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The Autoanalysis Colilert (AC) test was compared with the membrane filter (MF), IO·tube multiple--tube 
fermentation (MTF) technique, and the presence~absence test as described in Sla~ard M~lhods for lhe 
Examination of Water and Wasteowater for the detection and enumeration of total cohforms m water. The 
methods were evaluated with Jl samples from seven different sources. f!..-ach sample was nna~~zed hy cuch. ~·~ 
the techniques. using replicate JOO·ml sample volumes. A total of 582 ronlirmed tubes were posahve by the~~ I• 
test and 533 tubes were positive hy the AC lest. Statistical analy~i~ of the most-prol?ahle-nu~t~)er compurnluh!Y 
dat~ showed a statislically significant difference in the number of posi.tive tul.,~s, wllh I heM IF test rcsullln~ m 
more positive tubes. There were no statistically significant differences an prec1s1on between. the two ~cthods. All 
the methods were comparable in detection of total colifonns. Levels of .heterotro~h•c bacteria generally 
encountered in drinking water did not interfere with detection or enumeration of cohfonns by the AC test. 

The total coliform group of organisms is the principal 
indicalor used to assess the microbiologic:J.I qu:J.Iity of drink
ing water. The culture characteristics and the sanitary sig
nificance of coliform organisms have been studied exten
sively (3, 6, 12, 15, 16). The presence of any member of !he 
coliform group in treated water suggests either inadequate 
treatment or contamination after disinfection. The coliform 
group is considered a reliable indicator of the adequacy of 
treatment and the potential presence of pathogens in the 
distribution svstem. The U.S. Environmental Protection 
Agency (USE.PA) has specified 1wo s1andard melhods for 
the enumeratiOn of total coliforms in drinking water (7. 8). 
These are !he membrane filler (MF) melhod and !he mulli
plc-!ube ferrncnlalion <MTF) melhod. Recen!ly.lhe US EPA 
has propos"d (9-11) !he use of !he presence-absence (P-A) 
coliform 1es1 (!) and !he Auloanalysis Colilerl <AC) lesl <4. 
11) in addition to rhe previously approved MF and most
prub•ble-number (MPN) lesls. 

The MF, MTF, and P-A culifnrm 1es1s depend on !he 
rcrmentation of lactose, producing sheen colonies. gas. or 
acid and gas. These methods require additional verification 
or confirmation of the presence of coliforms. The AC test 
was developed in response to these limitations and problems 
encountered in the New Haven. Conn .• water distribution 
sys1em with biofilm regrowlh (4). The AC tesl is based on !he 
abilily of coliforms to produce the enzyme p-galaclosidase, 
which hydrolyzes and cleaves !he specific substrale o
nilrophenyl-13-D-galactopyranoside (ONPG), releasing o-ni
lrophenyl, which produces a yellow color. In addition. !he 
enzyme ~-glucuronidase produced by· &chericltia coli forms 
• nuorescenl substance when il hydrolyzes 4-methylumbel
liferyl-13-o-glucuronide (MUG). This combinalion of sub
!itrates allows detection of both total coliforms and £. coli 
wilhin 24 h. 

The purpose of !his study was lo compare the AC Iesl with 
!he MF, MTF, and P-A coliform 1ests (1) for the detectton 
and enumeration of total coliform bacteria. 

• CorrespondinR author. 
t Pretent address: PEl Associates. Inc .• Cincinnati, OH 45246. 

MATEIUALS ANI> METJIOI>S 

Samples. A total of Jl samples were collected from seven 
dill'erent sources. Sample sources included natural springs. 
surface waters. well waters. cisterns. treated coagulated 
settled water from a drinking water treatment plant. and 
public drinking water supply.dist~b~tion systems. Bec~us~ 
of difficulties in locating pubhc dnnkmg water supply dJstn
bution samples wilh ambient levels of total coliforms. it w~s 
necessary to sample known coliform-positive sources m 
addition lo public drinking water supply syslems. Olher 
reasons for sampling these sources were to evaluate the AC 
lest wilh sample lypes having high helero!rophic plale 
counts CHPC) to determine whether there was coliform 
suppression and whether samples that have high mineral 
content and chromophores bias the AC test results. Samples 
were collected asceptically in 4-liter sterile polycarbonate 
sample bottles anc.l returned to the laboratory and analyzed 
within 2 h of collection. Drinking water supply samples were 
collected in sterile sample bottles containing sodium thiosul
fate (0.1 mg/liter). Initial MF total coliform ~nalyses a~d 
HPC (1) with R2A medium <Difco Laboratones, Detrotl, 
Mich.) were used to estimate th~ coliform densities and H~ 
prior to subsequent cumparauve a~alyses. Samples wllh 
total coliform levels of 20 or more cohforms per 100 ml were 
diluted in dechlorinated tap waler to a lheorelicallevel of 4 
to 20 tolal coliforms per 100 ml to be representative of an 
unsatisfactory drinking waler sample and lo provide both 
positive and negative MPN tubes for evaluation purposes. 
Samples with fewer than 20 to!al coliforms per 100 ml were 
examined without dilution . 

24-43 

AC test. AC tubes (Access Medical Syslems, Branford, 
Conn.) conlaining sufficient defined subslrate for 10 ml of 
sample were prepared as a 10-tube MPN lest. A P·A (AC) 
1est was prepared by adding..lhe contents of 10 tubes into a 
sterile screw-cap dilution bottle. Sample (10 ml) was added 
10 each lube, and 100 ml of sample was added to each P-A 
(AC) bottle. and the powder was dissolved wi~h agitation. 
The MPN AC tubes and P-A (AC) boUles were Incubated at 
35 :!: OS'C for 24 h. Development of a yellow color indicated 
!he presence of total coliforms. Doubtful positive tubes were 
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incubated for an additional 4 h and were also compared with 
a Colilert color comparator to assess any degree of yellow 
color. Each positive AC tube and P-A (AC) bottle was 
exposed to a hand-held long-wavelength (366-nm) UV light 
(Edmund Scientific Co .• Barrington, N.J.). Fluorescence 
indicated the presence of E. coli (MUG test). A positive 
control (£. coli) was included with each sample. 

MF test. Each sample was analyzed by the MF procedure 
(1) with 100-ml sample volumes. The GN-6 membrane filters 
(Gelman Sciences, Inc .. Ann Arbor, Mich.) were placed in 
petri dishc5 (50 by 9 mm) containing 5 ml of either M-endo 
LES agar or M-cndo agar (Oifco Laboratories) ami incu
bated for 24 h at 35 :!::: 0.5°C. The resulting sheen colonies 
were enumerated, and whenever possible. 10 sheen colonies 
were picked from each sample and inoculated into Iaury! 
tryptose broth <LTB) and brilliant green-lactose-bile broth 
(BGLB) (Difco Laboratories) for verification as total coli
forms (!. 2). 

MTF test. The 10-tube MTF tests were performed by 
adding 10 ml of sample to each presumptive tuhc containing 
20 ml of 1.5 x L TB. The tubes were incubated at 35 : O.S°C, 
and positive presumptive tubes showing gas or heavy growth 
within 24 or 48 h were confirmed in BGLB (1). 

P-A coliform test. P-A broth was prepared from a combi
nation of lactose broth (Difco Laboratories). LTB. and 
bromcresol purple (Sigma Chemical Co .. St. Louis, Mo.) 
according to Stmrdurd Methods (1). Sample volumes of 100 
ml were inoculated into P-A culture bottles. The contents of 
the P-A bottles were mixed and incubated at 35 ::!::: 0.5°C and 
examined after 24 and 48 h for acid and gas reactions. 
Positive P-A bottles were transferred into BGLB to confirm 
the presence of coliforms. 

HPC. The HPC were performed according to Stcmde~rd 
Met/rods (1) by the pour plate technique with R2A agar and 
plate count agar (Difco Laboratories). The plate count agar 
plates were incubated for 48 h and the R2A agar plates were 
incubated for 7 days at 35"C. 

Test design. The following microbiological analyses were 
performed in triplicate on each sample: 10-tube AC test, 
10-tube MTF total coliform test. MF total coliform test. and 
the P-A coliform test. A P-A (AC) test was performed on 15 
of the 31 samples. and HPC were performed in triplicate on 
16 of the 31 samples. All MPN estimates of coliform density 
were based on the number of confirmed tubes (1) or the 
number of positive tubes (yellow color) with the AC test. 
Whenever possible, five 24-h positive tubes, five 28-h posi· 
tive tubes, and five 24-h negative AC tubes were chosen at 
random from each sample and streaked for isolation on 
MacConkey agar (Difco Laboratories). Isolate,. were identi
fied by the API 20E system (Analytab Productr. Plailuliew, 
N.Y.)(5). . . . 

Statistical analyses. The MPN recoveries (proponion of 
positive tubes) between the MTF (!).and the..AC tests were 
compared by the Mantel-Haenszel test (17). The Mantel
Haenszeltest analyzes a set of a 2 x 2 contingency tables by 
combining individual table results into a single test statistic. 
The contingency tables were developed by using the number 
of positive and negative tubes by each method as the 
columns and two methods as the rows. The proportions of 
positive tubes from the MTF (1) and AC tests were com
pared by determining whether the detection rate of positive 
tubes was the same for both methods by a chi-square 
statistic. The hypothesis tested was that there i~ no differ
ence in detection rates by the two methods. Precision of the 
two methods was examined by comparing the variability 
among the number of positive tubes from the three replicate 
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::malyses. The sample variance was calculated from each 
method and sample and then compared by the Wilcoxon 
signed rank test (14). This test uses the sign and magnitude of 
the rank of the differences between the pairs of sample 
variances to determine statistical significance. All statistical 
tests were performed at the alpha = 0.05 level of signifi~ 
cance. 

Specificity tests. (i) AC ONPG test. A major question 
relating to the AC procedure centers on the detection of 
false~po"itive reactions. Organisms such as Aeromonas spp. 
which are not classically considered members of the total 
coliform group produce positive ONPG reactions with API 
20E or other enzyme assays. Seven strains of Aeromonas 
llydrophila from clinical and environmental sources were 
spiked into dechlorinated tap water and analyzed by the AC 
test. All isolates were identified by the API 20E system and 
yielded positive ONPG results. 

The cultures were grown in tryptic soy hroth {Difco 
Labor.llorics) ~l 35°C for lH h. Each culture was washed 
three times in phosphate hulfer ( 1) llilutctl tu the desired 
concentration. inoculated into dcchlorin:.Hcd t:.ap w;.Hcr or 
filter·sterilized dechlorinated tap water. and analyzed by the 
AC test procedure. Filter sterilization was done with a 
prewashed filter (Durapore: 0.2-tJ.m pore size; Millipore 
Corp .• Bedford. Mass.) in a sterile glass filtration apparatus. 
When the organisms were spiked into nonsterile tap water. 
densities of A. lr\'drophilu were estimated by membrane 
filtration with ampicillin-dextrin agar (13). In the filter
sterilized samples, the numbers of A. /iydroplrila were esti
mated by the spread plate procedure (2) with plate count 
agar. All samples were analyzed for the ability of the 
aeromonads to produce coliform-positive reactions with 
standard media used for enumerating coliforms. Samples 
were analyzed with LTB as an MTF test and M-endo LES 
agar with the MF technique. 

(il) AC MUG test. In the development of a MUG-con
taining medium for total gram-negative bacteria and E. coli, 
Petzel and Hartman ( 18) found that some Flavobacttrium 
spp. were capable of producing J3-glucuronidase, resulting in 
a positive MUG test. To test the specificity of the AC MUG 
test, cultures of Flcwobac:terium spp. from human, food, and 
environmental sources were spiked into sterile dechlorinated 
tap water and analyzed at various densities by the AC test 
procedure. 

Flavobacterium cultures were grown in heart infusion 
~roth (Difco Laboratories) at35"C for 18 h. Each culture was 
washed three times in phosphate buffer and diluted to the 
desired density in filter-sterilized dechlorinated tap water. 
The numbers of Flavobacteriwn spp. at each dilution level 
were estimated by the spread plate technique (1, 2) with 
heart infusion agar anc.l R2A agar. which were incubated at 
35"C for 24 and 48 h, respectively. The Flavobacuri11m 
cultures were known to be MUG positive with the exception 
of the USEPA isolate, in which the MUG reaction was 
unknown. 

RESULTS 

Comparison of MTF and AC tests. A total of S82 tubes 
were positive (confirmed) by the; MTF test (1), and S33 tubes 
were positive by the AC tesr_ For the MTF analysis, the 
mean number of tubes positive per 30 inoculated per sample 
was 18.8, the median was 22. and the standard deviation wu 
11.4. For the AC test, the mean was 17 .2. the median was 21, 
and the standard deviation was 11.8. Table 1 shows the 
number of positive tubes and samples analyzed by source. 
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TARLE 1. Comparison of Sttmdurd Mt·tlwd,f (1) 
and AC MPN results 

Sample source" 

Artcsiom well (4) 
Spring (8) 
Cistern (2) 
Drinking water !i.Upply (2) 
Settled water (6) 
Surface water (4) 
Well water (5) 

" Number of samples analyzed. 

No. of posilive 
tubes 

Sumdarcl AC 
M~tl10t/:r lest 

84 
199 
26 
0 

124 
89 
60 

63 
195 
42 
0 

111 
64 
58 

No. of tubes 
inoculated 

120 
240 
60 
60 

180 
120 
150 

Statistical analyses. (i) Recovery. The Mantel·Haenszcl test 
applied to all 31 samples indicated a significant difference in 
the number of positive tubes between the two methods with 
the MTF test 0) resulting in more positive Iuhcs Cx1 = 1~.5. 
I'= 0.0004). The MTF test (1) yich.lcd more positive tubes 
than the AC test in 16 of the 31 samples, whereas the AC test 
yielded more positive tubes in only 5 of the samples. Both 
methods resulted in equal numbers of positive tubes in the 
remaining 10 samples (9 of 10 were either all positive or all 
negative). 

{ii) Precision. No significant difference in method precision 
was detected (P = 0.6966). Replicate analyses varied by no 
more than two positive tubes in 94% of the samples analyzed 
by the MTF test (1) and 90% of the samples analyzed by the 
AC test. This also supports the conclusion of similar method 
precision. 

EITcct of HPC on suppression or total colifonns. The HPC 
mnged from 35 to 85,000/ml with R2A agar and from 60 to 
9,0001ml with plate count agar. The HPC on all samples were 
higher with R2A agar than with plate count agar. Only one 
~ample, a cistern sample. indicated the possibility of coli· 
fcrm suppression by high levels of heterotrophs. The repli· 
cate MF total coliform verified counts were 6. 7. and 6/100 
mi. the MTF confirmed test values were 6.9. 6. 9. and 
12.01100 mi. and the replicate AC test MPN values were all 
>23.0/100 mi. The mean HPC of the sample were 28,000/ml 
with R2A agar and 810/ml with plate count agar. 

Comparison of coliform tests in detection ur total coliforms. 
Of the 31 samples analyzed in this study, 26 (84%) were 
coliform positive by one or all of the methods. The total 
coliform levels ranged from <1 to 310/100 ml by the MF 
technique and from <1.1 to >23.0/100 ml by the MTF 
method. The percentage of positive presumptive tubes that 
wen: subsequently confirmed was 92%. Th< perce.ntage of 
suspected coliform sheen colonies confirmed as coiiforms by 
the MF technique was 82%. The perCentage of positive P-A 
coliform tests that confirmed as total coliforms compared 
f;ovorably (85%). The MTF and MF tests (lj detected 25 
positive samples (81% of the total samples, 96% of all 
positives), whereas the P-A coliform test detected 26 posi
tive samples (84% of the total samples, 100% of all posi
tives). The AC MPN test compared favorably to the MTF 
and MF tests (1) in detecting 26 positive samples. The P-A 
(AC) test was also comparable in coliform detection to the 
MTF, MF, and P-A coliform tests. The P-A (AC) test did not 
detect coliforms in only 1 sample of 15 samples that were 
positive by the other methods. One samrle was coliform 
negative by the MTF and MF procedures (1) but coliform 
positive by the AC MPN and P-A coliform tests. 

OI'Jianisms isolated from AC test. Organisms isolated from 

TABLE 2. Organisms isol:ued fmm positive 
and negative AC tubes" 

No. of times asol;,ted 

Isolate 24-h 28-h 
Neptive positive posuive 

tubes" tubes tubes 

Enurobacur c/uuca~ 14 4 I 
Enurobact~r al{glom~raiiS 5 5 5 
Ent~robtiCUr n~rofl~"~s 3 0 0 
Entrrnbt~ct~r .mka:.aki 0 I 0 
Esclr~rkllia coli 5 0 0 
Citrobact~r Jr~1111dii 2 4 0 
Kl~bsit-lla oxytoca 3 6 0 
Kl~bsit!lla pu~umoniac 3 7 3 
s~rratiu fo,Jiicola 8 5 0 
Serratia liqu~jtlcitons 1 7 I 
Serralit1 marcesc~ns 1 I 0 
s~rratia p(\'llllftlrica 0 I 2 
Serrulit• spcdcs 0 4 0 
Arrmnwm.f /r_\'llrllfJ/tila I 2 I 
/Itt/ilia llll'f'i II II I 
KIII.V''cw ~rccics 0 1 0 
Vibrio flu~·iali.t I 0 0 
Pseudommurs mnlwplrilitl 0 0 I 
Fluorescent Pseudomom1s group 0 0 2 
SlriR~IIu species 0 I 0 
Salmom!lla subgroup Ill I 0 0 

Total no. of isolates" 48 49 17 

• Identified according to the profile number determined by API. 
• ONPG·ncgative :and MUG·negative tubes. 
" Does not include isolates not identified by API 20E. 

the AC tubes were identified by the API system. Table 2 lists 
the organisms isolated along with the frequencies of isola· 
tion. Emerobt"·ter doac:ne was the most frequently isolated 
organism followed by Emerobac:ter agglomermu, K/~bsiellu 
]lneummricre. and Serratiafomico/a. Of the 48 isolates from 
the 24-h positive tubes and 49 isolates from the 28-h positive 
tubes. 73 and 55%. respectively. were members of the total 
coliform group (EIIIerobacter spp., Esche ric/ria spp., Citro· 
bactc·r spp .. and Klt!bsit'lla spp.). £. a~:glameramr was the 
most frequently isolated organism from the ONPG· and 
MUG·negative tubes. Each of the Serratia spp. isolates and 
the coliform isolates from the negative tubes were reinocu
lated into L TB and BGLB to confirm the ability to produce 
gas from lactose. Most (90%) of the St'rratia spp. isolates 
produced gas in BGLB tubes, and five of nine coliform 
isolates (55.5%) produced gas in BGLB tubes. The remain
ing four coliform isolates were anaerogenic. Of the SJJ 
ONPG-positive tubes, 4 were MUG positive. £, coli was 
isolated from three of these tubes, and Salmnn~l/a subgroup 
Ill was isolated from the fourth MUG-positive tube. E. coli 
was isolated·from ONPG-positive tubes from two samples, 
but none of the AC tubes from those samples demonstrated 
ftuorescence (MUG test). 

AC ONPG and MUG specificity tests. Densities of A. 
lrydrnplrila used to challenge the AC test ranged from 1.2 X 
10" to 7.5 x 10' CFU/ml. Only one tube, at the high level of 
7.5 x 10' CFU/ml, yielded a positive ONPG response. None 
of the isolates produced metillic sheen colonies on M-cndo 
LES agar. All the isolates~w in L TB, producing turbid 
tubes, but only one environmental isolate produced gas in 
L TB after 48 h and not 24 h of incubation. However, the 
gas-positive tubes did not confirm in BGLB. 

The results of the sterilized tap water samples spiked with 
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TABLE 3. AC results with dechlorinated, filter-sterilized tap 
water spiked with Flambac:tuimn spp. 

FlunJbtrct~rlum 
SJ)CC:IeS 

F. gleum 

F. nmllil'Urllm 

F. llwlopJrilmu 

F. meningusepticum 

F. multi1•ormn 

CDC group ll.b 

F. spiriti1•orum 

Sou~e 

Human 

Human 

Frozen vegetable 

Hamburger 

Creek wutcr 

Human 

Point-of-use water 
system 

CFUiml" 

1.2 X 10" 
1.2 X 1011 

1.2 X 107 

6.8 X 1011 

6.8 X 107 

6.8 X 10*' 

4.2 X 101 

4.2 X 107 

4.2 X 10*' 

2.8 X lo' 
2.8 X 107 

2.8 X HY' 

4.3 X 11111 

4.3 X 107 

4.3 X 10*' 
4.3 x w-~ 

S.S X 1011 

S.S X 107 

5.5 X IIJ' 

6.6 X 107 

6.6 x to~> 
6.6 x to-~ 
6.6 X 10 .. 

AC reaction 

ONPG 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 

ML:G 

+ 
+ 
=· 

• CFU per milliliter in AC tubes with he•n infusion agar and R2A agar. 
" Very weak MUG reaction. 

Flavobllctrrimn spp. are presented in Table 3. Flavobaclt'· 
rium densities in the spiked samples mnged from a low of6.6 
x 104 CFU/ml with Flavobtlcll'rium SJJiritivormn to a high of 
1.2 x 10"' CFU/•nl with Flm·obacterium pleum. Both Flt~vo· 
bm:ll'rium multivt~rmn isolates and three of the Flm·oba,·te· 
riwn spp. produced a positive ONPG reaction (yellow tube) 
at levels of 10• to 107 CFU/ml. Only one species. F. 
spiritiwJrum, produced a positive MUG test at the relatively 
high density of 6.6 x !o' CFU/ml <Table 3). 

DISCUSSION 

The AC test is a novel departure from classical total 
coliform cultural methods that depend on lactC'se fermenta· 
tion to detect the presence of coliforms. The AC test u~c::s the 
substrates ONPG (for total coliform) and MUG (for£. coil) 
both for essential nutrientS -and as the indica~or system 
(yellow ~olor and ftuorcscence). Organisms that are positive 
in classical ONPG or -MUG tests generally will not be 
positive in the 24-h incubation time unless present in high 
numbers (4). 

The AC test offers simplicity in that essentially all one 
does is add 10 ml of sample to the tubes or 100 ml of sample 
to a P-A bottle containing the defined substrate. The tubes or 
P-A bottles arc incubated for 24 to 28 h at 3S"C. Develop
ment of a yellow color indicates the presence of total 
coliforms. The test is designed so that no additional confir
mation tests are needed. Incorporation of the: two !I!Ubstrates 
(ONPG and MUO) allows a simultaneous MPN analysis or 
detection of total coliforms and £. coli. Since the AC test is 
provided in a ready·to--use powder form, there is no medium 
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to prepare anc.J sterilize. The AC tubes are reported to have 
an unrcfriger..ucd shelf life of <.tt least 1 year. Po~itive ONPG 
tubes are relatively easy to rcac.J. ulthough with some sam· 
pies containing low levels of stressed coliforms. the presence 
of yellow color is difficult to interpret. A positive MUG test 
is easy to detect. with the tubes or P-A bottles fluorescing 
brilliantly. The AC test was not affected by chromophores 
biasing the results. and samples high in mineral content did 
not interfere with the detection or enumeration of total 
coliforms. 

Statistical analysis of data showed a significant difference 
in the number of positive tubes. with the lO·tube MTF test 
(1) providing more positive tubes than the 10-tube AC test. 
Although the difference was statistically significant. the 
number was small. only 49 tubes. No statistically significant 
differences in precision were found. Edberg et al. (4) re
ported in their national field evaluation of the AC test that 
more positive tubes resulted with the AC test (positive bias) 
compared with the MTF procedure (!). They alsu noted 
significant diiTcrenccs in precision. with the AC tc!\t Ocing 
more precise tlmn the MTF lest (I 1 in two ur live sites. The 
differences in precision and accuracy reported in these two 
studies may be due to differences in sample types; the 
national study used predominately public drinking water 
samples, whereas this study used predominately source 
water, cisterns. and well water diluted with dechlorinated 
tap water to simulate unsatisfactory drinking water samples. 
Another possible reason for the difference in the number of 
positive tubes is that the first 15 samples in the MPN 
comparability study were analyzed without the aid of the 
Colilert color comparator. which was not commercially 
available when the study was initiated. 

There were no significant differences in the detection of 
total coliforms with the AC test used either as an MPN test 
or as a P·A test. There was only one sample in which the P·A 
(AC) test did not detect coliforms and the MTF. MF. and 
P-A coliform tests(!) did, and one sample in which the AC 
teot detected total coliforms and the MF method failed to 
detect coliforms. Consistent with results reponed by Edberg 
et al. (4). the detection or enumerution of total coliforms by 
the AC test was not affected by heterotrophic bacteria at 
levels of 500/ml or greater. 

Although the AC test was comparable to the MTF test (!) 
in precision and accuracy and comparable to all the standard 
coliform tests in detection of total coliforms, the AC test 
does have limitations. As Edberg et al. (4) noted. the AC test] !1: 
is relatively refractory to high densities of heterotrophs: 
however. isolates of A. lrydrophila and Flavuhac:trrium spp. 
are capable of producing false·po~itive ONPG (yellow color) 
and MUG tests (Table 3). Petzel and Hartman (18) also 
reported Fla\'obm terium spp. isolate~ that yielded a positive 
MUG test. In addition. unpublished data from our laboratory 
have shown that extension of the incubation time beyond theJ , 
·18-h penod produced false-posttove ONPG AC tubes from ;1. ? 
hydrophila and · Pseudomo11as spp. These data and the 
Flavobacteri11m and Arromonas results reported in this 
study support the conclusion of Edberg et al. (4) that the AC 
test should not be applied to source waters, effluents, or 
samples other than drinking water supplies unless the ana-
lyst establishes the efficacy of the AC test with the panicular 
sample type. ' 

The identification ofisolatesTrom the AC test positive and 
negative tubes confirmed the specificity of the AC test. All 
genera of the total coliform group (Enttrobact~r spp., Esch
eric/Jia spp., Citrobacttr spp., and Kl~bsi~lla spp.) were 
recovered from positive AC tubes. Edberg et al. (4) found 



VOL. ll. 1989 EVALUATION OF COLILERT TEST FOR TOTAL COLIFORMS 

that 82% of the isolates from positive AC tubes and 84% of 
the isolates from positive confirmed MTF tubes were mem
bers of the four genera classically considered in the total 
coliform group. In this study. 73% of the 24-h AC test 
positive-tube isolates, 55% of the 28-h positive isolates, and 
23% of the isolates from the AC test negative tubes were 
members of the total coliform group. 

Thirty-nine AC test negative tubes were selected for API 
identification. Seventeen of the tubes showed no growth 
when streaked on MacConkey agar, and isolates from five of 
the neg;ltive tubes could not be identified by the API 
it.lentificmion system. The remaining 17 isolates from the AC 
negative tubes were identified by the API profile number 
rrable 2). Inclusion of the BGLB-positive Serratia spp. 
isolates and deletion of the anaerogenic coliform isolates 
from the tabulation of the AC test negative tubes based on 
the definition of a total coliform organism as referenced in 
Standard Methods (1) changed the percentage of coliform 
isolates. The percentage of total coliform isolates from 24·h 
positive tubes changed from 73 to 92%. and that from 28-h 
positive tubes changed from 55 to 84%. The percentage of 
organisms identified as total coliforms from negative tubes 
(false-negatives) changed from 23 to 20.5%. The percentage 
of Serratia spp. isolates reported in the national field evalu
ation from AC positive tubes was 12%. In this study, the 
percentage of isolates identified as Serratia spp. ranged from 
1.1% in the AC test negative tubes to 20.8% in the AC test 
24-h positive tubes. The differences in both the distribution 
t~nd the identity of the microorganisms found in this study 
compared with results of the national field evaluation study 
can be attributed to the difference in sample types. Although 
the sample types differed in the comparison studies. the 
proportion or percentage of the isolates identified as mem
bers of the total coliform group from AC positive tubes was 
comparable whether one included or excluded the BGLB
positivc Serratia spp. as total coliforms. 

There were too few MUG-positive tubes and E. coli
positive samples to evaluate the efficacy of the AC test in 
detection of E. coli. E. coli was isolated from three of four 
MUG-positive tubes: however. £. coli was also isolated 
from two samples that were ONPG positive but did not 
exhibit a positive MUG response. These results suggest that 
not all isolates of E. coli arc MUG positive by the AC test. 
More definitive studies are needed tn evaluate the adequacy 
of the AC defined substrate test in detection of environmen· 
tal isolates of£. coli. 

In summary. the AC test can de.tect and enumerate total 
coliforms and£. coli from a water sample within 24 h with no 
additional confirmatory tests. The AC test is very easy to 
use. only requiring the addition or sample to· the-tubes, 
incubation for 24 h, and interpretation or the reactions. The 
AC test was comparable to the 10-tube MTF test (1) in 
detection and enumeration of total colirorms and comparable 
to the standard MF and P-A colirorm tests in detection or 
total colirorms. Heterotrophic bacteria at levels usually 
reported in drinking water do not interfere with detection or 
enumeration or coliConns by the AC test. 
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