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Regulations: Anatytical Techniques; L. Btatutory Authority EPA received 29 public comments
Colitorm Bacterla The SDWA requires EPA to during the comment period, and three
AQENCY: Environmental Protection promulgate NPDWRSs which include comments after the close of the

Agency (EPA).
ACTION: Final rule.

SUMMARY: On June 10, 1883, EPA
promulgated revised National Primary
Drinking Water Regulations (NFDWRs)
for total coliforms [54 FR 27544, June 29,
1689) pursuant to section 1412 of the
Sale Drinking Water Act (SDWA). In
that notice, EPA approved the use of the
Minimal Medium ONPG-MUG (MMO-
MUG) test for total coliform analysis for
compliance with the maximum
contaminant level [MCL) for total.
coliforms under the Safe Drinking Water
Act (SDWA). (ONPG is ortho-
nitrophenyl-8-D-galactopyranoside;
MUG is ¢-methylumbeliiferyl-3-D-
glucuronide.) Today's action amends 40
CFR 141.21(f) by also approving the
MMO-MUG test for the detection of
Escherichia coli (E. coli).

EFFECTIVE DATE: July 10, 1962
ADDRESSES: The public comments and
supporting documents cited in the
reference section of this notice, the
proposed notice (55 FR 22752, dated fune
1, 1890), the notice of availability (56 FR
40153, dated September 27, 1991), and
associated material are available for
review at EPA’s Drinking Water docket,
401 M Street SW., Washington, DC
20460. For access to the docket
materials, call (202) 260-3027 on Monday
through Friday, excluding Federal
holidays, between 9 a.m. and 3:30 p.m.
Eastern Time for an appointment.

FOR FURTHER INFORMATION CONTACT:
The Safe Drinking Water Hotline,
telephone (800) 4264791, The Safe
Drinking Water Hotline is open Monday
through Friday, excluding Federal
holidays, from 8:30 a.m. to § p.m. Eastern
‘Time. For technical questions, contact
‘Paul 8. Berger, Ph.D,, Office of Ground
Water and Drinking Water (WH-550D),
Environmental Protection Agency, 401 M
Street SW.. Washington, DC 20480,
telephone (202) 280-3039,
SUPPLEMENTARY INFORMATION: .
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MCLs or treatment techniques (section
1412). NPDWRs also contain “criteria
and procedures to assure a supply of
drinking water which dependably
complies with such maximum
contaminant levels; including quality
control and testing procedures to insure
compliance with such levels * * *”
{section 1401{1)(D)}. In eddition, section
1445(e) of the SDWA authorizes the
Administrator to require monitoring to
assist in determining whether persons
are in compliance with the requirements
of the SDWA. EPA's promulgation of
analytical techniques is authorized
under these sections of the SDWA. EPA
has promulgated analytical techniques
for all currently regulated drinking
water contaminants; persons must use
one of the approved analytical
techniques for determining compliance
with the MCLas (see 40 CFR 141.21-30).
Today's action promulgates an
additional analytical method for the
detection of K. coli.

IL Regulatory Background

On June 19, 1980, EPA promulguted
revised regulations for tota! coliforms
{54 FR 27544, June 29, 1089), with an
efiective date of December 31, 1900.
Paragraph 141.21{e) of those regulations
requires public water systems to test all
total coliform-positive cultures for the
presence of either fecal coliforms or 5.
ooij. Feca] coliforms and E. colf are both
indicators of fresh sewage. The
regulations specified the analytical
method to test for the presence of fecal
coliforms (paragraph 141.21{f){5}). but
not for the presence of E. coli, On June 1,
1990, EPA proposed three analytical
methods for the detection of E coli. On
Jaruary 8, 1961, EPA promulgated two of
these methods, but deferred approval of
the third ane, the MMO-MUG test. On
September 27, 1081, the Agency
published a Notice of Availability [56 FR
49153) to provide notice and an
opportunity for public comment on two
recently completed studies with respect
to the MMO-MUG test addressing
concerns regarding the ability of the
method to detect environmentally
stressed E. coli. The Notice of
Availability indicated that EPA

comment period. Of the 32 commenters,
28 supported approval of the MMO-~
MUG test for E. coli detection, while
four raised concerns. The most
fmportant of the concerns raised are
addressed below. All public comments
are addressed in the comment-response
document for this rule, which is
available in EPA's Drinking Water
docket for E. coli.

Source of E. coli

Two commenters expressed concern
that sewage samples were used as the
cource of E. coli in the Strandridge et al.
study (one of the two recent studies
dted in the Notice of Availability), as
opposed to drinking water or ambient
water samples. One of these
commenters maintained that previous
studies on the MMO-MUG test using
naturally contaminated samples showed
that the false-negative rate was high,
implying that EPA should disapprove
the MMO-MUG test.

EPA recognizes that E. col/ in ambient
water and drinking water probably have
been subjected to greater environmental
stress than those in sewage samples.
The Agency believes, however, that
sewage sources are more appropriale for
determining the E. coli falpe-negative
rate than other sources, primarily
because (1) sewage sources have a
greater diversity of E. coli strains than
does ambient water, (2) K. coli density is
greater in sewage than in other sources,
thereby facilitating a chiorination study,
and (3) drinking waters, especially if
disinfected, rarely contain E. coli, which
would make this source difficult to use
-an an E. coii source (SAB, 1991;
Geldreich, 1902). Moreover, E. coli in the
distribution system may be the result of

" fresh sewage directly contaminating the
~water supply via a cross connection or a

line break, in which case sewage is a
‘gloser approximation than ambient
water for these organisms.

in order to obtain low densities of
stressed E. coli from sewage, recent
fovestigators [Standridge et al., 1991;
Covert et al,, 1991; Pipes, 1991) first
remaoved the heavier sewage particles,
and ¥ 1 chlorinated and diluted the
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sewage sample. EPA believes that £
¢oli in samples treated in this fashion
adequately approximates the
characteristics of those organisms in
drinkiog water, The EPA's Science
Advisory Board (SAB) reviewed the
protocols employed in the investigations
upon which EPA relied, and agreed that
raw sewage treated in thie manner was
the most appropriate E. colf source for
evaluating low densities of stressed E.
coli (SAB, 1901).

Using these treated sewage samples,
the investigators cited above found that
the MMO-MUG test was gensitive to
low densities of £, coli. Pipes, for
example, found the false-negative rate
to be about 9%. EPA believes this false-
negative rate is satisfactory when
compared to other tests. The Agency
recognizes that some guestion still
exists with regard to the most
appropriate E. coli source, but believes
this issue cannot be completely resolved
without widespread comparison data
using drinking water samples over a
long period of time (to accumulate
aufficient E. coli data). The Agency will
continue to monitor aveilable data
periodically.

False-Positive Rate

One commenter suggested that
Standridge ef al. should have identified
the bacteria in MMO-MUG-positive
tesis to ensure they were actually E.
coli, and not falge-positive. EPA
disagrees. The Agency's disagreement is
premised on technical literature that
suggests few false-positives are
associated with MUG-type tests. Thie
was discussed in the preamble to the
notices of june 1, 1090, and January B,
1991, and {n the Comment/Response
document to the final rule of January 8.
Although EPA ia not certain why some
samples were MUG-positive in MMO-
MUG, but MUG-negative in EC+MUG,
the Agency believes the false-positive
rate for the E. coli portion of the MMO-
MUG test is low. For this reason, this
issue was not addressed in the studies
by Blandridge et al. and Covert et al.
The Agency position is supported by
Pipes (1991}, who found that all MUG-
positive cultures from the MMO-MUG
test [total of 88) were also MUG-positive
in EC Medium 4 Mug. Dr. Pipes used a
test protocol developed by EPA and
reviewed and approved by EPA's
Sclence Advisory Board. For these
reasons, EPA does not believe that the
absence of false-positive data
dirminishes the Agency's reliance on the
conclugions of Standridge et al. (1991).

Initlal E Colf Density

The test protocol in Standridge et al.
(1991) called for use of the mTEC test to

enumerate E. coli to determine the
proper dilution for the initial test
conditions, Standridge et al. found in the
course of the investigation, however,
that mTEC often underestimated £. coli
density. For this reason, in order to
provide more confidence that the initial
E. colf densities were no more than five/
tube, these investigalors determined a
Most Probable Number (MPN) from the
MMO-MUG test tubes, One commenter
objected to this procedure because it
would have introduced a bias inlo the
denasity caiculation, because the
variable being determined is the
effectiveness of the MMO-MUG tes!
iteelf. Thus, the commenter questioned
whether the E. coli density used in the
Standridge et al. study was within the
range of interest {1-5 cells/100 ml).
While EPA ghares the commenter's
concern, the Agency notes that the
MMO-MUG MPN test was only used to
estimate the dilution of the chlorinated
sample necessary to achieve an initial
challenge dose in the range of interest.
In gpite of the difficulty encountered by
Standridge et al. in estimating E. coli
density by mTEC, EPA believes the
initial E. coli density used in the
analysis was generally within the range
of interest. The Agency conclusion is
based on two faciors. First, £. coli
densities were 5.1/100 ml or fewer in all
19 sampler analyzed by EC4+MUG, the
Agency standard. Second, fecal coliform
densities, as measured by gas
production in EC+MUG, were 5.1/100
ml or fewer in 13 of 18 samples. The
fecal coliform test used theoretically
represents an unbjased upper boundary
of E. coli densities, because gas
production 1s not limited to E, coli
strains, With the MMO-MUG test, E.
coli densities were 5.1/100 m! of fewer
in 11 of 19 samples analyzed., Thus,
plightly higher denasities of E. coli were
found by the MMO-MUG test compared
to the fecal coliform test, possibly as a
result of statistical varlation. By using
the MMO-MUG test results to estimate
initia! £ colf densities, and thereby to
determine needed sample dilutions,
Btandridge et al. used the most
conservative data (i.e., greatest dilution
factor) of the four tests available.

Wattage of Ultraviolet Lamp

One commenter noted that Standridge
et al. had used both a 4-watt and & 6-
watt ultraviolet lamp for detecting E.
coli. The commenter reguested
information on whether any difference
was observed,

During the public comment period.
Standridge et al. provided EPA with s
drafi article on their comparison study
that has been submitted for publication.
This draft articl~, which the Agency has

placed in its E. coli docket, provides
additional detail on thelr investigation.
The article states that no difference was
observed between the ¢-watt and 6-watt
lamps with the EC+MUQG test.
However, the B-watt lamp delected
slightly more MUG-positive reactions
(i.e., E. coli present) than the 4-watt
lamp with the MMO-MUG teast (331 vs.
321). The data indicate that difference is
not statistically significant.
Nevertheless. In the interest of public
health, the Agency recommends the use
of the 8-watt lamp.

MMO-MUG Medium Formulation

One commenter contended that the
manufacturer has changed the
formulation of the MMO-MUG medium
by replacing the inorganic buffer with an
orgenic buffer. The commenter argues
that & change in formulation should
necessarily prompt a new testing
program before being approved by EPA.
Apparently, the commenter is referring
to the fact that the Agency approved the
MMO-MUG test for total coliforms in
June 1989 on the basis of tes! data using
the earlier formulation, and that the
reformulation invalidates that approval,

In investigating this comment, EPA
Jearned that the commenter is correct
that the manufacturer replaced the
inorganic buffer with an organic buffer
{hepes buffer) in April 1890, The Agency
maintains, however, that this change is
minor and should not reduce the
effectiveness of the Colilert test. The
rationale for this belief is based on three
factors. First, the only change was in the
buffer. Second, data show that hepes
buffer is inert to E. coli (Ferguson et al,,
1980). Finally, several enzymes
produced by E. coli, though not
associated with the MMO-MUG test,
exhibit higher activity in a prepared test
solution containing hepes buffer than in
a solution containing phosphate buffer
{Hulsmann et al., 1890; Good et al.,
1968). Higher activity of these enzymes
suggests thet the hepes buffer may
enhance activity (or be less inhibitory)
for the two enzymes of interest in the
MMO-MUG test. :

The Agency's belief that the buffer
change does not adversely impair
MMO-MUG performance is also
confirmed by several field studies. In
one study of seven marine water
samples, the MMO-MUG test
formulation with hepes buffer (the new
formulation) recovered many more E.
coli than the old MMO-MUG
formulation {average Most Probeble
Number was 24 va. < 2) (Ellgas et el,,
10889). Although this data set ig
extremely limited, the Eligas et al. study
suggests that the new formulation
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recovers £, co/i more {requently than the Concen-  &dverse effocts described in the

old. In another compaggn stggy Ingredients {antrydrouel tstion  Executive Order. Because the rule
(Layton, 1891), 143 samples were split merely makes an additional analytical
and tested using both MMO-MUG Calcium chioride 50mg  method available for use in complying
formulations. Samples consisted of raw m‘a f’m"; with the regulation for total coliforms,
water and water from several different ; B-Dpsectopwanoside | 500 mg.  EPA bas determined that this action is
distribution systemas, some of which {ONPG) . not a major rule within the meaning of
were spiked with raw water or with ang-5-D-glucuronide ™mg  he Executive Order. Waler sysiems/
laboratory strains. Of the 143 samples, si:”ﬁ’, " 500 mg, jaboratories may use the new method or
83 were total coliform-positive for both,  Hepes buftes continue using previously-approved
44 were tolal coliform-negative for both,  Sodum seit s3g methods. Therefore, there will not be
one was total coliform-positive for the Organic acid * tad any adverse economic impacts.

old formulation and not the new, and
five were total coliform-positive for the
new formulation and not the old. For the
same sample set, 50 were E. coli-
positive for both, 78 were E coli-
negative for both, four were B, coli-
positive for the old and not the new, and
11 were E. coli-positive for the new and
not the old. The results suggest that the,
new forzulation is at least as good as
the old one. .

After learning that the MMO-MUG.
formulation hiad been changed, EPA
gathered additional field date from
water syslems to confirm that the new
MMO-MUG formulation was at least as
good as the old formulation for total
coliform detection. Specifically, the
Agency reviewed dala collected from
more than 30 systems or States
comparing the new formulation with ona
of the other three EPA-approved total
coliform methods. Most of the total
coliform data represented drinking
water sources, although some were raw
waler sources. EPA evaluated only data
sets in which at least one sample was
total coliform-positive by at least one

[ test (1315 such samples). By using
McNemar's test (two-tailed x* test with
one degree of freedom and alpha of 0.05)
for paired dichotomous data, EPA finds
that the MMO-MUG test recovers
coliforms at least as frequently as the
Multiple Tube Fermentation Test, and
exhibits greater sensitivity than the
Membrane Filter Test and the Presenca-
| Absence Coliform Test (USEPA, 1992).
The Agency han placed this evaluation
in the E. colf docket.

Aus a result of the above information
and data, EPA is providing notice in
today's rule that the MMO-MUG test
with hepes buffer is an acceptable minor
revision for the detection of total
coliforms in drinking water. Ingredients
per liter for the new formulation are
listed below:

Ingrediants (snhydrout) c"“"m"
Ammonium suliate 59
Manganess muffmte.. .. 105mg
Zinc sultate 0.5 mg
Magreslumeuttese . 1100 ;g
Sodium chicride We

1 Solarkum i & mbdure of plant extracts veed W &

IN-2 1.2.gtharw i
phonic

B. EPA's Conclusion of E. Coli Detection

After reviewing the data and public
comments, EPA believes that the MMO-
MUG test is satisfactory for K coli
detection, and ts therefore approving the
use of this test under the Total Coliform
Rule. The Agency also believes that the

enefit of approving use of a simple,
rapid E colif method cutweighs any
residua] uncertainty concerning this test.
However, since the use of the method
for E. coli detection, and the modified.
formulation, is new and consequently
has not been tested with the entire
of drinking water available in the United
States, EPA encourages laboratories to.
perform parallel testing between the
MMO-MUG test and other EPA-
approved procedures for detecting £
colf for at least several months to assess
the effectiveness of the MMO-MUG test
for the specific water type being
analyzed. To facilitate collection and
evaluation of comparative data, EPA
strongly recommends that laboratories
identify which test(s) they use on the
data form for each sample analyzed.

The test being promufgated today is
based on the ability of E. coff to produce
the enzyme beta-gluvcuronidase, which
hydrolyzes 4-methylumbelliferyl-beta-D-
glucuronide (MUG) contained in the test
medium. This hydrolysis forms 4-
methylumbelliferone, which fluoresces
when exposed to ultraviolet light (386
nm}. Few noncoliforms, or coliforms
other than E. coli, produce the enzyme
beta-glucuronidase. Thus, fuorescence
should be a differential indicator for the
presence of E colf in a water sampls.

"IV, Regulation Assessinast

Requirements
A. Executive Order 12291

Executive Order 12201 requires EPA
to judge whether a regulation is “major”
and, if so, to prepare a regulatory impact
enalysis. A rule is considered major if it
has an economic impact of $100 million
or more. causes a significant increase in
cost or prices, or any of the other

This notice was submitted to the
Office of Management and Budget for its
review under the Executive Order.

B. Reguiatory Flexibility Analysis

The Regulatory Flexibility Act
requires EPA to explicitly consider the
effect of proposed regulations on small
entities, If there is a significant effect on
a substantial number of small systems,
means should be sought to minimize the
effects. The Small Business -
Administration defines a small water
utility as one which serves fewer than
3,300 peopie. Under this definition, this
rule would affect about 200,000 amall
systems.

This final rule is consistent with the

range gbjectives of the Regulatory Flexibility

Act because it will pot have a
significant economic impact on smail
entities. The rule provides laboratories
with a third alternative for testing a
total coliform-positive culture for £. coll.
Because use of this method is opticnal,
and because EPA is not promulgating
any new requirement, the Agency
believes that the impact of this notice
does not have a significant effect on a
substantial number of small entities.

C. Paperwork Reduction Act

This ruls contains no information
collection requirements and
consequently is not covered by the
Paperwork Reduction Act, 44 US.C,
3501 et seq.

D. Science Advisory Board, National
Drinking Water Advisory Council, and
Secretary of Health and Human
Services ’

In accordance with section 1412 [d)
and (e} of the Safe Drinking Water Act,
the Agency consulted with the Science

--Advisory Board, National Drinking

Water Advisory Council, and the
Secretary of Health and Human Services
and took their comments into account in
developing this rule.

List of Bubjects in 40 CFR Party 141

Administrative practice and
procedure, Analytical methods,
Intergovernmental relations,
Microorganisms, National Primary



Drinking Water Rggulations, Total

coliforms, Water supply.

Dated: May 29, 1992.
William K. Reilly,
Administrotor.
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For the reasons set out in the
preamble, part 141 of title 40 of the Code
of Federal Regulations is amended as
follows:

PART 141—NATIONAL PRIMARY
DRINKING WATER REGULATIONS

1. The authority citation for part 141
continues to read as follows:

Autbority: 2 U.5.C. 3001, 300g-1, 300g-2,

[6] L] [ ] -

{iii) Minimal Medjum ONPG-MUG
(MMO-MUG) Test. as set forth in the
article “National Field Evaluation of &
Defined Substrate Method for the
Simultaneoua Deteclion of Total
Coliforms and Escherichia coli from
Drinking Water: Comparisen with
Presence-Absence Techniques” (Edberg
et al.}, Applied and Enviranmental
Microbiology. Volume 55, pp. 1003-1008,
April 1889, {Note: The Autoanalysis
Colilert System is an MMO-MUG test)
If the MMO-MUG test is total coliform-
positive after a8 24-hour incubation. test
the medium for fluorescence wiih a 366
nm ultraviolet light (preferably with s 6
watt lamp) in the dark. If fluorescence is
observed, the sample is E. coli-positive.
If fluorescence is questionable {cannot
be definitively read) after 24 hours
incubation, incubate the culture for an
additiona) four hours {but not to exceed
28 hours total). and again test the
medium for fluorescence. The MMO-
MUG Test with hepes buffer in lieu of
phosphate buffer is the only approved
formulation for the detection of E. col.

300g-3, 30034, 300g-5, 300g-8, 300j4 and 300j-
g .

2. Section 141.21 is amended by
revising in paragraph (£}(3)(ii) the first
word “Membrance” to read
*Membrane”; by adding a sentence to
the end of [f)(3)(iv). by adding paragraph
{f(e){iii). and by revising (f)(7} to read as
follows:

§ 14121 Colform sampling.

n**-

(3) * % @

(iv)* * * The MMO-MUG Test with

hepes buffer in lieu of phosphate buffer
is an acceptable minor revision.

] - . L] L]

(7} As an oplion to paragraph {f){6)[iii)
of this section, & system with a total
coliform-positive, MUG-negative, MMO-
MUG test may further analyze the
culture for the presence of E. coli by
transferring a 0.1 m). 28-hour MMO-
MUG culture to EC Medium 4+ MUG
with a pipet. The formulation and
incubation conditions of EC Medium +
MUG, and observation of the results are
described in paragraph (f)(6){i} of this
section. :

[FR Doc. 92-13381 Filed 8-0-82; 8:45 am)






