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Comparing Defined
Substrate Coliform Tests 
for the Detection of 
Escherichia coli in Water 
Terry C. Covert, Eugene W. Rice, Scott A. johnson, Donald Berman, 
Clifford H. johnson, and Paralee]. Mason 

Two commercially available defined-substrate coliform tests were compared 
with EC medium plus 4-methylumbelliferyi-~-D-glucuronide (MUG) for detect
ing chlorine-exposed Escherichia coli in spiked water samples. Statistical 
analyses of the test results indicated no significant differences in detection of 
~-coli between the Autoanalysis Colilert test and EC medium with MUG. There 
Nere, however, significant differences in detection of E. coli between the 
ColiQuik test and EC medium with MUG in the free-chlorine-exposed pure 
culture studies and when ali the data were combined. All methods were 
capable of detecting !"<:full oo-mL of E. coli. 

The total coliform group of organisms 
is the principal indicator used to assess 
the microbiological quality of drinking 
water. The sanitary significance of coli
form organisms and the characteristics 
of the!r culture have been studied exten
sively.1-5 The presence of any member of 
the coliform group in treated water sug
gests either contamination after disinfec
tion or inadequate treatment. Members 
of the coliform group are considered a 
reliable indicator of the adequacy of 
treatment, but their presence does not 
necessarily indicate fecal contamination 
or pathogen occurrence. This shortcom
ing may be due partly to poor detection 
of stressed colifonns ilid to interference 
by heterotrophs.~>- 11 Coliforms, fecal coli
forms. and Escherichia coli are all used as 
indicators of fecal pollution. Among 
these, E. coli is often preferred as an 
indicator because it indicates recent fecal 
contamination and the possibility of en
teric pathogens because enteric patho
o;sens often coexist with fecal colifonns or 
~- coli. The presence of E. coli is indica
tive of fecal contamination. The other 
members of the coliform group (Kleb
siella, Citrobacter, Enterobacter) may be 
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isolated in feces. but their presence does 
not always sUggest fecal contamination. 

The US Environmental Protection 
Agency (US EPA) recently amended the 
National Primary Drinking Water Regu-

The presence of any 
member of the coliform 
group in treated water 

suggests either 
contamination after 

disinfection or 
inadequate treatment. 

lations (NPDWRs) •12 incorporating the 
maximum contaminant level (MCL), 
monitoring requirements, and analytical 
requirements for total coliform bacteria, 
including fecal colifonns and£. coli. The 
USEPA also promulgated an MCL goal ol 
zero tOr total coliforrns, including fecal 
colifonns and E. coli. The total coliform 
group remains the primary bacterial indi
cator. However, for each total coliform-

positive sample, a fecal coliform or E. coli 
analysis must be performed. The 
NPDWRs published June 1. 1990," pro
posed three analytical methods based on 
i)-glucuronidase (GUR) activity for de
tecting E. coli in drinking water. One of 
these methods was lhe minimal medium 
o-nitro p heny I-ll-D-galacto pyranosi de-4-
eth yl u m be IIi fe ryl-ll-D-glucuro n ide 
(MMO-MUG) or AC• test previously 
approved for delecting total coli
forms in the revised total coliform 
rule published June 29. 1989. 

The USEPA approved two of the meth
ods previously proposed for E. col:" detec
tion in the NPDWRs of Jan. 8, 1991, 14 but 
deferred approval of the MMO-MUG 
test because of concerns about its ability 
to detect low densities of injured E. coli. 

Several studies have shown that the 
AC test is comparable to the Standard 
Methods total coliform membrane filter 
(MF) test, multiple tube fermentation 
(MTF) test and presence--absence (P-A) 
coliform test in detecting total coli
forms.1.;..-1a However, there have been 
only limited studies evaluating the AC 
test and other "similar MUG-based test 
procedures, e.g., CK. t for detecting E. 
coli in disinfected distribution warer:. 
- Thus far two commercially available 
o-ni trap hen y 1-il-D-galact o p yran o side 
(ONPG)-MUG fonnulations-AC and 
CK-appearto be the most prevalent in 
the marketplace: however, others are 
rapidly being developed. Both test sys-

•Autoanalysi:~ Colih:rt. Acc:r:ls An-.lytical, Bnlnford U!nn 
tColiQu1k. Hacb Co., ~land, Colo. ' • 
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terns can be used as either a most proha
ble number (MPN) or P-A test. 

The AC and CK coliform tests are 
be · on the ability of total coliforms to 
PI Jce the enzyme !)-galactosidase, 
which hydrolyzes and cleaves the spe
cific substrate ONPG, releasing a-nitro
phenyl, which produces a yellow color. In 
addition, the enzyme GUR produced by 
E. col;' forms a fluorescent substance 
when it hydrolyzes MUG. This combina
tion of substrates allows detection of 
both coliforms and E. coli within 24 h. 
The use of GUR activity to identify E. coli 
was first described by Kilian and 
Bulow. 19 The association between GUR 
and E. coli has been used to identify this 
species in a variety of environmental, 
clinical, and food sources. 1S,l6,zo.21 

The study compared the AC and CK 
coliform tes(S with the MTF test using 
Iaury! tryptose broth with MUG (LTB
MUG*)22 as the presumptive medium 
and EC medium with MUG (EC
MUG*)23 for detection of E. coli. 

Materials and methods 

Samples.. A total of 33 samples from 27 
sources was analyzed (Tables 1 and 2) . 
.A.liquots from six of the samples were 
held for 24 h and for five days after disin
fection prior to analyses. Because of dif
ficulties in locating a sufficient number of 
p- "c drinking water supply systems 
\\ jmbient levels of E. coii, it was nec
essary to spike oxidant-free treated 
drinking water (OFTDW) with E. coli
positive sources. Sources of· E. coli in
cluded a MUG-positive E. coli pure cul
ture, untreated source water. human 

feces, and primary waste treatment plant 
effluent. Another reason for using these 
sources of E. coli was to assure that after 
disinfection there were sufficient E. coli 
cells to detect. The samples of public 
drinking water supply systems analyzed 
in this study were E. coli-positive, Le., no 
spiking was required. 

The thermotolerant (EC-positive), 
MUG-positive E. coli used for spiking 
were isolated from the environment and 
identified. t The E. coli were inoculated 
into heart infusion broth* and incubated 
for 24 hat 35'C. The culture was washed 
three times with OFTDW to remove nu
trients from the cells. The cells were re
suspended with OFTDW and held for 48 
h at 20°C to simulate low-nutrient stress. 
The suspension was further diluted in 
OFTDW prior to disinfection. 

Feces samples were used as a high
density E. coli source by blending ap
proximately l g of feces with -200 mL of 
OFTDW in a sterile blender for l min at 
high speed. The feces suspension was 
further diluted with OFTDW and was 
then filtered through sterile filters+ to 
remove large particles, lower the turbid
ity, and lessen the chlorine demand. The 
suspension was stored at 5°C for 24 h 
prior to disinfection. 

Primary efr1uents were col1ected from 
waste treatment plants that receive pri
marily domestic influent. Samples were 
collected aseptically in 4-L sterile poly
carbonate sample bottles and returned to 
the laboratory within 2 h of collection. 
The effluent samples were filtered simi
larly to the fecal samples and kept 24 hat 
5°C prior to disinfection. E. coli-positive 

TABLE 1 

public drinking water samples ,!hat re
!teived no disinfection were collected 
aseptically in 2-L sterile polycarbonate 
sample bottles, maintained at 5'C, and 
analyzed within 48 h of collection. 

Disinfection of samples. Microbiologi
cal and chemical analyses were per
formed on the OITDW used for .jlrepara

/tion and dilution of samples. The 
micro biological analyses included the 
MF total coliform test24 and heterotro
phic plate counts (HPC) using the spread 
plate procedure2~ to assure no total coli
forms were present prior to spiking and 
to estimate the HPC levels. Chemical 
analyses included metals analyses, tur
bidity, pH, total hardness, alkalinity, sul
fate, and nitrate-nitrogen; all were per· 
formed according to Standard Methods. 24 

The OFTDW received all conventional 
drinking water treatment with the excep
tion of disinfection .. 

The inactivation experiments were 
conducted in a similar manner for both 
the low-nutrient-acclimated pure cul
ture and the fecal suspensions. There
spective inocula were added to a beaker 
containing 400 mL of OITDW. The ini
tial and final E. coli titers after disinfec
tion for calculation of the log reduction 
were determined by the spread plate 
procedure using MacConkey 'agar,"' the 
MF procedure using M-Endo LES 
agar, *·24 or the MF p-rocedure using M
TEC agar. •,2S 

All experiments were conducted at am
bient temperature (20-22'C) and pH 

'Difco Laboratories. Detroit Mich. 
tAPI 20E system, Al1alytab Produ.cts. Plainvi~. N.Y. 
~Whaunan No. 40, Ma1dstone. U.K 

Comparison of EC-MUG, AC, and CK for detecting E. coli-pure culture studies 

I 
I I 

! I 
MPN" 

I 
MPN• 

Sample l.otl Holding Dilution E. coli/ E. colV 
Number Disinfectant Reduction Time mL EC-MUG AC CK lOOmL tub< 

' 
1 Fr~ chlorine 3.6 0 0.1 8/10 2/10 1/10 1610 1.6 

0.52 mg(Lt 
1 minf 

2 Free chlorine 4.5 0 0.1 10/10 9/10 5/10 >2300 >2.3 
0.40 mg/L 
2 min 

3 Free chlorine 4.5 0 0.1 t0/10 9/10 9/tO >2300 >2.3 
029 mg/L 
4min -

4 Free chlorine 5.6' 0 l 9/10 9/10 3/10 230 2.3 
0.20 mg/L I 
Smin 

5 Free chlorine 6.0 0 
. 

0.1 10/10 10/10 6/10. >2300 >2.3 
027 mg/L 
Smin -

6 Free chlorine 4.6 - 24h 10 10/10 - 10/10 7/10 >23 23 
0.60 mg/L 

3/10 8min 5 days 1 4/10 1/10 30 0.3 
7 Free chlorine 5.0 

-I 

24h 0.1 4/10 3/10 0/10 5.1 0.51 
0.44 mg/L 

3/10 8mln 5 days 0.1 1/10 0/10 3.6 0.36 
8 . Free chlorine 3.2 24h 10 3/10 4/10 2/10 3.6 Q36 

0.42 mg/L 

I 
2/10 8min Sd>Y' 10 2/10 0/10 22 Q22 

Total 72/110 63/!10 34/110 

•Based on EC-MUG 
t Chlorine residual 
*Contact time 
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,~TABLE 2 
Comparison of EC-MUG AC, and CK/or deteding E. coli-natural sample studies 

1/ / 
I MPN" MPN• 

Sample - Log Holding E. coli/ E. coli/ 
Number Source I Disinfectant Reduction Time I Dilution EC-MUG AC CK JOOmL lu .. 

9 Source Free chlorine !2 0 !OmL 10/10 10/10 9/10 >23 >2.3 ..,.,.,. 0.30mg/Lt 
20 s* 

10 Feces Free chlorine 3.7 0 I ml 1/10 3/10 0/10 10 0.11 

1/ 
0.32 mg/L 

/ 40 s 
ll Feces Free chlorine 4.1 24 h 10 mL 2110 1/10 0/10 2.2 az 

0.40 mg'/L 
2min 5 days IOmL 4/10 3/10 4/10 5.1 0.51 

12 Effluent Monochloramine 5.1 24 h 10 mL 3/10 9/10 5/10 3.6 0.36 
2.8 mg/L 
30min 5 days lOmL 9/10 10/10 4/10 23 2.3 

13 Effluent Monochlorarnioe 5.4 24 h lOmL l/10 1/10 4/10 Ll O.ll 
3.1 mg/L 
30 min 5 days lOmL l/10 1/10 0(10 1.1 0.11 

14 Drinking No disinfectant 48 h 1:6.5 8/10 6/lO 6/10 16.1 1.6 

"'""' IS Drinking No disinfectant 48h IOmL 10/10 10/10 5/10 >23 >2.3 
wat" 

16 Drinking No disinfectant 48 h lOml 10/10 8110 5/10 >23 >2.3 
wat.,-

" Drinking No disinfectant 48 h lOmL 10/10 8/10 7/10 >23 >23 
water 

" Effluent Monochloramine '5.3 24h 1 mL 4/10 7/10 0/10 0.51 0.51 
2.5 mg/L 
30 min 

!9 Effluent Monochloramine 5.12 24 h 1ml 5/10 l/10 0!10 69 0.7 
2.3 mg/L 
30min 

20 Effluent Monochloramine 5.42 24h 1 mL 2/10 3/10 1/10 22 022 
3.0 mg/L - -
30min 

21 Effluent Monochloramine 6.04 24 h 10mL 0!10 4/10 2/!0 d.I <0.11 
2.7 mg/L 
30min 

22 Effluent Monochlor.unine 5.70 24 h lO mL 4/10 3/10 0/10 5.! 0.5 
2.50 mg/L 
30min 

23 Eftluent Monochloramine 4.84 24h 1mL 3/10 4/JO 1/10 30.0 0.:1 
2.67 mg/L 
30min 

24 Eftluent Monochloramine 4.80 24h lO mL 9/10 9/10 4/10 23.0 :::!.3 
-- 2.63 mg/L 

30min 
25 Effluent Monochlor:amine 5.10 24 h 1 mL 7/10 7/10 7/10 !20 1.2 

2.81 mg/L 
30min 

26 Effluent Monochloramine 5.40 24h 1mL l/10 8/10 7/10 110 !.! 
2.76 mg/L 
30min 

27 Effluent Monochloramine 5.19 24 h 1 mL 10/10 10/10 8/10 >230 :>2.3 
2.36 mg/L 
30min 

Total 114/220 126/220 80/220 

• Based on EC-MUG 
tChlorine residual 
*Contact time 

(7.4-8.0), employing a free chlorine re
sidual. The contents of the beakers were 
continuously stirred (-150 rpm) during 

-the course of the experiment using a mul
tiple stirring device equipped with stain
less-steel paddles. • Free chlorine residu
als were obtained by the addition of a 
stock chlorine solution (-1 mg/mL) pre
pared1rom a reagent-grade sodium hypo
chlorite solution.t Free and rnonochlor
amine chlorine concentrations were 
determined by the N,N-diethyl-P-phenyl
enediamine (DPD) colorimetric proce
dure.24 Disinfectant 1evels were mea
sured immediately after the addition of 
the stock chlorine solution and imme
diately prior to the end of the exposure 
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time. The action of the oxidant was neu· 
tralized by adding 0.5 mL of a stock ster
ile 10 percent (w /v) sodium thiosulfate 
solution (aq). Control beakers consisted 
of the Sallie inoculated OFTDW without 
oxidant The controls were treateq in the 
same manner as the test beakers.' 

The effluents that were used in the 
inactivation experiments were not di
luted with the OFTDW. All experiments 
utilizing effluents were conducted with 
combined chlorine residuals (mono
chloramine). In all other respects, these 
experiments were conducted in the same 
manner as the ones conducted with pure 
culture and fecal inocula, incorporating 
the appropriate controls. 

In the first set of experiments, the levt 
of inactivation was determined imm( 
diately at the end of the exposure tim 
(samples 1-5, 9, and 10). Subsequentl' 

1 the neutralized samples were held at. 
· temperature of 5'C for 24 h and for fiv 
days prior to assay (samples 6-8, 11 
13). These holding periods were don 
to ascertain the true titer present in th 
inactivated sample for purposes oflat( 
dilutions to low levels of E. coli and 1 
determine the effect of holding in tl! 
absence of a disinfectant residual c 
the surviving E. coli population. 

·p~ipps and Bird Inc., Richmond. Va. 
tF1sher Scientific Co .• Pittsburg-h. Pa. 
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TABU: 2 
Ccmparison of EC-MUG, AC, tind CK!or detuting E. coli-natural sample studies 

/ MPN'* , ,;:-, 
,ample Log Hol<ling 
.\lumber Source Disinfectant Reduction Time Dilution EC-MUG AC CK 

MPN• 
E. coli/ 
IOOmL 

E. coli/ 
tub< 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Total 

Effluent 

Effluent 

Drinking 

""''" Drinking 

""'" Drinking 

""'" Drinking 

""'" Effluent 

Effluent 

Effluent 

E.ffiuent 

Effluent 

Effluent 

E.flluem 

Effluent 

Effluent 

Effluent 

•Based on EC-MUG 
tChlorine residual 
fContact time 

Free chlorine 
0~0 mg/Lt 
20 s* 

Free chlorine 
0.32 mg/L 
40. 

Free chlorine 
0.40 mg/L 
2min 

Monochiorarnine 
2.8 mg/L 
30min 

Monochlor.unine 
3.1 mg/L 
30min 

No disinfectant 

No disinfectant 

No disin!ect;mt 

No disinfectant 

Monochioramine 
2.5 mg/L 
30min 

Monochloramine 
2.3 mg/L 
30min 

Monoch!oramine 
3.0 mg!i 
30min 

Monoch\oramine 
2.7 mg/L 
30min 

Monoch\oramine 
2.50 mg/L 
30min 

Monochlorarnine 
2.67 mg/L 
30min 

Monochlor.unine 
2.63 mgfL 
30 min -

Monochloramine 
2.81 mg/L 
30 min 

Monochloramine 
2.76 mg/L 
30 min 

Monochloramine 
2.36 mg/L 
3Gmin 

(7.4-8.0), employing a free chlorine re
sidual. The contents of the beakers were 
continuously stirred (-150 rpm) during 
the course of the experiment using al"ul
ti~le stirring device equipped with $in
less-steel paddles.*" Free chlorine residu
als were obtained by the addition of a 
stock chlorine solution (-1 mg/mL) pre
pared from a reagent-grade sodium hypo
chlorite solution.t Free and monochlor
amine chlorine concentrations were 
determined by the N,N-diethyl-p-phenyl
enediarnine (DPD) colorimetric proce
dure.24 Disinfectant levels were mea
sured immediately after the addition of· 
the stock chlorine solution and imme
diately prior to the end of the exposure 
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1.2 

3.7 

4.1 

5.1 

5.4 

5.3 

5.12 

5.42 

6.04 

5.70 

4.84 

4.80 

5.10 

5.40 

5.19 

0 

0 

24h 

Sdays 
24h 

5 days 
24h 

Sdays 
48 h 

48h 

48h 

48h 

24h 

24h 

24h 

24h 

24h 

24 h 

24h 

24h 

24h 

24 h 

10mL 

1mL 

lOmL 

lOmL 
lOmL 

lOmL 
10 mL 

lOmL 
1:6.5 

lOmL 

lOmL 

10 mL 

1 mL 

1 mL 

1mL 

!OmL 

10mL 

1 mL 

lOmL 

1 mL 

lmL 

1mL 

10/10 

1/10 

2/10 

4/10 
3/10 

9/10 
1/10 

1/10 
8/10 

10/10 

10/10 

10/10 

4/10 

5/10 

2/10 

0/10 

4/10 

3/10 

9/10 

7/10 

1/10 

10/10 

10/10 

3/10 

1/10 

3/10 
9/10 

10/10 
1/10 

1/10 
6/10 

10/10 

8/10 

8/10 

7/10 

1/10 

3/10 

4/10 

3/10 

4/10 

9/10 

7/10 

8/10 

10/10 

9/10 

0/10 

0/10 

4/10 
6/10 

4/10 
4/10 

0(10 
6/10 

5/10 

5/10 

7/10 

0/10 

0/10 

1/10 

2/10 

0/10 

1/10 

4/10 

7/10 

7/10 

8/10 

o23 

10 

2.2 

5.1 
3.6 

23 
1.1 

1.1 
16.1 

>23 

>23 

>23 

0.51 

69 

22 

<1.1 

5.1 

30.0 

23.0 

120 

110 

>230 

0.11 

2.2 

0.51 
0.30 

2.3 
0.11 

0.11 
1.6 

0.51 

0.7 

0.22 

<0 .ll 

0.5 

0.3 

2.3 

1.2 

1.1 

>2.3 

114/220 126/220 80/220 

time. The action of the oxidant was neu
tralized by adding 0.5 mL of a stock ster
ile 10 percent (w /v) sodium thiosulfate 
solution (aq). Control beakers consisted 
of the same inoculated OFTDW .without 

· oxidanl The controls were !!~ated in the 
same manner as the test beakers. 

The effluents that were used in the 
inactivation experiments were not di
luted with the OFTDW. All experiments 
utilizing effluents were conducted with 
combined chlorine residuals (mono
chloramine). ln all other respects, these 
experiments were conducted in the same 
manner as the ones conducted with pure 
culture and fecal inocula, incorporating 
the appropriate controls. 

In the first set of experiments. the leve 1 
of inactivation was determined imme
diately at the end of the exposure time 
(samples 1-5, 9, and 10). Subsequently,_ 
the ne~tralized samples were held at a 
temperature of 5'C for 24 h and for five 
days prior to assay (samples 6-8, 11-
13). These holding periods were done 
to ascertain the true titer present in the 
inactivated sample for purposes of1ater 
dilutions to low levels of E. coli and to 
determine the effect of holding in the 
absence of a disinfectant residual 9n 
the .surviVing E. coU population. 

•Phip-ps and Bird tnc:., Richmond. Va. 
tFisher Scientillc: Co .• Pittllburgh. Pa. 
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AC and CK colifonn tests. AC and CK 
tubes containing sufticient defined sub· 
s• ·for 10 mL of sample were prepared 
a. .O.tube MPN tesL A sample (10, 1.0. 
or 0.1 mL) was added to each tube. and 
the powder was dissolved with agitation. 
To AC and CK tubes that received 1 or 
0.1 mL of sample, 9 m!. or 9.9 mL, respec
tively, of sterile water or buffer was 
added, consistent with the manufac
turers' instructions. 

The MPN AC and CK tubes were incu· 
bated at 35 ± O.S'C for 24 ± 0.5 h. Each 
tube was exposed to a hand-held long
wavelength (36&-nm) &-W UV light. • Flu
orescence indicated the presence of E. 
coli (MUG test). Doubtful MUG-positive 
tubes were incubated for an additional 4 
h and were also compared with a color 
comparator to assess any degree of fluo· 
rescence so as to not underestimate the 
E. coli densirf. A positive control (E. colO 
was included with each sample. 

LIB-MUG and EC-MUG tests. The 10. 
tube MTF test was performed by adding 
10, 1, or 0.1 mL of sample to LTB-MUG 
tubes. The tubes were incubated at 35 ± 
0.5°C, and positive tubes showing gas or 
heavy growth within 24 or 48 ± 0.5 h were 
read for fluorescence and transferred to 
EC-MUG with sterile hardwood applica
tor sticks. The EC-MUG tubes were incu
b• ' at 44.5 ± 0.2C in a gable-covered 
w bath for 24 ± 0.5 h. All LTB-MUG 
and EC-MUG tubes were exposed to a 
hand-held long-wavelength (36&-nm) lJV 
light. Fluorescence indicated the pres
ence of E. coli (MUG test). · -

MUG-negative tubes. All LTB-MUG-, 
EC-MUG-, AC·, and CK-MUG-negative 
tubes (no fluorescence) were membrane 
filteredt according to Standard Methods 
using a modification of the M-TEC 
method for E. coli. LTB-MUG-negative 
tubes were filtered in the pure culture 
studies, and EC-MUG-negative tubes 
were filtered with the natural sample 
comparison studies. LTB-MUG-negative 
tubes were filtered in the pure culture 
studies because none of the EC-MUG 
tubes failed to show a positive MUG re
sponse upon transfer from the LTB
MUG tubes. One- and S.mL portions of 
each MUG-negative tube were filtered, 
and the MF was placed in petri dishes (50 
x 9 rnm) containing 5 mL of plate count 
agrui and incubated for 2 h at 35 ± O.S'C 
to allow chlorine-exposed organisms a 
chance to repair. The MFs were then 
placed on petri dishes (50 x 9 mm) con
taining 5 mL of M-TEC agarf and incu
bated for 22 h at 44.5 ± 0.2"C in sealed 
pi- -•;c bags§ in a gable-covered circu!at
il 1ter bath. Presumptive E. coli colo
nies (yellow colonies) on the MFs were 
streaked for isolation on MacConkey 
agar and incubated at 35'C for 24 ± 0. 5 
h. "The isolates were reinoculated into 
LTB-MUG tubes. MFs with con:fluent 
growth were rubbed with a sterile swab, 
a. small portion of the surface of 

TABLE 3 / 

Percentage of false negatives • 

Source 

Pure culture 
Natural sample 
All sample~ 

EC-MUG 

2.6 
16.4 
10.7 

Medium 

AC 

6.4 
23.4 
14.9 

CK 

32.9 
18.6 
26.0 

•percentage of MUG-negative tub~ by each method for which isolates of these tubes were MUG-positive 
when reinoculated into LTB-MUG and EC-MUG 

MacConkey agar plates was rubbed and 
subsequently streaked for isolation with 
a sterile loop, and LTB-MUG tubes were 
inoculated. The tubes were incubated at 
35 ± 0.5'C, and positive tubes showing 
gas or heavy growth within 24 or 48 ± 0.5 
h were transferred to EC-MUG with ster
ile hardwood applicator sticks. Tne EC
MUG tubes were incubated at 44.5 ± 
0.2'C for 24 ± 0.5 h. All LTB-MUG and 
EC-MUG tubes were exposed to a hand
held long-wavelength (36&-nm) UV light 
Fluorescence indicated the presence of 
E. coli (MUG test).lsolates from samples 
that were spiked with natural sources 
were further identified as E. coli. u.2a 

Statistical analyses. The E. coli recover
ies by the EC-MUG, CK. and AC tests 
were evaluated by the Wilcoxon signed 
rank test Z7 The Wilcoxon signed rank 
test was periormed by arranging the N 
differences between pairs in order of 
size, ignoring their signs. Rank numbers 
were then assigned to these absolute dif
ferences, rank 1 being given to the small
est difference. rank 2 to the next small
est, etc., and nink N to the largest The 
signs of the original differences were 
then restored to the rank numbers, and 
T ... the sum of the positive rank numbers, 
is the test statistic. In the event that ties 
occur among the differenCes, the same 
procedure as in the rank sum test is used. 
The tied differences are each given the 
average rank nwnbers that would have 
been assigned had the differences not 
been tied. The hypothesis tested was that 
there is no difference in detection rates 
by the two methods, The data collected 
in this study were segregated into three 
elements for statistical analyses--com-· 
parison of the three. methods (EC-MUG, 
AC, and CK) using a pure culture of E. 
coli, comparison using naturally occur
ring E. coli, and an overall comparison of 
all data. Critical values for the signed 
rank test were obtained from tables in 
Wilcoxon et aL"' All statistical tests were 
performed at an alpha level of 0.05. 

Results -

Com""risoa of LTB-MUG, EC-MUG, AC, 
and CK.A total of 438 tubes ofLTB-MUG 
were positive (turbidity or gas or both), 
and 301 tubes of EC-MUG were MUG
positive. A totai of 313 tubes were MUG
positive using the AC test, 220 tubes were 

MUG-positive using the CK test. and 278 
tubes of LTB--MUG were MUG-positive. 

Aliquots (10-, 1-, and 0.1-mL sample 
portions) were inoculated into LTB
MUG in an effort to get a span of posi
tive and negative tubes for evaluation 
purposes. Ten·millilitre sample por
tions of the public drinking water sam
pleS were examined in accordance with 
the total coliform rule. The compilation 
of data presented in Tables 1 and 2 
reflects only the results of 10 tube tests 
for which there was a breakpoint. i.e .. 
positive and negative tubes. 

Tables 1 and 2 show the number of 
MUG-positive tubes by each method, the 
disinfectant results, and the estimate of 
the E. coli density after disinfection for all 
samples. Table I shows the results of the 
pure culture studies, and Table 2 shows 
the results of the natural sample compare 
ison studies. A totai of 186 EC tubes, 189 
AC tubes, and 114 CK tubes were MUG
positive. A total of 168 tubes were MUG
positive using LTB-MUG. The LTB
MUG data are not shown in Tables 1 and 
2. The agreement of AC and CK with the 
EC-MUG method was 102 and 61.3 per
cent, respectively. E. coli was detected in 
all samples using the AC test; however, 
E. coli was not detected in one of the 33 
samples using EC-MUG and nine of the 
33 samples using the CK coliform test 
with the same sample volumes. The log 
reduction after disinfection ranged from 
1.2 to 6.04. The density of E. coli in the 
disinfected samples ranged from 1.1 to 
>2.300 E. coli organisms/100 mL The E. 
coli density per tube ranged from <0.11 
to >23. 

Statistical analyses. The Wilcoxon 
signed nank test was applied to all sam
ples; the pure culture and natural sample 
studies indicated no significant differ
ence (P >0.05) in the number of positive 
tubes_or detection of E. coli between the 
EC-MUG test and the AC test. Statistical 
analyses of the data comparing CK with 
EC-MUG for detection of E. coli showed 
a significant difference (P <0.05), with 
the EC-MUG method resulting in more 
positive tubes across all samples and 

/ 



with the pure culture studies. However,, 
there were no statistically significant dif
ferences in detection of E. coli between 
EC-MUG and CK with the natural sam
ples. The EC-MUG method yielded 
more positive tubes than the AC test in 
12 samples, whereas the AC test yielded 
more positive tubes in 10 of the samples. 
Both methods resulted in equal num hers 
of positive tubes in 10 samples. The EC
MUG method yielded more positiv_e 
tubes than the CK coliform test in 28 
samples, whereas the CK method re
sulted in more positive tubes in only four 
of the samples. Both EC-MUG and CK 
resulted in the same number of positive 
tubes in two of the samples. 

False-negative tubes. Table 3 shows the 
percentage of MUG-negative tubes by 
each method in which isolates of these 
tubes were MUG~positive when rein~ 
oculated into LTB-MUG and EC-MUG 
(false negative). With the exception of 
CK (32.9), the lowest false-negative rates 
were observed with EC-MUG (2.6) and 
AC (6.4) using a free-<:hlorine-exposed 
pure culture of E. coli. The false-negative 
rates with natural populations of E. coli 
ranged from 16.4 percent with EC-MUG, 
followed by 18.6 percent with the CK test 
to 23.4 percent using the AC test. The 
lowest percentage of false-negative tubes 
overall was with EC-MUG (10.7), fol
lowed by the AC test (14.9) and CK 
(26.0). There were instances in which 
isolates from MUG~negative tubes were 
MUG-positive with EC-MUG, but E. coli 
was not isolated from MacConkey agar 
plates. This was because, in many cases, 
there was confluent growth- on the MFs 
from filtration of the MUG-negative 
tubes, and E. coli was detected by swab
bing the surface of the MF and transfer
ring that to LTB-MUG. However, be
cause of the limited number of colonies 
picked for identification, E. cali cOlo
nies were undoubtedly present but 
we~e sometimes missed. This was not a 
freauenr occurrence, i.e., less than 20 
percent of these isolates were not iden· 
titied as E. coli. The predominant 
background organism was Klebsiella 
pneumoniae. The number of MUG
positive tubes given in Tables 1 and 2 
was not corrected for the false-nega
tive results. 

Undetected target_error. Table 4 shows 
the percentage error introduced in spec~ 
ificity resulting from undetected E. coli 
calculated by ASTM standard D 3870-
79.29 The closer each calculated value 
is to zero percent, the more specific the 
method. The lowest calculated value, 
i.e., best specificity, was·with EC-MUG 
(7 .8 percent) for all samples, followed 
by AC (9.7 percent) and CK (37.2 per
cent). The lowest value (1.3 percent) 
was with EC-MUG using pure cultures 
of free-chlorine-exposed E. coli. Gener
ally, the percentages were higher in the 
natural sample studies compared with 
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the pure culture studies, with th~, excep~ 
tion of the CK coliform test. 

Effect of holding disinfected samples. 
Table 5 presents the results oyholding 
studies. Six of the samples were held 24 
h and 5 days after disinfection to deter
mine the effects of holding in the absence 
of disinfectant residual on the surviving 
E. coli population. With the possible ex
ception of sample 6, which was indeter
minate (i.e., MPN >23), the r,emaining 
sanl'ples showed no significant changes 
in E. coli density ._,;thin the five-day hold
ing period. 

Characteristics of OFTDW. Table 6 
shows the characteristics of the OFTDW. 
The values for the analytes were below 
the MCLs of the primary and secondary 
drinking water regulations,30 with the 
exception of turbidity, which exceeded 
the MCL of 0.5 ntu. 

Discussion 
Both the AC and CK tests are novel 

departures from classical total coliform 
cultural methods that depend on lactose 
fermentation to detect the presence of 
coliforms. The AC and CK coliform tests 
use the substrate ONPG (for total coli
forms) and MUG (for E. coli) both for 
essential nutrients -and as the indicator 
system (yellow color and fluorescence). 
The tests are designed so that no addi
tional confirmation tests are needed. Pos
itive ONPG tubes are relatively easy to 
read. A positive MUG test using AC is 

easy to detect because of the bnlliantly 
fluorescing tubes: however, the MUG re
action is sometimes difficult to interpret 
with CK, LTB-MUG, and EC-MUG 
tubes showing heavy growth. 

Statistical analyses using the Wilcoxon 
signed rank test show that there was no 
signiftcant statistical difference (P >0.05) 
between the EC-MUG method and AC 
for detecting E. coli. There was a signifi
cant difference (P<0.05) between EC
MUG and the CK coliform test, with the 
EC-MUG method showing better detec
tion of free-chlorine-exposed E. coli. The 
results of this study do not agree com
pletely with the findings of other similar 
CK and AC evaluation studies. Ziel and 
Mick'n found AC and CK comparable to 
LTB-MUG for detection of E. coli in 
spiked distribution samples. McCarty et 
a132 found CKandAC equivalent to LTB
MUG for the recovery of E. coli from 
spiked disinfected distribution samples. 
Clark et al33 showed that there was a 
significant difference between the MFC 
method, the AC test, and the CK test for 
detecting E. coli in treated water sam
ples, with the MFC method being more 
sensitive. Gale and Broberg-34 found in 
their evaluation of AC that the minerals· 
modified glutamate MTF test was sig
nificantly better in detecting and enu· 
merating E. coli in both untreated and 
chlorinated water- samples. They used 
the same statistical test used in this 
study. Differences in the outcomes of 

TABLE 4 
Percentage of undetected target eTTers • 

I 

Medium 

Soun:e EC-MUG i AC I CK I 
Pure culture 

I 
1.3 

I 
4.5 

I 
423 

Natural sample 16.6 16.4 30.2 
All samples 7.8 9.7 37.2 

•Calculated by AS11J Standard D 3870-79 

TABLE 5 
Effect a/holding disinfected sampl.es 

I 
Holding MPN* 

Sample Number Time E. coli/ 100 mL 

6 ' 24 h I. >23 
5 days 30 

1 24 h 5.1 
5 days 3.6 

8 24 h 3.6 
5 days 2.2 

11 24 h 2:2 
5 days 5.1 

12 Z4h 3.6 
5 days 23 

13 24h 1.1 
5 days 1.1 

'*Based on EC-MUG 
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these studies may be attributed to differ
-ent sample types, different media com-

-ison combinations, and different 
ms of stress to the organisms. 

The results of this study corroborate 
those of Edberg and Edberg, 35 who were 
able to detect 1 cfu/100 mL of chlorine
exposed E. coli with a MUG-based sub
strate. All samples in this study, with the 
exception of the drinking water samples. 
received chlorine disinfection. Using the 
AC test, E. coli was detected in all sam
ples. It was detected in 32 of the 33 sam
ples using EC-MUG and in 24 of the 
samples using the CK coliform test. After 
disinfection, the mean E. coli count was 
23 cfu/100 mL The mean was somewhat 
skewed by the re!aUvely high levels of E. 
coli in the first several samples of the 
study. Tnr: median E. coli count was 22 
cfu/100 mL. The mean number of E. coli 
organisms per tube was 1.2, and the me· 
dian was (-.9. 

Six of the disinfected samples were 
held five cays after disinfection (Table 5) 
to assess any repair that may have oc· 
curred, as evidenced by significant 
changes in E. coli density. Any differ
ences obser.;ed between the E. coli levels 
at 24 h and at five days after disinfection 
were not significant. The 24-h and five
day MPN values for each sample were 

lin the 95 percent coniidence limits. 
;ever, the laboratory-simulated nutri

tional and disinfection stress may not 
closely approximate the stress applied to 
E. coli in treated drinking water. These 
data do not completely agree with other 
studies that examined the effects of hold
ing time and temperature on the survival 
of coliforms. McDaniels and Bordne~6 

examined the survival of total coliforms 
in municipc:.l drinking water distribution 
system sampies held at both ambient 
temperature (22'C) and S'C. Coliform 
populations declined significantly at both 
temperatures after 24 h. Average losses 
in 24 h wece 34 percent at S'C and 87 
percent at 2~°C. However, it is not known 
whether these sam pies contained E. coli. 
McFeters er al37 reported survival times 
for E. coli oi one to five days in well water, 
and F1int38 reported survival times of up 
to 260 days at temperatures from 4 to 
25'C for E. coli introduced into filter-ster
ilized river water. Many! other holding 
time studies with total coliforms or E. coli 
have been reported, but basic differences 
in the conditions of the studies make 
comparisons difficult 

A major factor in the disparity of the 
results of the studies comparing EC
~.n TG to the other tests was the occur4 

e of false-negative tubes. Increasing 
tn~ incubation time from 24 to 28 h did 
not result in significant changes in the 
number of MUG-positive tubes by any of 
the methods. This is similar to the results 
of Clark et aL 33 Sixteen percent of the 
isolates from MUG-negative EC-MUG, 
23 percent of the isolates from AC MUG-

'' <V "'"" 

TABLE 6 
Characteristics of oxidant-free treated drinking water 

I I 
Analytical 

Parameter Unit!~ Value 

Turbidity otu I 1.3 
Chloride mg/L 19.5 
Sulfate mg/L 90 
Nitrate-N I mg/L 1.0 
Sodium mg/L 13.7 
Calcium mg/L 39.9 
Magnesium mg/L 10.6 
Hardness as CaC03 mg/L 150 
Alkalinity as CaC03 mg/L 67.6 
pH pH units 8.05 
Copper mg/L <0.02 
Manganese mg/L .:0.05 
Le•d mg/L <0.002 
Icon mg/L <0.04 
Z1no mg/L <0.01 

, Specific conduct.il.nce micromhos at 25°C 410 
Total coli forms 
Mean heterotrophic plate count 

I 

negative tubes. and 19 percent of the iso~ 
lates from CK MUG-negative tubes were 
MUG-positive upon transfer to LTB
MUG and EC-MUG, suggesting that ex
posure toflalogen disinfection may result 
in the inability of the organisms to utilize 
the MUG substrate. This was again dem
onsrrated in the pure culture studies in 
which a known MUG-positive E. coli iso
late was exposed to chlorine and. in some 
cases, was MUG-negative for all the 
MUG methods, but when it was rein
oculated into L1'B-MUG and EC-MUG, 
it was MUG-positive. This was particu
larly true with the CK colifonn test, 
which showed a relatively high false-neg
ative rate with, this particular strain of E. 
coli or which may be less efficient in gen
eral for detecting free-chlorine-exposed 
E. col£. These observations support the 
conclusions of McFeters11 that coliforrns 
in water systems may be undetected be
cause sublethal stress leads to decreased 
detection on conventional media. 

Feng et al39 reported that the glucu
ronidase gene may be present in non
MUG-utilizing strains of E. coli but is not 
expressed. In the research of Bej et al.'0 

the glucuronidase gene was amplified by 
the polymerase chain reaction (PCR) be
fore hybridization with aD NA probe. The 
DNA probe coniipned that the glucuro
nidase gene was; present in all E. coli, 
including E: coli 0157:H7 strains, as well 
as in some shigellae. The authors con
cluded that glucuronidase activity is 
under some fonn of catabolite repression 
in MUG-negative strains of E. coli. 
Kasper et al" reported that antibodies to 
glucuronidase reacted with extracts of 
three of four MUG-negative strains. 
These results show tha,t in some strains 
of E. coli, glucuronidase is produced but 
is inactive, the substrate does not enter 
some strains, or the 4-methylumbel
liferyl is not released. 

Studies Uhat have documented the inci
dence offalse-negative results for MM 0-

c:fu/100 mL <I 
cfu/mL 1. 700 

MUG-based substrates are limited. Clark 
et al33 reported false-negative occur
rences of 12 and 19 percent with CK and 
AC, respectively, with untreated waters 
and 61 and 81 percent (CK and AC, re
spectively) with treated water samples 
positive for E. coli. Covert et al 18 reported 
the percentage of false negatives in their 
evaluation of the AC test for total coli
forms to be 20.5 percent; however, there 
were too few E. coli-positive samples to 
evaluate the efficacy of the AC test for 
detecting E. coli. In this study, the false
negative rates for EC-MUG, CK, and 
AC using chlorine-exposed natural pop
ulations of E. coli were 16.4, 18.6, and 
23.4, percent respectively. Using 
ASTM standard practice D 3870-79 for 
establishing the performance charac
teristics of microbiological methods, 
the percentages of undetected target 
errors using chlorine-exposed natural 
populations of E. coli, Uhe AC test and 
EC-MUG were similar. 

Summary 
Statistical analyses of the data indi

cated no significant difference in detec
tion of E. coli between the AC test and 
EC-MUG; however, there were statisti
cally significant differences. between the 
CK coliform test and EC-MUG using a 
free-chlorine-exposed pure culture of E. 
coli and when the data for all samples 
were combined. The AC test was equiva
lent to EC-MUG in detecting free-chlo-
rine-exposed E. coli using a pure culture 
and monochloramine-exposed tiatural 
populations of E. coli. There were no sta4 

tistically significant differences in detec
tion of E. coli with CK using monochlor

. amine-ex)ioS.d natural populations of E. 
coli. All the methods evaluated were ca· 
pable of detecting 1 cfu/1 00 mL of E. coli. 
The lowest false-negative rate or unde
tected target error was with EC-MUG. In 
view of the lack of published studies ad
dre3sing false-negative occurrences or 



rates. more definitive studies are needed 
to establish the false-negative rates with 
MUG-based methods using chlorine-ex
posed environmental populations of E. 
coli . .Also, the observation that E. coli 

oosed to halogen disinfection may 
• netimes be unable to utilize MUG sub

strate warrants additional study. 
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