
/ 

IDEXX #: 2A 

IDEXX 
Literature Cover Sheet 

Title: National Field Evaluation of a Defmed Substrate Method for the Simultaneous 
Enumeration of Total Coliforms and Eschericha coli from Drinking Water: 
Comparison with Presence - Absence Techniques 

Author(s): Stephen C. Edberg, Martin J. Allen, Darrell B. Smith, and The National 
Collaborative Srudy 

Date: April 1989 
Source: Applied and Environmental Microbiology, Vol 55 , No.4, pages 1003-1008 

Topic: Colilert vs. Presence Absence Test 

Highlights: 
One of the national collaborative studies that U.S. EPA approval for Colilert was based 
on. Seven water utilities representing a wide geographical and hydrological spectrum 
participated in a study of Presence - Absence methods including the Standard Methods 
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702 split samples were tested; 322 were positive by Standard Methods and 324 were 
positive by Colilert. 380 were negative by Standard Methods and 378 were negative 
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Of the disagreements between the two methods (20 samples were positive by Standard 
Methods but negative by Colilert; 22 samples the reverse) 90% occurred when the total 
coliform count was less than 101100 ml. The majority of these disagreements probably 
represented the uneven distribution of bacteria within the splJt sample, resulting in 
sampling error. When comparing methods on split samples in which the coliform level 
is very low, it is common to get positives with one method and not the other due to the 
uneven microbial distribution. 
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during the study was presented. 
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A defined substrate method was applied to drinking water to simultaneously enumerate total collforms and 
total Escherichia coli directly from samples. After incubation at 3S"C for 24 h, the development of yellow in an 
initially colorless solution " 'as specific for total coliforms; fluorescence at 366 nm in the same tube(s) or vessel 
Mmonstrated the presence of £. coli. No confirmatory or completed steps were necessar). Known as 
autoanalysis colilert (AC), thjs method was constituted as a presence-absence test and compared with the 
methods described in Standard Methods (SMI in the P-A format. Seven water utilities representing a wide 
geological and hydrological spectrum participated In the e,·aluation. A total of702 split drinking water samples 
were analyzed. Of these, 358 were negath•e in both tests (SM- and AC-); 302 were positive (SM+ and AC+ ); 
and 42 were mixed (SM + and AC-, 20; AC+ and SM-, 22). The overall agreement rate was 94o/o. 
Comparison of the SM and AC results by non parametric statistics demonstrated no differences. Heterotrophic 
plate count bacteria exerted no discernible effect on the AC test. By subculture, each time the AC test was 
yellow, a total coliform was present; when the test was ftuorescent, E. coli was isolated. 

Current Safe Drinking Water Act regulations require the 
analysis of potable water for total coliforms 05). a group of 
closely related bacteria in the famil y Enternbncteriac l'Ol'. 

Two quantitative methods an: presently cenified for this 
analysis. the multiple-tube fermentation (MTF) and the 
membrane filter (MF) techniques (1, 15). Both of these 
procedures need verification of first-step presumptive posi
tives by multistep and confirmed tests. Therefore. a water 
analysis may require from 2 to 4 days (1. 3). 

Present enumeration techniques suffer from several inher
ent limitations. First. estimates of coliform density from a 
single sample may show variability ()4. 20). Second. coli· 
form densities may significantly change from the time the 
sample is collected until it is processed (20). Third. the MTF 
method uses a 50-ml sample and is not sensitive enough to 
enumerate 1 total coliform per 100 ml (}6). To address these 
shoncomings. the Environmental Protection Agency !EPA) 
proposed a frequency-of-occurrence monitoring approach. 
Also known as the presence-absence (P-A) concept. this 
approach determines whether total coliforms are present or 
absent in a given sample but does not estimate their densi· 

• Corresponding author. 
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ties. If an adequate number of samples is examined. the 
percentage that contains total coliforms provides an estimate 
of the frequency of occurrence of these indicator bacteria in 
the distribution system (5, 2>-25). The proposed EPA regu
lations for coliforms in drinking water would replace enu
meration with P-A analyses and allow up to 5% positive 
samples per month (17). The EPA proposed use of the 
following. analytical techniques for determining the presence 
of coliforms: P-A. MTF. or MF and a 100-ml Colilert test 
(16. 17). The proposed regulations also require test1ng a 
positive total coliform culture· for the presence of fecal 
coliforms (1) or Escherichia coli (16, 17). 

Clark. in Ontario. Canada, has been using a single-bottle 
P-A broth for many years to monitor distribution water for 
total coliforms (6. 7). His method uses a lactose-enriched 
MTF broth with a pH indicator (8). During the decades it has 
been used in Ontario. Canada. it has performed well (9). 
Jacobs et al.. comparing the MF. 10-tube MTF, and single-
100-m! MTF bottle P-A techniques in small community 
water systems in Vermont and New Hampshire. showed that 
the MTF detected 82%. the 100-ml P-A bottle detected 88QC-. 
and the MF detected 64% of all total-coliform positives from 
split samples. They found that the P-A test was able to detect 
the common species of total coliforms. including E.fche
richia. Klebsiella. Enternbacter, Serratia, and Hafnia spe
cies (21). A recent project sponsored by the EPA compared 
the single-vessel P-A test with the MF and 10-tube MTF 
methods in 10 small water systems in western Oregon . This 
study also found that the P-A test detected more total
coliform-positive samples than either MF or MTF (4). Those 
investigators concluded that the current 100-ml MF and 
5-tube MTF were not adequate to detect either the incidence 
or density of total coli forms in potable water (4). In England. 
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TABLE l Charactemllc~ of pantcipalln[: water utiht•n 

Gtu~rarh~o;~l ~rca W•t•r source Tyrc of Porulauon 
Ullhl) scr,cd 

Califnrma. Nr-. Wc:ll , [!round. Pnvate >250.000 
Mt'\ico. Arizona surface 

Southwest em Surf lice. river Pnvate >530.000 
Penn,yhilna.• 

Connerticut Well. pround. Munic1pal 400.000 
surface. mt,.ed 

Ne-. En[:l~nd Surface Mumc1pal 22.000 

Nev. York Cll) Surface Municipal 8.000.000 

Southern Oh1o R1ver Municipal 750.000 

Wa\hiO[!tnn State Well. [!rnund State >1.000.000 

a 100-ml P-A test consisting of a 300-ml glass bottle with 100 
ml of glutamate broth has been used for several years for the 
decentralized testtng of distributton water (19). All available 
methods test only for the single component, total coliforms. 

The autoanalysis Colilert (ACl method is an application of 
a defined substrate technolog)' originall~ developed to elu
cidate specific species and groups of the family Entt>rohnc
trrinc·rar in urine samples (13). It can detect and enumerate 
total coliforms and £ . coli simultaneously. directly from a 
drinking water sample . The AC method was evaluated as an 
enumeration most-probable-number test according to the 
Environmental Support and Monitoring Laboratory protocol 
of the EPA and found tO be equ1valentto current!) approved 
methods of the EPA ( 1 l ). Levels of heterotrophic bacteria as 
high as 7 x 10'/ml encountered during the study did not 
show interference (ll ). 

To determine the sensitivity and specificity of the AC test 
in the frequency-of-occurrence format, it was constituted as 
a P·A test and compared with the quantitative methods 
described in Standard MNhods <SM: 1) for the MTF. MF. 
and P-A tests used as P-A tests. A wide variety of geologt
cally diverse surface and groundwater samples were tested . 
The P·A comparison of AC versus SM followed the guide
lines of the Environmental Support and Monitoring Labora· 
tory protocol for certification of a proposed method as an 
acceptable alternative (10). 

MA TERlALS AND METHODS 

Participants and samples. Eight utilities representing seven 
EPA region!> participated in the national evaluation (Table 
l ). The utilitie~ ranged from those serving a single metropol
itan area to those serving large numbers of small community 
water system~ in three states. Water sources included deep 
and shallow wells. springs. river{>. ·and surface reservoirs. 
All water samples were obtained from potahle distribution 
systems by the participating utilities: however. an effort was 
made to obtain water from locations most likely to yield 
posittve samples. such as dead ends. storage reservoirs. and 
known problem sites. In some cases a small amount of 
chemically and biologically defined source water was added 
to a large sample of dtstribution water to ensure that posi
tives were ohtamed. Samples were also collected during 
periods of dtstribution system Hushing. These water sample~ 
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were not necessarily those used for routtne monnonng for 
regulatory purposes. Two of the participating utiliue~ had 
been expenencing btofilm regrowth in thetr dtstnbutton 
systems. 

Water samples were collected, transported. and stored m 
accordance with the guidelines described in the Handhru•~ 
for £1'aluntin~: Watn Bacttriolo~ical Lahnralfmr.l C!Ol 
Either sterile polymethylpentene or glass flask~ contammg 
sodium thiosulfate were used to collect the samples. 

AC P-A method. The AC P-A test format was either a 
100-ml 10-tube most probable number test (} tube postttve 
denoting the presence of total coliforms in that sample! or a 
single vessel containing sufficient reagent to recetve 100 ml 
of sample (Access Medical Systems, Branford . Conn.l. The 
powdered formula was manufactured according to previ
ously described specifications (19). Representative sample~ 
of both types of P-A tests were subject to quaht~ control 
procedures described previously (]9). 

The AC P-A method was performed as follows. For the 
10-tube method. 10 ml of water sample: was added to each 
tube, and for the single-vessel method. 100 ml of water 
sample was added. In both cases the reagent powder was 
dissolved by agitation. producing a colorless solution. The 
test tubes or vessels were incubated at 35•c for 24 h. 
Development of yellow during incubatton denoted the pres
ence of total coliforms in either the test tube or the P-A 
vessel. Each positive total coliform test tube or vessel was 
exposed to a hand-held fluorescent (366-nm) light {Edmund 
Scientific Co .. Barrington. N.J .). Fluorescence specifically 
demonstrated the presence of£. coli. 

Other P-A tests. The revised rules to the Safe Drinkmg 
Water Act include the P-A concept. which allov. s an~ of 
three coliform methods to be considered an acceptable P-A 
test (16). These P-A tests included a 10-tube MTF. with one 
confirmed tube being a positive result ; a M F. Wllh one 
confirmed sheen colony being considered a positive resu It: 
and a 100-ml single fermentation tube (FT) (1 ) . 

HPC. A heterotrophic plate count (HPC) was determined 
for each water sample by using R2A agar incubated at 35°C 
for 72 h (1). 

Evaluation protocol. The comparison of the AC and the 
three SM P-A tests followed Environmental Support and 
Monitoring Laboratory guidelines (10). Sufficient water was 
collected from eaeh location to perform simultaneous P-A 
tests by the AC and SM procedures. Table 2 shows the 
distribution of AC and SM P-A analyses performed. Each 
water sample was divided between a SM P-A and an AC P-A 
test. All positive presumptive SM tubes or sheen colonies 
were confirmed as total coliforms by SM procedures (20). 
and only these were included in the data base. To ensure that 
a positive test was the result of the target microbes. subcul· 
tures were made from both positive SM and AC tests. and 
bacteria were identified to species by the API :?OE system 
(Analytab Products. Plainview. N.Y .) (12). 

The statistics sections of the Department of Epidemiology 
of Yale Untversity and the Environmental Support and 

-Monitoring Laboratory analyzed the data. Because the data 
were in the hit-miss (i .e .. P-A) mode. comparisons between 
SM and AC were made in the chi-square form. The Pearson 
chi-square test of association was used first. AlsCl used were 
the Mantei-Haenzeltest for linear association between rows 
and columns: the McNemar statistic. which tests whether 
the disagreements between methods are randoml} distrib
uted about the main diagonal : the index of agreement. t.e .. 
the proportion of all the trials for whtch there are agreement 
(both presence or both absence); and the kappa stattstic. 
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TABLE 2. Nauon~l field evalu;~tton or AC and SM te~t~ : P·A compamon 

No nr each tc'' •> I'<' N" "r SM" tc'" "'" · nf A\ IC''' Comr>ar"(ln of P-o\ rc,ulh 
f) ell"" l 

Total no. or 
Sue sample, SM• SM • SM- SM -JOO.ml MF MTF vc"cl Pn~Jtl''" Nc~ati\C P<hllivc Nepauvc and and and and 

Califom i~·American Water 1% 0 1ft~ ~I 
SCCRWA 6S 68 0 0 
Nonh Andover 9~ 9~ u 0 
Cincinnati 4] 41 () {) 

West Penn Wa1er 26 2n 0 0 
Washmglon Stat~ 151 0 43 101< 
Nev. York Ctt y 1:211 1~11 0 0 

"Compo,ite of wll three SM techmquc,. 

which is a "chance-corrected" adjustment to the index of 
agreement. Kappa ranges from -1 to + 1: + 1 indicates 
perfect agreement. 0 indicates no agreement. and negative 
values suggest less agreement than expected due to chance. 
The z statistic was calculated for kappa: if this statistic is 
large (>2). the hypothesis that there was no agreement 
beyond that expected due to chance is rejected (2. 10. 18). 

RESULTS 

Comparison of methods. A total of 702 split drinking water 
samples were analyzed by both methods. Of these. 322 were 
positive by SM and 324 were positive by AC. Conversely. 
380 were negative by SM and 378 were negative by AC 
(Table 2). The data were further divided into those samples 
in which both methods were positive ( SM + and AC + ). those 
in which both were negative ISM - and AC- ). those in 
which SM was positive and AC was negative (SM + and 
AC- ), and those in which SM was negative and AC was 
positive (SM- and AC + ). Both procedures were simulta
neously P-A positive in 302 instances. and both were simul· 
taneously negative in 358 samples. The overall agreement 
rate between the two methods was 949C. SM was positive 
with a companion AC "egative in 20 cases. and SM was 
negative with an AC positive in 22 cases. 

Statistical analyses. The chi-square statistics were gener
ally large. By the Pearson chi-square test. none of the 
individual locations showed a statistically significant differ
ence in detection rate between the two methods. The chi· 
square of 2.30 at North Andover was the highest . but it still 

AC· A('- AC· A(-

~~ Jfl:l 41 155 30 3 II I ~2 
:w 4R II< 50 1R ~ 0 41\ 
R7 5 l<(l 1:2 75 1:2 (I 

D 28 D 211 13 0 () ~I< 
21'1 (l :?fl 0 26 0 0 II 
21 BO :21 DO )!( 3 ~ ~~-

1:?:? 6 1~5 3 12:! 0 ~ 3 

demonstrated a P > 0.10 <Table 3). The Mantei-Haenzel 
chi-square test showed that the hypothesis of zer<1 correla· 
tion was correct. Like the related Pearson chi-square test. it 
did not show any statistically significant difference' overall 
or at the indtvidual sites. The McNemar chi-square test was 
used to compare the overall detection rate of positive 
samples between the two method~ . The McNemar test wa' 
done for each site to compare the overall proponion of 
positive samples detected by the two methods. It compared 
the false-positive and false-negative rates between the two 
methods. There were no statistically significant differences 
between SM and AC at any of the individual sites <Tahle 31. 

Kappa was used to measure inter-rate agreement between 
SM and A C. Kappa values conditional on the SM result were 
also calculated. For example. kappa· (conditional) mea· 
sured agreement between the two methods for only those 
samples with a positive SM result. Kappa - (conditional ) is 
similarly interpreted for those samples with a negative SM 
result. Table 3 presents kappa values and kappa value!. 
conditional on the SM results calculated to measure the 
degree of agreement between the two method~ beyond 
chance agreement. For all but one site. overall agreement 
was excellent. The results for North Andover indicated 
chance agreement only. Kappa values conditional on the 
results of the SM P-A showed that for the California· 
American site. agreement between the two methods was 
excellent when SM detected a positive sample but only 
moderate when the SM result was negative. Conversely. the 
results for the South Central Connecticut Regional Water 
Authority site <SCCRWA) were opposite. with agreement in 

TABLE 3 Stallstical anal )•s ts of P-A comparison~ 

Pear.on 
S11e 

McNemar Klipp a 

Overo~ll Condnonn.<l 
Clli•square -f' \'llluc Chi-~quarc P value tSEI Karr:.· Karr·• 

California-American Water 0.8:? 0.37 3.50 0.06 0.77 (0.07) O.R9 0.6!': 
SCCRWA 0.()4 0.85 O.Sil 0.48 0.93 (0.1:?1 O.Rf> 1.0 
Nonh Andover 2.30 O.B 2. 12 0.14 -0.08 (0.091 -0.1~ -0 06 
Cmcmnall 0.06 0.81 0.00 1.00 1.0 (0.16) 1.0 1.0 
West Penn Water 0.02 0.89 0.00 1.00 - .. 
Washington State 0.03 O.R7 0.09 0.72 0.83 tO.ORI O.!D 0.83 
New York City 0.17 O.M O.O:l O.R:l 0.70 10.11<1 1.0 0.67 . -.Not done 
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TABLE 4. Specie~ identification' from P·A versus P·A nonagreement'-

Test re,ull Snc SM 

SM-IAC+ Califomia-Amencan Water MTF 
MTF 
MTF 

MTF 
MTF 
MTF 
MTF 
MTF 
P·A 
P·A 
P·A 

SCCRWA MF 
Nonh Andover MF 

MF 
MF 
MF 
MF 

WashingtOn State MTF 
MTF 
MTF 

Ne" York Ctt) MF 
MF 

SM+IAC- Califomia-Amencan Water MTF 
MTF 
P·A 

SCCRWA MF 
MF 

Nonh Andovet MF 
MF 
MF 
MF 
MF 
MF 
MF 
MF 
MF 
MF 
MF 
MF 

Washington Stale MTF 
MTF 
MTF 

"NA. Not ava,lahle: TNTC. 100 numerouo to count 
e +. Po~tll\C re.uh. number of total coliform> not detemuned. 

each case excellent. but stronger when SM was negative . All 
other sites demonstrated complete agreement. 

Characteristics of disagreements. Table 4 shows the bacte· 
rial species identifications. HPC!>. and total coliforms per 100 
ml when SM and AC-ilisagreed. ~n eachi:ase-e"cept one. a 
total coliform was isolated from the AC test. Neither the 
form of P-A test used nor the HPC exened any statistically 
significant effect on the AC results. 

[ 

Of the disagreements between SM and A C. 90'/r occurred 
when the total coliform count per 100 ml was less than 101100 
mi. The majonty of these disagreements probably repre· 
sented the maldistribution of bacteria within the spill sam· 
pie. resulting in sampling error . 

A subculture was made from each of the positive AC P·A 
tests to yield pure cultures and isolates which could be 

Spcc•e' I'Ointcd HPC•ml'' r ••••• .:ollf,"m 
IIWI ml 

Emrrohac trr UJ:Jl/rnllt'l"tlll.• 21.000 .., 
Curohtwll•r (rc•tmdri 1~.000 ~ 
£11/l'l"tlhmll'l t /om Ill' l:\.000 
Morgum•llu mmgrwi 
Curohm'tt'f .ft't'lllldit 17.000 

8.600 :!~ .(l 

Citmhuctc•r .frr•11ndii 24 ,{)()() > :!).0 
Emr•rohm·lt'l tti/111/J:t'lltl.' 4~ .000 :! 
Kkb.•irllu plll'llllltltliur :!10 ~ 
Cilmht~C'IN frrundir 1.100 
EmrrohuciC'I IIJ:J:ltmwrun.< 7~7.000 

Emuohm'lt"r ttC'roJ:l'll<'~ 6.1100 
Entrrohcwlrr dum ur 44 
Kll'b.titlltt pnrumtlllittr NIA 
Enll'mhac·lrr drwc·ctc• 9 
1\ll'hxidltt pnl'ltllllllliuc NIA 
1\ll'bsir//n pnc•ttmtlnim• Tl"TC 2 
KlrbJirlln pnc•rrmonim• 4~.000 
Cilmbactrr frr•rmdii :!.040 
Srrral/u ftlnlll olo 310 ~ 
Citrohactrr dit rrlm ~4~ 

Emrrohuctrr lll:l!lomr•rull.< 
£.,TiJrridtia l'nli 134 I 
Enlrrnhttl'll'r IIJ:I!I<IIIII'I't/11.\ ~ :!~ .0 
Cinoboc'll'f .frrundit 46 2~.0 
Kll'bsirllo pnrumonitll' 

Cilrobm·trr frtundit 90 I 
EntPmhuctrr urms:rnC's 28.000 5 
£n/C'rohurll'r lliilllomrrans 1.000 .,. 
Kh•blirlla pntunwniar 66 
£111emhur tu dourul' 66 
Srrralitt sp. 
1\/rbsirflll pnrumollillr (17.!10(1 3 
Kleblirllu pnl'tllllcmiul' 42.600 :! 
Klrblil'llcJ ptti'IIIIIOnicrr 12~.000 ~ 
Klrbsiella pnrwnoniue ~5.000 3 
Kltbsie/111 pnC'IImcmiur 7.400 ~ 

550 3 
Klehsirllu pnl'/IIIIOI/ittl' 235 7 
At'rommtll5 sp. 383500 ~ 

Klrb.<ie/111 O.l'l'tma 10.000 7 
K ll'h~ie/la pllellmonioe 53.000 I 
Klehsiel/o ox.1·tocu 4~.;\00 :! 
K ll'hsiello plll'llllltlllior 23.000 4 
NIA NIA + 
Klehsirlla pnrllmrmiur ca. 11.400 + 
K lebsit'/111 pllrltmcmiur NIA + 

identified to species level to determine if a total coliform was 
present. Total coliforms were isolated from >981/f of posi· 
tive AC tests <Table 5). Klebsit•lla pneumo11iar was the most 
commonly isolated species. followed by E11trrohactc•r tlf.!
Riomuam and CitrobaeJer frr1mdii. E . C'nli was recovered 
from each fluorescent AC test. Positive AC P·A ves,eb 
demonstrated only minimal growth of heterotroph' on suh· 
cullure. If a large number of heterotrophic bacteria are 
present in a water sample. all may not die: therefore. when 
an AC test is subcultured. it is necessary to examine several 
colonie!\ to ensure that a total coliform is not overlooked . 

DISCUSSION 
The P-A concept is different in several major respect<; 

from the traditional quantitative water analyses.· A P·A 
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TABLE !I Spec1es of total coliforms ISolated" 

Sf'CCIC' 
SM AC 

1\ lch.,iC'/Ia fiiiC'/111111111111' 27 30 
K ll'h.\lt'/111 11.1'1' /111 II 7 9 
Ent Nohm·trl 11 J!l!lmut•rmt., II 7 
Emrrohat"trr spec1e~ 2 3 
Entt•rohm trr dom m· 19 24 
Entcrohm'lt'l III'I'IIJ!t'llt' .\ I I 
Ciuohtlt' tt•r .(rC'IIIIclil 14 17 
Citrohaorr dn·rr.\11,\ 1 0 
Serratia .fonti1oltt 2 3 
Srrrati11 ruh1dm·a 1 l 
Srrmtw nd<>rifC'rtt l 0 
H tt(nitl ull't·i 1 0 
E.ll'hrrit"iua 1'<~11 I l 
CDC group' 6 2 
Unidemified £ntrmhm·tcrial't'CJt' 6 :! 

" All I>Oiale' confirmed 1n t-rilhanl ~recn I~CHhC hroth. 

method does not quantify the number of coliform bacteria in 
a sample but onl) determine~ their presence or absence ti.e .. 
hi t or m•ss). It uses a statistical principle to define the 
minimum acceptable percentage of total coliforms isolated m 
the system over a panicular time span (5. 23. 251. It also 
decreases the loss of recoverable total coliforms resultant 
from changes in transportation and s torage (3. 5. 23. 25). 

The Safe Drinking Water Act regulations propose a max
imum contaminant level of no more than 5% of 100-ml 
samples per month containing total coliform (17). The AC 
test has demonstrated this level of sensitivity in the labora
tory 03). in the national evaluation of the AC most-proba
ble-number method (11). and in the current national evalua
tion of P-A methods. In this study there was no effect on the 
sensitivit)' of the AC method dut: to the presence of hetero
trophic bacteria. During the course of the P-A evaluation. 
HPCs as high as 700.000/ml were detected . More than 25lh 
of the 702 samples contained over 1.000 HPC per mi. 

The specificity of the AC test was established by subcul
turing positive P-A vessels and identifying the bacteria to 
species (Table 5). YeiiQ\\ AC tests yielded total coliforms. 
and fluorescent AC tes ts yielded £. coli. These results were 
in keeping with the previous national most-probable-number 
evaluation. in which positive tests also yielded a species of 
total coliform when yellow or£. coli when fluorescent (11). 
A theoretical concern about the specificity of the AC was the 
activity of ~-galactosidase contaimng noncoliforms such as 
A eromonas spp .. which can yield false-positives in SM 
analyses. Unlike o-nnrophenyl-~-o-galactopyranoside tests 
used for spectes identification. which depend on bacterial 
inoculations of 107/ml and measure passive j3-galactosidase. 
the AC test uses o-nitrophenyl-~-o-galactopyranoside as a 
defined substrate 113). Therefore. unless there are very large 
numbers of Aemmrmas spp. l > 104 to 10~/ml) present in the 
initial drinking-water sample. false-positive AC tests have 
not been found . This·numberof Arromonus~pp. is-unlike!) 
to be encountered in drinking-water samples but if found. 
should be considered a public health threat because of the 
association of Aeromonas spp. with waterborne disease (22). 
There was also a concern that bacteria other than £. col i 
might exhibit fluorescence. Therefore. tubes which did not 
produce yellow were exposed to 366-nm light. In no case did 
these tubes fluoresce. Thus. there were also no false-positive 
£ . coli tests encountered during this survey. 

The defined-substrate AC method was configured asaP-A 

DEFINED SUBSTRATE P·A METHOD 

test. which is compatible with the proposed Safe Dnnl-101= 
Water Act regulations. The result~ reponed here shov. tht -.. 
method to be sensitive and specific for the s1multaneou~ 
detection of total coliforms and £ . mli in drinking water. 
Field tes ting demonstrated that statistics applicable to P-A 
tests in general can be used with it. It may be less costl>· than 
current!} available methods (]7). 

ACKNOWLEDGME~TS 

We thank Ramon Lee for his helpful d1scussion~ dunng the cour\e 
of th i~ project. Edwin Geldreich !EPA) and Paul Berger I EPA Of!ke 
of Drinking Water) are thanked for thei r reviev. of the manu\Crlf\1 
Peter Charpen1ier !Yale Universny) and Terry Grad~ tEPA I are 
thanked for their help in the statiStical analyses of the data Tht> 
study was rev1ewed by a proJeCt advisory commmee of J0~ ce 
Kippin. Ipswich . Ma)~.: RichardTobm. Health and Pubhc Welfare 
Canada: and Donald J. Rea~oner. EPA 
Tht~ wor~ was surponed. 10 part. b~ the EPA through c0oper11· 

tive agreement CRRJ133.'\ with the Amencan Water Wor~\ .'\ ~~OCI· 
ation Research Foundation . 

LITERA TLIRE CITED 
l. American Publif Health Association. 19R~ . Standard method, for 

the exammatlon of llo'3ter and wastev.·ater. 16th ed Amencan 
Public Health Association. Washington. D.C. 

2. Bishop. '\'. M .. W. E. Ftinbtrjt. and P. W. Holland. 1975 
Discrete multlvanate analys1s: theory and practice. MIT Press. 
Cambridge. Mass. 

3. Bordntr, R.,and J . Winter (rd. ). 1978. Microbiological meth<ld$ 
for monitoring the environment-water and waste~. Env1ron· 
mental Protection Agency.-Cincinnati. 

4. Cald~ell. B. A .. and R. Y. Morita. 1988 Samphng regtmes and 
bacteriolOgical tests for coliform de1ecuon m gro.Jndv.aler. 
Project summar}. EPAibOO 'S~-87/083 Environmental Protec
tion Agency. C1ncmnati. 

~- Christian. R. R .. and W. 0. Pipes. 198~ . Frequency distrioutions 
of coliforms tn water diSiribuuon systems. Appl Env1ron. 
Microbial. 45:603-«!9 

6. Clark. J. A. 1%8. A presence-absence CP-A) test providmf: 
sensilive and inexpensive de1ecuon of coliforms. fecal coliform~ 
and fecal streptococci in mumc1pal drinking water supphe~ . 
Can. J. M•crobtol. 14:1:1-18. 

7. Clark. J. A. 1%9. The detecuon of \'arious bacteria md1cauve of 
water pollullon by a presence-absence !P·AJ procedure Can. J. 
Microb1ol. 15:771- 780. 

8. Clark, J. A. 1980. The influence of increasing numbers of 
non-indicator organisms upon the detection of indicator organ
isms by the membrane filler and presence-absence tests. Can. J . 
Microbial. 26:8~7-832. 

9. Clark. J. A .. and L. T. VIISSOf!'. 1973. Rela11onsh1p\ among 
polluuon tndicator bac1eria isolated from raw watu and d1stn· 
bution systems by the presence-absence CP-Altesl Healt h Lab. 
Sci. 10:16~172. 

10. Coven. T. C. 198.'\. U.S. Envtronmental Protection Agenc(s 
Method~ Equivalency Program for dnnking water samples. 
Environmental Protection Agency. Cmcinnati. 

11. Edbtrjt. S. C., M. J, Allen, D. B. Smith, !lnd The National 
Collaborative Study. 198R. National field evaluation of a defined 
substrate method for lhe simultaneous enumeration of total 
coliforms and E.fr/lrricllin c()/i from dnnl:mg water. compamon 
with standard mult1ple tube fermentation methoo. Appl Envi
ron. Mtcroo1ol. 54:1~95-1601. 

12. Edbtrg. S. C .• B. Atkinson. C. Chambers, M. H. Moort•. L. 
Palumbo. C. F. Zon.on, and J, M. SinRer. 1979. Clinical evalu· 
ation of the MICR0-10. API 20E. and conventional media 
systems for identification of Entrrabuctrriacettr. J . Clin. M1cro· 
bioi. 10:161-167. 

13. Edberg. S. C .. and M. M. Edbtrg. 198&. A defined submate 
technology for the enumeration of microbial indicators of envt· 
ronmental pollution. Yale J . B10l. Med. 61:389-399. 

14. Evans, T. M., C. E. Waan•lcJ... R. J, Seidler. and M. W. 



100~ EDBERG ET AL. 

u Che,·all itr. 19~1. Failure of the mo,t·pn)bable-number tech· 
nique to detect cohfnrm' in dnnlo.mg water and raw water 
surplit.>,. Appl. Environ. Mtcrobl(ll. 41 : DO-Dli. 

15. Federal Re~tister. 1975. Nat•onal intenm pnmar~ water regula
lion,. Fed Re1mt. 4() :595N>-~95liK . 

16. Ffileral RtltiSter. 191\7. Drinktn!l water: na11onal pnmary dnn!..· 
mg water rcj:ulauun: total coliform: propo~ed rule. Fed. Regt~t. 

52:-C:!24-12:!-15 
17. Federal R~lster. 19KK. National pnmar~ dnnktnll water re~ula· 

lion': propo,cd water rule. Fed. Reg''' · 53: 16341<-lf>.l~l<. 
lit Fleh~. j . L. IY~I. Stalbtical mcthud, for rate~ and propOntun~. 

:!nd ed. John Wiley & Sons. Inc .. New York. 
19. Furntss, M. L. . and P. Holmes. 19~7. Bacteriological monuoring 

of water with "jungle ku~ . .. J. lnst. Water Environ. Manage
ment 1 :::!::!7-::!~0. 

20. Geldreirh. E. E. 1975. Handbool.. for evaluatinll water baclen· 
olo{!ical laboratories. 2nd cd. E.P.A -670/9-75-006. Envtron· 
mental Protection Agency. Ctnctnnall 

APPI E>.~VIIIO ... Ml\ llOI\101 

21. Jacobs. N. J .. W. L. Zei~tltr. F. C. Rttd. T. A. Stuktl. and E.\\. 
Rirt. 19!<f>. Compari~on of membrune fi lter. mulltplc-ferment<J· 
tion-l uhe. and pre,ence-ab~ence technt4UC\ for detectm~ tOtal 
coliform' in ~mall communi!) water system,, Appl. Env1ron 
M icrob1ol. 51:1007-1012. 

::!::! . Mo~·er. N. P. 19li7. Clin1cal Significance of At•rtnnomn spccoe• 
isolated from pauent' with diarrhea. J . Chn. M1crobml 25: 
::!044-:!I~K 

:!:l. Pipe~. \\ . 0 .. and R. R. Christian. 191\4 . Es11ma11nll of mean 
coliform dcn\111e' of water d1stnbu11on system\. J . Am \\ a1er 
Worlo.' A~~oc . 76(1 1):(>(1-M. 

~4. Pipe~. W. 0 .. H. A. Minni~h . B. Moyer. and M. A. Tro~. JY!<I1 . 
Comparbon of Clark's presence-ab~ence te't and the memt-oran<' 
filter method of coliform de1ecuon in potable water ~amrle-. 
Appl. Env1ron. M1crobiol. 52:4:l~3 

2.5. Pir-. W. 0 .• K. Mueller. M. Tro~. and H. A. Minnil!h. !YIP 
Frequency-of-occurrence moni1onn{! for coliform b:.ctena tn 
small water systems. J. Am. Water \\orl..' A\\OC. 82:~~::! . 


