

Total coliform E. coli Monitoring requirements

population Samples/month

0/100 ml (95%) a consecutive sample from 

the same site must be coliform-free

0/100ml 

(100%)

25-1000 1 sample/month

0/100 ml (95%) a consecutive sample from 

the same site must be coliform-free

0/100ml 

(100%)

96,001-130,000 100

samples/month

US EPA (1990)

US EPA recommends to disinfect all surface water sources serving drinking water for public since they are 

more vulnerable to contamination rather than ground water.
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ISO criteria for establishing equivalence between microbiological methods (ISO 

17994: 2004)

2.1. Calculations

i) Basic relative differences

X; = In (a;) -  In (b;) x 100 %........ 2.1.1 (a* ,bj) = paired non zero confirmed counts

Xi= In (aj +1) x 100 % ................. 2.1.2 (a i, 0) = confirmed count with zero values

x;= -  In (bj+l) x 100 %............. 2.1.3 ( 0 ,bi) = confirmed count with zero values

ii) Mean relative differences

X  =  I x , / n .........2.1.4 n =  number o f  samples X; =  relative difference in sample i

iii) Standard uncertainty (Standard deviation)

s = a/  H  xj- x ) 2/ n-1.................. 2.1.5

iv) Standard uncertainty of the mean (Standard error)

S:T:= S />/h............. 2.1.6

v) Expanded uncertainty

U = ks x= 2s / V'n............. 2.1.7 coverage factor k = 2

v) Confidence intervals (of the expanded uncertainty around the mean)

Lower limit x l  -  X -  U.... ....... 2.1.8

Upper l i m i t  x h = 1 ' + U . . . . ....... 2.1.9
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Two-sided evaluation

i) Methods “not different”

-D <xL <0 and 0 <xh ^+D .............2.2.1 D = maximum acceptable deviation

ii) Methods “different”

xL > 0 or xH < 0 .............2.2.2

iii) Inconclusive

Data are insufficient for a decision when 

xL < -D and Xh > 0 o r .............2.2.3

xl < 0 and xh > +D.............2.2.4 more samples should be examined.

iv) Indifferent

The methods are significantly different, but the difference is too small to be of practical 

significance.

xl > -D and Xh < 0 or............ 2.2.5

xl > 0 and xh < +D............ 2.2.6

One-sided evaluation

Only the lower value of the maximum acceptable deviation (-D) is considered in the 

evaluation.

i) Methods “not different”

-D < xl ^0 and xH > 0 .2.2.7
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ii) Trial method: higher recovery

xL > 0 ................. 2.2.8

iii) Trial method: higher recovery

xH< 0 ................. 2.2.9

iv) Inconclusive

Data are insufficient for a decision when

xl < -D and xh > 0 ..............2.2.10 more samples should be examined.

v) Indifferent

The methods are significantly different, but the difference is too small to be o f practical 

significance.

xl > -D and xh < 0 .2 .2.11
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